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and to the Space Architect's Capability Requirements 
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Research Partnership Centers Multiple Benefits  

Immediate applications on  Earth. The TFSOFC can be used for 
applications which require high efficiency energy conversion with 
conversion efficiencies greater than 60 %, as well as application that 
require high energy volume conversion such as microelectronics, 
transportation, and distributed stationary power needs.

Leverage NASA research funds.  Current sponsors include the State of 
Texas and the Houston Advanced Research Center.

Project: DESIGN AND DEVELOPMENT OF NEW (EPITAXIAL) 
THIN FILM SOLID OXIDE FUEL CELL
Project description. Fuel cells are electrochemical devices that 
convert the chemical energy in a fuel (hydrogen or a hydrocarbon) 
and an oxidant (pure oxygen or air) directly to electricity, water, and 
heat.  Solid Oxide Fuel Cells (SOFC’s) consist of an electrolyte and 
two electrodes, a cathode and an anode.  A new lower temperature 
thin film solid oxide fuel cell has been designed using epitaxial 
(depositing one layer of atoms at a time) growth of the electrolyte 
and cathode thin film layers.  During basic research, we have 
developed the thin film electrolyte which controls the flow of 
electrically  charged ions from a thin film of only one micron (one-
thousandth of a millimeter) thick.   Thinner electrolyte layers permit 
the operation of our fuel cell at temperatures one-half that of 
traditional bulk SOFC’s. This reduction in temperature would aid in 
reducing the overall cost of fabricating the fuel cell.  Space 
applications that use this technology will not need the exotic 
materials or elaborate heat dissipation systems found in traditional 
bulk ceramic  SOFC’s; our fuel cell utilizes current industrial 
techniques that would drive our fuel cell from the research lab to 
the far reaches of space.

Status: Experiments already completed in space. Original 
experiments on the Wake Shield Facility on the growth of oxide thin 
films in the atomic oxygen environment of low earth orbit space 
helped to advance the science of oxide film growth with a positive 
impact on the ability to grow high atomic quality oxide thin films 
such as those used in the thin film solid oxide fuel cells.

Thin Film Solid Oxide Fuel Cells (TFSOFC’s) have been fabricated 
and tested using multi-textured (polycrystalline) nickel substrates 
as anodes for the fuel cell.

The fuel cells operated at temperatures significantly lower than in 
bulk SOFC’s
(550 °C), compared to 900 °C),  generating power densities of 
above 100 mW/cm2.   Currently, fabrication using roll-textured 
(single crystal) nickel is in progress; thin film electrolytes grown 
upon roll-textured nickel anodes should have lower inner 
resistances and allow for higher power densities at much lower 
operating
temperatures.

Project site(s): Texas Center for Superconductivity and Advanced 
Materials – University of Houston

Space Architect Perspective
Capability Requirements

 OBPR Organizing Questions

Organizing principles Knowns and 
unknowns

Unknown.  Our thin film fuel cells 
require the application of lithography 
and patterning taken from the 
semiconductor industry to generate 
porous electrodes for the fuel cell.  
Reduction of the pore sizes in the nickel 
anode of our thin film solid oxide fuel 
cell, below the current 40 microns pore 
size, may prove to be beneficial for the 
enhancement of maximum power 
densities.  Therefore, research to 
enhance  pore development within the 
nickel anode of our fuel cell will be 
required for optimum fuel cell output.

Importance: energy generation: space.  Research and 
development within our laboratory have enabled us  to provide a 
feasible solution for the looming energy crisis; the advanced  
thin film materials used in our TFSOFC’s will reduce size, 
weight, and operating temperatures for fuel cells used in space, 
thus reducing costs and enabling a new fuel cell technology for 
use in space.  This new availability of electric power in space 
will aid in the development of improved micro-engineered 
devices (sensors, environmental monitors, etc.). 

