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Molecular Dynamics Simulation of the Separation of CH./CO. by
Nanoporous Graphene

WEN Bo-Yao SUN Cheng-Zhen BAI Bo-Feng’
(State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University, Xi‘an 710049, P. R. China)

Abstract: The processes involved in the separation of gaseous CH./CO, mixtures using a nanoporous
graphene membrane were simulated using a molecular dynamics method, and the effects of three functional
modifications (i.e., N/H, all H, and N/—CH; modifications) in the nanopores were analyzed. The results showed
that the gas molecules could form an adsorption layer on the surface of the graphene. The adsorption intensity
of the CO, molecules was higher than that of the CH, molecules. The functional modifications in the nanopores
not only reduced the permeable area, but also improved the adsorption intensity of the gas molecules by
changing the potential distribution of atoms at the edge of nanopores, and therefore affecting the permeability
and selectivity of the gas mixture being separated by the nanoporous graphene membranes. Furthermore, the
permeability of the CO, molecules was as high as 10° GPU (1 GPU=3.35x107"° mol-s™-m™-Pa™"), which was
far greater than those of the existing polymer gas separation membranes. These results therefore demonstrate
that nanoporous graphene membranes could be used in an extensive range of applications in industrial gas
separation processes, such as natural gas processing and CO. capture.
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Fig.1 Schematic diagram of simulation model (a) and its atomic view (b)
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Table 1 Lennard-Jones (L-J) potential parameters

eleV alnm
c-ct 2.424x10°° 0.2757
c-C? 2.826x10°° 0.3154
c-0! 4.101x10°° 0.2895
C-N? 4.231x10°° 0.3004
O'-N? 4.656x107° 0.3165
0-0' 6.938x10°° 0.3033
C-H? 1.776x10°° 0.2629
o-c? 4.781x10°° 0.3292
C*-N? 2.746x10°° 0.3349
C*-H 1.902x10°° 0.3025
N*-H? 3.100x10°° 0.2835

'CO, molecule, *nanoporous graphene; ¢ is the depth of the potential
well, ¢ is the finite distance at which the inter-particle potential is zero.
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E2 ZIAERHESERPIPKFLEE
Fig.2 Structure of nanopore in nanoporous graphene separation membrane
(a) nanopore P-1; (b) nanopore P-2; (c) nanopore P-3. blue: N; yellow: H; red: C of methyl

E3 A REIEEUNKFLABET T M(RLL: e)
Fig.3 Charge distribution (unit in €) of nanopores with different functional modifications
(a) nanopore P-1; (b) nanopore P-2; (c) nanopore P-3
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4 R[S FEAZSBRENRMSH
Fig.4 Adsorption distribution of gas molecules on the
surface of graphene
(a) nanopore P-1; (b) nanopore P-2; (c) nanopore P-3
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E5 AEBERERMSESFH
Fig.5 Number of gas molecules adsorbed on the surface of graphene
(a) N: average adsorbed molecular number; (b—d) adsorbed molecular number N. vs time for nanopores P-1, P-2, P-3

6 ZFiESFHAEREE K
Fig.6 Number of permeation molecules versus time
(a) nanopore P-1; (b) nanopore P-2; (c) nanopore P-3
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El7 P-144K¥L CH.5 FZIEHBERTE 1L
Fig.7 Permeation molecules of CH, versus
time in nanopore P-1
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Fig.8 Selectivities of nanopores P-1 and P-3
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