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Smelting Reduction of Sintered Manganese Ore in Stirred Bath

Masaki Funta, Hiroyuki KATAYAMA, Hidetake ISHIKAWA and Hiroyuki KAJIOKA

Synopsis:

Reduction of sintered manganese ore in stirred bath was investigated with a 70 kg scale induction furnace
and with a 600 kg scale top and bottom blowing converter.

(1) The change of total manganese content in slag, (T. Mn) is expressed by a first order rate equation.
The rate constant, k; and final manganese content in slag, (T. Mn) ; are affected by CaO/SiO, ratio,
temperature, manganese content in metal, the amount of coke and the condition of bottom blowing. k; and (T.
Mn) are almost constant with [Mn] over 25%. In such a condition, it is shown by X-ray transmission method
that reduction site is limited to the coke-slag boundary.

(2) Bottom blown oxygen gas accelerates the reoxidation of manganese and dust formation in the present
case, contrary to the case of chromium smelting reduction.

(3) Top blowing oxygen must be blown softly over thick slag layer in order to keep the metal bath away
from oxygen jet.

It is concluded that the smelting reduction with top and bottom blowing converter is applicable to the pro-
duction of ferromanganese.

Key words: smelting reduction; ferro-manganese; sintered manganese ore; converter; top and bottom blowing.
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Table 1. Experimental conditions (70 kg capacity).
Standard Variation
Amount 70 kg —
Metal [%Mn] 40% 5~60% _
a Temperature 1600°C 1500~1 650°C
. Amount 6 kg —
Sinter Size 3~10 mmg —
Amount 1.5kg 0~1.5kg
Coke Size 5~10 mmg¢ —
Amount 2 kg —
Slag Ca0/Si0; 1.3 0.6~1.5
Ar flow rate 8 N1/min 2~10 N1/min

Table 2. Compositions of materials (% ).

T.Mn Mn*T T.Fe CaO SiO; Al;O3 MgO P S

Sinter :
(3~10 mm) 52.4 14.2 5.3 9.3 5.9 5.7 1.2 0.084 0.090
Ore
(~3 mm) 52.0 51.0 1.9 0.2 1.3 2.0 0.6 0.061 0.011
Table 3. Experimental conditions (600 kg capacity).
Metal Amount 600 kg
bath Composition Mn : 20~60%, C : Saturation
‘ Temperature 1 500~1 600°C
Amount ~250 kg
AlyO3: ~10%
Slag Composition l\éga%: ~10%
Si0, :~1.2,1.6
Ore Amount 190~250 kg
Type Sinter, Ore
Amount 230~280 kg
Coke Size 15~25 mm
Nozzle 7 holes
ElOp . Lance hight 500 mm
owing Oxygen 1300 NI/ min
Double (Inner tube : 4 mmg
Bottom Nozzle tyrere (Outer tube : 6 mmg
blowing
Combination of * 0, (180 Nl/min%-Ar (70 N1/min)
gases * Ar (290 N1/min
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Fig. 1. Typical behaviour of (T.Mn) during the
smelting reduction in 70 kg scale.
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Fig. 2. Influence of Ca0/SiO, on k; and (T.Mn),
(70 kg scale).
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Fig. 3. Influence of manganese content of metal

bath on &; and (T. Mn); (70 kg scale).
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Fig. 7. Change of slag height during
smelting reduction (600 kg scale).

Table 4. Principle condition and result of each experiment with 600 kg top and bottom blowing converter.

Period with out ore addition Period without ore addition
% Mn] Temperature . .
No. L5 : ° Ca0/Si0, Sintered Bottom . Bottom L
Initial/Final E, C) ore blowing (T'f"e) (%T. Mn) blowing EI'n.ne) (%T. Mn);
(ke) gas min gas min
1 0/11 1500+£10 1.2 200 0y-Ar 56 6.2~15.3 Oy-Ar 55 6.2
2 20/26 150010 1.2 200 O9-Ar 46 15.6~24.3 02-Ar 55 11.5
3 19/28 1550+10 1.6 210 Os-Ar 62 10.8~18.4 Oy-Ar 60 6.8
4 46/51 1550£10 1.6 190 0y-Ar 45 16.0~20.8 0y-Ar 60 7.4
5 49/53 155010 1.6 200 Og-Ar 49 15.4~17.8 OKAr 48 3.6
r 3

6 46/55 155010 1.6 250 O2-Ar 69 15.9~18.4 Ar 40 4.5
7 45/54 1550110 1.6 230 Ar 63 13.3~16.9 Ar %0 gg

3 .

— 52
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Fig. 8. Example of the distribution of coke in slag
(600 kg scale).
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Fig. 9. Influence of [Mn] and bottom blowing con-
dition on the manganese loss into dust (600 kg
scale).
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Fig. 11. Comparison of various relation between

[Mn] and (T. Mn) (CaO/Si0;~1.3).
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