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Description

1. Field of the Invention

[0001] The invention relates to an exhaust purification
system of an internal combustion engine.

2. Description of the Related Art

[0002] An occlusion and reduction type NOx catalyst
(hereinafter simply referred to as NOx catalyst) has been
developed in order to purify nitrogen oxides (NOx) in ex-
haust that is discharged from an internal combustion en-
gine, more particularly, a lean-burn internal combustion
engine. The NOx catalyst occludes NOx in exhaust into
the catalyst when the atmosphere within range of the
catalyst is in a high oxygen concentration state. In other
cases such as when the atmosphere within range of the
catalyst is in a low oxygen concentration state and un-
burned fuel constituents (hereinafter referred to as HC)
that are reducing constituents exist, the catalyst purifies
exhaust by reducing NOx occluded in the catalyst. The
occlusion and reduction type NOx catalyst occludes and
deposits sulfur oxides (SOx) in exhaust as well as NOx.
However, a problem occurs in accordance with an in-
crease in the SOx deposit amount in the NOx catalyst,
whereby an exhaust purification function of the NOx cat-
alyst deteriorates, and sufficient NOx purification is not
performed. Moreover, a deterioration in an oxidation
function of the NOx catalyst is another problem.
[0003] Hence, for example, an art disclosed in Japa-
nese Patent Laid-Open Publication No. 07-217474 or EP
0 971 101 raises a temperature of a NOx catalyst in which
a deposit amount of SOx is increased, and exposes the
NOx catalyst to an atmosphere where HC exists with a
constant air-fuel ratio, thereby removing SOx deposited
in the NOx catalyst from the catalyst. Thus, control for
recovering the exhaust purification function of the NOx
catalyst (hereinafter referred to as SOx poisoning recov-
ery control) is executed. Note that, in the SOx poisoning
recovery control, in order to expose the NOx catalyst to
an atmosphere where HC exists with a constant air-fuel
ratio, for example, a method, is used in which an air-fuel
ratio of exhaust is changed to a rich side by feeding ad-
ditional fuel into an exhaust passage.
[0004] Further, in the SOx poisoning recovery control,
when SOx deposited in the NOx catalyst is removed,
hydrogen sulfide is generated in connection with the re-
moval of SOx, thus leading to the problem of exhaust
discharged to the outside air with an abnormal odor. As
art to address this problem, for example, Japanese Pat-
ent Laid-Open Publication No. 2000-161107 discloses
art that controls an operation of an internal combustion
engine so as to suppress the degree of discharge of SOx
based on a SOx amount deposited in the NOx catalyst,
so as not to generate a large amount of SOx in a short
time in the process of SOx removal.
[0005] Meanwhile, the exhaust purification function

and the oxidation function of the NOx catalyst deteriorate
along with the depositing of SOx. Therefore, when the
deposited SOx is removed from the NOx catalyst by the
poisoning recovery control, if an air-fuel ratio of the ex-
haust flowing into the NOx catalyst is a constant air-fuel
ratio, HC that can not be covered by the oxidation function
of the NOx catalyst flows into the catalyst as well as ex-
haust, depending on the amount of SOx deposited in the
catalyst. In this situation, HC in exhaust can not be suf-
ficiently oxidized by the NOx catalyst, thus HC is dis-
charged to the atmosphere, and there is the possibility
that white smoke will be generated. Here, it is to be un-
derstood that "occulusion" used herein means retention
of a substance (solid, liquid, gas molecules) in the form
of at least one of adsorption, adhesion, absorption, trap-
ping, occlusion, and others.

