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Abstract Water vapor removal from some simple gases
using zeolite NaA was studied by molecular simulation.
The equilibrium adsorption properties of H2O, CO, H2,
CH4 and their mixtures in dehydrated zeolite NaA were
computed by grand canonical Monte Carlo simulations.
The simulations employed Lennard-Jones + Coulomb type
effective pair potential models, which are suitable for the
reproduction of thermodynamic properties of pure substan-
ces. Based on the comparison of the simulation results with
experimental data for single-component adsorption at
different temperatures and pressures, a modified interaction
potential model for the zeolite is proposed. In the
adsorption simulations with mixtures presented here, zeolite
exhibits extremely high selectivity of water to the investi-
gated weakly polar/non-polar gases demonstrating the
excellent dehydration ability of zeolite NaA in engineering
applications.
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Introduction

Zeolites consist of silicon-aluminium-oxygen networks
with structurally well-defined pores. The high regularity
of the structure distinguishes zeolites from other porous
materials and makes their high selectivity in separation and
catalytic processes possible [1, 2]. The advantage of zeolite

membranes over other types of membranes is that they can
tolerate high temperatures and harsh chemical environ-
ments. Zeolite NaA is a synthetic zeolite with small pores,
and it is known to be outstanding for use in organic solvent
dehydration due to its high hydrophilicity. In the past
decade the separation and adsorption properties of zeolite
NaA have been examined in several experimental studies
[3–5], among others in connection with Fischer-Tropsch
synthesis (FTS) technology [6]. FTS has gained current
interest as an economic technology alternative to obtain
liquid fuels from natural gas [7]. The raw synthesis gas of
FTS, which can come from coal or biomass gasification, is
a mixture of CO, CO2, H2, CH4, etc., and water is also one
of the products (e.g., over cobalt catalysts, generally one
molecule H2O produced for each CO molecule converted at
temperatures between 473 and 523 K). However, water
decreases the FTS reaction rate by deactivating a fraction of
the catalyst grains, so its removal from the reaction mixture
can enhance reactor efficiency.

The performance of zeolite NaA as a drying agent can,
in principle, be determined experimentally. Another way to
collect information is a theoretical approach such as
molecular simulation [8]. Recently, we have studied the
adsorption characteristics of zeolite NaA by Monte Carlo
(MC) simulations [9–11]. We used several force fields for
this zeolite—some developed by ourselves [10, 11], with
others taken from the literature [12–14]. However, none of
the models used proved to be entirely satisfactory. The
first model [12] we used in our alcohol–water separation
studies predicted too high equilibrium loadings for pure
methanol and ethanol compared to the corresponding
experimental data [3]. To correct this weakness, we
developed a new model [10] keeping the semi-flexible
concept. This model showed better agreement with the
experimental data for the loadings of water, methanol and
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ethanol. The selectivity of water to alcohols was predicted
to be higher. The main advantage of this model is that its
parameters can be applied to zeolite NaA with other Si:Al
ratios, since the charge parameter of Na+ ions (charge
compensation ions) was set to be equal to the difference
between the charge parameters of Si and Al atoms. With
this model, however, the experimental equilibrium loadings
of non-polar gases were underestimated significantly. After
optimizing parameters with the help of quantum chemical
methods, we published a new zeolite model [11]. Never-
theless, to be able to provide reliable results on the
selectivity of adsorption of water with respect to weakly
polar or non-polar molecules like CO, H2 and CH4, we
found it necessary to improve our new zeolite model even
further.

In this paper, we investigate the selectivity of zeolite
NaA in atomic detail, and present simulation results for the
pressure and temperature dependencies of the adsorption
from two-, three-, and four-component mixtures of H2O,
CO, H2, and CH4.

Methods

Models and model development

Zeolite NaA is of framework type LTA and has three kinds
of rings (4R, 6R and 8R) containing four, six and eight O
atoms, respectively. The interconnection of 4R and 6R rings
forms nearly spherical cages called sodalite cages. The O
bridges connect the sodalite cages to each other so that they
form supercages with a diameter of about 1.2 nm. The
crystal structure of zeolite NaA belongs to the fm-3c space
group with a lattice parameter of 2.4555 nm. [15]

The unit cell composition of the crystal for the present
study was chosen so that the Si/Al ratio was 1.0. The model of
the zeolite consists of 576 framework atoms (96 Si, 96 Al, and
384 O atoms), where each AlO4 tetrahedron is connected to a
SiO4 tetrahedron (according to the Löwenstein rule that
prohibits Al–O–Al linkages). The potential model is defined
by the positions of the interaction sites and their potential
parameters, which are in this case Lennard-Jones energy (ε)

and size (σ) parameters and point charges (q). Our model is
semi-flexible, i.e., the framework atoms are fixed at the
atomic positions taken from X-ray diffraction experiments
[15] and all the 96 non-framework Na+ ions are allowed to
move.

