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KEYWORDS ABSTRACT
Polymer, Replacing conventional separation processes with membrane processes save energy. For this
Membrane, purpose, it is necessary to fabricate membranes with high mass transfer flux and long durability.
Nanofiltration, Some synthetic polymers have considerable physicochemical properties and separation
Sulfonation, performance and are widely used in fabricating polymeric membranes. However, to improve the
Dye removal. performance of polymer membranes, especially for use in water and wastewater treatment, there

are various methods, among which sulfonation is one of the most important. In the sulfonation
process, hydrophilicity increases by creating sulfonic groups in the polymer membrane structure.
By introducing the sulfonic groups on polymer chains, a wide range of membranes with various
hydrophilic and hydrophobic properties can be prepared. This review focuses on sulfonation as an
effective modification method to improve the performance of polymers used in fabrication of
nanofiltration membranes. The results show that the membrane behavior after sulfonation is
improved from different aspects and the extent of this improvement is directly related to the degree
of sulfonation, the nature of the polymer and the desired characteristics.

Extended Abstract

1. Purpose

is one of the most important concerns in recent years. The dyes used in dyeing operations and processes related to

textile and papermaking industries are classified as synthetic chemicals. Effluents containing these dyes, which
include various categories and types, such as cationic and anionic, in case of indiscriminate discharge (without any pre-
treatment) into the main water sources, have negative and unfortunate effects on humans, the environment, animals, and
generally, the ecosystem. Therefore, in the last century, the purification of these pollutants from wastewaters has been highly
considered.

Among various biological, physical and chemical methods, membrane filtration methods, which are a subset of physical
methods, are considered among the most widely used and promising methods due to their significant advantages. Membrane
nanofiltration has always proven its unique ability to separate organic species and remove ionic and soluble dyes, and hence,
many researchers have taken steps to improve them.

Functionalizing NF membranes with sulfonic acid functional groups, which we refer to as sulfonation, has been effective
in developing the efficiency of these membranes.

The consumption of various chemicals have been increased with the increase in population and industrial development
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This review aims to investigate the performance of different polymer membranes after sulfonation in separations,
especially the separation of colors, based on which different polymers such as polyphenylene sulfone, polyether sulfone,
polyether imide, etc. are discussed. In addition, understanding the effects of this method on the morphology of membranes
can help us predict the performance and effect of sulfonation on different membranes.

2. Approach

In this method, the sulfonation agent enters the aromatic or aliphatic chains of polymers, especially hydrophobic
polymers, and facilitates proton conduction. These agents, which are placed in three categories, include electrophilic,
nucleophilic and radical reagents.

Sulfuric acid, SO3 and its complexes are related to the group of electrophilic agents, reagents containing sulfur dioxide or
hydrogen sulfide are subcategories of nucleophilic agents, and the mixture of sulfonyl chloride gases are related to the group
of radical agents.

Evaluation and selection of reaction conditions for sulfonation is usually done by examining three factors: the solvent
used, the isomers formed and their types, and the yield of sulfonic acid. Other factors such as temperature, pH, sulfonation
reaction time, concentration of sulfonating agent and different degrees of sulfonation will have a significant impact on this
method and its efficiency in separations and color removal.

3. Findings

This study indicated that the use of different manufacturing methods changes the properties of different membranes. In
general, the performance and characteristics of the membrane are highly dependent on the preparation conditions and the
conditions for performing the sulfonation reaction. The addition of sulfonic acid groups to the polymer chain significantly
increases the surface charge of the membrane and makes it negatively charged. The negative surface charge in the membrane
is very efficient to adsorb more salts and cationic dyes. In addition, the direct effect of sulfonation on hydrophilicity is
abundantly observed, which increases hydrophilicity with the formation of SO;H polar and hydrophilic functional groups.
Various analyzes such as AFM and SEM also confirmed the existence of hydrophilic channels in the structure and
morphology of the membrane, which help the migration of H;O" ionic species despite the higher water content in their
structure, and are therefore pathways for proton conduction. Sulfonation improves membrane conductivity and increases Ty
In addition, significant changes occur after sulfonation in the entire structure of the membrane (pore size, porosity, thickness
of the upper layer, etc.). Generally, after the addition of sulfone groups, the surface pore size of the membrane improves and
the porosity increases, and finally the permeation flux will be developed. The degree of sulfonation is one of the most
important parameters. High temperatures and concentrations of sulfonating agents increase the reaction rate and lead to
higher degrees of sulfonation. Of course, it should be noted that very high levels of sulfonation are not always desirable. High
hydrophilicity due to very high degrees of sulfonation causes samples to dissolve in water and swell them. At very high
degree of sulfonation, sometimes cracks and defects will be observed in the structure, which are extremely unfavorable for
the membrane performance.

4, Conclusion

The results of this study indicate that sulfonation of polymers is a suitable solution for developing and improving the
efficiency of membranes in different separations and treatment of wastewater containing dyes, but it should be noted that the
optimal degree of sulfonation and the results of the physicochemical analyzes should be considered to a better process design.
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