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Abstract
In this research, the effect of adding MIL-100 (Fe) MOFs on the PEBAX membranes has been scrutinized
in two grades of 1657 and 2533. Initially, the intended membranes were synthesized by the solution-
casting method. Then, the XRD and SEM were applied to deliberate the in�uence of adding MIL-100 (Fe)
to the structure of both types of membranes. In consequence, the separation function of the pair gases of
CO2/CH4  CO2/N2 and CO2/O2 and their permeability were considered at the pressure of 3.5 bar and
temperature of 25°C. Eventually, their function was compared by Robeson diagrams of 1991 and 2008.
The comparison results by Robeson diagrams indicated that the PEBAX1657/MIL-100 (Fe) and
PEBAX2533/MIL-100 (Fe) membranes containing 5 wt.% of MOF represent more suitable performance in
separating CO2/CH4 in comparison with the axis of the Robeson diagram. However, their function for
separating the aforementioned gases requires more modi�cations.

1. Introduction
These days, membrane technologies have vastly come into consideration for several reasons such as low
energy consumption, the low volume of modules, the possibility and availability, without thermal
sensitivity, the very negligible pressure drop, low energy loss and low investment costs in comparison
with other separation methods [1–6]. Regardless of the fact that membrane technologies have
remarkable advantages in comparison with other separation methods, membrane processes are mainly
dealt with several problems such as concentration polarization, blockage, not predicting the proper
behavior of the membrane, stability, incomplete separation, puri�cation and low permeability [7–13].
Among the aforementioned problems, membranes have been used the least in the gas separation
process for the sake of their low permeability and selectivity [14–19]. Thus, it is essential to give priority
to make membranes with high simultaneous permeability and selectivity [20, 21]. Based on this concept
and their structure, membranes are divided into dense and porous materials. In dense membranes, the
difference in the solubility amount or the permeability of the components into the polymeric bed is
considered as the main reason for separating the components of a compound by these membranes [22].
In general, these membranes have good selectivity but low permeability. Porous membranes are so
similar to the common �lters from the function and structure viewpoints [12, 13]. The structure of these
membranes is hard and made up of pores that have heterogeneous diffusion. These pores are
continuous and they make a canal through the membrane structure [22, 23]. In practice, porous
membranes have a high passing �uid, but its selectivity is low. The competition between selectivity and
permeability of polymeric and porous membranes is not limited to one certain membrane, but it is true for
all the made membranes [19–23].

In 1991, Robeson indicated that the selectivity of all dense membranes is under the line based on their
permeability which is known as the upper bound of Robeson [24, 25]. This direct line which features out
the ideal selectivity of pair gases due to the permeability algorithm of more permeable gas, indicates the
same competition between selectivity and permeability of membranes. Polymeric membranes suffer
from a reverse relation between permeability and selectivity [22]. The concept of mixed network
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membranes was presented to solve the problem of polymeric membranes. So far, many substances have
been used to produce mixed membranes such as carbon molecular sieve [26], zeolites [27], MOFs [28, 29],
active carbon [30] and carbon nanotubes (CNTs) [8, 11, 20].

In some researches, the effect of CNTs, alumina and silica nanoparticle, SiO2, multiwall carbon
nanotubes, Zinc Oxide on different mixed matrix membranes were reviewed and investigated [14–21].
Making these mixed membranes was dealt with several problems such as weak interaction between
particle and polymer matrix and weak and heterogeneous diffusion of the particles �lling inside the
continuous phase of the polymer [20, 21]. On the other hand, particle size, porosity size of the particle, the
volume percentage of the dense phase and the chemical properties of the polymer were remarked.
Among all types of particles used for the production of mixed membranes, MOFs can work e�ciently to
remove most of the aforementioned problems of the network for different reasons [28, 29].

The nanostructure of the Metal-Organic compounds has a speci�c surface and lots of porosities and the
size of their Nanopores can be regulated. In fact, they can simultaneously increase the permeability and
selectivity of the membrane. The completely organized, regular and homogenous Nanopores are counted
as other advantages of these frames because they have made up of the same repeated units [28–30].
This distinguishes these types of substances from carbonic substances and zeolites. This is regarded as
a signi�cant factor increasing the selectivity. The remarkable variety of these compounds is caused by
the type of ligand and metals. The ligand- metal coordinated bonds and bonds between the donor and
receptive molecules and hydrogenic bonds. From another point of view, various polymers have been
synthesized and evaluated to achieve a suitable MMM for gaseous separation processes with polymeric
base [22, 31, 32]. In polymeric precursors, polymers like PEBAX are commercial thermo-plastics that have
been used in different gaseous separations [33, 34]. Kim et al. mulled over the separation properties of
the mixed network membrane of the gas which has been made of PEBAX. They dissected the effect of
the chemical components of PEBAX co-polymer on the permeability of the polar and non-polar pair gases
like CO2/N2. The results reveal that the permeability of the permeating non-polar gases is reduced as the
molecular size of these gases is increased [34].