During the development of the potential model we kept
the rigid concept of the zeolite framework with mobile Na+

cations by assuming only one type of structural O atom. In
order to improve the transferability of the model, we first
set the charge parameter of the Na+ ions to 1 [10] and
performed optimizations for the adsorption loadings both
for water and simple alcohols (methanol and ethanol).
Subsequent quantum chemical calculations suggested,
however, that the model became excessively polar. Consid-
ering also the results of structure examinations by MC, we
proposed recently a new parameter set for the model by
lowering the charge parameter of the Na+ ion [11]. The new
model (in the following, model 3) provides a reasonably
good reproduction of the experimental loadings for water,
methanol, and ethanol at T=298 K. For carbon monoxide,
however, we realized that this model still overestimates the
available experimental data at T=373 K. As the charge
parameter of the Na+ ion primarily determines the polarity
of the model, we tested some new values for this parameter
and found that a slightly smaller value was suitable to
reproduce satisfactorily the experimental data for both
water and carbon monoxide. Table 1 lists the potential
parameters of the models tested in this work.

In the simulations, we employed site–site (or all-atom)
potential models for the adsorbates, because of their
realistic, built-in electrostatic, dipole or quadrupole,
moments. We used the SPC/E [16] model for water, the
SK model [17] for carbon monoxide, the model proposed
by Darkrim et al. [18] for hydrogen, and an OPLS-AA [19]
model for methane. These models are known to be
appropriate for the reproduction of thermodynamic proper-
ties of pure substances.

Lennard-Jones parameters between unlike interaction
sites were calculated generally by the Lorentz-Berthelot
combining rules. The only exception was the case of
methane, because the literature OPLS-AA model fails to
reproduce accurately the experimental thermodynamic data

Table 1 Lennard-Jones energy (ε) and size parameters (σ) and partial
charges (q) for different models of zeolite NaA. Model 1 (M1) is taken
from [14], model 2 (M2) is taken from [13], and model 3 (M3) is our

previous model [11] (modified parameters in parentheses). The atomic
positions of the zeolite framework are unchanged [15]

Sites Na+ O Si Al

M1 M2 M3 M1 M2 M3 M1 M2 M3 M1 M2 M3

(ε/k ) / K 2137 8.0 100 83.4 22.0 200 - - - - - -

σ / nm 0.172 0.285 0.25 0.32 0.3 0.33 - - - - - -

q / electron charge 1.0 0.74 0.7 (0.6) −1.2 −0.7 −1.2 2.05 0.8 2.4 1.75 1.42 1.7 (1.8)

2350 J Mol Model (2012) 18:2349–2356



of the fluid. This discrepancy is not specific to the choice of
OPLS-AA potentials, but is rather linked to the occasional
failure of the geometric mean combining rule to compute
unlike atom interactions. Song et al. [20] found that the
special character of methane interactions is not captured if
standard combining rules are used, at least with the
Lennard-Jones type pair potentials of the OPLS-AA model.
They tested a number of alternative two-parameter com-
bining rules, and concluded that alkane interactions can be
described accurately by the combining rules proposed by
Waldman and Hagler [21]. Following Song et al. [20], we
used the Waldman-Hagler rules for the unlike interactions
involving methane sites. The method links the behavior of
εij to the relative sizes of atoms i and j and provides smaller
values for the unlike parameters when σii≠σjj.

Simulation details

Molecular simulations of adsorption were carried out using
the grand canonical MC method [22]. The partial pressure
values of the adsorbate molecules in the gas phase were
given indirectly by specifying the component’s chemical
potential, which was calculated from the ideal gas law. The
suitability of the ideal gas law was verified by test
simulations in our earlier work [10]. The Wolf method
[23, 24] was used to treat the Coulomb interactions with a
convergence (damping) parameter of α=2/rc and cut-off
radius of rc=L/2 (where L is the length of the simulation
box and is equal to the lattice parameter).

