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Thermodynamic Simulation of Solidification and Precipitation of Cast
Austenitic Stainless Steel CK3MCuN Based on FactSage Software

SU Xuehu
(Jiangsu Wanheng Casting Industry Co., Ltd., Yancheng 224000, China)

Abstract: The equilibrium solidification and cooling phase transition of cast austenitic stainless steel CK3MCuN and the
non-equilibrium solidification process in the Scheil-Gulliver cooling mode were investigated via FactSageS8.2
thermodynamic calculation software. The results indicate that during the equilibrium solidification process, Fe and Ni are
casily isolated by austenitic dendrites, while Cr, Cu, Mo, C and N are easily enriched in the interdendritic region. The
interdendritic segregation of Cu gradually weakens, while the segregation of Fe, Cr and Ni gradually increases. In the
non-equilibrium solidification process, Fe and Ni undergo negative segregation, while Cr, Mo, Cu, N and C undergo
positive segregation, and Cr and Mo undergo very severe segregation in the residual liquid phase at the end of
solidification. The main intermetallic phases precipitated during the equilibrium transition process are the sigma phase and
Laves phase, with maximum precipitated phase contents of 18.1 wt. % and 12 wt. %, respectively, while the main
intermetallic phase precipitated during the non-equilibrium solidification process is the sigma phase, with a maximum
precipitated phase content of 0.7 wt. %. In the equilibrium transition process, Mo promotes the formation of the sigma
phase and Laves phase, N promotes the precipitation of Cr,N and inhibits the formation of the sigma phase and M;Cq
carbide, and Cu favors the formation of the e-Cu phase. In the non-equilibrium solidification process, Mo can promote the
formation of the sigma phase and 3-ferrite, N can promote the precipitation of Cr,N and inhibit the formation of 3-ferrite
simultaneously, and Cu can inhibit the formation of 3-ferrite but has little effect on Cr,N or the sigma phase.
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Tab.1 Chemical composition of cast austenitic stainless steel CK3MCulN
(mass fraction/%)
C Si Mn Cr Mo Cu N Fe
=0.025 <1.00 <1.20 19.5~20.5 17.5~19.5 6.0~7.0 0.50~1.00 0.18~0.24 Bal.
0.022 1 0.658 0.715 20.19 6.26 0.651 0.215 Bal.

P17 5 [ 3o e 14 7 4 40 A < () PEJEIRL, (b) JR B iR
Fig.1 Product distribution diagram of the alloy system during the equilibrium solidification process: (a) property diagram,
(b) partially enlarged diagram
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Fig.2 Temperature-solid ratio diagram of the alloy system
during the equilibrium solidification process
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Fig.3 Variation in the equilibrium solute partition coefficient K,
with temperature
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Fig.4 Elemental composition of the main equilibrium phases in the alloy system: (a) liquid phase, (b) austenite, (c) o phase,
(d) Laves phase, (e)  phase, (f) e-Cu phase
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Fig.5 Effect of alloying element composition variation in standard range on vertical section phase diagram of equilibrium system:
(a) w(C)=0~0.025%, (b) w(Cr)=19.5%~20.5%, (¢) @(M0)=6.0%~7.0%, (d) @(Ni)=17.5%~19.5%, (e) w(Cu)=0.5%~1.0%,
() @(N)=0.18%~0.24%
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Fig.6 Effect of the copper content on the alloy system: (a) diagram of the local equilibrium properties, (b) o phase and Laves phase
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Fig.7 Phase transformation path of the alloy system during equilibrium solidification and cooling
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Fig.8 Product distribution at various stages of the
non-equilibrium solidification process
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Fig.9 Non-equilibrium solidification path diagram of the alloy
system

P10 WA &40 R & iS5 AR OC R I ZL A (a) BARIE, (b) Rl ok A
Fig.10 Relationships between the alloying element content in the liquid phase and the solid phase ratio: (a) overall diagram,
(b) partially enlarged diagram
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Fig.11 Effect of alloying elements on the main precipitated phase during the non-equilibrium solidification process:
(a) 6 wt.%~7 wt.% Mo, (b) 0.18 wt.%~0.24 wt.% N, (c) 0.5 wt.%~1.0 wt.% Cu
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