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Process-Structure-Property Relationships of Inconel 718 Produced by Laser Powder Bed Fusion

1. Homogenization Kinetics Simulation

Three CALPHAD-based kinetic modeling approaches using DICTRA module of Thermo-Calc to

estimate the homogenization time of dissolving the Laves_C14 phase into γ matrix are

evaluated for Inconel 718 alloys made by laser powder bed fusion (LPBF) and suction casting.

The composition of the γ matrix obtained from experiments are used as inputs for the first

model, that involves single-phase diffusion simulations with composition profile for the

Laves_C14 phase either determined from experiments or calculated by the lever rule. The

second model uses Scheil simulations for predicting the segregation profiles, which are used as

inputs for single-phase simulations. In the third model, moving boundary simulations using

DICTRA are performed using the composition of Laves_C14 phase from the lever rule. The

homogenization time determined using the first model matches reasonably well with the

experimental observation for the LPBF alloy.

2. Experimental Study on Homogenization

Experimental study is conducted according to the CALPHAD modeling results to understand

the influence of high-temperature homogenization at 1180oC on the microstructure evolution.

For the LPBF and suction-cast Inconel 718 alloys, homogenizations for 20min, 1h, or 12h

investigated based on the homogenization kinetics simulation results using DICTRA.

In LPBF alloys, it is determined that grain morphology is re-constructed and grain size is

refined by inducing recrystallization and Zener pinning effect from grain boundary carbides.

Besides, Nb homogeneity in the alloy is found to increase during homogenization. However,

in suction-cast Inconel 718 alloys that are studied for comparison, abnormal grain growth and

a decrease in Nb homogeneity are observed. Residual stress in the as-built LPBF sample is

significantly reduced by the homogenization.
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3. Microstructure & Property during Aging Process

The homogenization effects on aging process are studied for LPBF Inconel 718 alloys.

Compared with the traditional homogenization performed at 1065oC for 2h, high-temperature

homogenization at 1180oC for 1h can introduce more equiaxial grains, decrease residual stress

in the aged LPBF alloys, and change precipitation behaviors of the hardening phase γ″ during

aging processes. The tensile properties of alloys processed with homogenization at 1180oC are

more isotropic than that with 1065oC due to the homogenized microstructure.
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Compared with traditional homogenization, 1180oC-1h can effectively 

reduce grain texture and residual stress for the aged samples
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