
109

Journal of Membrane Science & Research

Electromembrane Processes, a Toolbox for Advanced Separations 

Bart Van der Bruggen

Editor

journal homepage: www.msrjournal.com

Journal of Membrane Science and Research 2 (2016) 109-110

Department of Chemical Engineering, Process Engineering for Sustainable Systems (ProcESS), KU Leuven, Celestijnenlaan 200F, B-3001 Leuven, Belgium
 
Email: bart.vanderbruggen@cit.kuleuven.be

Editorial Note

© 2016 MPRL. All rights reserved.

         The second area of innovation is in separation efficiency and configurations. 

This should allow for efficient processes for e.g., phosphate concentration  [6]. 

New and better membranes are essential for this feature [7]. Some of these 

efforts are presented in this issue.

       The third area of innovation is in applications and industrial opportunities. 

Innovations relate to product recycling, chemical and biochemical engineering, 

and polymer science and technology. They are related not only to separation, 

but also to combined also reaction and separation, bioconversion, and 

energy production. Some examples are in phosphorus and heavy metals from 

sewage sludge [8], integrated citric acid-methane production [9] and other 

fermentation processes [10], separation of complex mixtures of amino acids 

for biorefinery applications [11], and last but not least, reverse electrodialysis 

[12, 13].

      Enough reasons to believe that electromembrane separations are technologies 

to be aware of.

diffusion, limiting the purity of acid (and base), and membrane scaling.Work 

on bipolar membranes can be also found in this issue.

      Electromembrane processes were among the first developed membrane-

based processes, but traditionally received much less attention than other 

methods. It was already proposed in 1890 by Maigrot and Sabates (to 

demineralize sugar syrup), and the configuration with permselective anion 

exchange and cation exchange membranes in a 3-compartment electrodialysis 

apparatus was an invention of Manegold and Kalauch in 1939. Electrodialysis 

was implemented on large scale in the USA in 1955, which is much earlier than 

most other membrane separation processes. 

       After this, the silence began. Desalination of brackish water was practiced, 

but for economical reasons the application was limited to a narrow range of 

salinities, which reduced electrodialysis to a niche process. The fundamentals 

and the potential of electromembrane separations remained of interest, however, 

and prominent membranologists like Heiner Strathmann, Victor Nikonenko 

and Stanislaw Koter have provided us with a strong basis to understand this 

fascinating approach. Eventually, the interest changed. In the early 1990's, 

around 25 papers on electromembrane separations were yearly published; twenty 

years later, this was over 250. The process has now emerged from a desalination 

process to a versatile tool for separations that can hardly be achieved in any 

other way. 

     Electrodialysis (reversal) uses a costly energy source: electricity. Today 

we are more than ever aware of the environmental cost of energy, certainly a 

high-quality energy source like electricity. Boundary conditions have indeed 

been indicated in the literature [1]. However, the benefits are huge. Charged 

membranes do not use filtering, but direct ion removal: keeping the concept of 

process intensification in mind, this is important since only those compounds 

that are unwanted are targeted. In principle ion exchange membranes are non-

selective, but this has changed in recent years. The cost is related to the ion 

concentration in solution, and to the desired level of purity; this makes a good 

choice of the application vital. 

     Technology providers are traditionally in a static market of membranes 

and devices, with not many players. Until recently - what can be seen now is a 

wide range of new applications, which yields an extremely dynamic field. Table 

1 shows some of the players in the ion exchange market, of which many are 

relatively new.

    Three areas of innovation have changed - and will keep changing - 

electromembrane applications. The first one is related to membrane materials 

and types: selective membranes and bipolar membranes have allowed new 

applications. Membranes with selective transport are of interest for anion 

separation [2] and cation separation [3]. Bipolar membranes allow for separation 

of salts into acids and bases [4, 5]. Several challenges remain, such as Fickian back 

Table 1
Some players in the market of ion exchange membranes.
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