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Effects of Volatile Matter in Coal on Reduction Rate of Molten Iron Oxide

Minoru Sasase, Mitsuru Tate and Yasutaka Kosayasui

Synopsis :

Molten oxide containing iron oxide was reduced with coal, char as well as graphite at temperatures 1300, 1350 and

1400°C. 1t is revealed that volatile matter in coal accelerates reduction rate of the oxide. Apparent rate constants can

be expressed empirically as follows :
for coal containing volatile matter :
In k;=—5.00X103/T—4.08 (s
for char and graphite :

In ky=—11.0X103/T—1.73 (s7Y)

When the surfaces of coal, char as well as graphite are surrounded with foam of the molten oxide, the reduction
comes to a halt while carbonaceous material and molten iron oxide remain in the reaction system.
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Table 1. Industrial and chemical analyses of the

coal used in the experiments.

i;oa§;22£?%> Ultimate Analysis** (%)
Ash | VM. | FC. C H N S O***
9.0 35.1 55.9 80.5 4.90 1.75 0.98 11.9
Remarks
*dry basis

* % dry and ash free
V.M. : Volatile matter, F.C. : Fixed carbon,
* % %0=100— (C+H+N+S)

Table 2. Chemical composition of molten oxide
before experiments (mass%).

CaO Si0O, AlOs MgO FeO

32.5 32.5 5 5 25
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Fig. 1. Schematic illustration of experimental appa-
ratus.
1: Mo wire 2: Al,O, crucible 3: Coal hung by Mo wire
4 : Molten oxide containing iron oxide 5: Foam of oxide
6 : Reaction tube made of mullite 7: Electric furnace 8:
Support made of mullite 9: Thermocouple 10: Ar inlet
made of glass 11: Glass tube 12: Outlet of exhaust gas
made of glass 13: silicone rubber stopper 14: X-ray
emission apparatus 15: Fluorescent screen and video
camera
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Fig. 2. Schematic illustration of X-ray transmission
image during reduction.
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Table 3. Chemical composition of molten oxide
after blank tests (mass%).

Temp.| T.Fe | FeO | Fe,0; | CaO | SiO, | A,0; | MgO

1300 | 19.0 225 2.25 32.0 32.0 5.4 4.2
1350 18.5 22.2 1.93 31.4 31.0 6.6 4.0
1400 17.5 20.5 1.62 30.6 29.6 9.7 3.6
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Fig. 3. Comparison between reduction rates of
molten oxide reduced by coal, char and
graphite at 1400°C on the hasis of oxide
analyses.
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Fig. 4. Change of composition of exhausted gas
during reduction with coal at 1400°C.
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Fig. 5. Change of composition of exhausted gas
during reduction with char at 1400°C.
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Fig. 6. Change of composition of exhausted gas
during dry distillation of coal at 1400°C.
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Table 4. Apparent rate constants of reduction.

. Temp. Rate constant
Material C) (s-1)
1300 7.85X107*
coal (earlier period) 1350 7.85X10*
1400 9.28 X10~*
1300 2.79x10-4
coal (later period) 1350 3.33x10°*
1400 4.75X10~*
1300 1.61x10*
char 1350 216 X104
1400 2.94 %10~
1300 1.64 <10~
graphite 1350 1.97x10-¢
1400 2.95x10°*
— o — Coal ineartier stage
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Fig. 11. Relationship between logarithm of appar-
ent rate constant and reciprocal tempera-
tures.
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