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ABSTRACT : The transformation sequence of kaolinite to mullite is examined with new electron diffraction data
obtained mainly by an energy filtering transmission electron microscope. Kaolinite is transformed finally into mullite
and cristobalite through several steps of continuous reactions by heating, which result in metakaolinite, mi-
crocrystalline spinel-type phase and amorphous silica. Metakaolinite maintains a short-range order in its structure
even at 920°C. Spinel phase results from a topotactic transformation of metakaolinite apart from the breakdown of
metakaolinite structure. The first strong exothermic peak on DTA curve is mainly due to the extraction of
amorphous silica from metakaolinite and the gradual nucleation of mullite. Metakaolinite decomposes around 940C
to mullite that doesn’t show a clear crystallographic relationship to the parent metakaolinite structure. However,
spinel phase produced previously is maintained. The initially formed spinel and mullite phases are suggested to be
Al-rich. but progressively gain Si in their structures at higher temperatures. Spinel phase decomposes completely
through a second weak exothermic reaction promoting the growth of mullite, and crystallization of amorphous silica
to cristobalite.
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Fig. 1. Widely accepted reaction scheme for the
phase transformation of kaolinite to mullite(Schnei-
der et al., 1994).
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Fig. 3. Differential thermal analysis curve of

kaolinite up to 1400°C with a heating rate of 10°C/min

in air.
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Fig. 4. X-ray diffraction patters of parent kaolinite
and heating products at various temperatures for 3
hours in air.
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Fig. 5. Electron diffraction patterns of (a) parent
kaolinite, (b) heated kaolinites at S50°C and (c) 720
showing amorphous characteristics of diffuse rings.
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Fig. 6. Electron diffraction pattern of heated
kaolinite at 920°C. Six spots of metakaolinite around
direct beam are observed. Newly formed spots of
spinel phase showing pseudo-hexagonal symmetry
are indicated with an arrow.
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Fig. 7. (a) Electron diffraction pattern and (b) bright field image of heated kaolinite at 940°C. Spinel phase
exists with a newly formed mullite. (c) Electron diffraction pattern and (d) bright field image of heated kaolinite

at 1100°C showing increasing diffraction intensity of mullite.
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Fig. 8. (a) Electron diffraction pattem and (b) bright field image of heated kaolinite at 12007C. Newly
formed spots of cristobalite within the first diffuse ring are indicated with an arrow. (c) Electron diffraction

pattern and (d) bright field image of heated kaolinite at 1300T. Diffuse rings disappeared completely and

diffraction spots of muilite and cristobalite are distributed randomly.
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Fig. 9. X-ray diffraction patterns were recorded
after DTA analysis at the designated temperatures.
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