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AFE YT Ce/zr M S WEAZ) S F r\wcf:ogoznmo2 Zu)7} 71 =& CH, A3eS JERIT N
Ceg 507802002 ] Ni gegof] whe o] ZAR T, 15 wi%2] Nig BAIsIS Wl 7H 973t 8448 Hol5¢]
o}, 18 H,O/CH, 87} S7F5 H, 782 %7}6}%}. 0,/CH, H7} S7V85E CH, AE-8-2 3] 1, whdo| H,

T8 4318t GHSV=30,000 h™, S/C/0=2/1/0.5, WF&-2==800 °CollA] 30A17F A4 /NANHS-S BIAE gt Ay,
Ni(15Wt%)/Ce, 59210200, ZH7F $ et CH, A& (299%)7} 2Hd/dS HolFalrt.

Abstract — The catalytic behavior of Ni/CeyZr; 1,0, loaded on the alumina coated honeycomb monolith was studied
for the autothermal reforming reaction of methane. Among the catalysts with the different Ce/Zr ratios, the Ni/
Cey 3020200, Catalyst showed the highest conversion of methane. By investigating the effect of Ni content on the Ni/
Ce, 4021270, catalysts, the catalyst loaded with 15wt% Ni had the highest activity. Also, H, yield was increased as
H,O/CH, ratio increased. Methane conversion was improved as O,/CH, ratio was increased, whereas the yield of H,
was decreased. Among the catalysts tested for 30 hours, Ni(15 wt%)/Ce gyZr,,,0, showed the excellent conver-
sion(>99%) of methane and the stability at the condition of GHSV=30,000 h™, feed ratio $/C/0=2/1/0.5 and reaction
temperature 800 °C.
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Fig. 1. Manufacturing of metallic monolith support.
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Fig. 2. Schematic diagram of reforming reaction system.

1. Mass flow controlle 7. Catalyst
2. Valve 8. Heat exchanger
3. Pump 9. Condenser

4. Reactor (1/2", 1")
5. Thermocouple
6. Furnace

10. Gas chromatograph
11. Gas meter
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Fig. 3. XRD patterns (a) Ni(15 wt%)/Ce50Zr.500,, (b) Ni(15 wt%)/
Cey 7521 250,, () Ni(15 wt%)/Cey goZir200,.
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Fig. 4. XRD patterns (a) Ni(5 wt%)/Ce; g9Zr(,00,, (b) Ni(10 wt%)/
Cey g0Zr 200, (¢) Ni(15 wt%)/Cey gyZr 20O,

Table 1. BET surface areas of various supports and catalysts calcination

Calcination N, BET surface areas (m*/g)
temperature (°C)  CeggoZrg200;  Cey75Zrg2s0r  Cey59Zrg 5005
500 71.7889 72.4869 92.2156
. N, BET surface areas (mz/g)
Calcination - — - S - S
temperature (°C) Ni(15 wt%)/ Ni(15 wt%)/ Ni(15 wt%)/
Cey.80Z102002 Ce.75219250, Cey,50210.5002
800 3.7148 4.4743 16.9193
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Fig. 5. SEM images of metal monolith with surface treatment (a) root,
(b) after pre-oxidation at 1050, (c) after Al,O; coating, (d) after
Ni(15wt%)/Cey gyZr 57O, catalyst coating.
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Fig. 6. Temperature dependence of CH, conversion over various Ce/Zr
ratio (reaction conditions: GHSV=30,000 h7, S/IC=2, 0/C=0.5).
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Table 2. Temperature dependence of CH, conversion, H, yield and CO selectivity over various Ce/Zr ratio (reaction conditions : GHSV=30,000 ht,

S:C:0=2:1:0.5)
Catalyst Temperature (°C) CH, conversion (%) H, yield (mol of H,/mol of CH, reacted) CO selectivity (%)
800 99.99 2.53 52.01
Ni(15 wt%)/Ce 9219200 700 97.98 2.50 45.18
600 90.58 2.27 34.72
800 99.99 2.45 55.79
Ni(15 wt%)/Ce.75Z1250, 700 97.82 2.47 46.59
600 87.70 2.14 34.51
800 99.81 2.37 61.83
Ni(15 wt%)/Ce, 54Zt.5002 700 93.70 2.32 49.66
600 80.73 1.76 34.76

3lskast Ml473 HI1E 20094 28
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Fig. 9. H,0O/CH, ratio dependence of CH, conversion over various cata-
lysts for the ATR (reaction conditions: Temperature=800 °C,
GHSV=30,000 h !, 0/C=0.5).

S5 800°C ~18]31 GHSV=30,000 h! A4 0,/CH, HI-&S
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Table 3. Temperature dependence of CH, conversion, H, yield and CO selectivity over various Ni catalyst amounts (reaction conditions:

GHSV=30,000 h™!, $:C:0=2:1:0.5)

Catalyst Temperature (°C) CH, conversion (%) H, yield (mol of Hy/mol of CH, reacted) CO selectivity (%)

800 99.99 2.53 52.01
Ni(15wt%)/Ce g0Zr( 200 700 97.98 2.50 4518

600 90.58 2.27 34.72

800 99.82 2.47 54.99
Ni(10wt%)/Ce, 5921 2002 700 97.82 2.48 46.06

600 89.22 228 3547

800 62.91 1.25 40.73
Ni(5wt%)/Ce( 52192002 700 46.07 0.63 38.51

600 2543 0.12 25.71
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Fig. 10. H,O/CH, ratio dependence of product composition over Ni
(15 wt%)/Cey gyZry 290, catalyst for the ATR (reaction condi-
tions : Temperature=800 °C, GHSV=30,000 h, 0/C=0.5).
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GHSV=30,000 h, S/C=2).
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