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Abstract

Simulated isotherm and energies of adsorption are reported for methane in a
number of model porous solids at 300 K. The solids are made up of graphite basal
planes arranged to make either parallel-walled slit pores or pores of triangular
cross section. The limiting low coverage behavior was characterized by direct cal-
culations of Henry's law constants and average gas-solid energies for the pore
systems considered. The isotherms were evaluated for pressures ranging up to 50
atm by utilizing the Widom particle insertion algorithm. The simulations and cal-
culations were carried out for a range of pore sizes and, in the case of the triangular
cross-section, for a range of apex angles in the isosceles triangles considered.
Methane storage capacities of model solids were evaluated for values of the porosity
based on two different choices of pore wall thickness. Although it is shown that
adsorption is not limited to monolayer formation under these conditions, capacities
obtained are not sufficiently large to meet or exceed the commonly stated require-
ments for use in automotive fuel storage.
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1. INTRODUCTION

There has recently been a rapid growth in the number and diversity of
computer simulation studies of the properties of fluids in porous media.
For the most part, this work has been limited to simple geometries such
as parallel-walled slits (1, 2) or straight-walled cylindrical pores (3). [Zeo-
lites are an exception to this generalization (4)]. In addition, most simu-
lations are carried out at temperatures where the sorbed fluid can condense
to a dense liquidlike phase, i.e., at temperatures below the bulk critical
temperature of the fluid. Nevertheless, there is practical interest in sim-
ulations at considerably higher temperatures. For example, the sorption
of methane in porous media at room temperature is being investigated as
a potential method for the storage of natural gas as an automotive fuel.
Here, the questions to be answered include: How much can be stored at
some convenient pressure (500 psi is often chosen)?; What is the optimum
pore structure for such adsorption?; How much heat is evolved upon pore
filling (and absorbed upon pore emptying)?

This paper describes computer simulations of the adsorption of methane
in slit pores, with parallel walls of varying separation, and with triangular
cross-sections. This study differs from a similar investigation of parallel-
walled slits by Tan and Gubbins (/) in that (a) molecular dynamics was
used rather than Monte Carlo, giving us the opportunity to evaluate dif-
fusional behavior, which will be reported in a subsequent publication; and
(b) adsorption isotherms were evaluated by using the method of particle
insertion (also known as the potential distribution algorithm) (5). Here
primary emphasis will be placed on the isotherms and heats generated for
methane adsorbed in various pore geometries but at a fixed temperature
of 300 K. In addition to the simulations, the adsorption Henry’s law con-
stant Ky and the average energy of an isolated molecule in the pore were
evaluated by direct integration. The usual definition of Ky, for an adsorbed
gas was used (6); namely,

K, = k_lf" jv [exp [~ u,(r)/kT] — 1] dr (1.1)

where V is the pore volume and u(r) is the interaction energy of a gas
molecule at point r inside the pore with the solid adsorbent.

The average potential energy per particle of the adsorbed atoms E, is
readily calculated from the simulations. It also can be expressed as a power
series:

n2

Eo = (w) + 72 ) + 5 ) + (1.2)
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where n, is the number of adsorbed molecules and (u,) is the average energy
of a single molecule in the pore, and is related to the Henry’s law constant
by

dIn KH) (1.3)

() = kT = k(d(l/T)

In Eq. (1.3), (u,) and (u,) are related to the average potential energies of
two and three molecules in the pore. Note that the isosteric heat of ad-
sorption g,(n,) is defined as

. = A, - H, (1.4)

. oE,
[kT - Ea - na('a—na)T:]N(] (15)

where the bars denote partial molal quantities (per molecule), H, is the
(ideal) gas enthalpy per molecule, and N, is Avogadro’s number. In this
way, one finds

qg(na) = |:kT — {uy) - 2%(”2) - 3(%) (us) — '“:lNO (1-6)

Values of (u;) were calculated during the evaluation of Kj; (see also Tan
and Gubbins).

