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Hydrogen sulfide (H2S) is a major hazardous by-product in oil and gas production as well as many bio-based 
manufacturing processes. Desulfurization of sour gas is essential prior to transportation or further processing 
due to its extremely toxic, acidic, and corrosive nature. Currently, on offshore platforms in the North Sea, H2S 
is removed using a non-regenerative scavenging process, wherein the scavenger reacts with H2S and 
produces less acidic, water-soluble compounds in an irreversible reaction. Although this process is rather 
established, it comes with significant challenges, such as high OPEX, environmental concerns due to 
discharged spent scavenger, and fouling that leads to blockages in several downstream unit operations, such 
as wastewater treatment. 

Phase transfer catalysis (PTC) is a general methodology applicable to a wide variety of reactions in which 
inorganic and organic anions, carbenes, and other active species react with organic compounds. During PTC, 
the reactions take place in heterogeneous biphasic systems (organic-aqueous) with negligible mutual solubility 
of the phases. The catalyst, located in the aqueous phase, acts as a source of lipophilic cations and 
continuously introduces the reacting anionic species as lipophilic ion pairs into the organic phase. This system 
offers numerous advantages, such as high yield and purity of the products, operational simplicity, mild reaction 
conditions, suitability for large-scale synthesis, and an environmentally benign reaction system. 

However, the downside of PTC is the need to quantify exacting reaction conditions and parameters. Although 
the past two decades have seen some progress in terms of mathematical modeling of PTC systems, accuracy 
of thermodynamic parameters still proves a major limitation as group contribution methods, such as UNIFAC, 
are inherently limited to the portion of the chemical design space for which every binary interaction parameter 
is available. In this respect, computational chemistry-based models, such as COSMO-RS, are valuable 
alternatives for describing liquid-phase thermodynamics without requiring any binary interaction parameters to 
calculate chemical potentials and, consequently, free energies of solvation. By integrating property predictions 
from the quantum level (Turbomole) into solvent/mixture models (COSMOtherm) and finally into process 
systems engineering (Pyomo) though a Python interface, the aim is to create a multiscale model to identify 
best methods of H2S valorization and design/optimization of an intensification process. Currently, H2S removal 
by scavenger (Maersk/Total) or without (ExxonMobil) is routinely used to convert it into low value elemental 
sulfur, SO2, or sulfuric acid. The proposed method, instead, would look into new chemical processing pathways 
to create value-added products. Further, the proposed process based on PTC is well suited for the application 
of intensification concepts, integrating reaction and separation into a single unit. 


