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The Phase Relations of the CaO-MnO-SiO; System in Connection
with the Smelting Reduction of Manganese Ore
Susumu UcHIDA, Fumitaka TSUKIHASHI and Nobuo SANO
Synopsis :

The phase relations of the CaO-MnO-SiO; system at 1 400°C have been investigated in connection with
the smelting reduction of manganese ore in a basic oxygen furnace by employing a chemical equilibration
technique. Namely, a molten Cu-Mn alloy was separately equilibrated with a CaO-MnO solid solution or a
CaO-MnO-SiO, melt. It has been found that the solid in conjugation with the molten phase is nearly pure
MnO regardless of the composition of the latter. The CaO-MnO solid solution negatively deviates from an
ideal solution. From these findings, the dissolution behavior of manganese ore into a molten slag has been

discussed.
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Fig. 1. Schematic illustration of an experimental
arrangement.
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Table 1. Activities of MnO in CaO-MnO solid

solutions at 1 400°C.

No. mass% Ca0 mass%MnO  Xcao  Xmno XMn a MnO
1 99.7 0.3 0.998 0.0022 0.000015 0.0035
2 89.1 10.9 0.912 0.0882 0.000099 0.0228
3 80.0 20.0 0.835 0.165 0.000207 0.0479
4 78.4 21.6 0.821 0.179 0.000129 0.0299
5 69.5 30.5 0.743 0.257 0.000084 0.0195
6 68.7 31.3 0.735 0.265 0.000299 0.0692
7 59.6 40.4 0.651 0.349 0.000233 0.0540
8 50.1 N 49.9 0.559 0.441 0.000243 0.0562
9 40.4 59.6 0.461 0.539 0.000302 0.0698

- 10 30.4 69.6 0.356 0.644 0.000383 0.0887

11 19.6 80.4 0.235 0.765 0.000682 0.158
12 3.9 90.1 0.110 0.890 0.00143 0.330
13 7.3 92.7 0.091 0.909 0.00172 0.399
14 4.9 95.1 0.061 0.939 0.00356 0.825
15 4.7 95.3 0.059 0.941 0.00405 0.937
16 2.5 97.5 0.031 0.969 0.00401 0.927
17 2.5 97.5 0.031 0.969 0.00309 0.716
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Fig. 2. Activities of MnO and CaO in CaO-MnO
solid solution at 1400°C.
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Table 2. Activities of MnO in CaO-MnO-SiO, melts on the liquidus at 1 400°C.
No. mass % CaO mass % MnO mass % SiO, Xcao Xm0 Xsio, Xun @ M0
21 0 75.8 24.2 0 0.726 0.274 0.00427 0.99
22 0 74.8 25.2 0 0.715 0.285 0.00434 1.01
23 4.9 68.8 26.3 0.059 0.648 0.293 0.00426 0.99
24 9.8 64.3 25.9 0.116 0.599 0.285 0.00451 1.04
25 16.9 56.8 26.2 0.196 0.520 0.283 0.00430 1.00
26 14.5 56.3 29.2 0.168 0.516 0.316 0.00433 1.00
27 19.3 52.1 28.6 0.221 0.472 0.306 0.00440 1.02
28 24.8 45.1 30.1 0.280 0.403 0.317 0.00417 0.98
29 30.4 40.6 28.9 0.340 0.359 0.301 0.00416 0.96
~
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Fig. 3. Dependence of Mn content of a molten -

Cu-Mn alloy equilibrated with MnO on the partial
pressure of oxygen at 1400°C.
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Fig. 4. Activities of MnO in CaO-MnO-SiO,
melts on the liquidus at 1400°C.
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Fig. 5. Dependence of the activity of MnO on
MnO content of CaO-MnO-SiO, melts on the
liquidus at 1400°C.
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Table 3. Activities of MnO in CaO-MnO-SiO; melts in the two phase region of liquid phase and solid solution

at 1400°C.
No. mass % CaO mass % MnO mass % SiOg Xcao XMa0 Xsio, XMn a MaO
31 4.3 78.3 17.4 0.053 0.750 0.197 0.00419 0.97
32 8.4 70.7 20.9 0.100 0.667 0.233 0.00421 0.97
33 11.1 73.6 15.3 0.133 0.696 0.170 0.00425 0.98
34 15.2 64.5 20.3 0.178 0.599 0.223 0.00439 1.02
35 18.4 62.0 19.6 0.215 0.572 0.213 0.00451 1.04
36 25.1 49.8 25.0 0.286 0.448 0.266 0.00441 1.02
37 29.2 44.6 26.3 0.328 0.396 0.276 0.00441 1.02
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Fig. 6. Activities of MnO in CaO-MnO-SiO,

melts in the two phase region of liquid phase and
solid solution at 1400°C.
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Fig. 7. Dissolution behavior of manganese ore

into CaO-MnO-Si0, melts at 1400°C.
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