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Figure 1*. Schematic illustration of the reactions included in the model for 

the α-radiolytic corrosion of spent nuclear fuel.

Figure 2. Schematic illustration of sodium montmorillonite structure.

*Ref: Liu, N., et al., Predicting radionuclide release rates from spent nuclear fuel inside a failed waste disposal container using a finite 

element model. Corrosion, 75(3), 2019.



*Ref: Svensk Karnbranslehantering AB, Long-term safety for the final repository for spent nuclear fuel at Forsmark Main report of 

the SR-Site project, Volume III (Technical Report TR-11-01), 2011.
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By integrating computational and experimental approaches, 

this study aims to investigate the Ra adsorption on the buffer material of engineering barriers†.

Figure 3. Mean annual effective dose in near and far fields from spent 

nuclear fuel under an extreme scenario for long-term safety assessment.
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Figure 6. SEM-EDS analysis of raw and Na-Bentonil.

𝜀 =
𝑁𝑛𝑒𝑡

𝐴𝑅𝑎226(1 − 𝑒−λ𝑡)

where Nnet is net count rate (cps) and ARa226 is
226Ra radioactivity (Bq), λ is decay rate of 222Rn

(d−1), and t is time period from separation to

measurement (d), respectively.
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Equation 1. Detection efficiency(𝜀)
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Table 1. Mineralogical composition of raw Bentonil.

Figure 5. Isotherm 

linear plot of N2

adsorption/desorpti

on for raw and Na-

MMT.

Figure 4. XRD 

patterns of raw and 

Na-Bentonil samples.
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*Ref: Liu, Y., et al., Mechanical effect of clay under the acid-base action: A case study on montmorillonite and illite, Frontiers in Earth Science, 10, 2022.

Figure 7. (a) Linear isotherm model and (b) Langmuir and Freundlich models of Ra adsorption on Na-Bentonil.

Figure 8. (a) Adsorption behavior of Ra2+ on MMT as a function of pH and ionic strength (Initial Ra

radioactivity: 15 Bq/mL; *ionic strength effects discussed based on *Ref.); (b) Comparison of adsorption 

rates of Ba and Ra on Na-Bentonil at different pH; 

Figure 9. (a) Langmuir and Freundlich models of Ba adsorption on Na-Bentonil; (b) Ionic strength for Ba on Na-

Bentonil at different pH. 
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Figure 10. Schematic of the MMT structure: (a) optimized unit cell; (b) unit cell expansion for the (010) slab model.
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∆𝐸𝑎𝑑𝑠 = 𝐸𝑡𝑜𝑡𝑎𝑙 − (𝐸𝑠𝑙𝑎𝑏 + 𝐸𝑅𝑎 𝐵𝑎 −𝑐𝑜𝑚𝑝𝑙𝑒𝑥)

∴ 

Figure 11. Optimized slab models of the MMT (010) edge surface at different pH.
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Figure 12. Adsorption configurations and energies of (a) Ra2+, (b) Ra(H2O)8
2+, and 

(c) Ra(OH)2(H2O)4 on the (001) surface. 

Figure 14. Adsorption configurations and energies of (a) Ra2+, (b) Ra(H2O)8
2+, and (c) 

Ra(OH)2(H2O)4 on the (010) surface. 

Figure 13. Total energy change as a function of the Ra height at

≡SiO site on (001) surface.
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Figure 15. Adsorption configurations and charge distribution of Ra(OH)2(H2O)4 on (a) protonated, (b) slightly 

protonated, (c) neutral, and (d) deprotonated surface as a function of pH.

Adsorbed Ra-complexes depending on 

surface type 

Adsorbed Ba-complexes depending on 

surface type 

Figure 16. (a) Comparison of Ba and Ra adsorption energies on different MMT surfaces.
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*Ref: Yamaguchi, A., et al., Extended X-ray absorption fine structure spectroscopy measurements and ab initio molecular dynamics 

simulations reveal the hydration structure of the radium(II) ion. iScience, 25(8), 104763, 2022.



Figure 17. The projected density of state (PDOS) before and after adsorption. Plotted as PDOS of Si

multiplied by 5. (a and b) Ra(OH)2(H2O)4 adsorbed on (001) basal surface. (c and d) Ra(OH)2(H2O)4

adsorbed on (010) edge surface. The Fermi energy was set to zero for all PDOS plots.
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