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Catalytic performance of nickel-based catalysts with
different supports in partial oxidation of methane to synthesis gas

WANG Run-ping, MAO Shu-hong, DUAN Xiu-qin, LIN Wen-bin, WANG Qi, CHI Yong-qing
(School of Chemical and Biological Engineering, Taiyuan University of Science and Technology, Taiyuan 030021, China)

Abstract: A series of Ni-based catalysts with different supports ( Al,O,, ZrO,, CeO,, CeO,-Al,O, and ZrO,-
Al,0;) were prepared by the methods of impregnation. The effects of supports on the physical structures and
catalytic performance of the resultant catalysts in partial oxidation of methane ( POM) were investigated. The
catalysts were characterized by N, physical adsorption, X-ray diffraction, temperature programmed reduction by
hydrogen, temperature programmed desorption of ammonia and temperature programmed oxidation. The results
showed that the Ni/Al, O, catalyst had a large BET specific surface area and high initial activity. However, the
Ni/ Al, O, catalyst showed a serious deactivation due to the formation of large amount of carbon deposited on the
surface of the catalyst. Ni/ZrO,and Ni/CeQO, catalysts displayed low activity, which resulted from its low BET
specific surface area and poor NiO dispersion. The Ni/ZrO,-Al, O, catalyst showed high activity and the Ni/
Ce0,-Al, O, catalyst exhibited the best activity and coking resistance among the catalysts. CeO, could effectively
suppress carbon formation and the transformation to inactive carbon species, due to the oxygen storage and
release ability.
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Table 1 Textural property of catalysts and supports

Catalyst BET surface area A/(m’-g™") Pore volume v/ (cm’-g™") Average pore size d/nm
Ni/Al 164 0.62 13.8
NiCe/Al 132 0.51 10. 1
NiZr/ Al 140 0.59 9.3
Ni/Ce 37 0.20 6.4
Ni/Zr 46 0.19 7.2
AL O, 185 0.75 16.0
Ce/Al, O, 143 0.62 14.2
Zr/ AL O, 166 0.68 12.7
CeO, 58 0.25 12.7
710, 76 0.32 9.4
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Figure 1 XRD patterns of catalysts as-prepared
a; Ni/Al; b NiCe/Al; c: NiZr/Al; d: Ni/Ce; e: Ni/Zr
e®: NiO; O: NiAlL,O,
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Figure 2 H,-TPR profiles of catalysts
a: Ni/Al; b: NiCe/Al;
c: NiZr/Al; d: Ni/Zr; e: Ni/Ce; f: CeO,
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Table 2 H, uptakes, dispersions and average Ni crystallite diameters of catalysts

Catalyst Reduction extent * /% H, uptake m /( pumol-g’l ) Dispersion /% Average Ni crystallite diameter® d/nm
Ni/Al 65.0 94 14.1 6.9

NiCe/ Al 82.0 128 19.0 5.1

NiZr/ Al 78.2 108 17.6 5.5

Ni/Ce 94.1 28 4.4 22.3
Ni/Zr 95.6 40 5.8 16.7

* . catalysts were reduced in pure H, at 700 ‘C for 1 h, the reduction extents of catalysts were measured by H,-consumpion;

", based upon total H, uptake at 298 K and corrected for the amount reduced to metal, D = dispersion or fraction of metal exposed;

¢ based upon total uptake at 298 K; corrected for the amount of nickel reduced to the metal
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Figure 3 NH,-TPD profiles of catalysts
a; Ni/Al; b: NiCe/Al; c: NiZt/Al; d: Ni/Zr; e: Ni/Ce
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Figure 4 Activities and selectivities of catalysts

(reaction conditions

700 °C, CH,/0,=2:1 and 12000 mL/(h-g))

m: Ni/ALO,; O: Ni/Ce-ALO;; A: Ni/Zr-ALO,; v: Ni/CeO,; #: Ni/ZrO,

PSS SR TR A5 B9 RS 5E 1 45 AR B R
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Figure 5 TPO profiles of used catalysts
a; Ni/Al; b: NiCe/Al; c: NiZr/Al; d: Ni/Zr; e. Ni/Ce
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