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(57) Claim
1. Process for cleaning exhaust gases, especially those

of diesel engines, in which the exhaust gases are taken
through channels of a ceramic body where an electric field
is generated substantially transversely to the direction
of flow, characterized in that

a) free electrons are formed in the channels each having
openings at both ends of the ceramic body by the high
electric field;

b) the high electric field accelerates the electrons in
the direction toward a channel wall;

c) the electrons remain free due to selecting low
dimensions of the channels;

d) an oxidation of soot particles attached to the
channel walls is initiated by free electrons and also by
electrons adhering to oxygen.

5. Device for cleaning exhaust gases in accordance with
the process of claims 1 to 4, with a ceramic body
comprising channels through which exhaust gases can flow,
with electrodes for generating an electric field
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penetrating the ceramic body and being orientated
transversely to the axis of the channels, characterized in
that the field strength of the electric fields in the
channels is between 100 and 1000 V/mm, preferably between
200 and 500 V/mm, and that a characteristic number E which
takes into account the geometry of the cross section of
the channels and the specific electric resistance of the
material of the ceramic body and which is equivalent to
the following relation

is at least 107 Q, preferable at least 108 Q. p

consticutes the specific electric resistance of the
ceramic material at 600°C in Qcm, B constitutes a
geometric form factor and d the width or thickness of the
walls separating the channels in cm. ' The geometric

form factor B is a result of the following relation:

p= 1

X
whereby 1 is the average length of the current path formed

in the ceramic material between the electrodes and x 1is
the distance between the electrodes.
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(57) Abstract

A process and device for cleaning exhaust gases, especially those from diesel engines, in which the cxhaust gases are taken
through a channel (36a) of a ceramic body (36) where an electric field is generated substantially transversely to the direction of
flow, whereby the rust particles deposited on the walls of the channel (36a) are oxidised by free ions or ions adhering to oxygen.

(57) Zusammenfassung

Verfahren und Vorrichtung zur Reinigung von Abgasen, insbesonders von Dieselmotorabgasen, bei dem die Abgase durch
einen Kanal (36a) cines Keramikkdrpers (36) hindurchgeleitet werden, in welchem Kanal (36a) cin elektrisches Feld im wesentli-
chen quer zur Strémungsrichtung aufgebaut ist, wobei die an den Winden des Kanals (36a) angelagerten RuBteilchen durch freie
oder an Sauerstoff angelagerte Ioren oxidiert werden.
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Process and device for cleaning exhaust gases

The invention relates to a process for cleaning exhaust gases,
especially those from diesel engines.

During the cleaning of exhaust gases from aerosols, especially
soot, there is often the problem that soot particles settle
down in the filter and therefore reduce its permeability, so
that the soot has to be burnt off from time to time. Therefore
it is necessary in common filters to supply pertinent heat
quantities to the filter. This process requires temperatures
within the magnitude of approx. 600°C. Concerning exhaust
gases from diesel engines there is also the possibility of
giving additives to the fuel which form molecular ferric oxide
in the combustion chamber. This then reduces the combustion
temperature of the soot below 400°C, so that the heat of the
motor or the heat of the exhaust gases is sufficient to cause
the settled soot to burn off. These additives, however, cause
an increase in fuel consumption and the ferric oxide remains
suspensible for a very long time and is very problematic with
respect to environmental pollution.

From DE-A-38 34 920 a method for removing soot from exharst
gases has become known according to which the soot particles
are separated in a filter body with the help of an electric
field. The combustion of the soot is made by arcs whose base
points are situated in the area of the soot particles.
Although such a method is suitable to clean the exhaust gases,
it has been seen nevertheless that for cleaning the exhaust
gases of a diesel engine of usual size and type such a high

electric power is required that the method does not seem to be
commercially viable.

From DE-A 37 23 544 a filter for cleaning exhaust gases has
become known in which the combustible particles are to be
oxydized by a corona. It is provided that the particles to be
separated settle down at one of the electrodes which is
arranged as a particle trap. A strong corona is to be formed




between the electrodes, thus generating ionized oxygen. 1In
such a device it cannot be prevented that strong spark
discharges occur, which require a high electric power in
addition to causing considerable stresses to the material.
Such filters are not suitable for permanent operation in motor
vehicles.

