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NiO/MgO Catalysts Loaded onto a SiO; Surface for CO, Methanation

Liu Yuan', Fan Xingiang', Jiang Yanan', Zhang Xian’
(1. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China;
2. Ordos Carbon Neutral Research and Application Co., Ltd., Ordos 017000, China)

Abstract: CO, methanation is a potential approach for CO, utilization. The NiO/MgO catalyst is a promising catalyst
for this reaction, but achieving an adequate specific surface area remains a challenge. Herein, NiO/MgO/SiO, cata-
lysts were prepared by loading NiO/MgO catalysts on the support of SiO, with a high specific surface area according
to the deposition-precipitation method. The effects of MgO content, calcination temperature, and reduction tempera-
ture on the structure and methanation performance were systematically investigated. The catalysts were characterized
using X-ray diffraction, temperature-programmed reduction, N, adsorption-desorption isotherms, temperature-
programmed desorption, X-ray photoelectron spectroscopy, and transmission electron microscopy. The results
showed that the appropriate MgO content could not only inhibit the reaction between NiO and SiO,, but also form a
solid solution of Ni;,Mg,O. In the catalyst calcined at a suitable temperature, the solid solution of Ni;- Mg,O was
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formed while avoiding the formation of NiMgSiO,, which is unfavorable for CO, methanation. Furthermore, the

relative contents of Ni” and Ni;-Mg,O could be tailored via the reduction temperature. The catalyst showed a suitable

Ni’-Ni;  Mg,O ratio, which allowed it to play a synergistic role in the catalytic system for CO, methanation. The
Ni30MgSi-550-550R catalyst, which was calcined at 550°C, reduced at 550°C, and set at 30% MgO content,

exhibited the best catalytic activity for CO, methanation and maintained stable operation for 200 h during a stability
test under the conditions of 350 ‘C and 30 000 mL/(g + h) via the moderate surface NiO/Nil,XMgXO ratio and a suffi-
cient number of activation sites for H, and CO,. The strategy for loading NiO/MgO catalysts on SiO, with a high spe-

cific surface area, solid-phase reaction on SiO,, and modulation of Ni’-Ni,_Mg,O activation pairs via the reduction

temperature provides a new approach for CO, methanation.

Keywords: CO, methanation; nickel-based catalyst; MgO; SiO,
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Ni Mg Si
Ni30MgSi-550-510R 405 | 478 1.9 6.5(52) 188 8.7 89 | 329 58.2
Ni30MgSi-550-550R 525 | 46.1 24 73(7.1) 203 8.9 77 | 335 58.8
Ni30MgSi-550-600R 82.1 | 209 1.7 9.3(8.9) 196 8.1 65 | 361 574
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Ni30MgSi-550-550R-s — | — _ 72(7.0) _ _ 15 | 414 57.1
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Fig.7 Mechanism of the CO, methanation on Ni30MgSi-
550-2R catalysts
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