Study of Fe(3+) substitution: Kaolinite
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Clay minerals have a wide application, e.g., industrial processes, agriculture,
environmental remediation, and ceramics. They have physical and chemical properties of a
particular interest, like color, plasticity, particle size, surface area, and degree of substitution.
Kaolinite is one of the most common minerals with the chemical composition Al;Si,0s5(OH)a.
Brazil has the second largest international reserve of kaolin. Kaolinite structure is composed
of tetrahedral silicate sheets (Si,Os) bonded to octahedral aluminum oxide/hydroxide layers.
A small fraction of iron atoms can also be present as substitutional cations in the tetrahedral
or octahedral units. These Fe content may substantially affect the application of natural clays,
e.g., for paper coating or ceramics.

We have performed periodic boundary DFT total energy minimization using the VASP
code. The calculations were carried out in a plane wave basis set using the projector-
augmented wave (PAW) method. The generalized gradient approximation (GGA) was
employed to the exchange-correlation functional, parameterized according to Perdew-Wang.
The energy cuttof for the plane-wave basis set was set to 515eV to ensure a high precision
energy calculation. The Brillouin zone was sampled by using the Monkhorst-Pack technique
with the 4x4x4 k-points mesh for the bulk system. The relaxation of ions to the minimum
energy state was performed with the conjugate gradient algorithm. Fe(3+) ion substitution
were studied. The optimized bulk structure of kaolinite was achieved with unit cell parameters
slightly larger than the experimental values [1]: a=5.1652A (exp=5.155 A), b=5.1907 A
(exp=5.155 A), and ¢=7.4196 A (exp=7.384 A). The optimization of unit cell shows that the
inner hydroxyl (OH1) angle in relation to the (001) plane is 0.5°, which is in accordance to the
Rietveld refinement [2] where the angle is < 1°.
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