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Abstract—Blend membranes have attracted great attention because they can combine the advantages of different
polymers. To investigate the effect of amphiphilic polymer on the separation performance of blend membranes, a series
of blend membranes were designed and fabricated by blending an amphiphilic polymer of poly(3,4-ethylenedioxythio-
phene):polystyrene sulfonate (PEDOT:PSS) into poly(ether-block-amide) (Pebax) polymer for CO, separation. For the
as-prepared Pebax/PEDOT:PSS blend membranes, the interconnected CO,-philic networks were constructed by hydro-
philic anionic chains of PSS~ for accelerating CO, transport. Meanwhile, non-CO,-philic networks were constructed by
the hydrophobic cationic chains of PEDOT", which distributed around the PSS™ chains to provide low friction diffu-
sion for CO,. Therefore, the amphiphilic polymer of PEDOT:PSS was an excellent material for improving CO, separa-
tion performance of blend membranes. The results showed that the Pebax/PEDOT:PSS blend membranes were endowed
with excellent CO, separation performance. Pebax/PEDOT:PSS blend membrane demonstrated the optimal separation
performance with a CO, permeability of 440.2+3.3 Barrer and a CO,/CH, separation factor of 28+0.6. This study indi-
cates that introducing the amphiphilic polymer into the blend membranes is an efficient strategy for gas separation.
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INTRODUCTION

As a clean energy source, natural gas has played an important role
in the global green and low-carbon energy transition [1-4]. In 2020,
the consumption of natural gas as primary energy increased by
6.9% year-on-year [5]. However, natural gas generally contains 10-
40 mol% CO,, which not only reduces the calorific value of natu-
ral gas but also corrodes equipment and pipelines [6-9]. At present,
the most pressing issue is removing CO, from raw natural gas to
obtain high-purity natural gas in the process of natural gas applica-
tion process. Compared with traditional technologies, membrane
technology has several advantages in cost and environment. They
have the advantage of high energy efficiency, simple and reliable
operation, modular design, and ease to scale up, and low energy
consumption [10,11]. They do not require energy-intensive phase
changes or potentially expensive adsorbents, and they are easy to
handle solvents [12]. Therefore, membrane technology is one of the
most promising CO, separation technologies because of its simple
operation, high separation efficiency, and low energy consumption
[13].

Polymers are commonly used for fabricating CO, separation
membranes because polymeric membranes are (i) much cheaper
than inorganic membranes, (ii) able to be easily fabricated into com-
mercially viable hollow fibers or flat sheets, and (ii) easily scalable
[14]. Solution-diffusion mechanism is a basic transport mechanism
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of polymeric gas separation membranes. It was assumed that there
were no permanent pores in the membranes and specific interac-
tion between CO, and the membrane. Generally speaking, the trans-
port of gas has three steps through the membrane. First, the gas is
absorbed on the surface of membranes at the upstream side. Sec-
ondly, the gas diffuses through the membranes. Finally, the gas is
desorbed at the downstream side [3,14,15]. However, the increased
permeability mainly results from the faster diftusion of gases through
the large polymer chain spacing, which inevitably leads to decreased
selectivity for membranes. Therefore, the high-permeability mem-
branes have low selectivity in most cases, and vice versa [16,17].
Therefore, a long-standing challenge is that a trade-off effect exists
between the CO, permeability and CO,/CH, selectivity for poly-
meric membranes [18-21].

Many approaches, such as blending, cross-linking, and grafting,
have been adopted to overcome the challenge. Wherein, polymeric
blending is to combine different polymers with distinct physical,
chemical, and mechanical properties to fabricate blend membranes.
A combination of useful properties of each polymer can be obtained
by polymeric blending without the tedious work. And polymeric
blending has several advantages in fabricating blend membranes,
such as simplicity; excellent reproducibility, and low fabrication cost
[22-26]. Thus, the study of blend membranes has attracted the atten-
tion of researchers.

