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ABSTRACT: Facilitated mixed-matrix membranes (MMMs) containing Cu-metal organic frameworks (Cu-MOFs) with high CO2 selec-

tivity on an asymmetric polysulfone support were fabricated and examined the effect of gas separation performance using different

matrices. An amorphous poly(2-ethyl-2-oxazoline) (POZ) and semicrystalline poly(amide-6-b-ethylene oxide) (PEBAX
VR

MH 1657)

block copolymer were chosen as the polymeric matrix and the effect of the matrix on CO2 separation for MMMs containing Cu-

MOFs was investigated. The interaction of CO2 in different matrix was investigated theoretically using the density functional theory

method, and it was found that the amide segment in PEBAX would contribute more to the CO2 solubility than ether segment. The

morphological changes were investigated by differential scanning calorimetry, field emission scanning electron microscope and X-ray

diffractometer. The ideal selectivity of CO2/N2 was enhanced significantly with the addition of a Cu-MOF, and the values are higher

in the Cu-MOF/PEBAX MMM compared with that in a POZ based asymmetric MMM. Improvement in the CO2/N2 selectivity of a

Cu-MOF/PEBAX MMM was achieved via facilitated transport by the CO2-selective Cu-MOFs due to both their high adsorption selec-

tivity of CO2 over N2 and the decreased crystallinity of PEBAX due to the presence of the Cu-MOFs, which would provide a synergic

effect on the CO2 separation. VC 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2016, 133, 42853.
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INTRODUCTION

A polymeric separation membrane is considered to be an effec-

tive approach for the separation of gaseous mixtures due to the

high separation efficiency and low operation cost compared

with conventional separation methods.1–4 However most of the

polymeric membranes suffer from the trade-off between the

permeability and the selectivity;5 the selectivity decreases with

increasing permeability. This trade-off in membrane perform-

ance can be overcome by adopting facilitated transport using a

selective CO2 carrier, and one candidate for the carrier is CO2-

selective metal-organic frameworks (MOFs). Because the perme-

ability and selectivity properties can be manipulated in MOFs

by the combination of metal ions and organic linkers during

synthesis, it is possible to apply functional sites that have an

interaction between the MOF and CO2. If the interaction

between the MOF and CO2 could be optimized, facilitated

transport membranes that contain a gas-selective MOF carrier

would circumvent the trade-off.

With the development of tremendous nanoporous MOFs, sev-

eral mixed-matrix membranes (MMMs) that contain a nanopo-

rous MOFs in a polymer matrix have recently been

reported.6–15 However, most of studies are focused on the high

porosity and structural selectivity of MOFs, which exhibit a

molecular sieving ability with high permeability, rather than the

selectivity. To adopt an advantage of porous MOFs into the

facilitated transport membrane, a high selectivity of CO2 and

reversible interactions between CO2 and the pore of the MOFs

are necessary. We therefore prepared the CO2-selective MOFs,

[{Cu2(Glu)2(l-bpa)}•(CH3CN)]n where bpa 5 1,2-bis(4-pyri-

dyl)ethane (Cu-MOFs),16 which have a relatively high selectivity

towards CO2 over N2 at room temperature.

The choice of the matrix polymer is important to fabricate

MMMs containing Cu-MOFs. Although matching the MOF to

the polymeric matrix is considered relatively easy than the one

based on zeolite because of the partially organic segment of the

MOFs, it is still difficult to obtain a perfect match between the

polymer matrix and the MOF for the preparation of defect-free

MMMs. If there are a non-selective voids resulting from the

incompatibility between MOF materials and the polymer matrix

at their interface and the pores are large enough for gas mole-

cules to diffuse through them, the overall selectivity of the

membrane will be reduced.
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There are several surface modification approaches to enhance

