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Prediction of 6 Ferrite Content in SUS304 Slab by Multi-Phase Field Method

Takafumi Kawagoe

Synopsis:

Solidification structure of stainless steels have a influence on material characterization. Therefore, it is important to control
microstructure from the viewpoint of manufacturing and quality.

In this report, we predicted a 0 phase in SUS304 slab of the range of processes from continuous casting to reheating before hot rolling
by using the multi-phase field(MPF) method.

The simulation results of J ferrite content in SUS304 slab under solidification indicated the maximum value of 80% at 1430C, thereafter,
o ferrite content decreased while being cooled. It was confirmed that the simulation results of ¢ ferrite content at 1020C were in good
agreement with the measured values.

The simulation results of ¢ ferrite content after heat treatment were in good agreement with the measured values. Moreover, the
increment of ¢ ferrite in the initial stage of heat treatment was able to be also predicted by MPF method.

By analyzing the MPF method under the conditions of the actual secondary dendrite arm spacing and slab cooling conditions, it is

possible to predict phase transformation during solidification and heat treatment of SUS304.
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Table 1 Chemical compositions of specimen (mass% )

Alloy C Si Mn Ni Cr N

SUS304 | 0044 042 0.80 8.06 1826  0.039
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Fig.1 Thermodynamic calculations of phase equilibrium of

SUS304.
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Fig.2 Schematic illustration of dendrite and calculation region.
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Fig.3 Schematic illustration of calculation region size and
boundary conditions.
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Table2 Interface energy and interface mobility used in the

simulation
Parameter Value Strength of anisotropy
L/o 2x1071(J/m?) 0.01
Interface | L/% 3x107!(J/m?) 0.01
energy | §/y 7x1074J/m? 0
y/y 4x1074J/m? 0.013
L/6 | 5x107"(m"/Js) 0.013
Interface | L/y 5x107"(m"/Js) 0.013
mobility | §/y 3x10""%*(m"/Js) 0
y/y 3x10 Y m?/Js) 0.013
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Table 3 Parameter values in the nucleation model

Nucleated phase y
Position Liquid/ ¢ interface
Minimum undercooling 1.0C
Maximum temperature 1432C
Minimum temperature 1377C

Crystalline orientation angle distribution Random
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Fig.4 Schematic illustration of calculation region size used in reheating simulation.
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Fig.5 Heating curve used in reheating simulation.
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Fig.6 0 phase content with distance from slab surface in
SUS304 as cast slab.
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Table4 Secondary dendrite arm spacing of SUS304 as cast

slab
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Fig.7 Cooling curves of continuous casting slab.
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Fig.8 Change of o0 phase content in SUS304 slab during solidi-
fication.
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Fig.9 Change of compositions in ¢ phase during solidification.
(10mm distant from slab surface)
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Fig.10 Change of o phase content in SUS304 slabduring heat
treatment at 1200C.
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Table5 Cr, Ni contents in ¢ phase in SUS304 slab after 60min
heating (mass% )
(80mm distant from slab surface)

Cr Ni
Simulation result 233 5.1
Measured value 22.8 49
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