In recent years, studies have shown that sulfonated polymer net-
works can increase CO, uptake up to 13.5% during sorption tests
[27]. The results imply that blend membranes containing sulfonic
acid groups have the potential to efficiently separate CO, from CH,.
Some researchers have begun to pay attention to the investigation
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of blend membranes containing sulfonic acid groups. Yong et al.
[28] prepared blend membranes by introducing sulfonated poly-
phenylenesulfone (sPPSU) into polymers of intrinsic microporos-
ity (PIM-1) to investigate CO, separation performance. The results
showed that the CO,/CH, selectivity of blend membranes increased,
while the CO, permeability decreased.

The increase of CO,/CH, selectivity was caused by the strong
interaction between CO, and sulfonic acid groups, which rendered
high affinity with CO,. It was indicated that the introducing sul-
fonic acid groups into blend membranes was beneficial to improve
CO,/CH, selectivity. However, the interaction between sulfonic acid
groups and polymer resulted in polymer chain packing, decreas-
ing the CO, permeability of blend membranes. Many literatures have
proved that hydrophobic groups of the polymeric membranes could
provide low friction diffusion for CO, transport, thus increasing
CO, permeability [29,30]. As a result, it was required to design blend
membranes containing sulfonic acid groups and hydrophobic groups
to simultaneously improve CO,/CH, selectivity and CO, permeability.

The effect of amphiphilic materials has also been observed in
some biological systems. The stenocara beetle living in the Namib
desert utilizes a hydrophobic surface with a random array of hydro-
philic bumps on its back to efficiently collect drinking water in the
low moisture environments it inhabits. The philic domains render
preferential adsorption to enhance penetrant solubility and decrease
the energy barrier into the channel, while the non-philic domains
work as fast transport pathways, imparting low friction diffusion
(31,32].

Poly(3,4-ethylenedioxythiophene):polystyrene sulfonate (PEDOT:
PSS) contains abundant hydrophilic sulfonic acid groups on PSS
chains and hydrophobic thiophene groups on PEDOT" chains, and
it is a kind of commercial amphiphilic polymer. The sulfonic acid
groups on the PSS™ chains can form hydrogen bonding and have
strong molecular interaction with CO, [33-37]. The sulfonic acid
groups on the PSS™ chains interact strongly with CO, [38,39]. And
the interconnected PSS chains can construct hydrophilic CO,-philic
networks, which have the potential to improve the CO,/CH, selec-
tivity of blend membranes. Meanwhile, the existence of PEDOT"
chains is conducive to promoting the rapid diffusion of CO, due
to the weak interaction between CO, and hydrophobic thiophene
groups [40,41]. Therefore, the introduction of PEDOT" chains has
potential to improve CO, permeability of blend membranes.

Moreover, the electrostatic interaction between PEDOT" chains
and PSS™ chains can reduce the interaction between sulfonic acid
groups and other polymer chains, avoiding the chain packing of
blend membranes [42,43]. It is indicated that the introduced PEDOT:
PSS is beneficial for improving CO, permeability of blend mem-
branes. Therefore, the introduction of PEDOT:PSS is expected to
simultaneously improve CO,/CH, selectivity and CO, permeabil-
ity of blend membranes.

Pebax” MH 1657, composed of 40% polyimide segments (PA)
and 60% polyether segments (PEO) in which PA provide mechani-
cal properties and PEO have affinity for CO, [44-46], is a common
commercial membrane material. In this study, a series of Pebax/
PEDOT:PSS blend membranes were fabricated by blending differ-
ent content of PEDOT:PSS with Pebax” MH 1657 (Pebax). The
physicochemical properties of the Pebax/PEDOT:PSS blend mem-
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Fig. 1. Chemical structure of (a) Pebax, (b) PEDOT:PSS.

branes were characterized and analyzed. Finally, the eftect of PEDOT:
PSS loading on the CO, separation performance of the blend mem-
brane was tested, and the effect of feed pressure on the CO, sepa-
ration performance was tested and discussed.

