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Abstract: The B titanium alloy Ti-1300 is fabricated utilizing laser engineered net shaping (LENS)
technology. This study systematically examine the microstructural evolution of the alloy along the
deposition direction during the LENS process, and elucidate the intrinsic relationship between its
mechanical properties and microstructure. The results indicate that the thermal cycling of each deposited
layer in the LENS process has a profound impact on the microstructural evolution. Initially, columnar
crystals are formed with a thickness of (15.6+1.2) mm, comprising approximately 20% of the total
deposited thickness. Subsequently, these grains transform into equiaxed grains. Within the as-deposited
grains, the microstructure undergo a transition from a basket-weave structure to a lamellar structure, and
the discontinuous grain boundary a phase changes to a continuous grain boundary o phase along the
deposition direction. Notably, the basket-weave microstructure imparts exceptional strength to the alloy.
However, the continuous grain boundary o phase tends to promote intergranular fracture, resulting in
reduced ductility.
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Fig. 1 Morphology of Ti-1300 alloy spherical powder

K1 T30 EHREMARUZRS (RESE/ %)
Table 1  Chemical composition of Ti-1300 alloy spherical

powder (mass fraction/ %)

Al \Y% Cr 7r Mo Ti
5.41 3.70 4.02 3.89 5.51 Bal.
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Table 2 LENS process parameters
Laser power/kW  Scanning speed/(mm-min~') Powder feeding rate/(kg+-h™')  Spot diameter/mm  Overlap rate/%  Layer thickness/mm
6-8 300-500 0.65-0.75 5 40 0.5-0.8
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Fig.3 Specimen size diagram
(a)position of tensile coupons in the as-built block;

(b)geometric size of tensile specimen
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Fig.4 OM images of LENS-Ti-1300 alloy

(a)3D panorama; (b)XY-plane equiaxed grains; (¢)XZ-plane columnar grains; (d) YZ-plane columnar grains
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Fig. 5 Macroscopic microstructure of LENS-Ti-1300 alloy in XZ-plane
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Fig. 6 SEM images of LENS-Ti-1300 alloy in XZ-plane
(a)bottom in XZ-plane; (b)bottom and middle transition zone in XZ-plane; (¢)middle in XZ-plane; (d)top in XZ-plane
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Fig. 7 EBSD images of LENS-Ti-1300 alloy
(a)IPF map; (b)grain boundary distribution; (¢)PF map; (1) XZ-plane; (2) XY-plane
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Fig.8 Cross-section SEM images of LENS-Ti-1300 alloy

(a)low magnification; (b), (¢)high magnification
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Fig.9 Schematic diagram of dendrite interface formation
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Table 3 growth restriction factor for elements in Ti-1300 alloys

Element m k m(k—1)
Al —1.7 —1 -0
Mo 6.5 2 6.5
Zr —2.3 —1 —0
Cr —8.1 0.81 1.5
\% —2 -1 -0
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Fig. 10 Schematic diagram of the thermal cycle of the sedimentary layer
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