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The Application of Liquid Hydrogen project (AppLHy) aims to investigate the combined transportation of
liquid hydrogen as chemical energy carrier and the use of superconductors for efficient electrical energy
transport in a hybride pipeline. It is crucial to evaluate material properties for the development of such a hybrid
pipeline operating under cryogenic temperatures and exposure to liquid hydrogen. Therefore is is necessary
to develop test methods to obtain mechanical material properties in relevant gas atmospheres, at various
temperatures and pressures. Related testing setups are often large and complex, requiring careful monitoring
to avoid dangerous leaks of hydrogen. This study presents an in situ mechanical tensile testing method using
hollow specimens filled with gas, which increases safety and reduces complexity during experiments. Hollow
cylindrical specimens made from three different materials were used for testing: austenitic steel as a high-
strength material, copper as a lower-strength material, and ferritic steel API 51 X60 as an example of pipeline
steel. Inside the hollow specimens, an environment of hydrogen or helium was created at pressures up to
200 bars. Tensile tests were conducted at temperatures ranging from room temperature to the cryogenic
temperature of 20 K.

Results showed that the strength and ductility of the materials varied based on the internal gas pressure,
temperature, and the type of gas used. After testing, fractographic analysis revealed some extent of material
embrittlement due to internal hydrogen exposure during the tests. These findings highlight the significant
impact of hydrogen on changing material properties both at ambient and cryogenic temperatures. Benefits
and future potential of using the in-situ method for better understanding how materials behave under different
temperatures, pressures, and environmental conditions are discussed.
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