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Abstract: Thermodynamics process and experiment of aluminum extracting from bauxite and Al,Os, were

studied. The temperature, at which alumina, aluminum fluoride and carbon react to form aluminum

sub-fluoride at different pressures, was evaluated with “Substance Gibbs’ Free Energy Functional

Determinant” method. The results show that the reaction temperature can be considerable declined in

vacuum, such as the temperature dropped to 1 486.32r11 373.28 K in the pressure range from 100 Pa to 10

Pa, but the temperature of the reaction needed is more than 1 941.76 K under 100 kPa. The metal aluminum

with the purity of 93.77% is obtained by the experiment alumina, aluminum fluoride and carbon in a

vacuum furnace when the system pressure is less than 300 Pa at 1 673 K; the aluminum metal with the

purity of 95.13% is also gotten at 1 723 K by using coke for reducing bauxite.
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Fig.1 Relationships between AGt and T of reactions (1) and (2) at different pressures and temperatures
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Table 1 Initial temperature of reactions (1) and (2) at different pressures

1 1
100~10 Pa
2
(3)
2
2 2

1075.71~ 985.63 K

plPa TIK
1><10° 1941.76
1><10* 1766.07
1><10° 1 616.06
100 1 486.32
10 1373.28
p AGy
100 kPa 1 941.76 K

1486.32~ 1373.28 K

-3
[ p(AIF) j
101325
G-~ o=
AGy MGy T 2 3)
P AGr
100~10 Pa
100~10 Pa 973~1 073 K

( AGr=0)
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Fig.2 Relationships between AGt and T of reaction (3) at different pressures and temperatures

2 (3)
Table 2 Reaction of temperature reaction (3) at different pressures
plPa TIK
1><10° 1482.07
1><10* 1316.30
1%<10° 1183.91
100 1075.71
10 985.63
3
3.1
( 3 4 (9
)
3
Table 3 Main chemical composition of bauxite (mass fraction, %)
Al,O; SiO, FeO TiO,
75.0 3.13 1.00 4.26
4
Table 4 Chemical composition of alumina (mass fraction,%)
Al,O3 SiO, Fe TiO,
92.23 0.5 0.025 0.098
5
Table 5 Coal grades selected and their performance indices
Sample c\c?r/i:eer:t Ash,  \olatiles, Adhesion C';EZ?]
) N o ,
No. Mo % Ayl% Vaal%  value, G Fog%
5 2.49 24.35 39.95 457 45.43
10 2.13 10.43 19.27 77.2 72.31

16 6.52 15.02 36.88 10.0 53.64
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Table 6 Purity of aluminum at different temperatures (mass fraction,%)
i 1300 1350 1400 1450 1550

w(Al)/% | 85.98 89.06 92.54 93.97 94.03

Al
Element wi% x/%
o] 6.23 10.07
Al 93.77 89.93
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Fig.3 Energy-dispersive spectra of Al metal (1400 , 150 Pa)
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Fig.4 SEM micrograph of Al metal (1400 , 150 Pa)
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Al 95.13 95.31
Si 4.87 4.69
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Fig.5 Energy-dispersive spectra of Al (1450 , 150 Pa)
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Fig.6 SEM micrographs of Al (1450 , 150 Pa)
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