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Effects of Additives on Sturcture and Methanation Performance of Ni-Based Catalysts
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Abstract: Nickel-based catalysts were prepared with different metal promoters by incipient impregnation method,
and the catalytic performance of CO methanation were studied in slurry-bed reactor. XRD, H,-TPR, and HR-TEM
were used to characterize the catalysts, the results show that additives of Zr, Co, Ce, Zn, La improved the dispersion
of Nickel species on support, and decreased the particle size of Ni and reduced the reduction temperature of catalyst,
while the additive of Mg increased the reduction temperature. The catalytic results show that additives of Zr, Co, Ce,
Zn, La improved the catalytic performance of CO methanation in slurry-bed reactor, especially the catalyst with La
additive. Further investigation shows that when the loading of La reached 8%, the catalyst exhibited the best catalytic
performance, with the conversion of CO of 96.3%, the selectivity and space-time yield (STY) of CH, of 87.1% and
179.6 g-kg™'-h™', respectively. While the catalyst doped with Mg additivie decreased the catalytic performance.

Key words: slurry-bed reactor; CO methanation; nickel-based catalyst; metal additives
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Table 1 Gaussian fitting analysis of H,-TPR profiles of nickel-based catalysts with different additives
Ni particle Reduction temperature / °C Relative content / %
Catalyst
size' / nm o B B> Y o B B> Y
12Ni/Al 15.1 288.6 407.8 500.6 588.1 3.5 28.1 45.5 22.9
12Ni4Mg/Al 10.3 408.5 488.5 567.8 684.2 6.0 27.6 40.4 26.0
12Ni4Zx/Al 10.7 / 424.1 495.3 589.9 / 30.5 51.7 17.9
12N1,Co/Al 12.5 266.9 361.2 456.8 545.8 11.9 28.9 314 27.8
12Ni4Ce/Al 7.2 252.1 399.8 483.8 569.2 4.0 37.7 32.0 26.4
12Ni4Zn/Al 9.7 298.7 432.8 4943 571.4 39 20.6 38.0 37.5
12Nid4La/Al 8.9 / 406.4 496.4 591.7 / 28.9 51.2 19.9

* Calculated by Scherrers formula at a 26 of 51.8°.
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Table 2 Effects of different additives on Nickel-based catalysts for slurry CO methanation

Catalyst Con-CO / % Sel-CH, / % STY-CH, / (g-kg™-h™)
12Ni/Al 79.4 65.1 110.1
12NidMg/Al 57.1 62.7 76.7
12NidZx/Al 69.7 74.7 111.6
12Ni4Co/Al 84.0 74.8 134.7
12Ni4Ce/Al 89.6 76.3 146.9
12Nid7Zn/Al 89.9 82.6 159.1
12Nid4La/Al 96.7 80.6 167.0
2.2.1 HEAEF XRD F&AE S 0 5 B T RIS, ELEA IR B La,05 AT S5
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Table 3 Gaussian fitting analysis of H,-TPR profiles of nickel-based catalysts with different La loading

Ni particle Reduction temperature / °C

Relative content / %

Catalyst
size / nm €3 B B2 v a B B: Y

12Ni/Al 15.1 288.6 407.8 500.6 588.1 3.5 28.1 45.5 229
12Ni2LaAl 10.3 288.1 409.71 502.2 611.7 4.6 29.4 52.1 14.0
12NidLa/Al 8.9 / 406.4 496.4 591.7 / 28.9 51.2 19.9
12Ni6LaAl 8.0 / 381.7 491.5 604.3 / 30.9 54.8 14.3
12Ni8LaAl 4.2 / 374.9 476.4 599.0 / 26.4 59.5 14.1
12Nil0LaAl 3.8 / 365.9 466.6 585.6 / 28.1 54.7 17.2
12Nil2LaAl / / 376.6 465.7 579.6 / 28.3 53.6 18.0
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Table 4 Effects of La contents on Nickel-based catalysts for slurry CO methanation

Catalyst Con-CO / % Sel-CH, / % STY-CH, / (g-kg™+h™)

12Ni/Al 79.4 65.1 110.1
12Ni2La/Al 95.4 81.2 165.9
12NidLa/Al 96.7 80.6 167.0
12Ni6La/Al 95.1 87.0 177.3
12Ni8La/Al 96.3 87.1 179.6
12Nil0La/Al 95.8 86.3 177.1
12Nil2La/Al 94.6 86.3 174.8

RN E] 95.4% CH, BEFEPE RIS 25 WOR 351555 96.3% .87.1%1 179.6 g-kg'-h,
81.2% 1 165.9 g-kg™'+h™', B La & Y14 K, pE A
CO FlbH CH, AR SR T m S B B
FEAR A H, * La 01206 1K ) 89 I 16 1 g fix B 2 AN TR 4 B 700 T 9 45 N B A Ak R 1 2
T ,CO ¥ AL & CH, &£ P A 2 e 00 50 O TS, B4 Mg Bl Mg 5 Ni AH ELAE A
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