Furthermore it is known from EP-A- 332 609 of the present
applicant to ionize the exhaust gases first and then guide
them through a channel of a ceramic body, in which channel an
electric field is generated substantially transversely to the
direction of flow, thereby burning off at relatively high
temperatures the soot particles deposited on the walls of the
channel. In some possible applications it 1is difficult to
generate such temperatures.

Other Xknown devices are based on the principle that soot
particles are burnt off from time to time after their deposit
by supplying a respective quantity of heat or that the soot
particles are agglomerated by an electric field, separated in
a cyclone separator and then supplied to the mixture for
combustion in the cylinders of the combustion engine.

The disadvantage of known solutions is due to the fact that on
the one hand considerable quantities of heat have to be
produced for burning the deposited soot and that according to
the second method the cyclone separator requires a
considerably complex mechanical setup and considerable energy
quantities during its operation.

Processes are also known in which exhaust gases are guided
through a porous ceramic body which retains the particles
contained therein. Such processes are described, for example,
in the following specifications: DE-A 36 38 203, EP-A 212 395,
EP-A 270 990, GB-A 2 064 361, US-A 4,662,911. Although the
removal or destruction of soot particles is provided for by
various measures, such filters have an unacceptably high flow
resistance. Especially in the partial load area the formation
of soot deposits may occur, leading to a considerable loss in
pressure. Such concepts provide honeycombs or cellular filters
which consist of long adjacent filter cells which preferably



have a square cross section and which are closed by stoppers
that are alternatively provided on the entrance side and exit
side. The exhaust gases to be filtered can pass through the
porous wall which is Jjointly between two such filter cells,
whereas the aerosols cannot pass through the pores and are
thus deposited in the respective cell which is open on the
entrance side. These filters are partly made from high-
temperature-proof ceramic material and are preferably coated
or doped with catalytic substances, so that the combustion of
the separated soot particles occurs already below 600°C in
case of an excess of oxygen. As, however, such temperatures
are only reached during full throttle operation, there is a
considerable build-up of counterpressure in the in-between
periods which reduces the motor power in an unfavourable
manner. In addition, there is a permanent bluckage of the
pores by noncombustible metallic impurities of the soot
particles, leading in the long run to an irreversible build-up
of counterpressure on the exhaust gas filter. Furthermore,
there is a structural exhaustion of the closing stoppers on
the exit side after longer periods of operation, leading to a
rising 1leakiness of the filter after 1longer periods of
operation.

It is further known to clean exhaust gases by agglomerating
soot particles to greater particles by using electric fields,
which particles can then be separated from the exhaust gas
flow by means of a mechanical separator such as a cyclone.
This has already been disclosed, for example, in DE-A 34 24
196 or in WO 85/00408. Apart from the fact that such devices
are relatively complex, the problem of disposing of the
separated soot particles has not yet been solved in such
processes. It 1is not acceptable for users of vehicles with
diesel engines to repeatedly carry out manipulations on
collecting containers within short intervals.

From DE-A 38 04 779 a device 1is known for removing soot
particles from the exhaust gas flow of a diesel combustion
engine in which a soot particle collection segment is arranged
within an exhaust gas conduit. This consists substantially of
a ionization segment in which an ultraviolet light source is
arranged. A central electrode is arranged behind the 1light



source, which electrode is encompassed by two concentrical
electrodes, of which the inner electrode is provided with
breakthroughs. The central electrode is applied to a common
potential of a low-voltage and high-voltage source, of which
the first is connected with the second pole cf the low-voltage
source and the second witihr the second pole of the high-
voltage source. During the operation the soot particles
contained in the exhaust gas flow are charged in the area of
the ionization segment and are deflected in the area of the
cylindrical electrodes in the direction towards the central
electrode due to the field prevailing there, thereafter
penetrating the inner cylindrical electrode and depositing on
the innermost electrode. As soon as the deposits reach a
height at which they touch the inner cylindrical electrode,
they lead to a short for the low-voltage source and burn off.
The disadvantage of this known device is that due to the very
low potential of the inner cylindrical electrode with respect
to the outer electrode the depositing of the soot particles
also occurs on the outer side of said electrode, which 1leads
to the effect that said soot particles can hardly burn off anu
thus are released in form of larger flakes due to mechanical
influences such as vibrations and the 1like when a certain
thickness has been reached. In order to achieve a sufficient
degree of cleaning of the exhaust gases it is therefore also
necessary in this device to provide a mechanical separator
such as a cyclone separator, 1leading to an increased
complexity of the arrangment and considerable need for more
space.

