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In this work, a computational study was performed on the adsorption separation of
CO> from flue gases (mixtures of CO,/N»/O;) in Cu-BTC metal-organic framework
(MOF) to investigate the applicability of MOFs to this important industrial system.
The computational results showed that Cu-BTC is a promising material for separation
of CO; from flue gases, and the macroscopic separation behaviors of the MOF were
elucidated at a molecular level to give insight into the underlying mechanisms. The
present work not only provided useful information for understanding the separation
characteristics of MOFs, but also showed their potential applications in chemical
industry. © 2007 American Institute of Chemical Engineers AIChE J, 53: 2832-2840, 2007
Keywords: adsorption, separation, molecular modeling, flue gas, metal-organic frame-

work

Introduction

As a primary contributor to the global climate change, com-
monly known as the “green house effect,” the capture and
sequestration of CO, from the exhausted gases by nanoporous
adsorbents have been receiving significant attention in the
recent years." The excess CO, in atmosphere is largely due to
the vast amount of the flue gases emitted from the combustion
of carbon-based fossil fuels, and extensive studies have been
conducted on the separation of CO, from flue gases in the
conventional materials such as zeolites”™ and carbon materi-
als.®® Although some zeolite materials have been claimed to
be most adequate for CO, separation from flue streams, it is
difficult to regenerate them without significant heating which
leads to low productivity and great expense.’

Owing to their flexibility to design through control of the
architecture and chemical functionality of the pores, metal-
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organic frameworks (MOFs) have been recognized as a new
family of nanoporous materials with various promising appli-
cations.'*™"” Among the various MOFs synthesized, Cu-BTC
is a typical representative that shows promising applications
to gas storage and mixture separation. Although several theo-
retical investigations have been carried out on the adsorption
and diffusion of light gases or gas mixtures in this material,
for example, the grand canonical Monte Carlo (GCMC) sim-
ulation study of the adsorption of Ar in Cu-BTC,'® the
adsorption'® and diffusion”>*' of light gases in Cu-BTC, the
density functional theory (DFT) study of the interaction of
C,Hg and C,H, with several representative clusters of Cu-
BTC,** and our previous studies of Cu-BTC performances
for CO,/CH4/C>Hg and CO,/CH4/H, separations,z‘%’24 there
was no such investigation on CO, separation from flue gas in
this material, as well as in other MOFs. Thus, to compare
with other nanoporous adsorbents as well as to explore the
applicability of MOFs in this aspect, this work performed a
computational study on the separation of CO, from flue
gases using Cu-BTC. In this work, particular attention was
paid to the competitive adsorption of the gas mixture (CO,/
N,/O,) consisting of three different quadrupolar molecules in
Cu-BTC.
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Model and Computational Details
MOF structure

In this work, a well-known highly porous MOF, Cu-BTC
first synthesized by Chui et al.>> was adopted as a representa-
tive of MOFs. The structure model of Cu-BTC was con-
structed from the experimental XRD data®® using Materials
Visualizer,26 and its unit cell is shown in Figure 1. As seen
from Figure 1, Cu-BTC is a three-dimensional network with
main channels of a square cross-section of ca. 9.0 X 107 ' m
diameter and tetrahedral side pockets of ca. 5.0 X 10710 m,
which are connected to the main channels by triangular win-
dows of ca. 3.5 X 107 '° m diameter. It should be pointed
out that the crystal structure of Cu-BTC? includes axial oXy-
gen atoms weakly bonded to the Cu atoms, which correspond
to water ligands. Our simulations were performed on dry
Cu-BTC with these oxygen atoms removed (activated Cu-
BTC that is used in adsorption experiments), and thus the
diameter of the triangular windows is ca. 4.6 X 10719 m,
which are wide enough to allow the studied adsorbate mole-
cules to enter the pockets.

Force fields

Force fields play an important role in molecular simula-
tions, and the adsorption behaviors of these quadrupolar
adsorbates are extremely sensitive to the gradient of the
electrostatic field inside the pores of Cu-BTC.? Thus, in the
present work, the adsorbate CO, was modeled as a rigid
linear triatomic molecule with three charged LJ interaction
sites located at each atom. The LJ potential parameters for
atom O (6o = 3.05 X 107 m and eolkg = 79.0 K) and
atom C (oc = 2.80 X 10" m and ec/ks = 27.0 K) in CO,

Figure 1. Unit cell crystal structure of Cu-BTC frame-
work viewed along the [100] direction, show-
ing nanochannels with fourfold symmetry
(Cu, green; O, red; C, gray, and H atoms are
omitted for clarity).

