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Structure and Properties of Double Perovskite SmBaCoFeOs,; as Cathode for Solid Oxide
Fuel Cells
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(1. School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Municipal Key Lab for Advanced Energy Materials and Technologies, Beijing 100083, China)

Abstract: SmBaCoFeOs.s (SBCFO) double perovskite material as a high-performance cathode material for
intermediate-temperature solid oxide fuel cells (IT-SOFCs) was synthesized by a citrate-nitrite combustion process. The crystal
structure, thermal expansion coefficients, ionic—electronic transport property, electrochemical performance and cell power density
of the material were evaluated. The results show that SBCFO has an orthorhombic structure Pmmm at room temperature, but
transforms into a tetragonal structure P 4/mmm at 300 ‘C. The thermal expansion coefficients of SBCFO are 15.7x10 K™ and
19.6x10 9 K™ at 25-200 ‘C and 200-900 °C, respectively. The electrical conductivity of SBFCO is higher than 100 S/cm at
600-800 C. The synthesized SBCFO exhibits a fast oxygen surface exchange and bulk diffusion kinetics, thus having a low
polarization resistance. The area specific resistances of the SBCFO/La, gSrj,Gag Mgy ,03;(LSGM)/SBCFO symmetrical cell are
0.210, 0.100, 0.054, and 0.032 Q-cm? at 700, 750, 800, and 850 °C in air (50 mL/min), respectively. The rate-determining step of
the oxidation—reduction reaction is the dissociation of adsorbed molecular oxygen into atomic oxygen. The electrolyte supported
single cell, assembled with Ni-Gd, ;Ce( 90,5 as an anode, LSGM (300 pum) as an electrolyte and the SBFCO as a cathode, delivers
a maximum power density of 831 mW/cm? at 800 C.
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Table 1 Lattice parameters for SMCFO with different
models

Structure  a/nm b/nm ¢/nm V/nm® 7 RJ% Ry/%
03905 0.7818 0.7668 0.2341 1225 1.74 222

0.3907 0.7668 0.1170 1.303 1.78 230

P mmm

P4/mmm

a, b and c are lattice parameters; V is lattice volume; %, Ry, and R, are

the error factors for XRD refinement.
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Fig. 2 High-temperature XRD patterns of SBCFO cathode in
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7/C K/(cms™) Di(em*s™)
850 2.0x107° 5.7x107°
800 1.5x107° 3.8x10°°
750 9.1x107* 3.0x10°
700 1.6x107 1.9x10°°
-2 -3.0
{-35
—
-3+ 41-4.0
= 1452
£ Ry
54t 1508
< ; S
5 ’\"’\‘\_, 4-55 %
5k 4-6.0
. KSI!L‘I’() o _65
= LSBCFO
-6 1 1 1 L -7.0
0.88 0.92 0.96 1.00 1.04

1 OTOO/K“

K8 SBCFO MIMAARIMAH R K LRy HIREL D X
Arrhenius 4k
Fig. 8 Arrhenius plots of surface exchange coefficient K and
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Ry and R are the polarization resistances of the arcs at high and
low frequencies.
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Table 3 Polarization resistances of the symmetrical cell SBCFO/LSGM/SBCFO

T/C Ru/(mQ-cm?) Cy/(mF-cm™?) fulHz Ru/(mQ-cm?) Cu/(mF-cm?) fi/Hz Rasp/(mQ-cm?)
700 13 14 849.7 197 327 25 210
750 6 15 1681.8 94 299 5.7 100
800 3 33 1 836.4 51 259 11.9 54
850 1 75 1994.3 31 204 25.4 32

T is temperature. Ry, R, Cu, Ci, fi and fi are the polarization resistances, characteristic capacitances and frequencies of the arcs at high and low frequencies,

respectively. Rasr is area specific resistance of the symmetrical cell.
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