Finally, GB-A 411,807 shows a device in which at first exhaust
gas components are separated by electric fields in order to
prevent the poisoning of the subsequent catalyst. The disposal
of the separated exhaust gas components, however, has not been
clarified yet.

It is the object of the present invention to avoid such
disadvantages and to create a process that in a simple manner
allows not only separating soot particles, but also completely
destroying them, and at the same time offering a long service
life and extensive freedom of service.
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Accordingly, the present invention provides a process
for cleaning exhaust gases, especially those of diesel
engines, in which the exhaust gases are taken through
channels of a ceramic body where an electric field
is generated substantially transversely to the direction
of flow, characterized in that
a) free electrons are formed in the channels each having
openings at both ends of the ceramic body by the high
electric field;

b) the high electric field accelerates the electrons in
the direction toward a channel wall; -

c) the electrons remain free due to selecting low
dimensions of the channels;

d) an oxidation of soot particles attached to the
channel walls is initiated by free electrons and also by
electrons adhering to oxygen.

It is possible that also positive ions, especially
those of an AC discharge, take part in the oxidation.

The substantial aspect of the invention is the fact
that an electron spray or autoionization occurs in the
channel of the ceramic body. Sparks do not occur in the
process in accordance with the invention per se. If,
however, a spark should occur at a position, the
electrical field in its vicinity drops sharply due to the
high resistance of the ceramic material, so that the spark
extinguishes instantly. By these measures a particularly
low temperature threshold for the combustion of soot is
achieved, so that a high cleaning effect is also ensured
during partial load.

The existence of free electrons causes the formation
of 02- and 0  radicals, which are characterized by
such a reaction readiness that chemical reactions with
hydrocarbons and carbon in the separated soot occur even
below 150°C with the soot burning off. It is, however,

also possible that the free electrons themselves cause the
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activation of the soot particles and in this way favour a
combustion at low temperatures. It is not absolutely
necessary to provide the same amount of negative charges
as soot atoms are separated.

Thus, for example, it could be possible in a
20

8

passenger car that there are 10 separated carbon atoms

per second with only 1017 to 10l electric charges if
the required power is to be kept low. Therefore, a
reaction initiated by a negative charge must entail a
wvhole number of further reactions. Principally, the
reaction heat alone of the first reaction is not
sufficient because on the one hand the filter and on the
other hand the large passing air quantity drains off the
heat. Therefore, only that part of the carbon reacts

which according



to the Maxwell-Boltzmann distribution has sufficient kinetic
energy for the reaction.

For the separated soot C in the filter there is the following
differential equation at a temperature T:

Tg = T
— = Cq - k[Oz_]C[Oz] e T

whereby Tg is the temperature at which carbon burns freely and
Co is the separation rate of the soot.

Principally, the soot should burn off as quickly as it is
separated. In the case of balance the soot quantity remaining
in the filter comes about from the equation:

C = o e =S ; -
k[0271C[03]

Measurements made in a 2.5 1 turbodiesel have confirmed these
considerations. According to these approx. 3g soot remain in
the filter after trial runs of random length at S50W electric
power for the ion formation at 250°C, approx. 2g soot at 300°C

and approX. 1lg soot at 400°C. These quantities, however, are
negligibly small.

These measures achieve a very extensive separation of the
aerosols or soot. Due to the applied electric field the
formation of radicals occurs and at the same time the
separation of the soot, thus further promoting the combustion
of the soot at low temperatures. The soot of the exhaust gas
can be electrically charged before the entrance into the
electrical field extending transversely to the exhaust gas
flow, for example by means of spray electrodes.

In a preferred embodiment of the process the soot particles
contained in the exhaust gas are negatively charged by a



discharge electrode before entering into the channel of the
ceramic body. This facilitates the separation in the channel
of the ceramic body.