the interfacial adhesion between the MOF and the polymer

matrix,14,17 the resulting MMMs still suffer from low compati-

bility between these components, and most of the membrane

exhibits improved permeability rather than selectivity. Recently

preparation of MOF-MMMs by using particle fusion of polymer

particles and the in-situ synthesized MOF particles.18 Not to

mention of these modification steps add to the cost and com-

plexity of membrane fabrication and make such MMMs less

competitive.17,19

As one way to solve this problem, we focused on the applica-

tion of a CO2-selective MOF as a carrier for the facilitated

transport membrane. If the interactions between the MOF and

CO2 are high enough and reversible for the action of the CO2

carrier, then it is possible to fabricate the highly selective asym-

metric MMM, despite the poor structural selectivity resulting

from the interfacial void between the polymer matrix and the

MOF. Previously, two different gas-selective micro-sized frame-

works were synthesized and dispersed in polyoxazoline (POZ),

as a matrix for the fabrication of facilitated MMM.20 It was

found that the CO2/N2 selectivity of the membranes was

improved via both high adsorption selectivity of CO2 over N2

by the Cu-MOFs, and the difference in pore sizes in the previ-

ous result.20 Since POZ is a low-permeable and low-selective

polymer, it is a good matrix to see the effect of the Cu-MOF as

a carrier for CO2, however, the CO2 permeance was maintained

at the same order of magnitude while the ideal selectivity of

CO2/N2 increased significantly. To enhance the CO2 permeance

of Cu-MOF MMM while maintaining high selectivity, it is nec-

essary to understand the role of the matrix in MMM containing

CO2 selective Cu-MOFs.

Because the Cu-MOFs are stable in ethanol, PEBAX
VR

MH 1657

(PEBAX) is chosen as the polymeric matrix, which are dissolved

in ethanol; ethanol is a good choice for the preserve the mor-

phology of the polysulfone membrane support. PEBAX is a

thermoplastic elastomer that has flexible polyether and rigid

polyamide segments, which will provide a good CO2 separation

membrane which would provide a high selective MMM.21–27

Here, the MMM-containing Cu-MOF was prepared by casting

the polymer solution containing different amounts of Cu-MOFs

onto a commercial macroporous polysulfone membrane sup-

port. Because the permselectivity of a gas-separation membrane

depends on the carrier and matrix, we focused our attention on

the interaction between CO2 and the matrix and the change of

permselectivity with the addition of Cu-MOFs in both polymer

matrices. The interaction of CO2 in different matrix will be

investigated theoretically using the density functional theory

(DFT).28,29 On the basis of the complexation energy, the differ-

ence in permselectivity due to the different matrices will be

understood.

EXPERIMENTAL

Chemicals

Copper(II) nitrate trihydrate (99%), 1,2-bis(4-pyridyl)ethane

(99%), acetonitrile (99.5%), polyoxazoline (POZ, Mw�500,000),

and acetone were purchased from Aldrich Chemical. PEBAX
VR

MH 1657 was kindly provided by ARKEMA. Disodium glutarate

(99%) was purchased from TCI. Methanol and ethanol were pur-

chased from J.T.Baker. All of the solvents were analytical grade,

and all of the chemicals were used without further purification.

Cu-MOFs were synthesized as described elsewhere.16 Disodium

glutarate (0.0352 g, 0.02 mmol) and Cu(NO3)2�3H2O (0.0242 g,

0.1 mmol) were dissolved separately in 20 mL of H2O. These solu-

tions were mixed with 20 mL of 1,2-bis(4-pyridyl ethane) metha-

nol solution (0.0368 g, 0.2 mmol). Solutions were mixed in a glass

bottle, which was capped and stored at room temperature for

24 h. After the reaction, a green powder was collected by centrifu-

gation, washed several times with water and ethanol, and dried

under vacuum at room temperature before being used in the prep-

aration of a membrane.

Fabrication of MMMs

MMMs that contained Cu-MOFs were prepared by dispersing

the appropriate amount of Cu-MOF powder in 20 wt % POZ

in ethanol and 5 wt % PEBAX in 7:3 (w/w) ethanol:water solu-

tion. Bulk powder Cu-MOFs were ground using a mortar before

the addition into the polymer solution. Prior to the fabrication

of the membranes, the mixture was sonicated to ensure good

dispersion. Subsequently, the mixture was coated onto a poly-

sulfone macroporous membrane support (Woongjin Chemical

Industries, Seoul, Korea) at a rate of ca. 0.025 m s21 using an

RK Control Coater (model 101, Control Coater RK Print-Coat

Instrumentals, UK) with black bar (wet film deposition thick-

ness of ca. 40 lm). The average thickness of the selective layer

was approximately 3.5 lm for POZ and 2 lm for PEBAX. The

average pore size of the surface of the polysulfone macroporous

membrane support was 0.1 lm, in the asymmetric structure.

After the solvent was evaporated in a convection oven at room

temperature, the MMMs were dried in a vacuum oven for one

day at room temperature.

