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© (57) Abstract: The present invention relates to a particle filter. The particle filter comprises a first filter component (4) comprising at
least one first duct (5) which has an inlet aperture (5a) whereby exhaust gases are led into the first filter component (4), and an outlet
aperture (5b) whereby exhaust gases are led out from the first filter component (4), and at least one second duct (6) which has an

o outlet aperture (6b) whereby exhaust gases are led out from the first filter component (4). A wall element (7) which separates the first
duct (5) and the second duct (6) contains passages dimensioned to allow exhaust gases, but not particles, to pass through. The

o particle filter comprises a second filter component (8) so located that it extends across the outlet aperture (5b) of the first duct and
the outlet aperture (6b) of the second duct. The second filter component (8) is dimensioned to allow exhaust gases to pass through,
but not particles, and be led out from the outlet apertures (5b, 6b) of the first filter component.



Particle filter for an exhaust system of a combustion engine

BACKGROUND TO THE INVENTION AND PRIOR ART

The invention relates to a particle filter for an exhaust system of a combustion engine

according to the preamble of claim 1.

In exhaust systems of vehicles powered by diesel engines, particle filters are used to

remove particles from the exhaust gases. A particle filter may comprise a material

body made of a porous material and provided with elongate ducts which extend in

parallel between two ends of the material body. The ducts comprise inlet ducts which

have apertures to receive exhaust gases led into the filter body, and outlet ducts which

have apertures for exhaust gases led out from the filter body. The inlet ducts and

outlet ducts are separated by sidewalls formed of the porous material. The porous

sidewalls contain axial passages of such a size that they allow exhaust gases but not

particles to pass through. The particles therefore become attached mainly to the

internal surfaces of the inlet ducts close to the passages when the exhaust gases are led

from the inlet ducts to the outlet ducts.

Particle filters have to be regenerated at relatively frequent intervals to prevent them

from becoming blocked by particles during operation. This is achieved by burning of

the soot in the particles. The soot burns at times when the exhaust gases are at a high

enough temperature. To make more frequent burning possible, chemical substances

may be added to the fuel to lower the temperature at which the soot burns.

Alternatively, an oxidation catalyst may be provided upstream of the particle filter in

the exhaust line. The oxidation catalyst converts nitrogen monoxide in the exhaust

gases to nitrogen dioxide. The presence of nitrogen dioxide in the exhaust gases also

lowers the temperature at which the soot burns.

Not all of the materials in the particles are combustible, e.g. metals. This leads over

time to formations of ash which obstruct the axial passages in the sidewalls between

the outlet ducts and the inlet ducts. An ash formation also occurs at the closed end



surface of the inlet ducts. The particle filter has therefore to be cleaned of ash at

appropriate intervals to prevent impairment of its function. As the outlet ducts have a

closed end, it is difficult to reach and detach the ash which becomes attached to their

internal surfaces. The cleaning process results in wear of the relatively expensive

particle filters.

US 2009/0293716 refers to a device and a method which make it possible to clean

simultaneously a plurality of particle filters of the abovementioned kind.

SUMMARY OF THE INVENTION

The object of the present invention is to propose a particle filter which can be cleaned

easily but relatively infrequently.

The above objects are achieved with the particle filter mentioned in the introduction

which is characterised by what is indicated in the characterising part of claim 1. The

particle filter thus comprises a first filter component and a second filter component.

The first filter component comprises at least one first duct and one second duct which

have outlet apertures close to the second filter component. This makes it possible for

the exhaust gases to be led along two different flow paths in the first filter component

to the second filter component. A first flow path leads the exhaust gases unfiltered

through the first filter component, after which the particles in the exhaust gases are

separated in the downstream second filter component. A second flow path separates

the particles in the exhaust gases in the first filter component when the exhaust gases

are led from the first duct to the second duct via the passages in the wall element. In

this case, exhaust gases which have thus already been cleaned of particles are led

through the second filter component. During operation, the exhaust gases take

whichever of the two flow paths presents the lower possible flow resistance. The total

flow resistance of the first flow path is mainly determined by the flow resistance when

the exhaust gases are led through the second filter component. The total flow

resistance of the second flow path is determined mainly by the aggregate of the flow



resistance when the exhaust gases are led from the first duct to the second duct and the

flow resistance when they are led through the second filter component.