The combination of the isotherm and energy data produces a rather
complete description of the thermodynamics of methane adsorption at
room temperature in graphitic pores of particular cross-sections. The vary-
ing pore dimensions selected for study allow one to deduce an optimum
pore size for adsorption. The idea behind the studies of pores of triangular
cross-section is that technical samples of partially graphitized carbon black
often have pores with walls made up of basal planes which have been
deformed by cracking. The pores that result are slit-like, but rather than
having parallel walls, they exhibit triangular cross-sections. The cross-sec-
tions of such pores are idealized here into isosceles triangles. Simulations
have been carried out using various values of the base length and of the
vertex angle. Although large vertex angles would appear to be the best
choice for modeling nearly parallel walled slits, we have varied this angle
in an attempt to locate the optimum pore shape for adsorption, consistent
with an isosceles triangular cross-section and an infinite length. The results
of this calculation will be presented, together with computed isotherms
and energies of adsorption for two pores with vertex angles of 150 and
100°.
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2. SIMULATION DESCRIPTION

In computer studies, a proper choice of intermolecular interactions is
crucial to the realism of the simulation. At the high temperature used in
this study, the difference between tetrahedral and spherical symmetry of
the methane molecules is unimportant, which allows us to model the CH,-
CH, energies by Lennard-Jones 12—6 functions with coefficients chosen
to fit the experimental bulk second virial coefficients (7). Values are listed
in Table 1. Since theory indicates that the well depths for pairs of atoms
or molecules adsorbed on the surface of a solid should be reduced by
~15%, an appropriately smaller value was used in this simulation for the
well-depths of such pairs. A second simplification can be made by neglect-
ing the small periodic variation in methane—graphite basal plane energy
due to the atomic nature of the substrate. Consequently, the gas-solid
potential, which was obtained from the assumption of a pair-wise sum
(over the solid) of CH,~C site energies, can be written as

wep =Ty s {HE) (=) e

Zoi Zai

where the sum over a denotes the sides of the pore and the sum over i
denotes the ith layer in the ath pore wall, with z,; = z, + id, d = distance
between graphite carbon layers (= 3.40 A), a, = area per C in the basal
plane, and z, = distance between the CH, molecule and the pore wall.
The summations over graphite planes have been accurately approximated
by closed form expressions which are used in this work (8). The well-depth
and size parameters, €, and o, were chosen to fit (9) the experimental
data (/0) for the Henry’s law constants of methane on graphite. Values
are given in Table 1 together with ¢, the minimum in the CHy~graphite
potential (for a single wall) and o, the position of the zero in the CH,~
graphite curve.

TABLE 1
Parameters of the Interaction Energies

elk

a
(deg K) (A)
Pairwise CH,~CH, 148 (126, first layer) 3.82
Pairwise CH,-C site 66 3.60
Total CH,-solid —1424 (minimum energy) 3.57 (gas-solid

distance for zero
energy)
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These potential functions were used in numerical calculations of the
Henry’s law constant (Eq. 1.1) and the average energy of a single adsorbed
atom {u;). Simulations of the adsorbed methane at high pore densities were
performed using a predictor-corrector algorithm with a timestep of 3.3 x
10~ s together with the isokinetic equations of motion due to Evans and
Hoover (/7). Run times to achieve equilibrium were generally 30 ps, and
subsequent data gathering at intervals of 10 timesteps was carried out for
10,000 additional timesteps (33 ps). (Equilibration times of 17 ps were used
in the runs for the 14.8 A slit pore.) Quantities simulated included the
energy of the adsorbed molecules, subdivided into gas—solid and gas-gas
terms and, on occasion, into energies within volume elements at various
distances from the walls in the slit pores.

For the parallel walled pores, seven values of Z,,, the pore width, were
taken ranging from 11.1 to 29.5 A where the width is measured from the
center of the carbon atoms which make up the basal planes of graphite;
the pore dimensions in the simulation box were set at Z, X 59.0 A x 63.9
A. (Of course, the use of periodic boundary condmons means that the
pore is effectively infinite in all dimensions except z. The number of ad-
sorbed molecules in these pores ranged up to 400.)

For the triangular slit pores, a simple modeling of the gas—solid inter-
action was used in which it was assumed that each of the three pore walls
was made up of a semi-infinite stack of graphite basal planes. These stacks
are arranged to give a pore cross-section with the desired size and shape.
Of course, the use of semi-infinite planes for each wall means that they
overlap at the corners. This produces an interaction which is somewhat
too strong at the corners. Considering the level of knowledge of the actual
situation at the corners and the simplifications that result from this ap-
proach, the errors are felt to be acceptable.