MATERIALS AND METHODS

1. Materials

Pebax™ MH 1657 (Pebax, Fig. 1(a)) was purchased from Shang-
hai Rongtian Chemical Co. Ltd. Pebax 1657 is a polyether-block-
amide comprising 40% polyimide segments (PA, nylon-6) and 60%
polyether segments (PEO). The block size of the PEO segment is
around 1,500 g/mol, which means that one repeating unit (n) con-
sists of a PEO-block containing approximately 35 ethylene oxide
units and a PA-block containing approximately 9 nylon-6 repeat-
ing units. The molecular weight (Mw) of Pebax 1657 is between
30,000 and 50,000 g:mol " [47,48]. Poly(3,4-ethylenedioxythiophene):
polystyrene sulfonate (PEDOT:PSS, 1.4% in water, Fig. 1(b), vis-
cosity: 30 mPa-s, solid content: 1.71%) and ethanol were purchased
from Adamas Corporation. Deionized water was made in our lab-
oratory.
2. Membrane Preparation

The membranes were prepared by the solvent casting method.
However, the amide block was difficult to dissolve into the com-
mon organic solvents [49]. The research proved the stable Pebax
solution was easily obtained by dissolving Pebax in a mixture 70%
ethanol/30% water with reflux at 80 °C [39,50,51]. Therefore, a spe-
cific amount of Pebax was added into 70% ethanol solution and
then stirred at 80 °C for 2h to completely dissolve. After cooling
for half an hour, 6 wt% Pebax solutions were obtained. A certain
amount of PEDOT:PSS was added into the Pebax solution pre-
pared above and stirred for 4 h at 25 °C until the PEDOT:PSS was
evenly mixed in the solution to obtain the casting solution. The
obtained casting solution was poured onto a flat glass plate for tape
casting and dried at 25 °C for 48 h and then put into a 40 °C vac-
uum oven to remove the residual solvent to obtain Pebax/PEDOT:
PSS blend membranes.

Pure Pebax membranes were also fabricated according to the
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above method without PEDOT:PSS loading. For simplicity, the
obtained membranes were designated as Pebax/PEDOT:PSS-X,
where X was in a range of 3-9 wt%, referring to the weight percent-
age of loading (PEDOT:PSS) relative to the weight of Pebax. The
membrane thickness was about 100-120 pm.

The PEDOT:PSS loadings are defined as Eq. (1)

Mpppor:pss

XpEDOT:PSS = x100% ¢))

Mpepor:pss T Mpepax

where the units of mpgporpss and mpy,,, is g
3. Membrane Characterization

The cross-sectional images of pure Pebax membrane and Pebax/
PEDOT:PSS blend membranes were investigated by using a scan-
ning electron microscope (SEM, JSM-6490 LV). X-Ray diffraction
(XRD, Bruker D8 ADVANCE) was used to investigate the crystal-
line structure of pure Pebax membrane and Pebax/PEDOT:PSS
blend membranes. The presence of functional groups in the fabri-
cated Pebax/PEDOT:PSS blend membranes was recorded by attenu-
ated total reflection Fourier transform infrared spectroscopy (ATR-
FTIR, BRUKER Vertex 70). The CO, adsorption isotherms were
tested by ASAP 2460 analyzer in the 0-100kPa range at 298 K.
The hydrophilicity of the membrane was tested with deionized
water, and the contact angle of the membrane was obtained. The
mechanical properties of pure Pebax membrane and the blend
membranes were tested by the tensile strength test.
4. Gas Permeation Measurement

In this study, gas separation performance was reflected by the
permeability and selectivity of CO, or CH,. The separation perfor-
mance of the pure Pebax membrane and blend membranes was
tested by using a binary mixture gas system (CO,/CH,=20/80 vol%)
under humidified conditions with the feed and sweep gas fluxes of
50 and 30 mL/min, respectively [52]. A self-made test device was
used for gas penetration test; the test temperature was 25°C and
the pressure range was 28 bar [53]. Under humidified conditions,
a schematic diagram of gas separation device for CO,/CH, separa-
tion is shown in Fig. 2. The effective membrane area was 12.56

cm’. Gas composition was analyzed using Shimadzu GC2014C
gas chromatograph.

The permeability of the gas component can be calculated by
Eq. (2):

1
b QL

TAPA @

where P is the CO, and CH, permeability (Barrer, 1 Barrer= 107
cm’ (STP) cm/cm’ s cmHg), Q; is the volumetric flow of gas (cm’
(STP)/s), 1 is the thickness of the membrane (cm), AP; (cmHg) is
the partial pressure difference between two sides of the membrane
of gas i, and A is the permeation area of the membrane.