SUMMARY OF THE INVENTION

[0006] In light of the foregoing situation, it is an object
of the present invention to provide an exhaust purification
system of an internal combustion engine that inhibits a
large amount of HC from being discharged to the atmos-
phere, in addition to inhibiting the generation of white
smoke, when SOx deposited in a NOx catalyst is re-
moved by SOx poisoning recovery control.
[0007] This object solved by a method for operating
exhaust purification system of an internal combustion en-
gine according to appended claim 1.
[0008] To achieve the above object, according to an
embodiment serving as an example of the present inven-
tion, an exhaust purification system of an internal com-
bustion engine includes a NOx catalyst for occluding and
reducing NOx in exhaust, and performs SOx poisoning
recovery control for removing SOx deposited in the NOx
catalyst by adjusting an air-fuel ratio of exhaust flowing
into the NOx catalyst to a predetermined air-fuel ratio.
The exhaust purifying system of an internal combustion
engine further includes SOx deposit amount estimating
means for estimating a SOx deposit amount of the NOx
catalyst, detecting means for detecting a concentration
of sulfur in a fuel used for the internal combustion engine,
and air-fuel ratio control means for changing an air-fuel
ratio of exhaust when performing the SOx poisoning re-
covery control to a richer side air-fuel ratio depending on
a decrease in the estimated SOx deposit amount.
[0009] The NOx catalyst occludes NOx in exhaust into
the catalyst in an atmosphere with a high oxygen con-
centration. The NOx catalyst purifies exhaust by reducing
NOx occluded in the catalyst in an atmosphere with a
low oxygen concentration and where unburned constit-
uents of a fuel that are reducing constituents exist. Fur-
ther, SOx in exhaust is also occluded and deposited in
the NOx catalyst, and with an increase in the SOx deposit
amount, an exhaust purification function and an oxidation
function of the NOx catalyst deteriorate. Thus, the ex-
haust purification function and the oxidation function of
the NOx catalyst are designed to be recovered by the
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SOx poisoning recovery control.
[0010] When such SOx poisoning recovery control is
performed, an air-fuel ratio of exhaust flowing into the
NOx catalyst is adjusted to the predetermined air-fuel
ratio by adding fuel into exhaust or by adjusting an injec-
tion amount or injection timing of the fuel in a combustion
chamber, or the like, whereby HC as a reducing agent is
supplied to the NOx catalyst. As a result, SOx deposited
in the NOx catalyst is removed. Note that the aforemen-
tioned predetermined air-fuel ratio is an air-fuel ratio of
exhaust when HC required for removing SOx deposited
in the NOx catalyst is supplied to the NOx catalyst.
[0011] Meanwhile, the oxidation function of the NOx
catalyst varies depending on the SOx deposit amount.
Accordingly, assuring that an air-fuel ratio of exhaust
flowing into the NOx catalyst is a constant air-fuel ratio,
since the oxidation function of the NOx catalyst deterio-
rates when the SOx deposit amount in the NOx catalyst
is large, there is a possibility that HC in the exhaust sub-
ject to the SOx poisoning recovery control will not be
oxidized by the NOx catalyst and discharged to the at-
mosphere.
[0012] However, according to the exhaust purification
system of an internal combustion engine such as the
above, during the SOx poisoning recovery control, the
air-fuel ratio of the exhaust flowing into the NOx catalyst
is controlled to a richer side depending on a decrease in
the SOx deposit amount estimated by the SOx deposit
amount estimating means so that a large amount of HC
is not included in exhaust flowing out from the NOx cat-
alyst.
[0013] For this reason, along with execution of the SOx
poisoning recovery control, the SOx deposit amount of
the NOx catalyst gradually decreases and the oxidation
function of the NOx catalyst is also gradually recovered.
Consequently, depending on a degree of the recovery,
an air-fuel ratio of exhaust is changed to the rich side. In
other words, when the SOx deposit amount is large and
the oxidation function of the NOx catalyst is still low, that
is, immediately after the SOx poisoning control is started
or the like, the air-fuel ratio of exhaust flowing into the
NOx catalyst is changed to a lean side air-fuel ratio. Along
with the oxidation function of the NOx catalyst being grad-
ually recovered by a decrease in the SOx deposit amount,
the air-fuel ratio of exhaust flowing into the NOx catalyst
is changed to a richer side air-fuel ratio. Accordingly, it
is possible to supply the NOx catalyst with HC corre-
sponding to the oxidation function of the NOx catalyst
that is determined by the SOx deposit amount. As a re-
sult, it is possible to suppress a concentration of HC in
exhaust flowing out from the NOx catalyst to a level that
is equal to or less than a permissible HC concentration.
Accordingly, it is possible to inhibit a large amount of HC
from being discharged to the atmosphere, thereby inhib-
iting the generation of white smoke.
[0014] Moreover, the above SOx deposit amount es-
timating means is also suitable for application to estima-
tion of the SOx deposit amount of the NOx catalyst, taking