In operating situations where the second filter component is new, exhaust gases led

along the first flow path and the second flow path are subject to similar flow resistance

when they are led through the second filter component. The exhaust gases led along

the second flow path are additionally subject to a flow resistance in the first filter

component. When the second filter component is new, the flow resistance along the

first flow path is thus definitely less than the flow resistance along the second flow

path. In this situation the exhaust gases are therefore led mainly along the first flow

path. The particles in the exhaust gases are thus captured in the second filter

component in a region close to the outlet aperture of the first duct. Over time, ash

from burnt particles accumulates in this region of the second filter component. The

ash obstructs the passages through the second filter component in this region. The

flow resistance for the exhaust gases led along the first flow path increases. Over time,

the exhaust flow will therefore switch from the first flow path to the second flow path.

When this happens, the first filter component becomes responsible for the main

separation of particles from the exhaust gases. After a further period of use, the first

filter component will likewise begin to be obstructed by ash. The filter components of

the particle filter will then need to be replaced or renovated. As the particle filter will

work so long as either of said filter components works, replacement or renovation of

the filter may take place at quite long intervals. The first filter component thus has a

first duct which is open at both ends. This means that ash which has become attached

to the surface in the first duct can be blown out in a relatively uncomplicated way and

with little wear of the first filter component.

According to a preferred embodiment of the invention, the particle filter comprises

fastening means by which the second filter component can be fitted releasably at said

location. This makes it quite easy to fit and remove the second filter component, and

with advantage also the first filter component, when replacement or renovation

becomes necessary. The second filter component comprises with advantage a mat of

fibre material. The fibres are here arranged to form passages so dimensioned that



exhaust gases, but not particles, can be led through the mat. The fibre mat may

comprise fibres of silicon dioxide. It may alternatively comprise fibres of other heat-

tolerant materials. Said fibre mat may be coated with a material which results in

oxidation catalysis involving the formation of nitrogen dioxide in at least the regions

where the particles accumulate. Such a coating may be a thin external layer of a noble

metal. Such a coating makes it possible for soot to burn at a relatively low temperature

The particles which accumulate in the second filter component may thus substantially

always undergo rapid combustion.

According to another preferred embodiment of the present invention, the particle filter

comprises a supporting element adapted to serving as support for the second filter

component when it is in a fitted state. The second filter component has thus to cover

the outlet apertures of the first ducts and the outlet apertures of the second ducts. The

second filter component has therefore to abut with relatively great pressure against the

outlet apertures so that no exhaust gases from any outlet aperture are led out at the side

of the second filter component. Cases where it takes the form of a flexible fibre mat

usually entail the second filter component being braced by at least one supporting

element. The supporting element may comprise a rigid unit with a structure which has

holes running through it for throughflow of exhaust gases which pass through the

second filter component. Such a supporting element may have a network structure, a

grid structure or a honeycomb structure.

According to another preferred embodiment of the present invention, the first filter

component comprises a body made of porous material. In this case the wall element

will have a porous structure with passages which extend between the first duct and the

second duct. The passages will be dimensioned to allow exhaust gases, but not

particles, to pass between the ducts. The porous material may be ceramic material or

sintered material. The first filter component comprises with advantage a plurality of

first ducts and a plurality of second ducts which have a parallel extent between a first

end surface of the first filter component and a second end surface of the first filter

component. The second filter component is here situated adjacent to the second end



surface at a location such that it extends across all the outlet apertures in the second

end surface.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention is described below by way of example with

reference to the attached drawings, in which:

