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Abstract

Carbonic anhydrase (CA) has been widely used in gas separation membranes because
of its high affinity for CO2molecules. In this work, a novel biomimetic material (Co-
2,6-bis(2-benzimidazolyl)pyridine, CoBBP) which has a similar molecular structure to
the CA enzyme but with higher stability and a lower price was successfully synthesized.
The excellent thermal stability, dispersibility and high CO 2 selectivity make CoBBP a
promising alternative to CA. Then, a series of Pebax—CoBBP mixed matrix membranes
were constructed to explore their capability for CO2/N2 separation. Compared to the
pristine Pebax-1657, the Pebax-CoBBP mixed matrix membrane with the optimized
1.33 wt% CoBBP loading showed an improved CO2 permeability of 675.5 barrer and
a CO2/N2 selectivity of 62, surpassing the Robeson upper bound (2008). Furthermore,
the hydrogen bonds between CoBBP and polyamide chains improved the chain stiffness
of the linear glassy polymer, ensuring good operational mechanical stability. In short,
this work could provide a promising method to exploit alternatives to the CA enzyme

and to fabricate biomimetic membranes.

Keywords: biomimetic material; mixed matrix membranes; CO2 capture; biomimetic-

biological membrane reactors
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1. Introduction

Among the numerous CO:z capture and storage (CCS) technologies, the membrane
separation technology has become one of the most promising methods owing to its high
CO:z2 capture efficient, low energy requirement and simple operation.[1-3] At present,
compared with the inorganic materials, polymers have been the commercial materials
applied for gas separation on account of the scalable production and ease of
manufacture. However, the polymer based membranes face the trade-off relationship
between the gas permeability and selectivity (the well-known Robeson upper bond).[4,
5] In order to break through the restriction of the Trade-off effect, the explorations of
new membrane materials, including the MOFs, polymers with intrinsic microporosity
(PIMs), carbon molecular sieves, zeolites and other 2D materials,[6-10] are of great
interests in recent years. Furthermore, a series of modifications for polymeric
membrane including blending and crosslinking are used to solve the mentioned
problems. Mixed matrix membranes (MMMs), incorporating the permeable or
impermeable fillers into the polymeric materials, have experienced a extensively
studies for gas separation in recent years.[ 11, 12] This kind of membranes can combine
the continuous polymer phase with the nanofillers of superior gas separation efficiently,
and the synergistic effect of the polymer and nanofillers can promote the gas separation.
Therefore, the membrane has the potential to overcome the limitation of the Robeson
upper-bound line.[13-15]

Nowadays, more and more researchers have devoted themselves to investigate the

biological membranes and the combination of bio-materials and membranes. Enzymes,



refer to the catalytic function of biological macromolecules, can promote the
biocatalytic process efficiently. For instance, with the help of laccase, Hou and his co-
workers applied the enzymatic membrane reactor (EMR) for the efficient wastewater
treatment.[16-18] Carbonic anhydrase (CA), a kind zinc enzyme with the fastest
catalyze rate that can catalyze the reversible of hydration of CO: efficiently, has the
maximal hydration factor (in excess of 10° s1).[19, 20] In our previous work, CA
embedded ZIF-8 was used as the crystal seeds and in-situ growth on the halloysite
nanotubes (HNTs) layer, and the composite membranes showed high CO2/Nz separation
performance.[21] However, considering the ease of inactivation and the high cost, the
natural CA enzymes bear some other unavoidable disadvantages, such as the sensitivity
of catalytic activity under harsh environment, the poor recovery from the reaction
media.[22] So, the CA is difficult to be widely extended to implement COz2 capture at a
viable industrial scale.[23]