into consideration the concentration of sulfur in the fuel
detected by the detecting means.
[0015] According to the exhaust purification system of
an internal combustion engine such as the above, the
concentration of sulfur in the fuel used for the internal
combustion engine is detected by the detecting means,
and when estimating the SOx deposit amount using the
SOx deposit amount estimating means, the detected
concentration of sulfur in the fuel is taken into consider-
ation. In this case, an increase trend of the SOx deposit
amount accompanied by the fuel consumption in the in-
ternal combustion engine becomes more distinct as the
concentration of the sulfur in the fuel becomes higher. If
the SOx deposit amount is estimated assuming that the
amount of sulfur in the fuel is less than a predetermined
rated value, in the case of feeding a fuel with a high sulfur
concentration or the like, an estimated SOx deposit
amount becomes less than an actual SOx deposit
amount. Thus, in the case where the estimated SOx de-
posit amount is less than the actual SOx deposit amount,
when an air-fuel ratio of exhaust is controlled depending
on the estimated SOx deposit amount during the SOx
poisoning recovery control, the air-fuel ratio becomes
richer than an optimal value that corresponds to the ac-
tual SOx deposit amount. As a result, the concentration
of HC in exhaust becomes high, and there is a possibility
that white smoke will be generated.
[0016] However, as described above, when estimating
the SOx deposit amount, the concentration of sulfur in
the fuel detected by the detecting means is taken into
consideration. Accordingly, for example, in the case
where fuel with a sulfur concentration higher than normal
is fed, the SOx deposit amount is estimated taking into
consideration the concentration of sulfur in the fuel. Thus,
the estimated SOx deposit amount is controlled so as
not to deviate from the actual SOx deposit amount.
Therefore, the air-fuel ratio during the SOx poisoning re-
covery control can be prevented from becoming richer
than the optimal value due to this deviation, which in-
creases the concentration of HC in exhaust, leading to
the generation of white smoke.
[0017] Further, the air-fuel ratio control means is also
suitable for correcting the air-fuel ratio based on the con-
centration of sulfur in the fuel detected by the detecting
means. Furthermore, the detecting means may detect
the concentration of sulfur in the fuel used for the internal
combustion engine, and in the case where the concen-
tration is high, the air-fuel ratio of the exhaust may be
corrected to the lean side with respect to the case where
the concentration is low.
[0018] According to the exhaust purification system of
an internal combustion engine such as the above, when
there is a gap between the estimated SOx deposit
amount and the actual SOx deposit amount resulting
from the concentration of sulfur in the fuel used for the
internal combustion engine, to solve the problem, the air-
fuel ratio of exhaust during the SOx poisoning recovery
control is corrected depending on the concentration of

3 4 



EP 1 515 029 B1

4

5

10

15

20

25

30

35

40

45

50

55

sulfur in the fuel. More specifically, the detecting means
detects the concentration of sulfur in the fuel used for the
internal combustion engine. In the case where the con-
centration is high, the air-fuel ratio of the exhaust is cor-
rected to the lean side with respect to the case where
the concentration is low. By making such a correction,
even if the estimated SOx deposit amount deviates from
the actual SOx deposit amount, the air-fuel ratio of ex-
haust during the SOx poisoning recovery control is inhib-
ited from deviating from the optimal value, thereby inhib-
iting the generation of the aforementioned white smoke
and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above mentioned and other objects, fea-
tures, advantages, technical and industrial significance
of this invention will be better understood by reading the
following detailed description of preferred embodiments
of the invention, when considered in connection with the
accompanying drawings, in which:

