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Abstract: The digestion behaviors of several mono-silicon minerals including kaolinite, illite, pyrophyllite in aluminate
solution were investigated. The results show that the digestion rate of kaolinite, illite and pyrophyllite in aluminate
solution is influenced by reaction conditions such as temperature. By adopting quantum chemistry theoretical calculation,
and using CASTEP procedure module, the slab model of kaolinite, illite, pyrophyllite and their ordinary complete
cleavage plane (001) are geometry optimized at GGA-PW91 level. The micro-essence of the differenent reaction activity
among kaolinite, illite and pyrophyllite in aluminate solution is opened out. The reaction activity of kaolinite, illite and
pyrophyllite is obviously different and the reaction activity of pyrophyllite is the highest. The Si—O bond strength of
illite is the strongest and its AI—O bond strength is comparatively the most weak, so its Si is the most difficult to remove.
The Si—O bond strength of pyrophyllite is the most weak, so its Si is relatively easier to remove. The micro-electron
structure of complete cleavage plane and the Si—O bond strength of kaolinite, illite and pyrophyllite are evidently
influenced by the existence of OH ", of which the surface character and the reduction of Si—O bond strength of kaolinite
are influenced most by OH , therefore the desilication of kaolinite in alkaline solution at relatively lower temperature is
easier.
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Fig.1 Reaction rate of kaolinite in sodium aluminate liquors
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Table 1 Energy and energy gap of k-points in first brillouin-zone for HOMO and LUMO of kaolinite, illite and pyrophyllite (Ha)

Kaolinite (k-points is 12) Illite (k-points is 6) Pyrophyllite (k-points is 6)
Energy band Energy Energy band Energy Energy band Energy
Number 72 Number 73 gap, AE Number 104 Number 105 5P AE Number 148 Number 149 &% AE
2.0809 8.752 0 6.5711 4.7052 9.5743 4.869 0 0.730 4 3.4755 2.745 1
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Table 2 Bond population of kaolinite, illite, pyrophyllite and their (001) planes

Si—O band Al—O band
... Kaolinite ) Illite . Pyrophyllite ... Kaolinite . Illite . Pyrophyllite
Kaolinite Mlite Pyrophyllite Kaolinite Illite Pyrophyllite
(001) (001) (001) (001) (001) (001)

0.5581 0.5475 0.6025 05913  0.5265 0.5233 0.2908 0.2938 03033 0.2954 0.2921 0.2950
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Fig.14 Calculated structure models of (001) slab of kaolinite(a), illite(b) and pyrophyllite(c) reacting with hydroxy
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Table 3 HOMO and LUMO of (001) slab of kaolinite, illite and pyrophyllite reacting with hydroxyl (Ha)

Kaolinite (k-points is 6) Illite (k-points is 10) Pyrophyllite (k-points is 6)

Energy band Energy Energy band Energy Energy band Energy
Number 72 Number 73 8P, AE Number 104  Number 105 &3P, AE Number 148 Number 149 gap, AE

0.817 8 0.975 4 0.162 1 2446 0 2.5299 0.083 9 1.3593 1.6121 0.2528

F4 &AL PURIAL TR A(001)I slab 15 OH 1 B CEHI{H)
Table 4 Model of kaolinite, illite, pyrophyllite and their slabs of (001) plane reacting with hydroxy

Kaolinite Illite Pyrophyllite

Population Band length/ A Population Band length/A Population Band length/A

0.510 8 1.586 9 0.572'5 1.6117 0.514 1 1.600 6
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