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Simulation of Rapid Solidification in SUS316L Stainless Steel
using Non-Equilibrium Multi-phase-field Model
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Additive manufacturing (AM) is attracting attention as a technology for producing lightweight and high-
strength materials. The characteristic of this process is that the solidification process is so rapid that it is
difficult to completely control microstructure formation in order to adjust mechanical properties. In order
to obtain the process control guidelines, numerical simulations using the multi-phase-field model with
finite interfacial dissipation were conducted to predict the solidification structure formation of SUS316L
steel under rapid solidification conditions. To validate the multi-phase-field model that can explain strong
non-equilibrium solid-liquid interface conditions, a temperature field was set up to reproduce the AM
process and parametrically varied the interfacial permeability to investigate the effect of permeability on
the simulated solidification behavior and solute redistribution. The results show that the non-equilibrium
multi-phase-field model can be computed even for a rapidly cooling solidification process, and that the
interfacial permeability parameter affects the solute concentration distribution at the solid-liquid interface.
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Fig. 1 Distribution of initial temperature. The heat source moves

to the right. The red square is the computational domain.

Table 1 Equilibrium volume fractions of liquid and solid (FCC)
phases and equilibrium solute concentrations in Fe-0.02C-18Cr-
14Ni alloy at 1718.2 K calculated by Thermo-Calc.

Liquid Solid (FCC)
Volume fraction 0.50 0.50
C [wt.%] 0.032 0.009
Cr [wt.%)] 19.30 16.77
Ni [wt.%] 13.90 14.09
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Fig. 2 Distribution of Temperature at 80 ps in kelvin.

Temperature, K
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Fig. 3 Distribution of liquid and solid phases at 80 pus. The upper
part is liquid phase, and the lower part is solid phase with 20

grains. Grain numbers 1 through 20 are solid phase and grain

number 21 is liquid phase.
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Fig. 4 Distribution of C concentrations at 80 ps calculated with
the interfacial permeability of (a) 1.0 x 10 m*/(Js) and (b) 1.0
x 10°¢ m3/(Js) in weight percent.
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Fig. 5 Distribution of Cr concentrations at 80 us calculated with
the interfacial permeability of (a) 1.0 x 10 m*/(Js) and (b) 1.0
x 10°® m3/(Js) in weight percent.
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Fig. 6 Distribution of Ni concentrations at 80 us calculated with
the interfacial permeability of (a) 1.0 x 10 m*/(Js) and (b) 1.0
x 10°¢ m3/(Js) in weight percent.
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