Fig. 1 depicts a particle filter according to an embodiment of the present

invention,

Fig. 2 is a sectional view of part of the particle filter in Fig. 1 in an initial

operating situation and

Fig. 3 is a corresponding sectional view of the particle filter in Fig. 1 in a

subsequent operating situation.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE

INVENTION

Fig. 1 depicts a particle filter situated in an exhaust system for a diesel engine. The

exhaust system comprises an exhaust line 1 leading exhaust gases from the engine to a

container 2 which surrounds the particle filter. After the exhaust gases have been

cleaned of particles in the particle filter, they are led from the container 2 to a

downstream exhaust line 3 . The particle filter comprises a first filter component 4 in

the form of a body which has a porous structure. The first filter component may

consist of ceramic material or sintered material. The first filter component 4 contains a

large number of parallel ducts. The parallel ducts extend between a first end surface

4a and a second end surface 4b of the first filter component 4 . The ducts comprise first

ducts 5 and second ducts 6. The first ducts 5 and the second ducts 6 are separated

from one another by relatively thin sidewalls 7 made of the aforesaid porous material.

The porous sidewalls 7 contain axial passages whose size is such that they allow

exhaust gases, but not particles, to pass through. The first ducts 5 have inlet apertures

5a at the first end surface 4a whereby exhaust gases are received in the first filter



component 4 . The first ducts 5 have outlet apertures 5b at the second end surface 4b

whereby exhaust gases are led out from the first filter component 4 . The second ducts

6 are provided with stopping means 6a at the first end surface 4a to prevent the exhaust

gases from being led into them there. The second ducts 6 are provided with outlet

apertures 6b at the second end surface 4b whereby exhaust gases are led out from the

first filter component 4 .

A second filter component 8 is situated in contact with the second end surface 4b of

the first filter component 4 . The second filter component 8 is fitted at a location such

that it extends across the whole of the second end surface 4b and therefore also across

the outlet apertures 5b of the first ducts and the outlet apertures 6b of the second ducts.

The second filter component 8 is composed of a fibre mat comprising fibres of heat-

tolerant material. The material has to be able to tolerate at least a maximum exhaust

temperature which may be of the order of 700°C. The heat-tolerant material may for

example be silicon dioxide Si0 2. The second filter component 8 has the characteristic

of allowing exhaust gases to pass through while at the same time intercepting particles.

A supporting element 9 is provided on the side of the filter 8 which is not in contact

with the second end surface 4b of the first filter component 4 . The supporting element

9 comprises a structure which has holes running through it for throughflow of exhaust

gases which have passed through the second filter component 8. The supporting

element 9 may have a grid structure, network structure, honeycomb structure or the

like. An annular fastening means 10 is adapted to keeping the supporting element 9

and the second filter component 8 at an intended fitting location in the container 2 .

During operation of the diesel engine, exhaust gases are led through the exhaust

system. When the exhaust gases encounter the container 2, they reach initially the first

filter component 4 into which they are led via the inlet apertures 5a to the first ducts 5 .

There are then two possible flow paths for the exhaust gases to follow. A first flow

path leads them through the whole of the first ducts 5 and out via their outlet apertures

5b. They are then led through the second filter component 8 in which particles

accompanying them become attached close to the outlet apertures 5b of the first ducts.

The exhaust gases thus cleaned of particles then move on in the exhaust system



through the exhaust line 3 . A second flow path leads the exhaust gases from the first

ducts 5 via the axial passages in the wall element 7 to adjacent second ducts 6 . The

exhaust gases here pass through the axial passages in the wall element 7 but the

accompanying particles become attached. The exhaust gases thus cleaned of particles

are then led out from the second ducts 6 via their outlet apertures 6b. The exhaust

gases are then led through the second filter component 8. As they will already have

been cleaned of particles, no particles will become attached in the second filter

component 8 close to the outlet apertures 6b of the second ducts. The exhaust gases

then move on in the exhaust system through the exhaust line 3 .

