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Fig.1 SEM morphologies of the raw Ti-6Al-4V-0.25C alloy

powders: (a) overall morphology and (b) satellite powder
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Fig.2 Particle size distribution of the raw Ti-6Al-4V-0.25C alloy

powder

F 1 Ti-6Al-4V-0.25C & &M ARMER MR
Table 1 Basic properties of Ti-6Al-4V-0.25C alloy powder

Impurity composition, w/%  Flowability/ Apparent density/
0 N s{50g)* gem?

0.1480 0.0109 24.7 2.74
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RV FE pmn AE S AFE IR HER B, 6 NG il AE
FET 25

XRD WHALE == It/ & il 2 Dy e X S ATHA (fif
2% Panalytical A 7, X'PERT, CuKa 4, 2.2 kW) L
47, K 0.02° % LMD ¥ Ti-6Al-4V-0.25C &

%2 LMD EF Ti-6Al-4V-025C &M T ZEH
Table 2 Process parameters of LMD Ti-6Al-4V-0.25C alloy

Parameter Samplel Sample2 Sample3
Power/W 900 1200 1500
Scan speed/mm s™ 5 5 5
Powder feed rate/g s™ 0.2 0.2 0.2
Increment of Z axis/mm 0.8 0.8 0.8
Energy density/J mm™ 60 80 100
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Fig.3 Schematic diagrams of LMD process (a) and tensile

specimen (b) (mm)
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Fig.4 Effects of laser power on relative density of LMD
Ti-6Al-4V-0.25C alloy
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Fig.5 Porosity defects of S1 (900 W) sample: (a) YOZ section, (b) XOY section, and (c) high magnification of marked region A in

Fig.5b

6 LMD Ti-6Al-4V-0.25C & 4 S LA R IG & L
Fig.6 Gas pore (a) and lack of fusion pore (b) of LMD Ti-6Al-4V-0.25C alloy
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Fig.7 XRD patterns of Ti-6Al-4V-0.25C alloys fabricated under different laser powers: (a) a wide range of 30=80<and (b) diffraction

peak of o-Ti shifts to a smaller value of 26 in the narrow range of 3542<

200 pm

200 pm

K8 LMD Ti-6Al-4V-0.25C & 4% W41 241
Fig.8 Microstructures of LMD Ti-6Al-4V-0.25C alloys fabricated under different laser powers: (a) S1 (900 W), (b) S2 (1200 W), and

(c) S3 (1500 W)
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B9 RIFEMOEIIZR Tl %1 Ti-6Al-4V-0.25C & 4:f) SEM 4141
Fig.9 SEM microstructures of the Ti-6Al-4V-0.25C alloy fabricated under different laser powers: (a) 900 W, (b) 1200 W, and

(c) 1500 W (grain boundary « is indicated by the white arrows, globular « is highlighted by the white dashed ellipse, and the white

p particles inside o laths is indicated by the red arrows)
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Fig.10 Effects of laser power on average grain size and width of
a lath of LMD Ti-6Al-4V-0.25C alloy
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Fig.11 Stress-strain curves of samples fabricated under different

laser powers
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Fig.12 Effects of laser power on UTS, YS and EL
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Fig.13 SEM tensile fracture morphologies of samples fabricated by LMD under different laser powers: (a, b) 900 W, (c, d) 1200 W and

(e, f) 1500 W (pore, lack of fusion and crack are indicated by white, red and blue arrows, respectively)
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Effect of Laser Powder on the Microstructure and Properties of Ti-6Al-4V-0.25C
Alloys by Laser Melting Deposition

Shi Guohao®, Wang Xiaopeng™?, Chen Yuyong'?, Du Zhiming*
(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)
(2. National Key Laboratory for Precision Hot Forming of Metals, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The effect of laser power on microstructure and properties of Ti-6Al-4V-0.25C alloy was studied by laser melting deposition of
Ti-6Al-4V-0.25C prealloy powder containing 0.25wt% C. The results show that the microstructure of Ti-6Al-4V-0.25C alloy is equiaxed
grain morphology, and layered a+p structure is formed inside the grains. The average grain size and « lath size increase gradually with the
increase of laser power. In addition, with the increase of laser power, the tensile properties of the alloy are obviously improved, especially
the ultimate tensile strength, yield strength and elongation of the alloy prepared at the laser power of 1500 W are 1191 MPa, 1129 MPa
and 8.3%, respectively. On the one hand, the porosity of the alloy decreases with the increase of laser power. On the other hand,
Ti-6Al-4V alloy contains trace element C. During the cooling/solidification process, C atoms are solidly dissolved in Ti matrix, resulting
in solid solution strengthening.

Key words: laser melting deposition; titanium alloy; microstructure; mechanical properties
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