[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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molecule with C—O bond length / = 1.16 X 107 m were
taken from the TraPPE force field developed by Potoff and
Siepmann.27 Partial point charges centered at each LJ site
(go = —0.35¢ and gc = 0.70¢) approximately represent the
first-order electrostatic and second-order induction interac-
tions. The represented CO, quadrupole moment (Q = —1.51
X 107 C m?) by these partial point charges is slightly
enhanced compared to the experimental value for an isolated
CO, molecule (Q = —147 X 107 C m?), but remains
within the statistical uncertainty of the experimental measure-
ment.”” This potential model has been successfully used to
model the adsorption of CO, in MOFs >3

N, molecule was represented as a three-site model with two
sites located at two N atoms and the third one located at its
center of mass (COM). The site at each N atom was modeled
by LJ interaction potential (oy = 3.31 X 1071° m and en/kg
= 36.0 K). The bond length between two N atoms is 1.10 X
107 m. In addition, to reproduce the measured gas-phase
quadrupole moment of N, (Q = —4.67 X 1074 ¢ mz), each
N, molecule was assigned a negative charge on each N atom
(gn = —0.482¢) and a positive charge at the COM site (gcom
= 0.964¢).”” These potential parameters were also taken from
the TraPPE force field,”” which have also been successfully
adopted to simulate the adsorptions of pure N, and its mixture
with CO, in zeolites.> The potential model employed for the
adsorbate O, are similar to that for N,. The bond length
between two O atoms is 1.21 X 107' m. The LJ potential
parameters of atom O (oo = 3.02 X 107 m and eolky =
49.0 K) were suggested by Zhang and Siepmann,®® and the
partial charges (go = —0.113¢, gcom = 0.226¢) were
arranged to reproduce the experimental gas-phase quadrupole
moment of O, (Q = —1.33 X 107*° C m?.* The above
potential parameters have been successfully used to describe
the vapor-liquid coexistence curve of pure O,.** The interac-
tions between various sites in the adsorbed molecules were
calculated by the summation of LJ interactions and the elec-
trostatic interactions, and all the LJ cross interaction parame-
ters were determined by the Lorentz-Berthelot mixing rules.

For MOF material studied in this work, an atomistic repre-
sentation was adopted. In this work, as before,”>?* the all-
atom OPLS®° (OPLS-AA) force field was adopted to calculate
the interactions between the adsorbate molecules and the
atoms in the framework of the MOF material. Since the
widely used Lorentz-Berthelot combining rules were adopted
in the TraPPE force field to increase its transferability, the
same combining rules were also used to calculate the LJ cross
parameters describing the interactions of the CO, molecules
with the framework atoms in the MOFs for consistency.

Simulation details

The conventional GCMC simulation was employed to cal-
culate the adsorption of pure components and their mixtures
in MOF materials. For pure components, the algorithm
involves four types of trial moves: attempts to translate a
molecule, attempts to rotate a molecule, attempts to create a
new molecule, and attempts to delete an existing molecule.
For mixtures, in order to speed up the equilibrium, an addi-
tional type of trial, attempts to exchange molecular identity,
is also included. The structure of the unit cell of Cu-BTC
was built from the XRD data using Materials Visualizer. The
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Figure 2. Model cluster of Cu-BTC used for the calcu-
lation of atomic partial charges (Cu, green;
O, red; C, gray, and H, white).

[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]

number of the unit cells adopted in the simulation cell varied
from 2 X 2 X 2 to 3 X 3 X 3 so that enough molecules
were accommodated to guarantee the simulation accuracy.
The framework was assumed to be rigid in all simulations. A
cutoff radius of 1.5 X 10~? m was applied to the LJ interac-
tions, and the long-range electrostatic interactions were
handled using the Ewald summation technique.>’ Periodic
boundary conditions were applied in all three dimensions.
For each state point, GCMC simulations consisted of 1 X
107 steps to guarantee equilibration followed by 1 X 107
steps to sample the desired thermodynamic properties were
performed. As all the atoms in the adsorbent were assumed
to be fixed in their crystallographic structure, the potential
energies between an adsorbate and the adsorbent were ini-
tially tabulated on a series of three-dimensional grid points
with grid spacing 1.5 X 10~"" m. During the simulations,
the potential energy at any position in the adsorbent was
determined by interpolation. To estimate the statistical uncer-
tainty, the production phase of each state point was divided
into 10 blocks and the standard deviation of the block aver-
age was calculated. The uncertainties on the final results,
including the ensemble averages of the number of adsorbate

molecules in the simulation cell and the total potential
energy, were estimated on average to be within +2%.