Under these circumstances, the biomimetic materials have developed extensively in
recent years. Especially the design of the biomimetic CA, it has received growing
interest as a potential alternative in the CO2 hydration field.[24-26] As shown in the
structure of CA (Fig. 1a), the active site contains the Zn?" that coordinated three
imidazole groups and one water molecule.[27, 28] As the active site of the CA, the
His3ZnOH acts as the active substance, Zn** and the imidazole rings play the main role
on the hydration of CO2.[29] Several groups have demonstrated the activation of CO2
in small molecules via simulating the active site of CA.[30, 31] Sahoo et al.,

investigated the CO2 hydration with the help of Zn-histidine complex.[32] To date, Lee



and co-works is the only group, using MOFs packaged an organometallic compound to
show a CO: affinity activity analogous to the active CA enzyme.[24] Over
approximately the past years, metal complexes have been used to simulate the active
site of CA, and showed similar activity compared to that of CA.[33-35] However, to
our best knowledge, there is only one literature reported the application of biomimetic
enzyme on membranes. Wang et al, used the biomimetic material-poly(N-
vinylimidazole)-zinc complex on the polysulfone (PS) ultrafiltration membrane for
effective CO2 separation.[25] At present, the biomimetic enzyme on membranes has
rarely been reported. Therefore, developing new biomimetic MMMs reactor paradigm
is significantly required to expand the applicationin  COz capture , and the biomimetic
enzyme has a bright future in the field. As well, we expect this method that can be
extended to other bionic areas.

In this study, a novel biomimetic material (?) with the similar structure of CA was
successfully synthesized and showed similar catalytic capability for COz relative to CA.
(Fig. 1b) After that, this biomimetic material was introduced into polymer matrix to
make MMMs for CO2 capture. Herein, a common polymer material (Pebax-1657) was
selected as the continuous phase to combine the biomimetic material effectively. On
one hand, polymers based CO: capture are the most frequent membrane materials,
which have been widely employed in conventional industry fields. Pebax-1657, a
commercial rubbery copolymer with high gas permeability and selectivity, is regarded
as an ideal membrane material for the capture of CO2 from natural gas and flue gas.[36,

37] More importantly, the CoBBP can process poor compatibility in most solution in



addition to Pebax-1657. The chemical structure of Pebax-1657 is shown in Fig. 1c. It
consists of a hard segment (PA) and a soft segment (PEO). PA segment shows the strong
mechanical strength because of the high crystallinity, and the PEO as the CO2-philic
segment displays high CO2 permeability capability due to the chain mobility and the
high affinity with polar molecules.[38, 39] Therefore, this motivates our interest in
choosing Pebax for the fabrication of biomimetic MMMs reactor.

In this work, the coordination of metal ion (cobalt) with 2,6-bis(2-benzimicdazoly)
pyridine (named as BBP) was used to mimic the active site of CA. (Fig. 1c¢) This
biomimetic material (CoBBP) was mixed into Pebax-1657 polymer to fabricate the
MMMs via a solvent casting method. The effect of different loadings on CO2
permeability was also investigated. The resulting membranes showed the increasing
permeability of COz relative to the pristine Pebax membranes. Importantly, the MMMs
surpassed the Robeson upper bond in 2008. In addition, the thermal stability of MMMs
modified with CoBBP was studied via a series of high temperature treatments to
understand the high temperature resistance than CA. Finally, the long-term stability of
the MMM was explored to test the anti-aging behavior.

2. Experimental.

2.1. Materials

2,6-Bis(2-benzimidazolyl)pyridine (BBP) was purchased from Sigma-Aldrich.
Commercial Pebax-1657 (consisting of 60 wt% polyether segments and 40 wt%
polyamide segments) was obtained from Arkema Inc. Zinc perchlorate hexahydrate

(Zn(ClO4)26H20, Mw: 372.38, Purity: 99.97wt%) was purchased from Aladdin. Cobalt



perchlorate hexahydrate (Co(ClO4)26H20, Mw: 365.93) was purchased from Shanghai
Macklin Biochemical Co., Ltd. Methanol and ethanol were obtained from Medicine
Group Chemical Reagent Co., Ltd and Tianjin Kermel Chemical Reagent Co., Ltd,
respectively. Deionized (DI) water was used in all experiments. All the reagents have
the grade of analytical standard and were used without further purification.

