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Abstract  

Most of the studies about ion exchange membrane (IEM) have been focused on the analysis of commercial IEM, material engineering on the 
tailor-made membrane, and system engineering related to the IEM applications. However, the structural engineering of IEM is quite effective to 
improve drastically IEM properties because the structure can affect the movement and hindrance of ion in the membrane body. It is worth taking 
this opportunity to recall the need for IEM structural studies. As one idea of structural engineering research, an IEM that simulates the concrete 
structure of a building can be very effective to overcome the limitation of conventional IEMs.

Keywords:   Ion exchange membrane; structural engineering; nanofiber; concrete; composite

Introduction

The role of IEM is quite important in various research or 
industrial area, but its development has been stagnant in recent 
years. At this point, attempts to fabricate IEMs using a wider range 
of material are needed, but improving performance with this 
approach is nearing the limit so that it is necessary to think more 
fundamental engineering. The most important point that limits 
the performance of conventional IEMs is the nanostructure of 
membrane. It is difficult to obtain great effects in electrochemical 
applications that require smooth transport of ions since the 
conventional IEMs have a nanostructure that interferes with 
the movement of ions. The number of papers dealing with IEM 
related to the electrochemical application is increasing (Figure  

 
1a), but the most of studies were still focused on electrode part or 
electrochemical system [1]. And, the studies of physical/chemical 
properties using commercial IEMs or well-known tailor-made 
IEMs were also intensively conducted. Only a few research focused 
on the IEM structure even though structural engineering is a quite 
effective way to overcome the limitation of IEM property for 
electrochemical applications (Figure 1b) [1]. Among the studies 
related to IEM structure, very a few studies reported a drastic 
change of the entire membrane structure, and most of them are 
the results that introducing nanopores or channels in the IEM. 
Therefore, we need to consider more fundamental and innovative 
ideas based on a clear understanding of the IEMs.

Figure 1: (a) The number of papers related to the IEM in electrochemical applications, (b) The content ratio of the IEM papers (Survey in 
Scopus).

http://dx.doi.org/10.19080/AJOP.2021.05.555653
https://juniperpublishers.com/
https://juniperpublishers.com/ajop/


Academic Journal of Polymer science

How to cite this article: Jaewon J. Structural Engineering Perspective  for a Novel Ion Exchange Membrane. Academ J Polym Sci. 2021; 5(1): 555653. 
DOI:10.19080/AJOP.2021.05.55565300216

Suggestion for developing a novel ion exchange 
membrane

To overcome the technical limitations of previous IEMs, 
it is necessary not only to find novel materials but also to 
structurally modify the IEM. The layered membrane or a thick 
mixture of resin and polymer were intensively used in various 
fields because mechanical strength is prioritized in conventional 
IEMs. In advanced forms, filling porous support or mesh-shaped 
spacer with an electrolyte having ion exchange properties has 
been tried. These IEMs can show improved areal resistance and 
permselectivity, but these are not suitable because the resistance 
in the system was increased when stacking many IEMs which 
resulted from the hindering effect against ions. Therefore, the 
most ideal structure is that the membrane is thin and there is no 
support layer. If the mechanical strength of membrane is severely 
degraded without support, making open-structured support 

can be an option. By considering the above-mentioned issues, 
I suggest the concrete-structured membrane inspired by the 
building. The concrete structure consists of a hard skeleton and 
filler material, and it can endure stress greater than the capacity 
of the individual material [2]. Skeleton gives basic strength to 
the structure and filler acts as a buffer for distributing stress and 
reducing displacement of the skeleton. Based on this principle, if 
nanofibers are used as a support and filled with a material having 
ion exchange property, it can be expected that the movement of 
ions will be smooth while maintaining the minimum mechanical 
strength (Figure 2). In addition, it will be easy to modify the overall 
membrane thickness, unlike the conventional method of forming 
an ion exchange layer on a support having a predetermined 
thickness. Moreover, if appropriate nanomaterials which have 
high Zeta potential are introduced, it is expected that the high ion 
selectivity can be achieved even the membrane thickness thin.

Figure 2: Scheme of concrete-structured composite IEM.

Conclusion

Although structural engineering studies can surprisingly 
change the properties of IEM, most of the studies have been 
conducted to analyzing the properties of commercial IEMs or 
fabricating tailor-made IEMs using new materials. However, 
the structure of IEM must be studied because it can have a very 
significant effect on the mobility of ions. One idea proposed 
in this ‘Opinion’ is to design an IEM that mimics the concrete 
structure of a building. It is expected that the mechanical strength 
of the membrane can be improved without deteriorating the 
ion exchange properties by making a material which acts as a 
support in the form of nanofiber and filling it with an ion exchange 
material. 
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