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Molecular simulation of interlayer cation exchange of montmorillonite

Li Qin, Lu Xiancai', Zhang Lihu, Cheng Yongxian, Liu Xin
(State Key Laboratory for Mineral Deposits Research, School of Earth Sciences and Engineering,

Nanjing University, Nanjing, 210023, China)

Abstract: Montmorillonite is the most commonly distributed clay mineral in earth surface system. Exchangeability of
interlayer cation is one of its characteristic properties, which makes it an important natural materials for various
applications. Different cations (K™, Mg®", Ca’", Ba®") exchange from montmorillonite interparticle pore fluid into clay
interlayer space has been studied at atomistic level by using classical molecular dynamics simulation. The final cation
exchange capacities follow the order of Ba® >>Ca’" >K">Mg"" , as opposed to the hydration ability of cations. In the
montmorillonite interlayer, Mg is absolutely hydrated by waters and far away from the montmorillonite surface. Parts
of Ca®" and Ba®" ions may closely hover above the tetrahedral substitution position of the clay, however, most K™ ions
are bound by the six-membered ring of the clay surface. The migration of cation from fluid to clay interlayer space
corresponds a process with decrease in free energy. The mobility of interlayer cations is much lower than that in fluid,
especially the self-diffusion of Ba®" is the lowest. The disclosed dynamic process of cation exchange of montmorillonite

at atomistic level will enhance the understanding of clay-fluid interactions.
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ball-stick sheet: montmorillonite sheet, white-red:H,O,blue ball:Na" , orange ball: cation, green: Cl
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Fig.1 Clay-fluid model used in simulation.
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Fig. 2 Changes of different cations in the interlayer of montmorillonite
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Fig. 3 Self-correlation function of the cations contin-

ually retain in the interlayer of montmorillonite
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Table 1 Diffusion coefficients of different cations
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Fig.4 RDFs (solid lines) and coordination number (dotted lines) of cations-oxygen of clay sheets (ob) and

interlayer water (ow)
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Fig.5 Energy changes of cations exchanging into clay interlayer
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