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(57) ABSTRACT 

An exhaust-gas cleaning unit includes a particle ?lter and a 
nitrogen oxide store disposed upstream of the particle ?lter. 
A method for operating the exhaust-gas cleaning unit 
includes a nitrogen oxide regeneration phase and a sulphur 
regeneration phase for the nitrogen oxide store and a soot 
regeneration phase for the particle ?lter. A longer period is 
selected for the sulphur regeneration phase than for the 
nitrogen oxide regeneration phase. At least part of the 
sulphur regeneration phase and at least part of the soot 
regeneration phase are performed as a combined regenera 
tion phase, in Which the regeneration phases are performed 
in immediate succession or one regeneration phase is per 
formed intermittently at a number of intervals during the 
other regeneration phase. 
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EXHAUST-GAS CLEANING UNIT WITH 
PARTICLE FILTER AND NITROGEN OXYGEN 
STORE, AND OPERATING METHOD THEREFOR 

FIELD OF THE INVENTION 

[0001] The invention relates to an exhaust-gas cleaning 
unit having a particle ?lter and a nitrogen oxide store and to 
a method for operating a unit of this type. Exhaust-gas 
cleaning units of this type are suitable in particular for 
cleaning the exhaust gases of diesel engines from, for 
example, motor vehicles. 

BACKGROUND INFORMATION 

[0002] European Published Patent Application No. 0 758 
713 describes an exhaust-gas cleaning unit in Which an 
oxidation catalytic converter is connected upstream of the 
particle ?lter, as seen in the direction of How of the exhaust 
gas, and the nitrogen oxide store is connected doWnstream 
of the particle ?lter. As an alternative to the nitrogen oxide 
store, a nitrogen oxide reduction catalytic converter may be 
used. The oxidation catalytic converter is used to convert 
nitrogen monoxide Which is contained in the exhaust gas in 
soot regeneration phases of the particle ?lter into nitrogen 
dioxide, Which promotes the soot burn-off in the particle 
?lter. The nitrogen oxide store or the nitrogen oxide reduc 
tion catalytic converter is used to collect or convert nitrogen 
monoxide Which is formed by the reaction of the nitrogen 
dioxide With the soot particles. The soot regeneration opera 
tions occur, for example, every 60 minutes for about three 
minutes With a lean exhaust-gas composition and tempera 
tures of betWeen approximately 400° C. and 500°C. Con 
ventional nitrogen oxide regeneration phases for the nitro 
gen oxide store are performed approximately every 10 
seconds to every feW minutes, in each case for approxi 
mately 0.5 seconds, With a rich exhaust-gas composition. 
When a nitrogen oxide regeneration phase of this type falls 
in the period of a soot regeneration phase, it is performed, by 
an additional increase in temperature, as a correspondingly 
short sulphur regeneration phase, in order to prevent gradual 
sulphur poisoning of the nitrogen oxide store. 

[0003] Various methods for nitrogen oxide (NOX) regen 
eration and sulphur regeneration of a nitrogen oxide store 
are conventional. For example, German Published Patent 
Application No. 197 50 226 describes a method for NOX 
regeneration in Which a desired, rich exhaust-gas composi 
tion is generated substantially only by engine measures, 
including suitable control of exhaust-gas recycling. 

[0004] It is an object of the present invention to provide a 
neW type of exhaust-gas cleaning unit and a corresponding 
operating method for this unit. 

SUMMARY 

[0005] The above and other bene?cial objects of the 
present invention are achieved by providing an exhaust-gas 
cleaning unit and method as described herein. 

[0006] The exhaust-gas cleaning unit according to the 
present invention includes a nitrogen oxide store connected 
upstream of the particle ?lter. Connecting the nitrogen oxide 
store upstream of the particle ?lter, as seen in the direction 
of How of the exhaust gas, has a number of particular 
advantages. For example, nitrogen oxides, Which have been 
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temporarily stored in the nitrogen oxide store, may be 
liberated at the elevated exhaust-gas temperature Which is 
required for soot regeneration of the particle ?lter and may 
additionally assist the soot regeneration in the form of 
nitrogen dioxide (N02). Furthermore, sulphur regeneration 
of the nitrogen oxide store, Which requires relatively high 
exhaust-gas temperatures of typically betWeen 600° C. and 
700° C., may be combined With soot regeneration of the 
particle ?lter, for Which elevated exhaust-gas temperatures 
of betWeen approximately 400° C. and approximately 600° 
C. are generally used, the fact that the nitrogen oxide store 
is connected upstream of the particle ?lter resulting in a 
natural temperature gradient along the exhaust-gas ?oW 
Which matches these temperature requirements. 

