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Research Process on Determination of Oxygen Surface Exchange Coefficient for Oxygen
Electrode Materials of Reversible Solid Oxide Cells

CHEN Ting', LIU Kui', ZHENG Guozhu', ZHANG Guangjun', ZHUANG Zichen', LIN Yihang®, WANG Shaorong'
(1. School of Chemical Engineering and Technology, China University of Mining and Technology, Xuzhou 221116, Jiangsu, China;
2. School of Materials Science and Physics, China University of Mining and Technology, Xuzhou 221116, Jiangsu, China)

Abstract: Energy storage and fuel cell power generation are the most important development directions for realizing the carbon
neutrality goal in China. Reversible solid oxide cells (i.e., RSOCs) are promising electrochemical energy conversion devices with a
high efficiency and a low emission. The polarization resistance of oxygen electrode is large, and oxygen reduction/evolution reaction
(ORR/OER) is sluggish. A lower oxygen exchange rate is considered as a main rate limiting step in reactions of RSOCs, restricting
the efficiency and performance. This review summarized various techniques for characterizing the oxygen surface exchange
coefficient (k), and introduced the working principle, merits and research progress of optical transmission relaxation approach. Also,
this review discussed the factors like defect chemistry, surface chemistry, orientation, grain boundary/grain size and the crystallinity
on the oxygen exchange kinetics and catalytic activity of oxygen electrode, and gave some advices for the future research.

Keywords: reversible solid oxide cells; thin film oxygen electrode; oxygen reduction/evolution reaction; oxygen surface exchange;
optical transmission relaxation
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Table 1 Summary of different methods for determining the oxygen surface exchange coefficients
Methods Type of k Measurement Advantages Disadvantages Reference
Electrochemical Ky Area specific resistance (Rs) No value limit for Requires current collector [20-21]
impedance quantifying k and in
spectroscopy situ
Isotope exchange K Depth profiling of diffused '*O Electrode-free Time-consuming, ex-situ, expensive, [23]
depth profiling non-continuous
Isothermal isotope K Gas composition of an Electrode-free Requires noticeable gas composition [24]
exchange equilibrium in O, isotope ratios change (via large samples)
Conductivity Kehem Continuously electrical In-situ Requires current collector (though not  [69]
relaxation conductivity with an equilibrium directly in the region probed)
of p(0,) change
Oxygen permeation Kehem Oxygen permeation ability across  Electrode-free and Gas sealing limits high temperature [27-28]
the sample under different T and in-situ measurements
p(02)
Gravimetric Kehem Weight change with a p(O,) Electrode-free, in-situ ~ Requires noticeable weight changes [29]
relaxation change and therefore large sample masses
Strain relaxation Kehem Chemical expansion with a Electrode-free and Only provides information of lattice [30]
change of p(O,) in-situ change
Curvature relaxation Kehem Bilayer curvature change with a Electrode-free and Cannot separate the behavior of [32]
change of p(O,) in-situ different local parts of the films
Optical transmission Kehem Optical absorption change with a Electrode-free and Need optical sensitivity to a change in [39]

relaxation change of p(0,)

in-situ

defect concentration
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Fig. 3 Different oxygen surface exchange coefficient (k) motivated by different mechanism with various factors
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