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Abstract: [Objective] Hydrogen embrittlement poses a significant safety risk that restricts the safe operation of hydrogen pipelines.
However, there is ongoing debate regarding the extent to which hydrogen penetrates pipeline steel and induces hydrogen embrittlement under
service conditions. While numerous studies indicate a substantial loss of plasticity and toughness in steel within a hydrogen environment,
many hydrogen pipelines show no evident hydrogen embrittlement hazards after long-term operation. The extreme service conditions
experienced by specimens during hydrogen embrittlement testing may explain the discrepancies between laboratory findings and practical
engineering experiences. Therefore, it is essential to investigate how the hydrogen embrittlement testing process affects the susceptibility of
materials to hydrogen embrittlement. [Methods] The mechanical properties and hydrogen embrittlement of X52 steel specimens under
different hydrogen charging methods were studied by high-pressure gas-phase in-situ tensile testing under stress, with a focus on the slow
strain rate tensile test. The source of hydrogen inside the specimens was explored, and then the influence of the testing process under
different elastic stresses on the susceptibility of the specimens to hydrogen embrittlement was analyzed. [Results] The experimental results
indicated that stress is a critical factor influencing hydrogen content in the specimen and its susceptibility to hydrogen embrittlement.
Consequently, the critical hydrogen concentration that leads to hydrogen embrittlement in X52 steel was determined through stressed
hydrogen charging tests. The results indicated that most of the hydrogen effect originated from hydrogen penetration into the specimens

under tensile conditions, with minimal penetration during the hydrogen pre-charging stage and sufficient penetration occurring during the
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elastic stage. [Conclusion] The hydrogen-induced hardening effect occurred during the yield stage of specimens subjected to direct tensile

testing in a hydrogen environment without hydrogen pre-charging, indicating that hydrogen penetrated the steel during the brief elastic stage.

With stressed hydrogen charging, the hydrogen content in the specimens significantly increased. The mechanisms leading to the stress-

promoted hydrogen effect include stress-enhanced hydrogen surface adsorption and internal hydrogen solubility in the gas-phase hydrogen

environment. Future studies should consider the impact of slow strain rate tensile testing on hydrogen effects in materials. (9 Figures, 1

Table, 25 References)

Key words: pipeline steel, hydrogen embrittlement susceptibility, gas-phase in-situ hydrogen charging, slow strain rate tensile test, elastic

stress, hydrogen-blended natural gas pipeline
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Table 1 Chemical composition of X52 steel (in mass fraction)

C Si Mn P S Cr

Ni Nb \Y Cu Al Fe

0.0873% 0.151% 1.15% 0.0133% 0.0095% 0.0257% 0.0033% 0.0133% 0.0206% 0.000095% 0.011% 0.0251% R=

Fig.1 Metallographic structure of X52 steel
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Fig.2 Schematic diagram of high-pressure gas-phase slow
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Fig. 6 Fracture surface morphology of X52 steel specimen
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