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Production of Fine Iron Ingot Using Iron Sand and Charcoal Powder by Microwave Heating

Kouichi NUINOBE, Seiji Y AMAMOTO, Naoyuki TakiYAMA and Masamichi TAKEBE

Synopsis : The fine iron ingot was developed by the microwave oven heating using the iron sand and the charcoal powder. In the initial stage in which

the heating time was 3—6 min, the iron sand changed into the lump consisting of Fe, FeO, Fe,TiO, and Fe,SiO,. By further increasing the

heating time, the iron ingot with a smooth surface and a metallic luster was formed, since the fine Fe particles in the lump aggregated and the

Fe particles separated from the other constituent phases. The yield on the iron ingot formed from the iron sand was almost 50 mass%, irre-

spective of the weight of the iron sand. It is also found that the microstructure in the fine iron ingot changed by the microwave heating time,

from the cementite and the pearlite, through the graphite and the pearlite, to the cementite and the pearlite. This suggests that the carbon con-

tent in the fine iron ingot increased by the carburization, when the fine iron ingot was just formed. However, the carbon content decreased by

the decarburizing reactions with increasing the heating time, since the charcoal powder decreased, and the contact with the charcoal powder

was inhibited by the slag.
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Fig. 1. The crucible, the brick and the microwave oven
used in the present study.

Table 1. The chemical compositions of the iron sand and
the clay used in the present study (mass%).

Fe;0; MnO TiO, CaO K,0 SiO, ALO; MgO Na,0
Ironsand 8843 0.54 555 064 015 425 141 068 021
Cray 325 008 052 135 288 679 1833 09  3.52
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Fig. 2. The images of the crucibles heated by the mi-
crowave oven with the iron sand and the charcoal
powder with the weight of 2.0 g and 3.0 g, respec-
tively, for (a) 5 min, (b) 6 min, (¢) 7 min, (d) 8 min,
(e) 9 min and (f) 10 min.

Fig. 3. The images of the crucibles from which the product
and the charcoal powder were removed. They were
heated by the microwave oven with the iron sand
and the charcoal powder with the weight of 1.0g
and 3.0 g, respectively, for (a) 4 min, (b) 5min, (c)
6 min and (d) 8 min.
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Fig. 4. The images of the products obtained by the mi-
crowave oven heating using the iron sand with the
weight of (a) 1.0 g, (b) 1.5g and (c) 2.0 g. The each
value shown under the product shows the heating
time (min).
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Fig. 5. The effects of the heating time

on the weight of the products.
The weight of the iron sand
used is (a) 1.0g, (b) 1.5g and
(c) 2.0 g, respectively.

=
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. 6. The effects of the heating time

on the weight of the retained
charcoal powders. The weight
of the iron sand used is (a)
1.0g, (b) 1.5g and (c) 2.0 g, re-
spectively.

Fig. 7. (a) The SEM image of the fine

iron ingot obtained by heating
for 7min using the iron sand
and the charcoal powder with
the weight of 2.0g and 3.0g,
respectively. (b), (¢) The high
magnified images indicating the
region marked with A and B in
Fig. 6(a), respectively.
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Fig. 8. The optical micrographs of the fine iron ingots ob-
tained by the microwave oven heating for (a) 5 min,
(b) 6 min, (¢) 7min, (d) 8 min, (¢) 10min and (f)
12 min, using the iron sand with the weight of
1.0g.
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Fig. 9. The optical micrographs of the fine iron ingots ob-
tained by the microwave oven heating for (a) 6 min,
(b) 7min, (c) 8 min, (d) 10 min, (e¢) 13 min and (f)
14 min, using the iron sand with the weight of
20g.
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Fig. 10. The low and high magnified SEM images of the products heated for (a, b) 3 min and (c, d) 4 min, respectively, using the

iron sand with the weight of 1.0 g.

Fig. 11. The low and high magnified SEM images of the products heated for (a, b) 4 min and (c, d) 5 min, respectively, using the

iron sand with the weight of 2.0 g.
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Fig. 12. The EDX images of the product obtained by the microwave oven heating for 3 min using the iron sand with the weight of
1.0 g, showing the distributions of Fe, Si, O, Ti, Al, K, Ca and Na.

——p—memq 100 pm 100 pm CaK p——t—1100 pm

Fig. 13. The EDX images of the product obtained by the microwave oven heating for 5 min using the iron sand with the weight of
2.0 g, showing the distributions of Fe, Si, O, Ti, Al, K, Ca and Na.
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14. The X-ray diffraction pattern obtained by the
product formed by the microwave oven heating for
5 min using the iron sand with the weight of 2.0 g.
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Fig. 15. The high magnified optical images of the fine iron
ingots obtained by the microwave oven heating for
(a) 6min, (b) 7min, (c) 8 min, (d) 9min and (e)
14min using the iron sand with the weight of
2.0g.
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Table 2. The chemical compositions of the fine iron ingots

obtained from the iron sand with the weight of
2.0 g (mass%).

Heating time C Si Mn P S
6 min 2.45 <0.01 0.017 0.114 0.045
8 min 495 0.09 0.023 0.122 0.053
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