Regarding the aforementioned items, the effect of adding MOF with the optimized and suitable structure
on two suitable and selected grades from PEBAX polymer has been scrutinized in this current research.
The XRD and SEM tests have been applied to assess the optimized membranes. The effects of adding
MIL-100 (Fe) to the structure of both types of polymers and their interaction has been measured as one of
the innovations of this research. Finally, the features were evaluated and the separation of the paired
gases of CO2/CH4, CO2/N2 and CO2/O2 and their permeations were considered.

2. Materials And Methods
2-1. Polymeric Precursors
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Polymers like PEBAX are commercial thermoplastics that have been used in different gaseous
separations. Table 1 displays the speci�cations of the grades 2533 and 1657 of PEBAX polymer [30].
DMF is an organic compound which has been used as a solvent. Its properties are illustrated in Table 2.
The cylinders containing pure gases of N2 and CO2 have been used as feed to test and assess the
membrane permeability.

Table 1
The properties of the PEBAX polymer grades

Properties Unit PEBAX1657 PEBAX2533

contents PE Wt.% 60 80

Density g/cm3 1.14 1

Melting Point oC 204 134

Glass transition oC -56 -65

Stress in tears MPa 32 32

Table 2
DMF solvent properties

Name Dimethylformamide [(CH ) NCH]

Molecular mass 73.09 g.mol−1

Boiling point 153°C

Melting point 60.5°C

Density 948 mg.mL−1

Steam pressure 516 Pa

Flash point 58°C

2-2. Synthesis of MOF (MIL-100) Fe

The Fe Lewis acid sites are produced by omitting two molecules of H2O belonging to the octahedra Fe
bases and the partial removal of anions through vacuum activation. Therefore, lots of Fe Lewis acidic
sites can be obtained in pores within the MIL-100 (Fe) synthesis by considering the functions of this
process. Structural studies indicate that there are remarkable substances for surface absorption which
can be utilized in processes requiring surface absorption and desorption [30, 31].

2-3. Laboratory Equipment
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The magnetic stirrer includes a magnet with a cover that is neutral to all chemicals. There is also a hot
plate and a magnetic engine inside the device. When the magnet inside the engine starts rotating, the
magnet inside the solution container moves it. So, the temperature and the rotation speed of the magnet
inside the solution container can be simply set and controlled. Fig. 1 features out a schematic of a
membrane module and magnetic stirrer. The ultrasonic cleaner is a metallic container containing some
water. This device is utilized to disperse nanoparticles in liquids and diffuse nanoparticles and degas the
membrane solution.

2-4. MMM Preparation Procedures

The solution-casting method was used to make a membrane. Indeed, the suitable thickness in this
experiment was considered to be 100µm. For this purpose, the polymer and nanoparticle were weighed by
mixing different percentages of 5, 10 and 15 wt.% of the nanoparticle.

To diffuse the nanoparticle through the solution and have a homogenous composite and pores with the
homogenous gap, the beaker containing the nanoparticle and solvent was put in the ultrasonic cleaner
for 20 min. After using the ultrasonic cleaner, if the solution is stood still for more than 5 min, the solution
is deposited. After the nanoparticle solution was added to the polymer, the �ask was put on the hot plate.
The thermometer and the pipe connected to the �ask and the magnet was dropped into the �ask.

To completely disperse the MIL-100 and the intended polymer by rotating the magnet on the stirrer device,
the test should be done at the temperature of 110 to 120 ˚C for 4 hours. After several tests, it was
determined that 240 min is needed for complete dissolution and homogenization. The homogenous
solution was obtained after 225 min. In the last 15 min, one drop of oil is added to the solution to simply
separate the membrane from the plate while it is being stirred. From one hour earlier, the glass plate was
washed by distilled water. It was put in the oven at the temperature of 70°C. It should be noted that
homogenous diffusion on the plate should have the same temperature when the membrane solution was
poured on the plate.