The most important (and most elusive) aspect of the calculation was that
of the chemical potential of the adsorbed molecules. This leads directly to
a simulation of the adsorption isotherm which here will be given as mol-
ecules adsorbed per unit pore volume as a function of the pressure (in
atmospheres). The chemical potential calculation was done using the par-
ticle insertion method of Widom. Since the detailed derivation of this
algorithm has been given elsewhere (5), only a brief description will be
given here. This method involves the insertion of an imaginary (noninter-
acting) particle into a “real” configuration, followed by calculation of the
Boltzmann factor (BFT) for this added test particle. Thus,

BET = e lw)/kT +utr)/kT] 2.2)

where u(r) is the interaction energy of the test particle with the real mol-
ecules in the system and u,(r,) is the interaction energy of the test particle
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with the pore walls. If (BFT)y_, denotes the Boltzmann factor of the
imaginary test particle averaged over configurations of N — 1 particles, it
has been shown that

ekT = A3p(r)/(BFT)y_, (2.3)

where A = h/NV2mmkT = 0.252 A for methane at 300 K and p(r) is the
local density at the test particle position r. The pressure is readily obtained

using
Py _ (BFT)y_, .
" (kT) 1“[ o(r) ] z4)

When a system is in equilibrium, the chemical potential is constant at
any (or many) points in the system. To prove that this was indeed the case
in these simulations, the chemical potential was calculated in several re-
gions of the parallel-walled pore of width 14.8 A. To do this, the pore
volume was subdivided in the direction perpendicular to the pore walls.
Each element, centered at z;, was of width Az = 0.5 A. Particles were
inserted randomly in these small volumes [whose area () is equal to the
area of the simulation cell] and (BFT)y_,, was evaluated for each config-
uration. The local density p(r) was taken to be the density in the volume
element so that

where n; is the number of molecules in the element centered at z; for the

Jjth configuration. The average Incal density as a function of z can easily
be obtained by summation:

2 wta

M

p(z) =

where M is the total number of configurations used. Similarly, the local
energy per particle is a function of z. A local energy can be simulated
which is

Z ui(z) + uf(z)

i=1

uMg

Eu(z) = (2.5)

M=NP
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where u¥(z) and ul,(z) are the gas-solid and gas—gas interactions of the
ith molecule in the jth configuration at z, and NP is the total number of
particles in the simulation.

Since the positions of the test particles are distributed at random through-
out the volume element, it is possible that a test particle would be inserted
on top of a real particle (especially in the high density regions). A situation
such as this results in a small value for BFT, corresponding to a large
repulsive interaction. Since these do not contribute significantly to the
average, it is often necessary to perform a large number of particle inser-
tions—as many as 105—to get a precise value for the chemical potential.
To assure good statistics in this calculation, we insisted that there be a
fixed number of “‘good” particle insertions, i.e., particles which found holes
and contribute significantly to the BFT. If a test particle contributed less
than 8.3 x 1077 [corresponding to (u,, + u,)/kT = 14] to the BFT, it was
not counted as a “good” particle insertion. (Of course, the total number
of ““good” and “‘bad” particle insertions was counted for each configuration
and then used to normalize the average BFT.)

Table 2 lists the average values of the chemical potential calculated in
this way by using 18 values of z; for each coverage. The range of the average
number of tries needed to get a sufficient number of “good” particle in-
sertions in each configuration is also given. In general, the number of
attempted particle insertions in the dense regions near the pore walls was
approximately twice that needed in regions in the middle of the pore. The
total number of particles inserted is approximately equal to the number of
tries times the number of configurations used. These values are listed in
Table 2 for simulations with 160, 240, and 320 particles and a pore width
of 14.8 A.

In addition to this calculation of the local chemical potential, a global
chemical potential was calculated. This was done by inserting test particles
randomly throughout the entire pore volume. We insisted on having 4000
successful particle insertions for each configuration, and then averaged

TABLE 2
Comparison of Local and Global Chemical Potentials in the Pore of Width 14.8 A

Number of Number of

successful Number of attempted

particle insertions configurations particle insertions Average of Global
NP per configuration saved (range) local w/kT w/kT
160 500 1,000 5Sx10°to1 x 10° —12.60 £ 0.14 —12.4
240 200 10,000 3 x 10°to 6 x 10° -11.99 + 0.11 -11.8

320 500 1,000 1 x10°t02.8 x 10° —-11.32+0.16 -11.2




12: 30 25 January 2011

Downl oaded At:

1844 BOJAN, VAN SLOOTEN, AND STEELE

over the 1000 configurations collected. Since the particles were distributed
throughout the pore, the density used was simply the total number of
particles divided by the volume of the simulation cell. By calculating the
average local chemical potential, the global and local chemical potentials
can be compared. Table 2 lists these two values for 3 simulations (together
with supporting information), and the results agree quite well. Table 3 lists
the average number of particle insertions per configuration needed to get
4000 successful tries as well as the global density of the pore and chemical
potential. The pressure can be calculated from the chemical potential. To
obtain an adsorption isotherm, n, is calculated by subtracting the number
of molecules in the gas phase (n,,) from the total number of molecules in
the simulation (NP)

n, = NP ~ ng, (2.6a)

