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Rate of Transfer of Manganese from MnO- (CaO+ Fe.O+ MgO)-
SiO, Slag to Liquid Iron

Nobuya SHINOZAKI, Katsumi MORI, and Yasuji Kawal

Synopsis ;

The rate of transfer of manganese from slag to liquid iron was investigated by measuring the change of
manganese and oxygen contents of liquid iron under MnO-(CaO +Fe,O+MgO)-SiO, slag in a magnesia
crucible. Experiments were carried out with slags of basicity from 0.66 to 1.19 at 1 600°C.

The results are as follows :

1) The equilibrium between liquid iron and slag was attained after about 30 min.

2) The rate of reaction and manganese content of final liquid iron increased with decrease of oxygen
potential of the system and with increase of manganese oxide content of initial slag.

' 3) The experimental results were interpreted by the rate equation derived from the assumptions that
the reaction rate was controlled by the transfer of Mn, O, (MnO) and (FeO) in the boundary layers and
that the distribution-ratio of manganese and oxygen varied with proceeding of the reaction. Values of
mass—transfer—coefficient of (MnO) were nearly the same with those obtained in the previous study on the

rate of oxidation of manganese in liquid iron at the same temperature,
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Table 1. Composition and basicity of initial slags.

Run Composition of slags (wt%) Basicity
No. - =(CaO+Mg0O)/
MnO Fe,O CaO MgO Si0O; SiO;

21 23.1 8.8 32.6 — 33.2 0.98
22 17.4 9.5 34.6 — 37.0 0.94
23 30.7 12.4 25.2 — 276 0.91
24 33.1 5.5 15.4 13.5 32.5 0.88
25 28.4 2.7 26.8 — 39.5 0.68
26 17.2 1.1 27.6 — 42.1 0.66
27 36.3 6.4 13.7 17.4 26.2 1.19
28 28.4 2.7 26.8 — 39.5 0.68
29 31.4 9.5 25.9 — 31.8 0.81
30 27.8 9.6 26.0 6.3 30.3 1.07
31 33.1 5.5 15.4 13.5 32.5 0.88
32 17.2 11.1 27.6 — 42.1 0.66
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Table 2. Changes of manganese and oxygen contents of liquid iron and composition of final slags.
Run No. Time L% Mn] Composition of final slag (wt%)

(min) Tnitial Final nitial Final MnO Fe,0 Ca0 MgO Si0;
21 30 — 0.211 0.031 0.043 18.4 10.1 28.7 10.7 32.1
22 40 — 0.174 0.046 0.041 12.9 8.6 31.5 14.9 32.1
23 60 — 0.211 0.060 0.061 20.9 15.6 23.3 12.5 27.7
24 ” — 0.338 0.057 0.038 26.5 9.1 . 14.0 23.3 25.1
25 ” — 0.582 0.044 0.023 21.1 4.4 22.7 19.2 32.6
26 4 — 0.149 0.045 0.050 12.5 9.2 22.0 22.6 33.7
27 ” — 0.424 0.033 0.036 28.4 9.5 13.0 19.2 29.9
28 & — 0.430 0.037 0.025 17.5 5.3 21.8 19.9 35.5
29 ” — 0.311 0.031 0.046 23.1 11.5 19.8 15.0 30.6
30 4 — 0.197 0.047 0.047 20.0 16.2 25.8 8.4 29.6
31 ” — 0.272 0.068 0.045 22.5 12.3 10.5 26.1 28.6
32 ” _ 0.102 0.084 0.054 11.7 12.2 21.8 17.9 36.4
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Fig. 1. Effect of oxygen content of liquid iron
on changes of manganese and oxygen contents
during runs at 1600°C.
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Fig. 2. Effect of MnO content of slag on changes
of manganese and oxygen contents during at
1600°C.
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Fig. 3. Effect of Fe;O content of slag on changes
of manganese and oxygen contents during runs at

1600°C
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Fig. 4. Effect of slag composition on the apparent
equilibrium constant of manganese at 1 600°C.
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Table 3. Activity data of ferrous and
manganous oxide.

ara0 aMno
Run No. -
Turkdogan Eq. (14) Bishop Eq. (17)
21 0.37 (0.26) 0.20 0.14 0.13
22 0.32 (0.27) 0.20 0.15 0.10
23 0.55 (0.41) 0.28 0.19 0.19
24 0.33 (0.32) 0.18 0.41 0.19
25 0.18 (0.09) 0.11 0.20 0.20
26 - 0.32 (0.27) 0.23 0.14 0.11
27 0.36 (0.23) 0.17 0.21 0.22
28 0.20 (p.11) 0.12 0.12 0.16
29 0.42 (0.28) 0.22 0.17 0.21
30 0.53 (0.37) 0.22 0.14 0.14
31 0.45 (0.35) 0.21 0.26 0.18
32 0.37 (0.26) 0.25 0.07 0.08
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Table 4. Results of numerical analysis with
experimental data.

Run No. fg?zéz'f’s’) K¥in LS Lifin
21 3.00 9.04 374~220 129 4~ 88.1
22 3.60 7.75 432~240 122.8~ 77.7
23 3.90 7.75 416~260 159.3~116.5
2 6.50 9.30 405~270 124.6~ 87.3
25 6.60 6.71 552~230 78.6~ 37.0
% 2.70 9.04 332~195 142.9~ 87.3
27 5.00 7.10 496~310 108.7~ 80.5
2 10.40 7.10 504~265 66.3~ 47.9
29 3.25 7.10 380~245 118.8~ 79.8
30 1.30 9.94 612~255 247.6~126.6
31 3.90 11.36 300~200 170.5~100.5
32 3.90 11.36 308~205 203.5~128.0

Table 5. Overall mass-transfer-coefficient
obtained from numerical analysis.

overall

2 overall 2

Ran No. e fem?s) Hefemtsy
21 9.08~ 7.95 8.55~ 6.90
22 9.42~ 8.13 9.45~ 7.76
23 10.24~ 9.49 9.56~ 8.25
24 10.77~10.03 10.64~ 9.76
25 9.82~ 7.71 11.20~ 9.39
26 9,06~ 7.59 7.87~ 6.16
27 9.93~ 9.17 10.52~ 9.44
28 10.46~ 9.73 11.70~10.73
29 9.06~ 7.89 8.73~ 7.50
30 8.55~ 6.44 7.56~ 4,77
31 10.38~ 9.10 8.67~ 7.44
32 10.73~ 9.73 8.74~ 7.51
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Fig. 6a, 6b. Relation between MgO content
and parameter L.

Table 6. Resistance of each transport step.

Run No. 1/knpm MMnO/ksLﬁnMMn MFeo/ksPsL;l;‘wO

(cm?-5/g) (cm?-5/g) (em?2-s/g)
21 7.69~7.69 3.32~4.89 4.01~ 6.80
29 Y o W 2.92~4.61 2.89~ 5.20
23 2o~ 2.08~2.85 2.77~ 4.43
24 o W 1.60~2.28 1.71~ 2.56
25 Yo 2.74~5.28 1.24~ 2.96
26 Yo N 3.34~5.49 5.02~ 8.54
27 Vo~ W 2,38~3.21 1.82~ 2.90
28 Y/ 1.87~2.59 0.86~ 1.63
29 N~ U 3.35~4.98 3.76~ 5.64
30 2o W 4.01~7.84 5.54~13.27
31 G 1.94~3.29 3.84~ 5.75
32 Yo~V 1.62~2.58 3.75~ 5.63
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