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Fig.1 SEM morphologies of powders: (a) Ti, (b) Al, (c) Mo, and (d) blended powder
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Table 1 Experimental process parameters of Ti-6Al-xMo alloy by laser solid forming
Scanning Spot diameter/ Powder feeding Carrier gas flow
Laser type Laser power/W 1 o _ AZ/mm
speed/mm s mm rate/g min rate/L min
Diode laser 2300 10 4 8 10 0.6
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Fig.2 Deposited specimen of laser solid formed Ti-6Al-3Mo (a);
schematic diagram of the metallographic specimen and the

tensile specimen (b) (mm)
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Fig.3 Macroscopic grain morphologies of LSF Ti-6Al-xMo alloys
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Fig.4 Schematic diagram of laser scanning and formation of microstructure during LSF
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Table 2 Orientations of a-variants in LSF Ti-6Al-xMo alloys
o variant - - Orientation -
Ti-6Al-2Mo Ti-6Al-3Mo Ti-6Al-4Mo
al (56.67< 57.37< 17.949 (70.96< 41.78< 60.579 (82.48< 146.51< 14.299
a2 (160.14< 71.04< 20.339 (101.90< 126.77< 54.779 (108.17< 58.69< 11.699
a3 (55.56< 56.82< 28.689) (71.98< 41.26< 47.479 (83.46< 147.08< 3.439
al (159.50< 70.77< 31.349 (99.31< 127.11< 42.619 (106.81< 59.20< 220349
a5 (102.30< 97.32< 25.239 (133.30< 74.73< 0.929 (27.40< 35.47< 12.719
ab (157.56< 11.07< 42.979 (45.31<96.74< 10.759 (179.86< 57.83< 49.729
at (155.94< 10.16< 32.169 (44.66< 96.10< 19.789 (179.26< 56.93< 40.419
a8 (104.30< 96.90< 16.449) (132.84< 74.52< 11.759 (27.30< 35.99< 1.279
o9 (158.47< 131.61< 40.039 (174.74< 119.51< 16.509 (53.94< 90.45< 48.949
al0 (161.42< 130.72< 31.689 (174.34< 120.53< 27.779 (54.33<90.45< 48.949
oll (45.57< 116.05< 18.629 (8.83<149.64< 47.409 (144.42° 107.32° 54.569
al2 (44.23< 116.50< 7.639 (8.28< 149.76< 36.56 (144.26< 16.43< 6.019
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Indentation design (a) and microhardness (b) of LSF Ti-6Al-xMo alloys
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Fig.11 Stress-strain curves of LSF Ti-6Al-xMo alloys
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Table 3 Tensile properties of LSF Ti-6Al-xMo alloys

Sample YS/MPa UTS/MPa E/%
Ti-6Al-2Mo 830 962 11.5
Ti-6Al-3Mo 840 982 9.2
Ti-6Al-4Mo 861 993 6.6

GB/T 3621-1994 830 895 10

FESR I IET, o T SLAER A A E (A 22 N 11.5%
PR3] 6.6%. %5 L, 3 HAESMMREAET TCA #ifFr
#E, Ti-6Al-2Mo. Ti-6Al-3Mo & & PifusnfE. MK,y
51179 962 MPa. 11.5%71 982 MPa. 9.2%, #HI AT Ti-6Al-4V
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F 5, M 4 i B e SRR oz A i ) D 10 T 30 3 47 0
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SUIE AR, SLGUIR AL B R = AR T 5 4 B S
FLv RIS S TS AL, B8 R A R T i — 2P B
K, RgOtiam Ay e, iR )3 m a4kt
P IR SR FERS, MRV AEW R . Bl 12 4 Ti-6Al-xMo
Ha i FEWI R ) SEM IR . M 123, 12¢ fil 12e
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Fig.12 Tensile fracture morphologies of LSF Ti-6Al-xMo alloys: (a, b) Ti-6Al-2Mo, (c, d) Ti-6Al-3Mo, and (e, f) Ti-6Al-4Mo
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Microstructure Evolution Mechanism and Mechanical Properties of Laser Solid
Formed Ti-6Al-xMo Alloys Based on Different Mo Additions

Zhang Fengying®, Yang Sen*, Huang Kaihu®, Chen Xi', Chen Yongnan', Mei Min', Wang Meng?, Tan Hua?
(1. School of Materials Science and Engineering, Chang’an University, Xi’an 710064, China)
(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Based on Mo equivalent design, novel Ti-6Al-xMo (x=2, 3, 4) titanium alloys were deposited by laser solid forming (LSF) from
mixed Ti, Al and Mo elemental powders, and the microstructure and tensile properties of the alloys were investigated at room temperature.
The results show that the solidification microstructure of the three alloys presents coarse columnar grains growing along the direction of
<100>, and the top is composed of equiaxed grains. With the increase of Mo content, the average width of the columnar grains decreases,
and the thickness of the equiaxed grains layer increases gradually. The microstructure in primary £ grains is composed of primary o lath
and retained g phase, and there also exists grain boundary a and a colonies. With the increase of Mo content, the width and area ratio of
primary o lath decrease. When the Mo content increases to 4wt%, the secondary a phase appears in the grain. Moreover, 12 kinds of a
variants are found in all the three components by EBSD analysis, and the variation is dominant. In terms of mechanical properties, the
strength and hardness increase with the increase of Mo content while the elongation decreases. By contrast, Ti-6Al-2Mo and Ti-6Al-3Mo
have the very good tensile properties with tensile strength of 962 MPa and elongation of 11.5%, and tensile strength of 982 MPa and
elongation of 9.2%, respectively.

Key words: laser solid forming; Ti-Al-Mo alloy; microstructure; mechanical properties
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