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A graphene sheet with regular pores similar to the surface form of boron nitride
is simulated be means of crystallographic constructions. The sheet is represented
by the aggregate of carbon atoms in the corresponding positions of the crystal
structure which do not experience thermal oscillations. Within the framework of
the presented approximation, permeability of porous graphene with respect to
natural gas components is theoretically analysed. Based on the results obtained,
selectivity of separation for methane-helium mixtures is determined.
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Introduction

A graphene-like film of boron nitride is a relatively new promising material in the
field of nanotechnology. This material is of extraordinary interest, largely due to its strength
and electronic properties. A lot of fundamental research is associated with studies on such
properties [1-9]. Production of graphene-like boron nitride became possible due to application
of the epitaxy method which consists in using one material as a substrate for production of another material. In this case, boron nitride has the same hexagonal structure as graphene, fig. 1.

Figure 1. Hexagonal structure of graphene

As a result of steam chemical deposition, it was possible to obtain a twodimensional material with a thickness of 1-atom which consists of hexagonal cells, as in graphene, but has a porous structure. The pores are cells in the form of a heptagon, fig. 2(a), or
an octagon, fig. 2(b).
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Figure 2. Films of boron nitride with heptagonal (a), and
octagonal (b) cells [10]

However, studies have shown that the structure with heptagonal pores is not stable,
so the hybrid material with octagonal cells is of a greater interest. The presence of regular
pores in the surface form of boron nitride made it possible to use such a structure as a selective filter for separation of natural gas components since a continuous film of boron nitride
appears to be impermeable even for lightest components.
Structures obtained from boron nitride are basically similar to carbon structures.
However, there are small differences in the scales of the hexa- or pentagonal grids of atoms.
Apparently, these differences lead to appearance of regular pores in case of using the epitaxy
method, when graphene is used as the substrate. If to use the same method of epitaxy, but to
take porous boron nitride as a substrate, it is possible to obtain graphene with regular pores.
The numerical model

In this paper we study permeability of porous graphene with pores similar to those
that are found in a film of boron nitride synthesized by the epitaxy method.
Investigations of interaction processes for a moving molecule and atoms of a nanoporous graphene structure are based on application of a mathematical model and numerical
methods for solving the fundamental problem of dynamics of a molecule. Interactions between individual atoms or molecules are determined by the classical Lennard-Jones potential.
The process of interaction with the structure is described by the law of action independence as
the sum of effects from each structure atom on the test molecule under consideration. According to this law, if several forces act on a material point, it acquires acceleration equal to the geometric sum of accelerations which the forces would produce when acting separately. The presented model was tested while studying the process of filtration by carbon nanotubes [11-19].
In the projections on the co-ordinate axis, the equations of motion for the molecule
interacting with the carbon structure will be written:
m
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Here, X', Y', Z' are the projections of the Van der Waals forces resultant from the atoms of the carbon structure which are defined as simple sums of force contributions from the
nodes of linear crystals and Np – the number of atoms in the carbine structure under consid-

Malozemov, A.: Investigating Permeability of Porous Graphene
THERMAL SCIENCE: Year 2019, Vol. 23, Suppl. 2, pp. S525-S530

S527

eration. Next, we introduce the values X, Y, Z: mX  X , mY  Y , mZ  Z  where m is the
mass of the penetrating molecule. Then, in the new variables, eq. (1) can be rewritten:
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Here, the zero-index denotes the co-ordinates of the carbon network nodes and aj –
the value of acceleration that the test molecule acquires under the action of the jth atom of the
net structure under consideration. This value is expressed through the parameters of the Lennard-Jones potential and the distance to the structure atom:
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In eq. (3) ρj is the distance between the test molecule and the jth atom of the carbon
structure, σ and ε are the parameters of interactions between pairs of substances which are
included in the LJ-potential.
If eq. (2) are supplemented by kinematic relations determining the velocity of the
point:
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we obtain a system of six ODE of the first order with respect to six unknowns: x, y, z, U, V,
W. To solve this system, we will use the Runge-Kutta method of the standard fourth-order
accuracy.
In the case when the system under investigation consists of dissimilar molecules (atoms), the parameters ε and σ satisfy the Lorentz-Berthelot mixing rule.
The single-layer nanoporous structure

A model of a single-layer heptagonal porous graphene structure consisting of hexagonal cells with octagonal pores is shown in fig. 3.

Figure 3. Model of porous graphene structure
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Since the distance between carbon atoms in such a structure, as in graphene, is 0.142
nm, while the size and configuration of the pores remain unchanged, permeability of porous
graphene is studied by the statistical method. The structure under consideration is divided into
equal cells, each including a pore, fig. 4.

Figure 4. Investigated cell of porous graphene structure

The cell under investigation is divided into several parts. Permeability of the structure is tested by a molecule – an atom of the gas phase which has co-ordinates coinciding with
the cell node at the initial instant. Permeability of the system as a whole is estimated as the
number of nodes at which the particle passes through the intermolecular barrier in relation to
the total number of nodes of the grid under consideration. Thus, in the case of CH4 molecules,
the structure turned out to be absolutely impermeable, while in the case of helium atoms,
permeability was equal to 2.7%, fig. 5. Consequently, separation selectivity for CH4-helium
mixtures is   DHe / DCH4 = ∞.

Figure 5. Permeability of porous graphene structure with
respect to helium atoms at rms velocity
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The existence of a permeability window for the passing component is clearly shown
in fig. 6. The helium atoms shifted at the initial time point by some distance (x0 = 4.30,
x0 = 4.38 nm) from the centre of the pore (x0 = 4.34 nm) pass through the energy barrier, despite the fact that the particle is located within the pore area, further displacement (x0 = 4.24,
x0 = 4.44 nm) does not allow passage of helium atoms, which is ensured by the contribution
of the (σ/ρ)12-term in the Lennard-Jones potential characterizing repulsion.

Figure 6. Projection of helium atoms’
trajectories when displaced from centre of
pore at initial time instant at mean square
velocity

Figure 7. Velocity of helium atom when
interacting with elements of porous graphene

Conclusion

Permeability of a porous graphene net with respect to CH4 molecules and helium
atoms was studied. A mathematical model of the interaction between test particles and elements of nanoporous graphene was presented. The obtained results allow drawing a conclusion that the material under study has high selectivity with respect to CH4-helium mixtures
since it is absolutely impermeable to CH4 molecules. At the same time, a filter having porous graphene as its element appears to be low-productive since its relative permeability for
helium was 2.7%.
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