2.2. Synthesis of CoBBP.

2,6-Bis(2-benzimidazolyl)pyridine (BBP, 62mg) and Co(ClO4)26H20 (73mg) were
completely dissolved in methanol (10mL) via the ultrasonic treatment, separately. Then
the two solutions were mixed and transferred into the round bottom flask at 60°C, the
reaction time was 4h under stirring and refluxing.(Fig. 1d) The color of the mixed
solution was changed from pink to orange immediately, which demonstrated the
formation of the complex of the metal with the ligand. Consequently, the powder of the

CoBBP was collected via the centrifugation at 10000 rpm, and then dried under vacuum

at 50°C for 24h.
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Fig. 1. Chemical structures of (a) CA; (b) CoBBP and (c) Pebax-1657; (d) the synthesis process of

biomimetic material CoBBP.

2.3. Fabrication of Pebax solution and MMM s.



In this work, a certain amount of CoBBP powers were dispersed in ethanol/H20
(70/30 of the mass ratio) solvent under the condition of sonication for 30min. Then 3g
of Pebax-1657 pellets were dissolved in the above solution under reflux (80°C) for 2h.
The obtained solution was standing for further use.

The biomimetic MMMs were fabricated via a solution-casting method. In short,
before MMMs preparation, the casting solution was further sonicated for 30 min to
remove the air bubbles at room temperature. Subsequently, a set of obtained constant-
volume casting solution (to control the membrane thickness) with different contents of
CoBBP were poured into PTFE petri dish The film was dried at ambient for 24h, and
further kept in the vacuum oven for 24h. The preparation process is shown in Fig. 2.
The obtained MMMs were denoted as Pebax-CoBBP(x), (x represented the weight
percentage of CoBBP over Pebax, where x=0.33wt%, 0.67wt%, 1.0wt% and 1.33wt%)
The thicknesses of all membranes were measured by a micrometer caliper for several

times at different regions, which were found within 75-90 pum.
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Fig. 2. Schematic diagram of the synthesis process of Pebax-CoBBP mixed matrix membranes.

2.5. Characterization of CoBBP.

The morphologies of CoBBP were characterized via transmission electron microscopy



(TEM) on a FEI model Talos F200S on a work acceleration voltage of 200 kV.

X-ray diffraction (XRD) characterization was conducted using a PAN Alytical X’pert
pro (PAN alytical, The Netherlands) the scanning range of 20 between 5° and 80° using
Cu Ka as the source of radiation.

Fourier transform infrared (FTIR) analysis was carried out using MAGNA-560
manufactured by Thermo Nicolette Corporation (U.S.A.), FTIR spectrums were
obtained in the range of wavenumbers from 4000 to 1500 cm™ with a scan per sample.
Thermogravimetric Analysis (TGA) of CoBBP was performed using a STA 449 F3
Jupiter® (NETZSCH, Germany). Samples were heated from 25°C to 800°C at a heating
rate of 10°C/min under nitrogen purge gas. Moreover, The density of CoBBP was
measured by a Micromeritics AccuPyc 1330 electronic density balance..

2.6. Characterization of MMMs.

Scanning electron microscopy (SEM). The morphologies of the cross and surface
section of the membranes were inspected by SEM using a JEOL Model JSM-6700F
scanning electron microscope (JEOL, Japan). The samples were fixed on the sample
holder and sputtered with gold prior to test and then viewed with the microscopy at 10
kV.

X-ray diffraction (XRD) was analyzed using a PANAlytical X pert pro (PAN alytical,
The Netherlands) the scanning range of 26 between5° and 40° using Cu Ka as the
source of radiation.

