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Abstract: Using existing natural gas pipelines for hydrogen blending transport is a cost—effective
approach for hydrogen transportation. However, H> can lead to hydrogen embrittlement failure of pipeline
steel. Current hydrogen barrier coating materials, such as oxides, ceramics and composite coatings, are
challenging to apply on a large scale for the inner walls of long—distance pipelines due to their complex

structures and cumbersome preparation processes. To address this issue, this study proposed an ionic
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liquid—polymer composite coating. The coating used easily applicable and highly ductile epoxy resin as
the base material. Based on the competitive adsorption mechanism of CH4 and H» on the pipeline steel
surface, ionic liquids with high CH,/H, solubility ratio were selected as functional components using
COSMO-RS method. The hydrogen embrittlement-resistant performance of the coating was evaluated
through in-situ tensile test in a high—pressure hydrogen—methane environment. Experimental results
demonstrated that the ionic liquid-modified coating significantly enhanced the competitive adsorption of
CH, over H, on the steel surface, thereby effectively improving the hydrogen embrittlement—resistant
performance of the coating. Under the conditions of H, partial pressure 3MPa and 4MPa, the hydrogen
embrittlement coefficient of the modified coating was less than 25%, which eas relatively lower than the
hydrogen embrittlement coefficient of the unmodified epoxy coating by at least 32%. In particular, the
[EMIM][BF,] and [BMIM][Ac] modified coatings screened based on the hich CH4/H, dissolution capacity
ratio remained below 25% hydrogen embrittlement coefficient at SMPa H, partial pressure. In contrast,
the [P, [TMPP] coating, which only exhibited high CHy solubility, reached 25.76%. This indicated that
ionic liquids selected based on a higher CH4/H:> solubility ratio can more significantly reduce the risk of
hydrogen embrittlement.

Keywords: ionic liquid; composite coating; hydrogen; hydrogen embrittlement; safety; X80 pipeline steel
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