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This study aims to optimize underground hydrogen storage, a key technology for climate change
mitigation. The research focuses on improving the wettability to control hydrogen behavior, which affects
the relative permeability of the hydrogen-water system. The ultimate goal is to develop novel hydrogen-
soluble agents for wettability alteration. Initial steps involved experimentally assessing the effect of water-
soluble wettability modifiers on contact angles in hydrogen-containing systems. Additionally, molecular
simulations predicted hydrogen solubility in alkanes, considered as the basic structure of wettability
modifiers.

Contact angle measurements were performed in a high-pressure cell with muscovite substrates, using
ultrapure water and surfactant solutions under CO2 (10 MPa, 250 kPa) and H2 (250 kPa) atmospheres.
Gibbs Ensemble Monte Carlo (GEMC) simulations calculated mutual solubility in hydrogen-hydrocarbon
two-phase equilibrium.

Results showed no significant contact angle difference between Hz and CO2 on muscovite surfaces.
However, for CO2 systems, CTAB's effect reversed with pressure: it promoted hydrophilicity at 250 kPa but
inhibited it at 10 MPa. This suggests that reservoir pressure changes influence wettability modifiers,
indicating a need for further research on injection/withdrawal pressure ranges. Molecular simulations
accurately reproduced experimental hydrogen solubility. Simulations with hydrocarbon isomers revealed
increased hydrogen dissolution with more methyl groups. Molecular dynamics analysis indicated methyl
groups enhance interactions with hydrogen, proposing a design guideline for high-solubility hydrogen
agents with branched structures. This research provides fundamental insights for efficient underground
hydrogen storage.




