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Abstract The laser-cladding-deposited TC4 titanium alloy is considerably anisotropic, and its mechanical properties
are lower than the forging standards. In this study, boron (B) with different mass fractions is uniformly mixed into
the TC4 powder by mechanical stirring, refining the microstructure and improving the comprehensive mechanical
properties of the alloy. Results show that at a B mass fraction of 0. 050%, the mechanical properties of the
deposited TC4 titanium alloy exceed the forging standard, and the yield and tensile strengths become 1049 MPa and
1136 MPa, respectively. Furthermore, the elongation and area reduction become 11.50% and 33.5%, respectively,
though the plastic anisotropy is larger than 30% . After solid solution and aging heat treatment with 950 °C X 1 h/air
cooling + 500 “C X 4 h/air cooling, the comprehensive mechanical properties are further optimized and the
anisotropy is reduced to less than 5%. While we ensure suitable mechanical strength, the elongation and area
reduction are enhanced to 16.70% and 37.3%, respectively.
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Table 1 Main chemical compositions of TC4 powder and TC4 substratet'*]
Mass fraction /%
TC4
Al v Fe C 0] N H Ti
Powder 6.1 4.1 0.10 0.01 0.13 <0.01 0.001 Bal.
Substrate 6.2 4.3 0.13 0.02 0.12 0.01 0.002 Bal.
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Table 2 Process parameters of LCD

# 2
Laser Scanning Powder
power /W speed /(mmes ') delivery /(gemin ')

Lap Lift Power

distance /mm amount /mm density /(Jemm ?)

180 10 2.5
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Table 3 Results of tensile test of deposited LCD-TC4 specimens with different boron mass fractions

Mass fraction of boron /% Tensile strength /MPa Yield strength /MPa Elongation /% Reduction of area /%

0 1200410 1135+38 5.1+2.5 17.14+2.6

0.025 105245 975+6 11.2£2.7 27.7%£2.6

0.050 11366 1048+8 11.5£0.2 33.5+5.3

0.075 114743 105749 10.742.8 19.64.3

0.100 115845 10667 10.5£3.7 12.745.3
ASTM B381-05 895 825 8 25
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LCD-TC4 HEUW IR 3 & A1 B, fb PN 32 22 i A0 )
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(a) 05(b) 0.025% ;(c) 0.050% ;(d) 0.075% ;(e) 0.100%
Fig. 4 Microstructures of deposited LCD-TC4 with different
(b) 0.025%;

boron mass fractions. (a) 0;

(¢) 0.050%; (d) 0.075% ;(e) 0.100%
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Fig. 7 Microstructural morphologies of LCD-TC4 specimens prepared under different process methods. (a) Non-induction
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Table 4 Tensile test data of boron-containing LCD-TC4 samples in different directions before and after heat treatment

Tensile Yiled Reduction of
Process method Direction Elongation /%

strength /MPa strength /MPa area /%
Process 1 H 114947 1050£6 4,30£0.70 13.541.2
A% 1063+3 960+4 12.10£0.60 31.7£2.7
Process 2 H 1058+4 953+5 8.80+0.50 22.7%0.9
A% 103549 94547 13.5041.30 41.54+2.7
Process 3 H 117449 1093+38 9.754+0.75 21.54+0.5
A% 1136=+6 1048+38 11.5040.20 33.5+5.3
Process 4 H 104344 96845 16.70£0.80 37.3+£2.1
\ 1051+4 951+£2 16.00£0.40 36.0+1.0

ASTM B381-05 895 825 =8.00 =25.0
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