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Abstract: High—temperature coal gas desulfurization (H,S removal) is a key technology for the clean and efficient
utilization of coal. However, a problem arises during this process: the formation of COS. Introducing the Ni additives

into high—temperature desulfurizers can effectively suppress the release of COS. Our research group previously
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found that the Ni—modified zinc—based desulfurizers, after becoming saturated with sulfur, significantly promote
COS hydrogenolysis in the absence of H,S. Nevertheless, the influence of the Ni additives on COS hydrogenolysis
and hydrolysis in the presence of H,S remains unclear, which hinders a deep understanding of the mechanism by
which the additives suppress sulfur release. Therefore, this study focuses on investigating the promotional/inhibitory
effects of the Ni additives on COS hydrogenolysis/hydrolysis under different atmospheres (containing H,S) and at
different temperatures (400-600 °C). Combined with density functional theory calculation results, this work reveals
the mechanism by which the Ni additives enhance COS conversion. The results show that, in the COS+H,+CO+H,S
atmosphere, the catalytic activity of the Ni additives for COS hydrogenolysis gradually decreases with increasing
H,S concentration (100-2200 c¢m’-m™). However, when the H,S concentration is <1050 c¢m’-m™ (400-500 °C), the
Ni additives still significantly promote COS hydrogenolysis (the conversion rate increases by 34-75 percentage
points compared to the system without the additives), exhibiting a certain degree of sulfur tolerance. However, in the
COS+H,0+CO+CO,+H,S atmosphere, the Ni additives exhibit a strong inhibiting effect on COS hydrolysis (COS
hardly converts), and this inhibition is only weakly affected by the reaction temperature. After Ni doping on the ZnS
(110) surface, the adsorption of COS on the solid surface is enhanced (with the adsorption energy decreasing by 33
kJ-mol™), and its activation is also promoted (COS bonds to the Ni site in the presence of H,). Furthermore, partial
density of states analysis of S and Ni atoms reveals a stronger interaction between the 3p orbital of S in COS and the
3d orbital of Ni. These changes indicate that the adsorption and activation of COS on the solid surface are enhanced,

which is the main reason why the Ni additives strengthen COS hydrogenolysis.

Keywords: high—temperature coal gas; COS; hydrogenation conversion; catalytic hydrolysis; Ni additive; DFT
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(d) at different temperatures
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Fig.8 COS conversion and H,S selectivity corresponding to the blank experiment (a), Z/SBA-15 (b), ZN/SBA-15 (c) and N/SBA-15
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