Now, the composite solution which includes PEBAX (2533 or 1657) polymer the MIL-100 nanoparticle and
DMF solvent is slowly poured on the plate and a membrane with a thickness of 100µm was made. It is
exposed to the open air for one or two days so that the solvent is completely evaporated. In the next step,
the membrane is put in the oven for 3 hours at the temperature of 70°C before separating it from the
plate. In this stage, the membrane �lm is ready to separate from the plate.

3. Results And Discussion
This section provides details about the characterization of PEBAX2533/MIL-100 (Fe) and PEBAX
1657/MIL-100 (Fe). In consequence, the function of these two membranes in the separation process of
CO2/CH4  CO2/N2 and CO2/O2 is considered. The XRD and SEM tests were applied to analyze the
structure and the surface morphology of the membrane body.
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3-1. Characterization results of Nanocomposite Membranes

3-1-1. XRD Test

In order to study the structural (crystalline-amorphous) evaluations, some characteristic tests were done
on obtained PEBAX2533 and PEBAX1657 / MIL-100 (Fe) nanocomposite membranes (Fig. 2).

As indicated in Fig. 2.a, the PEBAX1657/MIL-100(Fe) membranes have re�ected one high wide peak and
two high sharp peaks in the 23.85 and 21.45° in the region between angles from 15 to 25°. The wide peak
reveals the amorphous structure of the PEO phase of PEBAX 1657 polymer which has been formed in this
region. The low range long peaks are related to the crystalline phase of PA polymer [31]. Moreover, the
5.56 and 11.05° peaks disclose the presence of MOF in the membrane structure. Their intensity is
diminished because of diffusion in the polymer environment. As the amount in the polymer structure is
increased to 0.15%, a slightly intensive peak has been shown [32, 33]. Fig. 2.b illustrates the results of
XRD for the PEBAX 2533/MIL-100 (Fe) for nanocomposite membrane. These membranes include an
amorphous phase and a crystalline phase which have been featured out in one wide peak (15 to 25°) and
two high sharp peaks (23.85 and 21.69°), respectively. Notably, the wide peak reveals the amorphous
structure of the PTMO phase of PEBAX2533 polymer which is in this region. High sharp peaks are related
to the crystalline phase of PA polymer [32, 33]. Similarly, the peaks 5.56 and 11.05° indicate the presence
of MOF in the membrane structure once again. According to the fact that all the nanocomposite
membranes made in this research have been synthesized by applying the DMF [33], the boiling point of
this solvent is high, it ends to produce membranes with mostly crystalline structure [34]. Thus, the
presence of crystalline phases in membrane structure could be predicted. Besides the polymer crystalline
structure, it is signi�cant to remark the situation of crystalline peaks and determine the permeation
properties in membranes. According to equation Bragg (nλ = 2dsinθ), when the amounts of 2θ are
decreased, the d-spacing increases. The d-spacing is a criterion to measure the molecular spacing of
inter-polymeric chain. As the d-spacing gets more, there is more tendency to transmit gas molecules [31,
35]. The d-spacing for grade 2433 will be more than 1657 due to different peaks of PEBAX.

3-1-2. SEM results

The SEM test was applied to pore over the effect of adding MIL-100 (Fe) to PEBAX2533 and PEBAX1657
on the structure and the surface of the nanocomposite membranes. Fig. 3 divulges the results of this
experiment. As observed, using PEBAX 2533 polymer can lead to produce more porous membranes and
this is made by the presence of TMO monomers [36]. Clearly, poly tetra methylene is identi�ed as the �ne
part of the PEBAX2533. Also, this factor makes synthesized membranes have a more porous levels, while
polyether amide polymer which is in the structure of PEBAX1657 is directed into making bigger pores and
more porous structures [37]. This is caused by easier movement and more �exibility of PEBAX polymeric
chains on the surface [38].

As pointed out, PEBAX is an elastomer thermoplastic which is a compound of linear chains of hard
polyamide (PA) such as nylon-6 (6PA-) and nylon-12(12PA-). It is set beside the polyether monomers (PE)
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and provides �exibility and mechanical power in the �nal polymer. Besides, poly tetramethyl oxide
(PTMEO), which presents excellent properties for gas separation, has been added to the structures of
PEBAX2533. According to the results of SEM, it is concluded that the presence of poly tetramethyl oxide
(PTMEO) increases the d-spacing which enhances gaseous permeation.

