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Fig.1 Model of H, O adsorption between layers of Na-montmorillonite
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Table 1 Mechanical properties data sheet of Na-montmorillonite

B/ (mmol « g~ 1)
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o ren G o ot B/G e
0. 68 287.56 195. 93 479. 00 1.47 0.22
3.42 274.91 183.51 450. 33 1. 49 0.23
6. 85 278. 06 188. 54 461. 35 1.47 0. 22
10. 27 268. 35 181.93 445,18 1.47 0.22
13.70 269. 04 182.12 445,77 1.48 0. 22
17.11 259. 06 175. 54 429. 58 1.47 0. 22
20.52 262.51 177. 44 434.43 1.48 0.22
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First-principles Calculation of the Adsorption Mechanism of Na-
montmorillonite for Water Molecules
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Abstract: The main cause of soft rock swelling in deep roadways is the water absorbing swelling of Na-mont-
morillonite. In order to solve the engineering safety problems caused by the water absorbing swelling of Na-
montmorillonite, based on the first principle of quantum mechanics, this article used VASP software to calcu-
late and simulate the mechanism of water molecule adsorption by sodium montmorillonite,and studied the re-
lationship between adsorption energy, elastic constant and adsorption capacity. The calculation results show
that after the adsorption of water molecules between the Na-montmorillonite layers, the volume mainly ex-
pands along the c-axis direction,and the adsorption energy of the system has a linear positive correlation with
the water absorption. With the increase of the adsorption amount of water molecules in the Na-montmorillon-
ite interlayer, the elastic constants C,, ,C,, and Cs; are greater than other elastic constants,and Cs; is signifi-
cantly greater than C,; and Cy,. In addition, the bulk modulus B, shear modulus G and Young's modulus E of
Na-montmorillonite decreased with the increase of water absorption. The calculation results provide theoreti-
cal guidance for solving the engineering safety problems related to Na-montmorillonite.

Key words: Na-montmorillonite;first-principle; water molecule;adsorption; mechanical properties
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