The selectivity of the gas component can be calculated by Eq.
(3):

Pi

;= I?] ©)
P, and P; are the permeability coefficients of component i and com-
ponent j, respectively. When the feed gas is pure, ¢ is the ideal
selectivity of i/j component. When the feed gas is a mixture, ¢; is
the separation factor of i/j component.

RESULTS AND DISCUSSION

1. Characterization of Pebax/PEDOT:PSS Blend Membrane
1-1. SEM

The cross-sectional morphologies of pure Pebax membrane and
Pebax/PEDOTPSS blend membranes are clearly observed from
SEM images in Fig. 3. Fig. 3(a) demonstrates that the cross-section
of the pure Pebax membrane was smooth and free of imperfection.
It is shown that the cross-sectional morphology of Pebax/PEDOT:
PSS blend membranes did not change much with the increased
PEDOT:PSS loading in Fig. 3(b)-(e). In addition, no voids were
observed in the cross-sections of the Pebax/PEDOT:PSS blend mem-
branes. This indicates that the amphiphilic polymer of PEDOT:
PSS had good compatibility with Pebax polymer in the blend mem-
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Fig. 2. Schematic diagram of humidified test device.
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(a) Pebax

(e) Pebax/PEDOT: PSS-9

20

Fig. 3. SEM images of cross-section of membranes.

branes.
The elemental distribution of the pure Pebax membrane and
Pebax/PEDOT:PSS blend membrane was confirmed by the elemen-
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(a) Pebax

(b) Pebax/PEDOT: PSS-3

(c) Pebax/PEDOT: PSS-5

(a) Pebax/PEDOT: PSS-7

(a) Pebax/PEDOT: PSS-9

tal mapping images; the results are shown in Fig. 4. It is shown
that the C, O, and N atoms are uniformly distributed in all mem-
branes. And a uniform distribution of S atoms is observed in Pebax/
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Fig. 4. Elemental mapping images of membranes.
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Fig.5. ATR-FTIR spectra of pure Pebax membrane and Pebax/
PEDOT:PSS blend membranes.

PEDOT:PSS blend membrane by introducing PEDOT:PSS into
Pebax. It indicates that PEDOT:PSS was successfully introduced in
blend membranes.

1-2. ATR-FTIR

The ATR-FTIR spectra of pure Pebax membrane and Pebax/
PEDOT:PSS blend membranes are presented in Fig. 5. In the spec-
trum of pure Pebax membrane, the infrared characteristic peaks
located at 3,297 cm™" and 1,636 cm™" correspond to the stretching
vibrations of the N-H bond and the H-N-C=0O bond, respectively.
The infrared characteristic peaks located at 1,730 cm™' and 1,096
cm™' correspond to the stretching vibrations of the C=0 bond and
the C-O-C bond, respectively. These results are consistent with the
molecular structure formula of Pebax 1657 [52,54].

The pure Pebax membrane and the Pebax/PEDOT:PSS blend
membranes had similar characteristic peaks as shown in Fig. 5. In
Fig. 5, no new peak appeared in the spectra of blend membranes
in comparison with that of the pure membrane, and the changes
of the characteristic bands were not clearly observed in Pebax/
PEDOT:PSS blend membranes. It was mainly attributed to the fact
that PEDOT:PSS had good compatibility with Pebax and no effect
on the chemical structure of Pebax.
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Fig. 6. XRD patterns of pure Pebax membrane and Pebax/PEDOT:
PSS blend membranes.

1-3. XRD

The XRD patterns of pure Pebax membrane and Pebax/PEDOT:
PSS blend membranes are presented in Fig. 6. The crystal struc-
ture and molecular-chain spacing of the membranes were analyzed.
It was demonstrated that the broad peaks ranging from 15° to 30°
were characteristic diffraction peaks of crystalline polyamide (PA6)
phase and amorphous polyethylene oxide (PEO) phase in Pebax
1657 [55].

