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Abstract  
The development of hydrogen energy systems depends on 

components that are both reliable and cost effective to 

support production and utilization. Polymeric membranes, 

particularly anion exchange membranes (AEMs) and proton 

exchange membranes (PEMs), are critical to water 

electrolyzers and fuel cells. They enable selective ion 

transport, sustain system performance, and provide chemical 

and mechanical stability under demanding conditions. 

However, most commercial membranes are limited by high 

production costs, vulnerability to chemical degradation in 

alkaline or acidic environments, and insufficient long-term 

durability, which constrains their broader application in 

hydrogen technologies. 

Our research addresses these challenges through the design 

and fabrication of low-cost, high-performance membranes 

based on novel polymer architectures. The strategy 

combines advanced crosslinking methods, interpenetrating 

polymer network (IPN) structures, and the use of bio-

sourced materials to improve stability and minimize 

environmental impact. These membranes are developed to 

deliver high ionic conductivity, mechanical strength, and 

resistance to oxidative and alkaline or acidic degradation. A 

key focus is placed on scalable fabrication techniques to 

ensure industrial relevance for both AEM and PEM 

configurations. 

By combining sustainable materials with robust polymer 

designs, this work aims to advance membrane technologies 

that support reliable, durable, and affordable hydrogen  

production and utilization, contributing to the wider 

deployment of hydrogen energy systems. 
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