The grand canonical MC simulations with pure compo-
nents consisted of an equilibration period (at least 108 MC
moves) and a subsequent averaging period (at least 4 × 108

MC moves), where the ratio of insertion/deletion steps was
70–80%. In mixture simulations the sampling efficiency
was increased by identity change attempts [25]. The
creation of molecules inside the sodalite cages was
prevented artificially by placing purely repulsive dummy
atoms at the center of these cages because the standard
random insertion of molecules cannot take into account the
physical diffusion pathways in the zeolite. The accessibility
of the sodalite cages for adsorbate molecules is still an open
question, about which there is some disagreement in the
literature [8, 26]. Sodalite cages are very probably not
accessible for larger molecules like CO or CH4. However,
H2 is small enough to pass through the windows of the
sodalite cages. We tested both cases for H2, and found that
the experimental adsorption coverages are slightly under-
estimated when insertion into sodalite cages is prevented,
while these data are overestimated by the same extent when
the insertion is permitted. With our choice of blocking the
creation of hydrogen in sodalite cages, we kept a uniform
concept for our adsorption simulations, which probably
produced only small errors in the results (the transition of

molecules into sodalite cages with translational moves was
not forbidden).

In the grand canonical simulation, besides the adsorption
loading, we also calculated the isosteric heat of adsorption
using the following expression:

qst;i ¼ @Hb

@nbi

� �
p;T ;ni 6¼j

� @Ua

@nai

� �
V ;T ;ni 6¼j

;

where Hb and Ua refer to the residual enthalpy and
residual internal energy, respectively, ni is the mole
number of component i, while a and b denote the adsorbed
and bulk phases, respectively. The second part of the
expression can be calculated during grand canonical
simulations using the particle number fluctuations and
the cross-correlation of potential energy and particle
number fluctuations [27, 28]. If we assume an ideal gas
adsorbate, the first part of the expression is equal to RT,
where R is the gas constant.

Results and discussion

We tested some zeolite models given in the literature [13, 14]
as well as our earlier model [11] for the equilibrium
adsorption of water and carbon monoxide. Experimental
data at T=373 K were taken from [6]. Simulation results and
experimental data are compared in Table 2. Using the
literature models, the reproduction of the experimental results
is not satisfactory, especially for CO; in the case of model 1,
the simulated data give values more than four times larger
than the experimental results. Also, model 2 is definitely
better for the polar component, i.e., it overestimates the
experimental result for water by only 25%, but strongly
underestimates the measured data for CO. Our previous
model (model 3) overestimates the equilibrium amount of
adsorption both for CO and H2O, but to a lesser extent.

In the following we use a modified version of model 3
(see Table 1). After some test simulations, we found that

Table 2 Simulated and experimental data for the amount of
adsorption (in mol/kg) with different models for zeolite NaA

Zeolite model H2O (T=373 K,
p=6 kPa)

CO (T=373 K,
p=101.3 kPa)

Model 1 [14] 14.75 1.58

Model 2 [13] 12.59 0.03

Model 3 [11] 11.52 0.52

Modified model 3 10.46 0.33

Experimental 10.1a 0.37a

a Experimental data are taken from Figs. 2–3 of Ref. [6] by digitalizing
the curves
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modification of the charge parameter of the Na+ ion by only
0.1 (i.e., it is changed to 0.6) decreases the polarity of the
zeolite framework sufficiently to reproduce satisfactorily
the experimental results for the non-polar or weak polar
gases (CO, H2, and CH4) as well as for water. The new
charge parameter is not far from the value proposed by Lee
et al. [12] for zeolite NaA obtained by using Huheey’s
electronegativity set and Sanderson’s electronegativity
equalization principle. To keep the transferability and
neutrality of the model, an increase in the charge parameter
of Al was also necessary. Table 2 illustrates that the
modified model 3 represents reality much better than the
other models.

Adsorption isotherms on zeolite NaA were calculated
at temperatures where experimental data are available [6,
13, 29], and at T=338 K and 373 K, which were chosen
for our mixture adsorption study (Fig. 1). We were able to
reproduce the experimental data for water at T=373 K as
well as for CO at T=338 K and 373 K satisfactorily. The
comparison of the experimental and simulation results for
CH4 and H2 shows that the zeolite model is appropriate for
adsorption simulation with these substances too, even
though the calculated amount of adsorption for CH4

