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INTERFACIAL REACTION BETWEEN MAGNESIA-CHROME REFRACTORY
AND IRON SILICATE SLAG MELT
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1
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ABSTRACT
Corrosion tests of magnesia-chrome refractories by molten
copper smelting slag have been studied. XRD results showed that
the refractory sample consisted of magnesia (MgO) and pichromite (MgCr2O4) phases. The MgCr2O4 phase may contain other
impurities such as Fe and Al, detected by XRF analysis. SEMEDX analysis revealed that the magnesia-chrome refractory sample had a microstructure of coarse pichromite grains and relatively-small mixed area consisting of fine magnesia and pichromite
grains. A piece of the refractories was reacted with molten copper
slag at 1250ºC up to 120 minutes in Ar atmosphere with an oxygen partial pressure of 10-3 atm. Molten slag penetrated into pore
regions existing between grains. The region of coarse/fine pichromite grains had good corrosion resistance with the formation of
Fe–O rich thin layer (< 10 mm in thick) on their surfaces. On
the other hand, magnesia grains dissolved into the molten slag.
The reaction process is discussed based on experimental data and
thermodynamic analysis.
1. INTRODUCTION
Magnesia-chrome (MgCr hereinafter) refractory with high
corrosion resistance is widely used for various high-temperature
industries [1]. In order to develop new Cr-free, ecologicallyfriendly refractory with high corrosion resistance, it is important
to understand the mechanism and process of interfacial reaction
between MgCr refractory and molten slag.
The purpose of this work is to understand factors affecting the
interfacial reaction between MgCr refractory and molten copper slag based on iron silicate system. After high-temperature
reaction, microstructure at reaction interface is characterized by
SEM-EDX. The experimental data is also compared with the prediction of thermodynamically-stable phases.
2. EXPERIMENTAL PROCEDURE
Refractory samples are a piece of re-bonded (RB) MgCr refractory with a typical size of 15 x 15 x 5 mm. XRD analysis was
used to determine phases in the RB MgCr refractory. X-ray fluorescence (XRF) analysis was performed to characterize chemical
composition of samples. Copper slag is commercially available
and is based on iron silicate system. The slag was grinded into
powder form and was shaped as a piece of powder compact with
~5g in weight.
The powdered compact was sandwiched by two pieces of MgCr
refractories from both sides as shown in Fig. 1. The sandwiched
sample was heated to 1250ºC with a rate of 10 ºC /min and was
hold at 1250ºC up to 120 minutes and then cooled to room temperature. The reaction atmosphere was Ar with an oxygen partial
pressure of 10-3 atm.
The reacted samples were also evaluated by XRF and XRD analyses and SEM-EDX for microstructural characterization.

Figure 1: Experimental setup of MgCr refractories-sandwiched
copper slag powdered sample.
3. RESULTS AND DISCUSSION
3.1 Characterization of RB MgCr Refractory
Fig. 2 shows macroscopic structure of RB MgCr refractory.
The MgCr refractory composes of coarse MgCr2O4 grains and
relatively-fine grain mixture of MgO and MgCr2O4. As for raw
materials of the RB MgCr refractory, two types of grinded products were prepared as follows. The electrically-melted ingot by
using raw materials of MgO and chromium ore of (Mg, Fe2+)
(Fe3+, Al, Cr)2O4 was grinded. Moreover, synthesized pichromite
of MgCr2O4 was melted and grinded. The DB MgCr refractory
was obtained by re-bonding at ~1800ºC using compacts with the
above two types of grinded products.

Figure 2 Macroscopic structure of RB MgCr refractory.
Fig. 3 shows crystalline phases of RB MgCr refractory. The phases detected are MgO and MgCr2O4. XRF analysis also indicated
the refractory contained Al and Fe in addition to Mg and Cr elements. The elements Al and Fe may be included in the MgCr2O4
solid-solution phase.

Figure 3 XRD pattern of RB MgCr refractory.
3.2 Interfacial Reaction between MgCr Refractory and
Copper Slag
Fig. 4 shows a typical microstructure of interface between RB
MgCr refractory and copper slag after reaction at 1250ºC for 10
min in Ar. The Fe distribution as a slag component indicates that
the copper slag penetrated even into the upper side through pores
existing in the MgCr refractory. This phenomenon is related to
the physical properties of molten copper slag with low viscosity and high surface tension due to large FeO concentrations [2].
The molten copper slag based on iron silicate system has larger
a penetration parameter [3] due to a large ratio of surface tension
and viscosity in molten state.

Figure 5: SEM-EDX micrographs of interface between MgCr
refractory and copper slag: (a) SEM image, (b) Mg, (c) Cr, (d)
Si and (e) Fe. Initial interfaces are shown by red arrows. The
sample was reacted at 1250ºC for 10 min in Ar.

Figure 6: (a) Fe and (b) Si elemental mappings of interface
between a coarse MgCr2O4 grain and copper slag.

Figure 4: (a) SEM and (b) Mg, (c) Cr and (d) Fe distributions in
an interfacial structure between RB MgCr refractory and copper
slag with a low magnification.
The SEM-EDX analysis of Fig. 5 also reveals that MgO grains
were dissolved into the molten copper slag at the high temperature and the coarse MgCr2O4 grains remain with initial shapes.
Fig. 6 shows (a) Fe and (b) Si elemental mappings of interface
between a coarse MgCr2O4 grain and copper slag. As shown in
Figs. 5 and 6, the interface microstructure between the coarse
MgCr2O4 grains/copper slag indicates the formation of Fe–O rich
layer (Point A in Table 1). The Fe–O rich layer plays as a role of
protective layer against molten copper slag corrosion.

Table 1: Compositions of the points A and B shown in Fig. 6 by
SEM-EDX analysis.

Table 2: Prediction of thermodynamically-stable phases due to
the interfacial reaction between DB MgCr refractory and copper
slag at 1250ºC in Ar with an oxygen partial pressure of 10-3 atm.

Thermodynamic stable phases at a temperature of 1250ºC were
predicted by using FactSage databank system [4]. Before the calculation, both RB MgCr refractory and copper slag were grinded
into powder form and their chemical compositions were determined by XRF analysis. To predict the thermodynamic stable
phases, the molar ratio of MgCr refractory and copper slag was
postulated as unity at the interface. Table 2 indicates the calculation result of the stable phases. The result shows the thermodynamically-stable various spinel phases: Fe3O4, FeCr2O4, MgFe2O4 and MgCr2O4 with a small amount of cordierite and a large
fraction of tridymite for SiO2 component. This calculation result
qualitatively agrees with experimental data shown in Fig. 6 and
Table 1. The experimental data of Fig. 6 also shows the existence
of two regions. One is the Fe–O rich interface area including other elements: Al, Mg and Cr and the other is silica rich area with
Fe and Al elements.
The results of interfacial reaction between RB MgCr refractory
and copper slag melt based on iron silicate system are summarized in the following.
The molten copper slag penetrated into pores existing near coarse
MgCr2O4 grains even toward the upper side MgCr refractory. The
result is related to melt properties of copper slag with large FeO
fractions. The molten copper slag has relatively low viscosity and
high surface tension and their melt properties result in high penetration ability due to capillary force.
The Fe–O rich interface layer with a thickness less than 10 mm
was formed on the surface of MgCr2O4 grains and the layer pro-

tects against molten copper slag corrosion. On the contrary, MgO
grains were dissolved into the molten slag.
The experimental result of interfacial reaction qualitatively
agrees with the prediction of thermodynamically-stable phases
calculated from chemical compositions of the MgCr refractory
and copper slag by the databank system.
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