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The aim of this presentation is to address three fundamental questions related to solid oxide cells:

(1) Are the oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) truly the rate-limiting
steps in the high-performance of solid oxide cells, and how can we definitively quantify the area
specific resistance of the oxygen electrode?

(2) What causes the phenomenon known as “electrochemically driven phase transformation,” and how
can our understanding of this process be applied to create electrodes that are both high-performing and
durable?

(3) How can we develop reliable accelerated testing protocols for both solid oxide fuel cells and solid
oxide electrolysis cells, and which physical processes are being accelerated through these tests?

The accurate quantification of electrode polarization in fuel cells and electrolyzers holds critical importance
but presents a significant challenge due to the extensive overlap in polarizations from both the anode and
cathode, whether in DC or AC measurements. This overlap creates a notable gap in our understanding of
electrode behavior and in the development of electrochemical devices that are both high-performing and
durable. In this presentation, | will introduce a reliable method for measuring the polarization of individual
electrodes within a solid oxide cell. This technique is versatile and can be easily adapted for use in various
types of electrochemical cells. Additionally, we will explore the limitations associated with using the
distribution of relaxation times (DRT) analysis for determining the polarization of individual electrodes.

We will then address the origin for the phase transformation observed in an oxygen electrode during operation,
as opposed to what is seen with thermally annealed materials. By integrating electronic conduction at the
interface layer, we can significantly reduce the occurrence of phase transformation. This understanding of
“electrochemically driven phase change” is crucial for the development of reliable accelerated testing
protocols. Such protocols are essential in solid oxide fuel cell research to speed up the investigation of
durability issues, quickly identify potential failure mechanisms, and ultimately estimate the lifespan of
electrochemical cells. In our study, we compared solid oxide fuel cells operated at constant current density
with those subjected to accelerated testing methods, which involve intermittent current injections. We have
formulated a general accelerated testing framework, which will be presented in detail.

Finally, we will present a theoretical model that underlies those three questions and can be used to address
stability and durability issues in solid oxide cells.
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