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Abstract: Due to the long half-life, high fission yield and elevated radiotoxicity, '*’Cs is considered as one
of the most critical radionuclides in deep geological waste disposal and remediation of radioactive
contamination. In this paper, the adsorption behavior of Cs* on pyrophyllite surfaces has been investigated
using the first-principles method. First, Cs* adsorption at distinct sites on the pyrophyllite (001) basal
surface was compared to elucidate the interaction mechanism. Next, Bader charge analysis was employed
to identify the origin of different adsorption behaviors on pyrophyllite and kaolinite siloxane surfaces.
Finally, the adsorption of Cs* on the (100) and (010) edge surfaces of pyrophyllite was examined. First-
principles calculations indicate that Cs™ can be adsorbed on the (001) basal surface in the form of mono-,
bi-, and tri-dentate complexes, with adsorption energies from —0.540 eV to —0.348 eV. The hollow site at
the center of six-membered ring is the most favorable for immobilizing Cs*. The charge density difference

and Bader charge analysis reveal a small charge polarization of Cs* and surface oxygen atoms. On the
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(100) edge surface, the strongest binding (—1.002 eV) occurs adjacent to =AI(OH,) groups, whereas

attachment near =Si(OH) groups is relatively weaker (—0.527 eV). For the (010) edge surface,

multidentate complexes are formed at the H, and H, cavities with energies of —1.049 eV and —0.679 eV,

respectively. Compared with (001) basal surface, the adsorption configurations of Cs* on (010) and (100)

edge surfaces are more stable. The adsorption stability of Cs™ on edge surfaces is closely related to the

distribution of oxygen and hydrogen atoms surrounding the adsorption sites. Specifically, the more oxygen

atoms and the fewer hydrogen atoms near the adsorption sites, the more stable the adsorption configuration.

These findings provide a quantitative basis for exploiting pyrophyllite edge sites in Cs* immobilization

strategy.
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Table I Comparison of calculated lattice constants of pyrophyllite with experimental data
AR R
HWTREE, /eV HBEE eV TRFAV/AS

alA b/A /A a/(°) pI(°) y/(°)

400 —300.80 409.54 5.113 8.883 9.183 90.85 100.85 89.81

420 =300.15 417.34 5.139 8.926 9.263 90.88 100.77 89.81

440 —299.52 416.72 5.146 8.941 9.219 90.88 100.73 89.84

460 —299.55 426.60 5.167 8.973 9.364 90.90 100.66 89.81

480 —299.43 428.39 5.173 8.985 9.379 90.90 100.61 89.80

500 —299.41 429.40 5.175 8.988 9.393 90.88 100.59 89.81

520 —299.40 428.59 5.175 8.987 9.376 90.86 100.58 89.81

540 —299.41 423.44 5.164 8.972 9.301 90.90 100.67 89.83
FL{E 425.16 5.160 8.966 9.347 91.18 100.46 89.64
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Fig. 1 Pyrophyllite structure(a) and adsorption sites on its siloxane surface(b)
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Fig. 2 Adsorption configurations of Cs* on pyrophyllite (001) basal surface
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Table 2 Adsorption energies, structural parameters, and Bader charges of Cs* at various sites on pyrophyllite (001) basal surface

WA OLE WAL E W M REE o/eV K de, o/A Baderf 177 Oc/le| AT A O /€]
T, T, ~0.348 3.403 0.792 0.278
B, B, -0.361 3.478, 3.446 0.795 0.281
B, H, -0.527 3.298,3.283, 3.246 0.888 0.374
H, H, —0.350 3.537,3.541,3.751 0.787 0.273
H, H, ~0.540 3.293,3.266,3.319 0.888 0.374
H, H, -0.531 3.281,3.303, 3.260 0.884 0.370
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Fig. 3 Charge density difference of Cs* adsorbed at Hj site on pyrophyllite basal surface before and after adsorption
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Fig. 4 Bader charges of oxygen atoms on siloxane surfaces of pyrophyllite(a) and kaolinite(b)
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Table 3  Adsorption energies, structural parameters, and Bader charges of Cs™ at various sites on pyrophyllite (100) edge surface
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Fig. 5 Adsorption configurations of Cs* on pyrophyllite (100) edge surface
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Fig. 6 Adsorption configurations of Cs* on pyrophyllite (010) edge surface
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Table 4 Adsorption energies, structural parameters, and Bader charges of Cs™ at various sites on pyrophyllite (010) edge surface
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3 gél: 'L/l’: adsorption and diffusion behavior of CO, in pyrophyllite[J].
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