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Hydrogen-based energy systems are expanding under global decarbonization policies, requiring polymeric materials used in seals,
hoses, and liners to withstand repeated high-pressure hydrogen exposure. Dissolved hydrogen diffuses into polymers and, during
depressurization, generates steep internal concentration and pressure gradients. This diffusion-controlled internal pressure build-up and
subsequent supersaturation-induced cavity growth lead to blister formation and crack propagation, which may degrade sealing
performance and increase leakage risk. Identifying dominant fracture-controlling factors under realistic multi-parameter conditions is
therefore essential.

Experiments were conducted using the C-FaTH: (CERI Facility of Testing for High-pressure Hydrogen) next-generation system,
which enables indoor handling of hydrogen up to 110 MPa and continuous unmanned operation for more than 24 hours. The system
precisely controls pressurization and depressurization rates (0.5-300 MPa/min) and allows superimposed pressure pulsation, enabling
reproducible simulation of complex pressure histories. Continuous operation is critical because damage evolution continues after
depressurization as hydrogen diffusion proceeds under atmospheric conditions.
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Fig. 2 Main Effects of Control Factors on Damage in LDPE and NBR

reliability improvement in high-pressure hydrogen
systems.
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