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Double perovskite cathodes on BZCY electrolytes 

 Some apparent electrode 

polarisation resistances (in 

wet oxygen) from 

impedance spectroscopy 

* Ragnar Strandbakke, Vladimir Cherepanov, Andrey 

Zuev, D. S. Tsvetkov, Christos Argirusis, Georgia 

Sourkouni-Argirusis, Stephan Prünte, Truls Norby, “Gd- 

and Pr-based double perovskite cobaltites as oxygen 

side electrodes for proton ceramic fuel cells and 

electrolyser cells”, under publication. 

BaGd0.8La0.2Co2O6-δ 
Ba1-xGd0.8La0.2+xCo2O6-δ 
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PCFC oxygen electrodes (cathodes) 

 Mixed conductivity: protons, oxide ions, electrons (holes) 

Ragnar Strandbakke, Vladimir Cherepanov, Andrey Zuev, D. S. Tsvetkov, 

Christos Argirusis, Georgia Sourkouni-Argirusis, Stephan Prünte, Truls Norby, 

“Gd- and Pr-based double perovskite cobaltites as oxygen side electrodes for 

proton ceramic fuel cells and electrolyser cells”, under publication. 
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Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 Impedance spectra yield apparent 
electrode polarisation resistances 
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Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 …but a more correct treatment is required 

 needs more input parameters and assumptions 
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Recipe: 

Get individual Rv’s from conductivity data 

Calibrate to Rv at S0  



Rv at S0 is fitted to  
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Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 …and now the charge transfer resistance: 
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Electrolyte Electrode 

Recipe: 

Fix conductivity values at S0 

Calculate properly Rv+Rp,1 at S1 



Rv +Rp,ct,app at S1 is fitted to  
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Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 …and the diffusion resistance 
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Recipe: 

Fix conductivity + charge transfer 

valuesat S1 

Calculate properly Rv+Rp,1+Rp,2 at S2 



Rv + Rp,ct,app + Rp,d,app at S2 is fitted to  
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Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 Dependencies on  

◦ Temperature 

◦ pO2  

◦ pH2O 

give input to 

interpretation and 

modelling  
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Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 Modelling by fitting all data 

 Charge transfer vs diffusion 

 Effect of electronic conduction 
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Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 Modelling by fitting all data 

 Protons vs oxide ions 

 Effect of electronic conduction 
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Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 Direct deconvolution of three rails 

 Protons vs oxide ions 

 Effect of electronic conduction 

L1 Rv H+ RctH+

CPEctH+

RdH+

CPEdH+

Rv O2- RctO2-

CPEctO2-

RdO2-

CPEdO2-

Rv el

CPEv

Element Freedom Value Error Error %

L1 Free(+) 1.3014E-06 N/A N/A

Rv H+ Fixed(X) 52.87 N/A N/A

RctH+ Free(+) 0.34384 N/A N/A

CPEctH+-T Free(+) 0.00013233 N/A N/A

CPEctH+-P Free(+) 0.9915 N/A N/A

RdH+ Free(+) 0.69484 N/A N/A

CPEdH+-T Free(+) 5.506 N/A N/A

CPEdH+-P Free(+) 0.75005 N/A N/A

Rv O2- Fixed(X) 80.6 N/A N/A

RctO2- Free(+) 1.945 N/A N/A

CPEctO2--T Free(+) 0.0018396 N/A N/A

CPEctO2--P Free(+) 0.70485 N/A N/A

RdO2- Free(+) 4.893 N/A N/A

CPEdO2--T Free(+) 0.090759 N/A N/A

CPEdO2--P Free(+) 0.57694 N/A N/A

Rv el Fixed(X) 31 N/A N/A

CPEv-T Free(+) 6.9921E-08 N/A N/A

CPEv-P Free(+) 0.61688 N/A N/A

Data File:

Circuit Model File: D:\Electra\EIS\BGLC 983\Eq model 3 rails

 650.mdl

Mode: Run Simulation / Selected Points (0 - 73)

