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ABSTRACT

Research Subject: Carbon dioxide (CO,) pollution represents a major environmental challenge in contemporary society, primarily driven by industrial
expansion. A notable modern approach for CO, separation involves the use of polymer membranes, with poly (ether-block-amide) (Pebax) recognized
as a prominent industrial membrane in this field. However, this type of membrane is constrained by the permeability—selectivity trade-off, which hinders
its broader application in industrial processes. One strategy to overcome this limitation is the incorporation of various functional compounds into Pebax.

Research Approach: This study selected phenol—characterized by its hydroxyl functional group—as a filler, and prepared Pebax membranes with
varying phenol concentrations using advanced molecular simulation techniques. Molecular Dynamics (MD) and Grand Canonical Monte Carlo (GCMC)
methods were employed to evaluate both the structural properties and gas separation performance of the membranes. Initially, structural properties—
including fractional free volume (FFV), density, and polymer chain mobility—were analyzed, followed by assessments of functional properties such as
diffusion and solubility coefficients.

Main Results: The incorporation of phenol led to an increase in the membranes' fractional free volume (FFV). Radial distribution function (RDF)
analysis revealed that the interaction between CO, and phenol molecules was stronger than that between CO, and Pebax polymer chains. Furthermore,
the results indicated that phenol increased the CO, diffusion coefficient by a factor of 5.5 and the solubility coefficient by 1.3 times compared to the
pure Pebax membrane, due to Lewis acid—base and n-quadrupolar interactions. Analysis of CO, permeability and CO,/N; selectivity in the simulated
membranes showed that increasing the phenol content led to higher CO, permeability but a continuous decrease in CO./N, selectivity.
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Pebax/P | Pebax/P | Pebax/P
Parameters Pebax
henol10 | henol25 | henol50
Number of Pebax
1 1 1 1
Chain
Number of the
0 35 87 175
Phenol Molecule
Cell Volume (A3) | 24673.4 | 28444.8 | 33922.2 | 434159
Cell Length (A) 29.1 305 324 35.1
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Table 2 Density and FFV of simulated membranes

Membrane Density (g/cmd) FFV
Pebax 1.115 (1.14 [13]) | 0.115 (0.13[13])
Pebax/Phenol10 1.109 0.115
Pebax/Phenol25 1.106 0.120
Pebax/Phenol50 1.099 0.158
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Figure 4 Illustration of free volume (blue color) for simulated
membranes: (a) Pebax, (b) Pebax/Phenol10, (c) Pebax/Phenol25,
(d) Pebax/Phenol50
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Table 3 The diffusion coefficients of Phenol, Pebax chain, and its
polyether (PE) and polyamide (PA) parts

Dphenol Dpebax Dre Dpa
Membrane < 10~ * 10-¢ * 1078 (% 10°%
cm?/s) cm?/s) cm?/s) cm?/s)
Pebax 0 0.050 0.053 0.028
Pebax/Phenol10 0.242 0.080 0.087 0.047
Pebax/Phenol25 0.218 0.080 0.098 0.048
Pebax/Phenol50 0.587 0.180 0.213 0.120
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Figure 7 The MSD of (a) CO2z and (b) Nz in the simulated
membranes

10 PE
s Pebax
e P A
a
o
2 s
=
0
0 1000 2000 3000
b Time (ps)
s Phenol
45
PE
s Pebax
@ 30 — P A
(=)
2]
=
15
0
0 1000 2000 3000
Time (ps)
C
45
Phenol
PE
e Pebax
0 ——PA
a
o~
2
7]
=
15
j
0 " T
0 1000 2000 3000
d Time (ps)
125
Phenol
PE
100
e Pebax
75 A
=
[=]
7]
=50
25
0
0 1000 2000 3000
Time (ps)

b o g PE) 51 L ise Pebax «Jgb 4y bgs e MSD £ JSCi
(d 4 Pebax/Phenol25 (c [Pebax/Phenoll10 (b Pebax @ :(PA) oxsl
Pebax/Phenol50
Figure 6 The MSD of Phenol, Pebax, the polyether (PE) and

polyamide (PA) parts in the simulated membranes: (a) Pebax, (b)
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Table 6 The permeability of CO2 and N2 and the selectivity of
CO2/Nz2 for simulated membranes

Pco2 Pn2
Membrane (Barrer) (Barrer) 0CO2/IN2
105.49 (122 121.25 (71
Pebax 0.87
[22]) [22])
Pebax/Phenol10 183.83 1.59 115.62
Pebax/Phenol25 270.16 2.80 96.49
Pebax/Phenol50 750.48 10.05 74.67
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Figure 8 Schematic of the mechanism of CO2 passage through a
phenol-containing Pebax membrane
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Table 4 The CO2 and N2 diffusion coefficients in simulated

membranes
Membrane Dcoz Diz
(x 10~%cm?/s) (x 10=6cm¥s)
Pebax 0.70 0.31
Pebax/Phenol10 1.08 1.30
Pebax/Phenol25 1.50 1.96
Pebax/Phenol50 3.82 5.52
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Table 5 The solubility coefficients of CO2 and N2 in simulated

membranes
Scoz Sn2
membrane | ey | G ayimeny

cmHg?) cmHg?)
Pebax 150.70 2.80
Pebax/Phenol10 170.21 1.22
Pebax/Phenol25 180.11 1.43
Pebax/Phenol50 196.46 1.82
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Table 7 The separation performance of simulated membranes in
comparison with the other studies

Filler Pcos
Membrane loading acoznz | Ref.
(Wt2%6) (Barrer)
Pebax1657/Z1F-7 22 128.32 25.61 [13]
Pebax1657/MFI 20 123.60 95.00 [23]
PebaxmégPOSS/P 30 161.95 | 5009 @ [12]
Pebax2533/POSS-

PEG 30 335.04 28.59 [12]
Pebax1657/FAU 20 89.23 | 7374 | [24]
PebaxlO?émOz/PE 8 14230 i [14]

This

Pebax/Phenol10 10 183.83 | 115.62
study
Pebax/Phenol25 25 27016 | 9649 | IS
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