Characterization

X-ray diffractometer (XRD) patterns were collected at room

temperature using a Rigaku X-ray diffractometer equipped with

a Cu Ka radiation source (k 5 0.154 nm). Membrane cross-

sections were obtained by fracturing dry membranes under liq-

uid nitrogen and analyzed with a field emission scanning elec-

tron microscope (FE-SEM, HITACHI S-4700). Platinum was

coated on the samples at 15 nm thickness. Differential Scanning

Calorimetry (DSC) thermograms of the MMM were obtained

by DSC 8000, Perkin Elmer (USA). The temperature range was

280�2308C at a heating rate of 158C/min in a nitrogen atmos-

phere. The membrane area, 2.25 cm2, was evaluated using a

mass flow meter30 at pressures of 207 kPa for the membranes.

More than three samples were prepared for each concentration

of Cu-MOF in the MMMs, and the reported data represent the

averaged values for the samples showing CO2/N2 selectivity. The

unit of permeance is GPU [1026 cm3 (STP)/(cm2 s cmHg)],

and the ideal selectivity was calculated as the ratio of

permeance.

Computational Method

The electronic energies and structures of the stationary species

of interest in the gas phase were calculated by full optimization

without any geometrical constraints using the density functional
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theory method with Gaussian 09 software, using the B3LYP

hybrid exchange function31,32 with a 6-311G(d,p) basis set.33

The nature of all stationary point species was verified by calcu-

lating their vibrational frequency.34,35

RESULTS AND DISCUSSION

Complexation of CO2 In Modeled Polymer

In general, the gas transport through the PEBAX and POZ

membranes obeys a solution-diffusion mechanism. Because the

solubility in the polymer matrix depends on the chemical inter-

actions between CO2 and polar groups of the matrix polymer,

the interaction between CO2 and the matrix were investigated

by theoretical approaches using the model of PEBAX and POZ,

which are shown in Figure 1. PEBAX is a combination of a

nylon 6 segment with polyether segment according to the

weight mole fraction, and POZ was structured as a dimer of

oxazoline. The four possible configurations of PEBAX were

optimized, and the most stable configuration is shown in Figure

1 along with that of POZ.

For PEBAX���CO2, six initial configurations were constructed for

geometric optimization as marked in Figure 1(a). In each of the

configurations, the CO2 molecule was placed at a different loca-

tion: horizontally and vertically to the plain, which formed with

the amide or ether group). The optimized structures in each

location are shown in Figure 2.

The formation of these complexes is diffusion-controlled with-

out an activation energy. The B3LYP structure of POZ���CO2

was obtained with a similar method, and the optimized struc-

tures are shown in Figure 2(d).

In the complex with PEBAX, the most stable PEBAX���CO2

complex is shown in Figure 2(a), in which the CO2 is located

such that it is almost equidistant from the carbonyl oxygen

atoms of the amide group in PEBAX. The distance between the

C of CO2 and O of carbonyl is 0.289 nm, and the charge of

oxygen is calculated by natural population analyses (NPA),36,37

the charge densities of the oxygen of carbonyl group increased

with the addition of CO2 from 20.664 to 20.685 by the com-

plexation formation. For the PEBAX���CO2 complex in which

CO2 was attached to the ether oxygen [Figure 2(c)], the dis-

tance between the C of CO2 and O of ether is 0.341 nm, and

the charge of the ether oxygen slightly changed from 0.604 to

0.611. Additionally, the oxygen atoms of the CO2 molecule are

bent outwards to reduce the repulsive interaction with the elec-

tronegative oxygen, and it is more significant for CO2 com-

plexed with carbonyl oxygen. Similar principles influence the

structure of the POZ���CO2 complex, as shown in Figure 2(d).

When compared between the complex formed in the amide

region [Figure 2(a)] and the ether region [Figure 2(c)], the dis-

tance between the C of CO2 and O of the polymer in [Figure

2(a)] is shorter than that in [Figure 2(c)]. This implies that the

interaction of C and O of the amide is higher than the interac-

tion of C and O of the ether.

The complexation energy (DEc) is defined as the difference

between the energy of the matrix���CO2 complex and the sum

Figure 1. Optimized structure of a simple model of (a) PEBAX and (b)

POZ (the arrow represents the approaching direction of CO2). [Color fig-

ure can be viewed in the online issue, which is available at wileyonlineli-

brary.com.]

Figure 2. Optimized structure of complexes with CO2: (a) PEBAX

(A1)���CO2, (b) PEBAX (A2)���CO2, and (c) PEBAX (E)���CO2, (d) POZ

���CO2. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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of the energies of the separate model matrices and CO2 species.

