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Low temperature methanation of syngas in a
slurry reactor over Zr-doped Ni/y-Al, O, catalyst
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(1. State Key Laboratory of Coal Conversion, Institute of Coal Chemistry,
Chinese Academy of Sciences, Taiyuan 030001, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; Zr-doped Ni/ y-Al, O, catalyst was prepared by co-impregnation of Ni and Zr on y-Al,O,; over it,
the methanation of syngas at low temperature (300 ~330 C) in a slurry reactor was investigated. Compared with
single NiO and Ni/ v-Al,O,, the catalytic performance of the Zr-doped Ni/ y-Al, O, is greatly improved. Under
optimized condition, a high CO conversion of 86.41% and a selectivity of 90.53% to CH, are achieved at a
GHSV of 4200 mL-g™'-h™'. XRD, TEM and H,-TPR results suggest that the doping of Zr promotes dispersion
of Ni on y-AlL,O,, weakens the interaction between Ni and the support and suppresses the formation of NiAl,O,
spinel with low methanation activity ; all these may contribute to the excellent performance of the Zr-doped Ni/y-

Al, O, catalyst in syngas methanation.
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Table 1 Catalytic performance on NiO, 15% Ni/vy-Al,O,and 15% Ni3 % Zr/y-Al, O,respectively

Selectivity s¢_,q/ %

Catalyst Conversion of CO x /% CH, co, C, c,
NiO 66.98 71.97 23.51 3.18 0.52
15% Ni/y-Al, O, 88.99 84.62 13.96 0.88 0.13
15% Ni3% Zr/v-Al, O, 95.20 86.28 12.20 1.20 0.24

GHSV=2100 mL-g™' -h™", temperature=325 C, pressure=2.0 MPa, time on stream =8 h
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Table 2 Effect of GHSV on methanation performance over 15% Ni3% Zr/y-Al, O, (IP)

GHSV/(mL-g™'-h™")  Conversion of CO x /%

Selectivity of s,/ %

CH, (O, C, C, C, C..
1680 96.05 87.19 11.35 1.17  0.14  0.13  0.03
2100 95.20 86.28 1220 1.20  0.24  0.07  0.00
2800 92.67 85.19 11.87 1.98 0.61 0.15 0.21
4200 87.90 87.72  10.05 1.58  0.46  0.12  0.07

temperature =325 C, pressure=2.0 MPa, time on stream =8 h
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Figure 1 Effect of reaction pressure on methanation
performance over 15% Ni3% Zt/y-Al,O,(1IP)
GHSV=4200mL-g™"-h™",

temperature =325 C, time on stream =8 h
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Figure 2  Effect of reaction temperature on methanation
performance ver 15% Ni3% Zt/y-Al, O, (1P)
GHSV=4200mL-g™"'-h™",
pressure=1.5 MPa, time on stream =8 h
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Table 3  Effect of loading of Ni on catalytic performance

25% Ni3% Zr/y-AlL, O,

35% Ni3% Zr/y-AlL, O,

Catalyst 15% Ni3% Zr/v-Al, O,
Conversion of CO x /% 88.24
CH, 86. 64
Selectivity Co, 9.93
Scmot! % C, 2.38
C, 0.72

86.41 84.80
90.53 86. 85
5.64 7.17
2.94 4.32
0.65 1.16

temperature =325 C, pressure=1.5 MPa, time on stream =8 h
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Figure 3 TEM images of as- prepared catalysts
(a): NiO; (b): 15%Ni/y-Al,0,; (c): 15% Ni3% Zt/v-Al, O,
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