[0007] A respective oxidation catalytic converter may be 
provided upstream of the nitrogen oxide store, betWeen the 
nitrogen oxide store and the particle ?lter and/or doWn 
stream of the particle ?lter. Depending on the particular 
arrangement, an oxidation catalytic converter of this type 
assists With raising the exhaust-gas temperature, soot regen 
eration by generating NO2 and/or avoiding hydrocarbon 
(HC) and/or carbon monoxide (CO) emissions. 

[0008] An HC/CO/O2 storage coating and/or an oxidation 
catalyst coating and/or a coating Which promotes the oxi 
dation of soot may be provided in the particle ?lter, prefer 
ably in each case in an inlet-side part thereof. Thus, 
unburned hydrocarbons and carbon monoxide may be 
trapped or oxidiZed and/or the soot burn-off during the 
particle ?lter regeneration may be assisted. 

[0009] An exhaust-gas according to the present invention 
may include a lambda probe doWnstream of the particle 
?lter. This probe may be used to monitor the soot burn-off 
behavior during the particle regeneration and to detect any 
breakthrough of reducing agents during the NOX regenera 
tion of the nitrogen oxide store. 

[0010] The operating method according to the present 
invention includes ?rstly sulphur regeneration phases for the 
nitrogen oxide store, Which are performed for a longer 
period than the NOX regeneration phases, in order to achieve 
complete sulphur desorption. Moreover, combined sulphur 
and soot regeneration phases are provided, during Which the 
sulphur regeneration of the nitrogen oxide store and the soot 
regeneration of the particle ?lter may be linked in terms of 
time by the tWo regeneration operations being performed 
immediately after one another or by one regeneration opera 
tion being performed intermittently at intervals during the 
other regeneration operation. In this manner, the thermal 
exhaust-gas energy may be utiliZed for both regeneration 
processes. 

[0011] In the operating method according to the present 
invention, a lambda probe doWnstream of the particle ?lter 
may be used ?rstly to detect the progress of a soot regen 
eration phase and secondly to detect a breakthrough of 
reducing agents during a nitrogen oxide regeneration phase 
and therefore that the latter phase has ended. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic block diagram of an exhaust 
gas cleaning unit for a diesel engine having a particle ?lter, 
an upstream nitrogen oxide store and an optional doWn 
stream oxidation catalytic converter. 
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[0013] FIG. 2 is a schematic block diagram of an exhaust 
gas cleaning unit having an oxidation catalytic converter 
disposed upstream of the nitrogen oxide store. 

[0014] FIG. 3 is a schematic block diagram of an exhaust 
gas cleaning unit having an oxidation catalytic converter 
disposed betWeen the nitrogen oxide store and the particle 
?lter. 

[0015] FIG. 4 is a schematic block diagram of an exhaust 
gas cleaning unit having a particle ?lter that includes a 
coating con?gured to perform an exhaust-gas cleaning func 
tion. 

DETAILED DESCRIPTION 

[0016] The exhaust-gas cleaning unit, only the relevant 
components of Which are illustrated in FIG. 1, is suitable in 
particular for cleaning the exhaust gas from a diesel engine, 
for example in a motor vehicle. The exhaust-gas cleaning 
unit includes, as components Which are active in the 
exhaust-gas cleaning in an exhaust system 1, a particle ?lter 
2 and a nitrogen oxide store 3 Which is connected upstream 
of the particle ?lter 2, as seen in the direction R of How of 
the exhaust gas, as Well as, optionally, an oxidation catalytic 
converter 4 connected doWnstream of the particle ?lter 2. 

[0017] Acontrol unit, Which may formed, for example, by 
an engine control unit Which controls the exhaust-emitting 
diesel engine, is used to control the operation of the exhaust 
gas cleaning unit. The control unit determines the operating 
state of the exhaust-gas cleaning unit using various sensors 
arranged in the exhaust system 1. These sensors include in 
particular a ?rst sensor arrangement S1. Upstream of the 
nitrogen oxide store 3, for detecting the lambda value, the 
nitrogen oxide content and the temperature of the exhaust 
gas, a second and third sensor arrangement S2, S3 betWeen 
the nitrogen oxide store 3 and the particle ?lter 2 and 
doWnstream of the latter, respectively, in each case to 
determine pressure and temperature, and, also doWnstream 
of the particle ?lter 2, upstream or doWnstream of the 
optional oxidation catalytic converter 4, a fourth sensor 
arrangement S4 for determining the lambda value and 
oxygen and/or nitrogen oxide content. Depending on the 
particular application, only some of the abovementioned 
sensors may be provided. 