Known. Since the 1960’s, astronauts 
have been using fuel cell for power 
aboard spacecraft.  By combining 
hydrogen fuel with oxygen, fuel cells 
can produce plenty of electric power 
while emitting only pure water as 
exhaust. In fact, current astronauts 
drink the water produced by fuel cells 
on the space shuttle. However, the 
alkaline fuel cells used are very 
sensitive to carbon dioxide and cannot 
operate in air.  This increases the 
operation costs for the alkaline fuel cell.  
Through our development of a thin film 
solid oxide fuel cell (TFSOFC) 
operating at half the temperature, 
roughly 500 °C, we intend to make our 
TFSOFC easier to both manufacture 
and to fuel.

Plans. To further the 
research and development 
of our Thin Film Solid Oxide 
Fuel Cell's, in partnership  
with both industry and the 
government, for product 
development.

Requirement: basic science. 
Each component of the fuel cell 
experiment, which includes the 
epitaxially grown thin films, 
photolithography patterned and 
chemically etched nickel anodes, 
and its interconnect assemblies, 
require a fundamental 
understanding of the ongoing 
processes and reactions 
occurring within the fuel cell.  
Scientific contributions in the 
areas of chemistry, engineering, 
and physics continue to be 
ascertained while this 
fundamental research takes 
place.  Therefore with each 
discovery, science (as a whole) 
will benefit from our contributions.

Unknown.  Additionally, the fuel tested 
for our TFSOFC has been primarily 
hydrogen; other more readily available 
fuels, such as methanol or even 
gasoline, would need to be  tested in 
order to optimize and improve upon 
our TFSOFC.  This would help to 
determine the temperatures that would 
be best in order to reduce potential 
impairments that may occur in the fuel 
cell, particularly in the nickel anode.  
And although research shows that this 
doesn’t occur, at an appreciable level, 
at the lower temperatures where our 
cells operate, we must be prove this 
through experimental trials utilizing the 
available fuels.  

Capability: Current capabilities at the Texas 
Center for Superconductivity and Advanced 
Materials in support of this work include 
facilities for the fabrication of atomically 
ordered thin film oxide layers, the facilities 
needed for the complete structural, chemical 
and mechanical characterization of these 
layers, and the facilities needed to process 
and pattern the thin film materials.

Importance. It has been stated that energy may be the single most 
critical challenge facing humanity in this century*;  If this is so, then 
the requirements needed to improve life on earth should include the 
following:     
• reducing our dependence on oil
• reducing our current levels of greenhouse and air pollutant 
emissions
• develop electric power devices cost-efficient enough to provide 
humanity with enough energy for their basic needs.
*Dr. Richard Smalley (Nobel Laureate and TcSAM Distinguished 
Lecture Series, Monday March 17, 2003) 

NASA-sponsored research has enabled our laboratory to build 
TFSOFC’s that operate at half the temperature of traditional sintered 
ceramic based SOFC’s. Based upon this research, practical power 
generation can be supplied without using much of the exotic 
materials necessary within traditional SOFC’s.  Though there is still 
much work to be done, these thin film SOFC’s could pave the way to 
near pollutant-free energy that will meet the aforementioned 
requirements necessary to improve life for all humanity.  

Hypothesis. Thinner 
electrolytes in solid 
oxide fuel cells could 
allow for the reduction 
of operating 
temperatures without a 
reduction in 
performance. 
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NASA 2003 Strategic Plan

Goal 3
Create a more secure world 
and improve the quality of life 
by investing in technologies 
and collaborating with other 
agencies, industry, and 
academia.

Goal 10
Enable revolutionary capabilities 
through new technology.

3.4*

Goal 7
Engage the public in shaping 
and sharing the experience of 
exploration and discovery.

10.4

10.6*

Goal 8
Ensure the provision of space 
access and improve it by 
increasing safety, reliability, 
and affordability.

7.3*

8.1

8.2

8.3

8.4

8.6

* These objectives are reflected in the overall Research 
Partnership Program and thus not connected to specific 
requirements of any single research program.
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