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Abstract: Laser-directed energy deposition (LDED) of Ti alloys has many advantages, such as high efficiency and high
material utilisation, but its inherent characteristics, such as a large cooling rate and temperature gradient, make LDED Ti
alloys prone to anisotropy. Therefore, it is necessary to study the microstructure in different planes and the mechanical
properties in different directions of LDED Ti alloys. In this paper, a Ti-6Al alloy was selected as the object of investigation.
The phases, microstructures, and grain characteristics of the LDED Ti-6Al alloys were characterised via optical
microscopye (OM), X-ray diffraction (XRD), scanning electron microscopye (SEM) and electron backscattering diffraction
(EBSD). The results show that there is only a single a-phase (HCP structure) in the alloy. The Ti-6Al alloy exhibits
different microstructural features at different heights, i.e., along the building direction, the bottom is composed of fine
equiaxed grains, the middle is composed of columnar grains, and the top is composed of equiaxed/subequiaxed grains. The
smallest average grain size of 22.251 9 wm can be observed in the XOY plane; the largest grain size of 38.940 8 um is
present in the YOZ plane. Among the three different planes, the XOY plane has the highest low-angle grain boundaries
(LAGBs) volume fraction of 19.5%, whereas the Y0Z plane has the lowest LAGBs volume fraction of 12.2%. The highest
tensile strength of 669.94 MPa, with a corresponding elongation of 13.9%, is observed along the Z direction, i.e., parallel to
the building direction. In the X direction, the elongation is the lowest (11.4%), and the corresponding tensile strength is
560.55 MPa.
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Fig.1 The SEM micrography of mixed Ti-6Al powders and the corresponding EDS mapping: (a) SEM image; (b) EDS mapping
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;(b) (¢, d) Ti-6Al

Fig.2 Schematic of the LDED fabrication process and Ti-6Al alloy block figures: (a) forming schematic; (b) sampling schematic;
(c, d) Ti-6Al alloy block figures
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Fig.4 Microstructures in the XOZ plane of the LDED Ti-6Al alloy: (a~c) the corrosion metallographs at the top, middle, and bottom
along the building direction, respectively; (d, e) the corresponding SEM images at the top and middle of the XOZ plane

hEIM  https://www.cnki.net



Vol.45 No.09

<842 FOUNDRY TECHNOLOGY Sep.2024
5 Ti-6Al X0Y X0Z.YOZ  ECCl:(a,d)XOY ;(b,e)X0Z ;(c,f)YOZ

Fig.5 ECCl in the XOY, XOZ and Y OZ planes of the LDED Ti-6Al alloys: (a, d) XOY plane; (b, ¢) XOZ plane; (c, f) YOZ plane
X0Y . YOZ , 2 >15°), , )

, SEM Ta;~c, Ti-6Al

o 6b e X0Y X0Z.Y0Z o
(low angle grain boundary, LAGBs, 2°~15°), , XOY , 222519 pm;
(high angle grain boundary, HAGBs, Yoz , 38.940 8 pm;X0Z
6 Ti-6Al X0y YOZ EBSD :(a,d)IPF  ;(b,e) KAM ;(c, f)

Fig.6 EBSD analysis of the XOY and Y OZ planes of the LDED Ti-6Al alloy: (a, d) inverse pole figure (IPF) images; (b, e) kernel
average misorientation (KAM) maps; (c, f) grain boundary misorientation distributions
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Fig.7 The grain size, KAM and grain boundary misorientation distributions of the LDED Ti-6Al alloy: (a,~a;) XOY plane; (b,~b;) XOZ
plane; (c,~c;) YOZ plane
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Fig.8 Tensile properties of the LDED Ti-6Al alloy along the X, Y and Z directions: (a) engineering stress-strain curves; (b) mechanical
property statistics
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Fig.9 Microhardness in the XOY, X0Z and Y OZ planes of the LDED Ti-6Al alloy: (a) microhardness and corresponding enlarged
image; (b, ¢) hardness indentation in the X0Z and Y OZ planes
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Fig.10 Tensile fracture morphology of the LDED Ti-6Al alloy along the X, Y and Z directions: (a, a,) X direction; (b, b;) Y direction;
(c, cl) Z direction
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