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Abstract
0HWDO�RUJDQLF� IUDPHZRUNV� �02)V�� KDYH� HPHUJHG� DV� SURPLVLQJ� FDQGLGDWHV� IRU� WKH� HႇHFWLYH� VHSDUDWLRQ� DQG�

SXUL¿FDWLRQ�RI�QDWXUDO�JDV�GXH�WR�WKHLU�GLVWLQFWLYH�VWUXFWXUDO�DWWULEXWHV�DQG�DGMXVWDEOH�SRUH�FKDUDFWHULVWLFV��7KLV�UHYLHZ�
FRPSUHKHQVLYHO\�H[SORUHV�UHFHQW�SURJUHVV�LQ�OHYHUDJLQJ�02)V�IRU�WKH�HႈFLHQW�VHSDUDWLRQ�DQG�SXUL¿FDWLRQ�RI�QDWXUDO�
gas. The discussion encompasses the fundamental design principles, synthesis methodologies, and pivotal features 
of MOFs that render them suitable for gas separation applications. Furthermore, we spotlight diverse strategies 
KDUQHVVHG�WR�HQKDQFH�WKH�JDV�VHSDUDWLRQ�SHUIRUPDQFH�RI�02)V��HQFRPSDVVLQJ�VWUXFWXUDO�UH¿QHPHQWV��SRVW�V\QWKHWLF�
PRGL¿FDWLRQV��DQG�FRPSRVLWH�DPDOJDPDWLRQ��$GGLWLRQDOO\��WKH�SDSHU�GHOYHV�LQWR�WKH�FKDOOHQJHV�DQG�IXWXUH�SURVSHFWV�
associated with deploying MOFs within the natural gas sector to facilitate sustainable and economically viable gas 
VHSDUDWLRQ�DQG�SXUL¿FDWLRQ�SURFHVVHV�
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Introduction
Escalating global demand for eco-friendly energy sources has 

spurred heightened attention towards natural gas as a cleaner substitute 
for conventional fossil fuels. Nonetheless, the presence of contaminants 
like CO2, N2, and H2S in natural gas mandates the implementation of 
efficient separation and purification procedures. MOFs, comprised of 
metal ions or clusters intricately linked by organic connectors, exhibit 
exceptional properties for gas separation, thanks to their expansive 
surface areas, customizable pore dimensions, and impressive stability 
against thermal and chemical stressors.

The surging global appetite for sustainable energy solutions has 
engendered a burgeoning fascination with natural gas as a pragmatic 
and environmentally conscious fuel alternative. Notwithstanding, the 
existence of unwanted constituents, such as carbon dioxide (CO2), 
nitrogen (N2), and hydrogen sulfide (H2S), within natural gas presents 
significant impediments to its efficacious separation and refinement. In 
recent years, metal-organic frameworks (MOFs) have materialized as a 
promising class of substances to confront these challenges and facilitate 
remarkably efficient gas separation processes [1].

MOFs epitomize a genre of crystalline substances composed of 
metal ions or clusters intricately interconnected by organic linkers, 
culminating in porous and exceedingly adaptable architectures. These 
materials showcase extraordinary attributes, including expansive 
surface areas, assorted pore sizes and geometries, as well as superb 
resistance to thermal and chemical adversities. Such unparalleled traits 
position MOFs as ideal contenders for gas separation tasks, wherein 
the selective adsorption and partition of diverse gas molecules assume 
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In summation, the advancement of MOFs for effective natural 
gas separation and purification signifies a momentous breakthrough 
in gas separation technology. The capacity to tailor MOF properties 
and enhance gas separation performance holds tremendous promise 
for surmounting challenges tied to impurity removal from natural gas. 
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with a strong affinity for H2S, causing selective adsorption of H2S 
while CH4 flows through. By manipulating pressure or temperature 
conditions, the adsorbed H2S can be desorbed from the adsorbent, 
enabling its separation from CH4 [9].

Hybrid approaches

Hybrid approaches, amalgamating multiple separation techniques, 
extend the potential for heightened separation efficiency and overall 
process efficacy. For instance, integrating amine absorption with 
membrane separation or adsorption can enhance H2S removal 
efficiency. Amine absorption can serve as the primary step to remove 
a substantial portion of H2S, followed by a subsequent membrane or 
adsorption unit to further refine the gas stream [10].

It is imperative to acknowledge that the choice of a specific 
separation technique is contingent upon factors such as the initial 
H2S concentration in the feed gas, desired H2S removal efficiency, 
economic feasibility, and specific operational parameters. Moreover, 
ongoing process refinement, meticulous material selection, and the 
ongoing evolution of advanced separation technologies collectively 
contribute to augmenting efficiency, selectivity, and sustainability in 
the separation of H2S from CH4 within the natural gas industry [11].
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