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Morphology and composition of inclusions change with temperature. However, besides the temperature
conditions during steelmaking or continuous casting, other factors contributing to changes in the mor-
phology and composition of inclusions during solidification are still unknown. In this study, the forma-
tion of complex inclusions in Si-Mn deoxidized steel after isothermal holding at the solid-liquid equilibri-
um temperature (T,) of steel was investigated.

The typical inclusions found in the alloy were MnO-SiO, based, spherically shaped and homogeneously
distributed. With isothermal holding at the solid-liquid equilibrium temperature of steel, formation of a
secondary SiO,-rich inclusion phase occurred. The changes in the composition of the inclusions depend-
ed on the manganese and silicon contents in the metal.

The general mechanism of inclusion formation observed in this study can be divided into three steps: 1)
the formation of primary MnO-SiO, inclusions above the liquidus temperature when the steel is in a com-
pletely molten state as a result of the deoxidation process; 2) the nucleation of secondary inclusions as the
molten steel becomes supersaturated with the solute elements while holding at the solid-liquid equilibri-
um temperature; and 3) the growth and coalescence of inclusions due to natural convection in the molten
alloy. From this, the inclusions formed in Si-Mn deoxidized alloys held isothermally at the solid-liquid
equilibrium temperature were of three types: primary MnO-SiO, inclusions, secondary SiO, inclusions
and complex inclusions with both primary MnO-SiO, inclusions and precipitated secondary SiO, inclu-
sions.
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Fig. 1. Schematic diagram of the vertical resistance furnace
used in heating experiments.
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Fig. 2. Heating pattern used in this study.

Table 1. Metal phase composition, calculated solidification
temperature of the alloys and estimated activities of

MnO and SiOs.
Sample [Mn] [Si] [O] Ts a a
No. mass%  mass% ppm (°C) MnO §i0;
1 0.706 0.056 41.00 153270  0.573 0.196
2 0.719 0.095 37.83  1532.13  0.540 0.217
3 0.566 0.144 48.75  1531.56  0.484 0.259
4 0.616 0.179 4124 153099  0.480 0.262
5 0.647 0.219 32,72 153042 0474 0.268
6 0.282 0.083 57.50  1533.55  0.438 0.305
7 0.417 0.096 52.10  1533.08 0.473 0.269
8 0.311 0.086 53.28  1532.60  0.447 0.296
9 0.516 0.105 4540  1531.66  0.492 0.252
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Fig. 3. [Mn], [Si] and [O] contents of Fe-1.0Mn-0.10Si (mass%)
alloy at 1550°C for various reaction times.
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Fig. 5. Calculated deoxidation equilibrium at 1550°C plotted
with experimental data.
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Fig. 6. Typical inclusion formed in Fe-1.0Mn-0.10Si (mass%)
alloy (a) after equilibrium holding at 1550°C and (b)
with isothermal heating at the solid-liquid equilibrium
temperature.
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Fig. 7. Average inclusion diameter in each sample.

Table 3. Inclusion phase composition of prepared Si-Mn
deoxidized samples.

Primary Inclusion Secondary Inclusion

Sample

No. (MnO) (Si0») (MnO) (Si0»)
mass% mass% mass% mass%
1 57.69 4231 - -
2 56.12 43.88 39.39 60.61
3 54.35 45.65 36.23 63.77
4 52.61 47.39 32.58 67.42
5 49.98 50.02 33.58 66.42
6 47.08 52.92 22.28 77.72
7 51.27 48.73 28.26 71.74
8 53.22 46.78 29.57 70.43
9 53.66 46.34 34.16 65.84
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Fig. 8. Inclusion composition after isothermal heating at the
solid-liquid equilibrium temperature.
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Fig. 12. Graphical representation of the proposed mechanism of inclusion formation at the solid-liquid equilibrium temperature.
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