It is advantageous to select the electric voltage so high that
a discharge takes place in the channel of the ceramic body by
the high electric field, namely by the release of the field
electrodes on the ceramic wall. This leads to the optimal
operating point of the filter.

Preferably, the exhaust gases are first sent through an
ionization channel and then through at least one separating
channel. Thus optimal conditions can be brought about both for
the ionization as well as the separation.

It is particularly favourable when both the ionization channel
as well as the separating channels are arranged. as channels
that are open on both sides within a single ceramic body. This
provides for a particularly compact design.

It may be provided that the potential difference of the
electric fields is between 3 and 30 kV, preferably Llketween 5
and 20 kV. The field strength of the electric fields in
particular should be between 100 and 1000 V/mm, preferably
between 200 and 500 V/mm. An optimal separation rate is
achieved in this manner.

In an embodiment of the process in accordance with the
invention it is possible that temporarily a catalyst is
introduced into the exhaust gas .low in an air-carried form.
The long-term efficiency of the filter in accordance with the
invention can be considerably improved by temporarily
introducing a catalyst in the exhaust gas flow in an air-
carried form. In the simplest case this could be made
operationally by the arrangement of a reservoir from which
about every fifty operating hours of the engine and controlled
by the operating time a certain quantity of catalyst is
supplied in form of an aerosol. During the introduction of the
catalyst the polarity of the electric field is preferably
changed.



The catalyst is preferably introduced when the temperature of
the exhaust gas flow is less than A°C over a time t, whereby t
is between 20 and 60 minutes and A is smaller than 500°cC,
preferably smaller than 300°C. A longer operating period at
low temperatures may require, however, that the catalyst layer
has to be renewed. By providing a temperature-dependent
control it is possible to achieve optimal degrees of
separation with low quantities of catalyst additive.

It 1is favourable if the polarity of the electrodes is
temporarily switched for <cleaning. It may occur that
disturbing soot deposits occur on the side of the negative
electrode after longer operating periods. By providing short-
term positive charges it is possible to swamp it with negative
particles and thus clean it.

The invention further relates to a device for cleaning exhaust
gases, especially those from diesel engines, having a ceramic
body with at least one channel through which the exhaust gas
can flow, with electrodes for generating an electric field
penetrating the ceramic body and being orientated transversely
to the axis of the channel. This device is characterized in
that characteristic number E, which takes into account the
geometry of the cross section of the channels and the specific
electric resistance of the material of the ceramic bwndy and
which is equivalent to the following relation:

is at least 107 1, preferably at least 108 q. p constitutes the
specific electric resistance of the ceramic material at 600°C
in Q@ cm, B a geometric form factor and d the width or
thickness in cm of the walls separating the channels. The
geometric form factor B 1is the result of the following
relation:



whereby 1 is the average length of the path of the current as
formed in the ceramic material between the electrodes, whereby
X represents the distance between the electrodes. In arms
switched in parallel with respect to the resistance of the
walls which separatc the channels, the total of the widths is
used for d. 7The characteristic number E is thus the electric
resistance as referred to the longitudinal dimension and *he
distance of the electrodes.

This leads to respectively 1long paths of current for the
currents that arise due to the finite specific resistance of
the ceramic body material, whereby such a structure is also
characterized by a very good mechanical tenacity. It is
further ensured that the geometric form of the cross section
of the channels of the ceramic body, which 1is preferably
arranged as a monolith, and the material parameters of the
ceramic are tuned to one another, thus ensuring sufficient
spray discharge and/or autoionization by adherence to the said
lower threshold of the characteristic number at an electric
field strength of approx. 10 kV/cm in order to guarantee a
combustion of the deposited soot in the area of 200 to 500°C.
It is, however, also possible to compose the ceramic body of
several parts.

In a rising characteristic number the temperature required for
burning off the soot is reduced and can fall below 150°C,
whereby the field strength can be reduced to 5kV/cm in
characteristic numbers of 4x108, thus reducing the power
requirements of the filter.

The formation of the narrowest possible channels leads to very
high field strengths in the channels, thus resulting in strong
charge spraying and the formation of O~ and O3  icns. At the
same time such a ceramic body has a high resistance, thus
resulting in low power requirements of the filter.

