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Introduction

Polysulfone-based membranes have gained significant attention in separation
processes due to their excellent mechanical strength, thermal stability, and
chemical resistance. Among various applications, the separation of acetic acid
from aqueous solutions presents a critical challenge in industries such as food
processing, petrochemicals, and pharmaceuticals. Conventional separation
methods, including distillation and liquid-liquid extraction, are energy-intensive
and may not always be efficient in achieving high selectivity. Membrane-based
separation, particularly using polysulfone mixed matrix membranes, offers an
innovative alternative by combining adsorption and filtration mechanisms to
improve acetic acid recovery. The fabrication and optimization of polysulfone
membranes tailored for acetic acid separation are crucial in developing
sustainable and cost-effective solutions for industrial applications. Polysulfone
is a widely used polymer in membrane technology due to its unique
physicochemical properties. It provides a stable matrix for incorporating
functional fillers that enhance the membrane’s adsorption and separation
efficiency. To fabricate an effective adsorptive polysulfone mixed matrix
membrane, various fillers such as activated carbon, zeolites, metal-organic
frameworks (MOFs), and functionalized nanoparticles can be incorporated into
the polymer matrix. These additives increase the membrane’s surface area,
enhance its hydrophilicity, and improve its affinity for acetic acid molecules. The
optimization of fabrication parameters, such as polymer concentration, solvent
selection, phase inversion techniques, and thermal treatment, plays a crucial
role in achieving the desired membrane performance. The pore structure,
porosity, and mechanical strength must be carefully controlled to ensure high
permeability and selectivity.

Description

The adsorption mechanism of acetic acid on the polysulfone mixed matrix
membrane is primarily influenced by the nature of the incorporated fillers.
Functional groups on the filler surfaces interact with acetic acid molecules
through hydrogen bonding, electrostatic interactions, and van der Waals forces.
This enhances the retention and selective separation of acetic acid from the
aqueous phase. The efficiency of separation is also dependent on the
membrane’s pore size distribution and surface properties. A well-designed
mixed matrix membrane balances the trade-off between permeability and
selectivity, ensuring an optimal separation process without significant loss of
flux. The performance of fabricated polysulfone mixed matrix membranes is
evaluated based on several key parameters, including permeability, rejection
rate, adsorption capacity, and mechanical stability. Permeability is an essential
factor that determines the flux of liquid passing through the membrane under
applied pressure. High permeability ensures that the separation process
remains efficient while minimizing energy consumption. The rejection rate
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reflects the membrane’s ability to selectively remove acetic acid from the
mixture while allowing water and other components to pass through.
Adsorption capacity is directly related to the effectiveness of the incorporated
fillers and their ability to retain acetic acid molecules within the membrane
structure. Mechanical stability ensures the long-term durability of the
membrane, preventing degradation under operational conditions [1].

Experimental studies on polysulfone mixed matrix membranes demonstrate
that the addition of adsorptive fillers significantly enhances acetic acid
separation efficiency. For instance, incorporating activated carbon into the
membrane matrix increases the adsorption capacity due to the high surface
area and porous nature of the carbon particles. Similarly, the use of zeolites
enhances selective adsorption due to their well-defined pore structures and
affinity for organic acids. Metal-organic frameworks, with their tunable porosity
and functional groups, offer additional benefits in improving separation
performance. The choice of filler material depends on the desired balance
between adsorption efficiency and membrane durability. The optimization of
membrane fabrication also involves controlling the phase inversion process, a
technique widely used in polymer membrane synthesis. The phase inversion
process involves the transition of a polymer solution into a solid membrane
structure through solvent exchange. Parameters such as the solvent-to-
nonsolvent ratio, coagulation bath temperature, and drying conditions affect
the final membrane morphology. Rapid phase inversion results in a highly
porous structure with increased permeability, whereas slow phase inversion
leads to denser membranes with higher selectivity. By carefully tuning these
parameters, it is possible to fabricate membranes that exhibit both high flux
and superior acetic acid separation performance [2].

One of the main challenges in membrane-based separation processes is
fouling, which reduces membrane efficiency over time. Fouling occurs due to
the accumulation of organic and inorganic substances on the membrane
surface, leading to pore blockage and reduced permeability. To mitigate
fouling, surface modification techniques such as grafting hydrophilic functional
groups, coating with antifouling agents, and incorporating antimicrobial
nanoparticles can be employed. Hydrophilic modifications reduce the adhesion
of organic molecules, ensuring prolonged membrane performance in
continuous separation processes. Additionally, periodic cleaning and
regeneration techniques, including backflushing and chemical cleaning, help
maintain membrane efficiency and extend its operational lifespan. The
scalability of polysulfone mixed matrix membranes for industrial applications
requires thorough validation through npilot-scale studies. Laboratory-scale
experiments provide valuable insights into membrane performance; however,
real-world applications involve dynamic operating conditions that must be
accounted for. Factors such as feed composition variability, temperature
fluctuations, and long-term stability must be evaluated to ensure practical
feasibility. Industrial-scale membrane modules are designed with optimized
configurations, including spiral-wound, hollow fiber, and flat-sheet modules,
depending on the specific separation requirements. The integration of
membrane systems into existing industrial processes can significantly reduce
energy consumption and operational costs compared to traditional separation
methods [3].

Economic feasibility is a crucial factor in determining the viability of
membrane-based acetic acid separation. The initial investment in membrane
fabrication and system installation must be justified by long-term operational
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savings and improved process efficiency. Compared to distillation, which
requires high energy input for phase change, membrane separation operates
at lower temperatures, reducing energy consumption. Additionally, the
selective recovery of acetic acid enables process intensification, allowing
industries to recycle and reuse valuable resources. The environmental
benefits of membrane-based separation also contribute to sustainability
efforts, minimizing waste generation and reducing the carbon footprint of
chemical processing industries. The future of polysulfone-based mixed matrix
membranes in acetic acid separation lies in the development of advanced
materials and innovative fabrication techniques. The incorporation of
nanomaterials, such as graphene oxide, carbon nanotubes, and functionalized
silica nanoparticles, holds great promise for enhancing membrane
performance. These nanomaterials provide superior adsorption properties,
improved mechanical strength, and enhanced chemical resistance, making
them ideal candidates for next-generation separation membranes.
Furthermore, the application of 3D printing technology in membrane
fabrication offers new possibilities for designing customized membrane
structures with precise control over porosity and surface properties [4,5].

Conclusion

Another exciting advancement in membrane technology is the integration of
hybrid separation processes, where membranes are combined with other
separation techniques such as pervaporation, electrodialysis, and adsorption-
desorption cycles. Hybrid systems offer enhanced separation efficiency by
leveraging the strengths of multiple techniques, overcoming limitations
associated with individual processes. For instance, pervaporation membranes
can selectively remove volatile components such as acetic acid from liquid
mixtures, while adsorption-based systems provide additional purification
steps. The combination of these approaches enables the design of highly
efficient separation systems tailored to specific industrial needs. The adoption
of membrane-based acetic acid separation in large-scale applications also
depends on regulatory compliance and quality assurance standards.
Industries must adhere to stringent safety and environmental regulations to
ensure that the separation process meets quality benchmarks. Regulatory
agencies evaluate membrane materials for their compatibility with food-grade
and pharmaceutical applications, ensuring that no harmful contaminants leach
into the final product. Ongoing research and collaboration between academia,
industry, and regulatory bodies are essential to address technical and
regulatory challenges, fostering the widespread implementation of membrane
separation technologies.
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