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Abstract: Splitting water into its components, hydrogen and oxygen, is an essential part of the quest to produce green hydrogen.
The necessity of this has immensely increased over time due to demand for cleaner energy sources to encourage sustainable means
of hydrogen fuel generation. Every electrolyser has four basic components, a positive anode electrode, a negative cathode electrode,
an electrolyte for ion transport and a DC power supply. Depending on the type of electrolyser, the electrolyte could be either a liquid
electrolyte or a membrane electrolyte. The electrolyte plays a very crucial role in the overall electrolysis process since it is
responsible for facilitating the transportation of ions from one electrode to another, producing the desired end product, which is
hydrogen. Membranes play an essential role in ensuring the separation of the gaseous products. This review draws attention to the
membranes involved in the water electrolysis process.
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INTRODUCTION

With the aim of steering clear or at least drastically minimizing dependence on fossil fuel for energy production, hydrogen
production has been highly encouraged, hence various avenues of generating hydrogen currently exist some more mature than
others. Water splitting has been around as a method for hydrogen generation for quite some time now, but it still not on the same
scale as its more developed counterparts especially the thermochemical processes including the widely used natural gas reforming
technique which is responsible for 80% of the worlds hydrogen production'. Steam reforming produces carbon dioxide as a
byproduct which is a greenhouse gas and it has been well established that greenhouse gases contribute exponentially to climate
change. In an effort to save the planet for irreversible damage, ways on improving the efficiencies of renewable methods of
hydrogen production are constantly being explored. In the case of water electrolysers, there are various types dependent on the
electrolyte type. Namely alkaline, acidic and solid oxide water splitting. Liquid electrolytes as well as polymer electrolytes can be
utilised in both alkaline and acidic environments. At significantly higher temperatures( usually above 1000°C), solid oxide ceramics
that are ion conducting are employed. Of the three water splitting methods, alkaline water electrolysis and proton exchange
membrane water electrolysis are commercially more mature?>.

Due to the cost involved in the production of proton exchange membrane electrolysers, compared to alkaline water electrolysers
they are less economical mainly due to expensive catalyst such as iridium and platinum involved in their production. Although
cheaper to produce, alkaline water electrolysers have rather low efficiencies. To overcome this drawback, anion exchange membrane
water electrolysers which are alkaline water electrolyser and proton exchange membrane water electrolyser hybrids that utilise a
setup similar to the proton exchange membrane water electrolyser but operate in an alkaline environment and employ less expensive
non-noble catalyst usually nickel based*”.

Membranes act as separators in all types of electrolysers allowing certain species to go through while restricting others,
electrolysers with liquid electrolytes require membranes for gas separation while those with membrane electrolytes need it for both
ion transportation and gas separation. Membrane based electrolysers have excellent efficiencies hence make good electrolysers®’.

IJ]NRD2407447 \ International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 7 July 2024| ISSN: 2456-4184 | [INRD.ORG

TYPES OF WATER ELECTROLYSER MEMBRANES

Alkaline Water Electrolysis

In alkaline water electrolysers, membranes are employed to decrease the distance between electrodes and at the same time,
decreasing the chances of the produced gases mixing. The membranes need to have high OH- ion conductivity while being
impervious to both hydrogen and oxygen. Furthermore, the membranes need to be adequately stable in alkaline environments with
high pH levels of up to 14 which is extremely corrosive. There are various commercially available membranes, they all have
different porosities and properties. Membranes are mostly divided into two groups, exchange membranes and microporous
membranes. They both have the same main function which is to be permeable to ions while keeping the gases produced, hydrogen
and oxygen separate. Their mode of operation differ, microporous membranes basically withhold that is bigger than a specific size
while exchange membranes allow the transmittance of OH- ions with minimal resistance. The contemporary zero-gap electrolyser
employs the newer ion exchange membrane while the conventional alkaline electrolysers usually use porous or microporous
membranes®10,

A suitable gas separator requires a high level of gas separation, particularly at the current densities of operation since the possibility
for an explosion is high if hydrogen is exposed to more than 4% oxygen'>'2, Gas purities greater than 99.5% are desirable for use
in conjunction with hydrogen fuel cells. Additionally, a separator needs to be resilient to extreme alkaline conditions, have low
ionic resistance and relatively inexpensive and durable to prevent the need for frequent replacement of the electrolysis stack'3#,
Various types of separators have been employed in alkaline water electrolysers, they include polysulfone, felt and woven forms of
polytetrafluorethylene also known as Teflon, Polyphenylene Sulfide , asbestos, asbestos coated with polysulfone and Zirfon , which
is produced via the addition of Zirconium dioxide to a polysulfone matrix. It should be noted that the use of asbestos has been
discontinued due to the health risks associated with its use. The most widely used membrane separators are Zirfon based*>®,

