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Table 1 Chemical compositions of coal fly ash (mass
fraction, %)
AlLO4 SiO, Fe,0; C
45.71 47.1 0.9 0.07
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Fig. 1 XRD pattern of coal fly ash
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Fig. 2 XRD patterns of reduced clinker and oxidized

clinker (Molar ratio of raw material: Fe:Al:C=1.2:2:1.2;

Reduction: 1100 ‘C, 30 min; Oxidation: 1000 °C, 30 min)
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Fig. 3 XRD patterns of oxidized clinker residues for
different leaching time (Alkali concentration: 100 g/L
(NaOH), liquid-solid ratio: 20 mL/g, stirring: two large
(d=10 mm) steel balls and four small (¢=5 mm) steel balls;

leaching temperature: 130 C)
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Fig. 4 Relationship between leaching ratio of silicon and

leaching time (Experimental conditions are the same as

Fig. 3)
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Fig. 5 SEM image and EDS results of
reduced clinker (Molar ratio of raw material:

Fe:Al:C=1.2:2:1.2; Reduction: 1100 C, 60

min)
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Fig. 6 SEM image and EDS results of
oxidized clinker (Molar
material: Fe:Al:C=1.2:2:1.2;
1000 °C, 30 min)
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Fig. 7 SEM image and EDS results of
leaching residue of oxidation clinker in NaOH
solution for 60 min (Alkali concentration: 100
g/L (NaOH), liquid-to-solid ratio: 20 mL/g,
stirring: two large (d=10 mm) and four small
(d=5 mm) steel balls)
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Fig. 9 Element distribution profile of oxidized clinker (Molar ratio of raw material: Fe:Al:C=1.2:2:1.2; Oxidation: 1000 C,

30 min): (a) Oxidized clinker; (b) Si; (c) Fe; (d) Al
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Fig. 10 Element distribution profile of leaching residue of oxidized clinker in NaOH solution for 60 min (Alkali
concentration: 100 g/L (NaOH); liquid-to-solid ratio: 20 mL/g; stirring: two large (=10 mm) and four small (¢=5 mm) steel

balls; leaching temperature 130 C)
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Fig. 11 Variations of leaching ratio and leachate modulus
with leaching time (Leaching temperature: 130 ‘C; liquid-
solid ratio: 3 mL/g; stirring: two large (¢=10 mm) and four
small (=5 mm) steel balls; alkali concentration: 100 g/L

(Na,0); original modulus of sodium silicate solution: 1.0)
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Fig. 12 XRD patterns of leaching residues of oxidized
clinker in sodium silicate solution with modulus of 1.0
(Leaching temperature: 130 ‘C; liquid-solid ratio: 3 mL/g;
stirring: two large (¢=10 mm) four small (=5 mm) steel
balls; alkali concentration: 100 g/L. Na,O)
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Fig. 13 Element distribution profiles of the leaching residue of oxidized clinker in sodium silicate solution (Leaching:

130 C, 90 min; liquid-solid ratio: 3 mL/g; Stirring: two large (=10 mm) and four small (¢=5 mm) steel balls; sodium silicate

solution: 100 g/L Na,O, modulus 1.0)
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Experimental study on dynamic expansion of high efficiency
separation of aluminum and silicon from coal fly ash

HUANG Qing-ping, ZHOU Qiu-sheng, LI Xiao-bin, QI Tian-gui, PENG Zhi-hong, LIU Gui-hua

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: To alleviate the contradiction between the large bauxite demand and the serious shortage of bauxite
supply in China's alumina industry, and to solve the environmental problems caused by the massive accumulation
of coal fly ash, laboratory rotary kiln experimental study was carried out based on the proposed process of coal fly
ash reduction-oxidation roasting-alkali leaching, and the reported small static experiments. The results show that
the silicon dissolution rate of the clinker obtained under the conditions of 1100 ‘C, the molar ratio of
Al,05:Fe,05:C=2:1.2:1 of the raw materials, the feeding amount of 75 g and reduction roasting residence of lhcan
reach 92%, when it was dissolved in caustic soda solution with Na,O concentration of 77.5 g/L and the liquid-solid
ratio of the solution of 20 mL/g at 130 “C for 60 min. While the sodium silicate solution with Na,O concentration
of 100 g/L and modulus of 1 was used as the leaching agent, the silicon dissolution rate could reach more than 60%
at 130 °C for 2 h, and the modulus of the obtained sodium silicate solution is 2.4. Furthermore, the morphology and
particle size changes of the materials during the roasting dissolution processes were analysed, indicating that coarse
particles and solution structure change will result in the reduction of the dissolution rate of silicon.

Key words: coal fly ash; cristobalite; hercynite; reduction roasting; separation of aluminum and silicon
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