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Solution Combustion Prepared Ni-Based Catalysts and Their
Catalytic Performance for Slurry Methanation
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Abstract: Ni-Al,0;, Ni-ZrO,, Ni-La,O; and Ni-CeO, catalysts were prepared by solution combustion method using
AL(NOs);, ZrO(NOs),, La(NO;); and Ce(NO;); (mixed with Ni(NO3), and urea in aqueous solution) as the support
precursor, respectively. The CO methanation performances of catalysts were studied in slurry-bed reactor, and the
catalysts were characterized by low temperature N, adsorption-desorption, XRD, SEM, TEM, H,-TPR and H,
chemsorption. The results show that the combustion preparation process of Ni-AlO; catalyst using AI(NO;), as the
precursor is stable for long-duration (up to 23 s) and the catalyst has larger surface area (468 m*+g™) and metal
surface area (10 m?-g™), smaller Ni particle (3~5 nm), excellent dispersion of Ni, and the catalyst has good
catalytic performance, whose CO conversion and CH, selectivity are 94% and 95%, respectively, and no catalyst
deactivation is observed in 100 h. The preparation process for catalysts using ZrO(NO;), and La(NO); as
precursors does not show obvious flame and burning time is also shorter (12 s and 5 s), the surface areas, metal
surface areas and catalytic performances are lower than that of Ni-AL,O; while that for the catalyst using Ce(NO3),
as the precursor has high intensity combustion. The catalyst obtained from Ce (NO;), precursor shows lower

surface area (22 m*+g™') and metal surface area (5 m?-g™'), larger Ni particle and worse dispersion of Ni and the
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worst methanation catalytic performance with CO conversion and CH, selectivity of 41% and 89%, respectively.
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Fig.1 Images of catalysts prepared with different precusors
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Table 1 Textural property of different catalysts before and after reduction

Before reduction

After reduction

Catalyst BET surface Pore volume / Average pore BET area / Pore volume / Average pore
area / (m*-g™) (em®-g™) diameter / nm (m*-g™) (em®-g™) diameter / nm
Ni-ALO; 468 0.284 24 427 0.267 2.2
Ni-ZrO, 150 0.084 22 78 0.065 2.3
Ni-La)O3 54 0.075 16.0 33 0.052 13.2
Ni-CeO, 22 0.049 3.6 20 0.040 33
@) 0:NiO p:y-ALO, (®) m:Ni o: -ALO, A :7Zr0
®:LaONO, A:CeO, I= ®:LaONO, A:CeO,

Ni-ALO, 8 0O 0 Ni-ALO, o o

MM A

Ni-ZrO [ y JaN

*LMWW\W Ni-Zl'O2 A

. L] .
an A
A ] A A A
Ni-CeO, A Ni-CeO, n - A
o 0O
1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
20/(°) 20/(°)
Bl 2 R R ) 56 ) R JEUR ()9 XRD B

Fig.2 XRD patterns of different catalysts before (a) and after (b) reduction
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Fig.3 SEM images of catalysts
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Fig.4 TEM images of catalysts
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Fig.5 H,TPR profiles of different catalysts
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Table 2 Data of H,-chemisorption of different

catalysts
Catalyst Metal surface area/ (m*-g™)  Metal dispersion / %
Ni-ALO; 10 8
Ni-ZrO, 9 7
Ni-La,)0, 7 6
Ni-CeO, 5 4
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Table 3 Catalytic performance of different Nickel-based catalysts for slurry CO methanation
Conversion / % Selectivity / % Yield / %
Catalyst
CO CH, C-Cy CO, CH,
Ni-ALO; 94 95 1 4 89
Ni-ZrO, 89 86 4 10 76
Ni-La,0; 71 85 7 9 61
Ni-CeO, 41 89 2 10 37
Ni/ALO; 86 92 3 5 79
Yy o o3 OB B 5 3R AR A e | R BOH AL (8):1763-1783
e s -, [2] Zhang J, Bai Y, Zhang Q, et al. Fuel, 2014,132:211-218
100 [3] Gao J, Wang Y, Ping Y, et al. RSC Adv., 2012,2(6):2358-
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Fig.6 Stability of Ni-ALOs catalyst for slurry CO

methanation
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