FIG. 1 is a schematic block diagram showing an ex-
haust purification system according to an embodi-
ment of the present invention, and an internal com-
bustion engine and a control system thereof that in-
clude the exhaust purification system.
FIG. 2 is a flow chart showing control of an air-fuel
ratio of exhaust flowing into a NOx catalyst when
performing SOx poisoning recovery control of the
NOx catalyst in the exhaust purification system ac-
cording to the embodiment of the present invention.
FIG. 3 is a graph showing a relationship between the
air-fuel ratio of exhaust and a SOx deposit amount
when performing the SOx poisoning recovery con-
trol.
FIG. 4 is a flow chart showing a specific procedure
for estimating the SOx deposit amount.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0020] In the following description and the accompa-
nying drawings, the present invention will be described
in more detail in terms of exemplary embodiments.
[0021] FIG. 1 is a schematic block diagram showing
an exhaust purification system to which the invention is
applied, and an internal combustion engine 1 and a con-
trol system thereof that include the exhaust purification
system.
[0022] The internal combustion engine 1 is an internal
combustion engine having four cylinders 2. Further, the
internal combustion engine 1 is provided with fuel injec-
tion valves 3 that directly inject fuel into combustion
chambers of cylinders 2. The fuel injection valves 3 are
connected to an accumulator 4 that accumulates and
pressurizes fuel to a predetermined pressure. The accu-
mulator 4 communicates with a fuel pump 6 through a

