
Determining Degradation Mechanisms in Regenerative Solid Oxide Cells 

 

Carbon emissions are a principal environmental concern in the United States and 

are largely due to fossil fuel energy production. Regenerative Solid Oxide Cells (reSOCs) 

present a solution to eliminate carbon dioxide as a byproduct of energy production and to 

provide a reusable device for large-scale energy storage. My project will focus on 

optimizing materials and operating conditions for hydrogen reSOC technology in order to 

advance the possibility of reSOCs in industrial applications. More specifically, I will be 

investigating degradation mechanisms at electrode-electrolyte interfaces in order to 

determine ideal temperature, current density, and pressure conditions.  

ReSOCs reuse energy by running a Solid Oxide Fuel Cell (SOFC) to create 

energy and a steam byproduct, and a Solid Oxide Electrolyser Cell (SOEC) to regenerate 

the steam byproduct into hydrogen by applying a voltage. Many degradation mechanisms 

for SOFCs are widely understood in literature, but SOEC degradation mechanisms are 

still theories. SOFCs are very similar to SOEC in that they have the same structural 

components, oxygen electrode, fuel electrode, and electrolyte, but differ in their 

electrochemical processes. SOFC operating efficiency and service life have been 

improved to establish SOFC technology in industry, providing hope for future 

improvements of SOECs.  

Literature suggests that SOFC degradation is due to poor contact between 

adjacent cell material components, coarsening of oxygen and fuel electrodes, and 

obstruction of reactive sites [1]. These forms of degradation have been connected with 

specific mechanisms such as insufficient thermal expansion compatibility of cell 

components and undesirable material properties such as porosity, melting temperature, 

electronic conductivity, and ionic conductivity [1]. Although similar degradation effects 

have been observed in SOEC technology, primarily delamination of the oxygen 

electrode, the same degradation mechanisms cannot be attributed to failure because of the 

difference in electrochemical processes. Virkar et al. suggest that oxygen electrode 

delamination can be attributed to an increase in oxygen partial pressure at the oxygen 

electrode - electrolyte interface due to high temperature and current cycling conditions 

[2]. Many researchers are investigating this theory but it has yet to be experimentally 

proven and confirmed.  

In prior research, I conducted a long-term experiment applying a specific current 

density to a symmetrical LSM-YSZ (lanthanum strontinum manganite oxide - yttria-

stabilized zirconia) oxygen electrode cell, simulating electrolysis to convert steam into 

fuel. The data collected from these tests support delamination of the oxygen electrode as 

the primary cause of failure, but the electrochemical response data did not confirm 

Virkar’s theory of an increase in oxygen partial pressure. It is thought that an increase in 

applied current density increases oxygen partial pressure produced, therefore speeding up 

oxygen electrode – electrolyte delamination and degradation of the cell [2]. However, a 

large current density is favorable in that it generates a greater applied voltage, which in 

turn accelerates the electrolysis reaction. In order to confirm or deny this mechanism of 

degradation, additional current cycling tests must be performed at various current 

densities and temperatures that have not yet been attempted.  

In efforts to improve operating conditions, extensive literature has been published 

on the dramatic improvement of SOFC efficiency under pressure [3].  However, there has 



been little investigation of SOECs under pressurized conditions. In 2014, Kazempoor, 

Wendel, and Braun et al. published preliminary results running reSOCs under pressurized 

conditions, demonstrating improved electrolysis operation. The study identified that 

increasing operating pressure greatly decreases electrochemical losses from diffusion and 

ionic charge transfer, and reduces the required operating temperature, increasing energy 

efficiency [4]. However, this experiment uses an anode-supported cell made with 

material other than LSM-YSZ. This elementary research has created a path for many 

more experiments in SOEC pressurization testing and the need for further research on the 

effect of pressure on LSM-YSZ oxygen electrode symmetric cells.  

 My project will take place in Professor Scott Barnett’s fuel cell laboratory and 

will consist of two parts: long term current cycling tests in atmospheric pressure 

conditions and short term current cycling tests in pressurized conditions. First, I will 

fabricate symmetric cells made from YSZ electrolytes and LSM-YSZ oxygen electrodes. 

Two LSM-YSZ cells will then be rigged for current cycling and placed into individual 

high temperature furnaces. The two tests will be run at the same temperature, but with 

different current densities for direct comparison. EIS (electrochemical impedance 

spectroscopy) responses will be recorded each day for 1000 hours, which is equivalent to 

just over 41 days. Analysis will consist of comparing the EIS data and scanning electron 

microscope (SEM) images to previous tests in order to determine commonalities in 

degradation. Commonalities may include degradation at similar current densities or over-

potentials, similar temperature dependencies, or similar electrochemical modeling 

responses. During this time and throughout the second half of the eight-week summer 

term, I will work to transform the SOFC pressurization chamber into a reSOC 

pressurization testing chamber, as performed in literature [4]. Tests will then be 

performed on symmetrical LSM-YSZ electrode cells and their electrochemical responses 

will be recorded and analyzed. Analysis of pressurization data will consist of comparing 

cell resistance, degradation, and electrochemical response at increasing pressures up to 

10atm. By the end of the eight weeks, I hope to confirm or deny the increase in oxygen 

partial pressure at the interface as the mechanism of SOEC oxygen electrode 

delamination and understand the effects of increasing pressure on SOEC oxygen 

electrodes.  

I have worked in Professor Scott Barnett’s lab since April 2014, spending all of 

Summer 2014 working on fuel cell fabrication, pressurization, and long term current 

testing. In Professor Barnett’s MatSci 340 Ceramic Processing class, I learned techniques 

of ceramic fabrication and the math behind ceramic properties. In MatSci 399 I 

conducted a long-term test involving cell fabrication, data collection, and analysis for a 

final report and presentation. In MatSci 332 Fracture Mechanics I learned how to use 

imaging lab equipment and have become comfortable in a lab environment through all 

MatSci class labs. I will also be enrolled in Professor Barnett’s MatSci 382 

Electrochemical Energy Materials and Devices in Fall 2015 in which I will further my 

understanding of electrochemical responses and improve my ability to analyze 

electrochemical data.  

This summer project will help to determine the theories behind current 

degradation mechanisms in SOEC and will explore the possibility of improving reSOC 

performance by pressurization. I will be enhancing my academic experience in Materials 

Science and Engineering with impactful lab work experience and will be able to dedicate 



full time efforts to research, which I cannot do during the academic year. I will continue 

investigating the performance of reSOCs in Professor Barnett’s laboratory for my senior 

thesis project and hope that a summer of study will allow me dive deeper into fuel cells 

and contribute to research to my greatest potential. Furthermore, I hope to continue clean 

energy research as a PhD candidate and eventually in industry.  
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