Attenuated Total Reflectance-Fourier Transforms Infrared Spectroscopy (ATR-FTIR):
The chemical structure of the membrane was inspected by FTIR. FTIR spectrum
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analysis was carried out using MAGNA-560 manufactured by Thermo Nicolette
Corporation (U.S.A.). ATR-FTIR spectrum was obtained in the range of wavenumbers
from 4000 to 400 cm™ with a scan per sample. All the samples to be measured were cut
into the appropriate size and fixed on the sample table after the drying treatment, the
repetition times of scan were 10.

Mechanical properties of membranes were obtained through tensile test on Instron
Mechanical Tester (Testometric 350 AX) with the size of 2.0cmx4.0cm at an elongation

rate of 10 mm min™' under ambient temperature.

2.7. Gas permeation experiments.
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Fig. 3. Schematic diagram of mixed matrix membrane gas permeability test apparatus.

In this work, the single gas permeation testing was conducted by a gas permeation rig
(FHM-PermCell-Lab) (Fig. 3). The gas transport properties were measured via
variable-pressure constant-volume method.[40, 41] The prepared membrane was fixed
on the flat frame, and sealed with vacuum fat and double rubber O-rings., The pure gas
(CO2 and N2) were tested with different feed pressure (ranged from Ibar to Sbar) at
constant temperature of 35°C. The gas permeability (P) was calculated from the

following equation:
11



_273x101° V-L dp

P = X : —
760 AT(P104776) dt

(1)

Where P is the gas permeability (1 Barrer = 1 X 107%cm3(STP)cm/(cm? - s - Hg),
V is the volume of the downstream chamber (25.33 cm?®), 4 refers to the effective area
of the membrane (cm?), L is the effective thickness (cm), 7'is the operating temperature
(K), Po is the operating pressure of the upstream chamber (psi) and dp/dt is the pressure
increase rate measured by the pressure sensor in the low-pressure downstream chamber
(mmHg/s).

the ideal selectivity of CO2 over N2 (CO2/N2) is calculated by

_ Pco,
Acoz2/N2 = P
N>

4
2.8. Modelling
The CO2 and N2 permeability in Pebax-CoBBP were back-calculated via the Maxwell
model, which is the most widely used model to predict the permeability of the

composite materials:

Pymm = Byl | (%)

Where Pums is the permeability in the mixed matrix membrane; Pp is the permeability
of the pure Pebax membrane; Ps is the permeability in the molecule sieve; and @ is
the volume fraction of molecule sieve in the polymer membrane.[42, 43 ]

The volume fraction @; of CoBBP in the MMMs is defined as:

Ms/Ps
D = s
* ms/Ps+mc/Pc

(6)
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Where ms and pg refer to the mass and denisty of the contious phase (Pebax) and
dispered phase (CoBBP), respectively. In most cases, the void volume can be
neglected.[44] Consequently, the apparent volume fraction is approximately equal to
the true volume fraction of the CoBBP in the MMMs.

3. Results and discussion.

3.1. Characterization of CoBBP.

The FTIR analysis of BBP and CoBBP were performed and shown in Fig. 5a. The
spectrum of BBP shows the peak at 1593 cm™ and 1610 cm™! associated to the C=N and
N=N vibration respectively, which are both shifted at a lower frequency (1599 and 1620
cm™!) because of the formation of the mental complex. After the coordination of water
molecule, a remarkable peak for the ~OH vibration appears at near 3423cm™ in the

CoBBP complex, further confirming the formation of the complex CoBBP.

Fig. 5. (a) FTIR patterns of BBP and CoBBP; (b) TGA curve of CoBBP (insert figure: CA).
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The thermal gravimetric analysis (TGA) curve of CoBBP recorded in N2 is shown in
Fig. 5b, a major mass loss is emerged at around 380°C because of the decomposition of
the structure of CoBBP. The increasing temperature causes other organic group

decomposed. In contrast, as the temperature rise, the mass loss of CA is occurred
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gradually, and displays its instability (insert figure). Therefore, the biomimetic material
CoBBP keep good thermal stability, which is superior to CA.

