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Abstract

After casting button-type small ingots of ternary Fe-Mn-S alloys which had three different Mn/S ratios (1, 5 and 70) in a vacuum
arc furnace, the effect of the ratio on the sulfide formation was investigated. In case of the Mn/S ratio of 1, if alloy composition
was located in an iron-rich corner on a Fe-Mn-S ternary phase diagram, only duplex MnS-FeS sulfide films were observed in the
grain boundary. If the alloy composition was located in the miscibility gap area of the phase diagram, primary globular dendritic
sulfides and dendritic sulfide slags were generated within the grain and tubular monotectic sulfides were also detected in the grain
boundary. When the Mn/S ratio was 5, if the alloy composition was in the iron-rich corner, only bead-like sulfides were generated.
On the other hand, if the composition was in the miscibility gap area, globular dendritic sulfides and dendritic sulfide slags were
generated in the form of primary sulfide inclusions and rod-like eutectic sulfides were observed in the grain boundary. Especially, if
the contents of Mn and S increased more in the miscibility gap area of the phase diagram, primary globular sulfides containing iron
intrusions were observed. In case of Mn/S ratio of 70, if the contents of Mn and S was decreased in the Fe corner of the phase dia-
gram, only bead-like sulfides were observed in the grain boundary. Despite the composition was outside the miscibility gap area of
the phase diagram, if the contents of Mn and S increased, clusters of fine sulfide particles as well as fine spherical primary mono-

phase sulfides were observed in the grain boundary.
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Table 1. Chemical compositions of Fe-Mn-S alloy specimens used
for morphological study of sulfide inclusions.

[Mn/S] ratios 1 5 70
[IA]0.7/0.7 [IB]0.7/0.14 1C10.7/0.01
[IIA] 1.4/1.4 [lIB] 1.4/0.28  [IIC] 1.4/0.02

(Mn/S)wt.%

1IA] 3.5/0.70
111B] 7.0/1.4

111C] 3.5/0.05
11ID] 7.0/0.10
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Fig. 1. (a) shape and (b) dimensions of a button-type small steel
ingot produced by vacuum arc melting system. The dark
circle in Fig. 1b indicates a metallographic examination point
of specimens.
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Fig. 2. Typical as-cast microstructures and morphology of the primary sulfide inclusions; (a) fine spherical mono-phase sulfides in IIID, (b)
globular dendritic sulfides in 11A, (c) globular dendritic sulfides enveloped in austenitic shell in II1IA, (d) globular dendritic sulfides
contain iron intrusion in I1I1B and (f) dendritic sulfide slags contain iron droplets in I1IB specimen, nital etched optical micrographs. Fig.
2 (e) shows a sulfuric acid deep-etched scanning electron micrograph of Fig. 2d.
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Fig. 3. Typical as-cast morphology of the secondary sulfide inclusions; (a) bead or chain-like sulfides in IB, (b) sulfide films or networks in 1A,
(c) clusters of fine sulfide particles in IIIC and (d) rod-like eutectic sulfides in ITIB specimen, nital deep-etched scanning electron
micrographs.

Fig. 4. Typical as-cast morphology of the secondary sulfide inclusions; (a) duplex MnS-FeS sulfide films in IA and (b) ring-like small sulfides
in IIA specimen, sulfuric acid-etched optical micrographs. Fig. 4(c and d) show tubular monotectic sulfides observed in “C” area of Fig.
4b, nital deep-etched scanning electron micrographs.
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Fig. 5. Effects of [Mn/S] ratios on the morphological changes of (a) primary and (b) secondary sulfide inclusions in Fe-Mn-S alloy specimens.
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Table 2. Morphological classification of sulfide inclusions observed in Fe-Mn-S alloy specimens.

Groups Morphological classification Reference figures Specimens
Fine spherical sulfides Fig. 2a 1IC, IIID
Globular dendritic sulfides Fig. 2b IIA, 1TIA, 11IB
Primary sulfide inclusions Globular dendritic sulfides enveloped in austenitic shell Fig. 2¢,d IIIA, ITIB
Globular dendritic sulfides contains iron intrusion Fig. 2d,e 1B
Dendritic sulfide slags contain iron droplets Fig. 2f 1TA, TITIA, TIIB
Bead or chain-like sulfides Fig. 3a IB, IIB, IC, IIC
Sulfide films or networks Fig. 3b 1A, TA
. . Clusters of fine sulfide particles Fig. 3¢ IC, IIID
Secondary sulfide inclusions X . .
Rod-like eutectic sulfides Fig. 3d ITTA, TIIB
Duplex MnS-FeS sulfide films Fig. 4a,b 1A, IA

Tubular monotectic sulfides

Fig. 4c,d 1A
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