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Abstract

The patterns were analyzed based on the element concentration mapping data to clarify the
microstructure formation of ternary Fe-C-Mn alloys and quaternary Fe-C-Si-Mn alloys using
various data science techniques. Microstructural patterns in Fe-C-Mn alloys were analyzed by
histograms of each element concentration and scatter plots among element concentrations. In
particular, the equilibrium conditions of the two-phase microstructure formation were estimated
by comparing the scatter plots with the isothermal cross-sections of phase equilibrium. Principal
component analysis of element concentration mapping data in Fe-0.20%C-1.5%Si-1.5%Mn alloys
shows that the patterns of the two-phase microstructure formation can be expressed by principal
components. Knowledge of computational science and microstructure formation theory was required

to understand this pattern.
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Machine learning models in the analysis of materials data
Approach Algorithm
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Dimensionality reduction
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Chemical composition of the alloy studied

(mass%)
Alloy C Si Mn
Fe-0.3%C-0.5%Mn 0.29 <0.01 0.5
Fe-0.1%C-2.0%Mn 0.10 <0.01 2.0
Fe-0.2%C-1.5%8Si-1.5%Mn 0.20 1.5 1.5
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SEM images of the cross-sectional microstructure for Fe-

0.3%C-0.5%Mn alloy annealed at 650°C for 72h
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C and Mn mappings for Fe-0.3%C-0.5%Mn alloy annealed

at 650°C for 72h
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Histograms of C and Mn concentrations for Fe-0.3%C-

0.5%Mn alloy annealed at 650°C for 72 h
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Scatter plot of C and Mn concentrations for Fe-0.3%C-
0.5%Mn alloy annealed at 650°C for 72h
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C and Mn mappings for Fe-0.1%C-2.0%Mn alloy annealed

at 750°C for 1000s
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The mean value and standard deviation of C and Mn con-
centrations for Fe-0.1%C-2.0%Mn alloy annealed at
750°C for 1000s

Element Mean value Standard deviation
C 0.108 0.111
Mn 2.05 0.396
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Scatter plot of C and Mn concentrations for Fe-0.1%C-

2.0%Mn alloy annealed at 750°C for 1000 s
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Intercritical annealing at
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C, Si, and Mn mappings for Fe-0.2%C-1.5%Si-1.5%Mn al-
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The other is isothermally held at 400°C for 10000 s after
intercritical annealing at 800°C for 100 s.
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3D scatter plot of C, Si, and Mn concentrations for Fe-
0.2%C-1.5%Si-1.5%Mn alloy isothermally held at 400°C
for 10000 s after intercritical annealing at 800°C for 100 s
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The coefficients of the principal components for Fe-

0.2%C-1.5%Si-1.5%Mn alloy isothermally held at 400°C

for 10000 s after intercritical annealing at 800°C for 100

s. The principal components contain standardized concen-

tration terms

Primary component zZ, z, z,
Coefficient of S, 0.48 0.88 —0.05
Coefficient of S —0.62 0.37 0.69
Coefficient of S, 0.63 —0.30 0.72
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SEM images of the cross-sectional microstructure for Fe-

0.2%C-1.5%Si-1.5%Mn alloy isothermally held at 400°C

for 10000 s after intercritical annealing at 800°C for 100 s
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