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Pebax; The emission of the greenhouse gas carbon dioxide (CO,) from the combustion of fossil fuels has
CO; Separation; been one of the major challenges for industries in recent years. Therefore, the separation of this
Calix[4]arene; gas from various gas streams in industries such as refineries, petrochemical plants, and power
Thin film nanocomposite. plants is of significant importance. Thin-film nanocomposite (TFN) membranes have attracted

great attention due to their excellent performance, including high permeability and selectivity, as
well as their ability to overcome the limitations of polymeric membranes. In this study, a novel
TFN membrane based on Pebax 1657 (polyether block amide) coated on a PES substrate was
developed to improve CO,/CH, separation. Calix[4]arene (CA) particles were incorporated into
the Pebax matrix owing to their unique cup-shaped host—guest structure and the presence of polar
hydroxyl (-OH) groups, which serve as effective adsorption sites for CO, molecules. The pristine
Pebax membrane was modified with different CA loadings (0—1 wt%), and FESEM analysis
confirmed uniform dispersion of the particles within the polymer network. Gas permeation tests
were performed at 30 °C and pressures of 2, 6, and 10 bar. The best performance was obtained at
0.5 wt% CA loading and 2 bar pressure. In this membrane, the permeability and selectivity of
CO,/CHa increased from 278.9 barrer and 23.04, respectively, for the pristine membrane to 389.7
Barrer and 40.17. With increasing pressure to 10 bar, CO, permeability and CO,/CH, selectivity
further increased to 568.3 barrer and 55.71, respectively.

At a pressure of 6 bar, when the temperature was raised from 30°C to 50°C, CO, permeability and
CO,/CHj, selectivity changed from 472.4 barrer and 47.71 to 694.7 barrer and 41.35, respectively.
These findings demonstrate that organic fillers such as CA, with their unique cup-like structures
and polar hydroxyl functional groups, hold great promise for efficient CO, separation applications.

Extended Abstract

1. Introduction

related to atmospheric changes and the like have been created. Moreover, the presence of carbon dioxide in natural gas

reduces the gas’s quality value. For this reason, carbon dioxide separation is a necessity. One of the novel methods for
separation is the use of thin-film membranes. In this research, we investigated the performance of a Pebax-based thin-film
membrane modified with Calix[4]arene particles.

D ue to the increase in greenhouse gases such as carbon dioxide resulting from fossil fuel consumption, many problems
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2. Method

In this study, CA nanoparticles synthesized with different weight percentages (0—1 wt%) were incorporated into the Pebax
1657 polymer matrix, which was coated on a PES substrate. The PES substrate and the selective thin layer (Pebax—CA) were
fabricated by the phase inversion and dip-coating methods, respectively. SEM, FTIR, and XRD tests were performed on both
the particle and the membrane. Furthermore, gas permeation tests were conducted at three different pressures: 2, 6, and 10 bar.
Membrane performance tests were also carried out at three distinct temperatures.

3. Results

FESEM analysis confirmed uniform dispersion of the particles within the polymer network. Increasing the loading of CA
from 0 to 0.5 wt% enhanced the CO2 permeability from 278.9 barrer in pure Pebax to 389.7 barrer. The presence of particles
in the polymer matrix causes the rupture of the hydrogen bond of the internal chain in the PA segment, which increases the
mobility and flexibility of the polymer chains. Also, the existence of polar O-H functional groups on the lower edge of CA
particle increases the tendency of the particles to adsorb CO: according to the Lewis acid-base mechanism. The best
performance was obtained at 0.5 wt% CA loading and 2 bar pressure, where CO: permeability and CO2/CHs selectivity
increased by 40% and 74%, respectively, compared to the pristine Pebax membrane. With increasing pressure, the membrane
performance surpassed the 2008 Robeson upper bound. These findings demonstrate that organic fillers such as CA, with their
unique cup-like structures and polar hydroxyl functional groups, hold great promise for efficient CO2 separation applications.
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