The average d-spacings of pure Pebax membrane and Pebax/
PEDOT:PSS blend membranes were calculated according to Braggs
law [56]. At the sharp peak 26=24", the pure Pebax membrane
showed a d-spacing of 0.379 nm, and the Pebax/PEDOT:PSS blend
membranes showed larger d-spacings in comparison with that of
pure Pebax membrane. The Pebax/PEDOT:PSS-7 blend mem-
brane showed the greatest d-spacing of 0.383 nm at the sharp peak
20=23.7". The possible reason for this change was that the interac-
tion between PEDOT:PSS and Pebax could have disrupted the
original Pebax chain packing, particularly the crystalline PA region
[39]. The increased d-spacings could improve the CO, permeabil-
ity of the blend membrane. The results implied that the introduc-
tion of PEDOT:PSS was beneficial to increase the CO, permeability
of the blend membrane.

Korean J. Chem. Eng.(Vol. 40, No. 1)
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Fig. 7. The histogram of contact angle of pure membrane and Pebax/
PEDOT:PSS blend membranes.

1-4. Contact Angle

The contact angle histogram of pure membrane and Pebax/
PEDOT:PSS blend membranes is presented in Fig. 7. It is shown
that the contact angle of pure Pebax membrane was 89.5°. And the
contact angles of the Pebax/PEDOT:PSS blend membranes con-
tinued to decrease when the PEDOT:PSS loading was less than
7 wt%. The main reason for the decrease is that the PSS™ chains in
PEDOT:PSS contained plentiful hydrophilic -SO; anions and -SO;H
groups. These units and groups endowed PEDOT:PSS with hydro-
philicity and absorbed water molecules that selectively promoted
CO, transport [57,58]. It suggested that the introduced PEDOT:
PSS could be beneficial for improving the CO, separation perfor-
mance of the Pebax/PEDOT:PSS blend membranes. However, the
contact angles became slightly increased when the PEDOT'PSS load-
ings were increased from 7 wt% to 9 wt%. This might arise from
the agglomeration of PEDOT" chains and PSS™ chains, which resulted
in a decrease in hydrophilic regions.
1-5. Mechanical Properties

The mechanical properties of pure membrane and the blend
membranes are shown in Table 1 and Fig. 8. It is seen from Table 1
that Young’s modulus of the blend membranes increased after add-
ing PEDOT:PSS. It resulted from the interaction between PEDOT:
PSS and PEO segments in Pebax [42]. In addition, the mechani-
cal properties of the blend membranes improved by the introduc-

Table 1. Mechanical properties of membranes
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(a) Pebax
L (b) Pebax/PEDOT: PSS-3
(¢) Pebax/PEDOT: PSS-5
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Fig. 8. The stress-strain curves of pure Pebax membrane and the
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Fig. 9. The CO, adsorption isotherms of membranes

tion of PEDOT:PSS. It is attributed to the amphiphilic network
structures formed between PEDOT" segment and PSS~ segment
in the blend membrane [59-61].
1-6. CO, Adsorption Capacity

The CO, adsorption isotherms of the pure Pebax membrane
and Pebax/PEDOT:PSS-7 blend membrane at 298 K are displayed

Membrane Elongation at break Tensile strength Young’s modulus
(%) (MPa) (MPa)
Pebax 865.90+21.4 19.10+1.1 30.05+2.1
Pebax/PEDOT:PSS-3 1,176.91+22.3 26.82+1.9 40.79£1.3
Pebax/PEDOT:PSS-5 1,263.45+28.1 2691+1.7 58.39+1.9
Pebax/PEDOT:PSS-7 1,339.12+16.5 26.68+2.1 60.27+2.3
Pebax/PEDOT:PSS-9 1,203.60+19.7 27.08+1.5 78.79+1.6

January, 2023



Construction of amphiphilic networks in blend membranes for CO, separation 181

p—
(=)

—
'
T

-
9
T
TeRceseeg |
oo

1.0
0.8
0.6 -

|
§
|

04

g
8
[
§
]
g
8
§
g
[
358

0.2

Amount of adsorbed CO, (em®.g™)

0.0

1 2 3 4 5 6 7 8 9 10
Time
Fig. 10. The CO, adsorption capacity of the Pebax/PEDOT:PSS-7
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in Fig. 9. It is shown that CO, adsorption capacity increased with
increasing pressure. The Pebax/PEDOT:PSS-7 blend membrane
exhibited higher CO, adsorption capacity than the pure Pebax mem-
brane, highlighting its excellent affinity for CO,. It resulted from
the rich CO,-philic groups (sulfonic acid groups and benzene rings)
in PEDOT:PSS. And it implied that the introduction of PEDOT:
PSS was beneficial for increasing the CO,/CH, selectivity of blend
membranes.