3.2. Characterization of MMMs.

The morphology of as-prepared membranes was characterized via SEM. The pristine
Pebax membrane shows the relative smooth without any agglomerations (Fig. 6a), and
the Pebax-CoBBP MMMs displays the similar morphology relative to the pristine
membrane (Fig. 6¢), which can be attributed to the below two reasons. First, the CoBBP
nanoparticles are completely dispersed into the Pebax phase, both of them had excellent
compatibility. Then, the additions of CoBBP are rarely small compared to neat Pebax.
Moreover, the EDS mappings of Pebax (Fig. 6b, 6¢ and 6d) and Pebax-CoBBP MMMs
(Fig. 6f, 6g, 6h and 6i) prove that CoBBP has been added into the Pebax phase

successfully, and has distributed uniformly. (Fig. 61) The TEM image of CoBBP

nanoparticles is shown in Fig. 6j, which are emerged to the amorphous structure.
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Fig. 6. Images of (a) pristine Pebax membrane; (¢) Pebax-CoBBP(20) membrane; SEM and EDS
mapping images of pristine Pebax membrane (b-d) and Pebax-CoBBP(20) membrane (f-1); (j) TEM

image of CoBBP nanoparticles; (k) XRD patterns of pristine Pebax and other mixed matrix
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membranes contained CoBBP of different loadings; (1) FTIR spectrums of pristine Pebax membrane

and the MMM s with different CoBBP loadings.

The XRD patterns of the MMMs could reflect the crystal structure of polymer and the
nanofillers. The broad peaks represent the material of amorphous, and the narrow peaks
indicate the crystalline nature of the materials. As shown in Fig. 6k, the broader peak
that ranges from 14.2° to 17.1° illustrates the soft phase of PEO, and the distinct peak
at 24.0° indicates the crystalline PA phases. However, the patterns of mixed matrix
membranes with different CoBBP loadings are relatively unchanged, it demonstrates
that the crystalline structure is preserved.[41] After introducing the CoBBP into the
Pebax matrix, the CoBBP shows its characteristic band at near 260=11° in the MMMs.
Furthermore, the increasing loadings of CoBBP in the membrane lead to an increase in
peak intensity.

The FTIR analysis of neat Pebax and different mass gradients Pebax-CoBBP MMMs
are shown in Fig. 61. As we can see, there are no appearance of new peaks because of
the physical blend between the continuous phase (Pebax) and dispersed phase (CoBBP).
However, after incorporating the CoBBP into Pebax, the peaks at 3299cm™ are
enhanced gradually due to the addition of the CoBBP, because the contents of the O-H
increased with the addition of the CoBBP and it demonstrates that the formation of
Hydrogen bond between CoBBP and Pebax substrate at the same time. Moreover, the
macroscopic phenomena shows the increased mechanical properties, which would be

further proved in the test of mechanical stability of the membranes.
3.4. The mechanical stability of the membranes.

In order to test the mechanical stability of the membranes with different additives of
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CoBBP, the pristine Pebax, Pebax-CA and Pebax-CoBBP were measured with the
Yong’s modulus, respectively.(Fig. 7a) As we can see, because the rigidity PA segment
provides the mechanical properties, all of them show good flexibility. After introducing
the CoBBP nanoparticles into the membranes, both the elongation and strength of the
membranes increase, this is attributed to the fact that CoBBP and PA segment formed

the hydrogen bonds. (Fig. 7b)
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Fig. 7. (a) The stress—strain curves of the pristine Pebax membrane, Pebax-CA membrane and
Pebax-CoBBP membrane; (b) the formation of hydrogen bonds between CoBBP and PA segment.
3.5. Gas separation of the MMMs.

