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Numerical simulation of austenite-to-ferrite transformation of steel
using multi-phase-field method and Markov chain Monte Carlo method
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To improve the balance between strength and ductility of steels, it is essential to predict and control the
microstructure evolution during the austenite-to-ferrite transformation. The non-equilibrium multi-phase
field (NEMPF) model enables to simulate the microstructure evolution during the austenite-to-ferrite
transformation, along with the diffusion of solute atoms. However, parameters and physical properties
included in the NEMPF model -particularly, the permeability parameter of solute atoms- have to be
identified for more accurate prediction. In this study, we conduct the numerical experiment to estimate
the permeability parameter of solute atoms in the NEMPF model from C and Mn concentration profiles,
based on Markov chain Monte Carlo (MCMC) method. The result of numerical experiment demonstrates
that the MCMC method can successfully estimate the true value of the permeability and evaluate the
uncertainty of the estimated permeability and the synthetic experimental data.
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Fig. 1 Flowchart of the MCMC based on the MH algorithm. 0,
D, t in this figure expresses the parameters vector,
experiment/observation data, iteration of sampling, respectively.
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Table 1 Physical values and parameters used in the NEMPF
simulation of austenite-to-ferrite transformation.

Physical value or parameters Value

Grid size, AX 0.100 pum

Number of grids 40

Time increment, At 5.00x10°°s

Total calculation time 25.00 s
Temperature, T 973.15 K

Pressure, P 1.01x10° Pa
Molar volume of Fe, Vm 7.09 x 1076 m3/mol
Thickness of interface, § 0.70 um

Interface energy, oij 0.50 J/m?

Phase-field mobility, M%;
Permeability of C atom, P¢
Permeability of Si atom, PM"

1.38 x 107 m¥(J-s)
1.00x107* cm?®/(J-s)
1.00x107* cm?®/(J-s)

1.0

0.5

Phase field valuable [-]

Phase field variable, ¢,

)

2.0
Coordinate [pm]

4.0

Fig. 2 Profiles of the phase field variable at 0.0 s (solid line),
12.5 s (dotted line), and 25 s (dash-dotted line) during the
isothermal austenite-to-ferrite transformation at 700 °C in a Fe-
0.19C-1.00Mn (wt.%) alloy, obtained from NEMPF simulation.
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Fig. 3 Profiles of the C concentration at 0.0 s (solid line), 12.5 s
(dotted line), and 25 s (dash-dotted line) during the isothermal
austenite-to-ferrite transformation at 700 °C in a Fe-0.19C-
1.00Mn (wt.%) alloy, obtained from NEMPF simulation.
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Fig. 4 Profiles of the Mn concentration at 0.0 s (solid line), 12.5

s (dotted line), and 25 s (dash-dotted line) during the isothermal

austenite-to-ferrite transformation at 700 °C in a Fe-0.19C-

1.00Mn (wt.%) alloy, obtained from NEMPF simulation.
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Fig. 5 Frequency distribution of (a) permeability of C atom, (b)
permeability of Mn atom and (c) virtual experimental error, &
calculated by the Metropolis-Hastings algorithm. The initial 100
iterations are declared as a burn-in sequence.
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Fig. 6 Profiles of the C concentration at 0.0 s (black line), 12.5
s (red line), and 25 s (blue line) during the isothermal austenite-
to-ferrite transformation at 700 °C in a Fe-0.19C-1.00Mn
(wt.%) alloy, obtained from NEMPF simulation. The solid line
shows the result obtained using true value of permeability and
the dotted line shows the result using estimated permeability.
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Fig. 7 Profiles of the Mn concentration at 0.0 s (black line), 12.5
s (red line), and 25 s (blue line) during the isothermal austenite-
to-ferrite transformation at 700 °C in a Fe-0.19C-1.00Mn
(wt.%) alloy, obtained from NEMPF simulation. The solid line
shows the result obtained using true value of permeability and
the dotted line shows the result using estimated permeability.
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