Although it is known that a calculation with a basis set super-

position error correction carried out by the counterpoise

method of Boys-Bernardi38 provides a more consistent result

with experimental data for the non-covalently bound com-

plexes,39 our objective is to see the trend in this simplified

model; therefore, we only considered the uncorrected DEc

between the molecules in this research.

The complexation energies in the gas phase are all negative, as

shown in Table I, indicating that their formation is favorable.

The DEc values were found to be 29.51 kJ/mol for POZ���CO2,

and the DEc values were 29.92 and 24.54 kJ/mol for ami-

de���CO2 and ether���CO2 complexes in PEBAX, respectively, in

gas phase. The formation in the gas phase of amide���CO2 is

more favorable than that of ether���CO2 in PEBAX. The energy

and structure of the amide oxygen of the POZ���CO2 complex

are consistent with that in PEBAX.

Considering the relationship between the free energy and the

solubility, the polyamide segment would contribute more to the

CO2 solubility than ether segment. However, PEBAX has both

rubbery polyether domains and glassy polyamide domains, and

most of the gas transport occurs through the rubbery domains;

therefore, the sorption contribution of the glassy amide domain

is considered to be negligible due to the crystallinity of the

amide domains in permselectivity of PEBAX matrix.22

Characteristics of MMM Containing Cu-Mof

The formulation of Cu-MOF is [{Cu2(Glu)2(l-bpa)}•

(CH3CN)]n where Cu2 units are connected by glutamates (Glu)

and 1,2-bis(4-pyridyl)ethane (bpa) ligands. A single-crystal X-

ray study revealed that the Cu-MOFs contain Cu2 dinuclear

units connected by Glu to form two-dimensional sheets, and

these sheets are bridged by bpa ligands to form the infinite 3-

dimensional framework Cu-MOF.16 The N2 and CO2 gas sorp-

tion analysis for Cu-MOF has previously been reported.16 Cu-

MOF sorbed 12.7 cm3 g21 of CO2 at 298 K, while no significant

sorption of N2 was observed for Cu-MOF at 298 or even 77 K,

showing the effective CO2 adsorption of Cu-MOF.16,20 This

selective CO2 sorption of Cu-MOF is known to be based on the

different polarizabilities of CO2 and N2
16 and implies the possi-

bility of CO2 carriers for a facilitated transport membrane.

Therefore, the intrinsic Cu-MOF selectivity of the CO2/N2 is

assumed to be high, which implies that Cu-MOF can be utilized

as a carrier for CO2 separation.20

The MMM was prepared by casting the Cu-MOF/polymer solu-

tion onto a commercial macroporous polysulfone membrane

support. The amount of Cu-MOFs in polymer was checked

after dissolving the Cu-MOF/polymer film, and the morphology

of Cu-MOFs was maintained during the fabrication of the

membrane, which was confirmed by XRD.

Table I. Data Obtained from Optimized Geometries of CO2-Polymer

Model Complexes

Sample ID
in Figure 2

DEc

(kJ/mol) D (nm) <CO2 (8)

PEBAX (a) 29.92 0.289 177.5

(b) 27.63 0.337 179.2

(c) 24.54 0.340 179.0

POZ (d) 29.51 0.289 177.4

Figure 3. FESEM images of the cross section of a composite membrane

with a selective layer that contains (a) 1.7 (b) 4.8 and (c) 7.2 wt % Cu-

MOF in a PEBAX matrix, respectively.
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Figure 3 shows the cross-sectional morphology of a composite

membrane with a selective layer, which contains different

amount of Cu-MOF in PEBAX matrix. The membranes are

underlaid by a porous sub-layer with macrovoids, which act

only as a mechanical support for the selective layer.

Membrane Performance

The separation performance of the Cu-MOF/PEBAX and Cu-

MOF/POZ composite asymmetric membranes, prepared with

different amounts of Cu-MOFs, was evaluated. The ideal selec-

tivity of CO2/N2 and CO2 permeances with increasing amounts

of Cu-MOFs are shown in Figure 4(a,b), respectively.

The ideal selectivity of CO2/N2 was approximately 12.5 and 1.1

for pristine PEBAX and POZ asymmetric membranes, respec-

tively. These values for both pristine membranes are lower than

those of the reference,40 which is probably due to the prepara-

tion method using ethanol for the fabrication of the membrane

(vide infra). The ideal selectivity of CO2/N2 for all of the

MMMs that contained Cu-MOFs improved, with a greater

increase observed in the MMM based in PEBAX than in POZ.

