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Influence of the MEA Content on the Microstructure and Mechanical
Properties of Ti-MEA Alloy Fabricated by Laser Additive Manufacturing
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(1. Key Laboratory for Lightweight Materials, Nanjing Tech University, Nanjing 210009, China; 2. Materials Academy, JITRI,
Suzhou 215132, China)

Abstract: Pure titanium is widely used in many fields but suffers from insufficient hardness and wear resistance. Ti-xMEA
alloys with different CoCrNi medium-entropy alloy (MEA) contents (0.5 wt.%, 1 wt.%, and 2 wt.%) were prepared by
selective laser melting to investigate the effects of the MEA content on their microstructures and mechanical properties. The
results show that after MEA is added, the alloy forms a composite structure of o martensite and Ni,Ti precipitated phases,
the prior B grains transform from columnar grains to equiaxed grains, and the a martensite is significantly refined. With
increasing MEA content, the strength of the alloy increases continuously. In particular, compared with that of pure Ti, the
yield strength of the Ti-2MEA alloy increases from 484 MPa to 624 MPa, and the ultimate tensile strength increases from
585 MPa to 765 MPa, whereas the elongation remains at 13.3%, indicating better synergy between strength and plasticity.
The synergistic effect of grain refinement strengthening, solid solution strengthening and Ni,Ti precipitation strengthening is
the main mechanism underlying the improvement in the properties of the alloy.
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Fig.1 Powder, powder particle size distribution and printing strategy: (a) Ti-MEA alloy mixed powder; (b) particle size distribution of
Ti-MEA alloy powder; (c) continuous deposition printing strategy
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Tab.1 Printing parameters of the Ti-xMEA alloy s
Laser power  Layer thickness Scanning speed ~ Hatch spacing B , Q ,
/W /um /(mm-s™) /pm sy
280 30 1200 120 22
2 Ti-6Al-4V Ti-MEA 4 Ti-xMEA
, 550 C 6 h .2 ) da )
: SLM : | Ti (YS) (484+4) MPa,
’ UTs) (585+6) MPa, (EL) 30.8%
° +0.7%, “ i ,
° 600#-2000# SiC Ti « ’
, 1:7:12  HCIO,, (23]
CH,(CH,),0H, CH,0H ’ ’
. 14 mmx4 mmx2 mm 2 Ti-xMEA
Tab.2 Tensile mechanical properties of the Ti-xMEA alloy
’ 600# © at room temperature
TESCAN MI- Sample YS/MPa UTS/MPa EL/%
RA4 Ti-xMEA Ti 4844 5856 30.8+0.7
5 MTS C43.504 Ti-0.5SMEA 520£15 644+14 24.3+1.9
, 1x1073 , Ti-IMEA 571+3 698+5 24.2+1.7
TESCAN MIRA4 ) Ti-2MEA 624+11 765+10 13.3+0.6
2 SLM Ti-MEA :(a) Ti-MEA X ;(b) Ti-MEA A

Fig.2 Ti-MEA alloy formed by SLM: (a) Ti-MEA alloy measured along the X direction; (b) Ti-MEA alloy measured along the Z
direction
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3 Ti-xMEA BSE

:(a) Ti; (b) Ti-0.5MEA; (c) Ti-IMEA,; (d) Ti-2MEA
Fig.3 BSE analysis of Ti-xMEA alloys: (a) Ti; (b) Ti-0.5MEA; (c) Ti-IMEA; (d) Ti-2MEA

4 TiwMEA :(a) - :(b) - i(©)
Fig.4 Tensile properties of Ti-xMEA alloys: (a) engineering stress-strain curve; (b) true stress-strain curve; (c) work hardening rate
curve
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5 Ti-xMEA EBSD B :(a, e) Ti; (b, f) Ti-0.5MEA; (c, g) Ti-IMEA;
(d, h) Ti-2MEA
Fig.5 EBSD inverse pole figure and reconstructed front (3 grains of Ti-xMEA alloy perpendicular to the printing direction: (a, e) Ti;
(b, H) Ti-0.5MEA,; (¢, g) Ti-IMEA; (d, h) Ti-2MEA

6 Ti-xMEA EBSD BC :(a) Ti; (b) Ti-0.5MEA; (c) Ti-IMEA; (d) Ti-2MEA
Fig.6 EBSD results for the Ti-xMEA alloy parallel to the printing direction: (a) Ti; (b) Ti-0.5MEA; (c) Ti-IMEA; (d) Ti-2MEA
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Fig.7 Fracture morphology of the Ti-xMEA alloy under different magnifications: (a,, a,) Ti; (b,, by) Ti-0.5MEA; (c,, ¢,) Ti-1MEA;
(d,, d,) Ti-2MEA
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