
Operating an Intermediate-Temperature Solid Oxide Fuel Cell with Methane Fuel 
As the increased burning of fossil fuels has led to air pollution and the accumulation of 

greenhouse gases, the need for clean, alternative energy is greater than ever before. While solar 
and wind energy are great options, they can be affected by external factors such as the weather or 
the time of the day. Therefore, the development of an alternative energy system that is both clean 
and efficient is necessary. My research question for the summer is: how will operating an 
intermediate-temperature solid oxide fuel cell (IT-SOFC) with methane (CH4) fuel affect the 
cell’s power density and lifespan? In preparation, I am currently learning to fabricate an IT-
SOFC in Professor Barnett’s lab. I will answer this question by operating an IT-SOFC with 
methane fuel and measuring the amount power produced and the extent of cell degradation. 

Solid Oxide Fuel Cells (SOFCs) are a very promising alternative energy technology that 
can produce electricity efficiently with very low emissions. Fuel cells in general work like a 
battery and convert chemical energy into electrical energy.4 SOFCs in particular operate at high 
temperatures of ~900 degrees Celsius and convert hydrocarbon fuels such as methane into 
electrical energy.4 SOFCs are composed of three solid, ceramic parts: an anode, a cathode, and 
an electrolyte in the middle (Figure 1). At the cathode, methane fuel is broken down into carbon 
monoxide and hydrogen gas at the high temperature. At the anode, oxygen gas is changed into 
oxygen ions at the high temperature. These ions pass through the electrolyte layer and combine 
with the hydrogen and carbon monoxide to form water, carbon dioxide, and electricity.2 

Compared to a traditional electric power plant, SOFCs will produce more energy using 
the same amount of fuel, with an energy efficiency of up to 85% when the generation of both 
heat and electricity is considered.3 In addition, nitrogen oxide, sulfur oxide, and other common 
pollutants are not produced by SOFCs.4 These points, along with its versatile fuel compatibility, 
make SOFCs an attractive option for alternative energy.  

Current SOFCs operate at temperatures of 750-900 °C, which allow for the advantages of 
high efficiency and high power density.3 Another benefit of the high temperature SOFC is its 
ability to use a variety of hydrocarbon fuels, since the fuel reforming takes place internally.4 Fuel 
reformation is the process of breaking down hydrocarbons into hydrogen and carbon. However, 
the high operation temperature also presents problems such as a high material cost and 
durability, since the materials around the fuel cell have to be able to withstand the heat. A SOFC 
that can operate at intermediate temperatures (IT-SOFC) of around 650 °C would increase the 
number of materials compatible with the fuel cell, as well as increase its lifespan by slowing 
down important degradation mechanisms.1 Therefore, my research question is: how will 
operating an IT-SOFC with methane affect the cell’s power density and lifespan?  

While high temperature SOFCs have been proven to work with hydrocarbon fuels such as 
methane, IT-SOFCs have only been tested with pure hydrogen as its fuel. Currently, high 
temperature fuel cells can convert the carbon from hydrocarbon fuel into carbon dioxide that is 
released from the cell.4 A potential problem, not present at high temperatures or with pure 
hydrogen, is the deposition of carbon in the anode known as ‘coking’ which would severely 
damage the cell.1 Answering my research question will determine the combined effects of a 
lower operation temperature and the presence of carbon on the cell degradation and performance 
of an IT-SOFC. An operational IT-SOFC that can successfully reform hydrocarbon fuels and 
produce carbon byproducts that do not damage the cell will result in much lower costs of 
fabrication and bring SOFCs one step closer to more widespread commercialization. 
 A fuel cell that operates at intermediate temperatures will have a different composition 
than a high temperature fuel cell. The IT-SOFC that I will be testing will be made of a LSGM1 



electrolyte with an SLT1 anode support. The electrolyte is the structure in the middle of the cell 
that conducts the oxygen ions from the cathode to the anode (Figure 1). Currently, the most 
commonly used electrolyte is YSZ3, which is used for high temperature fuel cells.3 I will be 
using LSGM as the electrolyte because of its high ion conductivity at low temperatures.1 For the 
anode, I will use porous LSGM, which works at lower temperatures but is known to have poor 
mechanical strength. To resolve this, I will use SLT as a support to make to make up for 
LSGM’s weaker mechanical strength.1 In addition, I will be incorporating nickel (Ni) into the 
anode through a process called infiltration. Tests have shown that the Ni in an LSGM anode 
helps break down hydrogen fuel.1 Whereas high temperatures are what normally allow for fuel 
reformation, in an IT-SOFC, Ni will be used as a catalyst for fuel reformation to make up for the 
lack of heat. To complete the cell, the standard LSCF-GDC1

 cathode will be used (Figure 2). I 
will answer my research question by measuring the power density, electrochemical 
characteristics, and the rate of degradation of this IT-SOFC operated under different 
concentrations of methane fuel for the first time. 

In the first two weeks of the summer, I will measure the power densities produced by the 
IT-SOFCs running with different concentrations of methane fuel and under different operation 
temperatures. The testing will be done in a tube furnace, where the operation temperature can be 
controlled. For data collection, I will use Electrochemical Impedance Spectroscopy (EIS), which 
will give me details on the electrode performance of the cell, including the ability to identify the 
onset of coking and separate resistances associated with chemical reaction or gas diffusion.  I 
will also use a Kiethley sourcemeter to generate the current vs voltage curves needed to calculate 
power density. With this data, I will be able to determine the operation temperature and methane 
concentration relation that will produce the highest power density. For the next four weeks, I will 
be testing for degradation of the cells over time. From my previous tests, I will identify the 
operation temperatures and methane concentrations that produced the highest power density. I 
will then run the fuel cell under these conditions for an extended amount of time and monitor the 
changes on power density over time using EIS and the current vs voltage curves generated by the 
Kiethley sourcemeter. A decrease on the power density or a change in EIS characteristics will 
indicate degradation. In the last two weeks of the summer, I will analyze the cells using a 
scanning electron microscope (SEM) to observe any damage done to the microstructure in order 
to identify the sources of degradation. By the end of the summer, I will have gathered the data 
necessary to determine the optimal operation temperature and methane fuel concentration of an 
IT-SOFC, as well as the effects of that methane fuel on the degradation of the cell over time.  

My previous experience in research has prepared me for this summer project. Last winter 
quarter, my CASPIE group was awarded first place for our research project. CASPIE is a 
program that gives students taking accelerated general chemistry a chance to conduct their own 
research experiment in lab. In addition, I have been working in Professor Barnett’s lab since the 
beginning of this quarter. So far, I have learned the procedures for producing the SLT anode 
support, as well as the LSGM electrolyte. In the coming spring quarter, I will learn how to 
fabricate the rest of the cell and learn the mentioned techniques that will be used to test the 
performance of the fuel cells. By the summer, I will have finished producing the IT-SOFCs that 
will be used for testing.  

I plan to work on SOFCs as the topic for my senior project so I will continue to do 
research on this topic for my next two years at Northwestern. In the future, I plan to work in an 
industry that will allow me to work with SOFCs, or any other technology that goes towards 
producing clean and efficient alternative energy.  
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Appendix 

 

Figure 1: Operation of a Basic SOFC5 

 
Figure 2: The anode, cathode, and electrolyte layers of an IT-SOFC1 
 


