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ABSTRACT 
Phase formation and their stability 

during firing MgO-C refractories with minor 
additions of Al-metal were studied at 
temperature between 600o and 1200oC in an 
atmosphere of argon. The phases formed at 
different stages of the reaction process 
were identified by powder x-ray diffraction 
and scanning electron microscopy. At the 
initial stages of the reaction process, a liquid 
phase containing Al and Mg, was formed at 
a temperature below the melting point of Al-
metal (660oC). The liquid, once formed, 
coexists with MgO and C at temperatures up 
to 850oC and then slowly dissociates to 
molten Al and Mg-gas above this 
temperature. With the continuation of the 
reaction, the molten Al reacted with C to 
yield Al4C3 in the form of thin platelets, 
whereas, the Mg-gas combined with the 
oxygen present in the furnace to yield MgO 
in the form of whiskers on the cold-face of 
the refractories. At temperatures above 
1000oC, Al4C3 reacts with MgO to form 
spinel, MgAl2O4. Since MgAl2O4 is 
compatible with both MgO and C, no further 
reaction occurred in the refractories. 
 
INTRODUCTION 

For the last several years, refractories 
based on MgO and C, which are known to 
possess excellent resistance to thermal shock 
and slag-corrosion at elevated temperatures, 
have found extensive application in steel-
melting processes, especially, in the basic 
oxygen furnace (BOF). However, the life of 
these refractories becomes somewhat limited 
on prolonged use under severe operating 
conditions due mainly to poor oxidation 

resistance and low strength of these  
materials at high temperatures. During the 
last several years, several studies1-6 have 
been carried out to improve the service-life 
of these refractories by (i) using high-purity 
starting materials, (ii) controlling the grain-
size of MgO, and (iii) addition of small 
amounts of metal and metallic alloys to the 
starting compositions. It has been  
recognized in these studies that the property 
enhancement of these refractories takes 
place by the interactions of the metallic 
additives with MgO and C leading to the 
formation of several secondary phases, 
which coexist with MgO. In general, the 
metal and/or alloy preferentially react with 
C at a significantly low temperature to yield 
metal carbides, which, once formed, remain 
stable as a discrete phase in the bulk of the 
specimens. Thus, Al-metal reacts with C to 
form Al4C3, whereas, Si-metal reacts with C 
to yield SiC. It is generally believed that the 
presence of one or both of these carbides in 
the bulk of the specimens leads to an 
enhancement of the hot-strength of the 
refractories. 

A major problem of high-
temperature use of the MgO-C based 
refractories is the carbothermal reaction that 
occurs between MgO and C at temperatures 
above 1500oC. This reaction leads to a 
partial loss of both Mg and C from the 
refractories as shown by the following 
equation: 
 

>1500oC 
MgO(s) + C(s)   ⇔    Mg(g) + CO(g) 

 
Thus, on prolonged exposure to 

temperatures above 1500oC, Mg-vapor is 



 

 

formed and progressively removed from the 
interior to the cold surface of the 
refractories. As the Mg-vapor comes in 
contact with the oxidizing atmosphere in the 
furnace, it reoxidizes to MgO and forms a 
dense layer adjacent to the hot-face of the 
refractories. The formation of this MgO 
layer leads to an increase in the oxidation 
resistance of the material during operation at 
high temperature.  
 
RESULTS AND DISCUSSION 

From the various data obtained in 
this investigation, it was observed that Al 
preferentially reacts with MgO at a 
temperature below the melting point of Al 
(660oC) to yield a metallic alloy composed 
of Al and Mg. It is evident from the phase 
diagram of the system Al-Mg7 that two 
binary compounds i.e. Al3Mg2 and Al12Mg17 
occur within a small homogeneity range. 
The phase diagram also shows that both the 
compounds melt at temperatures below 
500oC. Thus, the reaction of Al-metal with 
MgO, which seemed to commence at a 
temperature below the melting point of Al, 
led to the formation of a Al-Mg phase, 
which was found to be molten at the reaction 
temperature. It was further observed that the 
stability of this metallic phase was largely 
dependent on the firing temperature and the 
oxygen partial pressure prevailing in the 
furnace during firing. Evidence obtained in 
this investigation indicated that this metallic 
phase coexists with MgO up to 850oC and 
then dissociates into molten Al and Mg-
vapor above this temperature. It should be 
noted that the dissociation of this metallic 
phase largely depends on the rate of heating 
of the specimens. Thus, with a heating rate 
of 10oC/min, the Al-Mg phase was found to 
dissociate at a temperature above 850oC. 
Microstructures of several compositions 
containing MgO with minor additions of Al, 
which were fired at temperatures between 
600o and 1000oC, revealed the presence of a 

reaction product in the form of a molten 
mass embedded in a fine-grain matrix of 
MgO. A SEM micrograph of a specimen 
containing 10 wt % Al, which was fired at 
1000oC in argon, is shown in Fig.1. 
 
 

 
Fig. 1. SEM micrograph of MgO containing 
10 wt% Al. The specimen was fired at 
1000oC for 1h in argon. 
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