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Fig. 1 XRD patterns of xNi-yRu/MgnrAl hydrotalcite-like (a) and xNi-yRu/MgnAl mixed oxides (b)
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Fig. 2 H,-TPR profiles (a) and CO,-TPD profiles (b) of the catalysts
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% 1 xNi-yRuw/MgnAl LTI AL 5 7o R E
Table 1 The distribution and amounts of base sites for xNi-yRu/MgnAl catalysts

Base sites distribution and amounts

Sample
L/ % M*/% H/% /(pmol - g™")
7Ni-0. 15Ru/Mg, Al 37.7 52.5 9.8 109
7Ni-0. 15Ru/Mg, s Al 33.0 54.5 12.5 133
7Ni-0. 15Ru/Mg, Al 26.8 50.4 22.8 146

a. L: T<200 °C; M:200 C <T<350°C; H: T>35 C

R 2 EUFIH Ni 2p,, K Ruldd,, BEEERRERFLL

Table 2 Binding energy (eV) of Ni 2p,,, and Ru 3d,,, and surface atomic ratios of the catalysts

Ni 2p, Ru 3d,,,
Catalyst Binding energy Binding energy

/eV

7Ni/Mg, sAl Mg(Ni,Al) O periclase 856.2, 862. 1 — —

Ni/ (Mg+Al)* 0.028 — —
7Ni-0. I5Ru/Mg, ;A Mg(Ni, Al) O periclase 855.9, 861.9 RuO, 281.8
Ni/ (Mg+Al)* 0.035 Ru/ (Mg+Al)* 0.0059
7Ni-0. 15Ru/Mg, Al Mg(Ni, Al) O periclase 856.0, 861.8 RuO, 281.6
Ni/(Mg+Al)* 0.033 Ru/(Mg+Al)* 0. 0062
7Ni-0. ISRu/Mg; Al Mg(Ni,Al) O periclase 855.8,862.0 RuO, 281.6
Ni/ (Mg+Al)® 0.031 Ru/ (Mg+Al)* 0.0054

a. The surface atomic ratios were calculated from XPS
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Table 3 Catalytic activity of the catalysts in the CO, reforming of methane

CH, co, H, CcoO
Catalyst ) H,/CO
conversion /% conversion /% yield/ % yield/ %
7Ni/Mg, Al 32.6 34.5 22.3 25.6 0.86
7Ni-0. 15Ru/Mg, Al 40.3 42.7 28.9 31.2 0.88
7Ni-0. 15Ru/Mg, s Al 43.8 46.3 30.4 34.6 0.90
7Ni-0. 15Ru/Mg; Al 39.5 41.0 28.1 30.8 0.89

Conditions; T = 600 °C, CO,/CH,=1:1, GHSV = 72000 mL/(h - g_), P = 0.1 MPa
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Fig. 3 Catalytic stability for the xNi-yRu/MgnAl catalysts
( Conditions; GHSV = 72 000 mL/(h - g ), 700 °C, P = 0.1 MPa)
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Ni-Ru/MgAl Catalysts Derived from Hydrotalcites for the
Dry Reforming of Methane

YU Xiao-peng'* , ZHANG Fu-bao’
(1. Depariment of Material and Chemical Engineering, Sichuan University of Science & Engineering,
Zigong 643000, China;
2. Zhonghao Chenguang Research Institute of Chemical Indusiry Co. Lid. , Zigong 643002, China)

Abstract; The Ni/MgAlO and NiRu/MgAlO catalysts were prepared by calcined reconstruction method for the dry
reforming of methane. X-ray diffraction, temperature programmed reduction of hydrogen, thermogravimetric analy-
sis, X-ray photoelectron spectroscopy, temperature-programmed desorption of carbon dioxide and transmission elec-
tron microscopy were used to investigate the structure and deactivation characteristics of the catalysts. The introduc-
tion of Ru into the Ni/MgAlO increased the surface Ni content and facilitated the reduction of Ni** species. The
7Ni-0. I5Ru/Mg, Al catalyst possessed the higher catalytic activity, which was ascibed to the optimum basicity,
high surface active metal content and small metal particles of the catalysts. The introduction of Ru into Ni/MgAlO
catalyst significantly suppressed the formation of filamentous coke. The 7Ni-0. 15Ru/Mg, Al catalyst exhibited
strong resistance to coke formation, which was closely related to its small Ni° particles and optimum basicity.

Key words: hydrotalcites; memory effect; Ni-Ru; dry reforming of methane; coke deposition
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