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Abstract: The local plasticity and associated microstructure evolution in Fe-5Mn-0.1C medium-Mn steel (wt.%)
were investigated in this study. Specifically, the micro-deformation mechanism during Liiders banding
was characterized based on multi-scale electron backscatter diffraction measurements and electron chan-
neling contrast imaging. Similar to other medium-Mn steels, the Fe-5Mn-0.1C steel showed discontin-
uous macroscopic deformation, preferential plastic deformation in austenite, and deformation-induced
martensitic transformation during Liiders deformation. Hexagonal close-packed martensite was also
observed as an intermediate phase. Furthermore, an in-situ neutron diffraction experiment revealed that
the pre-existing body-centered cubic phase, which was mainly ferrite, was a minor deformation path,
although ferrite was the major constit-
uent phase. 7
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Fig. 1. Initial microstructure consisting of ferrite and austenite.
The austenite area fraction is 21%. The beam step size is
50 nm. The regions where confidence index is below 0.1
are show in black. (Online version in color.)
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Fig. 2. Specimen geometries used for (a) the normal tensile
tests and (b) the in-situ neutron diffraction experiment
(unit: mm).
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Fig. 3. Engineering stress-strain curves obtained at different
strain rates. (Online version in color.)
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Fig. 5. (a) EBSD phase map of the region where the Liiders
band fully propagated. The fraction of austenite in this
region is 9%. The beam step size is 30 nm. The regions
where confidence index is below 0.1 are shown in black.
(b) ECC image of the Liiders front region. (Online
version in color.)

Fig. 4. ECC images showing (a) an overview and (b) a magnified image of the Liiders front. (c) Secondary electron image at the
location identical to (b). The black and yellow arrows in (a) indicate coarse and fine deformation bands, respectively. (Online

version in color.)
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Fig. 7. (a) ECC image highlighted in Fig. 4(a). (b) Phase map of
the region indicated in (a). The beam step size is 50 nm.
The regions where confidence index is below 0.1 are
shown in black. (Online version in color.)

Fig. 6. (a) ECC images showing the coarse deformation band highlighted in Fig. 4(a). (b) Magnified secondary electron and (c) ECC
images of the locations indicated in (a). The yellow arrows indicate martensite. (Online version in color.)
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Fig. 8. (a) Phase and (b) image quality maps in the region between two deformation bands as highlighted in Fig. 7(a). The beam step
size is 20 nm. The regions where confidence index is below 0.1 are show in black. The displayed values in (b) indicate actual
minimum and maximum image qualities. The values for scaling the gray contrast are set at 7857 and 166743 for minimum and
maximum values, respectively, which are identical to the actual minimum and maximum values shown in Fig. 9(b). (Online

version in color.)
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Fig. 9. (a) Phase and (b) image quality, and (c) grain average image quality maps in the region highlighted in Fig. 7(a). The right parts
of the images contain the deformation band. The beam step size is 20 nm. The regions where confidence index is below 0.1 are

shown in black. (Online version in color.)
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Table 1. Comparison of the characteristics of retained austenite in three cold-rolled and intercritically
annealed medium Mn steels with sub-micrometer-sized austenite grains.

Heat treatment Austenite Mn content in Austenite .
L . Strain path Ref.
temperature fraction austenite morphology
Fe-10Mn-0.05C-1.6Al 650 °C 40% 13 wt.% Blocky Austenite [16]
Fe-7Mn-0.1C 600 °C 39% 13 wt.% Blocky F;rl‘s‘tfn?;d [12]
Fe-5Mn-0.1C 650 °C 21% - Blocky Austenite

(Present steel)
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MERENZ 5505 72,
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