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Microstructure and Tensile Properties of High-Deposition-Rate Laser
Metal Deposited GH4169 Alloy

Li Zuo™, Sui Shang”, Yuan Zihao, Li Haosheng, Chen Jing™, Lin Xin

State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi'an, Shaanxi 710072, China

Abstract The GH4169 alloy samples are fabricated by the high-deposition-rate laser metal deposition (HDR-LMD)
technique and their microstructures and tensile properties are investigated when the deposition rate is 2.2 kg/h. The
precipitated phases of the HDR-LMDed samples mainly include Laves phase, acicular § phase and non-uniformly
distributed ¥" and ¥’ phases. The tensile test results show that the plasticity and strength of the as-deposited
superalloy are both lower than the forging standard.
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Table 1 Chemical compositions of GH4169 alloy

(mass fraction, %)

Material  Cr Ni Nb Mo Al Ti Fe
GH4169 17.41 52.63 5.00 2.84 0.77 1.05 Bal
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Table 2 Process parameters for HDR-LMD of GH4169 alloy
Laser Scanning speed / Spot Monolayer Powder feeding Overlap
power /kW (mm * min ") diameter /mm height /mm rate /(kg+ h ') rate /%
4 1600 5 0.8 4.166 50
6.3
®) 62
%
® 14 2557 D— — _
<
125 < 08
unit: mm

B 1 Ui REOEEE TR GHA169 & &P IR . (0 SEY L () B iee R
Fig. 1 HDR-LMD obtained GH4169 alloy block sample. (a) Physical map; (b) sample size for tensile test
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Fig. 2 Macrostructure of HDR-LMDed GH4169 alloy. (a) Optical micrograph; (b) primary dendrite arm spacing
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Fig. 3 Pole figures of HDR-LMDed GH4169 alloy
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Fig. 4 Microstructure of central HDR-LMDed GH4169 alloy sample. (a) Laves phase; (b) & phase; (¢) ¥/ phase
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Fig. 5 Positions for EDS analysis of as-deposited
structure in HDR-LMDed GH4169 alloy
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Table 3 Quantitative analysis of interdendritic micro-

segregation in HDR-LMDed GH4169 alloy (mass fraction, %)

Element Spectrum 1 Spectrum 2 Spectrum 3
Ni 54.49 55.88 41.72
Cr 14.81 17.56 13.54
Fe 13.98 17.79 13.33
Nb 12.58 3.61 24.23
Mo 1.83 3.89 4.81
Ti 1.63 0.66 1.94
Al 0.68 0.62 0.42
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Fig. 6 Transmission image of HDR-LMDed GH4169 alloy sample. (a) Bright field image of & phase;

(b) dark field image of & phase; (c) selected area electron diffraction pattern of 8 phase
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Fig. 7 Transmission image of HDR-LMDed GH4169 alloy sample. (a) TEM image of granular phase; (b) selected area

electron diffraction pattern of granular phase, with green indicating ¥' phase, blue indicating ¥" phase and red indicating matrix
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Table 4 Tensile performance of HDR-LLMDed GH4169 alloy

Material Test Ultimate Yield Reduction of
- Elongation /%
condition temperature /°C strength /MPa strength /MPa area /%
HDR-LMD 25 973.8 695.48 12.3 31.65
Wrought standard 25 1340.0 1100.00 12.0 15.00
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Fig. 8 Tensile fracture morpholoy of HDR-LMDed GH4169 alloy at 25 °C. (a) Macro-fracture; (b) cross-sectional

profile of fracture; (c) longitudinal profile of fracture
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