[0018] FIGS. 2 to 4 illustrate variants of the unit illustrated 
in FIG. 1. In the unit illustrated in FIG. 2, an oxidation 
catalytic converter 5 is additionally provided upstream of the 
nitrogen oxide store 3. In this case, the optional oxidation 
catalytic converter 4 doWnstream of the particle ?lter 2 may 
be smaller. 

[0019] In the exhaust-gas cleaning unit illustrated in FIG. 
3, an oxidation catalytic converter 6 is connected betWeen 
the nitrogen oxide store 3 and the particle ?lter 2. Again, the 
optional oxidation catalytic converter 4 doWnstream of the 
particle ?lter 2 may be smaller. 

[0020] The exhaust-gas cleaning unit illustrated in FIG. 4 
uses a modi?ed particle ?lter 2a Which, in an inlet-side 
section 7, is provided With a coating Which is active in 
cleaning of the exhaust gas. Depending on the particular 
application, this coating is selected so that it ful?ls an 
oxidation catalyst function or an HC/CO/O2 storage function 
or a function of promoting soot burn-off. Suitable materials 
for such coatings are conventional and therefore require no 
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further explanation. In the ?rst case, the coating acts as an 
oxidation catalyst, i.e., it catalyZes oxidation of gaseous, 
oxidiZable exhaust-gas constituents. In the second case, the 
coating serves to store unburned hydrocarbons, carbon mon 
oxide or oxygen contained in the exhaust gas at the inlet side 
of the particle ?lter 2a, depending on the operating state of 
the diesel engine and of the exhaust-gas cleaning unit. In this 
manner, it is possible, for example, to prevent a break 
through of unburned hydrocarbons and of carbon monoxide. 
In the third case, the coating serves as an oxidation aid in the 
soot burn-off during the soot regeneration of the particle 
?lter, With the result that the soot burn-off may occur even 
at relatively loW temperatures. 

[0021] Because the nitrogen oxide store 3 is arranged 
upstream of the particle ?lter 2, each of the installations 
illustrated may be operated so that the functions of these tWo 
exhaust-gas cleaning components 2, 3 may be adapted to one 
another and assist one another With optimum utiliZation of 
the thermal energy contained in the exhaust gas. As is 
conventional, the nitrogen oxide store 3 ful?lls the nitrogen 
oxide reduction function, by temporarily storing nitrogen 
oxides, for example by adsorption in nitrate form, during 
lean operation of the diesel engine and releasing them and 
reducing them to form nitrogen during periodic regeneration 
or desorption phases. These NOX regeneration phases are 
performed at typical intervals of one to a feW minutes, for a 
period of typically slightly less than one second to a feW 
seconds, during Which period a rich exhaust-gas composi 
tion is set. Any secondary emissions of unburned hydrocar 
bons and carbon monoxide Which arise may be oxidiZed by 
the subsequent oxidation catalytic converter(s) 4, 6. 

[0022] In the unit illustrated in FIG. 4, a breakthrough of 
unburned hydrocarbons and/or carbon monoxide may also 
be prevented as a result of the particle ?lter coating 7 
containing a material Which has an HC/CO/O2 storage 
function and, depending on the exhaust-gas atmosphere and 
exhaust-gas temperature, is able to temporarily store hydro 
carbons and carbon monoxide and/or to oxidiZe them using 
temporarily stored oxygen. 

[0023] The particle ?lter 2 collects particles contained in 
the exhaust gas for a running distance of typically of the 
order of magnitude of a feW hundred kilometers or several 
operating hours of the diesel engine, until its storage capac 
ity is reached, after Which it is subjected to soot regenera 
tion. For this soot regeneration, the exhaust gas is raised to 
a suitably high temperature of typically 400° C. to 600° C. 
by corresponding engine measures, and a lean exhaust-gas 
composition With an oxygen content of preferably greater 
than 5% is established. This operation is typically performed 
for a feW minutes, after Which period the soot has been 
completely burnt off and the particle ?lter 2 has been 
regenerated. 