In accordance with a further feature of the invention it may
be provided that the walls arranged between rows of channels
which are adjacent in the direction of the field extend in a
zigzag manner, whereby the wall sections which are at a
distance from one another in the direction of the field and
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opposite of one another and each 1limiting a channel are
opposedly inclined to a plane or cylinder plane which is
vertical to the direction of the field.

These measures lead to a further extension of the path of the
current, whereby in the event that the arrangement of the
cross section of the channels is made in such a way that the
centres of the channels have the biggest height in the
direction of the field, there is a substantially even field
over the width of the channels. In order to achieve this it is
only necessary to select the inclination of the walls that
separate the rows of the channels with respect to a plane
which is vertical to the direction of field according to the
material parameters. In any case there will an evening of the
field distribution over the width of the channels as compared
with channels that have a rectangular cross section, so that
autionization can be guarariteed over the whole cross section.
When arranging the cross section of the channels in such a way
that they have the smallest height in their centre, there will
a particularly strong field in this area, which however drops
too strongly towards the lateral side areas of the channel.
This favours the formation of charge spraying, however
substantially limited to the central area of the channel.

It may further be provided that the walls of the ceramic body
which determine the height as measured in the direction of the
tield extend sectionwise at an angle towards the direction of
the field. By implementing such measures it is possible to
extend the current path very substantially, thus achieving an
increase of the resistance of the ceramic body. Such an
increase in the resistance of the ceramic body also allows
using such a filter at higher temperatures without leading to
excessive power requirements by the filter. It may be provided
that the walls defining the height of the channels are
arranged meander-like or substantially serperitine-like.

Furthermore, it may also be provided that the walls of the
ceramic body which determine the height as measured in the
direction of the field extend sectionwise substantially
vertical thereto, thus 1leading to very 1long current paths,
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especially when the rows of channels adjacent to one another
in the direction of the field are offset against one another.

In accordance with a further feature of the invention it may
be provided that the inner walls of the channels have a
surface roughness of at least 1lum, preferably more than 2um.
Charge spraying is favoured by the relatively rough surfaces
of the inner walls of the channels and thus improves the
formation of 0,~ and O~ ions.

In a device for carrying out the process in accordance with
the invention with a filter for separating the aerosols it may
be provided in accordance with a further feature of the
invention that there 1is an apparatus for conveying the
separated soot into the zone of a discharge electrode lying at
a negative potential, said electrode being provided in a
chamber with air supply. In this manner it is ensured that the
separated soot reaches the zone of the discharge electrode and
thus comes into contact with the radicals arising there and
burn off in this 2zone at low temperaturs of, for example,
150°cC.

It may also be provided that the apparatus for conveying the
separated soot 1is formed by a movable, preferably rotatable
filter made from fibrous material. This 1leads +to a
particularly simple arrangement of the apparatus.

Furthermore, it may be providsed that the apparatus for
conveying the separated soot is formed by a bhlower unit
entraining the separated soot particles.

In a further apparatus for carrying out the process in
accordance with the invention it may be provided that parallel
to the direction of flow and also substantially towards each
other there are provided high voltage electrodes which sit
close to a ceramic body disposed between them, whereby said
body comprises channels extending in the 1longitudinal
direction and being open on both sides and, as seen alongside
the cross section of the ceramic body, the length of the walls
between two cunnecting points opposed from one another of
walls determining the height of the channel in the direction
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of the electric field as built up by the high voltage
electrodes with the other walls that limit the same channel is
bigger than the normal distance between said connecting points
as measured in the direction of the field, whereby the
electric field strength is within the magnitude of 10 to 20
kV/cm at room temperature.

It is achieved by these measures that the autoionization of
the passing exhaust gases occurs in the individual channels,
whereby 03~ and O~ radicals are formed from the oxygen
contained in the exhaust gas and the soot is simultaneously
separated. The separated soot is burnt by the radicals already
at temperatures between approx. 100 and 300°C. In order to
speed up the separation of the aerosols, especially that of
the soot, the apparatus for electrostatic separation may be
provided upstream with a discharge electrode which is used to
charge the aerosols or the soot, respectively.