Holistically, it has resulted that the synthesized membranes hold the less dense and suitable structure. As
indicated, the effect of adding MIL-100 (Fe) to PEBAX1657 and 2533 polymers on the structure of
synthesized membranes have been shown. Observing the SEM images can pave the way to realize that
the MOF amount leads to more roughness on the membrane surface. Finally, it improves the absorption
process and gas dissolution [39]. Furthermore, it is observed that the lumping amount is increased as this
substance is enhanced. Eventually, it might bring about non-selective masses on the surface and the
membrane structure [40, 41].

3-2. Separation performance of Nanocomposite Membranes

The gaseous separation e�ciency of the PEBAX1657 and 2533 nanocomposite membranes were
deliberated by adding MIL-100 (Fe) at the pressure of 3.5 bar and temperature of 25°C. In this research,
the permeation amount of CO2, CH4, N2 and O2 gases and the pair gas selectivity of these membranes for
the CO2/CH4, CO2/N2 and O2 were mulled over (Fig. 4). Fig. 4.a features out that the permeation amount
of carbon dioxide through the membranes synthesized by PEBAX2533 is more than the ones synthesized
by PEBAX1657. The reason of such increase is caused by the presence of the poly tetramethyl oxide
monomers which result in the formation of membranes with more porous and �exible membranes.

Additionally, they can pass the gaseous molecules through themselves more easily [42]. Clearly, the
polymeric �ne parts of tetramethylene oxide (PTMEO), which is in the PEBAX 2533 structure, hasten the
transition of gaseous molecules. As the tendency of carbon dioxide to PTMEO is remarkably more than
PE for the sake of making hydrogen bonds, such tendency will be high in N2, methane and oxygen. As
indicated in the XRD analysis, the grade 2533 of PEBAX is more amorphous in comparison with grade
1657. It increases the d-spacing and enlarges the pores of the membrane. Finally, it causes more gas
molecules to pass through the membrane. Still, the permeation- dissolution mechanism is identi�ed as
the dominant mechanism on passing gases through the dense membranes. The CO2 molecules tend
more to be absorbed on the surface of poly tetramethylene oxide in comparison with polyethylene oxide.
This factor intensi�es the dissolution of carbon dioxide as well as its passing through the membrane [43].
Notably, it is true for methane gas. As shown, membranes with PEBAX 2533 base have less selectivity
than PEBAX1657. It is indicated that the permeation amount of carbon dioxide has been increased in
both membranes through adding MIL-100 (Fe) to the membrane. This increase is related to the free
fraction volume (FFV) developed by making a pore around MOF diffused nanoparticles [44]. Moreover,
the synthesized membranes have more tendency to polar gases like carbon dioxide by adding MIL-100
(Fe) to PEBAX polymer because of having OH polar groups [45]. The FFV enhancement and the increase
of OH groups are responsible for the continual permeation increase of this gas and the improvement of
the amount of MIL-100(Fe).
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The SEM images show that the increase of MOF amount directs into lumping more nanoparticles. At last,
more non-selective surfaces and sections are made on the structure of the membranes. As observed, this
factor affects the total selectivity of the membrane and its operation. Since PEBAX1657 polymer is less
�exible and the size of pores are small in the synthesized by this polymer, the passing rate of CH4, N2 and
O2 gases is in�uenced and reduced. For this reason, better selectivity in membranes PEBAX1657/MIL-100
(Fe) was observed in comparison with PEBAX2533/MIL-100 (Fe). Fig. 5 reveals that most of the
selectivity numbers are related to the pair gases of CO2/N2, CO2/O2 and CO2/CH4, respectively. Evidently,
it is inferred that the least amount of gaseous permeation is related to N2 gas, methane gas and carbon
dioxide, correspondingly.

As aforementioned, the permeation- dissolution mechanism is the dominant mechanism on passing
gases through dense membranes such as gaseous ones. Based on this theory, the gaseous molecules
permeate into the membrane and pass through it because they tend to the membrane surface
(determining the dissolution coe�cients) and they are condensate by the critical temperature [39].
Accordingly, the molecular polar bond among the gases considerably in�uences the surface dissolution
stage. In fact, the molecules of carbon dioxide will have the highest condensation while they are in touch
with the polymeric structure of the membrane. As a result, it leads to more permeation in comparison with
other gases tested in this research [38, 46].

