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Influence mechanism of hydrated cations on surface hydration of slime mineral
particles
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Abstract: To elucidate the microscopic mechanisms underlying the impact of hydrated cations on the surface hydration of
slime mineral particles (specifically, kaolinite and quartz, the primary minerals in slime), this study focused on construct-
ing two common hydrated cations in slime water: [Na(H,0)s]" and [Ca(H,0)s]*". Using density functional theory, the ad-
sorption of these two hydrated cations on the surfaces of kaolinite (001), (OOT) and a-quartz (001), as well as their compet-
itive adsorption with water molecules were simulated. The simulation results revealed that the adsorption energy of hy-
drated cations on all three surfaces was over 50% lower than that of water molecules. The adsorption stability on mineral

surfaces was as follows: a-quartz (001) surface > kaolinite (001) surface > kaolinite (OOT) surface. The adsorption energy
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of the competitively stable configuration was 34%—57% lower than that of a single hydrated cation on kaolinite and quartz.
Additionally, the [Ca(H,O)s]*" configuration exhibited a greater stability than the [Na(H,O)s]" configuration under both
adsorption conditions. When the hydrated cations adsorbed onto three surfaces, strong hydrogen bonds formed with sur-
face, surpassing the strength of hydrogen bonds between water molecules and kaolinite/quartz surfaces. The hierarchy of
hydrogen bonds between two hydrated cations on mineral surfaces was as follows: kaolinite (001) surface > a-quartz (001)
surface > kaolinite (OOT) surface. Under a competitive adsorption, the hydrogen bond between [Na(H,0)s]" and mineral
surface strengthened, while the bond between [Ca(H,0)s]*" and mineral surface weakened. Although hydrogen bonding
did not entirely correlate with changes in adsorption energy, electrostatic interactions in the adsorption configuration were
identified. The electrostatic interaction in the single adsorption configuration of hydrated cations proved stronger than that
in water molecular adsorption. Under a competitive adsorption, the electrostatic interactions between hydrated cations and
mineral surfaces intensified, with [Ca(HZO)g]2+ demonstrating stronger interaction than [Na(H,0)s]". Given the robust ad-
sorption of hydrated cations on the surfaces of kaolinite and quartz, the dehydration of slime particles becomes more chal-

lenging. This could increase hydration repulsion between particles, resulting in a more stable dispersion of particles in

slime water.
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Fig.l Stable configurations of hydrated cations with kaolinite (001), (001) and a-quartz (001) faces
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Fig.2 Adsorption sites of hydrated cations on kaolinite and quartz surfaces
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Fig4 Adsorption energy statistics of hydrated cations on kaolinite and quartz surfaces
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Fig.5 Optimal adsorption configuration of hydrated cation on kaolinite and quartz surfaces
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Table 1 Bonding analysis of the optimal adsorption configuration of hydrated cations on kaolinite and quartz surfaces

W By 7Y il i D(X:--A)/nm d(H:+-A)/nm O(X-H:--0)/(°)
H1---01 0.11 0.270 0.170 167.56
[Na(H20)5]+--kaolinite/001 H2:--02 0.01 0.290 0.215 132.30
H3---02 0.01 0.310 0.236 131.83
H4---03 0.10 0.273 0.175 164.64
HI---01 0.04 0.295 0.199 164.00
[Na(H,0)s]"--kaolinite/001 H2---02 0.05 0.308 0.187 104.56
H3:--03 0.01 0.297 0.234 121.65
H1---0O1 0.10 0.268 0.168 170.88
[Na(H,0)s] -a-quartz/001 H2:--02 0.11 0272 0.173 168.22
H3---03 0.01 0.314 0.225 147.72
H1---01 0.14 0.269 0.168 168.54
[Ca(H,0)g]*"--kaolinite/001 H2---02 0.04 0.299 0.203 166.21
H3:-03 0.03 0.288 0.195 157.50
H1---01 0.03 0.297 0.199 172.93
[Ca(H,0)g]* ~kaolinite/00T H2--02 0.05 0.285 0.187 172.08
H3---03 0.02 0.309 0.213 163.79
H1---01 0.05 0.283 0.184 169.09
[Ca(H,0)5]* —a-quartz/001 H2---02 0.09 0.268 0.169 173.74
H3---03 0.02 0.300 0.225 132.29
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Fig.6 Differential electron density distribution of adsorption configurations of hydrated cations on kaolinite and quartz surfaces
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Table 2 Hydrated cations adsorbed before/after Mulliken charge population on kaolinite and quartz surfaces

MullikenH fij/e

2 ff 5 W BRARES — =
Kaolinite(001) Kaolinite(001) a-quartz(001)

[Na(H,0)s]" before 0 0 0
after 0.01 0.37 0.27

i before 0 0 0
after -0.01 -0.37 -0.27

[Ca(H,0)g]* before 0 0 0
after 0.16 0.43 0.48

R before 0 0 0
after -0.16 —0.43 -0.48
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Fig.7 Stable configuration of competitive adsorption between hydrated cation and water molecules on the surface of kaolinite and quartz
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kaolinite and quartz surfaces
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Fig.8 Differential electron density distribution of hydrated cations and water molecules competitively adsorbed stable configurations on

kaolinite and quartz surfaces
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Table 4 Hydrated cations and water molecules compete before/after Mulliken charge population on kaolinite and quartz surfaces
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