
Publisher’s version  /   Version de l'éditeur: 

Proceedings of the International Symposium on Future Green Energy and Global 
Warming, 2009, 2009

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 

pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 

first page of the publication for their contact information. 

NRC Publications Archive

Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 

La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 

acceptée du manuscrit ou la version de l’éditeur.

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

New polymer electrolyte membranes for fuel cells
Guiver, Michael D.

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

NRC Publications Record / Notice d'Archives des publications de CNRC:
https://nrc-publications.canada.ca/eng/view/object/?id=22c9124c-d9c9-48a9-8637-24394f326656

https://publications-cnrc.canada.ca/fra/voir/objet/?id=22c9124c-d9c9-48a9-8637-24394f326656



Keynote: International Symposium on Future Green Energy and Global Warming 

Hanyang University, Seuol, Korea, May 14
th

, 2009 

 

 

New Polymer Electrolyte Membranes for Fuel Cells 

 

Michael D. Guiver
1,2

 

 
1 

Institute for Chemical Process and Environmental Technology, National Research 

Council, Ottawa, Ontario, K1A 0R6, Canada 

2
 WCU Energy Engineering Department, Fusion Technology Center 9

th
 Floor, Hanyang 

University, Seoul, S. Korea 

 

Hydrocarbon PEM materials are being widely studied as replacements for Nafion-

type perfluorinated polymeric materials to reduce cost and improve performance such as 

operating temperature in polyelectrolyte membrane fuel cells (PEMFC) and methanol 

crossover in the direct methanol fuel cell (DMFC) application.  Among some of the 

important property considerations required are thermal and chemical stability, low 

dimensional swelling, low methanol permeability in the case of DMFC and high proton 

conductivity.  In comparison with Nafion-type PEMs, which can be considered as ‘super-
acids’ because of their fluoro-sulfonic acid groups, hydrocarbon PEMs are weaker acids 

and typically require higher ion exchange capacities (IEC) to achieve the similarly high 

proton conductivity for effective fuel cell performance.  However, higher IEC (more 

proton conducting sulfonic groups) in hydrocarbon PEMs often leads to a trade-off in 

properties such as unacceptably high water uptake, high methanol diffusivity, and poor 

mechanical properties.  Much of the research activity in developing hydrocarbon PEM 

materials is focussed on overcoming this trade-off behaviour, and a number of promising 

approaches have been reported in recent years. 

Our research has investigated several structural design strategies for PEM 

materials, particularly for DMFC, which can lessen the effect of water and methanol 

swelling associated with increased proton conductivity brought about by increasing the 

sulfonic acid content or IEC.  Since fuel cell membrane electrode assemblies are 

presently almost universally constructed by using Nafion ionomer as a glue to bind the 

catalyst to the PEM, a dimensional mismatch and mechanical failure leading to 

delamination occurs when there are significant differences in swelling behaviour over a 

temperature range.  An obvious solution is to design hydrocarbon ionomers, though this 

is not a simple task.  Constraining high IEC polymer electrolyte membranes by chemical 

crosslinking or by polar non-bonding interactions, such as nitrile, has been effective in 

increasing fuel cell performance.  Similarly, radiation grafting onto semi-crystalline 

membranes shows promise.  Self-organization of polymers into hydrophilic proton-

conducting domains and mechanically-stronger hydrophobic domains allows good proton 

conduction at lower IEC values.  This can be accomplished by preparing PEM materials 

with side-chains.  The lecture will provide a discussion of selected results of all the above 

approaches, singly and in combination. 