When the exhaust gases are led along the first flow path, particles become attached in

the second filter component 8 in the region situated externally to the outlet apertures

5b of the first ducts. When the exhaust gases are led along the second flow path, the

particles become attached to surfaces of the first ducts 5 close to the axial passages in

the wall element 7. To maintain continuing good operation, the soot in the particles

which have become attached in the aforesaid regions has to be burnt. This is achieved

by applying a burner in the exhaust system at a location upstream of the particle filter.

The purpose of the burner is, when necessary, to heat the exhaust gases to a

temperature such that the soot burns in the particle filter. The soot in the particles

normally ignites at a temperature of about 600°C. In most cases, however, it is

difficult to guarantee such a high exhaust temperature even with a high-performance

burner. The ignition temperature of the soot has therefore usually to be lowered. This

may be done by converting the various types of nitrogen oxides ΝΟχ present to

nitrogen dioxide N0 2. There are substantially two methods for this. In a CRT

(continuous regeneration trap) first method an oxidation catalyst is provided in the

exhaust system at a location upstream of the particle filter. In this case the soot ignites

in the particle filter at a significant lower temperature than 600°C. In a CSF (catalytic

soot filter) second method the particle filter is coated with a suitable coating material

so that the oxidation catalysis from ΝΟχ to N0 2 takes place directly on the surfaces

where the particles accumulate. Here again the soot ignites at a significantly lower

temperature than 600°C. In this case suitable regions of the second filter component 8

may be provided with such coating material, which may be a thin layer of a noble



metal. It is also possible by means of various substances added to the fuel to reach a

lower ignition temperature of about 350°C in a particle filter.

The exhaust gases in the exhaust system take substantially whichever of the two flow

paths through the particle filter presents the lower possible flow resistance. The total

flow resistance of the first flow path is substantially determined by the flow resistance

of the exhaust gases when they are led through the second filter component 8. The

total flow resistance of the second flow path is substantially determined by the

aggregate of the flow resistance of the exhaust gases when they are led through the

wall element 7 and the flow resistance when they are led through the second filter

component 8. Fig. 2 depicts an operating situation where a new first filter component

4 and a new second filter component 8 have been applied in the container 2 . In this

case the flow resistance for exhaust gases led through the second filter component 8

close to the outlet apertures 5b of the first duct and close to the outlet apertures 6b of

the second duct will be similar. Exhaust gases led along the first flow path will

additionally be subject to flow resistance through the wall element 7 . In this case the

exhaust gases led along the first flow path will thus have less flow resistance than

those led along the second flow path. This means that a substantial portion of them

will be led along the first flow path. The particles in the exhaust gases will therefore

be mainly intercepted in the second filter component 8 in the regions close to the outlet

apertures 5b of the first ducts.

During operation, the soot will burn in any of the ways described above. However, not

all of the material in the particles is combustible soot, so formations of ash inevitably

develop over time in the second filter component 8 in the regions close to the outlet

apertures 5b of the first ducts. Fig. 3 depicts such ash formations 12. Their presence

causes the flow resistance of the exhaust gases through the second filter component 8

close to the outlet apertures 5b to increase progressively as said ash formations 12

grow. The flow resistance for the exhaust gases led along the first flow path therefore

increases during operation. When the flow resistance along the first flow path

increases, an increasing proportion of the exhaust gases will be led along the second

flow path. When the ash formations 12 reach the size depicted in Fig. 3, they



substantially constitute an impenetrable blocking surface close to the outlet apertures

5b. Substantially the whole exhaust flow is then led along the second flow path

through the particle filter. The particles are then separated from the exhaust gases

when they are led through the axial passages in the wall element 7 . The axial passages

through the wall element 7 thus also begin to be obstructed by ash. .

