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Research on Microstructure and High-Temperature Properties of
Til7 Titanium Alloy Fabricated by Laser Solid Forming

Chen Jing Zhang Qiang Liu Yanhong Wang Junwei Lin Xin
(State Key Laboratory of Solidification Processing, Northwestern Polytechnical University,
Xi'an, Shaanxi 710072, China)

Abstract The sample fabricated by laser solid forming (LSF) consists of laser repaired zone (RZ), heat affected
zone (HAZ) and forge substrate. The repaired zone consists of coarse columnar g grains which grow epitaxially from
the substrate. And p grains are made of extremely fine basket-weave microstructure where a lot of fine acicular «
phases precipitate on. Microstructure of heat affected zone transits from duplex microstructure to basket-weave
microstructure. After 600 'C , 1 h furnace cooling annealing continuity of columnar, 3 grain boundaries have not been
affected, and « laths grow slightly and length/width ratio of « laths decreases. Microhardness test shows that hardness
value of annealed sample is 5% higher than that of as-deposited sample. The results of high temperature tensile
properties and high cycle fatigue property of annealed samples suggest that compared with the forging standard, the
tensile strength index is higher while ductility index corresponds to the standard. The fatigue limit is 295 MPa which
reaches 70% of the forging standard. At last, failure behavior and fracture mechanism of laser repair samples under
different loading modes are analyzed.
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Fig. 1 (a) Geometric drawing of tensile bar and (b) geometric drawing high-cycle fatigue sample
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Table 1 Processing parameters of the process of LSF

Laser Scanning Powder feeder Flow of Laser spot Increment of
. o ) Overlaps /% )
power /kW  speed /(m/s) rate /(g/min) shielding gas /(L./h) diameter /mm 7 axis /mm
1.6~1.8 3~5 4~5 350~400 2~3 40~60 0.3~0.4
F 2 Til7 8k &M AR A2 T (B 4r 50, 00)
Table 2 Chemical compositions of the Til7 titanium alloy powder (mass fraction, %)
Al Sn Zr Mo Cr Si N H O Ti
5.02 2.15 2.01 4.06 3.95 0. 047 0.025 0.012 0.004 0. 087 Bal.
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Fig. 2 Microstructure of as-deposited repaired sample. (a) optical micrographs, (b) macrostructure of repaird zone,

(¢) microstructure of repaird zone, (d) SEM photo of HAZ s upper section, (e) SEM photo of HAZ s lower

section, () SEM photo of substrate
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Fig. 3 Microstructure photos of repaired samples after furnace cooling annealing (600 C,1 h). (a) optical micrographs,
(b) SEM photo of repaird zone, (¢) SEM photo of HAZ's upper section, (d) SEM photo of HAZ's lower section,
(e) SEM photo of substrate
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Table 3 400 C tensile properties of LFR Til7 titanium alloys

Number of sample T/C o,/ MPa 0.2/ MPa o /% /%
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Fig. 6 400 C high cycle fatigue fracture of laser forming repaired Til7. (a) fracture panorama,(b) fatigue source,
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