Solid Oxide Electrolysis

Solid oxide electrolysers consist of two porous electrodes enclosing an electrolytic membrane. Two forms of conduction are
involved in hydrogen production, electric conduction for the external circuit between the electrodes and ionic conduction for the
internal circuit for the conduction of ions between the electrolyte and the electrodes. There are two variations of the solid oxide
electrolyser, oxygen ion conducting which employ non-porous metal oxide electrolytes that are O% conducting and proton
conducting solid oxide electrolysers which employ proton conductive electrolytes. figure 1 shows the difference in the working of
the two types. In the case of the oxygen ion conducting type, steam or water is supplied to the fuel electrode side where it is separated
into oxygen and hydrogen ions. Hence, to obtain pure hydrogen, it needs to be separated from the reactant. The oxygen ions travel
through the electrolyte to the oxygen electrode where they combine producing pure oxygen and electrons. While in the case of the
proton conducting type, steam or water is supplied to the oxygen electrode side where it separates into oxygen, electrons and
hydrogen protons. The protons travel through the electrolyte to the fuel electrode where they combine with electrons to produce
hydrogen'”8,

It is notable that in the proton conducting solid oxide electrolysers there is no requirement for hydrogen purification since it is
produced at the fuel electrode which is inaccessible to the water supplied at the oxygen electrode since the electrolyte is impermeable
to all other ions apart from protons. Additionally, their electrolytes become conductive at temperatures as low as 450 °C unlike the
oxygen ion conducting type in which the electrolyte has limiting ionic conductivity even at 600 °C, hence having a comparatively
lower efficiency?®.
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figure 1 depiction of the working of proton conducting and oxygen ion conducting
SOECS 8

The electrolytes are usually fabricated from materials that operate with minimal electrical conductivity at operating temperatures to
avoid losses due to short circuiting. They must have adequately high ionic conductivities and they need to be stable in oxidizing
and reducing conditions. The conductivity is dependent on the electrolyte material, operating temperature and design.

The most researched electrolyte for high temperature fuel cells is Yttria-Stabilized Zirconia (YSZ), due to its availability, chemical
stability and non-toxicity, they have been the preferred electrolyte for oxygen ion conduction in solid oxide fuel cells since the
onset. Therefore, utilised in solid oxide oxygen ion conducting water electrolysers too. However, it has low ionic conductivity at
low temperature compelling the use of different materials. They include scandia-stabilized zirconia, Samaria-doped ceria, gadolinia-
doped ceria, lanthanum strontium gadolinium manganite and lanthanum strontium gadolinium manganite cobaltite?®-%6, For proton
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conducting solid oxide electrolysers, the electrolytes employed include Barium Zirconium Yttria, Barium Cerium Yttria, Barium
zirconate cerates, Barium zirconate and barium ceria yttria zirconate?”%,

Proton Exchange Membrane Electrolysis

Proton exchange membrane electrolysers require membrane based electrolysers. In contrast with alkaline electrolysers that use
aqueous solutions as their electrolytes, proton exchange membrane electrolysers have electrolytes that comprise thin, solid ion
conducting membranes. In addition to hydrogen ion transportation from the anode to the cathode, the membranes also separate the
hydrogen and oxygen gases produced. The merit of proton exchange membrane electrolysers over alkaline electrolysers is the
relative safety and durability since the electrolytes employed are not caustic in nature. Additionally, the thin solid membrane
facilitate comparatively faster ion transportation?®=°,

A breakthrough in polymer materials based on perfluorinated sulphonated acids unlocked new horizons in the production of proton
exchange membranes due to their high chemical and mechanical stabilities and proton conductivities hence enabling zero gap
arrangements in cell designs. They include Nafion by DuPont, Aciplex by Asahi Kasei, and Flemion by Asahi Glass as well as non-
fluorinated such as sulfonated poly arylene ether ketone (S-PEEK) and Sulfonated Polyether Sulfone (S-PES). The membranes can
be modified by fortifying the materials to increase their strength and durability. They are termed as reinforced perfluorinated
sulphonated acids or fluorinated membranes. The most recognized reinforced perfluorinated sulphonated acids is Gore-Select, it is
coated with polytetrafluoroethylene®:.

