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Analysis of Carbon Partitioning at an Early Stage of Proeutectoid Ferrite Transformation
in a Low Carbon Mn-Si Steel by High Accuracy FE-EPMA
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Synopsis :

Understanding of y—a transformation during intercritical annealing is important to achieve precise control over the mechanical properties of

low-carbon steels. And control of the carbon contents in the phases is the most important factor in alloy design for achieving high strength

and high ductility. However, it is unusually difficult to determine the carbon contents in multiphase structures with high accuracy. So, we have

developed new methods for suppressing hydrocarbon contamination during field emission (FE) EPMA measurements.

Carbon enrichment at y/a interface and carbon concentration of y phase in Fe-0.15%C-2%8Si-(1.5, 2.0)%Mn steels isothermally transformed

at 750 and 800°C was measured using developed FE-EPMA. The paraequilibrium (PE) model gives much better predictions for carbon en-

richment in 1.5%Mn steel for 15 s. The NPLE/PLE transition model of local equilibrium gives much better predictions in 2.0%Mn steel. But

the interfacial carbon concentration agrees with the composition of PLE/NPLE transition line in all alloys annealing for 1800 s. Furthermore,

carbon enrichment shifted from the PE to NPLE model during annealing.
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Table 1. Quantification precision according to repeatability
using the developed instrument.

(mass%) N=16

a) chemi_cal b) EPMA ¢) difference d)‘ stgndard e) standard

analysis between a) and b)  deviation of b)  error of b)
0.089 0.084 —0.005 0.008 0.002
0.188 0.179 —0.009 0.007 0.002
0.281 0.285 +0.004 0.009 0.002
0.460 0.481 +0.021 0.012 0.003

Table 2. Chemical composition of alloys (mass%).

Alloy C Si Mn
A 0.15 2.0 1.5
B 0.20 2.0 15
c 0.15 2.0 2.0
950°C, 600s
Air cool(10°C/s) 800,750°C
water
quench
158 1800s

Fig. 2. Schematic diagram of heat treatments.
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Fig. 3. Calculation condition of the phase transformation in
DICTRA.
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Fig. 1. Schematic diagram of developed instrument for carbon
mapping in steels.
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Fig. 4. SEM images and quantitative carbon mapping and line
analysis of alloy A for annealed at 750°C for 15 s using
the developed FE-EPMA (C-analyzer).
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Fig. 5. SEM images and quantitative carbon mapping and line
analysis of alloy A for annealed at 750°C for 15 s using
the C-analyzer.
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Fig. 6. SEM images and quantitative carbon mapping and line
analysis of alloy B for annealed at 750°C for 15 s using
the C-analyzer.
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Fig. 7. Quantitative carbon mapping of alloy A, B for annealed
at 750°C for 15 s using the C-analyzer.
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Fig. 8. Calculated volume fraction of a phase and C profiles of
alloy A in isothermal annealed at 750°C using DICTRA.
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Fig. 9. C profiles in alloys A, B and C isothermally annealed at 750°C for 15 s, simulated under local equilibrium and paraequilibrium

using DICTRA.
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Fig. 11. Results of C composition measurement in y phase superimposed on paraequilibrium phase diagram and To composition, NPLE/

PLE transition composition.
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Fig. 12. Comparison of C content between measurement value
of C-analyzer and DICTRA.
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