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Hydrogen Production by Catalytic Reforming of CO2 by CHa
over Ni Based Catalysts and It's Applications

Dong Ju Moon-", Jung Shik Kang-, Jong Woo Ryu-, Dae Hyun Kim+, Kve Sang Yoo-,
Hyunioo Lee-, Honggon Kim-, Sang Deuk Lee-, Bvoung Sung Ahn- and Byung Gwon Lee-'

*Hydrogen Energy Research Center, Korea Institute of Science & Technology
P.O.Box 131, Cheongryang, Seoul 130-650, Korea

ABSTRACT

Catalytic reforming of CO, by CH, over Ni-YSZ based catalysts was investigated to produce syngas as
raw material of high valued chemicals and develop high performance catalyst electrode for an internal reforming
of CO;,in SOFC system. Ni-YSZ based catalysts were prepared using physical mixing and maleic acid methods
to improve catalytic activity and inhibition of carbon deposition. The catalysts before and after the reaction
were characterized by N, physisorption, TPR(temperature programed reduction), XRD and impedance
analyzer. The conversions for CO, and CH, over Ni-MgO catalyst showed 90% but much amount of carbon
deposition was detected on catalyst surface. On the other hand, the conversions for CO, and CH4 over
NiO-YSZ-CeO; catalyst showed 100% and 85% respectively, and carbon deposition on catalyst surface was
inhibited under the tested condition. It was concluded that NiO-YSZ-CeO, catalyst is a promising candidate for
the catalytic reforming of CO; and the internal reforming in SOFC system.

KEY WORDS : Ni-YSZ based catalystNi-YSZA Zul)), COy(°l4tstets), Syngas(F78712),
H; production(=2#]%), CO, reforming(¢|4t8tgHA7]3), SOFC(LAAIEE
HAZ A A]), Internal reforming(HF-7H & §H-E)
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Table 1 The composition of Ni based catalyst prepared in this work

Catalyst Composition (mol%)

Catalyst
Ni YSZ MgO CeO,
Ni-MgO 45 55
Ni-YSZ-MgO 46 43 11
Ni-YSZ-CeO: 46 43 11

LaSrNiCrO; Lag g Sro.1 Nigs Cros Os

Moz E#Hs ¥ MgOg Ce0y(999%, Sigma
-Aldrich Co)E%¢ dAH 7kt ¥ ball mill&
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Zob Azxstgen 900 CTolA 3 h 2AA A
zsgoh. Azs Zuje] 2AL Table 19 A&
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1. Needle Valve 7. Electric Furnace

2. Mass Flow Controller 8. PID Temp. Controller
3. Gas Mixer 9. H;O trap

4. O 10. 6-port Sampling Valve
5. Thermocouple 1. G.C.

6. Reactor 12. Personal Computer

Fig. 1 Schematic diagram for catalytic CO; reforming system
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Fig. 3 The effect of reaction temperature on the conversions
of CO; and CHs for catalytic CO; reforming by CH,
over Ni based catalysts (Space velocity = 17,000 h” and

Feed molar ratio of CO, / CHy = 1)
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Fig. 4 The effect of reaction temperature on the product
distribution and conversions of CO, and CHs for catalytic
CO; reforming by CHs over Ni-YSZ-CeO, catalysts {Space
velocity = 17,000 h"' and Feed molar ratio of CO, / CH, = 1)
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Table 2 The physical properties of the prepared catalysts before
and after the catalytic CO; reforming by CH,

BET surface  Total pore
Catalyst area volume
(m’/g) (celg)
Before reaction 4.08 0.001
Ni-MgO
After reaction 6.28 0.002
Before reaction 8.9 0.003
Ni-YSZ-MgO
After reaction 134 0.005
Before reaction 10.2 0.004
Ni-YSZ-CeO;
After reaction 15.7 0.007
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Fig. 5 The effect of time on stream on the conversions of
CO; and CHs for catalytic CO; reforming by CHi over
Ni-YSZ based catalyst (Reaction temperature = 800 °C,
Space velocity = 17,000 h” and Feed molar ratio of CO, /
CH: = 1)
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Fig. 6 XRD patterns of Ni-YSZ-CeO, and Ni-YSZ-MgO catalysts
before and after the catalytic reforming of CO, by CH, in

fixed bed reactor (H: NiO, []: NiC, ¥: YSZ, @: CeO: (a)
before (b) after reaction)
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Fig. 7 Schematic diagram of electrocatalytic internal reforming of
CO; by CHy in the SOFC system
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