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Abstract

With increasing debate on energy transition to mitigate the emerging effects of global warming, along with the dire need of diversification of
energy resources, hydrogen has emerged as a highly suitable option for future fuel. Once produced economically, safe transportation & storage
of hydrogen fuel present significant challenges due to its low density and highly inflammable nature. Recent research developments have
highlighted depleted subsurface hydrocarbon reservoirs as a promising option for safe hydrogen fuel storage. These reservoirs offer natural
closures and gas-trapping mechanisms, featuring effective seal rocks capable of preserving hydrocarbons for millions of years. However, these
geological rock formations are not always homogeneous in composition, presenting unique challenges which are often overlooked. One
significant threat is the presence of accessory minerals found in these rocks which can potentially react with stored hydrogen. Pyrite (FeS2)
being the most abundant sulfide mineral on earth, is found in almost all geological rock formations specially the sedimentary rocks (reservoirs),
is an ideal candidate for such reactions. Pyrite is also found in seal rocks (shales) in higher quantities and is considered a critical mineral while
working with subsurface hydrocarbon reservoirs. Although relatively stable at surface conditions, pyrite is still prone to oxidation in the
presence of moisture and high temperatures found in subsurface reservoirs, leading to the release of sulfur. This sulfur can readily react with
other elements, and in context of hydrogen storage, it can react with hydrogen to form hydrogen sulfide (H2S) gas. Hz2S being extremely toxic,
pose significant handling dangers along with potential degradation of the stored hydrogen fuel. Therefore, the presence of reactive and toxic
material like HzS require careful consideration when evaluating subsurface depleted hydrocarbon reservoirs for hydrogen storage. In our study,
we for the first time tested the reaction of pyrite powder dissolved in different concentrations of calcite and brine with hydrogen under
reservoir-mimicking conditions of temperature and pressure. Released H2S gas was quantified and the mineral residue was analyzed to observe
mineralogical changes post-experimentation. These findings highlight the need of careful attention to the geochemical interactions within
potential hydrogen sites to ensure safety and efficacy.



