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Formation of Partially Reduced Iron by Heating Iron Ore—coal Char Composite Pellet in Oxygen Bearing
Gas Flow: Reactions, Swelling Rate and Crushing Strength

Yoshiaki IcucHI and Ryo KAMEI

Synopsis

Key word

: A single composite pellet composed of iron ore and coal char was reacted in an oxygen bearing nitrogen flow to very efficiently compensate

the heat consumed by the strongly endothermic reaction, C+CO,=2CO. But the reactions are very complicated because oxygen not only
generates heat by the combustion of carbon but also re-oxidizes reduced iron ore. In this study, the experiments were conducted principally
using a single pellet containing 18 mass% coal char over the temperature range from 1273K to 1473K and O, concentration range from pure
nitrogen to 40 pct oxygen. The reduction started as the pellet was heated over about 1200K and reached the maximum net fraction, and fol-
lowed by a rather predominant re-oxidation. The maximum reduction increased with increasing the pellet diameter and the temperature, and
decreasing oxygen partial pressure, showing about 0.30. In this study, also, the swelling rate and crushing strength as the most important
process parameter were also watched along the reactions. As the reactions proceeded, first, the crushing strength decreased to the minimum
value, about 0.6 N common for all the experiments, at about 120 s. Thereafter, it turned to the increase and ultimately reached the individual
maximum value at about 500s, which is dependent on temperature. The drop in the swelling rate coupled with the rise in the crushing
strength. That is, the densification of pellet, i.e. decrease in swelling rate resulted in the strengthening of the pellet.

: partially reduced iron; iron ore; coal char; composite pellet; oxygen bearing gas; combustion; reduction; gasification; re-oxidation; nct frac-

tional reduction; swelling rate; crushing strength.
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Table 1. Composition of iron ore (mass%).

T Fe SiO, ALO, P 5 K;0
66.74 1.76 0.35 0.051 0.005 <0.01
TiO, FeO Ca0 MgO Mn LOI

. 0.68 0.06 - 2.76

Table 2. Compositions of coal-char and coal (mass%).

(a) Coal-char
Proximate analysis (mass%, dry base) Chemical analysis (mass%, dry base)
ash VM fixed C C H N S 0
279 6.17 91.04 §8.28 0.86 033 021 753
(b) Coal
Proximate analysis (mass%) Chemical analysis (mass%)
H,0 ash VM TS o H N 0
7.7 103 325 0.56 72.85 4.54 1.68 10.0

Table 3. Composition of bentonite (mass%).

Mg0
2.04

Ca0
3.15
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Fig. 1. Effect of the bulk temperature, 7,, on the net reduc-
tion degree of pellet while heating it in N, flow.
The diameter of pellet, d,, is 10 mm and the time
for moving pellet from thé room temperature to the
bulk temperature in the reaction tube, fg;_;, 18
180s.
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Fig. 2. Effect of the bulk temperature on the swelling rate
and crushing strength of pellet while heating it in
N, flow. 4,=10 mm and fzy_,,=180s.
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Effect of the bulk temperature on the net reduction
degree of pellet while heating it in 30% O,-N,
flow. (a) d,=10mm and fp;_,,=180s anbd (b) d,=
18 mm and ter7=0s.
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Fig. 4. Effect of the diamter of pellet on the net reduction
degree while heating it in 30% O,-N, flow. (a)
7,=1373K and t;_,,=180s, (b) 7,=1373K and
terr=16s. In Fig. 4(a), the effect of the kind of
carbon was included.
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Fig. 5. Effect of the bulk temperature on the swelling rate
and crushing strength of pellet while heating it in
30% O,-N, flow. 4,=10 mm and #; ,,=180s.
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6. Effect of the diameter of pellet on the swelling rate

and crushing strength of pellet while heating it in
30% O,—N, flow. 7,=1373K and tp_,,=180s.
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Fig. 7. Variation of the crushing strength of pellet while
reducing it in CO-5%CO, gas mixture for more
than 330s after switched from heating it in 30%
O,—N, flow at 300s as the strength attained the
maximum. d,=10 mm and #y_,,=180s.
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8. Effect of the O,% on (a) the reduction degree and
(b) swelling rate of pellet while heating it in O,—N,
flow. 7,=1373K, d,=10 mm and #x;_,,=180s.
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Fig. 9. Effect of the flow rate of reaction gas on (a) the re-
duction degree and (b) crushing strength of pellet
while heating it in 30% O,—N, flow. T,=1373K,
d,=10mm and tz;_,,=180s.
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10. Variation of the composition of iron-bearing
phases in pellet during heating it in 30% O,-N,
flow. d,=10mm, tz;_,,=180s and T,=1373K.
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Fig. 11. Variation of the residual carbon content in pellet
while heatmg it in N, and in 30% O,-N, flow.
d,=10mm, 7, =1373K and fpy_,; —180 S.
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Fig. 12. Variation of the temperature at the center and the
surface of a pellet while heating it in the flow of
N, and in 30% O,-N,. d,=18 mm and 7,,=1373K.
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