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Additive manufacturing is attracting attention as a technology for developing materials with superior
properties through rapid solidification. This process is characterized by an extremely rapid solidification
process, making it difficult to completely control the microstructure formation only by experimentation
in order to control mechanical properties. Therefore, obtaining process control guidelines by predicting
microstructure formation using numerical simulations is crucial. In this study, numerical simulations using
a multi-phase-field (MPF) model with finite interfacial dissipation were performed to evaluate
microstructure formation of SUS316L stainless steel under rapid solidification conditions. The MPF
simulations were performed using a thermodynamic database and a neural network model. To validate the
MPF model, the effect of interfacial permeability on solidification behavior was investigated by
parametrically varying the interfacial permeability. The results show that the interfacial permeability has
a strong influence on the solute concentration distribution at the solid-liquid interface and changes the
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solidification rate.
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(1) FRHEH
SUS316L A 7 L A il & #& 4 L 7= Fe-0.02C-18Cr-14Ni-
2Mo-1Mn [mass%] &4 0 SRR [ SEAT 22 FEME3 5 . Rt 6
2 pm x 4 umoO KX = & L, 208 RFEIZ0.01 um,
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AR TIERE = T U T ¢ POSBEE RN IFE T
WL DTDOIZ, RAEGEITLHE THHCOS R/ N —
STEVT4PCE—EDEL L TEBIEETHEX (X =
Cr, Ni, Mo, Mn)D i/ X—I 7 B U 7 4 PXO R/ S— 3
TEVT 4 2EE LEMCHEAEL, WHTHRT & &
BEEHE AT 5. R X—I7v )70 0&Et%
Table LiZ/Rd. FRE/S—IT7 Y 7 4 PXOfEIFTHEIC L
S5PR—DEET S, WTFNOEKMEICBNTY, B E
ETXRICHARTRAREETHEOTPIEBRNES Th 5
ZlEBEL, BAMEGETERORB S—ITEY T ¢
DENPKEL 2D L IICHETS.

Fig. 1 Distribution of initial microstructure.

Table 1 Interfacial permeability for each condition (m?/(Js)).

A & RRVELES X O o3EE L L, g Pe P¥(X=Cr, Ni, Mo, Mn)
@/ — F¥3100 & 3 5. IEHE(LEI%IE, PReLUZ AW 5. Case 1 1.0 x 10 1.0 x 10
T — #1%, Fe-C-Cr-Mn-Mo-NiD6 T RA & a8 L L Case 2 1.0 x 10 1.0 x 10
7-TQ-interface AW =5t HIC K 0 1ERR 95, JEdfRERIZ D Case 3 1.0 x 10° 1.0 x 107
WCIEHREOIEBREEZ2E L LTHEATS. B
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Y7 Ny =T &AW CEEL L2 BRE) S & Figure 612779
W E 001692 KIZ k1T 2 EM OBE /12~ L TR Y, C
W L CHRENZNZIUR T T 213 EEAE O BESE) 771334
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Fig. 2 Distributions of liquid and solid phases calculated with
the Interfacial permeability P* of 10 x 105, 10 x 10 and 10 x
107 m3/Jfs.
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Fig. 3 Distributions of carbon concentrations calculated with the

Interfacial permeability P* of 10 x 105, 10 x 10 and 10 x 10”7
m3/J/s.
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Fig. 4 Distributions of chromium concentrations calculated with
the Interfacial permeability PX of 10 x 105, 10 x 10 and 10 x
107 m3/Jfs.
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Fig. 5 Profiles of (a) carbon, (b) chromium concentrations along
the liquid/solid interface.
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Fig. 6 Contour plot of driving force in J/mol of solid phase in
Fe-0.02C-18Cr-14Ni-2Mo-1Mn alloy at 1692K.
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