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Graphene-Based Composite Membranes for Hydrogen Barrier Applications
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Hydrogen is considered as an environmentally friendly and sustainable energy carrier making it a promising
candidate to replace non-renewable fossil fuels such as coal, crude oil, and natural gas [1]. Despite its
environmental friendliness and energy potential, hydrogen is still not used at scale as the main fuelling source
owing to storage, transportation, and distribution challenges [2]. Its tendency to permeate polymers, including
current commercial plastic pipes, and its high corrosivity towards metal storage tanks hinders its utilization [3,4].
To address this issue, this work focuses on developing cost-efficient and applicable materials for safe hydrogen
transportation. The main material of choice is high-density polyethylene (HDPE), a material widely used in the
pipelines industry for its durability, high crystallinity and low permeability [5,6]. In this work, graphene-based
nanomaterials are used as fillers, as they possess high hydrogen barrier potential owing to the carbon lattice that
does not allow hydrogen molecules to pass through due to its compact hexagonal structure, and their two-
dimensional morphology and high aspect ratio that, upon proper dispersion, can provide a tortuous path resulting
in reduced permeability and promote polymer crystallinity [7,8]. The composite membranes are created on a lab
scale and are then mechanically tested to verify the inclusion of the graphene does not compromise the
integrity of the polymer and to show its reinforcing effect. Additionally, the composite membranes are analysed
thermally and mechanically to estimate the material’s crystallinity and evaluate graphene’s contribution to the
composite thermal and mechanical stability.
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Figure 1: a) Hydrogen’s tortuous path inside the composite membrane due to the existence on high aspect ratio
Nanofillers, b) Prepared graphene-doped HDPE membrane




