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Morphology and Segregation of Sulfide Inclusions in Cast Steels (I)
(A Fabrication of Fe-FeS Alloys and the Observation
of Their Sulfide Morphology)
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Abstract

In order to investigate the microstructural morphology of the sulfide expected from the Fe-FeS phase diagram, a vacuum-sealed
quartz tube where pure iron (99.9%) and sulfur (99.99%) powders were charged was heated upto 1000°C in the electric resistance
furnace, held for 96 hours and quenched in cold water and then, rod specimen was produced. Compositional difference of the sulfur
between upper and lower parts of the rod was 7.5wt.% and segregation of the sulfur was gradually increased from the lower part to
the upper one of the rod. The rod specimen was divided into three parts by the microstructural morphology of the sulfide. The
upper part of the rod specimen revealed single phase FeS intermetallic. In the middle part of the specimen, hyper-eutectic micro-
structure where primary FeS was precipitated first and then, eutectic of a-Fe and FeS was formed in the inter-dendritic region of the
FeS. Especially, hypo-eutectic microstructure was appeared in the lower part of the specimen. After primary dendrite of a-Fe solid-
ified, FeS dendrite which included small amount of o-Fe and FeS eutectic in the inter-dendritic region was formed.
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1. Electrical resistance heating elements
2. Vacuum sealed quartz tube

3. Charging materials

4. Refractory stand

5. Thermocouple

6. Insulating plug

(a) (b)
Fig. 1. (a) Schematic drawing of a vacuum sealed quartz tube

melting system and (b) condensation phenomenon of sulfur
vapor in the part of quartz tube outside of furnace.
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Fig. 2. As-cast appearance of water quenched Fe-FeS alloy rod
specimen produced by holding a vacuum sealed quartz tube
with pure iron and sulfur powder at 1000°C for 96 hours in
an electric resistance furnace.
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Fig. 3. Longitudinal sulfur segregation of the rod specimen in Fig. 2.
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Fig. 4. Phase prediction of Fe-Xwt.%(X =31.46, 34.25 and 38.93) alloys used for this study on the Fe-S binary alloy diagram[11].
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Fig. 5. SEM-EPMA mapping results on the elements of Fe and S in Fig. 2.
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Fig. 6. XRD results for the same specimen in Fig. 2.
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Fig. 7. As-polished microstructural morphologies of the rod specimen
in Fig. 2; (a) intermetallic compound of FeS (dark gray) at
the upper part, (b) primary FeS dendrites (dark gray) with
eutectic of a-Fe and FeS at the middle part, and (c) primary
a-Fe dendrites (white) with small amount of a-Fe and FeS
eutectic at the lower part, respectively.
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