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Molecular permeation in nanoporous graphene gas separation membranes
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Abstract: A molecular dynamics simulation was performed to probe the mechanism of molecular permeation

through nanoporous graphene gas separation membranes. The investigation involves 4 different gas molecules (He,

H;, N, and CHy) permeating 9 graphene nanopores with different sizes. The results show that the permeation flux

depends not only on the kinetic parameters of molecules, i.e. molecular mass and kinetic diameter, but also on the

adsorption of molecules on the surface of graphene membrane. Apart from the permeation free of interactions with

the graphene surface, the adsorption layer composed of molecules with high densities on the graphene surface

provides an additional way for molecular permeation, increasing the permeation flux as the molecular adsorption

increases. In addition, the permeation flux of H, molecules increases linearly with the pressure for different

graphene nanopores.
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Table 1 LJ potential parameters

Item &l o/nm
N—NLU7 5.002x107% 0.330
He—He!"® 1.408x10% 0.256
C—N 4394x107% 0.335
C—He 2.578x107% 0.297




* 3028 ¢

T

(EAE RIS, CH M H, 4 T i DS s

7 AIREBO #EERITYR, i N, 43 N B BE A SC
FH Harmonic $%7Y f4) it

Ebond :I<(F—V0)2 (3)

Hep, K NBEESH, o BPEEEK. T N-N

G, ro=0.1112nm, K=22.81617+ m 2",

2 mMER

2.1 S FIRE

G, AR T AR AR X S Y
AIRIL, R IAE A S0 2R TR R 401 1 85 B I S vy
Fim B A S X, W 3 FroR. AR IR
TEAT SR IR ) X S ORI B 2, LR KL
0.6 nm. T IR AR B 2 A2 HH SR 77 )
SR 5 s R T 2 e SRR . 5
SIRBEM X, ZAEH IR, S FiEshkss,
M B PR SRR Rz, FEIT B A sk
BEMX, AEH 155, 7+ B Hig3), 2ms].

HTE
O .~ N W A NN
T T T T T T T T

%% % 6 4 2 0 T2 4 6 3 10
ZJ5 AR AR X 101/m
3 ARG FAEA SRR I T B o A

Fig.3 Adsorption of gas molecules on surface of graphene
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Fig.5 Crossings vs time permeating different nanopores
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Table 2 Kinetic diameter of gas molecules/nm
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Fig.7 Mechanisms of molecular permeation

through nanopores in graphene
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