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Abstract

In order to make high-purity ferro-manganese from Mn;0, dust, the application of aluminothermy process to the reduction
of Mn;0, dust was investigated in previous work. The result showed the fact that can be obtained high purity ferro-manganese
which have over about 93% of manganese content and lower impurities such as C, P, S than those of KS D3712 specification.
The addition of silicon powder instead of aluminum powder was investigated as reductant in the thermite reaction process of
Mn;0, dust in this work because its production cost is lower than that of aluminum powder. In case of addition of silicon powder
only as reductant, the experimental result showed the unstable ignition and no thermite reaction of mixture, but in case of simul-
taneous addition of silicon and aluminum powders as reductant, showed the fact that can be obtained high purity ferro-man-
ganese which have much low content of impurities such as C, P, S component.
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Table 1. Chemical composition of Mn;O, dust (wt%)
Mn | Fe | Al |[Mg| Ca | K | Zn | Pb

Converter {89.5| 58 | 0.1 | 04 | 29| - | 03] 03

E. F 345] 1.0 | 3.0 [ 40 | 34 [323|16.1| 33
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Table 2. Chemical composition of Al powder (wt%)
Al Cu Si Mg Zn Fe Mn Ti
99.860( 0.002 | 0.031 | 0.001 | 0.002 | 0.094 | 0.001 | 0.004
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Fig. 1. Scanning election micrograph of Mn;O, dust.
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Fig. 2. Particle size distribution of Al powder.
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Table 3. Mixing condition of raw powders

Metal Oxide (g)| Reductant (g)

No. | Composition(wt%)
Mn;0, Al Si
1 Mn;0,4-24%Al 152 48 0
2 | Mn;04-19%Al1-5%Si 152 38 10
3 [ Mn304-14%A1-10%Si 152 28 20
4 | Mn304-9%Al-15%Si 152 18 30
5 | Mn304-4%Al1-20%Si 152 8 40
6 | Mn;0,4-2%Al-22%Si 152 4 44
7 Mn;0,-20%Si 152 0 40
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Fig. 3. Schematic representation for thermite reaction of
mixture consist of Mn;O, dust and Si powder.
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Table 4. Recovery of product in thermite reaction

No Composition Products(e) Mn recovery(wt%) Reactants (g)
Metal(Mn) Slag Metal+ Slag
1 Mn;04-24%A1 84 110 194 78.0 200
2 Mn;04-19%A1-5%Si 81 118 200 724 200
3 Mn;04-14%A1-10%Si 81 119 200 67.2 200
4 Mn;04-9%Al-15%Si 71 115 186 57.1 196
5 Mn;0,4-4%Al1-20%Si 40 157 197 30.1 198
6 Mn;0,4-2%Al1-22%Si 10 190 200 - 200
7 Mn;0,-20%Si - - 186 - 191

Table 5. Comparison of exothermic reaction energy of reactants

AH2980C Melting(kj),

Chemical equation (kj/mole) (Metal + Slag)

(A+B) <0 AH® (298 K)

1/3Mn;0,+4/3A1 —

Mn;0,4=-331.7 kca/mol*4.184 j/cal=-1387.8 kj/mole

Mn + 2/3A1,04 655 329 —325 AlLO5=-40.5 kcal/mole*4.184 j/cal=-1675.7 kj/mole
1/3Mn;0, +2/3Si — 143 163 20 Mn;0,=-331.7 kca/mol*4.184 j/cal = —1387.8 kj/mole
Mn + 2/3SiO, Si02 =-217.27 kcal/mol*4.184 j/ca l=-909.1 kj/mole
Table 6. Oxidant effect on ignition and thermite reaction
Oxide (g) Reductant (g) Oxidant (g)
No. Composition (wt%) Ignition state
Mn;0, Si NaClO;

1 Mn;30,4-30%Si 70 30 30 ©

2 Mn;30,4-30%Si 70 30 10 O

3 Mn;30,4-30%Si 70 30 5 A

4 Mn;30,4-30%Si 70 30 2.5 A

Ignition and propagation of thermite reaction
© : Severe, O : Strong, A : Moderate, A : weak
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Fig. 4. Effect of Si powder content in (Al+Si) powder
mixture on metal and slag recovery.
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Fig. 5. X-ray analysis for products made by poor Si thermite
reaction.
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Table 7. Chemical composition of metal products (wt%)

No Composition Mn Fe C S P Si Al Total
1 Mn;0,4-24%Al 92.70 3.21 0.15 0.04 0.03 0.91 2.46 99.49
2 Mn30,4-19%A1-5%Si 87.00 3.08 0.14 0.03 0.04 5.97 2.94 99.19
3 Mn;30,-14%A1-10%Si 80.80 3.10 0.11 0.02 0.03 12.40 2.63 99.09
4 Mn;30,4-9%Al1-15%Si 78.30 2.72 0.10 0.01 0.06 16.10 1.86 99.15
5 Mn;0,4-4%A1-20%Si 73.20 2.86 0.14 0.01 0.03 18.80 3.87 98.90
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