To test the recyclability of CO, adsorption capacity, the CO,
adsorption capacity of the blend membrane was measured through
ten adsorption/desorption cycles at 298 K, and the results are shown
in Fig. 10. The adsorbed CO, was removed by dynamic vacuum
treatment at 80 °C for 2 h between each cydle. The results showed
that the absorption capacity remained basically unchanged through
ten adsorption/desorption cycles, indicating that the Pebax/PEDOT:
PSS blend membrane had excellent recyclability.

2. Gas Separation Performance
2-1. Mixed-gas

To simulate the separation performance of Pebax/PEDOT:PSS

blend membranes under real conditions, the separation performance
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Fig. 11. CO,/CH, separation performance of the Pebax membrane
and Pebax/PEDOT:PSS blend membranes under humidi-
fied conditions.

of pure Pebax membrane and Pebax/PEDOT:PSS blend mem-
branes with different loadings was tested under humidified condi-
tions. The CO, permeability and CO,/CH, separation factors of
the blend membranes are shown in Fig. 11.

It is shown that the CO, permeability and CO,/CH, separation
factors of Pebax/PEDOT:PSS blend membranes were found to be
superior to that of the pure membrane. And CO, permeability and
CO,/CH, separation factors increased first, and then decreased as
the PEDOT:PSS loadings increased from 3 wt% to 9 wt% as for
Pebax/PEDOT:PSS blend membranes. The CO, permeability and
CO,/CH, separation factor of Pebax/PEDOT:PSS blend membrane
reached the highest (P,,=440.2+3.3 Barrer, 0coyciy=28%0.6) at
the PEDOT:PSS loading of 7 wt%, increasing by 60% and 17%,
respectively, in comparison to that of pure Pebax membrane.

The enhancement of CO, separation performance was primar-
ily due to the CO,-philic/non-CO,-philic network structures and
high-CO,-philic groups of PEDOT:PSS [62]. On one hand, since
there were plenty of hydrophilic groups on the anionic chain of
PSS, the interconnected CO,-philic network structures were con-
structed by the introduced amphiphilic polymer of PEDOT'PSS in
the blend membranes [63]. The interconnected CO,-philic net-
works were beneficial for facilitating the absorbed water molecules
that selectively promoted CO, transport [64-66]. Meanwhile, the
hydrophobic cationic chains of PEDOT" constructed the non-CO,-
philic networks, thus rendering the low-friction fast diffusion of
CO, [4041]. The interlaced hydrophobic and hydrophilic chains
were beneficial for accelerating fast CO, transport and diffusion,
thus improving the CO, permeability and CO,/CH, separation factor.

On the other hand, sulfonic acid groups and benzene rings on
PSS chains in PEDOT:PSS had strong interactions with CO,. These
interactions include: (1) The hydrogen bonding interaction between
SO,H and COy; (2) The electrostatic interaction between RSO;
and CO,; and (3) The quadrupole- interaction between benzene
rings and CO, [38,39]. In addition, CO, and sulfonated ligands were
hard Lewis acid and hard bases, respectively. According to Pear-
sons Hard-soft acid-base (HSAB) principle [67,68], CO, (hard acid)
takes precedence over sulfonate groups (hard base) in the forma-
tion of stable complexes. Therefore, the Pebax/PEDOT:PSS blend
membranes had an efficient effect on the CO,/CH, separation be-
cause of the CO,-philic/non-CO,-philic network structure and high-
CO,-philic groups.

