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Abstract: Due to the epitaxial growth of coarse columnar 3 grains, additive manufactured titanium alloys show significant
mechanical anisotropy. Composition regulation is an important means to improve the anisotropy of additive manufactured
titanium alloys through a columnar to equiaxed transition. Because of the precipitation of brittle intermetallic compounds,
there exists a contradiction between fully equiaxed grains and good plasticity. Different from conventional single element
alloying, the full-equiaxed  grains of Ti6242S-0.75Ni-1.65-Fe-0.05B alloy are achieved by laser direct energy deposition
(DED) with additions of Ni, Fe and B elements through calphad, and the formation of intermetallic compounds is avoided.
The tensile properties at room temperature show that the mechanical anisotropy of the Ti6242S-0.75-Ni-1.65Fe-0.05B alloy
is basically eliminated, and the strength and plasticity of the Ti6242S-0.75-Ni-1.65Fe-0.05B alloy are higher than those of
the Ti6242S alloy in the transverse and longitudinal directions.
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Fig.1 Scheil solidification: (a) T16242S-0.8Ni-1.7Fe-0.05B, (b) Ti6242S-0.75Ni-1.65Fe-0.05B
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Tab.1 Processing parameters of DED

Laser power/kW Scanning velocity/(mm-min™) Powder feed rate/(g-min™) Spot diameter/mm Nominal increment/mm
2.7 600 10~12 5 0.3
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Fig.2 Sampling location and size of tensile specimen:(a) schematic process of DED and sampling location of microstructure
characterization, (b) size of tensile specimen
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Fig.3 Grain morphology of DEDed titanium alloys: (a) Ti6242S, (b) Ti6242S-0.75Ni-1.65Fe-0.05B, (c) top, (d) middle
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Fig.4 Microstructure of DEDed Ti6242S alloy: (a) low magnification, (b) high magnification
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Fig.5 Microstructure of DEDed Ti6242S-0.75Ni-1.65Fe-0.05B alloy: (a) low magnification, (b) high magnification
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Sample YS/MPa UTS/MPa EL/% Reference
Ti6242S-DED 876 1021 8.45 [22]
Ti6242S-SLM 1 406 1526 43 [23]
Ti6242S-SLM 1296 1437 5.7 [24]
Ti6242S-Cast+Annealed 910 1006 10 [25]
Ti6242S-Foring+HT 895 1 004 19 [24]
Ti6242S(Transversal) 844.9 943.3 7.4
Ti6242S(Longitudinal) 7473 874.9 14.9
Ti6242S-0.75Ni-1.65Fe-0.05B(Transversal) 895.1 990.2 16.7 This work
Ti6242S-0.75Ni-1.65Fe-0.05B(Longitudinal) 859.8 972.5 15.4
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Fig.7 Fracture surfaces of DEDed alloys: (a) longitudinal fracture surface of Ti6242S alloy, (b) transversal fracture surface of Ti6242S
alloy,(c) partial enlarged detail of (a), (d) partial enlarged detail of (b), (e) longitudinal fracture surface of
Ti6242S-0.75Ni-1.65Fe-0.05B alloy, (f) transversal fracture surface ofTi6242 S-0.75Ni-1.65Fe-0.05B alloy, (g) partial enlarged detail
of (e), (h) partial enlarged detail of (f)
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