Alkaline Anionic Exchange Membrane Water Electrolysers

It is possible to create inexpensive electrolysers with elevated current densities and efficiency
by combining the advantages of Proton exchange membrane electrolysis with alkaline electrolysis. This is because, although
alkaline environments  give the considerable benefit of  employing economical and plentiful
metals for catalysts and other cell components, Proton exchange membrane electrolysers offers high-performing water splitting
cells at the expense of capital costs®. Therefore, a hybrid that employs the zero-gap design of Proton exchange membrane
electrolysers and the merits of alkaline water electrolysers is the alkaline anionic exchange membrane water electrolyser. The main
distinction between Proton exchange membrane and anionic exchange membrane is that conducted ionic species in the former are
hydrated protons while the one in the latter are hydrated hydroxide ions3334.

As stated in the name, the membranes in alkaline anionic exchange membrane water electrolysers conduct anions. The membranes
are made from anion-exchange polymers consisting of cationic headgroups attached to the polymeric backbones. The polymeric
backbones could be either aliphatic or aromatic. The aliphatic backbones include Polyvinyl alcohol (PVA), Polytetrafluoroethylene
(PTFE) also known as Teflon, Polyethylene-co-tetrafluoroethylene (ETFE) and Chitosan (CS). The aromatic backbones include
Polysulfone (PSU/PSF) also known as Poly arylene ether sulfone, Polyether sulfone (PES) also known as Polyphenylene ether
sulfone, Polyether ether ketone (PEEK), Poly(2,6-dimethyl-1,4-phenyleneoxide) (PPO) also known as Poly (phenylene ether)
(PPE). The attached functional group could be any of the following: Quaternary Ammonium, Imidazolium, Guanidinium,
Phosphonium, Pyridinium and Sulfonium®-7,

CONCLUSION

All types of water electrolysers require membranes to function properly. The role of the membrane could solely be gas separation
like in the case of the alkaline water electrolysers or include the additional function of ion conduction from one electrode to another
like in the case of solid oxide, proton exchange membrane and alkaline anion exchange membrane water electrolysers.

REFERENCES

1. Nikolaidis, P. & Poullikkas, A. A comparative overview of hydrogen production processes. Renewable and sustainable energy
reviews 67, 597-611 (2017).

2. Vincent, I. & Bessarabov, D. Low cost hydrogen production by anion exchange membrane electrolysis: A review. Renewable
and Sustainable Energy Reviews 81, 1690-1704 (2018).

3. Henkensmeier, D. ef al. Overview: State-of-the art commercial membranes for anion exchange membrane water electrolysis.
Journal of Electrochemical Energy Conversion and Storage 18, 024001 (2021).

4. Bessarabov, D. & Millet, P. PEM Water Electrolysis. vol. 1 (Academic Press, 2018).

5. Bessarabov, D. & Millet, P. Brief historical background of water electrolysis. PEM Water Electrolysis; Academic Press:
Cambridge, MA, USA 17-42 (2018).

6. Marini, S. ef al. Advanced alkaline water electrolysis. Electrochim Acta 82, 384-391 (2012).

7. Hagesteijn, K. F. L., Jiang, S. & Ladewig, B. P. A review of the synthesis and characterization of anion exchange membranes.
J Mater Sci 53, 11131-11150 (2018).

8. Kraglund, M. R. et al. Zero-gap alkaline water electrolysis using ion-solvating polymer electrolyte membranes at reduced KOH
concentrations. J Electrochem Soc 163, F3125 (2016).

9. Suermann, M., Takanohashi, K., Lamibrac, A., Schmidt, T. J. & Biichi, F. N. Influence of operating conditions and material
properties on the mass transport losses of polymer electrolyte water electrolysis. J Electrochem Soc 164, F973 (2017).

10.Raveendran, A., Chandran, M. & Dhanusuraman, R. A comprehensive review on the electrochemical parameters and recent
material development of electrochemical water splitting electrocatalysts. RSC Adv 13, 3843-3876 (2023).

11.Schrdder, V., Emonts, B., JanBen, H. & Schulze, H. Explosion limits of hydrogen/oxygen mixtures at initial pressures up to 200
bar. Chemical Engineering & Technology: Industrial Chemistry-Plant Equipment-Process Engineering-Biotechnology 27, 847—
851 (2004).

12.Dagdougui, H., Sacile, R., Bersani, C. & Ouammi, A. Hydrogen logistics: safety and risks issues. Hydrogen Infrastructure for
Energy Applications 127, (2018).

IJ]NRD2407447 \ International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 7 July 2024| ISSN: 2456-4184 | [INRD.ORG

13.Zeng, K. & Zhang, D. Recent progress in alkaline water electrolysis for hydrogen production and applications. Prog Energy
Combust Sci 36, 307-326 (2010).

