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Abstract
Ni-based  catalysts  supported  on  CeO₂  and  CeₓZr₁₋ₓO₂  were  synthesized  to 
investigate  the  effects  of  Ni  loading,  preparation  method,  and  support 
composition. The sol–gel route promoted the formation of highly defective Ni–Ce–
O solid solutions, while Zr incorporation enhanced Ni dispersion, oxygen vacancy 
concentration,  and  metal–support  interactions.  Characterization  showed  that 
ceria-rich supports stabilize Ni²⁺  species through reversible Ni²⁺/Ni⁰  and Ce⁴⁺/
Ce³⁺ redox couples. All ceria-containing catalysts achieved nearly complete CH₄ 
selectivity,  whereas  Ni/ZrO₂  exhibited  poor  performance.  The  15  wt.% 
Ni@Ce₀.₇₅Zr₀.₂₅O₂  catalyst  prepared by the sol–gel  method showed the highest 
activity at low plasma power, achieving CH₄ yields of 92% at 7 W and 89% at 3 W. 
Overall,  the  results  highlight  that  the  excellent  plasma-catalytic  performance 
relies on the optimization of oxygen vacancy concentration and the stabilization 
of oxidized Ni species.
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