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The preparation of mullite nanocomposites powders from silicon-aluminium-
bearing minerals through hydrothermal crystallization

TONG Ling-xin, LI Jin-hong, LIU Fang and LIN Zhi-xiang
(National Laboratory of Mineral Materials, China University of Geosciences, Beijing 100083, China)

Abstract: Mullite nanocomposites powders were successfully synthesized from high-aluminium coal fly ash, coal
gangue, andalusite-sericite phyllite and oil shale slag through the hydrothermal crystallization process after the
removal of the residual carbon, deferrization or calcination. The phase constitution and microstructure of the
synthesized mullite nanocomposites powders were investigated by X-ray diffraction (XRD), transmission elec-
tron microscopy (TEM), selected area electron diffraction (SAED) and energy-dispersive X-ray (EDX). More-
over, the reaction mechanism was analyzed according to MAS-NMR results. The experimental results show that
mullite nanocomposites powders can be prepared from any silicon-aluminium-bearing minerals at 80 ~90°C for 3
h with NaOH concentration of 2 ~4 mol/L and L/S ratio (liquid/solid ratio in mass) of 10 mlL/g. Mullite
nanocomposites which are synthesized from coal gangue, andalusite-sericite phyllite and oil shale slag are mainly
existent as whole puncheon-shaped crystals, whose average lengths are 50 nm, 300 nm and 150 nm, and whose
average aspect ratios are 4, 3.5 and 3.75, respectively. Otherwise, when coal fly ash is used as the raw materi-
al, mullite nanocomposites are mainly rod-like, acicular and fibroid in shape with the length in the range of 30~

80 nm and the diameter in the range of 4.5~30 nm. MAS-NMR analysis indicates that the nano-size mullite
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grows around the central atoms Al, Si of the [ AlSi]O, tetrahedron and the growth unit AI[OH], is existent in

this process definitely.
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drothermal crystallization
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Table 1 Chemical compositions of the raw materials
SiO, TiO,  ALO; TFe,0O;3 MgO CaO Na,O KO  H,O P,0s MnO SO; loss total
35.38 1.51 42.90 1.93 4.55 0.65 0.48 0.20 2.40 0.01 0.10 1.35  10.13  99.18
33.50 0.74 27.96 1.68 0.48 1.11 0.17 0.35 0.43 0.08 0.02 34.24 100.13
55.56  0.95 24.06 9.65 1.19 3.44 5.15
57.05 0.71 25.00 7.89 1.02 0.84 0.21 1.99 2.18 0.10 0.10 9.80  99.63
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Fig. 1 X-ray diffraction patterns of the raw materials a and the precursors b
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Fig. 2 XRD patterns of mullite nanocomposites synthesized {rom coal fly ash a
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Fig. 3 TEM micrographs of mullite nanocomposttes
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Fig. 4 SAED patterns and EDX patterns of mullite nanocomposttes at 90 C and NaOH 4 mol L from coal gangue
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