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Research progress in microstructure, defects and mechanical properties of
IN718 superalloy thin wall fabricated by laser powder bed fusion
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YANG Wenchao', LIU Lin'

(1. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China; 2. Research &
Development Institute, Northwestern Polytechnical University, Shenzhen 518057, Guangdong, China)

Abstract: IN718 superalloy is extensively utilized in the aerospace and nuclear industries due to its outstanding oxidation
resistance, heat-corrosion resistance, good structural stability, fatigue performance and safety reliability. It is one of irreplaceable
materials for the hot-end components of next-generation advanced aircraft engines. Recently, laser powder bed fusion(LPBF)
technology has developed as an innovative rapid prototyping technique, transcending the limitations of traditional shaping methods
and structural designs. This technology has realized one-step laser near-net shaping of complex thin-walled structures, demonstrating
substantial application potential. However, during the laser additive manufacturing process, the thin-walled surfaces are exposed to

high laser input energy, which can readily induce warping, deformation, and even cracking, significantly impacting the service


https://doi.org/10.11868/j.issn.1005-5053.2025.000080
https://doi.org/10.11868/j.issn.1005-5053.2025.000080
https://doi.org/10.11868/j.issn.1005-5053.2025.000080
https://cstr.cn/32420.14.j.issn.1005-5053.2025.000080
https://cstr.cn/32420.14.j.issn.1005-5053.2025.000080
https://cstr.cn/32420.14.j.issn.1005-5053.2025.000080

55 1 HOLK AR RIGRSOE INT18 =il & G BELL L | B X PR REDF T E 79

performance of these structures. To address these challenges, this work provides an overview of the working principle and recent
advancements in LPBF technologies. It systematically analyses the multi-scale microstructural evolution and precipitation phase
behavior of IN718 superalloy thin wall fabricated by LPBF. Special emphasis is placed on the initiation, propagation mechanisms
and mitigation strategies for metallurgical defects, including optimized thin-walled structural designs, laser forming process
parameters and alloy composition. In addition, the strengthening mechanisms underlying the mechanical properties of IN718
superalloy thin wall at both room and high temperatures are analyzed and discussed. Finally, the work summarizes the existing
challenges such as insufficient critical performance under harsh conditions and future development directions of superalloy thin wall
fabricated by LPBF, including establishment of laser forming process databases specialized for superalloy thin wall, investigation of

solidification defect formation and novel control strategies in superalloy thin wall fabricated by LPBF, and optimization of the

chemical composition design for high-performance superalloy thin-walled components.

Key words: laser powder bed fusion; IN718 superalloy; thin-walled structures; defect; mechanical property
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Precipitation phases of IN718 superalloy

[14, 40-41]

Lattice parameters

Phase  Crystal structure Chemical formula m b o Solution temperature/ “C
Laves  Hexagonal, Cy4 AB,(MgZn,) 0.4750-0.4950 0.4500-0.4800 1163

MC Cubsic, B, (Nb/Ti)C 0.4300-0.4700 1260-1305"*"

8 Orthorhombic, DO, Ni;Nb 05114 0.6244  0.4530 1020

v BCT, D0,, Ni;Nb 0.3624 0.7406 910-940""

y FCC, L,, Ni;(AL Ti, Nb)  0.3561-0.3568 850-910""
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