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(57)  Theinvention relates to an exhaust system pro-
viding at least one exhaust path for a vehicle internal
combustion engine (2) comprising a particulate filter (5)
adapted to store particulate matter, and a nitrogen oxides
absorber (4). The nitrogen oxides absorber (4) is located

An exhaust system and a method for such a system

upstream of the particulate filter (5), and hydrocarbon
supply means (6) are adapted to supply hydrocarbon,
into at least one of the exhaust paths, upstream of the
particulate filter (5) and downstream of the nitrogen ox-
ides absorber (4).
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Description
TECHNICAL FIELD

[0001] Thepresentinventionrelatestoan exhaustsys-
tem providing at least one exhaust path for a vehicle in-
ternal combustion engine comprising a particulate filter
adapted to store particulate matter, and a nitrogen oxides
absorber. The invention also relates to a method for such
a system.

BACKGROUND

[0002] An exhaust aftertreatment system for a vehicle
diesel engine traditionally includes a diesel oxidation cat-
alyst for control of carbon monoxide (CO), hydrocarbons
(HC), and soluble organic fractions of particulate matter
in the exhaust gases, In addition, a particulate filter, also
known as a catalyzed soot filter, diesel particulate filter,
carbon trap or carbon particulate filter, adapted to store
carbonaceous particulate matter from the exhaust gas,
can be provided, In recent years, it has been suggested
to replace or complement the diesel oxidation catalyst
with a nitrogen oxides (NOx) adsorber, also known as a
NOx adsorber catalyst or alean NOx trap, which is adapt-
ed to trap (adsorb) and reduce oxides of nitrogen such
as nitrogen monoxide (NO) and nitrogen dioxide (NO,).
[0003] Below, different types of "regenerations" need-
ed to be performed to maintain the emissions perform-
ance of an exhaust aftertreatment system comprising
both a NOx adsorber catalyst and a particulate filter, are
described briefly.

[0004] A NOxadsorber comprises a catalyst washcoat
that chemically adsorbs NO and NO, molecules, and
when the trap is "full", the NOx adsorber is regenerated
or "purged™. This type of regeneration will in the following
be denoted a "DeNOx regeneration". Such a regenera-
tion can be performed by periodically, temporarily chang-
ing the engine operation to provide rich conditions (lamb-
da value < 1) in the exhaust gas. Thereby, the trapped
NOx molecules will react with CO and hydrocarbons to
produce water (H,0), carbon dioxide (CO,) and nitrogen
gas (N,). Such a combined release and conversion of
trapped NOx molecules by a temporary switch, per-
formed entirely by engine measures to produce rich con-
ditions in the exhaust gas, is here referred to as an "en-
gine control DeNOx regeneration”, Alternatively, regen-
eration of the NOx adsorber can be carried out by inject-
ing fuel into the exhaust path upstream of the NOx ad-
sorber, for example as described in US6745560B2,
EP1223312A1 and US2003/0140621A1.

[0005] A well known drawback of NOx adsorbers is
their susceptibility to poisoning by sulfur components in
the exhaust gas. Sulfur is strongly bound to the NOx ad-
sorber catalyst washcoat, thus reducing the NOx storage
capability, and sulfur components are not readily re-
leased from the NOx adsorber during DeNOx regenera-
tions. To remove the poisoning sulfur components and
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recover the NOx storage capability of the NOx adsorber,
a special type of "DeSOx regeneration" must be per-
formed at regular intervals. A DeSOx regeneration re-
quires both rich conditions in the exhaust gas and a high
NOx adsorber temperature, generally above e.g.
600-650°C. DeSOx regenerations can be performed en-
tirely by changing the engine operation to provide the
required conditions in the exhaust gas.

[0006] A particulate filter needs to be regenerated to
avoid overloading of soot. This type of regeneration is in
the following denoted a "particulate filter regeneration”.
It can be performed by periodically changing the engine
operation to provide suitable conditions for soot oxida-
tion. As opposed to DeNOx and DeSOx regenerations,
a particulate filter regeneration does not require rich con-
ditions in the exhaust gas. For the oxidation of captured
soot in the particulate filter, the exhaust gas temperature
is raised to e.g. 600°C and lean conditions in the exhaust
gas (lambda vague> 1) are maintained such that the ox-
ygen concentration is sufficient to ensure efficient oxida-
tion of the captured soot particles, also known as soot
burnout.

