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Phosphonated polymers for high temperature fuel cells 
Synthesis of phosphonated polymer electrolytes to prevent the loss of conductive acid
during operation

Ionomers for alkaline membrane water electrolyzers
Synthesis of quaternized ammonium functionalized ionomers having high ion
exchange capacity (IEC) for alkaline membrane water electrolysis
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Anode ionomers for alkaline membrane fuel cells
Polymer electrolytes with higher H2 diffusivity for ionomeric binding materials for the anode to
improve the hydrogen oxidation reaction (HOR) kinetics
Challenges for anode ionomers:
1. Limited H2 permeability, 2. Cation-hydroxide-water co-adsorption on HOR catalysts

Replacing 
trimethylammonium
with triethylammonium
to minimize undesirable 
interaction with HOR 
catalysts
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• The highest IEC ionomer, TMA-70, demonstrated a
record high performance, hydrogen-generating current
density of 2.7 A/cm2 at 1.8 V.

• The durability of the electrolyzer still remains as
challenge because of the poor binding ability of the high
IEC ionomer to the catalysts.
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A high concentration of 
quaternary ammonium is required 
for high activity of hydrogen and 

oxygen evolution reactions.

Polyaromatic backbone has
a detrimental impact by 

forming acidic phenols at 
high anode potentials. 

Polystyrene ionomers with 
high quaternary ammonium 

concentration were
designed and synthesized.

Introducing symmetric 
dimethyl groups to polymer 
backbone to increase the 
fractional free volume to 
enhance H2 permeability
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Polymer electrolytes used in 
electrochemical devices
Development of high-performing polymer 
electrolytes used for alkaline membrane fuel cells,
high temperature proton exchange membrane fuel 
cells, and alkaline membrane water electrolyzers
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• Ion exchange group-functionalized polymers are used as
polymer electrolytes to conduct ions between electrodes
while separating fuels and oxidants in the system.

• Polymer structure and properties may bring a huge impact
on overall performance and durability of the system.

• Structural engineering of polymers is necessary for
different electrochemical energy conversion and storage
device requirements.

Perfluorinated sulfonic acid polymers (Nafion)
low proton conductivity at high temperature 

and low relative humidity (RH)

Phosphoric acid-doped polybenzimidazole
(PA-doped PBI)

PA leaching and/or evaporation

• Altering polymer backbone and cationic group for anode ionomers helps to improve H2
permeability and fuel cell performance. The synthesis work of fluorinated anode ionomers to 
further increase gas diffusivity and electrode hydrophobicity is ongoing.
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Aryl ether-free 
polyaromatic backbone

Highly acidic 
phosphonic acid

No phosphonic acid 
anhydride formation

Good solubility in 
polar aprotic 

solvents, thermally 
stable up to 350 °C

• The phosphonated polymer was developed to be used
as an ionomeric binder for high temperature proton
exchange membrane fuel cells at 200 °C.

720 mW cm-2 at 2.1 A cm-2
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