slightly overestimates the experimental data. The repro-
duction of the measured adsorption loadings for H2 is
pretty good over a wide range of pressure and, in the case
of CH4, the extent of overestimation is acceptable at
pressures below atmospheric pressure. We expect, how-
ever, that the observed discrepancies between simulation
and experiment for the non-polar components cannot
cause significant errors in mixture adsorption data, where
the adsorption of water is dominant [6, 10]. For the non-
polar gases, the isotherms are in the Henry’s law region
(the amount of adsorption is a linear function of the bulk
phase pressure), so in evaluation of the mixture adsorption
data, the pure component’s reference points can be
obtained, if necessary, by simple linear interpolation.
From the extent of adsorption loadings for pure compo-
nents, it is obvious that electrostatic effects control the
zeolite-adsorbate interactions, which means, e.g., that the
amount of adsorption for pure H2 and CH4 should be rather
low.

Figure 2 shows the calculated isosteric heat of adsorption
data as a function of the bulk phase pressure at two
different temperatures for H2O, CO, H2 and CH4. The
isosteric heat of adsorption is several times larger for

Fig. 1 Simulation results for the
amount of adsorption (n) of a
pure water, b carbon monoxide,
c methane, and d hydrogen in
zeolite NaA at T=338 K and
373 K and at other temperatures
where experimental data for
pure component are available [6,
13, 29]. Closed symbols
simulation data, open symbols
experimental data. The statistical
uncertainties of the simulation
results do not exceed the symbol
size
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water than for the other substances. The data show the
order qst,H2O>qst,CO>qst,CH4>qst,H2, which follows the
expected tendency considering that the isosteric heat of
adsorption extrapolated to zero coverage (see the inter-
section of the curves with the y-axis) is connected with the
interaction energy between the zeolite framework and the
adsorbate molecules. The higher isosteric heat of adsorp-
tion of CH4 as compared to that of H2 can be explained by
the relatively large polarizability of the CH4 molecules,
which is implicitly taken into account in the attracting
Lennard-Jones terms of the OPLS-AA model. On the
other hand, the weakest zeolite-adsorbate attraction ob-
served in the case of H2 is due to the weak (though
explicitly modeled) quadrupole moment and very low
polarizability of the H2 molecules. The agreement between
simulation and experiment [6] is quite good for CO, H2

and CH4, where the pressure dependence of the heat of

adsorption data is weak, and fairly good for water
considering the uncertainty of the computation (and
consequently, the extrapolation). Furthermore, one has to
keep in mind that the experimental data shown in Fig. 2
[6, 13, 29] have been obtained from experiments
performed over a wide range of temperature and represent
mean values. According to the experiments, the isosteric
heat of adsorption for water can decrease below
50 kJ mol−1 at a fully hydrated state, which is in good
agreement with our simulation results at higher water
pressure (data not shown), and indicates that the heat of
adsorption data for water can vary in a wider range.
Briefly, the results for the heat of adsorption support the
adequacy of the models used in this study.

Figure 3 shows the relative difference between the
results of the pure component adsorption and of the
adsorption from binary mixtures with water, which is
defined for a given component as Δn ¼ npure�nmixture

npure
. The

total pressure of the bulk gas mixture was set to p=
101.3 kPa in all cases. Due to the high affinity of water for
zeolite, the mixture adsorption data for water essentially
does not differ from the corresponding pure component
adsorption data, except at T=373 K and pH2O=0.1 kPa,
where the loading is relatively low for water. In other
words, the presence of the non-polar (weakly polar)
compound of the mixture does not affect the adsorption of
water, demonstrating the excellent dehydration ability of
zeolite NaA. On the other hand, the loadings of the non-
polar (weakly polar) gases are influenced greatly by the
presence of water. As the amount of adsorbed water in the
zeolite increases with pressure, the amount of the other
adsorbed components strongly decreases, and Δn converges
to 1 for these components. The Δn curves of H2, CO and
CH4 have two ranges with significantly differing slopes,
below and above pH2O=1 kPa, though this feature is less
pronounced at T=338 K. The separation efficiency of the
zeolite can be described by its equilibrium selectivity for

water, which is defined for component i as Si ¼
naH2O
nai

� nbi
nbH2O

.

