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Study on the Microstructure Evolution and Mechanical Properties of
Nickel-based Superalloy Deposited by Electron Beam Freeform Fabrication
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(School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150000, China)

Abstract. The electron beam freeform fabrication technique has been widely used in aerospace and other fields due to its
advantages, such as high material utilization, high energy density and high vacuum environment. Using a GH4169
nickel-based superalloy as the research object, an electron beam freeform fabrication deposition experiment was carried out,
and the microstructure was analysed via SEM, TEM and XRD. At the same time, the mechanical properties of the
as-deposited sample were tested at room temperature to study the evolution of the microstructure during the deposition
process and its influence on the mechanical properties. The results show that the element segregation during the deposition
process causes the Laves phase to precipitate along the dendrites, and the heat accumulation caused by thermal cycling
results in the precipitation of the y” phase around the Laves phase. During the loading stage, the hard and brittle Laves
phase breaks to form a crack source, and the fracture mode is microvoid coalescence fracture.
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Tab.1 Chemical composition of the GH4169 alloy
(mass fraction/%)

Elements Ni Cr Nb Mo Ti Al Co Fe
5231 19.23 519 3.11 0.89 0.54 0.11 Bal

Content

B 1 TR 220U GHA169 & 41k () 8 B 1 ;(b) 7K
il
Fig.1 The GH4169 alloy sample processed via electron beam
freeform fabrication: (a) vertical plane; (b) horizonal plane
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Tab.2 The main process parameters

Process Acceleration Focus current Beam current Wire feeding ~ Traveling speed ~ Hatch spacing  Layer thickness
parameters voltage/kV /mA /mA speed/(m-min")  /(mm-min™) /mm /mm
Values 60 1030 50 2.4 800 4 0.7

P2 BORE 7 K AR iU « (a) JORE AL 5 (b) S A aslAe RS
Fig.2 Schematic diagram of the specimen extraction position and the tensile test sample: (a) specimen extraction position; (b) sample
size for the tensile test
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Fig.3 XRD patterns of the as-deposited GH4169 alloy
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Fig.4 Microstructure of the as-deposited GH4169 alloy
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Fig.5 EBSD analysis of the as-deposited GH4169 alloy: (a) vertical plane; (b) horizontal plane
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Fig.6 TEM analysis of the as-deposited GH4169 alloy: (a) bright-field image; (b) selected area electron diffraction pattern of the Laves
phase; (c, ¢,) dark-field image and selected area electron diffraction pattern corresponding to the y” phase
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Fig.7 Tensile engineering stress-strain curve of the as-deposited
GH4169 alloy
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Tab.3 Chemical composition near the Laves phase

(mass fraction/%)

Elements Al Ti Cr Fe Nb Mo Co Mn \'%
Content 1.14 1.08 18.39 16.99 6.62 4.73 0.34 0.13 0.16
https://www.cnki.net
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Fig.8 Fracture morphology of the as-deposited GH4169 alloy: (a) tensile fracture morphology; (b) longitudinal section of the fracture
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