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From cathode to cleaner – ceramic tube cuts emissions
An advanced ceramic material better known as a coating on fuel cell cathodes could be used to dramatically cut
emissions from combustion processes.
Greenhouse gas emissions from power stations could be cut to almost zero by controlling the combustion process with
tiny tubes made from an advanced ceramic material, claim British engineers.
The material, known as Lanthanum-Strontium-Cobalt-Ferric Oxide (LSCF), has the remarkable property of being able to
filter oxygen out of the air. By burning fuel in pure oxygen, it is possible to produce a stream of almost pure carbon
dioxide, which has commercial potential for reprocessing into useful chemicals.
LSCF is not a brand new material. It was originally developed for fuel cell technology, but engineers at Newcastle
University in collaboration with Imperial College London have developed it for potential use in reducing emissions for gasfired power stations and possibly coal and oil-fired electricity generation as well.
Conventional gas-fired power stations burn methane in a stream of air, producing a mixture of nitrogen and greenhouse
gases including carbon dioxide and nitrogen oxides, which are emitted into the atmosphere. Separating the gases is not
practical because of the high cost and large amount of energy needed to do so. However, the LSCF tubes would allow
only the oxygen component of air to reach the methane gas, resulting in the production of almost pure carbon dioxide and
steam, which can easily be separated by condensing out the steam as water.
The resulting stream of carbon dioxide could be piped to a processing plant for conversion into chemicals such as
methanol, a useful industrial fuel and solvent.
The new combustion process has been developed and tested in the laboratory by professor Ian Metcalfe, Alan Thursfield
and colleagues in the School of Chemical Engineering and Advanced Materials at Newcastle University, in collaboration
with Kang Li in the Chemical Engineering Department at Imperial College London. The research has been funded by the
UK's Engineering and Physical Sciences Research Council (EPSRC).
Taking the tube
The LSCF tubes look like small, stiff, drinking straws and are permeable to oxygen ions - individual atoms carrying an
electrical charge. Crucially, LSCF is also resistant to corrosion or decomposition at typical power station operating
temperatures of around 800°C.
When air is blown around the outside of the tubes, oxygen is able to pass through the wall of the tube to the inside, where
it combusts with methane gas that is being pumped through the centre of the tubes.
The oxygen-depleted air, which consists mainly of nitrogen, can be returned to the atmosphere with no harmful effects on
the environment, while the carbon dioxide can be collected separately from the inside of the tubes after combustion.
An alternative would be to control the flow of air and methane so that only partial combustion took place. This would result
in a flow of 'synthesis gas', a mixture of carbon monoxide and hydrogen, which can easily be converted into a variety of
useful hydrocarbon chemicals.
The tubes of LSCF have been tested successfully in the laboratory and the design is attracting interest from the energy
industry. The Newcastle team is now carrying out further tests on the durability of the tubes to confirm their initial findings
that they could withstand the conditions inside a power station combustion chamber for a reasonable length of time.
Although it has not yet been attempted, it should be possible to assemble a power station combustion chamber from a
large number of the tubes, with space between them for air to circulate.
In theory the technology could also be applied to coal and oil-fired power stations, provided that the solid and liquid fuels
were first converted into gas. This operation is simple in theory but would add to the cost and complexity of running a
power station.

Government statistics suggest that the UK energy industry produces over 200 million tonnes of carbon dioxide per year,
which is more than one-third of the country's total carbon dioxide emissions. Metcalfe said: “The cheapest way to dispose
of waste carbon dioxide from combustion is to release it into the atmosphere. We have been doing this since humans first
discovered how to make fire. The technology we have developed may provide a viable alternative, although whether it is
economical to introduce it will depend largely upon the carbon credit system that governments operate in the future.”
The LSCF cathode
LSCF is a relatively new material and over the past ten years or so been the subject of research in many countries,
particularly the USA, mainly into its potential use as a cathode in fuel cells. A search on the US Department of Energy's
website (http://www.energy.gov/index.htm) gives a good idea of the interest that LSCF is still arousing in the energy
community. Similarly, there are many companies taking advantage of this aspect of the material's behaviour. For example,
American Elements, the US's leading manufacturer of engineered and advanced material products, specialises in
producing LSCF for fuel cell cathode applications utilising solid state processing to produce single phase perovskite
structures with various doping levels and surface areas for use in thin film layers. It comes in several different
formulations, depending on the potential application.
It’s a similar story with fuelcellmaterials.com, whose line of perovskite electrode materials based on LSCF also offers
improved low-temperature performance for solid oxide fuel cells and ceramic oxygen generation.