14.Bystron, T., Paidar, M., Klicpera, T., Schuster, M. & Bouzek, K. Proton Exchange Membrane Water Electrolysers: Materials,
Construction and Performance. (2019).

15.Rosa, V. M., Santos, M. B. F. & Da Silva, E. P. New materials for water electrolysis diaphragms. Int J Hydrogen Energy 20,
697-700 (1995).

16. Vermeiren, P., Adriansens, W., Moreels, J. P. & Leysen, R. Evaluation of the Zirfon® separator for use in alkaline water
electrolysis and Ni-H2 batteries. Int J Hydrogen Energy 23, 321-324 (1998).

17. Virkar, A. V. Mechanism of oxygen electrode delamination in solid oxide electrolyzer cells. Int J Hydrogen Energy 35, 9527—
9543 (2010).

18.Gomez, S. Y. & Hotza, D. Solid Oxide Electrolysers. (2019).

19.Steele, B. C. H. & Heinzel, A. Materials for fuel-cell technologies. Nature 414, 345-352 (2001).

20.Mori, M. et al. Cubic-stabilized zirconia and alumina composites as electrolytes in planar type solid oxide fuel cells. Solid State
lon 74, 157-164 (1994).

21.Stevenson, J. W. et al. Effect of A-site cation nonstoichiometry on the properties of doped lanthanum gallate. Solid State lon
113, 571-583 (1998).

22.Badwal, S. P. S., Ciacchi, F. T. & Milosevic, D. Scandia—zirconia electrolytes for intermediate temperature solid oxide fuel cell
operation. Solid State Ion 136, 91-99 (2000).

23.Stevenson, J. W., Hasinska, K., Canfield, N. L. & Armstrong, T. R. Influence of cobalt and iron additions on the electrical and
thermal properties of (La, Sr)(Ga, Mg) O 3— 3. J Electrochem Soc 147, 3213 (2000).

24.Kharton, V. V et al. Ceria-based materials for solid oxide fuel cells. J Mater Sci 36, 1105-1117 (2001).

25.Shao, Z. & Haile, S. M. A high-performance cathode for the next generation of solid-oxide fuel cells. Nature 431, 170-173
(2004).

26.Dailly, J. et al. Perovskite and A2MO4-type oxides as new cathode materials for protonic solid oxide fuel cells. Electrochim
Acta 55, 5847-5853 (2010).

27.Fabbri, E. et al. Design and fabrication of a chemically-stable proton conductor bilayer electrolyte for intermediate temperature
solid oxide fuel cells (IT-SOFCs). Energy Environ Sci 1, 355-359 (2008).

28.Pergolesi, D. et al. High proton conduction in grain-boundary-free yttrium-doped barium zirconate films grown by pulsed laser
deposition. Nat Mater 9, 846—852 (2010).

29.Bystron, T., Paidar, M., Klicpera, T., Schuster, M. & Bouzek, K. Proton Exchange Membrane Water Electrolysers: Materials,
Construction and Performance. (2019).

30.Parekh, A. Recent developments of proton exchange membranes for PEMFC: A review. Front Energy Res 10, 956132 (2022).

31.de Bruijn, F. A., Makkus, R. C., Mallant, R. K. A. M. & Janssen, G. J. M. Materials for state-of-the-art PEM fuel cells, and
their suitability for operation above 100 C. Advances in fuel cells 1, 235-336 (2007).

32.Schalenbach, M. et al. Acidic or alkaline? Towards a new perspective on the efficiency of water electrolysis. J Electrochem Soc
163, F3197 (2016).

33.Du, N. et al. Anion-exchange membrane water electrolyzers. Chem Rev 122, 11830-11895 (2022).

34.Miller, H. A. et al. Green hydrogen from anion exchange membrane water electrolysis: a review of recent developments in
critical materials and operating conditions. Sustain Energy Fuels 4, 2114-2133 (2020).

35.Samsudin, A. M., Bodner, M. & Hacker, V. A briefreview of poly (vinyl alcohol)-based anion exchange membranes for alkaline
fuel cells. Polymers (Basel) 14, 3565 (2022).

36.Rakhshani, S. et al. Synthesis and characterization of a composite anion exchange membrane for water electrolyzers
(AEMWE). Membranes (Basel) 13, 109 (2023).

37.Chen, D. et al. Synthesis and characterization of quaternary ammonium functionalized fluorene-containing cardo polymers for
potential anion exchange membrane water electrolyzer applications. Int J Hydrogen Energy 37, 16168—16176 (2012).

IJ]NRD2407447 \ International Journal Of Novel Research And Development (www.ijnrd.org)



http://www.ijrti.org/

