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High Stability/Catalytic Activity Co-based Perovskite as SOFC Anode: In-situ
Preparation by Fuel Reducing Method

PAN Jianlong, MA Guanjun, SONG Lemei, HUAN Yu, WEI Tao

(School of Materials Science and Engineering, University of Jinan, Jinan 250022, China)

Abstract: Taking inspiration from the in-situ reduction technique employed for exsolved nano-metal as anodes in
solid oxide fuel cells (SOFCs), this study utilized Sr,V,;Co99M0Qg, which was synthesized in an ambient air
environment, with perovskites of other phases to co-fire with the electrolyte under atmospheric conditions for direct
fabrication of a single cell. By this way, the procedure of subjecting the cell to harsh preparative conditions in a
reducing/inert atmosphere to prevent its anodic oxidation can be circumvented. After preparation of the anode
precursor on the electrolyte sheet, we adopted a simple process of in-situ reduction at 750 ‘C for 4 h on the fuel side

to achieve formation of a pure phase Sr,V,;C0y9sM004 (R-SVCMO) as anode. The results demonstrate a significant

Wi EER: 2024-01-11; WEMEMFEBHEE: 2024-03-08; MLEHMBAHEI: 2024-03-30
E&TH: BXBEREIEHES(51972146, 52072150, 52372194); 1L 444 & A B AT 78 50 H (ZR2022ZD39)
National Natural Science Foundation of China (51972146, 52072150, 52372194); Shandong Province Key
Fundamental Research Program (ZR2022ZD39)
EHZ BN B ERE(1998-), B, WiLAF 4. E-mail: pjl2812054@163.com
PAN Jianlong (1998-), male, Master candidate. E-mail: pjl2812054@163.com
BIEESE: 8 5%, BIZdZ. E-mail: mse_huany@ujn.edu.cn; 2 ¥%, #4%. E-mail: mse_weit@ujn.edu.cn
HUAN Yu, associate professor. E-mail: mse_huany@ujn.edu.cn; WEI Tao, professor. E-mail: mse weit@ujn.edu.cn



912 1 A 7 < = S

39 %

reduction in the activation energy of R-SVCMO, accompanied by an increase in conductivity from 2.7 to 21.6 S-cm .

Moreover, when employing R-SVCMO as anode in a single cell with H, and wet CH, as fuel gases, the maximum

power density (Pna) at 850 “C can reach up to 862 and 514 mW-cm 7, respectively, showcasing exceptional catalytic

performance. The anodes before and after reduction exhibit average thermal expansion coefficient (TEC) of 1.15x10°

and 1.23X10° K, respectively, within the temperature range of 100-850 ‘C, comparable to those observed in

conventional SOFC electrolytes. Therefore, the reduction process does not induce any volumetric changes in the anode

layer, significantly enhancing its structural stability. Meanwhile, degradation rate of only 0.13% is occurred. It is worth

noting that this R-SVCMO synthesis method can result in remarkable long-term stability and high catalytic activity as

an anode material. The obtained R-SVCMO can achieve a 60% catalytic efficiency for wet CH,4 and last for 1450 h.

Based on this R-SVCMO, the single cell can maintain stability for 450 h at 0.7 V. In conclusion, this study

demonstrates an effective way of employing an in-situ fuel reduction method to prepare a single cell with exceptional

electrochemical performance and structural stability.

Key words: solid oxide fuel cell; fuel reducing method; high stable anode; methane fuel
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Fig. 1 XRD patterns of SCMO and SVCMO before and after calcination under different conditions

(a) SCMO powders before and after H, reduction at 750 ‘C for 4 h; (b) SVCMO powders before and after H, reduction at different
temperatures for 4 and 72 h; (c) Enlarged patterns of 26=26°-30° in (b)
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Fig. 2 Microstructure of R-SVCMO sample

(a) TEM image; (b) HRTEM image and (c) corresponding SAED
pattern; (d) STEM image and corresponding EDX elemental mappings
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Fig. 3 Thermal expansion of different materials
(a) Thermal expansion (AL/Lo) curves of electrolyte LSGM, anodes SCMO and R-SVCMO from room temperature to 850 C;
(b) TEC curves of SCMO, SVCMO and R-SVCMO in the range of 100-850 C; (c¢) Comparison of TEC of SCMO, SVCMO and

R-SVCMO with conventional electrolytes and other perovskite anode materials
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Fig. 4 XPS spectra for SCMO and R-SVCMO
(a) Co2p, (b) Mo3d, (d) Ols XPS spectra for SCMO and R-SVCMO; (c¢) V2p XPS spectrum for R-SVCMO
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Table 2 Area content percentages of Mo and Co elements

in different valences, and different O types for SCMO and
R-SVCMO samples based on XPS data

Valence ratio/%

Sample Mo o Co
Mo™ Mo®" Oy 0O, HO Co*" Co**

SCMO 341 659 314 605 82 740 260

R-SVCMO 585 415 31.1 655 34 629 37.1
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(a) Temperature dependence of conductivity curves; (b) Arrhenius curves; (¢) Hp-TPR curves; Colorful figures are available on website
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Fig. 6 Electrochemical performance of single cells with SCMO and R-SVCMO as anode materials

(a, b) I-V-P curves for single cells with (a) SCMO and (b) R-SVCMO as anodes obtained under H, at different temperatures;

(c, d) Electrochemical Impedance spectra for (c) SCMO and (d) R-SVCMO single cells under H, at different temperatures; (¢) Durability of single
cells with SCMO and R-SVCMO as anodes under 0.7 V at 750 C; Colorful figures are available on website
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Fig. 7 Electrochemical performance of single cells or symmetric cells with SCMO and R-SVCMO
as anodes or symmetric electrodes

(a) EIS and (b) DRT spectra of SCMO and R-SVCMO symmetric cells under H, at different temperatures; (c) /-V-P curves and
(d) DRT spectra of R-SVCMO single cell under different H, partial pressures at 750 °C; Colorful figures are available on website
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Fig. 8 Electrochemical performance of single cells with SCMO and R-SVCMO as anodes in CH4 atmosphere

(a, b) I-V-P curves of (a) SCMO and (b) R-SVCMO based SOFC with humidified CH, as fuel gas at different temperatures; (c, d) EIS

spectra of (¢) SCMO and (d) R-SVCMO based SOFC in humidified CH, at different temperatures; (¢) CH,4 conversion rate of
R-SVCMO catalyst for CH4 reforming and R-SVCMO based single cell working at 0.7 V under humidified CH, at 750 C

as a function of testing time; Colorful figures are available on website
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