In addition, the chemical potentials needed in the GCMC
simulations were calculated from NPT ensemble Monte
Carlo simulation using the test-particle insertion method.**
Based on the simulated chemical potentials at various pres-
sures, relationships between pressure and chemical potential
were established to convert pressures to chemical potentials,
and vice versa.

Results and Discussion
Atomic partial charge calculation

In all simulations, the atomic partial charges of Cu-BTC
are required as input parameters. The model cluster of Cu-
BTC used for atom partial charge calculation is shown in
Figure 2. The terminations for this cluster were saturated
with methyl groups. The electrostatic charges were used as
the atomic partial charges, and the ChelpG method was
adopted, which has been recognized as the most popular and
reliable electrostatic charge calculation method.*® DFT calcu-
lations using the UB3LYP functional were carried out to
compute the atomic partial charges, and the basis set
LANL2DZ was used for Cu atoms, while 6-31+G* for rest
of the atoms. For heavy atoms, effective core potential
(ECP) is often chosen in ab initio calculations to reduce the
amount of necessary computation, and LANL2DZ is a col-
lection of double-¢ basis sets, which is one of the most com-
mon ECP basis sets for complexes involving transition metal
elements.®* That is why we selected this basis set for Cu
atoms. The calculations were performed using the GAUS-
SIAN 03 suite of progratms,35 and the calculated results are
also shown in Figure 2.

Refinement of part OPLS-AA force field parameters

Since the parameters of the OPLS-AA force field were
developed for liquid simulations, the existing parameters
may not properly represent the interactions of the atoms of
the solid MOF materials with the adsorbate molecules.
Therefore, parts of the OPLS-AA force field parameters were
refined.

In our previous work,”® the potential parameters for the
interactions between CO, molecules and the Cu-BTC frame-
work have been obtained, as shown in Table 1. To better
represent the adsorption isotherms of pure N, and O, in
Cu-BTC at 295 K, the energy parameters of oxygen atoms

Table 1. Potential Parameters for the Atoms in the Framework of Cu-BTC

elk, K
Atom o, m For Carbon Dioxide For Nitrogen For Oxygen
o} 2.96 X 107 1% 73.98 6341} 52.84%
Carboxyl 3.75 X 10710« 44917 39.63* 31.75%
Benzene 3.55 X 10710 35.23% 35.23% 24.66*
Heenzene 242 X 10710 15.10% 15.10% 15.10*
Cu 3.11 x 1071% 2.52% 2528 2528

#Taken from the OPLS-AA force field of Jorgensen et al.*°

jTaken from our previous work.?
*Obtained in this work.
$Taken from the all-atom UFF force field (they are missed in the OPLS-AA force field).
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Figure 3. Comparison of simulated and experimental®®
adsorption isotherms of pure N, and O, in
Cu-BTC at 295 K.

and carbon in carboxyl group in the Cu-BTC framework
were adjusted for N,, while those parameters of oxygen
atoms and carbon in carboxyl as well as carbon atom in phe-
nyl group were adjusted for O,. All the potential parameters
for N, and O, are shown in Table 1. Figure 3 demonstrates
that the obtained parameters enable good reproductions of
the corresponding experimental results® of pure N, and O,
adsorptions in Cu-BTC, respectively.

To reveal the adsorption behaviors of gases in Cu-BTC at
a molecular level, the snapshots of the structures of Cu-BTC
with adsorbed gases were examined. Since the adsorption
behavior is the same for CO,, N5, and O,, only three snap-
shots of the structures of Cu-BTC with adsorbed N, are
given as examples in Figure 4. Obviously, gas molecules first
occupy the smaller tetrahedron-shaped side pockets (Figure
4a), followed by the saturation of the pockets (Figure 4b),
and then they start occupying the positions near the unsatu-
rated Cu atoms as well as the larger square-shaped channels
with further increasing pressure. The similar behavior has
also been observed in zeolites such as mordenite with similar
topology.37

Binary mixtures

With these refined parameters, simulations on the adsorp-
tion of mixtures were further performed. In this work, a
simulated dry flue gas mixture suggested by Xu et al.®® was
used as the adsorbate which contains 14.9% CO,, 80.85%
N,, and 4.25% O, in molar composition. For each binary
mixture studied in this work, the molar ratio of the two com-
ponents is normalized according to their corresponding ratio
in the flue gas mixture. In separation processes, a good indi-
cation of the ability for separation is the selectivity of a po-
rous material for different components in mixtures. The se-
lectivity for component A relative to component B is defined
by S = (xa/xg)(ys/ya), where x and y are the molar fractions
of the adsorbed and bulk phase, respectively.

