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Description of the Diesel Soot Converter (DSC)

Principles of function:

In the DSC following principles of function are working together and yield the
described advantages:

1.

before the soot particles are precipitated inside the channels of a ceramic
monolith by means of an electrical field, they have to be charged in an
electrical discharge device, this device has the advantage that also
electronegative Oxygen molecules are charged and precipitated together with
the soot, thus increasing the partial pressure of Oxygen near the soot layer
inside the channels to a large extend

the channels of the monolith are open on both ends yielding to a real “driving
home device” and having a low and constant back pressure; these channels also
give a laminar streaming condition which is necessary for electrical
precipitation ‘

the electrical field which allows precipitation inside the channels of the
monolith can be adjusted in a way to produce a “soft” plasma; this plasma
enables a continuous electrochemical oxidation of the soot

because this plasmainduced electrochemical oxidation is working down to
120°C, the soot trap can be placed at the end of the exhaust line allowing also
the precipitation of condensed nanoparticles

Following new techniques had to be developed:

a device which achieves a stable and controllable discharge up to 650°C
a monolith which allows a strong electrical field inside the channels

a soft plasma that can be generated inside the channels of this monolith




Characteristics of function

Nanoparticles are absorbed with a very high efficiency (> 99%) by turbulent electrical
agglomeration; the DSC is placed of the end of the exhaust pipe, thus also absorbing
all condensed nanoparticles, larger particles are precipitated theoretically with the
same high efficiency, but secondary soot (most of it from the catalyst) is reducing the
efficiency down to about 90% for MVEG, depending on the size of the monolith
relative to the displacement; the oxidation rate is proportional to the absolute quantity
of the soot in the monolith and therefore will increase with emission rate of the engine;
no measurable additional heat is produced by the oxidation process in the monolith,; if
the temperature is below 120°C the monolith will sample the soot for about 500 km.
Tests on the road are under way, covering till now some thousand miles with the best
results. Attached figures show results with a 2 litre 140 Hp engine, where the volume
of the monolith had been only 1,8 litre instead of the necessary size of four litre!

Electrical demand and mechanical size of the DSC:

The electrical power demand depends on the size of the unit and is between 30
Watt for a 2 litre monolith and 50 Watt for a 4 litre monolith at the MVEG and
80 Watt to 150 Watt at full speed respectively.

The volume of the monolith should be about twice the piston displacement for
MVEG and about three times the piston displacement for high way driving. So a
two litre monolith has a diameter of about 115 mm, a three litre one about 135
mm und a four litre one of about 155 mm if one assumes a length of about 250
mm. Thus the whole device may have a diameter of about 130/150/170 mm

respectively and an overall length including the charging section of about 560 to
570 mm.

Advantages of the DSC compared to mechanical SiC-traps

the DSC is a driving home device

the DSC needs no additives

the DSC is regenerating continuously

the DSC has a small and constant back pressure

the DSC absorbs nanoparticles very efficiently

the DSC absorbs condensed hydrocarbon particulate

the DSC does not produce any sulphur acid particles

after the DSC the gas loses totally the smell of Diesel driven cars
the DSC needs no connection to the electronics of the engine
the DSC needs no Common Rail

the DSC can be installed in an used car




The physics of high pressure plasma soot burning
Richardson electrons and reduction of the work function

Richardson electrons are emitted at any temperature, especially if the work function
(this is the energy necessary to get an electron out of the surface) is lowered below 1
eV by doping of the ceramic; besides that the roughness of the walls yields a further
local reduction of the work function by a much higher electrical field at special
elevated points of the walls lying on the negative side of the channel

Stimulation of the photo effect

The quantum flux of the plasma-induced chemical oxidation reactions induce the
photo effect (if a quantum with an energy above the work function hits the wall an
electron is emitted) on the negative side of the channel, which is high because of the
low work function

Acceleration of emitted electrons

In-between the mean free path the emitted electrons are accelerated toward the soot
layer in the electrical field of the channel:

Number of collisions for electrons before getting absorbed 10°

Mean free path for electrons between two collisions 6.10° cm
Distribution of free path between two collisions 10° - 10* em
Electrical field in-between the channels 2 -3 kV/ecm
Between two collisions added kinetic energy 0.002-03 eV

Increased partial pressure for oxygen on the soot substrate

Oxygen absorbs electrons most likely, because it is most electronegative molecule in
the exhaust gas. These negative oxygen ions get immediately hydrated in the form

02 .(H,0)79
and are therefore precipitated in a distribution comparable with the soot particles. The
oxygen is absorbed by the soot layer or remains near the soot because of the laminar
streaming condition in the channel.

Burning reaction

A part of the accelerated electrons stimulate the oxidation reaction in the soot layer, if
there is also a oxygen molecule nearby. A part of the energy of this reaction is released
as quantum radiation, stimulating some further photo effects on the negative wall. So
any oxidation of one carbon atom may cause further oxidation processes if there is
enough soot around.
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Fig.7

Fig.6
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The structure of the ceramic honeycomb is designed to
achieve a homogenous electric field inside the channels.
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