[0007] During particulate filter regeneration there is
usually an aim to keep the temperature of the filter at a
target filter temperature which is an optimum operating
temperature where the soot oxidation rate is sufficiently
high, but the temperature is not so high as to cause a
significant risk for filter damage due to excessive tem-
peratures within the particulate filter. In known solutions
for particulate filter regeneration the target temperature
is generally achieved by producing an exotherm across
an oxidation catalyst positioned upstream of the partic-
ulate filter. A problem occurs where the oxidation catalyst
is replaced by a NOx adsorber, since particulate filter
regenerations can significantly accelerate the ageing of
the NOx adsorber. The catalyst washcoat of a NOx ad-
sorber is significantly more temperature sensitive than
that of an oxidation catalyst, and the conditions required
for particulate filter regeneration can result in significant
thermal ageing through the exothermic reactions taking
place in the NOx adsorber. During a particulate filter re-
generation, the temperature within the NOx adsorber can
come up to 850°C during transient driving conditions,
whereas temperatures in excess of e.g. 700°C can be
detrimental to the catalyst washcoat of the NOx adsorber.
[0008] Also, in the solution in said US6745560B2, with
the NOx adsorber downstream of the particulate filter,
the substantial risk of accelerated thermal ageing of the
NOx adsorber must be taken into account.

SUMMARY OF THE INVENTION

[0009] Itisanobjectoftheinventionto provide effective
regeneration of a particulate filter in a vehicle exhaust
system, while reducing or avoiding risks of causing ex-
cessive ageing to a nitrogen oxides adsorber of the ex-
haust system,

[0010] This object is reached with an exhaust system
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of the type mentioned initially, wherein the nitrogen ox-
ides absorber is located upstream of the particulate filter,
and hydrocarbon supply means are adapted to supply
hydrocarbon, into at least one of the exhaust paths, up-
stream of the particulate filter and downstream of the
nitrogen oxides absorber,

[0011] The supply of hydrocarbon into the exhaust gas
can be performed with a low-pressure fuel injector, or
with an alternative device for providing finely dispersed
or gaseous hydrocarbons into the exhaust gas stream.
[0012] By supplying hydrocarbon upstream of the par-
ticulate filter and downstream of the NOx adsorber a tem-
perature increase for particulate filter regeneration, or
soot burn-out, of the particulate filter can be produced by
an exothermic reaction within the particulate filter itself.
Since the hydrocarbon supply takes place downstream
ofthe NOx adsorber, particulate filter regeneration meas-
ures will not cause a temperature increase in the NOx
adsorber, and the thermal ageing of the latter will be sig-
nificantly reduced. The hydrocarbon supply can be acti-
vated for particulate filter regeneration during all driving
conditions, even atlow exhausttemperatures, e.g. during
low-load and idling driving conditions when the temper-
ature within the NOx adsorber is relatively low, to main-
tain a target temperature (e.g. 600°C) within the partic-
ulate filter.

[0013] During conditions of low exhaust temperatures,
the combustion efficiency of the engine may be reduced
as to increase the exhaust gas temperature, with the in-
tention of supporting the soot oxidation process during
particulate filter regeneration, In this case, a moderate
temperature increase may be produced by exothermic
reactions within the NOx adsorber, but the temperature
should be maintained at such levels as to render the ther-
mal ageing effect on the NOx adsorber negligible.
[0014] In principle, the hydrocarbon type is not limited
to any specific compounds; instead the hydrocarbon
source can be comprised of a variety of organic com-
pounds based on carbon and hydrogen, the molecular
structure of which can vary as is known in the art. Pref-
erably, the hydrocarbon supply means are adapted to
supply hydrocarbon by supplying fuel from fuel storage
means adapted to store fuel for the engine,

[0015] Preferably, catalytic, oxidation means adapted
for hydrocarbon oxidation are provided upstream of the
particulate filter and downstream of the hydrocarbon sup-
ply means. Thereby, hydrocarbons can be supplied up-
stream of the catalytic oxidation means so that all, or at
least a part of the exothermic reactions take place within
the catalytic oxidation means. This will provide for the
particulate filter regeneration to be even more effective
and will enable a more accurately temperature-controlled
particulate filter regeneration process. In addition, the risk
for hydrocarbon breakthrough downstream the particu-
late filter is reduced. The catalytic oxidation means can
be provided in the form of an oxidation catalyst, or another
type of catalyst with a similar capability of hydrocarbon
oxidation, such as a three way catalyst, or a further NOx
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adsorber with a hydrocarbon oxidation capacity.

