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¬ 1  ?@6'78 DD98M¢+­®¬R9¯¬ 

Fig.1  Laser additive manufacturing (LAM) DD98M nickel-based superalloy: (a) schematic diagram of LAM process and (b) the bulk 

sample of DD98M 
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¬ 2  d L°¡GH^±£²±³JK�´f�TVW 

Fig.2  Microstructures along the deposition direction from the middle to the top (a) and the local magnified microstructures (b, c) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¬ 3  ³JK�´GHVW^f]|_��Rw\XY 

Fig.3  Precipitates morphologies (a), the local magnification of the marked areas (b, c), and composition variation in the sample along the 

deposition direction (d) 
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¬ 4  ¡²±µ¶±�·¸¹°fº»xvy¼½M]|_}K\~Rxv��fXY 

Fig.4  From top to bottom at different heights of transverse section: (a) the variation of PDAS and precipitation volume fraction; dendritic 

morphology at different height: (b) 2 mm, (c) 13 mm, (d) 29 mm, (e) 45 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¬ 5  �·FL¾GHVW^f γ′_�� 

Fig.5  Microstructures in different states: (a) deposition, (b) solution treatment, and (c, d) solution-aged treatment 
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¬ 6  NOPQ���� 1000 °CS�PQ 100, 300R 500 hf�TVW 

Fig.6  Microstructures of long-term aging at 1000 e after solution-aging heat treatment: (a, d) 100 h, (b, e) 300 h, and (c, f) 500 h 

 

 

 

 

 

 

 

 

 

 

 

¬ 7  �·FL¾ DD98MGHf� ~¿ 

Fig.7  Micro-hardness values of DD98M sample in different 

conditions 
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¬ 8  �·��FL¾GHVW^ γ′]|_f`a\b 

Fig.8  Phase size distribution (PSD) for the γ′ phase in different 

sample microstructures: (a) as-deposited and (b) solution- 

aged 
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¬ 9  1000 e¾]|_f`aÀS�PQPyfXY 

Fig.9  γ′ precipitate size variation with different long time aging 

at 1000 e: (a) the relationship between γ′ precipitates 

size and aging time and (b) γ′ precipitates coarse curve 
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Microstructures and Long-Term Aging Stability of Nickel-Based Superalloy DD98M by 

Laser Additive Manufacturing 

 

Pang Xiaotong, Cheng Xu, Tian Xiangjun, Tang Haibo 

<National Engineering Laboratory of Additive Manufacturing for Large Metallic Components, Beihang University, Beijing 100191, China= 

 

Abstract: The DD98M nickel-based superalloy tube was fabricated by laser additive manufacturing (LAM). The microstructural variations of the 

as-deposited, solution-aged and long-term aged superalloy were studied. The precipitate distribution of deposited and solution-aged alloys was 

analyzed combined with the study of γ′ precipitates evolution during 1000 °C long-term aging. The results show that the as-deposited 

microstructure of the alloy mainly consists of epitaxial finer columnar grains with an optimum amount of cubical γ′ precipitates around 70 vol%. 

No γ-γ′ eutectic is observed at interdendritic. Rapid solidification during LAM process largely eliminates the segregation of metal elements with 

an increase of γ′ precipitates sizes from 210 nm at dendritic arms to 560 nm at interdendritic regions. After solution-aging treatments, γ′ 

precipitates (about 370 nm) are uniformly distributed in γ matrix with the sizes distribution fitting the LSW model. During the long-term aging of 

500 h at 1000 °C, no TCP (topologically close-packed) phase exists and the sizes of cubical precipitates have a slight increase. In addition, the 

micro-hardness of the as-deposited is 4420 MPa and it will obviously increase to 4870 MPa after solution-aging heat treatment. Long-term aging 

reduces the maximum micro-hardness by around 5.9%. 

Key words: laser additive manufacturing; nickel-based superalloy; microstructure; long-term aging; γ′ coarsening  
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