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Abstract Photo-thermal catalytic CO, methanation is a promising strategy to mitigate the greenhouse
effect and address the energy crisis. However, it still faces several challenges in achieving ideal conversion
efficiency and high selectivity for target products. In this work, a method was proposed to in situ grow Ni
nanoparticles on the surface of Al,O; nanosheets for photo-thermal catalytic CO, hydrogenation to CH,.
X-ray photoelectron spectroscopy reveals a strong interaction between the Ni nanoparticles and the Al,O;

support, allowing efficient electron transfer from Ni to the Al, O, surface, which facilitates the adsorption
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and activation of reactants. Experimental results show that the Ni/Al, ;-3 catalyst exhibits the highest
CO, hydrogenation activity, with a CH, yield of 32. 4 mmol * g~' *« h™' and a selectivity of 93. 3%, which
is 3. 4 times higher than that of the Ni-Al; O; catalyst prepared by conventional impregnation. Moreover,
mechanism studies manifest that the CO, methanation reaction on Ni/Al,O; catalysts follows the formate
pathway, and light irradiation effectively promotes the activation and conversion of reactants and interme-
diate, thereby enhancing catalytic activity.

Keywords Ni nanoparticles; Al,O; nanosheets; photo-thermal catalysis; CO, methanation
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Fig. 1 Schematic preparation process of Ni/Al,O; composites
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Fig. 4 TEM images, particle size distribution, HAADF-STEM image and elemental mappings of samples
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Tab. S1 Performance comparison of photothermal coupled catalytic CO, methanation catalysts

AL S M/ C CH, %/(mmol « g '« h™ ") EFHECD SCHR
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Ni/Al, O,-3 300 32.4 93.3 A TAE
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55 4 4 Tt A NGRS 3K AL O 90K 7 B & AL CO, WU betbikRERT ST X

% % X W

[S1] ZHANGZY, LIT, SUNX L, et al. Efficient photo-thermal catalytic CO, methanation and dynamic structural evolution over Ru/Mg-
CeQ, single-atom catalyst[J]. Journal of Catalysis. 2024, 430: 115303,

[S2] WANG L, QIY, YANG Z, et al. Pt nanoparticles supported LaCoQj as highly efficient catalysts for photo-thermal catalytic CO, meth-
anation[ J]. Green Energy and Resources, 2023, 1(4): 100036.

[S3] XIONG Y, LIU X, GU D, et al. Ag,, Au cluster decorated mesoporous Co; O, for highly selective and efficient photothermal CO, hy-
drogenation[ J ]. Nano Research, 2022, 15; 4965-4972.

[S4] HEZH, LI Z H., WANG Z Y, et al. Photothermal CO, hydrogenation to hydrocarbons over trimetallic Co-Cu-Mn catalysts[ ] .
Green, Chemistry, 2021, 23 5775-5785.

[S5] TANG Y, YANG Z. GUO C, et al. Encapsulating Ir nanoparticles into UiO-66 for photo-thermal catalytic CO, methanation under am-
bient pressure[J]. Journal of Materials Chemistry A, 2022, 10; 12157-12167.

[S6] YANG Z. ZHENG D. YUE X, et al. The synergy of Ni doping and oxygen vacancies over CeQ, in visible light-assisted thermal catalyt-

ic methanation reaction[ ] ]. Applied Surface Science, 2023, 615; 156311.

(BT T B