CO,/N, Mixture. The most important binary system
involved in flue gas purification process is the CO,/N, sys-
tem, and a huge amount of investigations have been per-
formed on this system using carbon and zeolite materials,
both experimentally and theoretically. Therefore, we also
focused our discussion on this system in this work. Figure 5a
shows the simulated selectivity for CO, from the binary mix-
ture of CO,/N, with gas composition CO,:N, = 0.156:0.844
in Cu-BTC at 298 K, as a function of the bulk pressure up to
5.0 MPa. Obviously, a monotonous increase of CO, selectiv-
ity with increasing pressure has been observed in the pres-
sure range studied. This is due to the fact that within the
pressure range studied, packing effects are not evident, and
the energetic effect that favors the adsorption of CO, leads
to the monotonous increase in CO, selectivity. Figure 5b
shows the dependency of the simulated individual isosteric
heat of adsorption for the binary mixture CO,/N, at 298 K,
as a function of the bulk pressure (loading). Figure 5b indi-
cates that, under the studied pressure range, the isosteric heat
of adsorption of CO, is larger than that of N,, which
accounts for the above energetically favored factor for CO,
adsorption in Cu-BTC.

It has been commonly recognized that ideal adsorbed solu-
tion theory (IAST)* can give good predictions of gas mix-
ture adsorption in many zeolites.>*® Thus, in this work IAST
calculations were also performed to check if this is also the
case for this mixture in Cu-BTC. Figure 5a shows that IAST

Figure 4. Snapshots of the structures of Cu-BTC with adsorbed N, molecules at three pressures: (a) P = 0.1 MPa,
(b) P = 1.0 MPa, (c) P = 3.0 MPa (Cu-BTC framework is shown in line style with atoms H omitted for

clarity; No: aqua ball-stick style).

[Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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Figure 5. (a) Selectivity for CO, from binary mixtures of CO,/N, with three gas compositions in Cu-BTC at 298 K;
(b) the individual isosteric heat of adsorption for binary mixture CO,/N, in Cu-BTC at 298 K, gas compo-

sition: 15.6% CO, and 84.4% N,.

gives good agreement with the GCMC simulations for this
binary mixture. To further test the applicability of IAST,
GCMC simulations were performed for two additional gas
compositions, and compared with those of the corresponding
IAST calculations, as shown in Figure 5a. In all the cases,
good agreement between GCMC simulation and IAST calcu-
lation was obtained, indicating that IAST is applicable to
predict the adsorption behavior of CO,/N, mixture in Cu-
BTC. Therefore, the selectivity as a function of gas phase
pressure and composition was mapped systematically using
IAST for this system, as shown in Figure 6a. As expected,
the selectivity is nearly independent of gas composition at
low pressures, and its value is in good agreement with the ra-
tio of the Henry’s law constants Ky for the two adsorbed
species (Ky(COy)/Ky-(Np) = 20.1). While the pressure
increases, packing effects start to work, leading to a more
complex gas composition dependency of selectivity. Finally,
it should be noted that, to accurately apply IAST for this sys-
tem in Cu-BTC, additional experimental adsorption data for
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pure adsorbates up to high pressures at the examined temper-
atures are required.

Since the competitive adsorptions of CO, and N, are
extremely sensitive to the gradient of the electrostatic field
inside the pores of Cu-BTC, GCMC simulations were further
carried out to calculate the CO, selectivity from CO,/N,
mixture by switching off all the electrostatic interactions
between the adsorbate molecules and the framework of Cu-
BTC (without EI), as shown in Figure 6b. To make a com-
parison, the simulated results presented in Figure 5 (Full EI,
with the electrostatic interactions) are also shown in Figure
6b. Evidently, the electrostatic field inside the pores of Cu-
BTC indeed largely enhances the separation of gases with
different quadrupole moments.

