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Abstract: Catalytic behavior for syngas methanation over nickel-based catalysts with different supports (AL, Os-1, Al,03-2, and SiO,) was
investigated. The results showed that the catalyst prepared by ALOs-2 or SiO, support possessed higher activity and stability, while the sta-
bility of Ni/AlOs-1 catalyst was extremely poor. The catalysts were characterized by X-ray powder diffraction, transmission electron mi-
croscopy, temperature-programmed reduction, N, adsorption-desorption, and thermogravimetry. Characterization results showed that carbon
deposition is not a key factor in determining the catalyst stability, while the destruction of support structure and the migration and agglom-
eration of Ni particles during the reaction may be the main reasons for the rapid deactivation of the Ni/Al,Os-1 catalyst.
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Fig. 1. Performance of methane synthesis over different Ni-based
catalysts. (a) CO conversion; (b) Selectivity for CH4. Reaction condi-
tions: 350 °C, 2.0 MPa, ¥(H,):¥(CO) = 3, GHSV = 10000 h™".
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Fig. 2. XRD patterns of AL,O; supports and fresh and used Ni/ALO;
catalysts. (1) ALO;-2; (2) ALOs-1; (3) Ni/ALO;-2(fresh); (4)
Ni/Al,Os-1(fresh); (5) Ni/AL,O3-2(used); (6) Ni/AL,Os-1(used).
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Table 1 The crystallite size of nickel and its dispersion in Ni/Al,O3

catalysts

Sample Ni crystallite size® (nm)  Dispersion® (%)
Ni/ALOs-1(fresh) 7.4 13.5
Ni/Al,Os-1(used)* 432 23
Ni/ALO5-2(fresh) 10.8 9.3
Ni/AL,Os-2(used) 18.5 5.4

“Estimated by Scherrer formula using full width at half maximum of
Ni(200).
"Estimated by dispersion = 1/dxrpt?.

“After running the reaction for 34 h.
After running the reaction for 102 h.
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Fig. 3. TEM images of fresh (a) and used (b) Ni/Al,Os-1 catalysts.
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Fig. 4. H,-TPR profiles of different Ni-based -catalysts. (1)
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Table 2 Surface area and pore structure of the supports and fresh and

used catalysts
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Fig. 5. Pore size distribution of the supports and fresh and used catalysts. (a) ALO;-1 and fresh and used Ni/ALOs-1 catalyst; (b) ALO;-2 and fresh

and used Ni/Al,05-2 catalyst; (c¢) SiO, and fresh and used Ni/SiO, catalyst.
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catalysts. (1) Ni/Al,Os-2 after reaction for 102 h; (2) Ni/ALO;-1 after
reaction for 34 h; (3) Ni/SiO; after reaction for 102 h.
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