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Study on the formation mechanism and influencing factors of banded
structures in steel materials
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Abstract: The formation mechanism and influencing factors of banded structures in steel materials are
investigated through homogenization treatment tests and slow cooling experiments, combined with optical
microscopy and electron probe micro-analyzer. The results indicate that banded structures primarily form within
the temperature range of the two-phase region, and their banding characteristics become more pronounced with
decreasing cooling temperatures. Homogenization treatment effectively reduces the segregation of Mn elements,
thereby inhibiting the formation of banded structures. Specifically, under a slow cooling rate of 0.05 °C/s, short-

term homogenization treatment (1 h) weakens the banding characteristics, while long-term homogenization
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treatment (==2h) completely eliminates the banded structures. However, after slow cooling at a rate of 0.02 °C/s,
banded structures still appear in samples even after long-term homogenization treatment (=2 h). In conclusion,
the combined effects of cooling rate and homogenization treatment significantly influence the formation of banded
structures in steel materials.

Keywords: banded structure; two-phase region; homogenization; elemental segregation; cooling rate
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Table 1 Chemical compositions of the experimental steel (mass fraction) %
C Si Mn P S Al Nb Fe
0.191 0.368 1.500 0.006 0.003 0.032 0.019 Bal.
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Fig.1 Schematic diagram of the process flow
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Fig.2 The microstructures of hot-rolled and 1 h homogenized samples quenched after cooling to different

temperatures during the slow cooling experiment
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Table 2 Average ferrite band width of hot-rolled and 1 h homogenized samples quenched after

cooling to different temperatures during the slow cooling experiment pm
R PC 790 750 710 670 630 590
RT, ,/pm 0 0 9.08 10.81 12.79 12.95
IHT,,,/pm 0 0 24.81 36.90 41.55 42.63
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Fig.3 Proeutectoid ferrite phase fraction curves and partial microstructures of the samples after

the slow cooling experiment
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Fig.4 Mn element distribution maps of the samples before the slow cooling experiment
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Fig. 5 The microstructures of hot-rolled and 1 h, 2 h, 4 h homogenized samples quenched after cooling to 670 °C

during the slow cooling experiment
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Fig. 6 The microstructures of the 2 h homogenized samples quenched after cooling to 710 °C at

cooling rates of 0.05 °C/s and 0.02 °C/s
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Fig.7 Average number of ferrite bands traversing the field of view in the microstructures after the slow cooling experiment
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