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Synthesis and Electrochemical Properties of Pr,_ SrCo,sNi,sO,; Cathode Materials
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(Key laboratory of Functional Inorganic Material Chemistry, Ministry of Education,
School of Chemistry and Materials Science, Heilongjiang University, Harbin 150080, China)

Abstract: Intermediate temperature solid oxide fuel cells (IT-SOFCs) cathode materials Pr;_SrCosNigsO4.5 (P, SCN,
x=0.0, 0.05, 0.10, 0.15, 0.20) are synthesized by solid-state reaction method. The phase, thermal expansion coef-
ficient (TEC), conductivity, electrode morphology and electrochemical properties are characterized. XRD results
show that the oxides crystallize in a single K,NiF, structure with a space group of I4/mmm. The cathode materials
exhibited good high temperature chemical compatibility with electrolyte Cey9Gdg,0,05 (CGO). lodometry analysis
shows that with the increase of Pr**vacancy concentration, the average valence of Co/Ni ions in oxides increased
stepwise with the increase of x and then decreased after x=0.10, while the content of oxygen vacancy increased
gradually. Introducing Pr** vacancy significantly improved the conductivity of the material. The highest conduc-
tivity of 309 S-em™ was found in Py SCN at 700 °C in air. The thermal expansion measurement results show that
TEC increased with the increase of Pr’* deficiency, and the maximum value is 1.51x107° K. Electrochemical
impedance spectroscopy (EIS) measurements show that Pr vacancy significantly reduced the polarization resis-
tance of the electrode, and the smallest polarization resistance of 0.21 {)+c¢m?* was obtained on PygSCN cathode at
700 °C in air. The maximum output power density of electrolyte supported single cell NiO-CGO/CGO/PyoSCN was
197.8 mW-cm™ at 700 C.
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Table 1 Cell parameters, mixed valence states and oxygen contents of P, _SCN oxides

Lattice parameters lodometric titration XPS
P,_SCN Mixed valence Oxygen Mixed valence Oxygen
a/nm ¢/ nm V / nm’
of Co+Ni vacancy () of Co+Ni vacancy (6)
x=0.00 0.378 10 1.233 86 0.176 40 2.71 -0.145 2.69 -0.155
x=0.05 0.378 81 1.236 17 0.177 39 2.79 -0.176 2.76 -0.195
x=0.10 0.380 60 1.242 11 0.179 93 2.83 -0.233 2.80 -0.250
x=0.15 0.382 24 1.248 38 0.182 40 2.81 -0.320 2.79 -0.330
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Table 2 Analysis results of Co2p XPS spectrum

Fitting peak area fraction / %

Pri_SrCoysNipsOus

Binding energy / eV

Energy level

Co ion average valence

Co™* Co™ Co* Co™

2pin 14.17 85.83 798.32 795.55

x=0.00 3.14
2psn 13.17 86.83 781.84 780.17
2pin 23.90 76.10 798.33 795.56

x=0.05 3.24
2pan 24.82 75.18 781.87 780.14
2pin 29.19 70.81 798.31 795.58

x=0.10 3.29
2pan 27.53 72.47 781.86 780.15
2pin 27.36 72.64 798.30 795.57

x=0.15 3.27
2psn 28.47 71.53 781.85 780.13

Table 3 Analysis results of Ni2p XPS spectrum

&3 Ni2p B9 XPS tiEHES

Pri_SrCoysNipsOus

Energy level

Fitting peak area fraction / %

Binding energy / eV

Ni ion average valence

Ni3+ Ni2+ Ni3+ Ni2+

2pin 23.08 76.92 874.58 872.70

x=0.00 2.23
2pan 22.17 77.83 856.98 855.11
2pin 24.78 75.22 874.63 872.71

x=0.05 227
2pan 26.58 73.42 857.02 855.09
2pin 30.85 69.15 874.61 872.73

x=0.10 2.31
2pan 29.77 70.23 857.00 855.12
2pin 31.32 68.68 874.59 872.72

x=0.15 2.31
2pan 30.15 69.85 857.01 855.13
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