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Performance of Nd;NiOy.5-CepgGdy,0,_s Composite Cathodes for
Intermediate Temperature Solid Oxide Fuel Cells
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(1. Institute of Thermal Energy Engineering, School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai
200240, China; 2. Institute of Fuel Cell, School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240,
China)

Abstract: Nd,NiO,.; (NNO)-Ce,3Gdy,0, 5 (CGO) composites were further investigated as cathodes for interme-
diate temperature solid oxide fuel cells (IT-SOFCs). The effects of sintering temperature and the relative propor-
tions of NNO and CGO on the cell performances were systematically investigated. Planar NiO-YSZ an-
ode-supported cells in commercial size of 50 mmx50 mm were fabricated by tape casting, screen printing and
co-sintering methods. A single cell consisted of a NiO-YSZ anode support, a NiO-YSZ anode interlayer, a YSZ
electrolyte layer, a CGO interlayer, a NNO-CGO composite cathode layer, and a Lay¢Sry4C00;3 s (LSC) current
collector from anode to cathode. The results show that the cell with 70NNO-30CGO composite cathode sintered at
1000°C exhibits the highest power density of 385 mW/cm” at 0.7 V at 800°C. The ohmic resistance, polarization
resistance and area specific resistance are 0.31, 0.266 and 0.576 Q-cm’, respectively. The analysis of electrochemi-

cal impedance spectra indicates that the polarization resistance mainly comes from charge transfer resistance. SEM
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image of the cross-section of the cell after testing reveals that each layer has a good adhesion. Meanwhile, compared

with previous research, it can be concluded that adding a CGO interlayer in the single cells leads to an increase in the

ohmic resistances and a decrease in the power densities, whereas the values of the polarization resistances decrease.
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Table 1 Cells with various composite cathodes sintered at different temperatures

Cell No. 1 2 3 4 5 6 7 8
Composite 7O0NNO- 70NNO- 7O0NNO- 50NNO- 60NNO- 8ONNO- 90NNO- NNO
cathode 30CGO 30CGO 30CGO 50CGO 40CGO 20CGO 10CGO
T/C 1000 1050 950 1000 1000 1000 1000 1000
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JER 2 L/mine S ALyb a7, 7575 800°CXf FHAK
IR 2 he 7EFFEHEE FAEHDEE Solarton 2w (1)
1287 THHLALACHT 1260 FHAT 7 AT 08 R L i AL 3k
FHPTIE R, SiSEE R | MHz~0.1 Hz, 1E5X0%ME S
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Fig. 1 TGA-DSC curves of the NNO precursor powder
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Fig. 2 (a) Voltage and power density curves as a function of
current density, and (b) electrochemical impedance spectra and
fit results with the corresponding equivalent circuit

Cell 1 (2, 3) were performed at 800°C with 70NNO-30CGO composite
cathode sintered at various temperatures
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PEBHALZ 9 0.266+ 0.323 #0348 Q-cm?, AL
KR AR RH LA AL BR ALK H T Cell 1, F H. Cell 3 1)
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KHT Cell 1. [FIN, FEFH CGO &M 0 wt% i il
4230 wt%, Rp M 0.379 Q-em® [ % 0.266 Q-cm?; {HBH
# CGO &4k, Re XITHAMINZE 0.657 Q-cm’,
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Table 2 EIS fitted values of the different cells associated to the equivalent circuit reported in Fig.3(b)

Cell No. 1 2 3 4 5 6 7 8 1 1
T/C 800 750 700
Lx107/(Wb-A™) 7.7 7.8 7.6 7.1 73 7.6 7.7 7.7 7.7 7.7
R/ (Q-cm?) 0.31 0.59 0.6 0.27 0.42 0.27 0.32 0.92 0.5 0.77
R,/ (Crcm?) 0.15 0.23 0.25 0.31 0.25 0.25 0.28 0.28 0.30 0.50
R,/ (Qcm?) 0.14 0.11 0.12 0.35 0.13 0.11 0.1 0.1 0.12 0.27
R,/ (Q-cm?) 0.29 0.34 0.37 0.66 0.38 0.36 0.38 0.38 0.42 0.77
ASR / (©-cm?) 0.6 0.93 0.97 0.93 0.80 0.63 0.70 1.30 0.92 1.51
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Fig. 3 (a) Voltage and power density curves as a function of
current density, and (b) electrochemical impedance spectra and
fit results with the corresponding equivalent circuit

Cell 1 (4,5, 6,7, 8) performed at 800°C with various composite cathode
sintered at 1000°C
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Fig. 4 (a) Voltage and power density curves as a function of
current density, and (b) electrochemical impedance spectra and
fit results with the corresponding equivalent circuit

Cell 1 at different operating temperatures. Cell 1 has 70NNO-30CGO
composite cathode sintered at 1000°C
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Fig. 5 SEM image of the cross-section of the single cell after
testing
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