[0016] Preferably, the nitrogen oxides absorber is lo-
cated directly downstream of a turbocharger of the en-
gine. This means that there is no intermediate device
between the NOx adsorber and the turbocharger regard-
less whether the NOx adsorber is located in the direct
vicinity of the turbocharger or at a distance from it As
mentioned below, this can provide a rapid activation of
the NOx adsorber after engine start, and also an efficient
abatement of CO and hydrocarbon emissions where the
NOx adsorber has an oxidizing function.

[0017] The object is also reached with a method ac-
cording to any of the claims 5-6.

DESCRIPTION OF THE FIGURES

[0018] Bellow, the invention will be described in detail
with reference to the drawings, in which

- fig. 1 shows schematically an engine system with an
exhaust system according to an embodiment of the
invention, and

- fig. 2 shows schematically an engine system with an
exhaust system according to an alternative embod-
iment of the invention.

DETAILED DESCRIPTION

[0019] Fig. 1 shows an engine system 1 in a vehicle,
with an internal combustion engine 2, in the form of a
diesel engine 2, and an exhaust system 3 providing an
exhaust path, in a direction indicated with an arrow A. for
exhaust gases from the engine 2. A turbine of a turbo-
charger 201 is provided downstream of an exhaust man-
ifold (not shown) of the engine 2. It should be mentioned
that the invention is of course also applicable to engines
without turbochargers.

[0020] The exhaust system 3 comprises a NOx ad-
sorber 4, and a particulate filter 5 adapted to store par-
ticulate matter. The NOx adsorber 4 is located upstream
of the particulate filter 5, preferably in a close-coupled
position directly downstream the turbocharged 201. In
this context, the location of the NOx adsorber 4 in a close-
coupled position directly downstream of the turbocharger
201 means that there is no intermediate device between
the NOx adsorber 4 and the turbocharger 201. An ad-
vantage of placing the NOx adsorber in this position is a
rapid heat-up of the NOx adsorber, giving a quick so-
called "light-off with activation of the NOx adsorber func-
tion rapidly after, engine start. Given that the NOx ad-
sorber has an oxidizing function, its positioning in the
close-coupled position also enables efficient abatement
of CO and hydrocarbon emissions.

[0021] Hydrocarbon supply means 6 are provided up-
stream of the particulate filter 5 and downstream of the
NOx adsorber 4. The hydrocarbon supply means 6 is
adapted to provide into the exhaust, path finely dispersed
or gaseous hydrocarbons, in the form of diesel fuel, and
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is for this purpose adapted to communicate, via a sepa-
rate conduit and by means of a fuel pump 701, with fuel
storage means, in the form of a fuel tank 7, adapted to
store diesel fuel for the engine 2. It should be mentioned
that as an alternative, the hydrocarbon supply means 6
can be adapted to communicate with fuel storage means
which are separate from the fuel tank for the engine 2.
The hydrocarbon supply means 6 could be provided in
the form of a fuel evaporation unit as described in
EP1369557B1 or EP 1643092A1, or as a part of an agent
injection system as described in WO 2006138233A3.
[0022] The engine system comprises an engine con-
trol unit 8 adapted to control air flow control means (not
shown) and fuel injection means (not shown) of the en-
gine 2inamanner known in the art. In the exhaust system
3, a differential pressure sensor 901 is connected up-
stream and downstream, respectively, of the particulate
filter 5. An upstream connection pipe to the differential
pressure sensor 901 is located downstream of the NOx
adsorber 4. The engine control unit 8 is adapted to re-
ceive a signal from the differential pressure sensor 901,
and to determine based thereon the pressure difference
across the particulate filter 5.

[0023] A first temperature sensor 1001 is located in
the exhaust system 3 upstream of the particulate filter 5
and downstream of the NOx adsorber 4. Based on the
pressure difference, determined by means of the differ-
ential pressure sensor 901, and signals from the firsttem-
perature sensor 1001, the engine control unit 8 can de-
termine whether accumulated soot amount in the partic-
ulate filter 5 has reached a level at which a particulate
filter regeneration should be initiated. Alternatively, or in
addition, in a particulate filter data model can be used by
the control unit 8 to determine whether a particulate filter
regeneration should be initiated, and/or particulate filter
regeneration can be carried out at predetermined dis-
tances covered by the vehicle.

[0024] The engine control unit 8 is adapted to receive
signals from a first and second lambda sensor 1101,
1102, located upstream and downstream, respectively,
of the NOx adsorber 4. The second lambda sensor 1102
is located upstream of the particulate filter 5. Based on
signals from the first and second lambda sensors 1101,
1102, the engine control unit 8 can determine the NOXx
emissions performance of the NOx adsorber 4 and
whether DeNOx or DeSOx regenerations need to be in-
itiated. The signals from the lambda sensors 1101, 1102
can also be used by the engine control unit 8 to determine
an appropriate termination time of an activated DeNOx
or DeSOx regeneration procedure.

