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Simulation of y-Phase Decomposition in As-cast SUS430
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Synopsis:

Tohru Shibata, Takafumi Kawagoe

The decomposition of y-phase can significantly affect the material characteristics of ferritic stainless steels. Therefore, a fundamental

understanding of the decomposition process must be improved.

In this report, we simulated the y-phase decomposition of a ferritic stainless steel (SUS 430) by using the MPF model and the CALPHAD

method. Our simulation results successfully reproduced the behavior of M,;Cs phase precipitation primarily at the «/y interface when

SUS 430 was held between 700C and 800C. The simulation results also reproduced the changes in y-phase decomposition behavior by

varying the content of C and Cr in the steel. Moreover, the simulation results sufficiently explained the experimental observations on Cr

enrichment and depletion at the interface between the a-phase and prior y-phase. This study thereby validated the simulation method as

an effective tool in predicting the y-phase decomposition behavior of SUS430.
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Fig. 1 Heat Patterns of samples for y -phase decompositioning.
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Table 1 Chemical composition, yc and A, of materials
No. C Si Mn Ni Cr Al N Y1100c (Mol%) A(T)
16Cr-0.06C 0.056 0.10 <0.01 <0.01 16.32 0.018 0.0017 24.7 889
16Cr-0.09C 0.087 0.11 <0.01 <0.01 16.43 0.023 0.0016 37.3 886
16Cr-0.11C 0.112 0.10 <0.01 <0.01 16.23 0.010 0.0018 494 872
17Cr-0.06C 0.059 0.10 <0.01 <0.01 16.93 0.002 0.0020 20.8 923
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Fig.2 [Initial area of simulation model.
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Fig.3 Models used in the simulation.
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Table 2 Calculation condition for the MPF method

Parameters Values

Area size Fig. 3

Grid size 0.25um
Interface thickness 4 grids
Initial chemical composition Table 3
Initial Temperature 1100C
Cooling rate 10T /s

Minimum undercooling 1T

Maximum number of

nucleiofnew My,Cy Interface of a/vy 1000

Bulk of y 20
Distance between nucleation TTT~997C 1.9um
positions
427~777C 1.3um
InterfaceEnergy aly 0.7]/m*
a /MyCe 0.1]/m’
v /MyCs 0.1J/m’
Interface mobility Table 4
Database Thermodinamics FEDATA6
Diffusion MOBFE2
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Table 3 Initial phase ratio and composition of each phase used in the simulation

No. Rate of y-Phase Initial chemical composition Initial chemical composition L, ,
(mol%) of a-phase (mass%) of y-phase (mass%) (um/um®)
16Cr-0.06C 247 16.94%Cr-0.014%C-0.10%Si 14.41%Cr-0.184%C-0.09%Si 0.111
16Cr-0.09C 377 17.40%Cr-0.016%C-0.12%Si 14.80%Cr-0.206%C-0.10%Si 0.120
16Cr-0.11C 494 17.52%Cr-0.016%C-0.11%Si 14.89%Cr-0.211%C-0.09%Si 0.166
17Cr-0.06C 20.8 17.51%Cr-0.016%C-0.10%Si 14.88%Cr-0.210%C-0.09%Si 0.085
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Table 4 Interface mobility used in the simulation

Temperature aly a,y /MyCy
() (m'/]"s) (m'/]"s)
1100 410x10°' 800x10 %
1050 400x10° " 750x10° %
1000 390x107 " 700%10° %
950 370x107'° 650x10" %
900 340x 107" 6.00x10" %
850 320x107'° 530x10° %
800 250%10°"° 450%10°*
750 200x10° " 200x10° %
700 750%10° " 500%10 %
650 225x107"7 1.20x107%
600 500%10° " 1.80x 10 %

a) 16Cr-0.06C b) 16Cr-0.09C

—
\7
Micro-a in y
50um

¢) 16Cr-0.11C d) 17Cr-0.06C

Fig.4 Microstructural change in SUS430 during heat treatment
(1100 x 2h).
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Fig.6 Compositional image of 16Cr-0.11C steelduring heat treatment. (1100C x 2h=800C )
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Fig.7 Secondary electron image of 16Cr-0.06C steel during heat
treatment. (1100C x 2h=800C )
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Fig.8 Area analysis map of C and Cr in 16Cr-0.11C steel.
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Fig.9 Time evolution of y -ratio simulated by MPF simulation.
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Fig.10 Phase evolution and distribution of MyCg and Cr in 16Cr-0.11C steel using the MPF method.
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Fig.11 Area analysis map of Cr in 16Cr-0.11C steel.

Fig.1212, 16Cr-0.06C#i1 ?™800°C #MLH I D CH L UCr
DEPMAGHTAER 2 R T,

F9, OminZVLELFE CTld y Mlid o 1 & HEE L TKCr
FCOME R ->TWE, Tz, BCrh2ECOEIB AN

H 3 32 i £ #t No.99 (2018)

BENT, FALMBRIZENHL v EHTSh b,
Fig. 718 L7z & 9 12800C TOminZALHE L 72 it 34 T
Ea/y FHIZRAMOH A ED 5, Zhz i

FERERER ST WD,



As-cast SUS430I2 BT 5 y G HZEE) O I 2L —T g 17

Annealing time

Omin (y=17.0%)

10min (y=13.8%)

30min (y=0.6%)

High

Low

& |~ MCin Bulk

40um

Fig.12 Area analysis map of C and Cr in 16Cr-0.06C steel during heat treatment. (1100C x 2h=800C )
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Fig.13 Phase evolution and distribution of C and Cr in 16Cr-0.06C steel using the MPF method.
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