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Table1 Chemical composition of substrate and powder (w/%)

Sample Al Nb Si Sn Ta Zr Mo

Substrate 592 040 042 394 094 352 0.52

Powder 6.03 041 042 419 094 348 044
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Table 2 Parameters of laser additive repair technology
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Laser velocity/ Laser spot feedin Monolayer
power/kW .y.1 diameter/mm g_l deposit/mm
mm -min rate/g h
35 400 3 600 0.5
Laser a
\ _ Powder
S ] Single layer
Scanning direction T
posjtion direction
. . z
Forging of Ti60 alloy y
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Fig.1 Schematic of deposition (a) and sampling (b)
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Fig.2 Microstructures of the XZ section of Ti60 alloy: (a) macroscopic structure; (b) optical microscope image of LARZ; (b1) magnified SEM

image in LARZ; (c) optical microscope image of WSZ; (c1) magnified SEM image in WSZ

3 HAZ MAZH
Fig.3 Microstructure of HAZ: (a) optical microscope image of HAZ;

(b) “shaded” area; (c) magnified SEM image of the upper part
of HAZ; (d) magnified SEM image of the lower part of HAZ
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Fig.5 Morphologies of precipitated phase in LARZ (a, b) and WSZ (c)
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Fig.6 EDS scanning results of precipitates in Ti60 titanium alloy
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Table 3 Elemental contents of precipitates Table 4 Tensile properties of Ti60 titanium alloy at room temperature
Element Mass fraction/% Atomic fraction/% Ultimate Yield Reduction
Al 3.47-4.48 6.64-9.69 Sample t tentshi/I:/I o str&ngth/ Elongation/% of areal%
Ta 0.45-0.93 0.14-0.26 Strengthva a
Si 0.09-0.62 0.16-1.27 1 995 919 5 8
Zr 1.55-4.06 0.88-2.60 2 1004 928 12 23
Nb 0.37-0.71 0.23-0.53 3 986 914 95 15
Mo 0.42-1.53 0.22-0.93 4 985 909 9 15
Sn 29.16-37.46 13.32-19.30
Ti 52.36-59.58 62.36-71.34 5 992 13 ! 12
Total 100.00 100.00 Average 992.4 916.6 8.5 14.6
Standard =950 =880 =6 =15
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Fig.7 Microhardness distribution from WSZ to LARZ
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Fig.8 Macroscopic diagram of tensile failure samples
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Fig.9 Fracture morphologies of tensile samples at room temperature: (a-d) sample 2 and (e-h) sample 4
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Fig.10 SEM morphologies of sub-surface of tensile specimen: (a) sample 2 and (b) sample 4
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Microstructure and Mechanical Properties of Laser Additive Repaired
Ti60 Titanium Alloy
Huang Qi*?, Gao Xu?, Liu Dong™*, Hei Bei®
(1. National Engineering Laboratory of Additive Manufacturing for Large Metallic Structures, Beihang University, Beijing 100191, China)
(2. College of Materials Science and Engineering, Beihang University, Beijing 100191, China)
(3. Research Institute for Frontier Science, Beihang University, Beijing 100191, China)

Abstract: The microstructure and mechanical properties of integral bladed titanium alloy Ti60 repaired by laser were studied. The results show
that the heat affected zone structure presents the transition characteristics from the dual structure of the matrix area to the mesh basket structure of
the repair area, and its average width is about 900 um. The repair zone is mainly composed of columnar crystals growing epitaxially through
multiple sedimentary layers, and the columnar crystals are uniformly distributed by o phase mesh basket structures. Tis(Sn, Al) facet facies of
similar size are dispersed in the structure of the three regions, but their morphology and regional content vary significantly due to the solidification
speed of the preparation process. The three areas are equally hard. The fracture characteristics of tensile specimens show that the fracture
mechanism of laser additive repaired Ti60 titanium alloy is mixed fracture. The average tensile strength and yield strength are 992.4 and 916.6
MPa, respectively, which are superior to the strength standard of Ti60 titanium alloy forgings. The average elongation and section shrinkage after
fracture are 8.5% and 14.6%, respectively, which are similar to the standard of Ti60 titanium alloy forgings and which meet the requirements of
practical engineering application

Key words: laser additive repair; Ti60 titanium alloy; microstructure; mechanical properties
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