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Adsorption mechanism of lignite and water molecules

GAO Zhengyang, LI Minghui,SUN Yao,ZHAO Lin
(School of Energy and Power Engineering ,North China Electric Power University , Baoding 071003, China)

Abstract ; In order to explore the mechanism of multilayered water molecules adsorbed on lignite , Gaussian 09 software
package was used to establish the surface model of lignite molecule. Based on the B3LYP method of density functional
theory , nine different adsorption configurations and adsorption energies were calculated by using ORCA program. Using
the wave function analysis software Multiwfn and VMD visualized program,the surface electrostatic potential distribu-
tion and RDG contours of the adsorbed configuration are obtained, visually reveal the regions and types of weak inter-
action. Meanwhile ,the AIM theory was used to analyze the electronic density topological structure, and the bonding
type and stability between atoms were quantitatively analyzed. Results show that the adsorption of water molecules on
lignite belongs to physical adsorption. The adsorption is mainly hydrogen bond,and the rest is van der Waals weak in-
teraction. The oxygen-containing functional groups region on lignite surface contains the active site where adsorption
takes place. Meanwhile each water molecule provides more active sites for the adsorption of the next layer of water mol-
ecules by lignite. The formation and adsorption of dimer water molecules and trimer water molecules greatly alter the
structure of lignite.

Key words: lignite ; adsorption ; density functional theory ; water molecules
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Fig. 1 Lignite molecular model
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Fig. 2 Electrostatic potential of lignite molecule surface
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Fig. 4 Lignite-water adsorption configuration
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Table 1 Adsorption energy of lignite-water adsorption

configuration
a3l A,/ (k] - mol™)
(al) lignite - - + CO-H,0 -38.24
(a2) lignite - - - COOH-H,0 -49.96
(a3) lignite + - - OH-H,0 -43. 14
(bl) lignite - - - CO-2H,0 —-49.33
(b2) lignite - - - COOH-2H,0 —-49. 45
(b3) lignite » + - OH-2H,0 -42. 84
(cl) lignite - + + CO-3H,0 -44. 64
(¢2) lignite - - - COOH-3H,0 -45. 06
(¢3) lignite -+ - - OH-3H,0 -48.49
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Table 2 Dihedral angle of two benzene rings
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0(H,0)—H(—O0H) 0.017 8 0.101 6
(b3) H(H,0)—0(H,0) 0.016 1 0.088 9
H(H,0)—020(—O0H) 0.010 7 0.058 2
H(H,0)—0(—C0) 0.015 5 0.092 8
(o) 0(H,0)—H(H,0) 0.018 4 0.113 0
0(H,0)—H(H,0) 0.019 1 0.122 1
O(H,0)—H(—O0H) 0.022 3 0.130 9
0(H,0)—H(—COOH) 0.026 5 0.1459
() H(H,0)—O0(H,0) 0.021 0 0.123 8
H(H,0)—O0(H,0) 0.018 4 0.107 3
H(H,0)—0(—COOH) 0.016 9 0.117 5
O0(H,0)—H(—OH) 0.018 6 0.113 0
() 0(H,0)—H(H,0) 0.007 9 0.040 2
0(H,0)—H(H,0) 0.014 8 0.087 7
H(H,0)—O0(H,0) 0.0219 0.126 6
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