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To improve the lifetime of catalysts for CO2 reforming of methane, Ni/H-mordenite catalyst was modified,

which has high performance for the reaction.

The unmodified catalyst was deactivated due to collapse of the ze-

olite structure at 1173 K, and the catalyst activity was reduced by carbon deposition at 923-973 K. Two methods

of modification were evaluated to suppress deactivation of the catalyst.

Firstly, surface modification of the mor-

denite support with alumina or titania resulted in no deactivation at 1173 K. XRD analysis of the fresh and the
used catalysts showed higher stability of the modified catalysts. Secondly, Co-loading of nickel with cobalt and/or
potassium resulted in suppression of the catalyst deactivation by carbon deposition at 973 K. Finally, a new cat-
alyst with longer lifetime, Ni-Co-K/HM-ALOs, was prepared with activity maintained for more than 300 h at

973 K.
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Total pressure 0.1 MPa, flow rate [CO2] : [CH4] : [He]=20: 20 :
40 m//min, catalyst Ni/HM (0.2 g).

Fig. 1 Time Profile for CO2 Conversion in the Reforming Reaction

of CHa with CO» over Ni/HM Catalyst
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Fig. 2 Amount of Carbon Deposited on Ni/HM Catalysts in the
Reforming Reaction of CHs with CO»
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g. 3 XRD Diffractograms of Ni/HM and Modified Catalysts
before and after the Reforming Reaction
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Fig. 4 Effects of Reaction Temperature on Catalyst Deactivation in
the CO> Reforming of Methane with Ni/HM (O), Ni/
HM-A1,0; ([J), and Ni/HM-TiOz (&)
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Table 1 Characterization of the Nickel Catalysts before and after the Reforming Reaction
Mean size of nickel particles [nm]¥ Specific surface area [m%/g]®
Catalyst
before reaction after reaction before reaction  after reaction
Ni/HM <5 356 300
Ni/HM-A1,03 <5 212 215
Ni/HM-TiO, <5 268 260

a) Determined by XRD diffraction.
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[Conditions]
Solid mark (@MA): flow rate [CO2] : [CH4] : [He]=20:20:
40 ml/min, total pressure 0.1 MPa, temp. 973 K, catalyst 0.2 g.
Open mark (OLJA): flow rate [COz] : [CH4] : [He]=50: 50 :
40 m//min, total pressure 0.1 MPa, temp. 973 K, catalyst 0.2 g.

Fig. 5 Time Profile for CO2 Conversion in the Reforming Reaction
of CHs with CO2 over Ni-K/HM (O@), Ni-Ca/HM (LJH),
and Ni/HM (A A) Catalysts
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Conditions: flow rate [CO2] : [CH4] : [He] =50 : 50 : 40 m//min, total
pressure 0.1 MPa, temp. 973 K, catalyst 0.2 g.

Fig. 6 Time Profile for CO, Conversion in the Reforming Reaction
of CHs with CO2 over Ni-Co/HM (L), Ni-Mn/HM (O),
Ni-Fe/HM (H), Ni-Zn/HM (@), Ni/HM (2), Ni-Cr/HM
(A), and Ni-Cu/HM (@) Catalysts
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Conditions: flow rate [CO2] : [CH4] : [He] =50 : 50 : 40 m//min, total
pressure 0.1 MPa, temp. 973 K, catalyst 0.2 g.

Fig. 7 Time Profile for CO, Conversion in the Reforming Reaction
of CHs with CO» over Ni-Co-K/HM (L), Ni-Co/HM (D),
Ni-K/HM (O), and Ni/HM (@) Catalysts
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TPO conditions: from room temperature to 800C, heating rate 10C/
min, under 50 m//min of air.

Fig. 8 Differential TPO Profiles of the Catalysts after the
Reforming Reaction with CO2/CH4/He (50/50/40 m//min) at
973 K for 24 h and Amounts of Coke Deposition after the
Reaction
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Reaction temperature 973 K, total pressure 0.1 MPa, flow rate [CO2] :
[CH4] : [He] =50 : 50 : 40 m//min, catalyst 0.2 g.

Fig. 9 Time Profile for CO, Conversion in the Reforming Reaction
of CHs with CO2 over Ni/HM-A103 (O) and Ni-Co-K/
HM-ALO; (@) Catalysts
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