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Abstract: Titanium and titanium alloys are widely used in aerospace, machinery manufacturing, biomedical and other
fields because of their excellent properties, such as high specific strength, good corrosion resistance and low density.
Compared with traditional 316L stainless steel and cobalt-chromium alloys, titanium alloys have relatively lower elastic
moduli, excellent corrosion resistance and biocompatibility, gradually attracting the attention of industry personnel. In this
work, a Ti-18Zr-13Mo (wt. %) metastable B-Ti alloy was successfully fabricated via laser directed energy deposition based
on the mixed element method. The alloy is composed of 3 phase, with an elastic modulus of 73.5 GPa, a yield strength of
842.2 MPa, and an elongation rate of 20% in the deposition state. The elastic modulus of the alloy can be further reduced
to 69.5 GPa by solution treatment. Compared with Ti6Al4V alloys, Ti-18Zr-13Mo alloys can effectively reduce the
occurrence of the “stress shielding” phenomenon of implants and can provide sufficient strength support. Therefore, the
Ti-18Zr-13Mo alloy is a suitable metastable 3 biomedical titanium alloy material for bone implants.
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BT B BT SR 5 B AR JE SRR < (a) Ti #35(b) Zr H 5(c) Mo #3 5(d) HLAMERES IR 5 4 R
Fig.1 Morphological characteristics of the metal powders: (a) Ti powder; (b) Zr powder; (¢) Mo powder; (d) mechanically milled
powder
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Fig.2 Specific dimensions of the tensile specimen
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Fig.3 Solidification path diagram of the Scheil model
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Tab.1 Processing parameters of laser directed energy deposited Ti—18Zr-13Mo alloy

Laser power Scanning speed Spot diameter

Increment of Powder feeding rate Laser energy density

Specimen
W /(mm-s”) /mm Z/mm /(g-min™) /(J-mm?)
1 3400 10 5 0.8 15 68
2 3600 10 5 0.8 15 72
3 3800 10 5 0.8 15 76
4 3900 10 5 0.8 15 78

4 ARIFZHCT RO S T SRR« (a) IURE 15(b) 0FF 25(c) 1lRF 3;5(d) 1K 4
Fig.4 Microstructure and morphology characteristics of the samples with different parameters: (a) sample 1; (b) sample 2;
(c) sample 3; (d) sample 4

/5 Ti-18Zr-13Mo 154 XRD %
Fig.5 XRD patterns of the Ti-18Zr-13Mo alloys
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Fig.6 Microstructural characteristics of the Ti-18Zr-13Mo alloy: (a) EBSD map of the LDED state sample; (b) grain size statistics of
the LDED state sample; (c) EBSD map of the solution treatment state sample; (d) grain size statistics of the solution treatment state sample
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Fig.7 Microstructure characteristics of the Ti-18Zr-13Mo alloy: (a, b) SEM image and EDS maps of the element distribution along the
grain boundaries in the LDED state; (c, d) SEM image and EDS maps of the element distribution along the grain boundaries in the
solution treatment state

€ 8 &4 TEM R 5053 3 A5 FRAE < (a) W38 5 (b) i 2r BEAR (o) 3k DX T 55 AEAF 5 (d~f) Mo, Ti, Zr JC % EDS Tfi 43 &
Fig.8 TEM images and elemental distributions of the Ti-18Zr-13Mo alloy: (a) bright-field image; (b) HRTEM image; (c) SAED
patterns; (d~f) EDS mappings of Mo, Ti and Zr
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& 9 Ti-18Zr-13Mo & 4 fiffi Jy2:VEfE « (a) T RERE J1—Ri A8 f 28 5 (b) S A Bl e it
Fig.9 Tensile mechanical properties of the Ti-18Zr-13Mo alloys: (a) engineering stress-strain curves; (b) tensile data statistics
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Fig.10 Tensile fracture morphology of the Ti-18Zr-13Mo alloy: (a, b) alloy in the LDED state; (c, d) alloy in the solution treatment
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