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A researcher checks whether the soot particle filter is freed from soot even at
exhaust temperatures of 140 degrees Celsius. (© Fraunhofer ISE)

The soot particle filters found on diesel vehicles are designed to ensure
that no harmful particles make their way through the exhaust pipe.
Often, though, the exhaust from newer-model engines is not hot enough
to free the filters from soot particles on a regular basis. A new method
removes impurities even at low exhaust temperatures.

Long gone are the days when trucks spewed black clouds of exhaust into
the air: Nowadays, there are filters in place that capture the largest of
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these soot particles. After a time, if too much soot accumulates in the
filter, the soot is burned off and the filter is regenerated. The problem: 
Soot particles only burn above temperatures of 500 to 600 degrees
Celsius. Yet the temperature of truck exhaust is increasingly dropping as
part of the effort to minimize emissions of nitric oxides harmful to the
environment.

There exist two approaches to removing soot from the filter: the first
involves an oxidation catalytic converter that converts nitrogen
monoxide in the exhaust into nitrogen dioxide. If nitrogen dioxide is
passed through the filter, the soot burns at lower temperatures. In some
engine operating states – such as when the engine is still cold – this
regeneration method does not suffice: In these cases, liquid fuel is
added, that combusts with residual oxygen in the exhaust to heat the
exhaust and filter. This cleansing method only works at exhaust
temperatures in excess of 230 degrees Celsius, however. At lower
temperatures, the fuel-exhaust mixture fails to ignite, damaging the
catalytic converter. The problem: Exhaust from newer-model truck
engines is only 160 to 180 degrees Celsius.

Researchers at the Fraunhofer Institute for Solar Energy Systems ISE in
Freiburg, Germany, have come up with a method that reliably
regenerates filters even at exhaust temperatures as low as 140 degrees.
“We add a synthesis gas consisting of carbon monoxide and hydrogen to
the exhaust,“ explains Dr. Thomas Aicher, group manager at ISE. “We
introduce this gas mixture at the oxidation catalytic converter – lowering
the ignition temperature to 140 degrees Celsius and freeing the filter
from soot even at these low exhaust temperatures.“

But where does this synthesis gas come from? “We have two ways to
generate this gas: One is to heat diesel fuel in the absence of air. This
produces hydrogen and carbon. Then, the carbon is burned with the
exhaust, creating carbon monoxide. Experts refer to this process as
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pyrolysis. The other way is to oxidize diesel with a very small amount of
air so that the diesel combusts only partially. This is known as partial
oxidation,“ explains Robert Szolak, a scientist at ISE. Researchers have
already built and successfully tested prototypes for both approaches. The
experts have now partnered with an industrial partner to investigate
partial oxidation in greater detail.
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