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Microstructure and properties of titanium alloy(TC4-x316L) fabricated
by in-situ alloying using laser selective melting(SLM)

ZHANG Qi'’, SHU Lixia', PENG Cong', ZHANG Wenwei’, CHEN Meng’, BAILu’, LIU Zheng

(1. School of Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China; 2. AECC Guizhou
Honglin Aero-engine Control Technology Co., Ltd., Guiyang 550000, China; 3. Nanchang Jiaotong Institute, Nanchang 330100,
China)

Abstract: “ In-situ alloying” facilitates agile and swift adjustments to alloy compositions, thereby unlocking a multitude of
prospects for developing novel alloys with distinctive microstructures. In this study, TC4-x316L alloys( with x=1%, 3%, and 5% by
mass) are fabricated through the combination of selective laser melting(SLM) and the in-situ alloying approach. The effects of
varying concentrations and SLM process parameters, including scanning rate and laser power, on the microstructural characteristics
and mechanical properties of the alloys are investigated using metallographic microscopy(OM) , scanning electron
microscopy(SEM) , XRD, and tensile testing. The results indicate that an increase in 316L content refines the alloy’s micro-
structure, causing the martensitic o’ phase to transform into the f phase. The alloy’s hardness initially rises and then decreases
slightly, while its strength peaks at an x value of 1%. Specifically, when the laser power is set to 175 W and the scanning rate to
1000 mm/s, the TC4-1%316L alloy exhibits a yield strength of 1200 MPa, a tensile strength of 1425 MPa, and an elongation at
break of 6.8%.
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Table I Composition of TC4 alloy powder(mass fraction/% )

C o Al \Y% Fe Ti

<0.03 <0.1 6.0-6.75 3.5-4.5 <020  Bal

#2 316L GaMARMIT (53 50% )
Table 2 Composition of 316L alloy powder
(mass fraction/% )

Cr Ni Mo Mn Si Fe

16.0-18.0  10.0-140 2.0-3.0 <2.00 <1.00 Bal

Kl 1 SLM MUER) TC4-x316L ikt
Fig. 1 TC4-x316L alloy fabricated via SLM
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Table 3 Process parameters of SLM

Laser . Scan Rotation  Layer
Scanning rate/ . . .
No. power/ =l spacing/ increment/ thickness/
(mm-s ) .
N mm (°) mm
1 155 800 0.1 67 0.03
2 155 1000 0.1 67 0.03
3 155 1200 0.1 67 0.03
4 175 800 0.1 67 0.03
5 175 1000 0.1 67 0.03
6 175 1200 0.1 67 0.03
7 195 800 0.1 67 0.03
8 195 1000 0.1 67 0.03
9 195 1200 0.1 67 0.03
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Fig. 3 SEM images of alloys in longitudinal section with different composition
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Fig. 2 Schematic of tensile sample
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Fig. 6 EDS maps of TC4-5%316L alloy
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Fig. 7 XRD patterns of alloy with different 316L contents
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ning rate 800 mm/s, laser power 195 W)
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Fig. 9 Tensile properties of alloy with different 316L con-
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Fig. 10 Microstructure of TC4-3%316L alloy at different scanning rates with laser power of 195 W
(2)800 mm/s; (b)1000 mm/s; (¢)1200 mm/s
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Fig. 11

SEM images of TC4-3%316L alloy at different scanning rates with laser power of 195 W

(a)800 mm/s; (b)1000 mm/s; (¢)1200 mm/s
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Fig. 12 Microstructure of TC4-1%316L alloy at different laser powers with scanning rate of 800 mm/s
(a)155W; (b)175 W; (¢)195 W
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