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Research progress on heavy oil slurry phase hydrocracking catalysts and their
atomic-scale regulation

SUN Guangxun', XUE Peng', TIAN Fengyu', LIU Yungqi'?, PAN Yuan'
(1. State Key Laboratory of Heavy Oil Processing, China University of Petroleum (East China), Qingdao 266580, Shandong, China;
2. School of Chemistry and Materials Science, Anhui Normal University, Wuhu 241002, Anhui, China)

Abstract: The design and development of slurry phase hydrocracking catalysts are key to the efficient conversion of heavy oil.
Traditional transition metal sulfide catalysts are prone to agglomerate during hydrogenation reactions, resulting in low metal atom
utilization rate and decreased hydrogenation performance. Single-atom catalysts have the highest metal atom utilization rate and
adjustable active center structure, which show excellent hydrogenation performance, providing new ideas for the design of heavy oil
slurry phase hydrocracking catalysts. Research progress on heavy oil slurry phase hydrocracking catalysts in recent years was reviewed,
with particular emphasis on the structural characteristics and catalytic performance differences between nano-scale catalysts and single-
atom catalysts. At the atomic scale, design strategies for heavy oil hydrocracking catalysts were then proposed, including coordination
structure regulation, dual-atom site cooperative regulation, and single-atom-sulfide coupling regulation. In addition, the issues and
challenges of single-atom catalysts in heavy oil slurry phase hydrocracking were prospected.
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Table 1 Comparison of heavy oil slurry phase hydrocracking catalysts
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catalysts and their atomic-scale regulation strategies
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Table 2 Comparison of catalytic performances of nano-catalysts and single-atom catalysts

AL Mo i H0 /> 100 RBHREE /°C - WIUREUE MPa R /min - FERTAEE /% JREMELE /%  TOF,/s'  Z% 30k

FeZn/SiO,-S 400 430 8 180 0.4 [19]
Mo-TEP 100 410 11 180 12 ~52(VR) [21]
Mo-A/R 150 430 7 60 ~0.5 ~ 90 i) 1.52 [22]
O-MN 200 425 7 60 0.51 64.7(VR) 0.35 [24]

Niy W, .S, 150 420 9.5 120 <1 45(PITE BD 0.07 [25]
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Table 2 Comparison of catalytic performances of nano-catalysts and single-atom catalysts (continued)

AT Mo i H0 /> 100 RBERE /°C - FIUREUE MPa RRII K /min - BEORTEEE /% JREMELE /%  TOF,/s'  Z% Uk
Co,, W, 360 425 10 180 1.3 41207 5D 0.076 [26]
(DODA),Co,Mo,, 500 430 7 60 1.14 70(VR) 0.68 [27]
FeMo$S 2000 425 9 130 1.7 69.7CVR) 0.081 [30]
Mo-S,-N/C 200 425 7 60 0.6 61(VR) 0.46 [37]
Mo-O,S, SAs/C 200 425 7 60 0.6 65(VR) 0.35 [38]
MoCo DACs/C 200 425 7 60 0.55 76(VR) 0.76 [39]
Mo SAs-MoS, 200 425 7 60 0.6 66(VR) 0.39 [40]
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and hydrogenation energy barriers of heavy oil on two pathways (e)*?!
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Table 3 Atomic-scale design strategies and mechanism analysis of heavy oil slurry phase hydrocracking catalysts
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