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Evaluation of Catalytic Electrical Conduction with
an AC Impedance Method for Catalytic Reaction in Plasma
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We evaluated an electrical conductivity of catalysts utilized for two reactions: oxidative coupling of methane and
steam reforming of methane in an electric field (Electreforming), using an AC impedance method. We found that
suitable electrical conductivity of the catalyst was required in order to apply the electric field on the catalyst. Over the
catalyst with lower electrical conductivity, spark discharge was observed with the application of high voltage. On the
other hand, over a catalyst with higher electrical conductivity, its catalytic activity was not observed with the
application of constant current. In this work, we found that doping other element generated some electron carrier such
as oxygen-ion vacancy or electron hole. Even an electrical insulant catalyst such as La,0s, electric field could be
applied with doping other element such as SrO, and high catalytic activity was achieved at low temperature in the
electric field. And its electrical conductivity increased with the increase of the amount of doped other element.
Furthermore, we developed the impedance analysis into other catalytic reaction including the lattice oxygen, and
confirmed the correlation between the lattice oxygen mobility and the electrical property of catalyst.
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Fig.2 Voltage and current profiles and pictures of the
electric field (a) or the spark discharge (b)
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Fig.7 Nyquist plots of various Sr-La,0; catalysts
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Fig.8 Bode plots of various Sr-La,O; catalysts
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Catalyst T/K Conv./ % Voltage / V
Pt/CeO, 473.8 12.8 503.5
Pt/CeojserQst 470.0 10.2 458.2
Pt/CCO‘5ZI'0_502 517.1 313 984.1
Pt/Ceg 25210750, 526.0 39.1 943.1
Pt/CCOZ + A1203
50 mg 489.5 15.6 637.7
100 mg 484.0 15.1 696.2
50 mg (milling) 484.3 20.4 762.9
100 mg (milling) Discharge
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Fig.11 Temperature dependency of the electrical condu

ctivity on various solid solution catalysts(open: in the
inert gas, filled: in the reactant gas)
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Table 2 Formation enthalpy of oxygen-ion on the catalyst

Catalyst Ratio AH,, / eV
In inert In reactant
CexZr,.x0, 1-0 0.99 0.92
solid solution 3-1 0.19 0.42
1-1 0.32 0.35
1-3 0.60 0.79
Ce0,+ALO; 4-1 0.82 0.62
physical- mixture  2-1 0.80 0.64

CeO.Ser.SOZ > CeO.7SZTO.2502 > CeO.ZSZTO.7502 ~ CeOZ
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