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Figure S1 Schematic diagram of the reaction apparatus.
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Figure S2 XPS profiles of 1wt%Pd/CexZr1-xO2 in as-made and after reaction under the humid 

conditions with the electric field (1 mA) up to 723 K.

No significant correlation was observed between the chemical state of Pd in after reaction and the 

order of activity test results.
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Figure S3 H2O-TPD profiles over 1wt%Pd/CexZr1-xO2.

Figure S4 The results of current variation test and the energy efficiency over 1wt%Pd/Ce0.25Zr0.75O2 

in the EF (1, 3, 5 mA) at 473 K, CH4: 2000ppm, O2: 10%, H2O: 10%, N2 balance.
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Figure S5 Methane conversion over 1wt%Pd/CexZr1-xO2 without the EF, CH4: 2000ppm, O2: 10%, 

H2O: 10%, N2 balance.

Figure S6 Methane conversion over Ce0.25Zr0.75O2 with and without the EF.
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Figure S7 Methane conversion over 1wt%Pd/CexZr1-xO2, (a) with the EF and (b) without the EF, CH4: 

2000ppm, O2: 10%, N2 balance.

Figure S8 Methane conversion over 1wt%Pd/Ce0.75Zr0.25O2 in various water vapour pressures,

(a) with the EF and (b) without the EF.
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Figure S9 Methane, oxygen, and water pressure dependencies on the reaction rate of methane 

combustion in a kinetic range, (a) with the EF at 473 K and (b) without the EF at 673 K. 

Catalyst: 60mg, total flow rate: 150 SCCM.
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Figure S10 The relationship between water adsorption amount per surface area and the activity of 

the methane reaction with steam over 1wt%Pd/CexZr1-xO2 in the EF, 473 K,

fixed electric field power (1 W).
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Table S1 Calculation results of the Ce-Zr-O (111) lattice spacing and the lattice constant.

Table S2 Results of methane complete oxidation in a humid condition with and without the electric 

field over 1wt%Pd/Ce0.25Zr0.75O2 catalyst, CH4: 2000ppm, O2: 10%, H2O: 10%, N2: balance.
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Table S3 Results of pressure changing tests with/without the electric field.


