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KEYWORDS ABSTRACT

Mixed matrix membranes; Mixed matrix membranes (MMM) based on 6FDA-Durene polyimide are one of the most widely
molecular simulation; studied polymeric materials for CO,/N, and CO,/CHj, separation. The performance of existing
permeability; 6FDA-Durene membranes is a bottleneck for widespread deployment in industrial applications
6FDA-Durene; due to the trade-off between permeability and selectivity. It is hypothesized that membrane
Zeolite 13X; performance is enhanced by functionalization of the filler. However, the preparation and
Amine; experimental study of defect-free functionalized MMMs that exhibit improved CO,/N, and
Mixed gas. CO,/CH, separation performance is challenging at the laboratory scale and requires prior

knowledge of the compatibility between the filler and the polymer. Molecular simulation
approaches can be used to investigate the effect of functionalization on the gas transport properties
of MMM at the atomic level without the challenges inherent in experimental study. However,
they have been less investigated to date. Furthermore, most of the research has focused on pure
gas studies, while mixed gas transport properties that demonstrate true separation in functionalized
zeolite 13X/6FDA-Durene mixed network membranes are rarely available. In this work, a
molecular simulation computational framework was developed to investigate the structural,
physical properties and gas transport behavior of amine-functionalized zeolite 13X/6FDA-
Durene-based MMM. The effect of different filler loadings (i.e., 5 to 15 wt%) on the physical
properties and gas transport properties of amine-functionalized Zeolite 13X/6FDA-Durene MMM
was also investigated at 298 K and 2 bar pressure. Functionalization of zeolite 13X nanoparticles
increases the diffusion and solubility coefficients, leading to increased permeability (94%) and
selectivity towards N, and CH,4 for amine-functionalized zeolite 13X/6FDA-Durene MMMs by
78% and 40%, respectively, compared to zeolite 13X/6FDA-Durene based MMMs at an optimal
loading of 15%. The findings of this study can help improve the real separation in the design and
concept of future functionalized MMMs using molecular simulation and experimental modeling
methods.

Extended Abstract

1. Introduction

become one of the main factors of global warming. Membrane technologies are commonly used for gas separation due

r I Yhe increased consumption of fossil fuels such as coal, oil, and natural gas has increased CO2 emissions. This gas has
to their environmental friendliness and energy consumption. Unfortunately, permeability has always been a problem
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that limits the gas separation performance of membrane technology. Mixed Matrix membranes (MMMs) have gained direct
attention in gas separation applications due to their use of polymer and inorganic networks. In this regard, the 6FDA-
Durene/ASZX MMM has already been designed as an advanced system. This membrane uses 6FDA-Durene polyamide (PI)
as the polymer matrix and amine-functionalized zeolite 13X (ASZX) as the filler. Taking advantage of the unique properties
of ASZX, this membrane offers improved gas separation performance, especially in carbon dioxide (CO2) separation [1].

Molecullar dynamics (MD) and Monte Carlo (MC) simulations can be used to investigate the gas transport properties
through membranes. MD and MC simulations provide a powerful virtual laboratory for predicting the transport properties of
polymeric membranes, such as diffusion, solubility, permeability, and selectivity.

The main objective of this study is to investigate the permeation properties of CO2, CHs, and N2 in a PI-based MMMs
containing functionalized with zeolite 13X using molecular dynamics simulation. To achieve this goal, the partial free volume
(FFV), adsorption energies of these gases were investigated and compared with experimental results. Also, real-world
predictions were provided for gas mixtures CO2 (50%)/CH4 (50%) and CO2 (50%)/N2 (50%).

2. Methodology

The method involved the development of MD models for two membrane systems, pure polyamide , PI and its MMM filled
with amine-functionalized zeolite 13X (ASZX), with various loadings ranging from 5 to 15 wt%. These models were simulated
using a specific software package to perform energy balance and optimization.

Pure and binary gas systems of CO2, CHs, and N2 were used for gas adsorption calculations, and the results of MD
predictions were used to compare with experimental results.

3. Results and Discussion

The simulation results showed that the favorable gas transport occurred due to the increase in FFV by functionalizing
zeolite 13X with amine in the PI matrix. Optimal filler loading leads to the creation of additional FFV in the matrix by disrupting
the polymer structure. In contrast, the available effective FFV is reduced by excessive loading that blocks the pores.

Low adsorption energy was observed between polar CO2 gas molecules compared to nonpolar CH4 and N2 molecules in
MMMs. Since non-polar gases, N2 and CH4 cannot interact with the polar regions of the membrane matrix. At the same time,
CO:2 gas interacts with these areas and establishes proper contact between the gas and the matrix, making its transport easier.

The higher polarity of CO2 compared to CH4, and N2 leads to stronger interactions with the functionalized zeolite on the
membrane surface. Furthermore, its radius of penetration into the membrane is more proportional to the pore radius than other
gases, leading to better solubility results for COz. The solubility coefficients are influenced by the interaction between gas
molecules and PI chains, the favorable solubility for CO2 being the main reason for the higher CO2 permeation in the presence
of functionalized filler, when the filler loading is appropriate.

4. Conclusion

The PI/ASZX MMM offers higher permselectivity than pure PI due to the specific properties of ASZX, such as the porous
structure and stronger chemical/physical interactions with CO2. These properties make the PI+ASZX membrane highly robust
for gas separation applications, especially in CO2/N2 and CO2/CH4 separation. Amine-functionalized zeolite 13X (ASZX)
enhanced the selective COz separation by the PI-based MMM to a greater extent than the MMM filled with zeolite 13X filler
by increasing the polarity of the medium, increasing the interfacial adhesion, and forming selective transport pathways created
by the zeolite 13X filler. The simulation calculations also showed sufficient accuracy for the CO2 and CH4 permeabilities with
an average error percentage of 3% compared to the experimental results. Therefore, to create an experimental model for a
membrane system that exhibits appropriate separation performance and gas transport characteristics, MD simulation serves as
an effective tool.
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