2-2. Effect of Feed Pressure

The effect of different feed pressure on the CO, separation per-
formance of pure Pebax membrane and Pebax/PEDOT:PSS blend
membranes was investigated, and the results are shown in Fig. 12.
When the feed pressure was increased from 2 bar to 8 bar, the CO,
permeability and CO,/CH, separation factors of the pure Pebax
membrane decreased by 48% and 26%, respectively. The decrease
was mainly because the strongly polarizable CO, had a compres-
sion effect on mobile Pebax polymer chains, thus leading to the
decrease of CO,/CH, separation factors and CO, permeability. For
the Pebax/PEDOT:PSS blend membranes, with the increase of the
feed pressure, the CO, permeability and CO,/CH, separation fac-
tors decreased by 34% and 19%, respectively; significantly lower than
that of pure Pebax membrane. This is because the introduced
PEDOT:PSS disrupted the arrangement of the original Pebax chain

Korean J. Chem. Eng.(Vol. 40, No. 1)
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Fig. 13. Comparison of CO, separation performance of membranes
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and restricted the movement of polymer chains [69]. As a result,
Pebax/PEDOT:PSS blend membranes were less affected by the
high feed pressure than the pure membrane, thus improving CO,
separation performance of Pebax/PEDOT:PSS blend membranes.
3. Comparison with Pebax-based Blend Membranes

Fig. 13 shows the CO, separation performance of the membranes
in the upper bound limit plot [70]. Table 2 lists the CO, separation
performance of existing Pebax-based blend membranes. It can
be seen in Fig. 13 that the separation performance of the Pebax/

PEDOT:PSS-7 blend membrane was close to the Robeson upper
bound 2008. And it was demonstrated that the CO, separation
performance of Pebax/PEDOT:PSS-7 blend membranes was higher
than that of other Pebax-based blend membranes. It was mainly
attributed to the fact that the co-existence of CO,-philic networks
and non-CO,-philic networks contributed to the fast CO, trans-
port and diffusion, resulting in improving CO, separation perfor-
mance. The results suggest that the strategy of introducing amphi-
philic polymer of PEDOT:PSS into Pebax polymer appears to be
efficient in improving CO, separation performance of blend mem-
branes.

CONCLUSIONS

Blend membranes were fabricated by blending poly (3,4-ethylene-
dioxythiophene):polystyrene sulfonate (PEDOT:PSS) with poly(ether-
block-amide) (Pebax) for efficient CO, separation. PEDOT:PSS
played a vital role in improving CO, separation performance of
blend membranes. CO,-philic networks and non-CO,-philic net-
works were constructed by the hydrophilic chains of PSS™ and the
hydrophobic chains of PEDOT", respectively. The co-existence of
CO,-philic networks and non-CO,-philic networks contributed to
the fast CO, transport, resulting in improving CO, separation per-
formance. At 7 wt% loading, the blend membrane showed that the
optimal gas separation performance was close to the 2008 Robson's
upper bound. Though it is a challenge to explore the new Pebax-
based blend membranes with high separation performance, blend-
ing Pebax with amphiphilic polymer can effectively improve sepa-
ration performance by constructing amphiphilic networks in blend
membranes. Therefore, it is necessary to explore amphiphilic poly-
mers that can be blended with Pebax to obtain the high-perfor-
mance blend membrane in the future.
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Table 2. Comparison of separation performances of blend membranes fabricated in this work with other Pebax-based blend membranes

Membrane types -material Loading (wt%) Test condition Test gas Test state P (CO,) «(CO,/CH,) Ref.
Pebax 1657/PEG600 20 25°C 7 bar Pure gas Dry 72.39 19 [71]
Pebax 1657/ PEG-ran-PPG 50 30°C 3 bar Pure gas Dry 677 15.7 [72]
Pebax 1657/([BMIM][BFE,] 50 35°C10bar  Pure gas Dry 190 244 [73]
Pebax 1657/[Omim][PF] 8 30°C 10bar  Pure gas Dry 185.3 19.7 [74]
Pebax 1657/PEGDME/[Pge614] [2-Op] - 25°C03bar Pure gas Dry 672.1 17.7 [71]
Pebax 1657/P(VAc-co-DBM) 30 25°C 3 bar Pure gas Dry 103 37.5 [75]
Pebax 1657/PEDOT:PSS 8 25°C 2 bar Mixed gas Wet 440.2 28 This study
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