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DISCLIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government.  Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, 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 Government or any agency thereof.  The
views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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ABSTRACT

In our previous report we showed from numerical simulation that nearly 100% conversion could
be achieved in dehydrogenation of cyclohexane reaction by equilibrium-shift in hydrogen-
selective palladium-ceramic composite membrane. To test the equilibrium conversion, we
designed and fabricated a palladium-ceramic composite membrane in tubular configuration by
electroless deposition. The membrane is highly selective to hydrogen but in test runs it showed
that leakage of hydrogen from the end-seals and metallic fittings is a serious problem. An
attempt to improve the seal by tightening was not helpful but resulted in cracks and breakage of
the ceramic tube. It appears that from engineering application point of view, we need to find an
alternative robust substrate or use some high-temperature sealant to seal the leakage. In next few
months we will explore these options.
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EXECUTIVE SUMMARY

In recent years, there has been increased interest in developing inorganic and composite
membranes for in-situ separation of hydrogen to achieve equilibrium shift in catalytic membrane
reactors. In this work, we are currently studying the use of palladium-ceramic membrane in
membrane reactor for separation and recovery of hydrogen from a dehydrogenation reaction. In
our previous report, we presented a mathematical model to describe the dehydrogenation of
cyclohexane in palladium-ceramic composite membrane reactor. Numerical simulation shows
that nearly 100% conversion of cyclohexane is possible by equilibrium shift using Pd-Ceramic
membrane reactor.  A ceramic-palladium composite membrane in reactor-separator configuration
was designed and fabricated to test the equilibrium-shift conversion. The actual operation of the
system was problematic due to leakage of hydrogen and other gases. This report discusses some
of these issues and future plans.
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INTRODUCTION

The overall objective of this project is to develop inorganic and composite membranes for in-situ

separation of hydrogen and equilibrium shift in catalytic membrane reactors. The specific

objectives of this research are to:

1. Design and fabrication of catalytic membrane reactor using thin film palladium-
composite membrane for dehydrogenation of cyclohexane to benzene

2. Conduct dehydrogenation reaction experiments to study the equilibrium shifts and
hydrogen permeation characteristics

3. Develop a theoretical foundation for equilibrium shifts and hydrogen transport in the
membrane reactor

Membrane Reactor-Separator Fabrication in Tubular Configuration

In our previous report, we presented a mathematical model that describes the dehydrogenation of

cyclohexane in palladium-ceramic composite membrane reactor. The numerical results showed

that nearly 100% conversion could be achieved by proper selection of parameters. To test the

equilibrium-shift conversion, we designed and fabricated a tubular membrane module for our

membrane reactor-separator system. We used our previously developed electroless deposition

method to deposit a thin palladium film on the inner surface of a microporous tube. The reactor

dimensions are as follows:
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While testing the reactor assembly, we observed several problems associated with leakage of gas

through fittings and end-seals of the reactor. Specifically, even by tightening the fittings/seals at

elevated temperature hydrogen leakage is a serious problem. In fact it resulted in cracks and

breakage of the membrane tube. The problem is complicated by the fact that the metallic fittings

and the ceramic tube have dissimilar thermal expansions and results in increased leakage with

temperature. Due to hydrogen leakage, perm-selectivity of the membrane is lost and data

collected was neither meaningful nor representative to the membrane itself.
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RESULTS AND DISCUSSIONS

Although we do not have any result to show, but the experience gained in setting-up the

membrane-reactor system was valuable. Based on this experience, we are now considering two

options to overcome the problems discussed earlier:

§ Use high-temperature organic sealant to seal the ends of the membrane tube where it is

connected to metallic fittings

§ Use microporous metallic substrate (like porous stainless-steel tube) to fabricate the

membrane

We plan to explore these options and will report the findings in the upcoming report(s).

CONCLUSION

A tubular membrane module in membrane-reactor configuration was designed and fabricated

using electroless deposition of palladium on the inside of a microporous ceramic tube. Test

results show that the hydrogen leakage through the end-seals and fittings is a serious problem,

particular at elevated problem. Research is in progress to find an acceptable solution to this

critical problem.