TABLE 3
Simulation Results

Average tries

for 4000 Pore density
z, (A) N, insertions (molecules/A%) w/kT
11.1 160 20 x 10® 3.83 x 10°? —-12.98
240 39 x 10° 574 x 103 -12.15
320 108 x 103 7.66 x 1073 —10.90
12.3 240 26 x 107 5.17 x 1073 —-12.03
320 58 x 10° 6.89 x 107} ~10.99
400 202 x 10° 8.61 x 10°? -9.19
14.8 160 11 x 10} 2.87 x 10 * —-12.45
240 1S x 10° 431 x 10°° —11.81
320 23 x 10° 574 x 107* ~11.18
400 40 x 10} 7.18 x 10 * —-10.49
17.2 240 11 x 10° 3.69 x 1073 -11.72
320 15 x 103 4.92 x 10°° —-11.20
400 21 x 10} 6.15 x 107° —10.63
19.7 240 9 x 10° 323 x 107°? —11.68
320 11 x 10} 4.31 x 1073 —-11.16
400 15 x 10° 5.38 x 1073 -10.66
24.6 240 7 x 10° 2.58 x 1073 -11.70
320 8 x 10° 3.44 x 1073 -11.22
400 10 x 10° 431 x 107} —10.80
29.5 240 6 x 10° 2,15 x 10°? - 11.81
320 7 x 10 2.87 x 1073 -11.31
400 8 x 10° 3.59 x 1073 -10.89
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Ry, is calculated from the pressure using the ideal gas law so that

«(Z, — 5.66 A)p
Maas = RT

(2.6b)

where the value 5.66 A represents the excluded volume, or the repulsive
region near the pore walls in which no atoms are adsorbed. Thus 4(Z, —
5.66 A) represents the effective volume of the pore.

Figures 1 and 2 show the calculated local energies and local chemical
potentials for several pore filling values, and the local density at several
pore fillings, all for the 14.8 A pore width. Although both the local energy
and the local density vary over large ranges, as one might expect for a
supercritical gas adsorbed in a pore with strongly attracting walls, the local
chemical potential shows only minor variations with a position inside the
pore. Consequently, only the global values of the energy and chemical
potential were evaluated for the other pores considered.

i‘:_’ T T T T T
{deg K.}
1000 pskT
fs—— -1—6
OoF
-1000
- 2000_

FiG. 1. Plotted here are {(u(z)), the average potential energy, and u(z)/kT, the local chemical

potential over kT, as a function of location within a parallel-walled slit pore of width 14.8

A. Curves shown are for three values of pore filling: ( ) n/@ = 40 x 10-* molec/A?;

(--) n/et = 59 % 10”3 molec/ A%, (-, n,/¢ = 77 x 10-* molec/A2. As expected, the local

chemical potentials are nearly independent of z, while the average potential energies vary
greatly, due primarily to the rapidly changing gas-solid interactions.
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F1G. 2. In Part a, local densities are shown here for the same three systems as in Fig. 1. Note

the presence of a small amount of “multilayer” adsorption for the highest pore filling value.

Part b shows local densities for a wider pore with Z, = 19.7 A. Pore filling values are:

(—), mJt = 56 x 107 molec/AZ; (--), n,/¢¢ = 72 x 10-3 molec/ A% (--), n,/d = 85 x

10~* molec/A%. Note the presence of the central peaks at high pore fillings, corresponding
to “multilayer” formation.
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3. ISOTHERMS AND ADSORPTION ENERGIES

Calculated values of the Henry’s law constant and the zero-coverage
limiting value of the average adsorption energy change significantly as the
pore dimensions and shape are altered, at least for the smaller pores. This
can be seen in Figs. 3, 4, and 5 which show the variations in these quantities
for parallel walls with increasing wall spacing (Fig. 3), for equilateral tri-
angular pores with variable cross-sectional dimensions (Fig. 4), and for the
isosceles triangular pores with variable apex angles for fixed cross-sectional
areas (Fig. 5). In the case of parallel-walled slit pores, values of Kj; and
U,.(0)/R rapidly approach their limiting values for a single free surface
when Z, becomes larger than ~15 A. In the case of the triangular pores,
the variation in these parameters with pore size is slower, presumably
because the strong interactions near the corners of the triangles play a
large role in determining Kj; and U, (0). As pore size increases at fixed
triangular shape, these interactions do not change but their con.ibution
to the total becomes a smaller fraction of the total. The variation in Ky
and U,(0) with apex angle at fixed pore size clearly indicates that the
equilateral triangle is the optimum pore shape, which is unfortunate since
it seems likely that a range of angles larger than 90° is the most likely
physical situation.

