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The Reduction and Melting Behavior of Carbon Composite Iron Ore Pellet on High Temperature

Toshihide Matsumura, Yoshimichi Taxenaka, Masakata Sunizu, Takuya Necami, Isao Kosavasu and Akira Uracami

Synopsis :

Accompanying the recent remarkable development of electric furnace steelmaking, there is an increased demand for
direct reduced iron. The various methods of direct reduction iron making can be mainly classified into two groups ; gas-
based process and coal-based process. The gas-based process is very familiar in the world, but the fact that it relies
on natural gas as its reductant means that unless the plant is located in a place with cheap access to natural gas, this
process will be relatively expensive and reduce the profits from the project.

Recently additional process is developing ; in which carbon composite iron ore pellets are reduced in a rotary hearth
furnace. Their reduction rate is very fast, and they are not so severely restricted in location. Because of these points,
expanded development of this process can be expected in the future.

In development of this process, it was found that, when the reduction temperature was raised, the pellets were melted
by the time of completion of the reduction, and they separated into a metallic iron and slag. If it becomes possible to
produce carbon-containing metallic iron with no slag, that will reduce the energy consumption by the electric furnace,
which in turn will lower the cost of producing iron.

This paper provides a description of the fundamental study and consideration for rapid reduction and separation by
means of the rapid heating of carbon composite iron ore pellets at temperatures above 1300°C, using a small electric
furnace.
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Fig. 1. Schematic view of the experimental apparatus.

Table 1. Chemical composition of raw materials.

a) Ore
Name Total Fe FeO Ca0 Si02 Al203 MgO
(mass%) (mass%) (mass%) (mass%) (mass%) (mass%)
A 69.72 38.50 0.21 215 0.17 0.27
B 69.51 30.22 0.41 142 0.46 0.36
b)Coal
Name Moisture Ash V.M. C H N S
(mass%) (mass%) {mass%) (mass%) (mass%) (mass%) (mass%)
1.26 4.53 17.12 83.53 4.22 1.08 0.84
B 0.70 9.66 17.61 8220 424 0.78 0.23

g

(a) 1250°C (b) 1300°C (c) 1350°C

Fig. 2. Cross-sectional view of reduced pellet.

Table 2. Chemical composition of reduced pellet and glassy slag.

T.Fe Metallic Fe FeO Ca0O Si02 ARO3 o} S
Pellet 98.64 97.40 0.40 0.03 0.46 0.30 1.73 0.17
Glassy slag 15.18 8.46 0.18 4.47 57.53 155 - -
[mass%]
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Fig. 3. Overall and cross-sectional view of time-sampled pellet in the reduction at 1500°C.

Table 3. Chemical composition of time-sampled pellet.

Sampling T.Fe Metallic Fe FeO Ca0 Sio2 Al203 C S Metallization
Time (min)  (mass%) (mass%) (mass%) (mass%) (mass%) (mass%) (mass%) (mass%)  degree (%)

3 83.75 71.75 14.01 0.64 4.04 1.49 5.57 0.061 85.67

5 92.35 92.16 023 0.56 342 134 0.79 0.064 99.79

6 98.50 98.04 0.27 0.03 0.22 0.29 0.51 0.066 99.53

9 98.75 98.08 0.29 0.01 0.18 0.01 0.46 0.066 99.32

12 99.03 98.30 0.20 0.01 0.27 0.01 0.48 0.071 99.26

15 98.98 98.40 0.34 0.01 0.27 0.01 0.48 0.074 99.41
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Fig. 4. Variation of the CO/{(CO+CQO,) ratio in
waste gas while heating.
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Fig. 6. Variation of pellet center temperature and
CO gas content in waste gas.
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Fig. 5. Microstructure of time-sampled pellet in the reduction at 1450°C.
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Fig. 7. Variation of oxygen content in time-sampled pellet.
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Fig. 9. Microstructure of reduced pellet in the
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Fig. 10. Schematic image of molten iron production process.
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