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KEYWORDS ABSTRACT

Mixed matrix membrane; The development of mixed matrix membranes (MMMSs) by incorporating functionalized inorganic
Gas separation; fillers into polymer matrices is a promising strategy to enhance gas separation performance. In
polyimide; this study, MMMs composed of a polyimide (PI) matrix and sodium-Y zeolite (Na-Y) modified
Zeolite-Y; with the ionic liquid [OMIM][PFs] were fabricated for CO, separation. The membranes were
lonic liquid. evaluated for CO,, CH,, and N, permeability at 25 °C and pressures ranging from 2 to 10 bar. The

optimum membrane containing 5 wt.% Na-Y/IL exhibited a CO, permeability of 1259.3 Barrer
and CO,/CH,4 and CO,/N; selectivities of 20.01 and 19.05, respectively; indicating up to 98%
enhancement in permeability compared to the neat Pl. The results demonstrate the significant
potential of IL-functionalized zeolite fillers to improve both permeability and selectivity in
MMM s for industrial CO, separation applications.

Extended Abstract

1.Intorduction

contributor to climate change. Reducing CO2 emissions from sources like power plants has become urgent. Membrane-

based gas separation has emerged as a promising solution due to its low energy consumption, compact design, and ease
of use compared to traditional methods. Polymeric membranes are popular because they are affordable and easy to produce.
However, they struggle to balance permeability and selectivity, limiting their large-scale use. Membranes that are very
permeable often have low selectivity, and vice versa.

Mixed matrix membranes (MMMs) combine polymers with inorganic fillers to tackle this issue. Zeolites are particularly
useful fillers due to their unique structures and stability. However, challenges arise from compatibility issues between
hydrophilic (water-attracting) zeolites and hydrophobic (water-repelling) polymers, which can lead to defects that decrease
separation efficiency.

Recent studies suggest that modifying zeolite surfaces with ionic liquids (ILs) can improve compatibility and performance.
ILs are stable and have customizable properties. Specifically, the IL 1-octyl-3-methylimidazolium hexafluorophosphate
([OMIM][PFe]) effectively enhances zeolite compatibility with polymers and promotes COz2 transport.

T he growing global energy demand and rapid industrial growth have increased carbon dioxide (CO2) emissions, a major
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2. Experimental

This study investigates MMMs composed of Pl and Na-Y zeolite that has been modified with [OMIM][PF¢]. The 6FDA-
Durene P1 is chosen for its high performance, thermal stability, and excellent film-forming properties. The study aims to explore
how different amounts of IL-modified zeolite affect the characteristics of the membranes, particularly focusing on finding a
composition that optimizes both CO2 permeability and selectivity.

The polymer is synthesized through a two-step process, first creating polyamic acid, which is then converted into the desired
PI. The Na-Y zeolite is modified using a wet impregnation method with [OMIM][PFs], ensuring uniform distribution of the IL
on the zeolite. Subsequently, the MMMs are fabricated through a solution casting process, incorporating various amounts of
Na-Y/IL into the PI.

Different characterization techniques are used to analyze the membranes, including X-ray diffraction to check crystalline
structure, Fourier-transform infrared spectroscopy for chemical interaction confirmation, and electron microscopy to observe
filler dispersion. Other methods assess particle sizes and thermal stability.

3. Results and Discussion

Results show that the crystalline structure of Na-Y remains stable after IL modification, and successful functionalization is
confirmed through IR spectra. The FESEM images indicate that IL modification leads to better filler distribution and fewer
defects compared to unmodified zeolite. Characterization results suggest that IL modification enhances the stability and
dispersion within the polymer matrix.

Thermal analysis reveals that both the neat Pl and the MMMs maintain high thermal stability. The glass transition
temperature slightly increases with the addition of the IL-modified zeolite, suggesting better interactions between the polymer
and filler.

Gas permeation tests show that incorporating Na-Y/IL significantly increases CO: transport properties. Without
modification, the Pl membrane has a CO2 permeability of 648 Barrer and selectivities of 17.50 for CO2/CH4 and 18.52 for
CO2/N2. With 5 wt% Na-Y/IL added, CO2 permeability rises to 1253 Barrer, and selectivities improve to 20.01 for CO2/CHa
and 19.05 for CO2/N2. This represents a substantial increase in CO2 permeability and selectivity, demonstrating the
effectiveness of the modified zeolite in enhancing the performance of the MMMs.

The improvement in performance is linked to the interaction between the microporous zeolite structure and the IL-modified
surface, which increased CO2 sorption and reduced non-selective voids. However, using too much filler at 10.0 wt% caused
particle aggregation and nonselective channels, lowering selectivity despite higher permeability. The best performance was
achieved with a 5.0 wt% filler loading.

Compared to existing literature, the performance surpasses limits for neat Pls and competes well with other MMMs. This
study shows that IL-modified Na-Y zeolite is an effective filler for enhancing gas separation in Pl matrices, significantly
improving CO2 permeability and selectivity for CO2/N2 and CO2/CHa.

4, Conclusion

This research shows that using Na-Y zeolite modified with ionic liquid improves the gas separation capabilities of Pl
membranes. The addition of [OMIM][PFs]-modified Na-Y filler particles significantly boosts CO2 permeability and enhances
the selectivities of CO2/N2 and CO2/CHa4, with the best results at a 5.0 wt% loading. The study confirms that this modification
improves compatibility with PI matrices and creates pathways for better CO2 transport. Future research should focus on long-
term stability, mixed-gas separation performance, and scaling up for industrial use.
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