~50 --1500
N'_|
o
]
.E. ~-1400 o3
2 o
$ s
[ x
~§_ 35 ~-1300 2
£ e
-1 %)
2 .
<G ~-1200
-60 —-noo
1 1
10 i5 20 25 30
Zp (A)

FiG. 3. The Henry’s law constant K, and the average molecule-solid interaction energy in
the limit of zero coverage U,,(0) are shown here as a function of pore wall spacing Z, for
methane in parallel-walled pores at 300 K.
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FiG. 4. Same as Fig. 3, but the data are plotted for pores of equilateral triangular cross-
section but variable size, as measured by the base length of the triangle.

One somewhat surprising feature of the calculation of U,(0) is the large
negative values found for the triangular pores. These energies are nearly
a factor of 2 larger than for the slit pores, presumably because the strong
interactions in the corners of the triangles are the dominant factor in de-
termining U,,(0) for pore sizes in the range considered here.

At finite coverage one can write U, the average potential energy per
adsorbed molecule, as

U = Un0) + 80, + Upm (3.1)

where U, is the average adsorbate—adsorbate interaction per particle and
83U s is Upps — Un(0), the change in the average adsorbate—solid interaction
relative to the zero coverage value Ums(O). For parallel-walled slit pores,
3, is positive and, roughly, a linear function of molecules adsorbed. This
is shown in Fig. 6 where it can be seen that the change is largest for the
largest pores. The average methane-methane interaction energy shown in
Fig. 6 is attractive (i.e., negative) and is also a roughly linear function of
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FiG. 5. Same as Fig. 3, but the data are for pores of isosceles triangular cross-section with
variable vertex angle but fixed area (corresponding to a base length of 51.1 A for a vertex
angle of 60°).

coverage. The variation in this energy with pore size is not as pronounced
as that for 80U, and is in the opposite direction.

By reference to Eq. (1.2), one sees that the dominant linear variation
in both 80, and U, with coverage can be interpreted in terms of the
interactions of an isolated pair of methanes with each other and with the
solid. In fact, the complete expression for (u,) shows that it is the difference
between U(i,j,s) and 2U(i,s), where U(i,j,s) denotes the average interaction
of adsorbate molecules i,j with each other and with the solid, and U(i,s)
is the average interaction of a single molecule i with the solid. Now U(i,j,s)
can be decomposed into (u(ij) + 2u,(i))pair- The first of these terms con-
tributes to the linear change in U, with coverage, and the second, to the
corresponding change in U,,. However, the total linearly varying change
in U,, should be written as 2(u,(i))par — 2(8;(i))singe» Where the pair and
single denote the Boltzmann weight factors for two and for one molecule
in the pore, i.e., exp [(—u(r) + u(r) + u(r,))/kT] for the pair and exp
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F1G. 6. Changes with pore filling n, in the components of the average interaction energy of
an adsorbed methane molecule in a parallel-walled slit pore. The data are given for a range
of pore widths. (The effective volumes of these pores are listed in Table 4.)

{—ulr)/kT) for the single. The physical reason for a nonzero linear
variation in U, is a consequence of the fact that these atoms are not
confined to a monolayer at 300 K; that is, the exponential weighting factors
are significant for a range of distances other than that for the monolayer
location. One can see this in Fig. 2, which clearly shows nonzero densities
for “multilayer” positions. The reason for the changes in slope with pore
width in Fig. 6 is not completely clear at present, but one does know that
the decay of u,(r) with increasing distance from the pore wall is least rapid
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for the smaliest pores. In effect, this means that the tendency toward simple
monolayer formation weakens as the pore size decreases. The effect of
this upon U(i,j,s) — 2U(i,s) is not yet clear. Direct calculations of these
quantities might give a definitive answer, but these are not available at
present.