The invention is now outlined in greater detail by reference
to an embodiment as shown in the Figures. The invention is now
explained in greater detail by reference to the drawings, in
which:

Fig. 1 schematically shows the device in accordance with the
invention;

Fig. 2 schematically shows a cross section through a device
which allows the formation of ©radicals by means of
autoionization;

Figs. 3 and 4 show cross sections of various embodiments of
ceramic bodies for the filter in accordance with the invention
and

Figs. 5a to 5d show various examples for designing the walls
which determine the height of the channals.

In accordance with the embodiment of Fig. 1 it is prowvided
that the exhaust gas filter consists of a substantially
cylindrical casing 4 which is closed at its face sides with
lids 32 and 33. A ceramic honeycomb body 36 is arranged in the
interior whose <cross section 1is annular. Said ceramic
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honeycomb body 36 can also be composed of several annular
segments. The ionization channel 37 is arranged in the centre
of the honeycomb body 36. Electrode 2 projects into the
ionization channel 37 and is composed of a plurality of spray
electrodes 2'.

The gas to be cleaned flows through a pipe nozzle 5 arranged
in 1id 32 into the filter. A ceramic tube 41 is provided in
the extension of nozzle 5, which tube is sealed at its one end
with a seal 42 with respect to 1lid 32. On the other end tube
41 is connected with ionization channel 37 of honeycomb body
36. At the end of the ionization channel 37 the exhaust gas is
deflected and flows through the separation channels 36a.

Electrode 2 is held by a high-voltage breakthrough 3
consisting of parts 3a, 3b and 3c. The breakthrough 3 is used
to insulate the high-voltage carrying parts from the grounded
casing 4 plus 1lid 33. On the outer side the ceramic body 36 is
provided with a thermal insulating layer 45 which, however,
ensures an electric contact and is used to provide support
with respect to casing 4. The cleaned exhaust gases leave the
filter through an outlet nozzle 6 arranged on the
circumference of casing 1.

As can be seen in Fig. 2, the ceramic body 36 comprises a
honeycomb structure, whereby the rows of channels 36a adjacent
to one another in the direction of the field 2102 are offset
from one another. The conriecting points 104 of the walls 105
extending in the direction 102 of the field with the other
walls 106 which 1limit channels 36, which extend vertical to
field 102 in the embodiment in accordance with Fig. 2,
simultaneously constitute the connecting points of a current
path encompassing a channel 36a. The geometric length 1 of
said current path, which comes about due to the finite
specific resistance of the material of ceramic body 1 and the
voltage applied to the high-voltage electrodes that are not
shown, is equivalent to the following relation:

¢
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The embodiment in accordance with Fig. 3 differs from
that in accordance with Fig. 2 in that the walls 106',
106"; 106'", IOGIV which separate the rows of
channels 36a from one another extend in a zigzag form,
whereby the walls 106', 106"; 106'", 1061’ of a
channel 36a which are at a distance from one another in
the direction of the field and oppose one another are
opposedly inclined towards a plane that extends vertical
to direction of field 2. In this embodiment there is a
further extension of the current path as <ompared with the
embodiment of Fig. 2, whereby form factor g is calculated
in accordance with the formula

2 . b+ a
ﬁ:

X

whereby a ) x, and “a" is the dimension of the wall 105
running in the direction of electric field 102.

This embodiment leads to a high field strength in the
central area of the cross section of the channels 36a.
The field strength, however, is very inhomogenously
distributed over the width of the channels 36a. Charge
spraying occurs at relatively low field strengths in the
ceramic body of 5 kV/cm, for example, in the central areas
of the cross sections of the channels 36a. This leads to
the formation of 0~ and 02- ions, which enable the
combustion of the soot attached tc the filter at
relatively low temperatures of 300°C or less.

The embodiment of Fig. 4 differs from that of Fig. 3
only in that walls 105 extending in the direction of
field 102 are shorter than the normal distance x of
connecting points 104.
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This leads to a smaller geometric form factor B as
compared with the embodiment in accordance with Fig. 3 by
maintaining the same dimensions. However, there is a
substantially homogeneous electric field in the interior

of each channel 36a. This depends substantially on the

~ selection of the angle that the walls 106', 106"; 106'",

1061V include with the plane
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vertical to the direction of field and the specific resistance
of the material of ceramic body 36.

The embodiments of Figs. 5a to 5d substantially aim at
extending the current path by guiding in sections the walls
determining the height of channels 36a at an angle to the
direction of field 102.

