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Abstract — In this study, synthesized Ni/Ce,Zr, O, catalysts were coated on the surface of honeycomb metalic
monoliths to investigate catalytic activity in steam reforming of methane reactions. Supports with varying Ce/Zr ratios
were synthesized to observe their behavior in the reforming reaction, and catalysts with Ni contents ranging from 5 wt%
to 20 wt% were prepared to analyze the effect of Ni loading contents on catalytic activity. The catalysts were
characterized by XRD, BET, TPR, and SEM. The TPR analysis indicated the formation of Ni-Ce-Zr oxide with a strong
interaction between the active metal Ni and CeO,-ZrO, support. The 15 wt% Ni/Ce g,Zr 50O, catalyst exhibited the
highest activity and stability in the steam reforming of methane reaction. Catalysts with enhanced activity and stability
were synthesized by manufacturing composite materials using excellent oxygen storage and donor properties of CeO,
and the thermal properties of ZrO,.
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Fig. 1. Image of the metal monolith with honeycomb structure.
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Fig. 2. Schematic diagram of methane reforming reaction system.
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Fig. 3. XRD patterns of (a) 15 wt% Ni/CeO,-ZrO, catalysts with
various Ce/Zr ratios, (b) Ni/CejgyZr,,,0, catalysts with
various Ni loading.
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Table 1. Specific surface areas of various supports and catalysts after calcination

Calcination Temperature

Specific surface areas (m%/g)

(©) CeO, Ce 802102002 Cey 502195002 Cey 20219800, 710,

500 58.64 74.61 77.40 79.06 73.71
Calcination Temperature Specific surface areas (m?/g)

(C) 15 Wt% Ni/Ceg g9Zrg 205 15 Wt% Ni/Cey 59Zry 5005 15 wt% Ni/Ceg 20Zr) 5005

800 12.58 14.86 21.11
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Fig. 4. H,-TPR profiles of (a) various supports, (b) 15 wt% Ni/CeO,-ZrO, catalysts with various Ce/Zr ratios, (c) Ni/Ce4yZr,,0, catalysts

with various Ni loading.
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Fig. 5. SEM images of (a) metallic monolith surface, (b) after pre-
oxidation at 1,050 C, (c) after AL O; coating (d) 15 wt% Ni/
Cey 5921290, on metallic monolith.
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Table 2. Temperature dependence of CH, conversion, H, yield, and CO selectivity over various Ce/Zr ratios (reaction conditions: GHSV=

10,000 hl, S/C=4, 15 wt% Ni loading)

Catalyst Temperature CH, conversion H, yield CO selectivity
Y (0) (%) (mol/mol) (%)
600 3.93 0.16 17.96
Ni/ZrO, 700 16.45 0.62 31.12
800 51.34 1.85 43.23
600 16.09 0.64 11.61
Ni/Cey 0715005 700 41.08 1.56 24.83
800 75.85 2.72 42.57
600 34.81 1.44 12.41
Ni/Cey 50215005 700 67.58 2.63 29.97
800 91.68 3.25 41.88
600 57.51 233 15.78
Ni/Cey 502502005 700 89.49 232 32.67
800 99.42 3.54 4551
600 51.04 2.00 14.34
Ni/CeO, 700 84.61 3.13 33.05
800 98.05 3.45 48.73
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Table 3. Temperature dependence of CH, conversion, H, yield, and CO selectivity over various Ni catalyst amounts (reaction conditions:

GHSV=10,000 h™', S/C=4, Ce0,/Zr0,=4)

Temperature CH, conversion H, yield CO selectivity
Catalyst (C) %) (mol/mol) %)
600 34.59 1.44 11.09
Ni=5 wt% 700 71.00 2.69 32.71
800 89.56 3.32 48.73
600 56.16 2.10 15.29
Ni=10 wt% 700 87.10 3.24 34.10
800 97.58 342 48.40
600 57.51 2.33 15.78
Ni=15 wt% 700 89.49 3.32 32.67
800 99.42 3.54 45.51
600 54.50 2.18 15.18
Ni=20 wt% 700 88.29 3.25 3538
800 98.61 3.49 48.63
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