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ABSTRACT

In order to characterize the influence of the reaction-site density on the cathodic polarization property of LSCF, we chose the porosity
of LSCF as a main controlling variable, which is supposed to be closely related with active sites for the cathode reaction. To control
the porosity of cathodes, we changed the mixing ratio of fine and coarse LSCF powders. The porosity and pore perimeter of cathodes
were quantitatively analyzed by image analysis. The electrochemical half cell test for the cathodic polarization was performed via 3~
probe AC-impedance spectroscopy. According to the investigation, the reduction of oxygen at LSCF cathode was mainly controlled
by following two rate determining steps; 1) surface diffusion and/or ionic conduction of ionized oxygen through bulk LSCF phase, ii)
charge transfer of oxygen ion at cathode/electrolyte interface. Moreover, the overall cathode polarization was diminished as the cathode
porosity increased due to the increase of the active reaction sites in cathode layer.
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Table 1. Various Reaction Models for Oxygen Reduction at SOFC Cathode

Reaction step Reaction equation Reaction type m of P’on2
Model for electronic conducting cathode (LSM)
1 O,(g)>20,, Adsorption/Dissociation -~
2 Oute—> 04y Tonization of oxygen 3/8
3 0, Ozpp Surface diffusion 1/4
4 OppptetV,—>0} Charge transfer at TPB -
Model for composite cathode (LSM-YSZ)
1 0,(g)>20,, Adsorption/Dissociation ~
2 O,yte—> 0,y Ionization of oxygen at adsorption site 3/8
3 00— Orpp Surface diffusion 1/4
4 Orppte— Oy Ionization of oxygen at TPB -
5 0;1:3"' Vo— 0% Charge transfer at TPB 0
Model for mixed conducting cathode (LSCF)
1 0,(g)>20,, Adsorption/Dissociation -
2 Ote—> 0,y Ionization of oxygen 3/8
3 044 Ointertace Surface and/or bulk diffusion 1/4
4 Oiierface+€—> O,-z,,:e,face Tonization of oxygen at interface -
5 Oii,_e,face+ Vo—> 0} Charge transfer at interface 0
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Table 2. The Reaction Rate of Corresponding Reaction Steps

Reaction step Reaction rate

Stepl r= klpOZ—k{a?)ad

Step2 ry =k, dexp(—%ﬂ:") —ka, dexp(%fE)
Step3 ry= k;ao;d—kiao-r "

Step4 rs=kja o~ kya Orrm

Step5 rs= kSao%;,B_k;
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Fig. 1. (a) photograph of and (b) schematic of symmetric half cell.
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Fig. 3. Compositional dependence of porosity and pore
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Table 3. Cathode Composition and Its Related Microstructural Property (Sintered at 1150°C for 2 h)

Sample LSCFO0 LSCF25 LSCF50 LSCF75
Coarse powder (wt%) 0 25 50 75
Fine powder (wt%) 100 75 50 25
Porosity (%) 14.0+0.7 23+1 3912 27+1
Perimeter (mm) 2.43+0.05 2.89 £ 0.06 3.6x0.1 2.96 £0.09
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Fig. 4. Typical impedance spectrum and its fitting results with
equivalent circuit.
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Fig. 5. Arrhenius plot of cathodic polarization resistance of
LSCEF electrode.
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Fig. 6. Effect of applied current on the polarization resistance
of LSCF cathode.
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Fig. 8. Polarization resistance versus cathode porosity.
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