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Molecular Dynamics Simulation of Na-montmorillonite and
Na/Mg-montmorillonite Hydrates

NA, Ping * ZHANG, Fan LI, Yan-Ni
(School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, P. R. China)

Abstract Molecular dynamics (MD) is used to investigate the structural and diffusive properties of interlayer species,
namely water and counterion speciations of Na-montmorillonite and Na/Mg-montmorillonite. It is found that Na/Mg-
montmorillonite exhibits a higher swellability compored with that of Na-montmorillonite for given water content,
especially with 48~72 water molecules of interlayer, the expansion of layer spacings of Na/Mg-montmorillonite is greater
than those of Na-montmmorillonite. Interlayer water molecules have a stronger tendency to solvate Mg?* compared to
that of Na*. Inner-sphere complexes and outer-sphere complexes of Mg** with water are observed, whereas only planar
inner-sphere complexes of Na* with water are found for two-layer Na/Mg-montmorillonite hydrates. The results also
indicate the different diffusion modes of Na* and Mg?* for Na/Mg montmorillonite: Na* remains close to the surfaces of
the sheets, whereas Mg? is easily hydrated and is located in the middle of the interlayer. Comparatively, Na* has a wider
diffusion range and higher self-diffusion coefficient than Mg*. Moreover, self-diffusion coefficient of interlayer water is
higher for Na-montmorillonite than that for Na/Mg-montmorillonite at the same water content. Most of the results
obtained in this study can be understood in terms of the strong solvation of Mg* with water molecules, and Mg* and Na*
have different influences on the structure of interlayer. It can therefore be assumed that the replacement of a relatively
small amount of interlayer Na* cations by Mg?* in Na-montmorillonite during the initial stage can substantially change

the swelling and diffusion properties of interlayer species.
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Number of
water molecules Na- Na- Na/Mg-
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0 1.017 0.848 0.856
4 1.045 0.907 0.939
3 1.052 0.937 0.997
12 1.121 1.115 1.148
16 1.164 1.153 1.174
24 1.220 1.218 1.248
32 1.232 1.236 1.269
40 1.264 1.303 1.301
48 1.313 1.321 1.352
56 1.470 1.433 1.527
64 1.496 1.506 1.586
72 1.530 1.543 1.636
80 1.550 1.594 1.663
88 1.654 1.695 1.756
96 1.707 1.838 1.839
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Fig.1 Relationship between simulated layer spacings
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two-layer Na/Mg-montmorillonite hydrates
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Table 2  Self-diffusion coefficients of interlayer species

10Dy,  10™Dy, 10"D,,
Type Hydrate (msY) (mles) (m?+s7)
Na- One-layer 0.69 3.660
montmorillonite
Two-layer 5.39 26.21
Three-layer  7.61 38.03
Na/Mg- One-layer 0.30 0.059 1.70
montmorillonite
Two-layer 4.33 0.65 11.37
Three-layer  6.25 1.02 34.61
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1.99(175~400 ps)
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Fig.5 Mean-square displacements of water
molecules for two-layer Na/Mg-

montmorillonite hydrates vs time
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Fig.6 Snapshot of the equilibrated structure of the
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derived by MD simulation
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