
Scientific Achievement 
This work builds upon the presently limited understanding of low concentration H2S removal 
from natural gas-related mixtures using MOFs. Linker-based amine functionalities increased H2S 
breakthrough times and saturation capacities from their parent MOF analogues. Competitive 
CO2 adsorption effects were mitigated in mesoporous MOF frameworks in comparison to 
microporous ones, suggesting that installation of H2S binding sites in large-pore MOFs could 
potentially enhance H2S selectivity.
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Research Details
– Three well-studied stable MOFs were examined as candidate frameworks: UiO-66(Zr), MIL-

101(Cr), and MIL-125(Ti). Amine analogues ligands were 2-aminoterephthalic acid.
– Adsorption experiments were conducted through fixed-bed breakthrough studies using 1% 

H2S/99% CH4 and 1% H2S/ 10% CO2/89% CH4 natural gas simulant mixtures.
– In-situ FTIR suggests that framework hydroxyl and amine moieties serve as H2S 

physisorption sites.

Significance and Impact
Installation of linker-based amines in larger pore frameworks 
affords greater H2S/CO2 adsorption selectivity in sour gas 
mixtures than in smaller pore (<1 nm) adsorbents. Changes in the 
adsorption performance with mixture complexity illustrate the 
importance of screening adsorbents in multicomponent mixtures.

Presenter
Presentation Notes
Continuous development of natural gas purification strategies that are more efficient and eco-friendly is imperative for supporting the sharp rise in global natural gas demand. In natural gas reserves worldwide, hydrogen sulfide (H2S) and carbon dioxide (CO2) are particularly pervasive contaminants. These compounds are not only deleterious for fuel quality, but H2S in particular possesses strong toxicity, is highly corrosive, and poses ecological hazards, making the removal of this compound paramount for natural gas upgrading. Gas sweetening methods commonly utilize aqueous amine solutions to capture acid gas contaminants, but these processes suffer from selectivity issues and mandate expensive absorbent regeneration schemes and process material costs. Utilizing the strong, acid gas-selective affinity of amines while selectively partitioning CO2 and H2S is therefore critical for designing next-generation sour gas filtration processes. Metal−organic frameworks (MOFs) exhibit a high degree of tunability that can be advantageous for facilitating adsorption based processes for natural gas purification. Studies relevant to natural gas separations using MOFs have primarily employed computational methods and/or single-component isothermal adsorption experiments with spectroscopic studies. These investigations are extremely informative for (1) identifying MOFs that remain stable following acid gas exposure and (2) understanding H2S adsorption interactions with tested frameworks. However, adsorption equilibrium measurements do not afford practical multicomponent selectivities, particularly for H2S, which exhibits non-ideal adsorbate−adsorbate interactions through hydrogen bonding and sometimes chemisorption. This behavior can furthermore change the adsorption behavior of other mixture constituents, as shown previously with several chemisorbing molecules in the presence of water vapor in HKUST-1. Lack of adsorption data at low H2S partial pressures additionally complicates the comparison of MOF adsorption performance at typical concentrations of H2S in sour gas mixtures. Consequently, multicomponent adsorption experiments utilizing realistic H2S concentrations lend more pragmatic separation information for natural gas mixtures. Parent and amine-functionalized analogues of metal−organic frameworks (MOFs), UiO-66(Zr), MIL-125(Ti), and MIL-101(Cr), were evaluated for their hydrogen sulfide (H2S) adsorption efficacy and post exposure acid gas stability. Adsorption experiments were conducted through fixed-bed breakthrough studies utilizing multicomponent 1% H2S/99% CH4 and 1% H2S/ 10% CO2/89% CH4 natural gas simulant mixtures. Instability of MIL-101(Cr) materials after H2S exposure was discovered through powder X-ray diffraction and porosity measurements following adsorbent pelletization, whereas other materials retained their characteristic properties. Linker-based amine functionalities increased H2S breakthrough times and saturation capacities from their parent MOF analogues. Competitive CO2 adsorption effects were mitigated in mesoporous MIL- 101(Cr) and MIL-101−NH2(Cr), in comparison to microporous UiO-66(Zr) and MIL-125(Ti) frameworks. This result suggests that the installation of H2S binding sites in large-pore MOFs could potentially enhance H2S selectivity. In situ Fourier transform infrared measurements in 10% CO2 and 5000 ppm H2S environments suggest that framework hydroxyl and amine moieties serve as H2S physisorption sites. Results from this study elucidate design strategies and stability considerations for engineering MOFs in sour gas purification applications.
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