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Table 1 Common reinforcements of titanium matrix
composites
Reinforced Reinforcement Forming Reinforce- Ref
material category process ment phase '
. Particulate . .
TisSis reinforced In situ synthesis [39, 40]
. Particulate Applied .
mic reinforced  /in situ synthesis mic [41]
. Particulate . .
TiB: reinforced Applied TiB [42]
Tig ~ Farticulate Applied TiIB  [43]
reinforced PP
. Whisker . .
TiB reinforced In situ synthesis - [44]
Particulate - . .
B,C reinforced Applied TiC+TiB  [45]
Particulate
- reinforced . R
SiC Ifiber Applied TisSiz+TiC [46, 47]
reinforced
- Particulate . R
SizNy reinforced Applied TisSiz+TiN  [48]
. Particulate .
TN reinforced Applied ) [48]
CNTs .
CNTs reinforced Applied - [30]
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Fig.3 EBSD results of SLM-produced Ti-TiB composite with
different TiB, additions®”: (a) CP-Ti, (b) 0.5%TiBs,,
(c) 1%TiB,, and (d) 2%TiB,
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Fig.4 SEM images of the SLM-produced Ti-TiC composite at various energy densities (E)*®: (a, d) 85 J/mm?; (b, e) 155 J/mm?;
(c, f) 185 J/mm°
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Fig.5 SEM images of the SLM-produced Ti-TiC composite with different TiC contents*”: (a, d) 7.5%TiC; (b, €) 12.5%TiC;
(c, f) 17.5%TiC
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Table 2 Room-temperature mechanical properties of titanium matrix composites prepared by SLM

Material outs/MPa ol% oucs/MPa emax/%  Vickers hardness, HV/x10 MPa Ref.
TC4 1219420 4.89+.6 - - 462 [66,67]
CP-Ti 757+12.5 19.5+1.8 1136+15 5143.5 261 [68]

Ti-0.5wt%TiB, 1007 8 1646 43 340.9 [57]
Ti-1wt%TiB; 1100 1.7 1687 38 363.8 [57]
Ti-2wt%TiB; - - 1813 33 411.5 [57]
Ti-5wt%TiB; - - 1421 17.843.2 402 [44]

G Dot g S
K6 SLM EJE Ti-TiB S-&F Rl 0 SEM B v
Fig.6 SEM images of tensile fracture of the SLM-produced Ti-TiB composite®®”: (a) CP-Ti, (b) Ti-0.5%TiB,, and (c) Ti-1%TiB,
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Fig.7 Electrochemical impedance spectroscopies of SLM-produced CP-Ti and Ti-5%TiN in Hank’s solution™™: (a) Nyquist plot, (b, c) bode

plots, and (d) equivalent circuit
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Mechanism of In-situ TiB,/Al-Si Composite Fabricated by

Research Progress on Selective Laser Melting 3D Printing of
Titanium Matrix Composites

Yang Guang', Wang Bingyu*, Zhao Shuo !, Wang Wei ', Li Changfu !, Wang Xiangming 2
(1. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China)

(2. AVIC Shenyang Aircraft Design Institute, Shenyang 110035, China)

Abstract: Selective laser melting (SLM) 3D printing technology is a rapidly developing technology of metal additive manufacturing in
recent years. Because of its designability, rapid net forming of complex components, high surface quality and other advantages, it has a
wide range of application prospects. Titanium matrix composites based on SLM technology can usually obtain nano ceramic reinforcing
phase, which has better performance than titanium alloy, and the mechanical properties of formed components are better than those of
castings and forgings. In this paper, the development status of titanium matrix composite based on SLM technology in recent years was
reviewed, the selection of ceramic reinforcements was used as an entry point to describe its typical microstructure characteristics and
evolution laws, and its properties was also discussed and its unique strengthening mechanism was analyzed. And on this basis, the key
academic problems needed to be solved and development direction in the future were prospected.
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