To test whether the CoBBP can promote the transmission of COz in the membranes, a
control experiment of Pebax-CoBBP and pure Pebax was conducted with the same
conditions, and the results are shown in Fig. 8. As we can see, when the feed pressure
is 5 bar, compared with the neat Pebax membrane, the CO2 permeability and CO2/N2
selectivity of the CoBBP modified membrane increase 4.2 folds (from 155.6 to
675.5barrer) and 1.2 folds (ranged from 51 to 62), respectively. This is attributed to the
affinity of CoBBP to COz2, the CoBBP fixed in the membrane can accelerate the
hydration of CO2 with the help of the free water in the membrane, and it causes to the

16



improved CO2 permeability. As the result, the selectivity of CO2/Nz increases because

the affinity of CoBBP for COz is superior to Na.
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Fig. 8. CO, permeability and the COy/N; selectivity of pristine Pebax membranes and Pebax-
CoBBP(1.33wt%) mixed matrix membrane.

3.6. The effect of CoBBP loadings.

In order to investigate the effect of CoBBP addition in the MMMs, the membranes with
different loadings (0.33wt%, 0.67wt%, 1.0wt% and 1.33wt%) were prepared. As shown
in Fig. 9a, the permeability of CO2 increase with the higher amounts of CoBBP, it
suggests that the more CoBBP can speed up the transmission of COz2 in the membrane.
At the same time, the CoBBP nanoparticles lead to the swelling of the MMMs.
Consequently, the N2 permeability increases slightly, but its increasing rate is far slower
than COz. (Fig. 9b) Lastly, the final CO2/N:z selectivity improves. (Fig. 9¢) In general,
the MMMs prepared in this work display an optimum CO: permeability of 675.5barrer
and the CO2/Nz selectivity of 62, surpassing the Robeson upper bond in 2008. (Fig. 9d)
Compared with the pristine Pebax membrane and other MMMs based on Pebax
substrate in literature, the as-prepared membranes with CoBBP nanoparticles all show
high CO:2 permeability and fine CO2/Nz2 selectivity. (Table 1)
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Fig. 9. CO; (a); N2 (b) permeability and CO»/N; selectivity (c) of the membranes with different
CoBBP loadings (0.33wt%, 0.67wt%, 1.0wt% and 1.33wt%); and (d) the relationship between the

CO; permeability and the CO/N; selectivity of the MMMs prepared in this work.
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Tablel Comparison of the separation performance of other MMMs based on Pebax substrate in

literature with our current work under dry state.

Membrane Testing P(COy) CO2/N, Ref.
materials conditions barrer selectivity
Pebax-PEG-PEI-GO 0.2MPa,30°C 145 62 [45]
Pebax-GO 0.3MPa,25°C 100 91 [46]
Pebax-PRG 0.2MPa,30°C 119 104 [47]
Pebax-imGO 0.8MPa,25°C 76.2 105.5 [9]
Pebax-PEG50 30°C 151 47 [48]
Pebax-MWNT 0.23MPa,21°C 105 72.4 [49]
Pebax-PDMS-MoS, 0.2MPa,30°C 64 93 [50]
Pebax-[emim][BF4] 0.3MPa,35°C 146.1 63 [51]
Pebax/Ag/[Bmim][BF4] 1MPa,35°C 180 61 [52]
Pebax-NIPAM-CNTs 2atm,25°C 567 70 [53]
Pebax-MCM41-15 0.2MPa,25°C 108 53 [54]
Pebax-CoBBP 0.5MPa,30°C 675 62 This work

Furthermore, we used Maxwell model to predicate the gas permeation properties of the

MMM prepared with high loadings (1.0wt% and 1.33wt%) in this work. Fig. 10 shows

the CO2 permeability and CO2/N2 ideal selectivity of the MMMs predicated via

Maxwell model. The back-calculated causes to the CO2 permeability of 483barrer

(1.0wt% loading) and 768barrer (1.33wt% loading) respectively, both agree with the

experimental permeation results. So we can use this model to predicate the gas

performance of the mixed matrix membranes with higher CoBBP loadings.
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Fig. 10. Experimental and Maxwell model predicted permeation properties of Pebax-CoBBP mixed

matrix membranes.

