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Mechanism of Aluminothermic Reduction of MgO

Jian Y ANG, Mamoru KUWABARA, Zhongzhu L1U, Takashi ASANO and Masamichi SANO

Synopsis :

Desulfurization and deoxidation of molten iron with magnesium vapor produced in-situ by aluminothermic reduction of magnesium oxide
has been developed. In the present study, the mechanism of aluminothermic reduction of magnesium oxide by use of pellets composed of
magnesium oxide and aluminum powders was discussed. SEM observation of the pellet at different reduction stages for various temperatures
showed that fracture and disappearance of the alumina film on the aluminum particles were stimulated above 1473K, and thus the reduction
of magnesium oxide was greatly accelerated.

From in-situ observation of the aluminothermic reduction of magnesium oxide using a high temperature optical microscope (HTOM), it is
found that the reduction proceeded after the penetration of molten aluminum into the magnesium oxide phase. The penetration began at
1273K, and it was accelerated above 1373K. The reduction took place violently at 1473K. SEM observation and EDS analysis of the cooled
sample revealed that the penetration took place only through cracks of the alumina film.

In-situ observation of the melting process of aluminum particles together with SEM observation of the cooled sample showed that the ther-
mal stress could break up the alumina film and the outflow of molten aluminum did take place at the elevated temperature.

Key words : MgO; aluminothermic reduction; penetration of molten aluminum; alumina film; aluminum particles; Mg vapor; high temperature optical

microscope; in-situ observation.
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Fig. 1. Experimental apparatus.
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Fig. 2. Effect of temperature on reduction rate of magne-
sium oxide.
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Fig. 3. SEM observation of pellets at different temperatures and reduction stages.
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Fig. 4. SEM observation of pellets reduced for 300s at
various temperatures.
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Fig. 5. Schematic diagram of high temperature optical mi-
croscope.
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Fig. 6. Change in experimental temperature with time by
use of high temperature optical microscope.
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Fig. 7. Optical micrographs of pellet before and after ex-
periment.
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Fig. 8. Change in pellet morphology with temperature (MgO: Al=2:1, d, Mgo=0.4 um, d =110 um).
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Fig. 9. SEM observation and EDX analysis of pellet after
experiment.
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O(at%) 62.9 | 66.1 | 52.3 | 62.4 | 52.6 | 61.2 | 51.1 | 60.3

Fig. 10. SEM observation and EDX analysis of pellet after experiment.
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Fig. 11. SEM observation and EDX analysis of pellet after
experiment.
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