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ABSTRACT

Membrane fouling is a critical challenge that must be addressed for the effective application of electrodialysis in
wastewater treatment. In this study, zwitterionic surface nanolayer was constructed on anion exchange mem-
brane (AEM), which significantly reduced the adhesion force between the membrane surface and foulants,
thereby improving the antifouling properties of the membrane. Among the modified membranes, the best-
performing AEM-PDA-SBMA and AEM-PDA-MPC exhibited low adhesion forces to the model foulant of only
0.465 nN and 0.499 nN as measured by AFM, respectively. This was primarily attributed to the reduction in
hydrophobic interactions, with a decrease in electrostatic interactions also contributing to the overall effect. In
the electrodialysis desalination fouling experiments, the membrane energy consumption of the zwitterionic
modified membranes was only 7.76 % and 9.35 % of that of the unmodified membrane. Additionally, the total
energy consumption was reduced to 44.22 % and 45.57 %, respectively, while maintaining high current effi-
ciency (>91 %). The long-term stability of the membrane was verified through cyclic electrodialysis experiments.
Fouling analysis demonstrated that most of the fouling on the modified membrane was reversible, but a small
amount of irreversible fouling was a potential threat. This study quantified the antifouling properties of mem-
branes by measuring the adhesion force between the membrane surface and foulants, providing valuable insights
into the interaction mechanisms involved in membrane fouling and offering guidance for the development of
effective antifouling strategies.

1. Introduction

relatively “expensive” ion exchange membranes frequently suffer from
the “cheap” foulants in the wastewater, resulting in high energy con-

With the rapid development of the membrane industry, membrane
separation technology has played a significant role in various water
treatment processes such as separation and purification, desalination,
and wastewater treatment [1,2]. Electrodialysis (ED) employs the elec-
tric field as the driving force to accomplish ion transport through ion
exchange membranes [3]. Under fouling-free conditions, this unique
mechanism confers advantages over pressure-driven membrane pro-
cesses, including low energy consumption [4,5], high ion selectivity [6,
7] and wide availability [8,9] in wastewater treatment. However,

sumption, poor separation effect, and shortened membrane lifetime in
ED process [10]. In other words, membrane fouling is the main chal-
lenge for more efficient treatment of wastewater.

Previous studies have demonstrated that anion exchange membranes
(AEM) were susceptible to fouling by organic substances in solution due
to the high adhesion between membranes and foulants [11], (e.g., sur-
factants [12], proteins [13], humic acids [14], polymers [15], etc.)
compared with cation exchange membranes (CEM). Membrane surface
properties, including hydrophilicity [16,17], surface charge [18,19],
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