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The Effects of Inclusions in Steel on MnS Precipitation in Fe-Si Alloys

Hajime HASEGAWA, Keiji NAKAJIMA and Shozo MIZOGUCHI

Synopsis : “In-situ” observation of MnS precipitation in Ce-added and Zr-added Fe~Si alloys was made on cooling using a confocal scanning laser mi-

croscope. In Ce-added and Zr-added sample, the temperature at which MnS precipitation started became higher because of the heterogeneous

nucleation of MnS on Ce,S; and ZrO,. By SEM observation, it was found that many MnS precipitates were neighbored on Ce,S, and ZrO,.

But in case of the sample contained much Ce, the temperature at which MnS precipitation started became lower and the amount of MnS pre-

cipitates became less. It was because the sulfur was consumed in Ce,S; and the solubility product of manganese and sulfur became small.

The number of MnS precipitates in & and ¥ phase was very different in the sample contained neither Ce nor Zr, but that number became al-

most equal by the addition of Ce and Zr.
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Table 1. Chemical composition of samples (mass%).

C Si Mn P S t-Al X O
Sample A 0.12 3.47 0.39 0.002 0.024 <0.002 - 0.0011
Sample B 0.16 3.54 0.38 0.003 0.015 <0.002 Ce:<0.002 0.0014
Sample C 0.16 3.46 0.40 <0.002 0.010 <0.002 Ce:0.010 0.0011
Sample D 0.14 3.50 0.38 0.002 0.015 <0.002 Zr:0.043 0.0022
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Fig. 1. “In-situ” observation of MnS precipitation in sam-
ple A.
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Fig. 2. “In-situ” observation of MnS precipitation in sam-
ple B.
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Fig. 3. Relation between temperature and total number of
inclusions.
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Fig. 4. Relation between temperature and total volume
fraction of inclusions.
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Fig. 5. SEM micrograph and characteristic X-ray images
of Ce, S, Mn, O of a inclusion in sample C.
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Fig. 6. SEM micrograph and characteristic X-ray images
of Zr, S, Mn, O of a inclusion in sample D.
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Fig. 7. TEM micrograph, electron diffraction pattern and
chemical composition of Ce inclusion in sample B.
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Fig. 10. Schematic diagrams for Fe-MnS pseudo-binary.
(a) Phase diagram and (b) free energy diagram.
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Fig. 13. Illustrations of contact angle for (a) iron—-MnS—
iron system and (b) iron-MnS—Ce,S; system.
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