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Inclusion in Steel
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Abstract

The formation process of (MnO+MnS) two-phase inclusions was investigated in
very low carbon and silicon steels, quenched at various temperatures during and after
the solidification. Through a monotectic reaction (L;—L,+Fe), manganese and
oxygen were concentrated in a second liquid phase (L), while sulfur remained in the
first one (L,). As the temperature decreased, the liquid droplets L,, trapped in the
growing steel dendrites, increased in manganese and sulfur by reacting with MnS over
the solubility of the steel. Following the further cooling, MnO began to crystallize in
the liquid droplets L, and the remaining melt became steeply rich in sulfur. Finally,
the (MnO+ MnS) two-phase inclusion was produced by the solidification of sulfur-rich
melt around the primary crystal MnO.
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Tablel. Compositions of samples{wt%).

Series C Si Mn P S Total O
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6 M <0.01 <0.01 0.57 0.02 0.033 80+18
12M <0.01 <0.01 1.17 0.02 0.031 5011
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(a) 1480°C  (4) 1360°C

(c) 1360°C (£) 1000°cC
|t
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Photo. 1 Microstructures of inclusions insseries 6M
steels quenched at various temporatures
from 1480°C to 1000°C.

Darkphases are MnO and light phases are
MnS.

(a)step I-H inclusion, (b) and(c)step 1-L inc
inclusions,(d)and(e)step 2 inclusions,and
(Dstep 3 inclusion.
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Photo.2 Fine sulfide colony observed in series 6M
steel quenched at 1500°C. These sulufides
were crystallized during quenching.
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Photo.3 Colony-type inclusions in series 12M steels
quenched at (a)1480°C and (b)1000°C.
Light phase:MnS,Dark phase:MnO
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Number density and volume ftaction of
inclusions in series 6M steels quenched
at varipus temperatures.
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