Fig. 5a shows two variations of the embodiment of walls
determining the distance vertical to the direction of the
field. Wall 51 extends substantially serpentine-like and thus
comprises sections that extend vertical to the direction of
field 102, as is clearly shown.

Wall 52, on the other hand, is offset and comprises a central
section that extends vertical to the direction of field 102.

In both embodiments of walls 51, 52 the length as seen in the
cross section is to be included in the calculation of the form
factor.

In the embodiment in accordance with 5b wall 53 is divided
into two arms 53', 53" which sectionwise extend in parallel.
Length a of wall 53 to be included in the calculation of form
factor B is calculated according to the formula

e' + ¢
2

a=e +

This requires, however, that the various sections of wall 53
have the same thickness d and that the sections of wall 531V
extending on both sides of section 53"' have the same length.

Fig. 5c also shows a wall 55 which is split up sectionwise in
parallel branches 553, 554. Two further sections 551, 552 are
connected in parallel to said section.

In such a wall 55 the formula for the length a to be usad for
form factor B is calculated as follows:
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a=3+k +

This requires, however, that the walls have the same thickness
d and that wall parts 551, 552 are symmetrical to walls parts
553, 555. Otherwise, the reciprocal values of the lengths
arising between connecting points of the wall parts 551, 552
with the wall parts 553, 555 on both parts would have to be
added. From this wvalue the substitute length for the section
lying between the wall parts 551, 552, similar to the
determination of a substitute resistance of resistors switched
in parallel, would have to be calculated. The lengths j and k
for determining the overall length a of the current path would
have to be added to said value.

In the walls 54 and 56 extending substantially serpentine-like
it is necessary 1like in walls 52 and 51 in accordance with
Fig. 5a to use the median 1length of said walls in the
calculation of the form factor B.

The same also applies with respect to walls 57 and 58 in
accordance with Fig. 5d, whereby the 1latter wall extends
meander-1like.

In order to achieve sufficient autoionization or a charge
spraying in the interior of the channels, the resistance of
the current paths formed in the ceramic body 36 1is of
importance.

In order to ensure a substantial separation and combustion of
soot particles from the exhaust gas flow at sufficiently low
energy requirements, it is substantial that the characteristic
number E arising from the following formula

is at least 107, preferably at least 108, whereby p means the
specific electric resistance of the ceramic material at 600°C
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in cm, B a geometric form factocr and 4 the width or thickness
of the walls separating the channels (36a) in cm, and the
geometric form factor B arising from the following relation:

1l
B = ——
X

whereby 1 means the length of the current path forming due to
the voltage applied to the high voltage electrodes and the
finite specific resistance of the ceramic material between two
opposed connecting points 104, 104' of the walls of a channel
36a determining the height of the channels in the direction of
the field with the other walls 106 limiting the same channel
and extending preferably substantially vertical to the
direction of the field, whereby in walls 53, 55 which are
divided sectionwise into several arms 53, 53', 553, 554 said
arms, which with respect to resistance represent a connection
in parallel, are to be taken into account according to their
resistances and which are to be inserted with the 1length of
the remainder of the wall equivalent to the substitute
resistance of said arms, and whereby x means the normal
distance of said connecting points 104' as measured in the
direction of the field.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Process for cleaning exhaust gases, especially those
of diesel engines, in which the exhaust gases are taken
through channels of a ceramic body where an electric field
is generated substantially transversely to the direction
of flow, characterized in that

a) free electrons are formed in the channels each having
openings at both ends of the ceramic body by the high
electric field;

b) the high electric field accelerates the electrons in
the direction toward a channel wail;

c) the electrons remain free due to selecting low
dimensions of the channels;

d) an oxidation of soot particles attached to the
channel walls is initiated by free electrons and also by
electrons adhering to oxygen.

2. Process in accordance with claim 1, characterized in
that the soot particles contained in the exhaust gas are
negatively charged by a discharge electrode before
entering the channels of the ceramic body.

3. Process in accordance with one of the claims 1 to 2,
characterized in that the exhaust gases are at first
guided through an ionization channel and then through
separation channels.

4. Process as claimed in one of the claims 1 to 3,
characterized in that the field strength of the electric
fields in the channels is set between 100 and 1000 V/mm,
preferably between 200 and 500 V/mm.

