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Fig. 1 Measurement of proton concentration in mixed conductor by thermogravimetry: (a) The step weight change of BSFZ after

exposed to humid air, and (b—d) the oxygen vacancy, hole and proton concentration at various temperature(3®!
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Fig. 2 Measurement of proton surface exchange kinetics in mixed conductor by electrical conductivity relaxation: (a—c) the
conductivity change profiles of BCFZY in ECR test, (d—f) the normalized electrical conductivity curves, and (g—h) the
proton surface exchange rate under various temperature and oxygen partial pressurel*”)
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Fig. 3 Defect concentration: (a—b) the concentration change in hydration/hydrogenation, (c—d) the concentration change in
oxygenation/dehydrogenation reaction and (e—f) the electrochemical driving force and amount of proton in the uptake

process 4]
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Fig. 4 Chemical driving force for proton uptake process: (a—c) the normalized conductivity curves of BCFZY in proton uptake

process, (d) the proton surface exchange coefficient and (e—g) the electrochemical driving force and amount of proton in the

uptake process
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Research Progress on Proton Uptake/Transport Process in Solid Oxide Fuel Cell Air
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Extended Abstract

The proton surface uptake and transport properties in air electrode materials can be complex due to the proton could be effective
for protonic ceramic fuel/electrolysis cells. This review summaries the proton surface uptake, transport and the coupled properties in
mixed conductors. The proton in mixed conductor with hole, oxygen vacancy and proton conductivity can be determined by
thermogravimetric investigations, where the water vapor can occur due to acid-base reaction (hydration) or redox reaction (hydrogen
uptake), depending on the oxygen partial pressure, i.e., on the material's defect concentrations. In addition, the reaction in
hydrogenation reaction can be also determined by electrical conductivity relaxation method due the consumption of hole in proton
uptake process, where the proton surface exchange kinetics can be calculated.

Proton conducting perovskites with significant hole and oxygen vacancy conductivity can make it working as cathode materials
that suits for fuel cells using proton conducting electrolytes. Based on the existing studies, the proton transport process in mixed
conductor is a complicate process where the three majority carriers, i.e., proton, oxygen ion and electron mixed together. And the
effective diffusion coefficient of ions (i.e., oxygen ion and proton) can change, and these observed over-shooting relaxation profiles
can be explained in terms of defect chemical model and transport equations for materials with three mobile carriers. For the complex
transport kinetics, diffusion equations can be derived by the hypothesis of ideally dilute situation.

The two-fold diffusion process can be determined in the water uptake process. The hydration reaction firstly occurs at the
consume of oxygen vacancy. However, in the diffusion step where the incorporated proton/oxygen ion diffuse from outer layer to the
inner bulk, the highly mobile protons are charge compensated by holes under electric neutrality law. That is because of the much
higher diffusion rate of proton rather than oxygen ion, so hole is formed locally instead of waiting for the slowly moved oxygen
vacancy. The non-monotonic process can be monitored by an electrical relaxation method, and the optical absorption spectroscopic
method can allow for an in-situ detection of such re-dox involved reactions as a function of space and time at high temperatures.

Summary and prospects A cathode with mixed hole, oxygen vacancy, and proton conductivity extends the reactive zone for the
oxygen reduction to water beyond the triple phase boundary, making the whole cathode surface an active electrocatalyst. The defect
chemistry (i.e., concentrations and mobilities of point defects) of such materials with three charge carriers is complex, and some of the
desired properties for a PCFC cathode material are in mutual conflict (i.e., proton uptake, electronic conductivity, catalytic activity,
and long-term chemical stability). And the promising protonic cathode material needs a high catalytic activity for the oxygen
reduction reaction to water to improve its performance. Nevertheless, the reactions both require the dissociation of the strong
oxygen-oxygen bond.

The mechanism for this reaction is not exactly identical to that in oxide-ion-conducting cells (where the resulting oxide ions are
incorporated into the cathode material, while on PCFC cathode, they are desorbed in the form of steam). The dependence of proton
uptake on cation composition in cathode perovskites in order to extract the parameters that are most important for a high proton
concentration. Regarding the optimization of PCFC cathode materials, refraining from striving for very high electronic conductivities
is anticorrelated with proton uptake. It is prospected that the role plays due to oversized dopants in barium ferrate for enhancing the
hydration properties. The beneficial effect on protonation is attributed to a higher degree of disorder in the local structure of doped
samples, which translates in B-O-B bonds buckling. The B—-O-B buckling reduces the Fe—O bond covalency (i.e., less Fe 3d-O 2p
orbital overlap), thus decreasing the hole transfer from iron to oxygen. This leaves more negative charge density on the oxide ions,
which increases their basicity and propensity for protonation.

In addition, although the existing thermogravimetric and electrical conductivity relaxation methods still have certain limitations
in measuring proton concentration in mixed ionic conductors. The in-situ characterization techniques (such as in-situ transmission
electron microscopy, in-situ spectroscopy, neutron diffraction, efc.) can be used to analyze the process of proton absorption and
transport in mixed ionic conductors. Also, combining multi-scale simulations with experiments can further analyze numerical values
such as the binding energy of proton absorption and the activation energy of diffusion. For instance, in-situ transmission electron
microscopy is used to directly observe water entering Bao.sSro.sCoo.sFeo.203-5 via introducing a small amount of water vapor into the
TEM chamber. Electron energy loss spectroscopy is also used to determine the formation of oxygen bubbles on the material surface,
while the protons ultimately remain within the material. This result provides the most direct evidence for studying the reactions of
water and protons in mixed ionic conductors.

Keywords mixed ionic and electronic conductor; proton; water uptake; protonic ceramic fuel cells





