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Effect of La Promoter on the Structure and Performance of
Ni/SBA-15 Catalyst in the Reforming of Simulated Biogas to Syngas
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Abstract: A series of 12.5%Ni/SBA-15 catalysts, in which 2.5% (mass fraction, w) lanthanum, cerium, magnesium,
calcium or strontium was added as a promoter, were prepared by an impregnation method using SBA-15 support.
Catalytic performances of the catalysts for the simulated biogas, which consisted of CH,/CO, with a volume ratio of 2:
1, and an appropriate amount of oxygen as a gas feedstock in reforming to syngas, were investigated in a continuous
flow reactor under atmospheric pressure. The structures of the catalysts were characterized by X-ray diffraction (XRD),
N,-adsorption/desorption, transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS) and H,
temperature programmed reduction (H,-TPR) techniques. Results of the activity evaluation indicated that the 2.5%
La/12.5% Ni/SBA-15 sample had the highest catalytic activity and stability among the catalysts. Therefore, in this
study emphasis was placed on the influence of the La promoter on the structure and performance of the Ni/SBA-15
catalyst in reforming of the simulated biogas to syngas. It was found that lanthanum could significantly increase the
surface nickel content in Ni/SBA-15 catalysts and could improve the resistance to carbon deposition. At 850 C, after
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reacting for 820 h, no carbon was observed on the catalyst, which might be an important factor for the improvement of

catalytic activity and stability.
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Fig.1 Catalytic activities of M/12.5% (w)Ni/SBA-15 catalysts
X: conversion; reaction condition: gas hourly space velocity (GHSV)=24642 mL-g™-h™, V(CH,):V(CO,):V(0,)=2:1:0.57
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Fig.2 Stability of 2.5%La/12.5%Ni/SBA-15 catalyst
S: selectivity; reaction condition: 7=850 C,
GHSV=24642 mL-g™"-h™', V(CH,):V(CO,):V(0,)=2:1:0.57
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Fig.3 XRD patterns of different samples

(a) SBA-15; (b) 12.5%Ni/SBA-15; (c) 2.5%La/12.5%Ni/SBA-15 (fresh);
(d) 2.5%La/12.5%Ni/SBA-15 (after reaction at 850 C for 820 h)
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Fig.4 TEM images of different catalysts
(a) 12.5%Ni/SBA-15; (b) 2.5%La/12.5%Ni/SBA-15 (fresh); (c) 2.5%La/12.5%Ni/SBA-15 (after reaction at 850°C for 820 h)
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pore size distribution (b) of different samples
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Table 1 Characteristics of the mesoporous SBA-15
sieve and the different catalysts

Sample Sper/(m*+g™) V,/(cm’+g™) D,/nm
SBA-15 630.9 0.92 7.7
12.5%Ni/SBA-15 (fresh) 473.8 0.68 3.9, 6.6
2.5%L.a/12.5%Ni/SBA-15 (fresh) 373.6 0.53 3.8
2.5%La/12.5%Ni/SBA-15

108.3 0.18 3.2

(after reaction for 820 h)
Seer: BET surface area; V,,: total pore volume; D, pore diameter
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Table 2 Electronic binding energies (E;) and contents of elements (x) on the surface of catalysts
Ni 2pys La 3ds 0 1s Si 2pye

Sample

EJ/eV  x(%) Ey/eV (%) E,/eV (%) E,/eV (%)
12.5%Ni/SBA-15 (fresh) 855.7 1.06 - - 532.9 67.76 103.7 31.17
2.5%L.a/12.5%Ni/SBA-15 (fresh) 855.3 1.40 836.3 0.16 533.1 68.42 103.8 30.03
2.5%La/12.5%Ni/SBA-15 (after reaction for 820 h) 855.1 1.77 835.5 0.25 533.0 61.16 103.7 36.41
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Fig.6 XPS spectra of Ni (A) and La (B)
(a) 12.5%Ni/SBA-15 (fresh); (b) 2.5%La/12.5%Ni/SBA-15 (fresh); (c)
2.5%La/12.5%Ni/SBA-15 (after reaction at 850 C for 820 h)
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Fig.7 TPR patterns of different catalysts
(a) 12.5%Ni/SBA-15; (b) 2.5%La/12.5%Ni/SBA-15 (fresh);
(c) 2.5%Lal12.5%Ni/SBA-15 (after reaction at 850 C for 820 h)
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