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Abstract: Laser powder bed fusion (LPBF) forming of NiTi alloys deviates from the powder design composition due to the
evaporation of Ni, and the properties of NiTi alloys such as the shape memory effect and superelasticity are greatly
influenced by the Ni content. Therefore, it is necessary to investigate the LPBF formability, microstructure and mechanical
properties of NiTi alloys with different Ni contents. In this paper, NissTi, Nis;oT1 and Nis;sTi (atomic percent, %) pre-alloy
powders were prepared by the electrode induction melting gas atomization technique, and the evolution of metallurgical
defects, microstructure and mechanical properties of the three alloys were studied under different process parameters. The
results show that the high Ni content NiTi alloy is prone to cracking perpendicular to the building direction during the
LPBF forming process, and the formability is worse than that of the low Ni content NiTi alloy. The critical stress of the
Nis;sTi alloy can reach 476 MPa at room temperature, but the fracture elongation is only 2%; the critical stress of the
NissTi alloy is only 122 MPa, and the fracture elongation can reach 8%.
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Fig.1 NissTi Nis;oTi and Nis; sTi pre-alloyed powders: (a) XRD spectrum, (b) DSC curves upon heating
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Fig.2 LPBF forming quality of NissT1, Nis;oTi and Nis; sTi alloys
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Fig.3 Evolution of internal pores and cracks in printed samples at laser power P=75 W: (a~c) scanning speed »=450 mm/s,
(d~i) scanning speed »=650 mm/s
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Fig.4 Evolution of internal pores and cracks in printed samples at laser power P=125 W: (a~c) scanning speed »=550 mm/s,
(d~f) scanning speed »=650 mm/s

K5 WOLT A P=275 W3 B p=750 mmy/s 5 T 31 B0 A5 i P T3 L B R 222 5035 A2 4% B« (a) NisosTi, (b) Nis T, (¢) Nis 5T,
(d) NisoTi, () Nis;oTi, (f) Nis; sTi
Fig.5 Evolution of internal pores and cracks in printed samples at laser power P=275 W and scanning speed »=750 mm/s: (a) NisgTi,
(b) Nis, oTi, (¢) Nis; sTi, (d) NisgTi, (€) Nis;oTi, (f) Nis;sTi
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Fig.6 Variation of melt pool morphology with Ni content for different laser forming conditions: (a~c,) laser power P=75 W, scanning
speed v=450 mm/s, (e~f)) laser power P=275 W, scanning speed »=750 mm/s
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€l 7 NisosTi Nis o Ti I Nig, sTi G4 6 A FEOGTI T 05 XRD K« (a) #OEH % P=125 W, (b) O % P=275 W
Fig.7 XRD patterns of NissTi, Nis; zTi and Nis; sTi alloys at different laser powers: (a) laser power P=125 W, (b) laser power P=275 W
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Fig.8 Engineering stress-strain curves of NiTi alloys: (a) schematic diagram of the four stages in the deformation process, (b) room
temperature engineering stress-strain curves of the 3 as-cast NiTi alloys

9 NisosTi NisyoTi 1 Nig s Ti A 4 A R EIETE T 1 TR -0 A8 128 . (a) 6T 3 P=125 W, (b) LT3R P=275 W
Fig.9 Engineering stress-strain curves of NisgTi, Nis;oTi and Nis; sTi alloys at different laser powers: (a) laser power P=125 W, (b) laser
power P=275 W
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Tab.1 Tensile mechanical properties of printed alloys with
different Ni contents

.. Il 4157 7 i R 5 B W7 22 i
(o)/MPa (ours)/MPa ()%
NisosTi-125 W 122.34 509.72 7.61+0.3
Nis; Ti-125 W 130.22 759.49 7.83+0.1
Nis;sTi-125 W 476.59 532.90 2.00£0.5
NissTi-275 W 199.01 674.80 8.78+0.3
Nis o Ti-275 W 363.68 751.93 8.31+0.5
NissTi-275 W 323.07 455.39 4.05+0.3
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