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Research progress on the mechanism of sulfur poisoning and
resistance improvement of noble metal catalysts
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Abstract: SO, impurities are commonly encountered in practical industrial exhaust gases. During cata-
lytic purification processes, SO, molecules compete with reactants for active sites. Particularly, SO, can
undergo chemical reactions with noble metals, forming sulfate salts. This interaction weakens electron
transfer capabilities, leading to severe and irreversible sulfur poisoning of catalysts. Therefore, effi-
ciently regenerating sulfur — poisoned catalysts or designing sulfur —resistant catalysts has become a
crucial challenge in the field of environmental catalysis. This paper begins by analyzing the adsorption,
migration, and transformation processes of SO, on noble — metal based catalysts. It then explores
methods for regenerating sulfur — poisoned catalysts and elucidates the involved mechanisms. Subse-
quently, it summarizes strategies for designing noble—metal based catalysts with excellent sulfur—resist-
ance, including active phase regulation, support modification, and the construction of encapsulated
structures,, emphasizing that the key to developing sulfur—resistant catalysts lies in enhancing metal -
metal/support interactions. Finally, it discusses future research directions for noble—metal based cata-
lysts with excellent sulfur-resistance, aiming to provide guidance for the optimized design of industrial
sulfur—resistant catalysts.
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Fig. 1 Diagram of the sulfate formation mechanism
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Table 1 Summary of noble—metal based catalysts with sulfur—resistant reported in the literature

HEALF) S A [EEREs Sk
Pt/TiO, 0.2% C;Hg, 50 pl/L SO,, 300 °C, 60 000 h™! 40 h, 4E3F 98% [38]
Ptgy/a—Al, 0,4 0.2% €0,100 pL/1. SO,, 170 °C, 6 000 h™! 80 min, 4E:F 100% [51]

Pd, Co,/Al, 0, 0.1% C4Hg, 5% H,0, 25 wL/L SO, , 240 °C, 40 000 mL/(g - h) 5h, 80%—98% [52]

Pt, Co,/Meso—Na,MnO, 0.2% C4Hg, 20 wL/L SO, , 282 °C, 30 000 mL/(g - h) 15 h, 88%—78% [53]
Pd-Pt/Mg0/y-Al, 0, 1 000 mg/m* C,Hg, 110 wl/L SO,, 235 °C, 5000 h™' 8 h, 98%—85% [54]
PdPL/V,04-Ti0, 0.1% C,Hg, 50 wL/L SO, , 245 °C, 40 000 mL/(g - h) 30 h, 44 90% [55]
Pt-Pd/MnLaAl 5% CH,, 3% H,0, 0.1% SO, , 495 °C, 10 000 h™! 2 h, 4+ 93% [56]
Pt-0.5Mn/Ti 1% C0O,200 wl/L NO, 10% H,0, 50 pL/L SO,, 220 °C, 120 000 mL/(g+ h) 6 h, 20%—95% [57]
0.1Pt/3Mo/Ti 0.7% CO, 15% H,0, 200 wL/L SO, , 220 C, 60 000 h™! 12 h, 2i4F 93% [58]
0.94Pt-1.0 rGO/a-MnO, 0.1% C4Hg, 75 wL/L SO,, 190 °C, 60 000 mL/ (g - h) 30 h, 90%—70% [59]
PdO,/Fe,_,W, O, 1% CO, 0.1% SO,, 175 C, 12000 mL/(g - h) 20 h, 100%—90% [60]
Pi/Ni-Ce0, 0.1% C,Hg, 5 pl/L SO,, 165 °C, 60 000 mL/(g - h) 4 h, 95%—60% [61]
0.5Pt/CeZr-158 0.1% C,Hg, 50 pL/L SO,, 300 °C, 60 000 mL/(g * h) 6 h,ZERF 100% [62]
Pd-CeNW@ SiO, 1% CH,, 20 pl/L SO,, 450 °C, 36 000 mL/(g - h) 22 h, 45 100% [63]
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