3.7. The mechanism of CoBBP.

CA can primarily catalyze the hydration of CO2 reversibly, and it is a kind of enzyme,
which contains metal ion (Zn**), with the fastest catalyze rate at present. In this work,
we synthesized a biomimetic enzyme (CoBBP) with the similar structure to CA.
Though the metal active site of CoBBP is differed from CA, the CoBBP also shows the
affinity to COz2. The mechanism of CoBBP catalyzes the hydration of COz is similar to
CA. In briefly, the OH" connected with Co®" could coordinate with CO2 molecules,
which is caused by the deprotonation of bonded water. During the hydration of COx,
the, the His3CoOH acts as the active substance, while in the dehydration process of
catalyze, the His3CoOHp2 is the active substance. (Fig. 11)

The related reaction equations are as follows:

E-CoOH™ + CO, < CoHCO; (7)
E-CoH,0 & ECoOH + H* (8)
E - CoHCO3 + H,0 & ECoH,0 + HCO3 (9)
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In summary,

C0,+ H,0 & H" + HCO3 (10)
In addition, the secondary amine of CoBBP can act as the carrier to promote the
facilitated traonsport of CO2 through the mixed matrix membrane. The mechanism is
described as follows:

€O, + 2R,NH & R,NCOO~ + R,NH;} (11)

Fig. 11. The mechanism of CoBBP affined to CO..

3.8 The thermal and long-term stability of MMMs with CoBBP.

Different MMMs incorporated with CoBBP and CA were incubation at a range of
temperatures, (80°C, 100°C and 120°C). As we can see in Fig. 12a, after a series of high
temperature treatments, the membrane with CoBBP maintains the high CO2
permeability, while the membrane with CA presents a significant decrease of CO2
permeability, In a further set of experiments at 120°C, the CA lost activity completely,
and the permeability is similar to that of the pristine Pebax membrane. This result
indicates that CoBBP has higher thermal stability compared to CA to retain its affinity
to CO2 at high temperature operating conditions. Therefore, CoBBP can be a

promising alternative to CA for making efficient membranes in CO: capture.
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Furthermore, the long-term stability of the membranes with optimum performance is
tested, and the result is shown in Fig. 12b. It can be seen that the membrane keeps
stable CO2 permeability and CO2/Nz selectivity, which indicates the outstanding

structural stability and anti-aging behavior.
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Fig. 12. (a) The comparison of CoBBP and CA after treatment at high temperature (80°C, 100°C
and 120°C); (b) the stability test of the Pebax-CoBBP (1.33wt%) for up to one week and the feed

pressure was 5 bar.

Conclusion

In summary, an alternative biomimetic enzyme of CoBBPwas successfully synthesized
via mimicing the active site of CA. The CoBBP has a similar structure to CA, but a
different mental active site . Compared to CA, the CoBBP shows excellent thermal
stability after high temperature treatment. , and well remedying the defects of
inactivation and expensive to CA. different MMMs with various CoBBP nanoparticles
loadings were fabricated and tested. Compared to the pure Pebax membrane, the
designed MMMs showed both high CO2 permeability and high CO2/N2 selectivity. The
highest CO2 permeability of 675.9 Barrer and CO2/N:z selectivity of 62 was achieved at
the optimal CoBBP loading of 1.33% . The obtained membranes characterization

results demonstrate the formation of hydration bond between CoBBP and PA chains,
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improving the rigidity of the MMMSs, which guarantees the operational mechanical
stability in the real application. In addition, the long-term stability of the membranes
shows stable gas permeability, indicating excellent anti-aging property. The developed
CoBBP provides a novel alternative to CA, and can potentially expand new strategy for
the fabrication of biomimetic membranes for promising CO: capture.
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