fuel supply pipe 5.
[0023] Next, an intake branch pipe 7 is connected to
the internal combustion engine 1, and each of sub-branch
pipes of the intake branch pipe 7 communicates with the
combustion chamber of each of the cylinders 2 through
an intake port. Here, communication between the com-
bustion chambers of the cylinders 2 and the intake ports
is performed by opening and closing of intake valves (not
shown). Further, the intake branch pipe 7 is connected
to an intake pipe 8. The intake pipe 8 is mounted with an
air flow meter 9 that outputs an electric signal correspond-
ing to the mass of intake air flowing through the intake
pipe 8. In a portion of the intake pipe 8 located upstream
from and close to the intake branch pipe 7, an inlet throttle
valve 10 is provided that adjusts a flow amount of the
intake air flowing through the intake pipe 8. The inlet throt-
tle valve 10 is provided with an actuator 11 for throttling
intake air, which is structured with a step motor and the
like, and actuates opening and closing of the inlet throttle
valve 10.
[0024] Here, in a portion of the intake pipe 8 located
between the air flow meter 9 and the inlet throttle valve
10, there is provided a compressor housing 17a of a cen-
trifugal supercharger (turbocharger) 17 that operates us-
ing exhaust energy as a power source. Moreover, in a
portion of the intake pipe 8 located downstream from the
compressor housing 17a, there is provided an intercooler
18 for cooling intake air compressed in the compressor
housing 17a that has reached a high temperature.
[0025] Meanwhile, an exhaust branch pipe 12 is con-
nected to the internal combustion engine 1, and each of
sub-branch pipes of the exhaust branch pipe 12 commu-
nicates with the combustion chamber of each of the cyl-
inders 2 through an exhaust port. Here, communication
between the combustion chambers of the cylinders 2 and
exhaust ports are performed by opening and closing of
exhaust valves (not shown). Further, the exhaust branch
pipe 12 is provided with a fuel addition valve 30 that adds
fuel into exhaust flowing through the exhaust branch pipe
12.
[0026] Further, the exhaust branch pipe 12 is connect-
ed to a turbine housing 17b of the centrifugal supercharg-
er 17. The turbine housing 17b is connected to an exhaust
pipe 13, and the exhaust pipe 13 is connected to a muffler
(not shown) at a downstream portion thereof. Further-
more, in the midstream portion of the exhaust pipe 13,
there is provided a NOx catalyst 16 that purifies exhaust
by occluding and reducing NOx in exhaust discharged
from the internal combustion engine. Note that instead
of the NOx catalyst 16, an exhaust purification device
that is a filter by which a NOx catalyst is supported, and
which has a function for trapping particulate matter in
exhaust may be used.
[0027] Moreover, the exhaust pipe 13 located down-
stream of the NOx catalyst 16 is provided with an exhaust
throttle valve 14 that adjusts a flow amount of exhaust
flowing through the exhaust pipe 13. The exhaust throttle
valve 14 is mounted with an actuator 15 for throttling ex-
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haust which is structured with the step motor and the like,
and actuates opening and closing of the exhaust throttle
valve 14.
[0028] Here, the fuel injection valve 3 and the fuel ad-
dition valve 30 open and close based on control signals
from an electronic control unit (hereinafter referred to as
ECU) 20. In other words, based on commands from the
ECU 20, injection timing and an injection amount of fuel
at the fuel injection valve 3 and the fuel addition valve 30
are controlled by the valves, respectively.
[0029] The ECU 20 is electrically connected to an ac-
celerator opening degree sensor 19, a crank position
sensor 33, and a high-sulfur-concentration fuel use
switch 34.
The accelerator opening degree sensor 19 outputs a sig-
nal to the ECU 20 that corresponds to an accelerator
opening degree, and the crank position sensor 33 outputs
a signal to the ECU 20 that corresponds to a turning angle
of an output shaft of the internal combustion engine 1.
The ECU 20 receives the signal corresponding to the
accelerator opening degree from the accelerator opening
degree sensor 19, and based thereon, the ECU 20 cal-
culates an engine output and the like required for the
internal combustion engine 1. Further, the ECU 20 re-
ceives the signal corresponding to the turning angle of
the output shaft of the internal combustion engine 1 from
the crank position sensor 33, and calculates an engine
rotational speed of the internal combustion engine 1, cy-
cle condition in the cylinders 2 and the like.
[0030] The high-sulfur-concentration fuel use switch
34 is operated by a vehicle driver during fueling in ac-
cordance with the type of fuel used for the internal com-
bustion engine 1. As fuel used for the internal combustion
engine 1, a fuel with a sulfur concentration less than the
predetermined rated value is commonly used. However,
in the case where a fuel with a high sulfur concentration
equal to or more than the predetermined value is fed for
some reason, the high-sulfur-concentration fuel use
switch 34 is turned on by the driver. In the case where a
fuel with a sulfur concentration less than the predeter-
mined rated value is fed, the high-sulfur-concentration
fuel use switch 34 is turned off by the driver. The ECU
20 receives a signal from the high-sulfur-concentration
fuel switch 34, and based thereon, the ECU 20 detects
the sulfur concentration of the fuel used for the internal
combustion engine 1.
[0031] Further, the ECU 20 is electrically connected to
an exhaust air-fuel ratio sensor 32, which is provided in
a portion downstream of the NOx catalyst 16 and detects
an air-fuel ratio of exhaust flowing out from the catalyst
16. The exhaust air-fuel ratio sensor 32 transmits to the
ECU 20 a voltage that corresponds to a concentration of
oxygen in the exhaust, whereby the air-fuel ratio of the
exhaust is detected. The exhaust purification system
structured with this sensor, the NOx catalyst 16 and the
like, purifies exhaust discharged from the internal com-
bustion engine 1.
[0032] Here, the purification ability of the NOx catalyst

