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YUWADEE SUWAN : THEORETICAL STUDY OF GAS DIFFUSION
THROUGH POROUS GRAPHENE UNDER PRESSURE. THESIS

ADVISOR : ASSOC. PROF. SIRICHOK JUNGTHAWAN, Ph.D. 103 PP.

POROUS GRAPHENE/SELECTIVITY/GAS SEPARATION/PRESSURE/

HENCKY'S SOLUTION

In this thesis, the gas diffusion properties of porous graphene (PG) membrane
on SiO; substrate were investigated by using first-principles calculations based on the
density functional theory (DFT). The gas molecules used in this study were Hy, Oy,
and CO,. The influence of the van der Waals interactions between membrane and
substrate was described by using Grimme’s force field. The purposes of this study
include; structural distortion of PG membrane on SiO, substrate under pressure
difference, diffusion rate of gas molecules through deformed PG membranes under
pressure difference, and selectivity of PG membrane as a function of pressure
difference. For the clamped circular membrane subjected to a pressure difference
across the membrane, the deformation of the membrane can be described by using
Hencky’s solution. At a given pressure, the pressure difference across the membrane
causes it to bulging. The deformation expands surface area causing the strain on the
membrane. Thus, the strain is related to the applied pressure. The diffusion rate of gas
molecules passing through membrane on SiO; is a function of the diffusion barrier
and can be estimated by using Arrhenius equation. The diffusion barriers for each
molecule were calculated at different strain configurations. The diffusion barriers for

H,, O, and CO; at zero strain are 0.41, 0.95 and 1.61 eV, respectively. The pressure



v

can effectively increase strain and deform the membrane. In the pressure range of 0-3
MPa, the diffusion rate of H,, O, and CO, gas molecule can be increased by up to 4,
8, and 12 orders of magnitude, respectively. The selectivity of H,, O,, and CO; gas
molecules is defined as the diffusion rates of gas molecules at Ap = 3 MPa relative to
CO, diffusion rate at Ap = 0 MPa with the membrane radius of 5 um. The selectivity
of H, and O, over CO, at 3 MPa are 10% and 107, respectively, indicating an
extremely high selectivity. Our results provide the first theoretical framework to study
the diffusion of gas molecules passing through membrane subjected to a pressure
difference. The results suggest that the gas separation properties of PG membrane are

controllable by applying a pressure difference across the membrane.
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