Maximum Iterations: 100

Optimization Iterations: 0

Type of Fitting: Complex

Type of Weighting: Calc-Modulus

Ratio fixed 



Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 Standard deconvolution 

L1 Rv

Cv

Rct Rd

CPEd

CPEdl

Element Freedom Value Error Error %

L1 Free(+) 1.9242E-06 1.5384E-07 7.995

Rv Free(+) 15.7 0.0029767 0.01896

Cv Free(+) 2.868E-09 6.3366E-10 22.094

Rct Free(+) 0.12989 0.0052202 4.0189

Rd Free(+) 0.25161 0.0043029 1.7101

CPEd-T Free(+) 3.214 0.072989 2.271

CPEd-P Free(+) 0.45889 0.0081709 1.7806

CPEdl-T Free(+) 0.024957 0.0044674 17.9

CPEdl-P Free(+) 0.60419 0.022907 3.7914

Chi-Squared: 8.6784E-06

Weighted Sum of Squares: 0.0012063

Data File: D:\Electra\EIS\BGLC 983\BGLC 983 650 pO2

 1 V.DTA

Circuit Model File: D:\Electra\EIS\BGLC 983\Randles m indukt

 og Rel 650.mdl

Mode: Run Fitting / Selected Points (0 - 73)

Maximum Iterations: 100

Optimization Iterations: 0

Type of Fitting: Complex

Type of Weighting: Calc-Modulus
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Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 Direct deconvolution of three rails 

 Protons vs oxide ions 

 Effect of electronic conduction 
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L1 Free(+) 1.3014E-06 N/A N/A

Rv H+ Fixed(X) 52.87 N/A N/A

RctH+ Free(+) 0.34384 N/A N/A

CPEctH+-T Free(+) 0.00013233 N/A N/A

CPEctH+-P Free(+) 0.9915 N/A N/A

RdH+ Free(+) 0.69484 N/A N/A

CPEdH+-T Free(+) 5.506 N/A N/A

CPEdH+-P Free(+) 0.75005 N/A N/A

Rv O2- Fixed(X) 80.6 N/A N/A

RctO2- Free(+) 1.945 N/A N/A

CPEctO2--T Free(+) 0.0018396 N/A N/A

CPEctO2--P Free(+) 0.70485 N/A N/A

RdO2- Free(+) 4.893 N/A N/A

CPEdO2--T Free(+) 0.090759 N/A N/A

CPEdO2--P Free(+) 0.57694 N/A N/A

Rv el Fixed(X) 31 N/A N/A

CPEv-T Free(+) 6.9921E-08 N/A N/A

CPEv-P Free(+) 0.61688 N/A N/A

Data File:

Circuit Model File: D:\Electra\EIS\BGLC 983\Eq model 3 rails

 650.mdl

Mode: Run Simulation / Selected Points (0 - 73)

Maximum Iterations: 100

Optimization Iterations: 0

Type of Fitting: Complex

Type of Weighting: Calc-Modulus

Gives real Rp-values 

Ratio fixed 
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Perovskite electrode on BaZr0.7Ce0.2Y0.1O3 (BZCY) 

 Direct deconvolution of three rails 

 Protons vs oxide ions 

 Effect of electronic conduction 

Standard deconvolution Approach II: 3 Rails 
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Conclusions 

 Proton conducting oxides  

◦ Exhibit also some oxide ion conduction 

 especially at higher temperatures 

◦ Exhibit some electronic conduction,  

 especially at high or low pO2 (p- or n-type)  

 affecting especially electrode studies 

 

 Oxide-based oxygen electrodes  

◦ Tend to enhance oxide ion path over proton path 

 

 Consequences for (oxygen) electrode studies 

◦ Impedance spectra must be interpreted accordingly 

◦ Conductivity data necessary as input 

◦ Go to lower temperatures! 

◦ Electrochemical impedances appear lower than they are 


