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Fig.1 Grain morphologies of different regions of Inconel 718 service turbine disk
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Fig.2 Morphologies of J phase (a—c) and y'+y" strengthening phases (d—f) in different regions of Inconel 718 service turbine disk: (a, d) center,

(b, €) R/2, and (c, f) edge
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Fig.3 Distributions of primary MC carbides in different regions of Inconel 718 service turbine disk: (a) center, (b) R/2, and (c) edge
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Fig.4 Morphologies and corresponding EDS element mappings of the undissolved primary MC carbides in the center region of turbine disc:
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Fig.5 Morphologies of the primary MC carbides in different regions of Inconel 718 service turbine disk: (a) center, (b) R/2, and (c) edge
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Fig.6 Morphologies and corresponding EDS element mappings of the primary MC carbides in the R/2 region of turbine disc: (a) TiC and (b) NbC
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Fig.7 Morphologies and corresponding EDS element mappings of the primary MC carbides in the edge region of turbine disc: (a) TiC and (b) NbC
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Fig.8 Morphology (a) and corresponding EPMA analysis results (b—d) of the MC carbide in the R/2 region of turbine disc: (b) C, (¢) Nb, and (d) Ti
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Fig.9 Morphology (a) and corresponding EPMA analysis results (b—d) of the MC carbide in the edge region of turbine disc: (b) C, (c) Nb, and (d) Ti
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Fig.10 Size and quantity statistics of MC carbides in different regions of Inconel 718 service turbine disk: (a) center, (b) R/2, and (c) edge
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Fig.13 Variations of mass fraction of MC carbide (a) and its major elements (b) in different regions of Inconel 718 service turbine disk with distance
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regions of Inconel 718 service turbine disk
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Research on the Evolution Behavior and Micro-Zone Mechanical Properties of the
Primary Carbides in Inconel 718 Superalloy Service Turbine Disk

Zhang Yanlin, Chen Shuo, Jiang He, Dong Jianxin
(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Taking an Inconel 718 (GH4169) turbine disk with an accumulated service time of approximately 60 000 h from a specific model of
aircraft as the research object, the microstructure evolution of various regions of the service turbine disk was investigated. Detailed
characterization of the microstructure was conducted using research methods such as optical microscopy, scanning electron microscopy, electron
probe, extraction phase analysis, inclusion scanner, and nano-indentation. The results show that after long-term service, there is no significant
change in the strengthening phases y’ and y” of the turbine disk. However, the quantity, size, and morphology of primary MC carbides from the
center to the edge have noticeable changes. The content decreases from 0.166wt% to 0.106wt%, and the morphology gradually changes from
sharp and regular blocky at the interface to irregular near-circular ones. The nano-hardness decreases, and there is a significant redistribution of
elements, with elements Nb, Ti, and C released and diffused into the matrix. The primary MC carbides are prone to dissolution and decomposition
during long-term service, leading to a decrease in concentration and hardness of the carbide elements. The diffusion of carbide-forming elements
into the matrix may cause a disturbance to the comprehensive mechanical properties of the alloy during the long-term service performance.

Key words: MC carbide; Inconel 718 superalloy; microstructural stability
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