Separation of CO, from mixture CO,/N, has also been
widely investigated in other nanoporous materials. For exam-
ple, at room temperature and moderate pressure, the selectiv-
ity is 15.3 in activated carbon Norit R1,7 30 in silicalite,
100 in ITQ—3,2 14.0 in MFI-type zeolites,® 18.8 in zeolites

50
b
—e—Full EI
40}
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@]
O 30 R
A
2 ,.4"""
= g pee*
¢ L .
:‘; 101 Madana-a-a—t—a o
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Figure 6. (a) IAST calculations for the CO, selectivity from binary mixture of CO,/N, as a function of gas composi-
tion and pressure in Cu-BTC at 298 K; (b) effect of the electrostatic field inside the pores of Cu-BTC on
the selectivity of CO, from the binary mixture of CO,/N, at 298 K, gas composition: 15.6% CO, and

84.4% N,.
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Figure 7. Snapshots of the structures of Cu-BTC with adsorbed binary mixture of CO,/N, with gas composition CO,:N, =
15.6:84.4 at three pressures: (a) P = 0.1 MPa, (b) P = 1.0 MPa, (c) P = 5.0 MPa (Cu-BTC framework is shown in
line style with atoms H omitted for clarity; CO,, yellow ball-stick style; N5, green ball-stick style).

[Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

Na-4A,* and 20 in FAU-type zeolites.> Thus, a conclusion
could be drawn from Figure 5a that Cu-BTC is a promising
alternative material for this purpose.

The typical snapshots of Cu-BTC with adsorbed mixture
CO,/N, are shown in Figure 7. Clearly, up to 1.0 MPa both
the molecules occupy mainly the side pockets, while with
pressure further increased, they also occupy the positions
near the unsaturated Cu atoms and the channels. Figure 7c
shows up to 5.0 MPa, the channels are not packed tightly,

30

25 ¢

20

and thus the packing effects are not evident within the pres-
sure range studied. Furthermore, to investigate whether a
competitive location exists for CO, and N, molecules near
the unsaturated Cu atoms in the framework of Cu-BTC, the
radical distribution functions G(r) of the COM of the individ-
ual adsorbate molecules in this adsorbed mixture from the
unsaturated Cu atoms were calculated. As seen from Figure 8§,
due to the stronger interaction strength with the unsatu-
rated Cu atoms, the larger quadrupolar CO, molecules are

2.0

15
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r(m)
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Figure 8. Radical distribution functions between the unsaturated Cu atoms and the center of mass of the individual
adsorbate molecules in the adsorbed mixture CO,/N, at three pressures: (a) P = 0.1 MPa, (b) P = 2.0

MPa, (c) P = 5.0 MPa.
Gas composition: 15.6% CO, and 84.4% N,.
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Figure 9. (a) Temperature dependency of CO, selectivity from mixture CO,/N, in Cu-BTC at 0.1 MPa (gas composi-
tion: 15.6% CO, and 84.4% N)); (b) temperature dependency of the Henry’s law constant for pure CO,

and No.

adsorbed much closer to the Cu atoms than N, molecules at
all the examined pressures, which indicates that there is a
preferential location of CO, molecules near the unsaturated
Cu atoms.

For practical applications, it is interesting to investigate
the dependency of the selectivity on the adsorption tempera-
ture. Figure 9a shows that the selectivity decreases approxi-
mately exponentially with increasing temperature. The simu-
lated result suggests that the temperature, in addition to the
bulk pressure, is also an important factor that should be con-
sidered in optimizing the process for adsorption separation of
gas mixtures.

To give insight into the behavior of the temperature de-
pendency of selectivity, Figure 9a also shows the ratio of Ky
for the individual species at the corresponding temperatures.
The good agreement between the calculations from the two
methods indicates that the selectivity at low pressure region
is defined by the ratio of Ky for the individual species.
Moreover, Figure 9b gives the dependency of Ky in logarith-
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mic coordinates for pure CO, and N, on the inverse tempera-
ture. The linear relationship illustrates that these Henry’s law
constants are related to temperature in an Arrhenius fashion
through the isosteric heat of adsorption, consistent with the
general behavior observed in other materials.

