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Preparation and Perfor mances of Tubular Cone-shaped Anode-supported
Segmented-in-series Direct Carbon Solid Oxide Fuel Cell
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Abstract: To solve the problem of large concentration polarization impedance of anode-supported direct carbon solid
oxide fuel cell (DC-SOFC), tubular cone-shaped anode-supported segmented-in-series solid oxide fuel cell (SOFC)
was prepared by an improved gel-casting method. By appropriately increasing content of the solvent, fluidity of the
slurry and quality of the obtained product were improved. By increasing content of the pore-forming agent, the
porosity of the anode was increased, reducing the diffusion resistance of gas. As-improved SOFC was fueled by
hydrogen and operated at 800 ‘C with an open-circuit voltage of 1.05 V. The polarization impedance of the

electrochemical impedance spectrum decreased while the maximum power density was 0.67 W-cm > and the active

Wi A #A: 2023-12-27; YRS AHE: 2024-02-18; MZHARAH: 2024-03-08
HLWH: ExREMRREIE4S(91745203, U1601207)

National Natural Science Foundation of China (91745203, U1601207)
EHZ BN HAEEE1998-), 5, B LAF 50 4. E-mail: 1193676345@qq.com

YE Zibin (1998-), male, Master candidate. E-mail: 1193676345@qq.com
BIEIEE: X 1T, #4%. E-mail: Jiangliu@scut.edu.cn

LIU Jiang, professor. E-mail: Jiangliu@scut.edu.cn



820 T AL A R R

39 %

area of the cathode was 2.2 cm’. These SOFC electrochemical performances were significantly higher than that before

improvement. Activated carbon loaded on the anode with 5% (in mass) K as catalyst was directedly used as the fuel of

SOFCs. Using this anode-supported direct carbon, the DC-SOFC was prepared, showing an open circuit voltage of

1.030 V and a peak power density of 0.74 W-cm™ at 800 ‘C. This DC-SOFC was discharged at a constant current of

400 mA, and its effective utilization rate of carbon fuel was 31% which was higher than that before improvement

(17%). Four improved tubular cone-shaped single cells were connected in series to form a four-cell stack, showing a

peak power of 8.0 W and a corresponding power density of 0.91 W-cm™ at 800 ‘C, which was higher than that before

improvement (4.1 W), exceeding the maximum of previous reported DC-SOFC , and displayed an effective utilization

rate of 15% for carbon fuel.

Key words: direct carbon solid oxide fuel cell; gel-casting; Boudouard reaction; tubular cone-shaped

segmented-in-series; potassium catalyst
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Fig. 1 Preparation of solid oxide fuel cells

(a) Ilustration of process for preparing anode supports; (b) Photo of a series of tubular cone-shaped SOFCs at different preparation stages (2—6) in

contrast to green anode support (1); (¢) The segmented-in-series four-cell stack; The tubular cone-shaped SOFCs marked with 2—6 are pre-sintered

anode support, anode support with a co-sintered functional layer, anode support coated with electrolyte layer, completed tubular cone-shaped cell
with one end closed, and completed tubular cone-shaped cell with both ends open, respectively
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Fig. 2 Illustration of testing system of the segmented-in-series four-cell stack
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Fig. 3 Electrochemical performance and microstructure of hydrogen-fueled SOFC single cell before and after process improvement
(a, b) Output performances; (c) Electrochemical impedance spectra; (d) Comparison of the corresponding fitted resistances;
(e, f) Microstructures of the SOFC observated by SEM. Colorful figures are available on website
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Fig. 4 Electrochemical performance of a single DC-SOFC using 5% (in mass) K activated carbon
(a) Output performances; (b) Open circuit voltages; (c) Electrochemical impedance spectra; (d) Comparison of the corresponding fitted resistances;
(e) Discharge characteristics. Colorful figures are available on website
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