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Fragmentation of Coal in Smelting Reduction Furnace and Its Suppression

Hiroyuki KATAYAMA, Takafumi KAWAMURA, Hiroshi HIRATA,
Takamasa OHNO, Katsuaki KOBAYASHI and Masao Y AMAUCHI

Synopsis :

One of the problems with the direct use of coals containing a high level of volatile matter (high VM coal)

in a smelting reduction furnace is fragmentation.

This leads to an increase of the amount of carbonaceous

material which becomes dust when a high VM coal is used, to a level higher than 5% of the added fixed car-

bon, or a few times that when coke is used.

In this paper, the simulation method of fragmentation and the

influence of heating conditions on fragmentation were investigated and a pretreatment process for coal was

considered.

(1) The fragmentation of coal in a smelting reduction furnace could be simulated by a series in which
there was the heating of coal, rotating it in a drum tester and calculating the consumption by reaction.

(2) The influence of the heating condition on fragmentation was investigated by the simulation test.
When high VM coal was heated at the temperature of 800-900°C, the volatile matter could be removed, as

well as keeping fragmentation at a low level.

(3) Based on above results, the char, which was produced by preheating a high VM coal in a rotary kiln,

in which the highest temperature was 850°C, was used in 5 ton smelting reduction furnace.

The amount of

carbonaceous dust was decreased to almost the same level as with coke.
Key words : smelting reduction ; coal ; fragmentation ; preheatment ; dust; prereduction.
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Table 1. Coal and coke used in a 100 ton furnace.
F.C.(%)|V.M. (%)| Ash (%) Size
>10mm:75%
Coal 55.2 36.5 8.3 10~ 2mm:18%
< Zmm: 7%
>10mm:75%
Coke 87.3 0.6 11.4 10~ 2mm:16%
< 2mm: 9%
30
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Fig. 1. Influence of the type of carbonaceous
material and the amount of slag on the proportion
of carbon dust (in a 100 ton smelting reduction
furnace).
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Fig. 2. Size distribution of carbonaceous material

in a 100 ton smelting reduction furnace.
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Fig. 3. Comparison of size distribution by simula-
tion and by experiment (high VM coal in a 100 ton
smelting reduction furnace).
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Table 2. Experimental conditions of a simulation
test on fragmentation of coal.

Heating condition Types of coal (15.9 ~ 20 mm¢ )
VM (%) | Ash (%) Remarks
A 32.5 15.0 Non-coking coal
I Put on the B 34.3 9.3 Non-coking coal
molten pig iron C 25.8 14.0 Non-coking coal
(1350°C) | D 33.5 7.1 Coking coal
E 31.9 8.1 Coking coal
F 22.9 9.6 Coking coal
G 7.5 12.0 Anthracite
H 3.5 11.5 Anthracite
Type of coal Size of coal (mm¢ ) Heating conditions
(i) 5.6~ 9.5 -200, 300, 400, 500, 600
| 700, 800, 900, 1 000°C
Coal A (HVM) (1) 15.9~20.0 (In rotary furnace)
(i11) 20.0 ~ 30.0 +1350°C
(On molten pig iron)
—— 8 -
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Fig. 4. Fragmentation in a simulation test of va-
rious types of coals heated on molten pig iron
(1350°C) (Initial size : 15.9~20.0 mm).
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Fig. 5. Influence of heating temperature and the

initial size of high VM coal on the formation of
small size char in a simulation test.
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Fig. 6. Influence of heating temperature and the
intial size of high VM coal on the median diameter
of char in a simulation test.
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Fig. 7. Remaining volatile matter in coal heated at
various temperatures in a simulation test.
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Fig. 8. Influence of the types of carbonaceous
materials on the proportion of carbon dust in a 5
ton smelting reduction furnace.
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Table 3. Comparison of properties of coals heated
at 300°C and 400°C.

. Volume of | Average
— 4mm VM Densi -
Temp. o gy pore diameter of
(wt%) | (wt%) (g/em”) (em®/g) | pore ()
300°C [ 5~9% |35.2%"| 0.63~0.72 0.059 0.024
400°C 26% |25.5% | 0.48 ~0.55 0.451 0.128
50 Pel

a0t

201

Microstrength (MSI65) (wt%)
3
T

Il L | i 1 1

400 600 800 1000 71200 1400
Temperature (°C)

Fig. 9. Influence of temperature in the heating of
high VM coal on the microstrength of the diameter
of char.
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