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Structural Defects Design and Properties Tuning of Double Perovskite Ceramic Anode for
Solid Oxide Fuel Cells

DU Zhihong"?, LI Yuanyuan', ZHAO Hailei'*, ZHANG Yang'
(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: The crystal defects structure, thermal expansion coefficients, electrical transport property, redox cycling stability, and
electrochemical performance of Sr,FeMogsMgg25Alp150s (SFMMA) double perovskite material as a high-performance anode for
solid oxide fuel cells (SOFCs) were investigated. The SFMMA has a tetragonal structure of / 4/m at room temperature, but transforms
into a cubic structure of F m 3 m at 400 °C. The real structure of SFMMA should be in the form of Sty(Fey75Mgo25)(Mog ¢FegsAlg 15)”
Og.5, generating a plenty amount of anti-site defects Feg- and —Feg—O—Fep: — bonds formed in the crystal lattice, which are
beneficial to the formation of oxygen vacancies and migration of oxygen ions. The thermal expansion coefficients of SFMMA anode are
13.0x10° K™ and 17.6x107° K" at 25400 °C and 400900 C, respectively. The electrical conductivity of SFMMA is greater than
35 S/cm in the operating temperature range of 600-900 C. The SFMMA anode shows a fast oxygen surface exchange kinetic and an
excellent redox cycling stability. The area specific resistances of SEMMA/La, 4Ce sO2(LDC)/Lay §S,9,GagsMg,03(LSGM)/LDC/SFMMA
symmetrical half-cell are 0.096, 0.142, 0.239 Q-cm*and 0.447 Q-cm? at 900, 850, 800 °‘C and 750 ‘C in wet H, (3% H,O,
50 mL/min), respectively. The electrolyte supported single cell with the configuration of SFMMA/LDC/LSGM (300 pm)/
PrBay 5Sry 5Co; sFeg 50545 can deliver a maximum power density of 886 mW-cm > at 850 C.
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O—SFMMA is SryFeMogsMgo2sAly 1506 sintered at 800 ‘C for 4 h, then
sintered at 1 200 C for 10 h in air. R—SFMMA is O—SFMMA reducted at
900 °C for 10 h in 5% H,/95% Ar.
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Fig. 1 XRD patterns of O-SFMMA and R-SFMMA
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Fig. 2 SEM image of O-SFMMA anode powders
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Fig. 3 XRD patterns with Rietveld refinement of R-SFMMA
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Table 1 Lattice parameters for R-SFMMA with different lattice models

Lattice 8¢ (0.25,0.25, 4b(0.5,0.5, 4a(0,0,0), 24e(x,0,0),

Models Space group 0.25), Uiso, 0.5), Uiso, Uiso, Uiso, )(2 RyY/% Ryp/%
parameters/nm
Occupancy Occupancy Occupancy Occupancy
Sra(FepsMgoasAlois). Fm3m  a=b=c=0.787 7 Sr, 0.0224(1), 1 Fe/Mg/Al, Mo/Fe, 0.2587(3), 20.47 2.58 1.40
(Mog¢Feo4)Os 0.0196(2), 0.0196(2), 0.0470(7), 1
0.6/0.25/0.15 0.6/0.4
Sry(Feg.7sMgo.25)- Fm3m a=b=c=0.7877 Sr,0.0237(1), | Fe/Mg, Mo/Fe/Al, 0.2521(3), 15.31 223 1.28
(Moo cFeo25Alo.15)O6 0.0159(2), 0.0159(2), 0.0448(6), 1
0.75/0.25 0.6/0.25/0.15

a, b and c are lattice parameters; 4a, 4b, 8c, 24e are the position parameters; ){2, Ry, and Ry, are the error factors for XRD refinement.
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Fig. 4 High temperature XRD patterns of O-SFMMA in air
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Fig. 9 SEM micrograph of the cross-section of SFMMA
porous bar after redox cycling test
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