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● Mixed-conducting ceramic membranes  (non-porous)

● Typically operate at 800-900 °C

● Crystalline structure incorporates
oxygen ion vacancies

● Oxygen ions diffuse through vacancies

● 100% selective for O2
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� Gasification applications
– IGCC study with ChevronTexaco

� Combustion applications
– CO2 Capture Project (oxy-fuel boilers)
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� Single-train high-pressure Texaco quench
gasifier (950 psig)

– eastern U.S. coal
– raw syngas expander
– conventional fuel gas cleaning and SRU

� Siemens Westinghouse W501G - 60 Hz (272 MW)

� 100% air / N2 integration of ASU / ITM Oxygen

� HRSG and reheat steam turbine (1800 psig)

� ISO ambient design conditions
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� Phase I - proof of concept
– ceramic fabrication scale-up
– process concept validation tests at lab-scale
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subscale membrane assemblies at 
T and PO2 typical for full process conditions
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� Phase I - proof of concept
– ceramic fabrication scale-up
– process concept validation tests at lab-scale

� Phase II - scale-up to 5 TPD
– design, construction, testing of 5 TPD unit
– engineering, cost, scale-up data for Phase III

� Phase III - 25 TPD pre-commercial demo unit
– fully integrated with gas turbine
– tested at suitable field site
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A significant portion of this report was prepared by Air Products and
Chemicals, Inc. pursuant to a Cooperative Agreement partially funded by
the United States Department of Energy, and neither Air Products and
Chemicals, Inc. nor any of its contractors or subcontractors nor the United
States Department of Energy, nor any person acting on behalf of either:

z  Makes any warranty or representation, express or implied, with respect
to the accuracy, completeness, or usefulness of the information contained
in this report, or that the use of any information, apparatus, method, or
process disclosed in this report may not infringe privately owned rights; or

z  Assumes any liabilities with respect to the use of, or for damages
resulting from the use of, any information, apparatus, method, or process
disclosed in this report.  Reference herein to any specific commercial
products, process, or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Department of Energy.
The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Department of Energy.

This paper was written with support of the U.S. Department of Energy
under Contract No. DE-FC26-98FT40343.  The Government reserves for
itself and others acting on its behalf a royalty-free, nonexclusive,
irrevocable, worldwide license for Governmental purposes to publish,
distribute, translate, duplicate, exhibit and perform this copyrighted paper.
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