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Quantum chemistry study on adsorption of gases on coal surface
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Abstract: Lignite, sub-bituminous coal, high volatile bituminous coal, low volatile bituminous coal and

anthracite were chosen as models of coal surface, and the adsorption of six kinds of gases on coal surface
were discussed, which were CO, O,, H,0O(g), CO,, CH, and H,. The adsorption was described on the

molecular level using the semi-empirical quantum chemistry intermediate neglect of differential overlap

(INDO) method. The corresponding microscopic parameters, such as adsorption energies, adsorption

distances, adsorption bond orders and changes of net charge of gases on coal surface were calculated. The

curves of binding energies between gases and coal surface were fitted well using the Morse function. It was

indicated that the adsorption of CO and O, on coal surface was the strongest, the next was H,O and CO,,

and the weakest was CH,and H,.
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Table 1 Carbon and oxygen contents of models of coal surface/ %}
Coal C (0]

lignite 66. 7 27.5
subbituminous coal 78.1 13.0
high volatile bituminous coal 84.9 7.5
low volatile bituminous coal 89.2 5.4
anthracite 90. 6 5.8
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Fig. 2 Adsorption models of gases on high volatile bituminous coal
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Fig. 3 Average adsorption energy of gases
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Fig. 4 Average adsorption distance of gases
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Fig. 5 Average adsorption bond orders of gases
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Table 2 Arithmetical mean of net charge changes of carbon atoms when gases are adsorbed
Coal CH, CcO CO, H,O(g) O, H,
lignite —0.003 0.136 0.091 0.103 0. 065 0.001
subbituminous coal —0.003 0. 066 0.043 0. 066 0.034 0. 000
high volatile bituminous coal —0.003 0.098 0.072 0.111 0.075 0.001
low volatile bituminous coal —0.003 0.135 0. 146 0.172 0.114 0. 005
anthracite —0.003 0.104 0.168 0.193 0.168 0. 003
10.00 40.00 160.00
5.00 80.00
- - 0 -
| | |
g o g g o
— —
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R /nm R /nm R /nm
(a) adsorption of CH, on lignite (b) adsorption of CO on subbituminous (c) adsorption of CO, on high volatile
bituminous coal
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