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The formation behavior of CaS inclusions during an LF-RH process of a high-S containing steel
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Abstract : The formation behavior of CaS inclusions is studied by investigating the variation of inclusion compositions during

an LF-RH process of a high-S containing steel. CaS inclusions are detected throughout the LF-RH process even

though a Ca-treatment is not used. According to thermodynamic consideration, a CaS phase can be formed on

existing inclusions by the reaction between Ca and S during the initial stage of an LF process, since the S activity in

a steel melt before desulfurization is high enough. As the desulfurization progresses during the LF process, the

CaS phase gradually transforms into a CaO phase due to the decrease of the thermodynamic stability of the CaS

phase. This composition change cannot be completed during the LF process because of the difficulty of mass

diffusion in solid phases. An FeS addition during the following RH treatment increases the activity of S, which

reacts with both CaO phases in the inclusions and Ca in the melt. These reactions generate a CaS phase on the

interface between the existing inclusions and the steel melt. Therefore, the majority of the Ca-bearing inclusions

become CaS inclusions after the RH process.
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Fig.1 Variations of the Al, S and Ca contents in the melt

during ladle treatment.
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Fig.2 Variations of the average compositions of inclusions
at each stage of the ladle treatment.
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Fig.3 Composition of inclusions at each stage of sampling during the ladle treatment
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Fig.4 Mapping of the main components in typical inclusions
containing CaS at different stages of the ladle
treatment process (a) LF 15; (b) LF 45; (c)
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Table 2 Interaction parameters (e/) of the main elements in

the melt used in the present study.

I c si Mn Cr Al Ca 0
i
Ca 034 009 -00156 0014  -0.072  -0.002  -9000%
Al 0091 0056  -0.004 00096  0.043  -0.047  -6.6
0 045  -0.031 0021 0052 390 36007  -0.17
s 0.11 -0.026 0041 2690 027

*(All data without notation are from ref. 27)
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Fig.5 Stability diagram of the CaS phase due to the reaction
between Ca and S in the melt.
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Table 3 Activities of CaO and Al203 in various boundaries
of the Ca0O-Al203 system at 1873K.

Boundary acao dARO3
ALO;3(s) / CaO-6AL05(s) 0.0049 1.0
Ca0-6AL0;3(s) / CaO-2AL,05(s) 0.010 0.88
Ca0-2AL03(s) / CaO-ALOs(s) 0.10 0.29
CaO-ALO;(s) / CaO-ALOs(1) 0.17 0.18
Ca0-ALOs(1) / CaO(s) 0.99 0.0089
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Fig.6 Stability diagram of CaS due to the reaction between

CaO in various CaO-Al203 phases and S in the melt
at (a) 1873K and (b) 1823K. (CaO is abbreviated
as C, and Al203 as A)
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Fig.7 Phase stability diagram of various CaO-Al2O3 phases
at (a) 1873Kand (b) 1823K. (CaO is abbreviated
as C, and Al203 as A)
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Fig.8 Comparison of the thermodynamic driving forces
between a CaS formation by the reaction between Ca
and S, and a modification of Al2O3 in different CaO-
Al203 phases at (a) LF15 (a) and (b) LF45.

(Ca0 is abbreviated as C, and Al203 as A)
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