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Effect of support on catalytic performance of
Ni-based catayst in methane dry reforming

ZHANG Rong-jun” , XIA Guo-fu, LI Ming-feng, WU Yu, NIE Hong, LI Da-dong
( Research Institute of Petroleum Processing, SINOPEC, Bejing 100083, China)

Abstract: Ni-based catalysts with different supports were prepared for methane dry reforming. The obtained
catalysts were characterized by N, physisorption, XRD, H,-TPR, H,-chemisorption, and so on. It was revealed
that the support had significant influence on the state of NiO species. SiO,, TiO, and ZrO, had weak interaction
with NiO, facilitating the reduction of the corresponding catalysts. Al,O, and MgO have strong interaction with
NiO, making them very difficult to be reduced. Al,O, modified by MgO has both proper texture properties and
interaction strength between metal and support, which were in favor of the dispersion and stabilization of NiO
species. Superior catalytic performance was observed over this catalyst under very high gas hourly space
velocity. Stable catalytic performance was achieved during a long term run of more than 100 h.
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Table 1 Textural properties of supports

Support BET surface area A/(m’-g™") Pore volume v/(cm’-g™") Average pore size d/nm
Si0, 239(2357) 0.76 12.8
TiO, 9(7%) 0.030 13.8
AL O, 167(1617) 0.60 14.3
MA 145(1427) 0.58 15.9
Zr0, 25(217) 0.10 15.2
MgO 29(23") 0.093 12.6

* . the specific surface area of catalyst after loading of NiO
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Table 2 Metal dispersion in catalyst

Specific surface area of metal

Particle size Carbon deposition

Catalyst Metal dispersion /%

A/(m*-g, ") A/(m*-g, ") d/nm /(mge-(g.-h)™)
NiO/SiO, 10.3 5.5 68.4 9.9 3.0
NiO/TiO, 2.0 1.1 13.5 49.9 24.7
NiO/Al, O, 3.1 1.7 20.6 32.7 16.3
NiO/MA 7.6 4.0 50.6 13.3 1.7
NiO/ZrO, 4.4 2.4 29.5 22.9 21.0
NiO/MgO 3.0 1.6 20.4 33.0 4.2
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Figure 1 XRD patterns of catalysts

a; NiO/SiO, ; b: NiO/TiO, ; ¢: NiO/AlL O, ;
d: NiO/MA; e: NiO/ZrO, ; f: NiO/MgO
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Figure 2 UV-vis diffuse reflectance spectroscopies of catalysts
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Figure 3 H,-TPR profiles of catalysts
a: NiO/SiO,; b: NiO/TiO, ; c: NiO/ALO;;
d: NiO/MA; e: NiO/ZrO, ; f: NiO/MgO
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Figure 4 Catalytic performances of catalysts
(a) : NiO/SiO,; (b): NiO/TiO,; (c¢): NiO/ALO,; (d): NiO/MA; (e): NiO/ZrO,; f: NiO/MgO
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