Although the results obtained for the changes in U,, for the triangular
pores are less extensive than those for the slit pores, they are qualitatively
quite similar to those for the parallel-walled slit pores. In plotting the
isotherm data, one question is whether there are common features for,
say, the isotherms for the parallel-walled slit pores. One way to exhibit
any points of similarity is to plot n,/0., the surface coverage, versus pKy/
(¢, Where (i is the surface area available to the adsorbate. For the slit
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FI1G6. 7. Simulated isotherms for methane in slit pores of varying width are shown. The pressure

is given in reduced units by multiplying by Ky/G. (values are plotted in Fig. 3 for these

pores). The straight line gives the linear Henry’s law isotherm, valid in the low coverage
limit for all these systems.
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pores it is equal to 2 X «; for the triangular pores, the effective area is
calculated using an effective height and base length which are obtained by
subtracting the excluded volume (~2.83 A in width) near the walls of the
pores. Such isotherms will all have initial slopes of unity and, in these
coordinates, much of the influence of the changing molecule-surface po-
tential will be removed. In fact, the family of such curves for the parallel-
walled pores that is shown in Fig. 7 does define a more-or-less common
curve which looks Langmuirian. However, the local densities such as those
shown in Fig. 2 show clearly that these systems are not limited to monolayer
formation. Consequently, fits to the Langmuir or any other monolayer
isotherm serve only as interpolating functions, with values of the fitting
parameter, which would be the monolayer capacity, having no physical
significance.

Figure 8 shows two isotherms for selected triangular pores. A comparison
with Fig. 7 shows that these plots are not much different than those for
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FiG. 8. Same as for Fig. 7, but for two pores of isosceles triangular cross-section with a vertex

angle of 150° and a base length of 189 A, and with a vertex angle of 100° and a base length

of 71.8 A. The two sets of data shown are for pores with nearly the same effective volume
(~35,000 A3).
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the parallel-walled pores. Of course, one expects differences to develop
at very large pressure and pore filling, but this range is relatively difficult
to explore for methane at 300 K, in real experiments as well as in simu-
lations.

4. CONCLUSIONS

To this point, this paper has been concerned with presentation of a large
amount of data obtained for methane adsorbed in models of microporous
carbon of various pore sizes and shapes. In addition to gaining a better
understanding of the microscopic behavior of this adsorption system, we
can now discuss the qualifications of these systems as storage media for
natural gas as an automotive fuel. In this context, a storage capacity of 12
mmol methane per cm?® of adsorbent [i.e., 270 volumes (STP) per unit
volume of adsorbent] at a pressure of 500 psi has been suggested as a viable
target. The isotherms simulated in this work generally covered a range up
to 900 psi, so that an interpolation using any convenient theoretical expres-
sion can be used to evaluate the total methane (adsorbed plus unadsorbed)
held per unit pore volume at the target pressure. Table 4 gives the values
obtained for this quantity for the pore geometries considered. In this table,
effective pore volumes are tabulated as defined in Eq. (2.6b) as well as the
effective surface areas. Values of n,,,, the interpolated value for total meth-
ane held in the pore at 500 psi, are also listed.

In order to finish the calculation, porosities of these model systems must
be estimated, and this parameter obviously depends strongly upon wall
thickness between pores; that is, how much carbon is present per pore.
Evidently the simulations are unrelated to the choice of porosity. One
knows only that the less carbon, the higher the porosity. We define porosity
in the usual way: pore volume/total volume, where the total volume is the
sum of pore volume plus wall volume (per pore). If one takes the basal
plane separation equal to 3.4 A, the calculation is straightforward for a
given number of basal planes in the pore wall. Values of porosity and py,,,
the methane storage capacity at 500 psi and 300 K, are listed in Table 4
for two values of n,,; (= number of basal planes separating two pores).
The value chosen initially was n,,, = 3. For this case the porosities are
small and the values obtained for the methane storage are far short of what
is desired. Thus, an extreme case of n,,, = 1 was considered. For such a
thin wall, the simulations were rerun using the slightly weakened gas—solid
potentials that characterize such systems. The limited data obtained for
methane storage in such pore systems are still short of the mark but are
approaching the target value for the smallest slit pores considered. None
of the triangular pores was satisfactory—results listed in Table 4 are for
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the best case for storage (equilateral triangle), even though this is believed
to be physically unrealizable.

Thus, the conclusion is that the use of a pure, graphite-like porous carbon
for methane storage requires extremely small slit pores that have wall
spacings of a couple of molecular diameters and walls of thickness equal
to one basal plane. Even in this extreme case, the target value for methane
storage is not achieved. We emphasize that the simulations which bring us
to this conclusion are based on intermolecular interactions that are solidly
based on experimental data. It is unlikely that they are sufficiently in error
to allow a reasonable expectation of a different outcome unless a physically
different solid adsorbate can be devised.
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