The enhancement of permeability in PEBAX/MIL-100 (Fe) may have resulted from the mixed effects of
permeation-dissolution and the molecular screening mechanism and it cannot be explained only by one
of the mechanisms. Adding MOF can make a remarkable change in the permeation of carbon dioxide
which can be resulted from the ideal selectivity of CO2/N2, CO2/CH4 and CO2/O2 pair gases. This might
be caused by passing more carbon dioxide through the pores of MIL-100 (Fe) which can remarkably
prevent the permeation of bigger molecules through the MOF pores [47]. From another point of view,
although methane gas is a non-polar molecule, it has polar bonds tending these molecules to the �ne
PEBAX polymer threads. As a result, it ends to more permeation of this gas in comparison with oxygen
and N2 [42]. The next in�uential factor is the kinetic diameter of gases which determines their amount
and permeation coe�cient. Since the kinetic diameter of carbon dioxide (3.3A) is less than methane (3.8
A), N2 (3.64 A) and oxygen (3.46 A), it will have a higher permeation coe�cient. Likewise, O2 and N2

molecules are non-polar with non-polar bonds. Nonetheless, oxygen has not only a smaller kinetic
diameter, but also it has re�ected more dissolution in the membrane by making a hydrogen bond with OH
groups in the membrane structure and MOF [34, 47, 48]. Fig. 5.c illustrates the permeation results of
different gases from the PEBAX1657MIL-100 (Fe) and PEBAX2533/MIL-100 (Fe). As observed, CO2 has
scored more permeability in all parentages. The permeations are as below:

CO2 > O2 > CH4 > N2

The rubber nature of PEBAX makes the more polar nature of CO2 more permeable than other gases. On
the other hand, the kinetic diameter of CO2 is smaller than O2, N2 and CH4. It may be directed into more
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permeation of this gas in comparison with other gases [31, 47]. Moreover, the weak solubility of N2 may
be caused by the low permeability of the more kinetic diameter. Finally, it leads to less permeation. The
permeation- dissolution mechanism has been widely accepted in order to explain the permeation of
gases through the polymeric membranes. It is noteworthy that the principle of this mechanism is based
on the gas transition through MIL-100 (Fe) caused by the simultaneous impact of the factors of MOF
percentage compound, the size and structure of pores.MIL-100 has suitable molecular screening effects
for the sake of engineered crystalline structures and the size of pores. In fact, the permeability of gases is
enhanced by adding MIL-100 (Fe) to the structure of both PEBAX grades [50, 51].

Figure 6 discloses the effect of adding different percentages of MOF to the PEBAX structure on the
separation operation of the synthesized membranes at the pressure of 5.5 bar. Figure 6.a. divulges that
the permeation of carbon dioxide has been increased for both membranes with the PEBAX base as the
MOF amount enhanced at the pressure of 5.5 bar. Besides, it is observed that the trend of changes at the
pressure of 5.45 bar is similar to the tests done at the pressure of 3.5 bar. However, both permeability and
selectivity have been enhanced to higher amounts. In other words, as the pressure is increased from 3.5
bar to 5.5 bar, the PEBAX1657/MIL-100 (Fe) membrane has re�ected better operation than
PEBAX2533/MIL-100 (Fe) in the separation of the tested gases. This phenomenon is caused by higher
FFV of PEBAX2533/MIL-100 (Fe) membranes which are dense by pressure increase. As a result, the gas
permeation coe�cient is reduced in polymer due to the (D=Aexp(- γv*/FFV) Cohen-Turnbull)).

It is observed that the highest separation amount and ideal selectivity were observed in membranes with
a loading of 5 wt.% of MOF. This phenomenon is brought about by MIL-100 (Fe) lumping in the mixed
matrix membrane [47].

3-3. Comparison of the Permeability and Selectivity results of Prepared MMM

The graphs of 1991 [24] and 2008 [25] were used in order to scrutinize the separation operation of the
synthesized membranes with other mixed matrix membranes and nanocomposite. These graphs have
been achieved based on the selectivity and permeability data of the certain number of gases in previous
studies designed by Robeson. These graphs have been considered as an operational criterion in lots of
research on the membrane gaseous separation. In fact, if the operation of a membrane touches the graph
or passes through it, its operation is acceptable [34, 47]. The graphs of Fig. 6 indicated that the operation
of PEBAX1657/MIL-100 (Fe) membrane on the Robeson graph of 1991 is associated with CO2/CH4

separation and PEBAX2533/MIL-100 (Fe) has touched it. The function of the synthesized membranes is
respectively lower than Robeson graphs of 1991 and 2008 in the separation of the CO2/N2 and O2/N2

pair gases. It means that the PEBAX1657/MIL-100 (Fe) membrane has a relatively suitable operation to
separate methane and carbon dioxide gases. The gradual increase of permeation by pressure
enhancement is attributed to increasing the absorption of CO2 in the polymeric membranes [51].

