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Kinetics of hot metal desulfurization using CaO-SiO,-Al,O;-
Na,O-TiO; slag

ZHANG Kang-hui, ZHANG Yan-ling, WU Tuo
(State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing, Beijing 100083,
China)

Abstract: Kinetic experiments of the hot metal desulfurization were carried out using the CaO-SiO,- AL,Os-Na,O-TiO,
slag at 1 673 to 1 773 K in the laboratory to study the desulfurization rate. The results indicated that the desulfurization
rate was accelerated and the melting effect of slag was enhanced with the temperature increasing. The sulfur content was
changeless after about 50 min for most of desulfurization reactions. A mathematical model of kinetics of hot metal desul-
furization was developed to calculate the mass transfer coefficients and the mass transfer resistance of the sulfur in the molten
slag during the desulfurization process. The mass transfer coefficients of sulfur were in the range of 5.02X 10 -18.69 X 10’
m/s. The estimated activation energy was 464.06 kJ/mol at 1 673 to 1 723 K and 176.35 kJ/mol at 1 723 to 1 773 K. The
distribution of the sulfur at the slag-metal interface was observed by the Mineral Liberation Analyzer (MLA).Combined

with the image of MLA, it is finally concluded that the mass transfer of sulfur in molten slag was the restrictive step at a

high temperature during the desulfurization process.
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Fig. 1 Liquid areas of CaO-SiO,-Al,O; slag system
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Table 1 Chemical composition of metal in test %

Fe C Si Mn S P
94.23 4.44 0.41 0.39 0.36 0.17
x2 RSFENES (RESH)
Table 2 Composition of low-iron red mud %
ALO; MgO  HAtb
13.48  4.25 4.73 1.86 0.89

CaO SiO,
36.95 23.96

Fe.0;
13.88

R3 TEBERNS (RESH)
Table 3 Composition of pre-melted slag %

NagO TlOz

CaO SiO, ALO; Na,O TiO,

47.30 27.03 17.17 4.26 4.24
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Fig.2 Schematic diagram of experimental device
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Table 4 Experimental results %
.o . BRFEH w([S])
G5 WEK ‘ : ‘ : : ‘ . w(S)
0 min 5 min 10 min 20 min 30 min 40 min 50 min 180 min
T-1 1673 0.370 6 0.328 1 0.289 8 0.234 3 0.189 7 0.149 1 0.129 5 0.040 4 1.164 7
T-2 1703 0.365 4 0.307 3 0.2356 0.1614 0.095 0 0.068 6 0.034 7 0.034 6 1.156 8
T-3 1723 0.3516 0.2323 0.1719 0.080 3 0.053 4 0.036 4 0.032 8 0.033 8 1.258 6
T-4 1743 0.358 0 0.2277 0.154 6 0.056 1 0.036 2 0.0319 0.0320 0.0324 1.273 6
T-5 1773 0.37717 0.202 4 0.126 6 0.038 4 0.033 3 0.035 6 0.0316 0.030 1 1.248 3
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R o> B AE 2 50 min J5 FEARANAS o B S N2
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Fig. 3 Effect of temperature on desulfurization rate
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Table 5 Experimental parameters used in kinetic model

G L, pol(kgem ) Afmm’ W, /ke W/kg b k/(mes )
T-1 28.83 2 780 1 963.495 0.2 0.06 2271.25 5.02X1077
T-2 3343 2 780 1 963.495 0.2 0.06 1 198.31 8.32X1077
T-3 37.24 2 780 1 963.495 0.2 0.06 683.78 13.21 X107
T-4 39.31 2 780 1 963.495 0.2 0.06 580.80 14.79 X107
T-5 41.47 2 780 1 963.495 0.2 0.06 437.60 18.69X 1077
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Fig.7 MLA image of sulfur distribution at interface between slag and metal
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Fig. 8 Melting effect of slag and separation effect of metal from slag
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