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Table 1 Chemical composition of GH4099 superalloy (wt%)

C Cr Co W Mo Al

Fe Ce B Mg Mn Si P S Ni

<0.08 17.0-20.0 5.00-8.00 5.00-7.00 3.50-4.50 1.70-2.40 1.00-1.50 <2.00 <0.20 <0.005 <0.01 <0.40 <0.50 <0.015 <0.015 Bal.
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Fig.1 Schematic diagram of LPBF forming process (a)!"! and superalloy components prepared by LPBF (b—c): (b) fuel nozzle components

(c) aero-engine combustor!'”!
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Table 2 Characteristic parameters of LPBF technique

Parameter Laser power/W Spot diameter/pm

Scanning rate/m-s™'

Thickness of powder layer/um  Preheating temperature/°C

Value 200-1000

50-180 0-15

20-100 20-1000
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Fig.2 Images of holes in GH4099 samples prepared by LPBF with different laser parameters (a—b)** and schematic diagram of formation

mechanisms for keyhole (c)*
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Fig.3 SEM images of crack in GH4099 samples prepared by LPBF®*
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Table 3 EDS analysis results of the matrix and precipitates of GH4099 sample prepared by LPBF in Fig.3 (wt%)"”*
Region C Al Ti Cr Co Ni Mo w
Matrix - 1.45 1.08 18.28 6.25 59.43 5.68 7.83
Precipitates in the cracks - 2.67 1.99 18.56 6.06 53.51 6.46 10.75
Precipitates at the edge of the cracks 10.93 1.63 0.79 18.02 5.86 56.98 - 5.8
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Fig.4 Microstructures of GH4099 superalloy prepared by LPBF: (a) 3D optical microstructure®”’; (b) OM image of XOY planes; (c) OM image of
XOZ planes™; (d) SEM image of XOY planes; (e) SEM image of XOZ planes™"
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Fig.6 Microstructures of heat-treated GH4099 samples prepared by LPBF: (a—b) sample solution-treated at 1110 °C; (c—d) sample solution-treated

[49].

at 1110 °C followed by aging at 800 °C; (e) high-magnification SEM image of matrix"""; (f—g) high-magnification SEM images of

precipitate phase!™!
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Research Progress of GH4099 Superalloy Prepared by Laser Powder Bed Fusion

Huo Chuanteng', Su Haijun', Wang Lin’, Yang Peixin', Guo Yinuo', Gao Hongliang'
(1. Northwestern Polytechnical University, Xi’an 710072, China)
(2. Xi’an Space Engine Factory, Xi’an 710018, China)

Abstract: As a representative y’-strengthened nickel-based superalloy, GH4099 is widely used in hot-end components under extreme service
environments such as aviation, aerospace, and nuclear due to its excellent high-temperature performance, thermal stability, corrosion resistance, as
well as fatigue resistance and fracture toughness. Laser powder bed fusion (LPBF) technique has effectively solved the technical bottlenecks such
as prolonged processing cycle, insufficient process synergy, low material utilization, and high cost in the forming process of complex components
by the traditional manufacturing technique. This review presents a comprehensive overview of the recent advancements in LPBF technique for the
formation of GH4099 and delved into various aspects of GH4099 superalloys prepared by LPBF, including its technical principles, solidification
defects, microstructure, and high-temperature mechanical properties. Furthermore, it focused on the influence of powder characteristics, process
parameters, post-treatment techniques (including heat treatment and hot isostatic pressing technique), and other factors on the solidification
defects and high-temperature mechanical properties of GH4099 superalloys prepared by LPBF. Finally, it summarized and outlined the application
potential and development trends of this technique in future manufacturing.
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