Molecular simulation study of kaolinite intercalation
with realistic layer size
Zoltán
aInstitute

a
Ható ,

Gábor

b
Rutkai ,

Jadran

b
Vrabec

and Tamás

a
Kristóf

of Chemistry, Department of Physical Chemistry, University of Pannonia,
P.O. Box 158, H-8201 Veszprém, Hungary

bThermodynamics

and Energy Technology (ThEt), University of Paderborn,
Warburger Str. 100, D-33098 Paderborn, Germany
Initial configuration of the kaolinite particle
(only Si atoms are rendered for better visualisation)

Introduction & aim

Results

All-atom NpT molecular dynamics simulations were used to
describe the swelling and exfoliation phenomena of kaolinite,
employing realistic layer sizes. A recently proposed
thermodynamically consistent force field for inorganic
compounds (INTERFACE [1]), which enables accurate
simulations of inorganic-organic interfaces, was applied.
Kaolinite is a 1:1-type clay mineral whose layers consist of
octahedral aluminum hydroxide sheets and tetrahedral silica
sheets. The structure of kaolinite layers is asymmetric along
the c-axis, allowing to accommodate guest species in the
interlayer space of the mineral.

Two systems studied in parallel:
Kaolinite particle + solution (a) or (b)
(a) - Water (~43.8 million molecules) + potassium acetate
(~5.9 million potassium and acetate ions)
- total simulation time: 1.9 ns
(b) - Hexyl-amine (~5.9 million molecules)
- total simulation time: 1.7 ns

10 nm

(a)

Simulation
• The structure of the kaolinite model corresponds to the
experimental crystal structure [2]
• 6528000 atoms build a realistic kaolinite particle with a size
of 100 nm × 100 nm × 10 nm
• Kaolinite particle is surrounded by a nearly saturated
aqueous potassium acetate solution or hexyl-amine solution
• Volume of the simulation box: ~2×106 nm3
total number of atoms: ~1.85×108

(b)

• NpT MD simulations performed with the GROMACS [3]
program suit running on the OCuLUS cluster (Paderborn
Center for Parallel Computing) using 768 cores parallel
• Basal spacing calculated via measuring the distances
between each identical (the same position) Si atoms in the
neighboring layers
Stable kaolinite-potassium acetate complex
with the experimentally detected basal spacing
Distribution of calculated basal spacing
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Simulations with hexyl-amine solution show signs of
the experimentally observed exfoliation of kaolinite
(initial phase of the formation of nanoscrolls from
the outer layers)

• Criteria for identifying molecules between the layers
(m < fixed atomic size parameter)
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Force fields used in the simulations
Potassium acetate, hexyl-amine: CHARMM [4]
Water: SPC [5]
Kaolinite: INTERFACE [1]
The INTERFACE force field:
• extension of common harmonic force fields
• enables accurate simulations of inorganic-organic interfaces
• validity of the force field parameters has been tested for:
layered silicates (mica, montmorillonite, pyrophyllite),
silicates and aluminates in cement, and other inorganic
compounds (FCC metals, sulfates, phosphates,
hydroxyapatite)

similar curves for the number of
potassium ions

Starting configurations created according to the results of preliminary equilibrium simulations with periodic systems (infinite
kaolinite layers) [6,7].
Simulations in hexyl-amine solution show rapid configuration change of the kaolinite particle. The formation of a nanoscroll probably
takes more time, simulations are in progress.
No such morphologic changes of the kaolinite particle in aqueous potassium acetate solution (note the bending on one corner of the
particle; all the layers are bending together, no delamination occurs).

Summary
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- Realistic simulations with life size kaolinite particle,
exceedingly large simulation box and standard force fields
- Good agreement with previous simulations and experiments
- Aqueous potassium acetate solution: stable complex, no sign of delamination
- Hexyl-amine solution: outer layers start to roll up
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