[0024] The soot regeneration of the particle ?lter 2 may be 
assisted by the upstream nitrogen oxide store 3 as a result of 
the latter previously being laden With nitrogen oxides. Then, 
as soon as the exhaust-gas temperature for starting a soot 
regeneration operation is raised to over 400° C., e.g., to over 
450° C., the nitrogen oxide store 3, under the lean exhaust 
gas atmosphere, releases additional N02, Which acts as a 
soot burn-off agent and assists soot burn-off in the doWn 
stream particle ?lter, Which begins at particle ?lter tempera 
tures of beloW 400° C., With the result that the regeneration 
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speed of the particle ?lter 2 is increased. If the diesel engine 
includes an exhaust-gas recycling system, the soot regen 
eration of the particle ?lter 2 may be enhanced further by 
deactivating the exhaust-gas recycling during this period, 
leading to higher NOX raW emissions. As a result, additional 
nitrogen dioxide for accelerated soot burn-off is provided to 
the upstream oxidation catalytic converter 5 directly and via 
the oxidation of nitrogen monoxide to form NO2 in the NOX 
store 3. 

[0025] If, in the unit illustrated in FIG. 4, the particle ?lter 
coating 7 is formed by a material Which assists With soot 
oxidation, the soot burn-off is promoted by this coating 7, 
Which has the effect of causing the soot to be burnt off even 
at a relatively loW temperature. 

[0026] When using sulphur-containing operating sub 
stances, in particular fuel and oil, for the diesel engine, the 
nitrogen oxide store 3 may gradually become covered With 
sulphur contained in the exhaust gas and, as a result, loses 
its ability to store NOX. In order for the sulphur Which has 
been incorporated in the nitrogen oxide store 3, generally in 
sulphate form, to be released again, it is conventional to 
perform corresponding desulphating phases from time to 
time. These phases are typically required in each case after 
a feW thousand operating kilometers and if possible are 
maintained for a feW minutes, typically up to about 15 
minutes for complete sulphur regeneration. The sulphur 
regeneration requires the nitrogen oxide store 3 to be heated 
to a relatively high temperature of, typically, above 600° C., 
eg to 650° C. 

[0027] The times at Which a sulphur regeneration of the 
nitrogen oxide store 3 is performed may be linked to soot 
regeneration of the particle ?lter 2, since both operations 
require elevated exhaust-gas temperatures and therefore the 
elevated thermal exhaust-gas energy may be utiliZed for 
both regeneration operations. By Way of example, sulphur 
regeneration may be performed immediately before or 
immediately after a soot regeneration. A further possibility 
is for both regeneration processes to be performed quasi 
simultaneously, as a result of the process parameters for one 
regeneration operation being established in principle for 
over and above a certain period, but during this period the 
process parameters are intermittently sWitched over for brief 
periods to those required for the other operation. By Way of 
example, it is possible, during soot regeneration of the 
particle ?lter 2, during Which in principle a lean exhaust-gas 
composition is established, to intermittently, for example 
every 15 seconds to 60 seconds, sWitch over for a brief 
period of, for example, three seconds to 10 seconds, to a rich 
exhaust-gas composition, and in this manner to bring about 
sulphur regeneration of the nitrogen oxide store 3. 

[0028] This time-matching of soot regeneration of the 
particle ?lter 2 and sulphur regeneration of the nitrogen 
oxide store 3 is assisted by the speci?c arrangement of the 
nitrogen oxide store 3 upstream of the particle ?lter 2 and the 
standard temperature gradient in the exhaust system 1, since 
this arrangement means that, at a given, elevated exhaust 
gas temperature, the nitrogen oxide store 3 tends to be at a 
higher temperature than the particle ?lter 2 Which folloWs it 
doWnstream. In this manner, it is possible, Without further 
additional heating measures, to set the temperature of, for 
example, 650° C. Which is required for the sulphur regen 
eration in the nitrogen oxide store 3 and, at the same time, 
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to set the slightly loWer temperature of approximately 400° 
C. to 600° C. required for soot regeneration in the particle 
?lter 2. Moreover, the relatively high thermal inertia of the 
particle ?lter, Which results from its mass, does not cause 
any delay to the temperature control of the NOX store 3. 
Furthermore, the increase in the exhaust-gas temperature 
may be at least partially affected by oxidation, for example, 
of additionally injected fuel. 

[0029] Connecting the oxidation catalytic converter 5 
upstream of the nitrogen oxide store 3, in accordance With 
the unit illustrated in FIG. 2, given its particularly high 
temperature stability, may contribute to protecting the nitro 
gen oxide store 3 from very high exothermic temperatures 
during this oxidation, in that it oxidiZes at least some of the 
oxidiZable constituents contained in the exhaust gas, and as 
a result, at least partially relieves the nitrogen oxide store 3 
of this oxidation function. In this manner, the thermal aging 
of the nitrogen oxide store 3 may be minimiZed. 