5. Device for cleaning exhaust gases in accordance with
:he process of claims 1 to 4, with a ceramic body
comprising channels through which exhaust gases can flow,
with electrodes for generating an electric field
penetrating the ceramic body and being orientated
transversely to the axis of the channels, characterized in
that the field strength of the electric fields in the
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channels is between 100 and 1000 V/mm, preferably between
200 and 500 V/mm, and that a characteristic number E which
takes into account the geometry of the cross section of
the channels and the specific electric resistance of the
material of the ceramic body and which is equivalent to
the following relation

is at least 107 Q, preferable at least 108 Q. p

constitutes the specific electric resistance of the
ceramic material at 600°C in Qcw, B constitutes a
geometric form factor and d the width or thickness of the
walls separating the channels in cm. The geometric

form factor B is a result of the following relation:

p= 1

x
whereby 1 is the average length of the current path formed
in the ceramic material between the electrodes and x is
the distance between the electrodes.
6. Device in accordance with claim 5, with a device for
the electrostatic separation of soot particles, in -
particular those from diesel exhaust gases, in which
high-voltage electrodes are arranged parallel to the
direction of flow and substantially also towards each
other, characterized in that the high-voltage electrodes
sit close to said ceramic body disposed between them,
whereby the body comprises the channels extending in the
longitudinal direction and being open on both sides and,
as seen alongside the cross section of the ceramic body,
the length of the walls of the channels between two
connecting points opposed from one another of walls
determining the height of the channel in the direction of
the electric field as built up by the high voltage
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electrodes with the other walls that limit the same
channel is bigger than the normal distance of said
connecting points between one another as measured in the
direction of the field, whereby the electric field
strength is within the magnitude of 10 to 20 kV/cm at room
temperature.

7. Device in accordance with claim 5 or 6, characterized
in that the walls arranged between rows of channels
adjacent to one another in the direction of the field
extend zigzag-like, whereby the walls which are disposed
at a distance from one another in the direction of the
field and opposite of one another and each limiting a
channel are opposedly inclined to a plane or cylinder
plane which is vertical to the direction of the field.

8. Device in accordance with claim 5 or 6, characterized
in that the walls of the ceramic body determining the
height of the channels as measured in the direction of the
field extend sectionwise at an angle to the direction of
the field.

9. Device in accordance with claim 6, characterized in
that the walls determining the height of the channels are
arranged meander-like or substantially serpentine-line.
10. Device in accordance with one of the claims 5 to 8,
characterized in that in addition to the channels arranged
as separation channels there is provided at least one
ionization channel which is open on both sides.

11. Device in accordance with claim 10, characterized in
that the ionization channel is substantially parallel to
separation channels.

12. Device in accordance with one of the claims 10 to 11,
characterized in that the ceramic body has a substantially
cylindrical arrangement, whereby the ionization channel is
arranged in the area of the cylinder axis and that the
separation channels are arranged around the ionization
channel.
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13. Device in accordance with one of the claims 10 to 12,
characterized in that the walls of the separation channels
are coated with a catalyst which favours the oxidation of
hydrocarbons.

14. Device in accordance with one of the claims 5 to 13,
characterized in that the ceramic body consists of at
least two plates arranged transversely to the direction of
the field and that the channels consist of the
intermediate spaces between the plates.

15. Device in accordance with one of the claims 5 to 14,
characterized in that the inner walls of the channels have
a surface roughness of at least 1lum, preferably more than
2um.

16. A process for cleaning exhaust gases substantially as
hereinbefore described with reference to the accompanying
drawings.

17. A device for cleaning exhaust gases substantially as
hereinbefore described with reference to the accompanying
drawings.

DATED this 12 day of January 1994
CARL M FLECK
Patent Attorneys for the

Applicant:

F.B. RICE & CO.



Abstract

A device and process for cleaning exhaust gases, in particular
those from diesel engines, in which the exhaust gases are
taken through a channel (36a) or a ceramic body (36) where an
electric field is generated substantially transversely to the
direction of flow, wherzby the soot particles deposited on the
walls of the channel (36a) are oxidised by free ions or ions
adhering to oxygen.

Fig. 4
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