
New type nanofibrous cerium radical scavenger to enhance the 

durability of perfluorosulfonic acid membrane for polymer electrolyte 

membrane fuel cell (PEMFC) application 

Junghwan Kim (1), Seungju Lee (1), SoYoung Lee (1) 

(1) Hydrogen and Fuel Cell Research Center, Korea Institute of Science and Technology (KIST), 

Seoul 02729, Republic of Korea 

Phone Number: +82-10-7123-4186, e-mail: kjeongh3@naver.com 

 
1. Introduction –  

Polymer electrolyte membrane fuel cell (PEMFC) has been actively investigated as a promising energy 

conversion system for use on vehicles. The polymer electrolyte membrane (PEM) plays an essential role 

in transferring proton while separating fuel and oxidant in PEMFC systems. Since these systems are 

operated under highly harsh conditions, the development of PEM having excellent physicochemical 

stabilities is one of the major challenges to solve durability issue. Currently, perfluorosulfonic acid 

(PFSA) membranes represented by Nafion are widely explored due to its excellent properties and superior 

proton conductivity. However, it suffers from chemical degradation and decrease in conductivity when 

operated for extended period. Cerium ions are well known as the most effective radical scavenger for 

removal of highly reactive hydroxyl radicals which are generated during the fuel cell operation. However, 

simply adding cerium ions causes several problems, such as low affinity between additive and PFSA, 

poor compatibility in membrane that can lead to cerium ion migration, and decrease in proton 

conductivity due to formation of ionic bonding among the positively charged cerium ions and sulfonic 

acid groups in the PFSA [1,2]. In this study, we prepared reinforced PFSA membranes using new type 

nanofibrous cerium radical scavenger (CeNF) to improve chemical stability and durability. CeNF shows 

good compatibility with PFSA and excellent radical scavenging ability maintaining proton conductivity. 

Improved properties of reinforced membranes and membrane electrode assembly (MEA) performance 

were also studied. 

 

2. Experimental –  

CeNF was mixed with ionomer solution with dissolved in deionized water (solution form). Ionomer 

solution was sprayed on the PFSA membrane using auto-spraying. 

 

3. Results and Discussion –  

From the TEM images and EDX mapping, the formation of nanofibrous structure was observed after 

CeNF synthesis. Compared to pristine PFSA membranes, CeNF incorporated membrane exhibited much 

higher proton conductivity. This is attributed to the solid acid typed CeNF 

where additional proton transfer pathway can be formed in the membrane. 

Meanwhile, CeO2 incorporated membrane that is commonly used 

exhibited lower proton conductivity due to the direct interaction between 

cerium ions and sulfonic acid groups. In addition, both CeNF incorporated 

membrane displayed enhanced chemical stability compared to pristine and 

CeO2 incorporated membrane from the FRR test. Since nanofibrous 

structure of CeNF is effective on increasing surface area, active radical 

scavenging capacity of cerium ion increased as well as excellent 

compatibility of CeNF with polymer matrix. Improved chemical stability 

of CeNF incorporated membrane leads to excellent durability of the MEA 

fabricated from this membrane (Image 1). 

 

4. Conclusions –  

New type nanofibrous cerium radical scavenger (CeNF) was found to be effective in improving chemical 

stability of the membranes. The MEA made from this membrane shows much improved durability. 

 

5. References 

[1] W. Zhao, T. Haolin, Z. Huijie, L. Ming, C. Rui, X. Pan, P. Mu, J. Membr. Sci, 421, (2012) p. 201. 

[2] V.D.C. Tinh, D. Kim, J. Membr. Sci, 613 (2020) 118517. 

 
 

Image 1. Durability of the reinforced 

membrane. 


