
Abstract for HiPEM-TECH 2024  
DTU, Lyngby 

1 
 

High-temperature polymer electrolyte fuel cells based on 

protic ionic liquids  

Christian Rodenbücher,a Carsten Kortea, Yingzhen Chena, Klaus Wippermanna, Piotr 

Kowalskib, Sangwon Kimc, Jungtae Kimc, Rolf Hempelmannc, Beom-Jun Kimd 

a Forschungszentrum Jülich GmbH – Institute of Energy and Climate Research - 

Electrochemical Process Engineering (IEK-14), 52425 Jülich, Germany 
b Forschungszentrum Jülich GmbH – Institute of Energy and Climate Research – Theory and 

Computation of Energy Materials (IEK-13), 52425 Jülich, Germany 
cKIST Europe and Transfercenter Sustainable Electrochemistry, Saarland University, 66123 

Saarbrücken, Germany 
dKorea Institute of Energy Research (KIER), Fuel Cell Research & Demonstration Center, 

56332 Buan, Jeollabuk-do, Republic of Korea 

 

c.rodenbuecher@fz-juelich.de 

 

Polymer electrolyte membrane fuel cells (PEMFCs) are considered as efficient converters of 

chemical energy stored as hydrogen into electrical energy. Increasing their operation tempera-

ture to 100–160 °C would allow for a simpler water management and the use of waste heat. In 

this way, the overall system costs could be reduced promising a widespread application of 

PEMFCs in the mobility sector, in particular for heavy duty vehicles. Conventional PEMFCs, 

which are already commercially available nowadays, employ NAFION® as a membrane mate-

rial, whose proton conductivity relies on the presence of liquid water. Hence, alternative mem-

brane materials need to be developed for high-temperature application.  

In this contribution, a study on protic ionic liquids (PIL) as electrolytes, immobilized in polybenz-

imidazole (PBI) membranes, is presented. PILs are particularly suited for fuel cell applications 

as they provide a high thermal and chemical stability and a high proton conductivity [1]. We 

performed experimental investigations and atomistic simulations of the electric double layer 

formed between an ionic liquid and a Pt electrode. Our results reveal that the electrode-elec-

trolyte interface consists of densely packed alternating anion and cation layers and thus be-

haves fundamentally different from that of aqueous solutions [2]. As the fuel cell performance 

is determined by the electrochemical reactions at the interface, we particularly focus on the 

influence of the acidity of the ionic liquid on the oxygen reduction reaction (ORR). 

We perform solution casting of PBI membranes doped with ionic liquids and investigate the 

interactions of the electrolyte with the host polymer. Microscopic analysis reveals that a porous 

polymer structure can be formed, which allows for an encapsulation of the ionic liquid within 

the pores [3]. Using slight doping with phosphoric acid, the polymer walls surrounding the ionic 

liquid-filled pores can be made conductive and the doped membranes showed a satisfactory 

fuel cell performance in a proof-of-principle cell test. 
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