For the sample containing more than 5 wt % and 10 wt %

loading of Cu-MOFs in PEBAX and POZ matrix, respectively,

the ideal selectivity decreased for both MMMs without reprodu-

cibility. This decreased selectivity of the membrane with high

Cu-MOF loading for MMM implies a non-selective void forma-

tion at the interfaces between the Cu-MOFs and the polymer

matrix. That is, the Cu-MOF dispersion is probably maximized

and beyond the point at which agglomeration of Cu-MOFs

becomes significant, resulting in unselective void formations.

In general, MOF loadings in the MMM increased the perme-

ability, resulting in increased permeance at the expense of selec-

tivity.17,41–45 However, the membranes that contained the Cu-

MOF prepared in this study exhibited a significantly increased

CO2/N2 selectivity while the permeance was maintained (or

slightly improved). Because the pore size of Cu-MOF is 0.54 nm

3 0.41 nm, no size or shape selectivity of Cu-MOF is expected,

given that the kinetic sizes of CO2 and N2 are 0.33 and

0.36 nm, respectively.16,20 It can be seen that the competitive

adsorption of CO2 over N2 of Cu-MOF for CO2 would increase

the solubility of CO2 in the membrane.

Figure 4. (a) Ideal selectivity and (b) CO2 permeance of Cu-MOF/PEBAX

and Cu-MOF/POZ composite asymmetric membranes with different

amounts of Cu-MOF. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Figure 5. WAXD curves for (a) Cu-MOF/PEBAX and (b) Cu-MOF/POZ

film with different amounts of Cu-MOF. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]
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If we considered the role of the matrix polymer is to disperse

Cu-MOFs well enough to perform as a carrier for CO2-facili-

tated transport, the increasing amount of CO2/N2 ideal selectiv-

ity has to be similar. However, we found that the increment of

the selectivity is higher for an MMM based on PEBAX than

that based on POZ.

Effect of Cu-MOFs on Different Matrices

Figure 5 shows the XRD patterns of the Cu-MOF/polymer matrix

film. The insert in Figure 5(a) shows the powder X-ray diffraction

pattern of the Cu-MOF. Although some extraneous peaks are

observed as the amount of Cu-MOF increased in the sample, the

intensities of the peaks of Cu-MOFs increase with increasing Cu-

MOF for both MMM based in PEBAX and POZ, indicating that

most of the Cu-MOFs maintain their original structure.20

The d-spacing between polymer chains, which is related to the

free volume, was determined because the chain mobility of the

polymer matrix could affect the diffusion of gases for our sys-

tem. PEBAX is a semicrystalline polymer that shows diffraction

peaks at 208 and 248 of 2h, which corresponds to d-spacings of

0.44 and 0.37 nm, and these are maintained with the addition

of Cu-MOF. On the other hand, the d-spacing of a pristine

POZ film was estimated to be 0.47 nm, and it decreased to be

Figure 6. DSC thermograms of Cu-MOF/PEBAX samples with different amounts of Cu-MOF during the (a) first heating and (b) second heating run.

Curves are shifted vertically for clarity. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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0.45 nm with the addition of 9.1 wt % of Cu-MOF and the

chain structure of the POZ changed.

The thermal properties of the membranes containing the Cu-

MOFs in PEBAX were studied by DSC analysis. The results are

displayed in Figure 6(a,b), which are first and second heating run,

respectively. DSC provides an excellent tool to assess the miscibil-

ity of the Cu-MOFs in PEBAX copolymer because the melting

point depression and the reduction in crystallinity is a measure of

the strength of the interaction between the polymers and Cu-

MOFs.46 For neat PEBAX in Figure 6(b), two dominant endother-

mic peaks are present, whose maxima occur at ca. 10 and 2108C.

These endotherms can be attributed to fusion of the crystalline

fraction of the blocks of poly(ethylene oxide) and polyamide,

respectively. In the first heating run as shown in Figure 6(a), there

is a very broad ill-defined peak at intermediate temperature. This

is probably a kinetically less favorable crystal phase, formed during

the fast ethanol evaporation process, which disappears almost

completely in the second heating run. This would be the reason

why the selectivity of the pristine is lower than that of the

reference.