deteriorates due to SOx occluded and deposited in the
NOx catalyst 16. Accordingly, SOx poisoning recovery
control for removing the SOx deposited in the NOx cat-
alyst is performed by the ECU 20. In the SOx poisoning
recovery control, the air-fuel ratio of exhaust flowing into
the NOx catalyst 16 is adjusted to a predetermined air-
fuel ratio, whereby a floor temperature of the NOx catalyst
16 is adjusted to a suitable temperature, and HC as a
reducing agent is supplied to the NOx catalyst 16.
[0033] At this time, the ECU 20 issues an injection com-
mand to the fuel addition valve 30, and based thereon,
fuel is added into exhaust by the fuel addition valve 30,
whereby the air-fuel ratio of exhaust flowing into the NOx
catalyst 16 is adjusted. A part of the fuel added into the
exhaust by the fuel addition valve 30 iSOxidized by an
oxidation function of the NOx catalyst 16, whereby the
floor temperature of the NOx catalyst 16 is increased.
Further, the remaining fuel is supplied to the NOx catalyst
16, whereby a reducing agent required for the SOx poi-
soning recovery control is supplied.
[0034] Control for the air-fuel ratio of exhaust is per-
formed such that the air-fuel ratio of exhaust flowing into
the NOx catalyst 16 is first estimated based on the air-
fuel ratio detected by the exhaust air-fuel ratio sensor 32,
and then, an amount of fuel added by the fuel addition
valve 30 is controlled so that the estimated air-fuel ratio
becomes the predetermined air-fuel ratio of exhaust. A
relationship between the air-fuel ratio of the exhaust in
the NOx catalyst 16 and the air-fuel ratio detected by the
exhaust air-fuel ratio sensor 32 may be obtained in ad-
vance by an experiment or the like, and stored in a ROM
of the ECU 20 as a map.
[0035] Here, in order to remove SOx deposited in the
NOx catalyst 16 under the SOx poisoning recovery con-
trol, the air-fuel ratio of exhaust flowing into the NOx cat-
alyst 16 is adjusted to the predetermined air-fuel ratio as
described above. However, as the SOx amount depos-
ited in the NOx catalyst 16 increases, the oxidation func-
tion of the NOx catalyst 16 deteriorates. Therefore, when
the SOx amount deposited in the NOx catalyst 16 is large,
for example, immediately after the SOx poisoning recov-
ery control is started, if the air-fuel ratio of exhaust flowing
into the NOx catalyst 16 is an excessively rich side air-
fuel ratio, an amount of HC that should be oxidized in the
NOx catalyst 16 under normal conditions is not oxidized
and passes through the NOx catalyst 16. Thus, a large
amount of HC is discharged to the atmosphere, which
may generate white smoke.
[0036] Therefore, control that inhibits a large amount
of HC from being discharged to the atmosphere during
the SOx poisoning recovery control, thereby inhibiting
the generation of white smoke, will be explained based
on FIG.2. FIG. 2 is a flow chart showing the control for
inhibiting the generation of white smoke during the SOx
poisoning recovery control in the NOx catalyst 16. Note
that the control is performed by the ECU 20 along with
the SOx poisoning recovery control.
[0037] First, at S100, the amount of SOx deposited in
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the NOx catalyst 16 is estimated. More specifically, the
amount of SOx deposited in the NOx catalyst 16 is esti-
mated based on a fuel consumption amount in the inter-
nal combustion engine 1 consumed after completion of
the last SOx poisoning recovery control, a driving dis-
tance of a vehicle equipped with the internal combustion
engine 1 relevant to the fuel consumption amount, the
sulfur concentration of the fuel for the internal combustion
engine 1, or the like. When the processing at S100 is
completed, the procedure proceeds to S101.
[0038] Then, at S101, it is determined whether the SOx
deposit amount in the NOx catalyst 16 estimated at S100
is larger than a predetermined deposit amount. The pre-
determined deposit amount is a threshold value for de-
termining that the deposited SOx should be removed,
because the SOx amount deposited in the NOx catalyst
16 is large and an exhaust purification function of the
NOx catalyst 16 has deteriorated. Therefore, if it is de-
termined at S101 that the SOx deposit amount in the NOx
catalyst 16 is larger than the predetermined deposit
amount, processing from S103 onward is executed so
as to remove the deposited SOx. On the other hand, if it
is determined at S101 that the SOx deposit amount in
the NOx catalyst 16 is equal to or less than the predeter-
mined deposit amount, the processing at S100 is exe-
cuted again.
[0039] At S103, based on the SOx deposit amount in
the NOx catalyst 16, the air-fuel ratio of exhaust flowing
into the NOx catalyst 16 is calculated such that the air-
fuel ratio of exhaust flowing into the NOx catalyst 16 is
suitable for removing SOx deposited in the NOx catalyst
16, and an HC concentration in exhaust passing through
the NOx catalyst 16 does not exceed a predetermined
HC concentration. More specifically, considering the de-
terioration in the oxidation function of the NOx catalyst
16 in accordance with the increase in the SOx deposit
amount of the NOx catalyst 16, when the SOx deposit
amount of the NOx catalyst 16 is large, the air-fuel ratio
is changed to a lean side air-fuel ratio. As the removal of
the SOx is facilitated, the air-fuel ratio is calculated so as
to become a rich side air-fuel ratio. The relationship be-
tween the SOx deposit amount and the air-fuel ratio of
the exhaust flowing into the NOx catalyst 16 is obtained
in advance by an experiment or the like, and stored in
the ROM of the ECU 20. The predetermined HC concen-
tration referred to here is a threshold value of the HC
concentration at which it is determined that white smoke
is generated in the exhaust discharged to the atmos-
phere. Thus, when the SOx deposited in the NOx catalyst
16 is removed, a large amount of HC is inhibited from
being discharged to the atmosphere, thereby inhibiting
the generation of white smoke. When the processing at
S103 is completed, the procedure proceeds to S104.
[0040] At S104, the fuel addition valve 30 adds fuel to
exhaust discharged from the internal combustion engine
1, whereby the air-fuel ratio of exhaust flowing into the
NOx catalyst 16 is controlled. More specifically, an
amount of fuel added by the fuel addition valve 30 is

