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Introduction

Kaolin is a natural clay with kaolinite (Al_Si O (OH),, Figure 1) as the main crystallographic
phase. The importance of this clay is related to its influence in ceramics, materials science,
and mineralogy. The industrial use of kaolinite requires thermal treatments, so it is
interesting to understand how metakaolin (Al Si O,) is formed (eq. 1) during the thermal
activation of this clay and also to know what are the physics and chemistry mechanisms .
behind its production[1]. L pemannnnn
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Figure 1. a) Kaolinite crystal in pseudohexagonal shape [1].
b) Structure of Kaolinite without vacancies [2].

These mechanisms are complex and according to the literature there is not a general
agreement on which is the rate-controlling step in the reaction, and on the atomic
arrangement of metakaolinite[3].

Methods

In this work it is studied the beginning of the dehydroxylation process using calculation
methods based in Density Functional Theory. Four systems that combine vacancies of an OH
group and a H atom in the kaolinite unit cell were proposed (i.e., the extraction of one water
molecule, see Figure 2). Using the open source package Quantum ESPRESSO[4], the
structure of each system was optimized and its energy was analyzed after the optimization.
Calculation conditions are the same as in Ref. [2]. The results were compared between them
and with the literature.

The predicted properties were also compared to experimental data, obtained from a
well-crystallized kaolinite (KGa-1) and a national one (Sur del Rio Blanco).

Phonon package from QE, Pdielec[5] and Vesta were used to simulate ATR-FTIR spectra
(Figure 4) and X-ray diffraction patterns (XRD, Figure 5), respectively.
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Figure 2. Structures for: a) Kaolinite without vacancies,
b) OSi, c) 2HIL, d) HHt, e) Oint.
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Figure 3. XRD: comparison between experimental data Figure 4. Spectra comparison: experimental data [6] and 0-
(KGa'l,RB) and simulated (KaO, 2H||) simulated one obtained using QE and PDielec. OSi 2Hil Hil-Hint Oint
System
Results Figure 5. Energies of each system compared to each

: : . : : other, before (blue) and after (orange) relaxation.
It was possible to obtain optimized structures for each proposed system. For 2HiL, HH, and Oint cases, (blue) (orange) relaxaf

there was almost a 4% increase in the unit cell volume with respect to that of kaolinite, while for OSi a R —
decrease in the volume is observed. As a consequence, slight shifts in diffraction peaks patterns are " o
observed (as an example, see Figure 3). On the other hand, the simulated ATR-FTIR spectra show changes
in the intensities of peaks related to OH groups (as example, see Figure 4). In general, there is a good
agreement between simulated properties and the experimental data.

The calculated differences of energies (taking the kaolinite energy as reference) in Figure 5 indicate that
systems 2HiL, HH, and Oint are more preferable than OSi. It was chosen the 2Hil case as the more

possible, considering that in that case the removed water molecule comes from the interlayer (Figure 2c). - ‘
Figure 5 also includes the experimental activation energy of the reaction (40-60 Kcal/mol see dotted | b
lines), which was obtained from experimental works [3] | W
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Finally, the density of states was studied, and insulator-type behavior was found in all cases, with a high e
oxygen contribution to the valence band (see Figure 6). Figure 6. Density and partial density of States of
The promising results encourage further analyses using the same theoretical-experimental methodology Kaolinite (above) and 2Hil (below)

in order to continue the study of the transformation of kaolinite towards its dehydroxylated form.
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