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Phase Equilibria of Fe-S-C Ternary Melts

Chao WANG, Jun HIRAMA, Tetsuya NAGASAKA and Shiro BAN-vA

Synopsis :

Phase equilibria of Fe-S-C ternary melts have been studied to obtain the fundamental knowledges on the
copper removal from liquid iron by FeS flux.

Measurements were made to clarify the solubility of carbon and miscibility gap between iron and FeS
melts at carbon saturation or unsaturation in Fe-S-C melts at temperature range from 1473 to 1873 K.
Some thermodynamic considerations were tried by applying interstitial model. In order to determine the
interaction parameter in Fe-C binary system, activity of iron in liquid Fe-C binary alloys was measured by
the distribution of iron between liquid iron and silver.

It was concluded that interstitial model was applicable to express thermodynamic relations in this system.
By this model, phase diagram and iso-activity contour of constituents in Fe-S-C ternary melts were
calculated.

Key words : phase diagram; phase equilibria; sulfide; interstitial solute; thermodynamic model; tramp

element ; steelmaking.
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Fig. 1. Solubility of carbon in liquid Fe-S-C

ternary alloys.

Table 1. Solubility of carbon in Fe-S-C ternary
alloys. '
Temp. (K) | mass%S | mass%C | Temp. (K) | mass%S | mass%C
1573 0.31 4.54 1673 0.28 4.77
0.51 4.54 0.55 4.58
0.84 4.38° 0.82 4.49
1.26 4.30 . 116 4.60
1.36 3.98 1.32 4.43
% 1.97 3.84 * 1.89 4.15
Temp. (K) | mass%S | mass%C | Temp. (K)| mass%S | mass%C
1773 0.42 5.00 1873 0.25 5.21
0.84 4.90 0.50 5.20
1.23 4.83 0.73 5.43
1.40 4.51 0.99 5.12
* 1.72 4.34 1.20 5.03
* 1.60 4.62
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Table 2. The composition of two immiscibile

phases in Fe-S-C ternary melts.

Fig. 3. The composition of two immiscible phases
in Fe-S-C ternary melts at carbon saturation,
projected on (a)Fe-S, and (b)Fe-C binary phase

Metal phase Sulfide phase
Temp. (K)

mass% S mass% C mass%S mass % C

1473 * 2.03 3.50 27.43 0.17
1573 * 1.97 3.84 27.65 0.21
1673 * 1.89 4.15 27.62 0.18
2.11 3.23 24.12 0.32

2.45 2.95 25,03 0.24

3.10 2.61 25.37 0.20

3.47 2.03 20.53 0.21

1773 * 1.72 4.34 27.50 0.16
1.84 3.65 26.66 0.27

2.29 3.18 24 .37 0.32

3.1 2.70 23.28 0.37

3.81 2.20 21.47 0.41

5.73 1.57 19.33 0.46

9.33 0.90 16.99 0.53

1873 * 1.60 4,62 27.88 0.15
1.79 3.70 26.63 0.24

3.23 2.82 24.63 0.26

© 3.72 2.31 22.54 0.34

6.39 1.64 19.24 0.59

% At carbon saturation
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Table 3. Solubility of iron in liquid silver in
mass %. "

Temp. (K) 1433 1533 1633 1733 1833
Measured 0.058 0.102 0.171 0.264 0.368
Calculated 0.060 0.104 0.169 0.261 —
(mass%Fe)ly, 0.075 | 0.122 | 0.187 | 0.271 | 0.368

Table 4. The composition of Fe-C and Ag melts,
and calculated activity of liquid iron in liquid Fe-C
binary alloys.

Temp. (K) |[mass%Clin Fe-C| (mass%Fe)in Ag af ©
1533 3.74 0.088 0.721
4.15 0.084 0.691

1633 3.12 0.146 0.780
3.74 0.136 0.727

1733 2.01 0.235 0.866
3.61 0.206 0.712

4.09 0.190 0.703

1833 0.87 0.357 0.972
1.49 0.332 0.901

2.15 0.322 0.876

2.88 0.292 0.794

4,25 0.266 0.742

4.59 0.243 0.660

4.98 0.240 0.651
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Fig. 4. Activity of iron in liquid Fe-C binary

alloys. The standard state of iron activity is pure
liquid.
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Fig. 5. Activity of carbon in liquid Fe-C binary
alloy. The standard state of carbon activity is
pure solid.
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