The glass transition temperature decreased from 252.58C to

253.68C, which indicates a partial miscibility the Cu-MOF and

the PEBAX. The endothermic peak attributed to the crystalline

polyamide as well as poly(ethylene oxide) fraction shifts to

lower temperature with increasing Cu-MOFs. The weight per-

cent crystallinity in the polyamide block in the copolymer was

calculated from the area under the melting peak in DSC results,

and the literature value of the enthalpy of fusion for nylon 6

and poly(ethylene oxide) result40,47 are presented in Figure 7.

The crystallinity of the polyamide block and poly(ethylene

oxide) can be estimated as 10.3 and 8.1% in pristine PEBAX

film, respectively. The overall crystallinity decreases with

increasing Cu-MOFs content, reducing and broadening the peak

until approximately 3 wt % of Cu-MOF addition. This indicates

an increase in enhancement of an amorphous nature and this

will affect the gas permeability as well as the selectivity. With

more addition of Cu-MOF, both segmental crystallinities

increased, and this could be the reason why the CO2 permeance

decreased with the addition of 4.8 wt % of Cu-MOF in PEBAX.

It is generally known that block copolymers have a different gas

permeation behavior from that of homopolymers. The gas per-

meability is the product of a thermodynamic parameter, the sol-

ubility coefficient, and a kinetic parameter, the diffusivity. The

solubility depends on the chemical interaction, and rubbers are

generally more permeable than glassy polymers. The diffusivity

is related to the mobility of the polymer chains and to their

packing density or free volume, which allow the passage of the

permeant molecules. The crystalline amide block in PEBAX acts

as an impermeable phase, which decreases the diffusivity and

the permeability. Although the interaction with CO2 is higher, it

lacks sorption sites, whereas ether block in PEBAX acts as the

permeable rubbery phase due to its high chain mobility and

reasonable interaction with CO2.40

In MMM containing CO2-selective Cu-MOF, the total CO2 trans-

port is represented by summation of the Cu-MOF-mediated trans-

port because of the reversible and competitive adsorption of Cu-

MOF with CO2 and Fickian transport through the polymer

matrix. With the addition of Cu-MOFs in the polymer matrix, the

amount of impermeable polyamide regions in the block copoly-

mer decreases, whereas the high interaction between polyamide

and CO2 has an additive effect on the gas solubility. In addition to

the increased rubbery ether block, both of the favorable interac-

tion enhancements of polar ether and amide oxygen with CO2

result in high solubility selectivity of CO2 with the addition of Cu-

MOF over nonpolar gases. In summary, improvement in the CO2/

N2 selectivity of a Cu-MOF/PEBAX MMM was achieved via facili-

tated transport by the CO2-selective Cu-MOFs due to both an

adsorption selectivity of CO2 over N2 and the decreased crystallin-

ity of PEBAX in the presence of the Cu-MOFs, which would pro-

vide a synergic effect on the CO2 separation.

CONCLUSIONS

We report the room-temperature preparation of asymmetric

MMMs that contain CO2-selective Cu-MOFs in two different

matrices and the characterization the CO2 permselectivity of the

membrane. The preparation method used in this study suggests

the possible development of MMMs that contain MOFs for gas

separation by tailoring the selective interaction with CO2.

The homopolymer POZ and the elastomeric block copolymer

PEBAX were used as a base polymer matrix and showed the dif-

ferent contribution of CO2 selectivity by the incorporation of

the CO2-selective MOFs. Both MMMs in the present work

show a high CO2/N2 selectivity while maintaining the CO2 per-

meance with the addition of CO2–selective Cu-MOFs. XRD,

DSC data, and theoretical calculations of the complexation pro-

vide valuable physical insights as to the origin of the selectivity

enhancement in the membranes. The Cu-MOFs cause a pro-

gressive decrease of the overall melting enthalpy of the polyam-

ide as well as poly(ethylene oxide) segment in PEBAX and

crystallinity phase of the polyether blocks.

For both MMMs, the reversible affinity of the Cu-MOF for CO2

primarily contributes to the CO2/N2 selectivity, and the higher

Figure 7. Crystallinity changes with the addition of Cu-MOF in PEBAX

matrix. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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permselectivity of MMM based in PEBAX is generally attributed

to the extra solubility of CO2 in the amorphous poly(ethylene

oxide) and polyamide phases with the addition of Cu-MOFs.

This higher CO2/N2 selectivity and CO2 permeance of the Cu-

MOF MMM is due to the competitive adsorption of the two

gases onto the Cu-MOF and/or the increase of the amorphous

segment in PEBAX.
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