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Effect of Heat Treatment on Microstructure and Mechanical Properties
of Laser Solid Forming Inconel 718 Superalloy

Zhao Weiwei Lin Xin Liu Fencheng Zhao Xiaoming Chen Jing Huang Weidong
( State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an, Shaanxi 710072, China)

Abstract The effects of heat treatment on the microstructure and mechanical properties of laser solid forming
Inconel 718 superalloy have been investigated. As compared with as-deposited samples, direct aged (DA)
microstructure of laser solid formed (LSF) Inconel 718 changed little, and still presents the microstructural
characteristic of columnar dendrites which grow epitaxially from the substrate. However, the hardness and tensile
strength of DA samples increase obviously. Three technology of homogenization, solution and double aging heat-
treatment (960STA) result in complete dissolution of interdendritic Laves phase and the reduction of Nb segregation.
Further the solution treatment results in the precipitation of acicular § phase along grain boundaries, and the tensile
strength and plasticity both reach the wrought standard of Q/3B 548-1996 at room and high temperature. The tensile
fracture surface of DA samples presents anisotropic feature of dimples along deposition orientation of columnar
dendrites array, which is similar to that of the as-deposited samples. It is found that the distribution anisotropy of
dimples in LSF samples disappeared through 960STA treatment.
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Table 1 Chemical composition of Inconel 718 (mass fraction, %)

Element Fe Cr Ti Al Mo Nb C Ni
Inconel 718 powders  18. 435 19.7 1.04 0. 64 3 5.17 0.033 Bal.
AMS:. 5663 16~20 17~21 0.65~1.15 0.2~0.8 2.8~3.3 4.75~5.5 0.08max Bal.
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Table 2 Processing parameters of the LSF route

Laser powder /kW 2~2.3
Scanning velocity /(mm/min) 360~480
Powder feeding rate /(g/min) 5~8
Spot diameter /mm 3
Increment of = /mm 0.3~0.5
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Fig. 1 Sketch of tensile testing bars
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Fig. 3 SEM analysis of LSF Inconel 718. (a) as-deposited; (b) DA; (¢) 960STA
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Table 3 EDS analysis results of LSF Inconel 718 as-deposited specimen

Element Cr Ti Al Mn Fe Ni Nb Mo

Mass fraction /% 13. 4 0.8 0.1 0.4 12.3 46. 1 22.3 4.6

Fraction of number of atoms /% 16. 3 1.0 0.3 0.4 14.0 49.7 15.2 3.1
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Table 5 25 C temperature tensile testing results of LSF Inconel 718

Material condition 6.4/ MPa 0.2/ MPa o /% o /%
As-deposited 860 535 33.5 33
LSF+960STA 1340 1140 18 32

LSF+DA 1120 890 10. 3 16.5
Wrought standard (Q/3B 548-1996) 1340 1100 12 15
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Table 6 500 C temperature tensile testing results of LSF Inconel 718

Material condition 6.0/ MPa 0.2/ MPa 8 /% /%
As-deposited 755 550 21.5 31
LSF+960STA 1140 1020 17.5 26.5
LSF+DA 1010 815 15.5 18
Wrought standard (Q/3B 548-1996) 1030 930 12 15

20 pm 50 um
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Fig. 7 Tensile fracture surfaces of LSF Inconel 718 alloy at 25 C temperature. (a) as-deposited; (b) DA; (¢) 960STA
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Fig. 8 Tensile fracture surfaces of LSF Inconel 718 alloy at 500 C temperature. (a) as-deposited; (b) DA; (c¢) 960STA
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