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This study aimed to investigate origins of surface defects observed in high-Mn steel casting slabs after heat
treatment conducted at 1170 °C for 2 h and provide insights into their mitigation strategies. The grinding
process resulted in the formation of a surface-deformed area composed of a recrystallized fine-grain layer
and multiple metal flows. Cross-sectional observations and analyses employing field-emission scanning
electron microscopy and energy-dispersive spectroscopy revealed that the occurrence of surface defects
was due to internal oxidation with a penetrating form along coarse grain boundaries. Based on oxidation of
pre-corroded steel samples during the initial stage, it was found that internal oxidation was initiated at (Fe,
Mn)-based corrosion products formed during the pre-corrosion process. This process facilitated deep oxy-
gen penetration along Mn- and Cr-enriched grain boundaries, exacerbating surface degradation. These
findings indicate that controlling corrosion during manufacturing of high Mn-based steel casting plate, par-
ticularly prior to heat treatment, is essential for suppressing surface defects.
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Fig. 1. Typical manufacturing process of steel casting plates
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Fig. 2. (a) Surface and (b) cross-sectional observations of the ground sample, examined by digital camera and FE-SEM,

respectively

Oxide scale

Matrix Matrix

(a)

Qxide scale

Oxide scale

Matrix

Fig. 3. Cross-sectional images of samples oxidized at 1170 °C for 2 h after undergoing the following treatments: (a) grinding
only, (b) grinding followed by anti-oxidation treatment, and (c) anti-oxidation treatment, and corrosion
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High temp.
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Fig. 4. Cross-sectional images of samples subjected to grinding, corrosion, anti-oxidation treatment, and subsequent oxidation

at 1170 °C for 1 min
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Table 1. EDS elemental composition at each point marked in
Fig. 4

(1] 2]

wt% at.% wt% at.%

CK 6.25 16.89 4.92 17.17

OK 19.51 39.6 5.83 15.29

CrK 2.19 1.37 5.20 4.19
MnK 10.17 5.47 18.36 14.02
FeK 61.89 36.68 65.69 49.33
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Fig. 5. Cross-sectional images and EDS mapping of samples subjected to grinding, corrosion, anti-oxidation treatment, and
subsequent oxidation at 1170 °C for 1 min
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Fig. 6. Schematic illustration of oxide penetration under high-temperature oxidation conditions, following grinding and
corrosion of high-Mn casting steels (DRX: Dynamic recrystallization)
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