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Preparation and Formation Mechanism of Aluminum Oxycarbides by
Carbothermal Reduction in Vacuum

FENG Yuebin, LI Jinhui, ZHANG Mengyang, YANG Baomin
(College of Science, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: Aluminum oxycarbides were prepared via a carbothermal reduction of alumina in vacuum at 1300 — 1 500 ‘C. The results
indicate that the temperature required for the formation of aluminum oxycarbides from the carbothermal reduction of alumina in
vacuum is lower than that in argon, a large amount of Al40,C can be formed at 1300 ‘C, and the main component of the condensation
products is Al;0,C, which is independent of the reaction extent of the raw materials. The condensation products consisting mainly of
A1;,0,C with a small amount of Al,C; can be obtained under optimum conditions (i.e., n(a-Al,053):n(C) of 2:3, reaction temperature of
1400 ‘C and reaction time of 20 min). It is confirmed that Al;0,C can be formed in two stages, i.e., alumina reacts with carbon to
generate the gases containing aluminum Al,O, Al and CO at higher temperatures, and the condensates mainly consisting of Al;0,C
form at lower temperatures.

Keywords: vacuum; carbothermal reduction; aluminum oxycarbides; gases containing aluminum
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Al,O5(s) +3C (s) =2Al (g) +3CO(g) 1)
Al,05(s) +2C (s) = AL,O (g) + 2CO(g) 2)
8Al(g) +4CO(g) = A1,0,C(s) + Al,C;(s) 3)
4Al(g) +4CO(g) = A1,0,C(s) +3C(s) “)
12A1,0(g) +8CO(g) = 5A1,0,C(s) + AL,C5(s) (5)
2A1,0(g) +2CO(g) = A1,0,C(s) + C(s) 6)
2Al(g) + CO(g) = A1,OC(s) @)

3A1,0(g) +2CO(g) = 2A1,0C(s) + ALLO5(s)  (8)
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Fig. 1 Schematic diagram of the carbon tube furnace
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Table 1 Maximum pressure at the gas outlet, mass and mass loss rate of materials before and after reaction

n(a-AlO3):n(C) synthesis temperature/'C  holding time/min ~ Maximum pressure/Pa Raw material/g Residue/g Weight loss rate/%
n(o-Al,03):n(C) = 2:3 1300 20 18 12.00 3.99 66.75
n(o-Al,03):n(C) = 2:3 1400 10 33 12.00 1.02 91.50
n(o-Al,03):n(C) = 2:3 1400 20 37 12.00 0.15 98.75
n(o-Al,03):n(C) = 2:3 1400 30 36 12.00 0.10 99.17
n(o-Al,03):n(C) = 2:3 1500 20 39 12.00 ~0.00 ~100.00
n(o-Al,03):n(C) = 1:3 1300 20 38 13.80 0.55 96.01
n(o-Al,03):n(C) = 1:3 1400 10 47 13.80 0.14 98.98
n(a-Al,03):n(C) = 1:3 1400 20 48 13.80 ~0.00 ~100.00
n(a-Al,03):n(C) = 1:3 1400 30 48 13.80 ~0.00 ~100.00
n(a-Al,03):n(C) = 1:3 1500 20 46 13.80 ~0.00 ~100.00
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Fig.2 XRD patterns of condensates at different synthesis temperatures
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Fig. 3 XRD patterns of the condensates at different holding times
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Fig. 5 SEM images of condensates at different synthesis temperatures

(a) Raw material, n(a-A1,03):n(C) = 2:3

(b) Residue , 1300 C, 20 min

(c) Residue, 1400 ‘C, 10 min
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Fig. 6 SEM images of raw materials and residues
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