[0030] As the above description of example embodiments 
illustrates, the exhaust-gas cleaning unit according to the 
present invention and the associated operating method 
according to the present invention alloW the thermal 
exhaust-gas energy to be utiliZed for the regeneration opera 
tions of both the nitrogen oxide store 3 and the particle ?lter 
2. Moreover, the upstream nitrogen oxide store 3 is able to 
assist and accelerate the soot regeneration of the particle 
?lter 2 by additionally providing nitrogen oxide and by 
increasing the exhaust-gas temperature by exothermic oxi 
dation of, for example, fuel Which is introduced into the 
exhaust gas by additional injection into the diesel engine. 

[0031] The exhaust-gas sensor arrangements S1 to S4 of 
the exhaust-gas cleaning unit, for measuring the tempera 
ture, the pressure and the nitrogen oxide and oxygen content 
in the exhaust gas at the various locations of the exhaust 
system, may be used to control the sequence of the various 
regeneration operations described above. For example, 
arranging the lambda probe S4 doWnstream of the particle 
?lter 2 upstream or doWnstream of the optional oxidation 
catalytic converter 4 alloWs the exhaust gas to be monitored 
both With regard to a breakthrough of reducing agent during 
nitrogen oxide regeneration phases, Which indicates that the 
nitrogen oxide desorption has been completed, and With 
regard to the oxygen content during the soot regeneration of 
the particle ?lter 2, With the result that the burn-off behavior 
of the soot may be determined and complete conclusion of 
the soot burn-off may be detected. 

What is claimed is: 
1. An exhaust-gas cleaning unit, comprising: 

a particle ?lter; and 

a nitrogen oxide store, the nitrogen oxide store being 
disposed upstream of the particle ?lter. 

2. The exhaust-gas cleaning unit according to claim 1, 
Wherein the exhaust-gas cleaning unit is con?gured for a 
diesel engine of a motor vehicle. 

3. The exhaust-gas cleaning unit according to claim 1, 
further comprising an oxidation catalytic converter, the 
oxidation catalytic converter being disposed at least one of 
betWeen the nitrogen oxide store and the particle ?lter, 
upstream of the nitrogen oxide store and doWnstream of the 
particle ?lter. 
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4. The exhaust-gas cleaning unit according to claim 1, 
wherein the particle ?lter includes a coating con?gured to 
perform one of an oxidation catalytic converter function, an 
HC/CO/O2 storage function and a soot oxidation assisting 
function. 

5. The exhaust-gas cleaning unit according to claim 1, 
further comprising a lambda probe disposed doWnstream of 
the particle ?lter. 

6. A method for operating an exhaust-gas cleaning unit 
having a particle ?lter and a nitrogen oxide store disposed 
upstream of the particle ?lter, the method comprising the 
steps of: 

performing a nitrogen oxide regeneration phase With, at 
least temporarily, a rich exhaust-gas composition for 
the nitrogen oxide store; 

performing a sulphur regeneration phase With an elevated 
temperature and, at least temporarily, a rich exhaust-gas 
composition for the nitrogen oxide store; and 

performing a soot regeneration phase With, at least tem 
porarily, a lean exhaust-gas composition and an 
elevated exhaust-gas temperature for the particle ?lter; 

Wherein a longer period is provided for the sulphur 
regeneration phase than for the nitrogen oxide regen 
eration phase; and 

Wherein at least part of the sulphur regeneration phase and 
at least part of the soot regeneration phase are per 
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formed as a combined sulphur and soot regeneration 
phase, the combined sulphur and soot regeneration 
phase including one of: 

a plurality of shorter intermittent sulphur regeneration 
phases during a longer soot regeneration phase; 

a plurality of shorter intermittent soot regeneration 
phases during a longer sulphur regeneration phase; 

a soot regeneration phase and a sulphur regeneration 
phase in immediate succession; and 

a sulphur regeneration phase and a soot regeneration 
phase in immediate succession. 

7. The method according to claim 6, Wherein the exhaust 
gas cleaning unit includes a lambda probe disposed doWn 
stream of the particle ?lter, the method further comprising 
the steps of: 

monitoring the exhaust-gas composition With the lambda 
probe during the nitrogen oxide regeneration phase for 
a breakthrough of reducing agent, the breakthrough of 
reducing agent indicating an end of the nitrogen oxide 
regeneration phase; and 

monitoring the exhaust-gas composition With the lambda 
probe during the soot regeneration phase for oxygen 
content, the oxygen content being indicative of an end 
of a soot burn-off. 

* * * * * 


