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Methane Decomposition over Supported Nickel Catalysts 
� Production of Green Hydrogen 

Asmaliza Binti Abd Ghani, Mayu SAITO, Yasuharu KANDA,  

Takao KOBAYASHI, Yoshio UEMICHI and Masatoshi SUGIOKA 

(������ ��19�5�23�� � ������ ��19�9�10�)

Abstract
Production of green hydrogen by methane decomposition over supported nickel catalysts was studied. 
The Ni/HZSM-5 catalyst showed the highest activity for methane decomposition among Ni/zeolite 
catalysts. However, a large amount of carbon was deposited on Ni/HZSM-5 catalyst during the 
reaction and catalytic activity of Ni/HZSM-5 was decreased with time on stream. On the other hand, 
catalytic activity and catalyst life of Ni/HZSM-5 for methane decomposition were remarkably 
improved by Pd addition. Improved catalytic properties of Ni/HZSM-5 were caused by highly 
dispersed Ni-Pd on HZSM-5. 
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Fig. 1  Fixed bed flow reactor for methane 
decomposition. 
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Fig. 2  Decomposition of methane over zeolite- 
supported nickel catalysts at 500°C (Catalyst 
weight = 0.3 g). (� ) 10%Ni/HZSM-5, (� )
10%Ni/HY, (�) 10%Ni/USY, (�) 10%Ni/SiO2.
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Fig. 3  XRD patterns of 10%Ni/zeolite catalysts 
after reaction for 8 h. (a) 10%Ni/HZSM-5, (b) 
10%Ni/HY, (c) 10%Ni/USY. 
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Fig. 4  The structure of acid site in zeolite. (a) 
sodium (Na+) type zeolite (non acidic), (b) proton 
(H+) type zeolite (acidic). 
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Fig. 5  Catalytic activities of 10%Ni/zeolite for 
methane decomposition at 500°C after reaction for 
4 h (Catalyst weight = 0.3 g). 

(a) Na+ type zeolite (b) H+ type zeolite 
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Fig. 6  Effect of catalyst weight on catalytic 
activity of 10%Ni/HZSM-5 for methane decom- 
position at 500°C. (�) 0.3g, (�) 0.1g, (�) 0.01g. 
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Fig. 7  Effect of reaction temperature on catalytic 
activity of 10%Ni/HZSM-5 for methane decom- 
position (Catalyst weight = 0.01 g). (�) 550°C, 
(�) 500°C, (�) 450°C. 
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Fig. 8  Effect of Ni precursor on catalytic activity 
of 10%Ni/HZSM-5 for methane decomposition at 
500°C (Catalyst weight = 0.01 g). (�) Ni(NO3)2�

6H2O, (�) Ni(CH3COO)2�4H2O.
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Fig. 9  XRD patterns of 10%Ni/HZSM-5 catalysts 
after reduction at 500°C. (a) prepared from 
Ni(NO3)2�6H2O, (b) prepared from Ni(CH3COO)2�

4H2O, (c) HZSM-5. 
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Fig. 10  Effect of Pd addition on catalytic activity 
of 5%Ni/HZSM-5 for methane decomposition 
(Catalyst weight = 0.01 g). (� ) 5%Ni, (� )
5%Ni-2.5%Pd, (� ) 5%Ni-5%Pd, (� ) 5%Ni- 
10%Pd, (�) 10%Pd. 
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Fig. 11  XRD patterns of Ni-Pd/HZSM-5 catalysts 
after reduction at 500°C. (a) 5%Ni, (b) 5%Ni- 
2.5%Pd, (c) 5%Ni-5%Pd, (d) 10%Pd. 
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