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Effect of Al on Spinel Phase Evolution of Al,O;—MgO Refractories at 1600 °‘C in Nitrogen
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Abstract: Effect of Al on the spinel evolution within A,O3—MgO refractories in nitrogen at 1600 ‘C was investigated. The results
show that Al can markedly change the composition, morphology and reaction path of spinel phase within Al,0;—MgO refractories.
Without Al addition, MgO reacts with Al,O; to form spinel, and then spinel reacts with Al,O; encompassed by itself to form
once-rich-Al,O3 spinel. When the oxygen partial pressure by C—O, consumed oxygen reaction decreases, MgO becomes unstable and
decomposes into Mg(g) and O,; Mg(g) diffuses and transfers along pores or gaps in the materials, reacting with rich-Al,0O5 spinel to
generate new rich-Al,O; spinel and Al(g), Al(g) is nitrided as AIN and then AIN dissolves into rich-Al,O5 spinel to form MgAION.
Al(g) and Al,O(g) diffuse and transfer along pores or gaps in the materials after introduction of Al into Al,0;—MgO refractory. Al(g)
and Al,O(g) change into AIN and further dissolve into rich-Al,Os spinel, enhancing N content of MgAION. Also, in the gas-gas
reaction system, Al(g)/Al,0(g), Mg(g), N, and O, react with each other to form flake MgAION.

Keywords: magnesium gaseous magnesium; rich-aluminium oxide spinel; magnesium aluminium oxynitride spinel; gas phases
containing aluming
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AR AT (X-ray diffraction, XRD): Cu 4. K, H1£k.
J=0.15406nm. K 0.02°, 93N 10°~90°, Xf
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Table 1 Proportion of the samples w/%
Raw materials Grain diameter/mm AM AMA
Fused white corundum 5-3 65 65
Sintered magnesia 1-0 6 6
Sintered magnesia <0.074 6 6
Tabular corundum <0.044 17 7
Aluminum powders <0.044 0 10
Activated a-Al,O3 <0.005 6 6

AM represents Al,O;—MgO refractory; AMA represents Al-Al,0;-MgO

refractory.
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Fig. 1 XRD patterns of matrix within the sample AM and
AMA fired at 1600 C
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Fig. 2 XRD patterns of the diffraction peak (311) of spinel
phases in Fig. 1
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(a) SEM image of the Al,O; aggregate

(d) SEM image of the selected area in Fig. (c)
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Fig.3 SEM images of the sample AM fired at 1 600°C
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Table 2 EDS analysis results in Fig. 3 x/%
Points Al Mg (0] N
A 39.9 10.4 49.7
B 47.4 10.6 40.6 1.4
C 49.6 12.2 36.9 1.3
D 50.7 11.8 35.0 1.5
E 59.8 — 1.5 38.7

x—Mole fraction.
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(a) Aggregate and matri

(b) Matrix

(d) Matrix with high magnification
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Fig. 4 SEM images of the sample AMA fired at 1 600 “C
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Table 3 EDS analysis results in Fig. 4 x/%

Points Al Mg (0] N

A4 50.4 11.0 38.8 0.8

B 49.4 12.1 35.1 34

C 91.3 32 42 1.3

D 44.8 10.5 394 53

E 56.0 8.6 26.0 9.4

F 60.2 2.0 37.8
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Fig. 5 Thermodynamic diagrams for gaseous Al products, gaseous Mg and carbon monoxide
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