When this happens, it is time to renovate the particle filter. The container 2 is removed

and opened appropriately, followed by releasing the annular fastening means 10. This

makes it possible to remove the supporting element 9 and the second filter component

8. Finally, the first filter component 4 is removed from the container 2 . The second

filter component 8, being not particularly expensive to procure, is scrapped. The first

filter component 4, being significantly more expensive to procure, is renovated. The

first filter component 4 will have ash formations on the sidewall surfaces in the first

ducts 5 . The second ducts 6 will be substantially clean of ash since the exhaust gases

will already have been cleaned of particles by the time they reach them. The first ducts

5 have both an inlet aperture 5a and an outlet aperture 5b. This makes it easy to reach

the first ducts and remove ash from them. The cleaning process may involve the ash

being detached and removed from the first ducts by means of a powerful jet of suitable

solvent. The renovated first filter component 4 is then put back in place in the

container 2 . A new second filter component 8 is applied against the second end

surface 4b of the first filter component. The supporting element 9 is applied in contact

with the second filter component 8 at an intended location before being locked firmly

in fitting position by means of the annular fastening means 10. The particle filter will

then be ready to be used again.

The present particle filter has several advantages over a conventional particle filter. As

the first filter component 4 is used substantially only when the second filter component

8 is out of action, there will be a relatively long time before the particle filter needs

renovating. This means that its renovation may take place at quite long intervals. As

the first filter component 4 has first ducts 5 which are open at both ends, ash

formations in them can be blown out in a relatively uncomplicated way. Such

renovation causes relative little wear of the surfaces of the first filter component 4 .



Finally, the fibres in the second filter component 8 may be coated with suitable coating

material, in the form of a noble metal, so that the oxidation catalysis from ΝΟχ to N0 2

takes place directly on the surfaces where the particles accumulate, thereby lowering

the combustion temperature of the soot.

The invention is in no way restricted to the embodiment described but may be varied

freely within the scopes of the claims.



Claims

1. A particle filter (1) for an exhaust system which leads exhaust gases out from a

combustion engine, which filter comprises a first filter component (4) comprising at

least one first duct (5) which has an inlet aperture (5a) whereby exhaust gases are led

into the first filter component (4), and at least one second duct (6) which has an outlet

aperture (6b) whereby exhaust gases are led out from the first filter component (4), and

a wall element (7) which separates the first duct (5) and the second duct (6) and which

contains passages dimensioned to allow exhaust gases, but not particles, to pass

through, characterised in that the first duct (5) comprises also an outlet aperture (5b)

whereby exhaust gases are led out from the first filter component (4) and that the

particle filter comprises a second filter component (8) so located that it extends across

the outlet aperture (5b) of the first duct and the outlet aperture (6b) of the second duct

of the first filter component (4), this second filter component (8) being dimensioned to

allow exhaust gases to pass through, but not particles, and be led out from the outlet

apertures (5b, 6b) of the first filter component.

2 . A particle filter according to claim 1, characterised in that it comprises fastening

means (10) by which the second filter component (8) can be fitted releasably at said

location.

3 . A particle filter according to claim 1 or 2, characterised in that the second filter

component (8) comprises a mat made of fibre material.

4 . A particle filter according to claim 3, characterised in that said fibre mat comprises

fibres of silicon dioxide.

5 . A particle filter according to claim 3 or 4, characterised in that said fibre mat has in

the regions where the particles accumulate a coating of material which results in

oxidation catalysis whereby nitrogen dioxide is formed.



6 . A particle filter according to any one of claims 3 to 5, characterised in that it

comprises a supporting element (9) adapted to serving as support for the second filter

component (8) when in a fitted state.

7 . A particle filter according to claim 6, characterised in that the supporting element (9)

takes the form of a rigid unit with a structure which has holes running through it for

throughflow of exhaust gases which pass through the second filter component (8).

8. A particle filter according to any one of the foregoing claims, characterised in that

the first filter component (4) contains a plurality of first ducts (5) and a plurality of

second ducts (6) which have a parallel extent between a first end surface (4a) and a

second end surface (4b) of the first filter component (4).

9 . A particle filter according to any one of the foregoing claims, characterised in that

the first filter component (4) comprises a body made of porous material.

10. A particle filter according to any one of the foregoing claims, characterised in that

the first filter component (4) consists of a body made of ceramic material or sintered

material.
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