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Study on the precipitation behavior of MnS by directional solidification
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Abstract: The effect of cooling rate and elemental segregation on the precipitation behavior of MnS in high-sulfur
steel was investigated by accurately controlling the cooling rate during solidification of high-sulfur steel through
directional solidification experiments at different cooling rates. The results shown that the number density of MnS
inclusions in the columnar zone gradually increased as the cooling rate increased from 0.09 °C/s to 0.65 °C/s. With
the cooling rate increased from 0.09 °C/s to 0.87 °C/s, the average size of MnS inclusions in the columnar zone
decreased from 8.25 pum to 5.37 um. The faster cooling rate suppressed the macro-segregation of Mn and S, but
intensified the micro-segregation. The segregation model calculates that in the current cooling rate range, the MnS
inclusions start to precipitate when the solid phase fraction is greater than 0.82, and then the segregation of S and Mn

decreases.
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Figure 1 EPMA results at a cooling rate of 0.651 °C/s: (a) scan area, (b) carbon; (c) | sulfur; (d) manganese.
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Figure 2 Variation of MnS inclusions (a) average size and (b) number density at different cooling rates
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Figure 3 Calculated results of the segregation model
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