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Abstract: Electrochemical analysis and diagnosis of the SOC stacks, including Solid Oxide Fuel Cells (SOFC) and
Solid Oxide Electrolysis Cells (SOEC), are one of the research challenges in world. In order to optimize performance
and realize practical SOC application, it is crucial to investigate kinetic mechanisms and reaction principle of the mul-
tiple-cells stack. In this paper, the relaxation time distribution method (DRT) combined with the analysis of difference
in impedance spectra method (ADIS) were employed to research the complex electrochemical behavior of SOC stacks
under different operation modes. The DRT characteristic peaks were identified through the analysis and as-segment of
the relaxation time. The changes in the DRT peaks were correlated with the different electrochemical process. The re-
search achievements indicate that the water content should be more than 20% when operated at SOFC mode, while
less than 80% when operated at SOEC mode to minimize the gas diffusion resistance. The research achievements can
provide theoretical data and establish technical foundation for the further study and application of this novel method,
which can reduce the SOC complexity of EIS analysis, apply for the degradation identification and online diagnosis of

stacks, and help to improve the SOC performance.
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Fig. 13 Arrhenius plots of the reversible SOC

(a) SOFC mode; (b) SOEC mode (50%H,+50%H,0 in the hydrogen
electrode, air in the oxygen electrode, Temperature range: 700°C~750°C)
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Table 3 Processes identified by DRT analysis

Equival
Process qglva.ent Frequency range /Hz Dependencies Physical process
circuit
P1 RQ 0.01-1 Po, Gas diffusion in oxygen electrode
) RQ 1-10 Buso» Pars Po, Gas diffusior.l in substrate (f.uel électrode)
overlapped with gas conversion impedance
. hemical surf: h f > bulk
P3 Gerischer 10-100 Po, Chemica su.r acej ex? ar.lge of O, and O bu
diffusion in air electrode
P4 RQ 100-10000 Buo Charge transfer reactions and ionic transport in

YSZ and TPB
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Fig. 14 DRT plots of the Cell-2 and Cell-3 under different
conditions in SOFC mode

Change of gas composition of hydrogen electrode (a), gas composition
of oxygen electrode (b) and operating temperature (c)
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Fig. 16 Arrhenius plots of the Cell-2 and Cell-3 in SOFC
mode
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Table 4 Comparison of the resistances of cell-2 and cell-3 before and after degradation

Before degradation After degradation Impedance growth rate
Cell-2 Cell-3 Cell-2 Cell-3 Cell-2 Cell-3
Ohmic resistance/ (Q-cm™) 0.612 0.471 1.010 0.485 65% 3%
Polarization impedance /(Q-cm™) 1.029 1.066 2.521 1.511 145% 42%
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(T=700°C, SOECmode, 100%H, in the hydrogen electrode, air in the
oxygen electrode)
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