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Abstract. Hydrogen is increasingly considered as a potential energy carrier for future civil aviation 

due to its role in decarbonizing air transport. However, the use of liquid hydrogen (LH₂) at cryogenic 

temperatures (around 20 K) requires structural materials capable of withstanding such extreme 

conditions. While numerous studies have investigated the behavior of composite materials at low 

temperatures [1,2], most focus on 77 K, the temperature of liquid nitrogen, due to its accessibility in 

laboratory settings. Data at temperatures closer to liquid hydrogen (20 K) remain limited, and the 

immersion methods used can affect material behavior [3]. This study aims to address this gap by 

characterizing unidirectional carbon-fiber-reinforced composites under conditions representative of 

liquid hydrogen storage. 

A dedicated cryogenic experimental facility was developed to provide a stable and controlled low-

temperature environment for mechanical testing. The system, designed in collaboration with the 

Laboratoire National des Champs Magnétiques Intenses (LNCMI), uses Pulse-Tube cryocoolers to 

reach temperatures as low as 4 K. The apparatus includes a thermal radiation shield, an experimental 

vessel made of copper, and helium exchange gas for thermal coupling. Samples were fabricated from 

pre-impregnated sheets of 8552/AS4, a thermoset matrix reinforced with unidirectional carbon fibers, 

and tested under tensile, compression, and shear loads at cryogenic temperatures. 

Preliminary results demonstrate the validity of the experimental setup, with the cryostat achieving 

temperature reductions to 20 K in 3 hours and returning to room temperature in 4.5 hours. Mechanical 

tests revealed variations in elastic modulus, shear modulus, and deformation at rupture for different 

fiber orientations, highlighting the influence of cryogenic conditions on composite behavior. These 

findings contribute to the understanding of composite performance at extreme temperatures, supporting 

the development of reliable hydrogen storage systems for aerospace applications. 
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