CO,/0, Mixture. The selectivity of CO, from the binary
mixture of CO,/O, with gas composition CO,:0, =
77.8:22.2 was further studied in Cu-BTC. The simulated
results at room temperature are shown in Figure 10a, as a
function of the bulk pressure up to 5.0 MPa. Obviously, it
shows different behavior with that of CO,/N, (Figure 5a) in
the pressure range studied. This can be attributed to the dif-
ference in compositions. For CO,/N, the composition is
CO,:N, = 15.6:84.4, whereas for CO,/O, the composition is
CO,:0, = 77.8:22.2. The larger ratio of CO, in the binary
mixture of CO,/O, leads to more CO, molecules presented
in the systems at the same pressure, resulting in a more sig-
nificant packing effect. To illustrate this clearly, the snapshot
of Cu-BTC with adsorbed CO,/O, at 3.0 MPa is shown in

Figure 10. (a) Selectivity for CO, from the mixture CO,/0, in Cu-BTC at 298 K; (b) snapshot of the structure of Cu-
BTC with adsorbed binary mixture of CO,/0O, with gas composition CO,:N, = 77.8:22.2 at P = 3.0 MPa
(Cu-BTC framework is shown in line style with atoms H omitted for clarity; CO,, yellow ball-stick style;

0,, white ball-stick style).
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Figure 11. Selectivity of CO, from ternary mixture CO./
N,/O, in Cu-BTC at 298 K.
Gas composition: 14.9% CO,, 80.85% N, and 4.25% O,.

Figure 10b. Obviously, the channel is packed tightly, much
tighter than the CO,/N, system even at 5.0 MPa. This illus-
trates that gas composition is also a factor that should be
considered in the design of separation conditions. Further-
more, it was found that the radical distribution functions G(r)
for the individual adsorbate molecules in the mixture CO,/O,
from the unsaturated Cu atoms were similar to those for the
mixture CO,/N, shown in Figure 8, demonstrating a prefer-
ential location for CO, molecules near the unsaturated Cu
atoms relative to O, molecules.

Figure 10a also shows that the results obtained by IAST
calculations give good agreement with those of the GCMC
simulations. In addition, it is also found that the relationship
between the selectivity and gas composition as well as pres-
sure is similar to the results shown in Figure 6a, and thus
this plot was omitted. Further, the impact of the electrostatic
field inside the pores of Cu-BTC on the CO, selectivity from
the mixture of CO,/O, was also considered by switching
off all the electrostatic interactions between CO, molecules
as well as O, molecules and the framework of Cu-BTC
(without EI). As seen from Figure 10a, the calculated selec-
tivities are greatly reduced relative to the results with full
electrostatic interactions. Thus, together with the previous
results for the mixture of CO,/N,, this work shows that elec-
trostatic field inside the pores of Cu-BTC is very important
for the mixtures composed of quadrupolar molecules.

Ternary mixture

Simulations on the adsorption of the ternary mixture CO,/
N,/O, that contains 14.9% CO,, 80.85% N,, and 4.25% O,
was further performed in Cu-BTC at 298 K. The simulation
results show that the selectivity between each two compo-
nents is similar to that in the corresponding binary systems,
and thus these plots were omitted. Since the purpose of puri-
fication of flue gas is to remove CO, from the mixture
mainly composed of CO,, N,, and O,, it is important to
know the overall selectivity of CO, from the ternary mixture.
Figure 11 demonstrates that the selectivity of CO, from the
ternary mixture shows similar behavior as that of the binary
mixture of CO,/N,. This is not unexpected since the ternary
mixture contains only a few percent of O,.
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Finally, it should be pointed out that the molecular dynam-
ics simulations of Skoulidas and Sholl demonstrate that diffu-
sivities of light gases in MOFs are similar to those in zeo-
lites,?! indicating that the diffusion rate is not a significant
factor to limit charging or discharging times in MOFs.
Therefore, the separation of CO, from the mixture of CO,/
N,/O, using Cu-BTC should be an equilibrium-based process
with high selectivities that may find practical applications.

Conclusion

In this work, a computational study was performed on the
adsorption separation of CO,/N,/O, mixtures in the well-
known MOF, Cu-BTC. The results showed that MOFs are
promising materials for separating CO, from flue gases. In
addition to the bulk pressure, temperature and gas composi-
tion are also important factors in optimizing the process for
adsorption separation of gas mixtures. Furthermore, this work
shows that the electrostatic field inside the pores of Cu-BTC
is very important for the selective behaviors of the mixtures
composed of quadrupolar molecules. The simulation results
not only revealed some separation characteristics of MOFs,
but also illustrated that MOFs may find wide applications in
gas mixture separations in chemical industry.
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