The selectivity curves show the above shape with two
different ranges, especially for CO and CH4. However, the
behavior of the Si values is partly the opposite of what is
expected. Up to ∼10.5 mol/kg adsorbed water (pH2O<1 kPa
at T=338 K and pH2O<5 kPa at T=373 K) the selectivity
order is the same, as can be expected from the affinity of
the pure components, i.e., SCO<SCH4<SH2, but as the
adsorbed amount of water increases above ∼10.5 mol/kg,
the selectivity order becomes SCO<SH2<SCH4. A lower
adsorption loading of water leaves enough space for the
adsorption of the second component and mostly the affinity
of the pure gaseous components to the zeolite determines
the loading. Therefore, the highest selectivity is related to

Fig. 2 Comparison of the simulated isosteric heat of adsorption
results in zeolite NaA (qst) with the corresponding experimental data
for a pure water [6], and b carbon monoxide [6], methane [6, 29], and
hydrogen [6, 13]
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the weakest adsorption affinity. At the same time, at higher
loadings of water with less free space inside the zeolite, the
size effect can play a decisive role, and this favors
adsorption of H2 molecules. Similar results have been
found experimentally by Zhu et al. [6] for permeation
selectivities (permselectivities) in these systems at pH2O=

2.24 kPa. (It should be noted that the selectivity can also be

defined simply as S0i ¼
naH2O
nai

, and for the permselectivity, the

adsorbed mole numbers are replaced by permeance data.)
Although a direct comparison between these non-
equilibrium experimental permselectivity data and our
equilibrium simulation results cannot be made (we obtained
substantially higher equilibrium adsorption selectivities),
the basic similarities are apparent: the permeance of water
in the binary mixtures was found practically the same as its
pure component permeance, while the permeances of the
non-polar (weakly polar) components decreased strongly in
the presence of water.

The relative difference of the equilibrium selectivity
values calculated at the two investigated temperatures is in
the order of magnitude of 10, which is larger than would be
expected from pure gas adsorption data. The values of the

ideal selectivity
naH2O
nai
, calculated from the pure gas adsorp-

tion data are several times smaller than the corresponding
mixture selectivities (even if we simply take S0i), and show
only a slight increase (within a factor of 2) with
temperature.

We have also simulated the adsorption from binary
mixtures of CO and H2. Again, the results underline the
importance of the dipole moment of the adsorbate in the
adsorption with this zeolite. Here, instead of water, CO will
be the dominant molecule in the adsorbed phase (H2O is
replaced by CO in the above definition of selectivity).
Figure 4 shows that the obtained Δn curves are mainly
linear around zero, meaning that the number of adsorbed
molecules does not differ significantly from the case of
pure component adsorption. At the higher temperature,
however, the amount of adsorbed CO increases only
moderately with increasing CO partial pressure in the
mixture. The calculated selectivities for CO are substan-

Fig. 3 a–c Relative difference of the adsorption coverages
(Δn ¼ npure�nmixture

npure
, dark symbols) and selectivity of water to the other

component (S, blue symbols) for adsorption from binary gas mixtures
at ptotal=101.3 kPa. Δn values calculated from experimental perme-
ance data [6] are indicated for comparison

Fig. 4 Relative difference in adsorption coverages (Δn ¼ npure�nmixture
npure

, dark
symbols) and selectivity of carbon monoxide to hydrogen (S, blue
symbols) for adsorption from binary gas mixtures at ptotal=101.3 kPa
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tially lower than those obtained for water, but their
temperature dependence again resembles the situation with
water.

To approximate the real system of Fischer-Tropsch
synthesis, we also studied multi-component adsorption.
Here, a straightforward definition of the selectivity can be

written as S ¼ naH2OP
i 6¼H2O

nai
�
P
i6¼H2O

nbi

nbH2O
(or S ¼ naCOP

i 6¼CO

nai
�
P
i 6¼CO

nbi

nbCO
). The

results for the amount of adsorption and selectivity for
water concerning three- and four-component mixtures
(Table 3) confirm the results obtained for the binary
mixtures with water, i.e., the adsorption of the gaseous
components is suppressed strongly by water. As was
already observed with the binary mixtures, the situation
becomes slightly different at lower partial pressure of water;
here water does not fill the zeolite framework completely and,
consequently, the remaining components can, to some extent,
keep their character in the adsorbed phase. In the case of the
investigated anhydrous three-component mixtures (Table 4),
the adsorption coverages are very similar to those obtained
from pure component adsorption, with a maximum difference

of 13%. For the equimolar mixture, the order of Δn values is
the reverse of the order of pure gas affinities. The selectivity
for the polar component CO is highest at the lowest CH4

partial pressure, where the low adsorption affinity of H2 is
dominant. These systems behave similarly to the
corresponding water-containing systems also in the sense
that the selectivity for CO, though its values are much
smaller, decreases with increasing temperature.

