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Table 1 Chemical constituent of red mud (mass fraction, %)

TiO, Fe,0; AlLO; SiO, CaO
6.8 15.3 24.6 274 16.2
Na,O MgO V,0s Y,0; Sc,0;
6.3 1.2 0.44 0.02 0.01

v — Cancrinite (Na,K,Ca),_,[(Si,Al)¢0,,](SO,,CO;,Cl)-nH,0
v ® — Brookite (TiO,)

® — Hematite (Fe,O;)

A — Calcite (CaCO,)

v * — Quartz (SiO,)
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Fig. 1 XRD pattern of red mud
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Fig. 2 Effects of acid leaching parameters on leaching efficiency of main elements: (a) Hydrochloric acid concentration
(Acid leaching condition: 80 “C, 6 mL/g, 90 min); (b) Acid leaching temperature (Acid leaching condition: 5 mol/L, 6 mL/g,
90 min); (¢) Liquid-solid ratio (Acid leaching condition: 80 ‘C, 5 mol/L, 90 min); (d) Leaching time (Acid leaching condition:

80 C, 5 mol/L, 6 mL/g)
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Table 2 Main chemical composition of acid leaching

residue (mass fraction, %)
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Fig. 4 Effects of active roasting and water leaching parameters on leaching efficiency of silicon: (a) Roasting temperature
(Experiment condition: 80 C, 7 mL/g, 60 min); (b) Leaching temperature (Experiment condition: Alkali-residue ratio of 2, 7
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Table 3 Main chemical composition of titanium-rich
materials (mass fraction, %)

TiO, Fe,O; ALO; SiO, Na,O MgO K,0O

71.8 1.9 0.3 54 183 019 0.12
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Preparation of titanium-rich materials and dissolution behavior of
components from red mud by active roasting and combined leaching

ZHU Xiao-bo, GONG Wen-hui, LI Wang

(School of Chemistry and Chemical Engineering, Henan Polytechnic University, Jiaozuo Henan, 454000, China)

Abstract: Titanium-rich materials were prepared and valuable components were separated from red mud by active
roasting and combined leaching. The effects of parameters on the leaching efficiency of aluminum, iron, sodium,
calcium and titanium were investigated. The dissolution behavior of components in the process of active roasting
and combined leaching was theoretically analyzed. The results show that the leaching efficiencies of aluminum,
iron, sodium, calcium and titanium are 81.2%, 76.3%, 99.2%, 99.3%, respectively, under the conditions of HCI
concentration of 5 mol/L, liquid-solid ration of 6 mL/g, leaching temperature of 80 C and leaching time of 90 min,
respectively. The leaching efficiencies of vanadium, scandium and yttrium are more than 95%. The leaching
efficiency of silicon reaches 85.7% and the titanium-rich material with TiO, grade of 71.8% is obtained by roasting
with alkali slag ratio of 2 at 550 °C for 40 min and liquid-solid ratio of 7 mL/g at 80 C for 60 min. The sodium
titanate and some unreacted quartz exist in the titanium-rich material. TiO, exists stably in the solution system of
Fe’*, A’ and HSiOj . The leaching processes of vanadium and silicon are controlled by internal diffusion. The
apparent activation energies of vanadium, silicon and iron are 10.76 kJ/mol, 10.61 kJ/mol and 23.86 kJ/mol,
respectively.

Key words: red mud; titanium-rich material; active roasting; combined leaching; valuable component
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