Likewise, one the reasons of improving the operation of CO2 by pressure enhancement is caused by
making hydrogen bonds among oxygen atoms existing in CO2 and Amide operational groups in PEBAX.
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In fact, the permeation of CO2 in PEBAX2533-MIL-100 (Fe) is improved more than PEBAX1657-MIL-100
(Fe) (Fig. 6.c). Additionally, more permeation of carbon dioxide might be related to enhancing the
permeability of CO2 in the mixed matrix membranes in comparison with other gases. The main reason is
that since there are OH bonds in the structure of MIL-100(Fe), CO2 tends to pass through the MOF pores
more than other gases.

4. Conclusions
Both types of membranes based on PEBAX with different grades and loading percentage of MOF were
dissected and observed with the contribution of the XRD experiment of the amorphous (polyamide) and
crystalline phases (polyether oxide and polytetra ethylene oxide). Moreover, two sharp peaks at 5.56 and
11.05° proved the presence of MOF. According to the SEM results, it was observed that membranes
synthesized based on the PEBAX2533 hold more porous structure in comparison with the ones
synthesized based on PEBAX1657. Evidently, adding MIL-100 (Fe) to PEBAX makes more roughness on
the membrane surface. Additionally, it was observed that as this MOF is increased, the lumping amount is
enhanced. Eventually, it brings about non-selective masses on the surface and membrane structure. The
outcomes of permeability and selectivity experiments demonstrated that carbon dioxide has the highest
amount of permeability, whereas N2 gas revealed the least amount of permeability through the
synthesized membranes for the sake of more chemical tendency to the membrane surface and the small
kinetic diameter. The permeability of methane gas was more than oxygen gas. Moreover, the synthesized
membranes based on PEBAX2533 have revealed more permeability, whereas membranes containing
PEBAX1657 re�ected better selectivity. Adding MIL-100 (Fe) to the membrane structure caused to improve
separation and permeation of all the intended gases, while the enhancement of this substance decreased
the selectivity of the paired gases despite the permeability increase. This is concluded by lumping MOFs
on the surface and the structure of the synthesized membranes. As the operating pressure is increased to
5.5 bar, the improvement of the separation operation was observed in all data. The results comparing
with Robeson diagrams indicated that PEBAX1657/MIL-100 (Fe) and PEBAX2533/MIL-100 (Fe)
membranes contain 5 wt.% of MOF, which has a suitable operation in separating methane gas from
carbon dioxide for the sake of the Robeson graph of 1991. However, their operation needs more
modi�cations to separate other aforementioned gases.
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Figure 1

The (a) membrane preparation setup and (b) membrane module
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Figure 2

X-ray diffraction test results for (a) PEBAX1657 / MIL-100 (Fe) and (b) PEBAX2533 / MIL-100 (Fe)
membranes with various loading percentage.
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Figure 3

SEM photographs of the surface and cross sections of the PEBAX1657 / MIL-100 (Fe) and PEBAX2533 /
MIL-100 (Fe) nanocomposite membranes in various loading percentage
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Figure 4

Comparison of the separation performance of PEBAX1657 / MIL-100 (Fe) and PEBAX2533 / MIL-100 (Fe)
membranes due to increasing MIL-100 (Fe) loading percentages; (a) CO2 permeability and (b) gas pair
selectivity of CO2/N2 and CO2/O2 at pressure of 3.5 bar.
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Figure 5

Comparison of the separation performance of PEBAX1657 / MIL-100 (Fe) and PEBAX2533 / MIL-100 (Fe)
membranes due to increasing loading percentages of MIL-100 (Fe); (a) CO2 permeability and CO2/CH4
selectivity at pressure of 5.5 bar (b) selectivity of CO2/N2 and CO2/O2 at pressure of 5.5 bar. (C)
Permeability of CO2, CH4, N2 and O2 at a pressure of 3.5 bar.
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Figure 6

Separation performance of PEBAX1657 / MIL-100 (Fe) and PEBAX2533 / MIL-100 (Fe) membranes in
compared with Robson diagrams for (a) CO2/CH4 (b) CO2/N2 and (c) O2/N2