Conclusions

In this work, we propose a new parameter set for the
potential model of zeolite NaA designed for the molecular
simulation of adsorption. The new parameter set allows
accurate determination of the adsorption loading of water
and simple non-polar (weakly polar) gases in the zeolite, at
least at temperatures slightly above room temperature.

Our simulation results confirm the experimental findings of
Zhu et al. [6] and others [30], in general and in most details.
As electrostatic effects dominate the interactions, zeolite
NaA exhibits exceptional selectivity of water to non-polar or

Table 3 Simulation results for the amount of adsorption (n), relative difference (Δn %) and selectivity (S) for three- and four-component mixture
adsorption at ptotal=101.3 kPa (see text for definition of selectivity in this special case)

n
mmol�kg�1 Δn%ð Þ S/103

H2O CO H2 CH4

pH2O : pCO : pH2=2.24 : 49.53 : 49.53 373 K 9,326 (0.5%) 3.6 (98.1%) 0.60 (94.3%) 97.8

338 K 11,390 (0.7%) 0.54 (99.9%) 0.13 (99.1%) 754

pH2O : pCO : pH2=2.24 : 33.02 : 66.04 373 K 9,426 (−0.6%) 2.4 (99%) 0.77 (89%) 133

338 K 11,448 (0.1%) 0.20 (∼100%) 0.16 (98.4%) 1,430

pH2O : pCO : pH2 : pCH4=0.1 : 25.3 : 50.6 : 25.3 373 K 2,695 (−16%) 69 (33%) 7.3 (31%) 36 (33%) 24.3

338 K 7,815 (0.4%) 24 (88%) 2.6 (83%) 8.5 (91.5%) 226

pH2O : pCO : pH2 : pCH4=2.24:33.02:33.02:33.02 373 K 9,328 (0.5%) 2.4 (98.1%) 0.41 (94.2%) 0.71 (99%) 116

338 K 11,492 (−0.2%) 0.21 (99.9%) 0.08 (99.2%) 0.04 (∼100%) 1,548

pH2O : pCO : pH2 : pCH4=2.24:32.27:64.55:2.24 373 K 9,398 (−0.3%) 2.6 (98%) 0.83 (94%) 0.05 (99%) 118

338 K 11,482 (−0.1%) 0.15 (99.9%) 0.13 (99.3%) 0.004 (∼100%) 1,765

pH2O : pCO : pH2 : pCH4=2.24:24.77:49.53:24.77 373 K 9,398 (−0.3%) 1.8 (98.2%) 0.59 (94.4%) 0.53 (99%) 141

338 K 11,458 (0.07%) 0.12 (99.9%) 0.12 (99.2%) 0.04 (∼100%) 1,812

Table 4 Simulation results for
the amount of adsorption (n),
relative difference of the ad-
sorption coverages (Δn %) and
selectivity (S) for three-
component mixture adsorption
of non-polar (weakly polar)
gases at ptotal=101.3 kPa (see
text for the definition of selec-
tivity in this special case)

n
mmol�kg�1 Δn%ð Þ S

CO H2 CH4

pCO : pH2 : pCH4=33.77 : 33.77 : 33.77 373 K 132 (0.5%) 6.6 (8.1%) 66 (6.1%) 3.6

338 K 264 (4.1%) 8.7 (13%) 118 (11%) 4.2

pCO : pH2 : pCH4=33.02 : 66.04 : 2.24 373 K 128 (2.0%) 13 (5.2%) 4.5 (5.1%) 15

338 K 246 (8.6%) 18 (7.5%) 8.3 (7.2%) 19

pCO : pH2 : pCH4=25.325 : 50.65 : 25.325 373 K 95 (8.4%) 10 (5.1%) 51 (5.3%) 4.7

338 K 205 (−0.3%) 13 (11%) 92 (8.9%) 5.8
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weakly polar substances, and this feature can be attributed
primarily to the high equilibrium adsorption affinity of the
zeolite to water. Despite the fact that in non-equilibrium
membrane permeation processes the selective character of
the zeolite should also depend on the diffusivity of the fluid
components, one can make good predictions of permeation
tendencies from equilibrium adsorption data. In practical
applications, the permeances of weakly polar gaseous
components through zeolite NaA membranes are suppressed
strongly by water, because the prevalent adsorption of water
molecules blocks the windows of the zeolite cages, prevent-
ing the bypassing of the other components.
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