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The Effect of Carbon on the Composition of the Eutectic Conjugation
in the Fe-Mn-S System and the Equilibrium of Sulfides in Solid Steels

Yoichi ITO, Noboru YONEZAWA, and Kaichi MATSUBARA

Synopsis:

The effect of carbon on the eutectic conjugation of liquid, iron crystal, and (Mn,Fe) S in the Fe-Mn-S
system was investigated in the range from the maximum temperature of eutectic line to peritecto—eutectic
temperature. The effect of carbon and silicon on the composition of (Mn, Fe)S in <iron—(Mn, Fe)S>
conjugation was also studied from 1450°C to 950°C. The results are as follows:

(1) The temperature of eutectic line is lowered and the eutectic line is dislocated towards the iron
corner in the Fe-Mn-8 diagram, as the carbon content of the iron crystal increases.

(2) 'The addition of carbon increases the manganese content of the iron crystal and (Mn,Fe)S in the
eutectic conjugation, and decreases the sulfur content of the former.

As the temperature falls, both the tendencies of (1) and (2) gradually decay and are not recognised at
all below 1 250°C.

(3) The four-phase conjugation <liquid iron-liquid sulfide—iron crystal-(Mn,Fe)S> results from
the intersection of the eutectic line with the miscibility gap, when the carbon content of the iron crystal
exceeds 0.259,.

(4) The lower the temperature and the higher the manganese content of the iron matrix, the higher
is the manganese content of (Mn,Fe)S in <iron—(Mn,Fe)S> conjugation. The composition of (Mn,

Fe)S is hardly affected by the carbon and silicon contents of the iron matrix.
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Table 1. Composition of steels used for the determination of the (L-F-Q) conjugation. (wt%)

Series No. C Si Mn P S Al
1 0.22 <0.01 0.23 0.005 0.008 0.08
0.199,C 2 0.21 0.01 1.16 0.004 0.005 0.07
3 0.25 0.01 3.50 0.002 0.006 0.05
1 0.50 0.01 0.28 0.003 0.004 0.07
0.452,C 2 0.52 0.02 1.21 0.005 0.019 0.03
3 0.53 0.04 1.45 0.004 0.008 0.02

Photo. 1. Microstructure from the liquid phase to the precipitation zone in the sample (0.459,C
series) held for 8 hours at 1380°C.
L : Liquid phase, Q : (Mn, Fe) S phase, F : Iron phase, P : Precipitation zone. (Xx150)
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Table 2. Composition of steels used for the determination of the (F-Q) conjugation. (wt9%)

Series No. C Si Mn P S Al
M 1 0.01 0.02 0.25 0.004 0.010 0.02
2 0.01 0.02 1.11 0.004 0.007 0.01

C 1 0.21 0.01 0.30 0.005 0.007 0.04
0.21 0.01 1.21 0.004 0.007 0.04

1 0.23 0.17 0.07 0.005 0.007 0.01

S 2 0.22 0.17 0.16 0.005 0.006 0.02
3 0.24 0.20 0.29 0.001 0.006 0.05

4 0.22 0.18 1.23 0.005 0.009 0.03

Qnu sulfide

QL sulfide

Steel

«__—!me—-—4

Fig. 1. Sketch of the sample used for the deter-
mination of {(F-Q ) conjugation.
Qy sulfide : MnS, Q sulfide : (Mny g5
Feq.s5)S.
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Fig. 2. Distribution of Mn and C contents from
the liquid-solid interface to 0.529,C-1.219;,
Mn steel held for 8 hours at 1 380°C.
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Fig. 3. Shape of the eutectic lines.
(A) Projection on the Fe-Mn binary.
(B) Projection on the horizontal plane
in the Fe-Mn-S diagram.
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Fig. 5. Mn contents of the MnS-type sulfides
conjugating with the eutectic line at
various temperatures.
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Photo. 2. Microstructure of {Lp-Lg-F-Q > conju-
gation in the sample held for 110 hours
at 1330°C.

Ly : Iron rich liquid phase, Lg: S rich
liquid phase, F : Ironphase, QO : (Mn,
Fe)S phase. (x150)
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Fig. 7. Relation between S content in the liquid

phase and the distribution coefficient of
C.
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—-—Initial compositions
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Fig. 8. The Fe-MnS pseudo-binary diagram
(after Baker et all®).
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Fig. 9. Schematic projection of the miscibility
gap (line a-e-b-f-c) and eutectic line
(line d-e and f-g) in the Fe-Mn-S-C
quaternary diagram on the horizontal
plane of the Fe-Mn-S diagram.
Triangle A and C are the three-phase
conjugation {Lp-Lg-F)and (Lp-Lg-Q},
respectively. '
Quadrangle B is the four-phase conju-
gation {Lp-Lg-F-Q>.

Arrows denote the direction of tempera-
ture drop.
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Photo. 4. Microstructures of (a) Qg and (b) Qg
layers after heat-treatment at 1050°C.
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Fig. 10. Effects of Mn content in steel on Mn
contents of the MnS-type sulfides at
various temperatures.
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