[0025] The engine control unit 8 is adapted to receive
signals from a second temperature sensor 1002, located
in the exhaust system 3, upstream of the NOx adsorber
4. Based on signals from the temperature sensors 1001,
1002, the engine control unit 8 can estimate the temper-
ature within the NOx adsorber 4, with the objective of
avoiding thermal ageing of the latter. The estimated tem-
perature within the NOx adsorber 4 enables the engine
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control unit 8 to perform accurate temperature control
and avoidance of thermal ageing effects on the NOx ad-
sorber 4 during both DeSOx regenerations and during
particulate filter regenerations, in the case that a moder-
ate temperature increase within the NOx adsorber is pro-
duced from engine measures.

[0026] The engine control unit 8 can also be adapted
to receive signals from a third temperature sensor 1003,
located in the exhaust system 3, downstream of the par-
ticulate filter 5. Based on the signals from the first and
third temperature sensors 1001, 1003, located upstream
and downstream, respectively, of the particulate filter 5,
the engine control unit 8 can estimate the temperature
within the filter during particulate filter regenerations and
accordingly adjust the dosing amount of hydrocarbons
through hydrocarbon supply 6,

[0027] Fig. 2 shows an engine system 1 with an ex-
haust system 3 according to an alternative embodiment
of the invention. The exhaust system in fig. 2 is similar
tothe one described above with reference tofig. 1, except
for the following features. Catalytic oxidation means in
the form of an oxidation catalyst 12 is provided upstream
of the particulate filter 5 and downstream of the hydro-
carbon supply means 6. As mentioned above, this pro-
vides for fuel to be provided upstream of the oxidation
catalyst 12, in order to regenerate the particulate filter 5,
so that at least a part of the exothermic reactions giving
a temperature increase in the particulate filter 5 take
place in the oxidation catalyst 12. Preferably, all or a ma-
jor part of these exothermic reactions take place in the
oxidation catalyst 12. As also mentioned above, the cat-
alytic oxidation means 12 can be provided in the form of
another type of catalyst with a similar capability of hydro-
carbon oxidation.

[0028] In the embodiment shown in fig. 2, a third tem-
perature sensor 1003 is positioned downstream of the
oxidation catalyst 12 and upstream of the particulate filter
5. Based on the signals from the temperature sensors
1001, 1003, located upstream and downstream, respec-
tively, of the oxidation catalyst 12, the engine control unit
8 can adjust the dosing amount of hydrocarbons through
hydrocarbon supply 6 and estimate the temperature with-
in particulate filter 5 during particulate filter regenera-
tions.

Claims

1. An exhaust system providing at least one exhaust
path for a vehicle internal combustion engine (2)
comprising a particulate filter (5) adapted to store
particulate matter, and a nitrogen oxides absorber
(4), characterized in that the nitrogen oxides ab-
sorber (4) is located upstream of the particulate filter
(5), and hydrocarbon supply means (6) are adapted
to supply hydrocarbon, into at least one of the ex-
haust paths, upstream of the particulate filter (5) and
downstream of the nitrogen oxides absorber (4).
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An exhaust system according to claim 1, wherein the
hydrocarbon supply means (6) are adapted to supply
hydrocarbon by supplying fuel from fuel storage
means (7) adapted to store fuel for the engine.

An exhaust system according to any of the preceding
claims, wherein catalytic oxidation means (12)
adapted for hydrocarbon oxidation are provided up-
stream of the particulate filter (5) and downstream
of the hydrocarbon supply means (6). 10

An exhaust system according to any of the preceding
claims, wherein the nitrogen oxides absorber (4) is
located directly downstream of a turbocharger (201)
of the engine (2), 15

A method for an exhaust system providing at least
one exhaust path for a vehicle internal combustion
engine comprising a particulate filter (5) adapted to
store particulate matter, and a nitrogen oxides ab- 20
sorber (4), characterized in regenerating the par-
ticulate filter (5) by supplying hydrocarbon, into at
least one of the exhaust paths, upstream of the par-
ticulate filter (5) and downstream of the nitrogen ox-
ides absorber (4). 25

A method according to claim 5, wherein the hydro-
carbon is supplied upstream of catalytic oxidation
means (12), adapted for hydrocarbon oxidation and
provided upstream of the particulate filter (5). 30
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