controlled based on a value detected by the exhaust air-
fuel ratio sensor 32 or the like, so that the air-fuel ratio
of exhaust flowing into the NOx catalyst 16 is adjusted
to the air-fuel ratio of exhaust calculated at S103. When
the processing at S104 is completed, the procedure pro-
ceeds to S105.
[0041] At S105, an amount of SOx deposited in the
NOx catalyst 16 is estimated. This is the SOx deposit
amount for which an amount of SOx removed from the
NOx catalyst 16 by the fuel addition at S104 is taken into
consideration. Accordingly, from now on, for control
based on the SOx deposit amount of the NOx catalyst
16, such as the air-fuel ratio control of exhaust, the SOx
deposit amount of the NOx catalyst 16 estimated at S105
is utilized. When the processing at S105 is completed,
the procedure proceeds to S106.
[0042] At S106, it is determined whether the SOx
amount deposited in the NOx catalyst 16 is equal to or
less than a permissible deposit amount. Here, the per-
missible deposit amount is a threshold value for deter-
mining that the exhaust purification function of the NOx
catalyst 16 has been recovered based on the fact that
the SOx amount deposited in the NOx catalyst 16 has
decreased. Accordingly, when it is determined at S106
that the SOx amount deposited in the NOx catalyst 16 is
equal to or less than the permissible deposit amount, it
is determined that the deposited SOx of the NOx catalyst
16 has been removed, thus completing the control. On
the other hand, when it is determined at S106 that the
SOx amount deposited in the NOx catalyst 16 is larger
than the permissible deposit amount, it is determined that
the removal of SOx deposited in the NOx catalyst 16 has
not yet been completed, thus processing from S103 on-
ward is executed until the SOx deposit amount of the
NOx catalyst 16 becomes equal to or less than the per-
missible deposit amount.
[0043] As described above, in the SOx poisoning re-
covery control, the air-fuel ratio of exhaust flowing into
the NOx catalyst 16 is changed from a lean side air-fuel
ratio to a rich side air-fuel ratio based on the decrease in
the SOx deposit amount of the NOx catalyst 16. There-
fore, it is possible to supress the concentration of HC in
exhaust discharged to the atmosphere after passing
through the NOx catalyst 16 to a level that is equal to or
less than the predetermined concentration. Accordingly
a large amount of HC is inhibited from being discharged
to the atmosphere, and it is possible to inhibit the gener-
ation of white smoke.
[0044] Meanwhile, an actual SOx deposit amount of
the NOx catalyst 16 is affected by the sulfur concentration
of the fuel used for the internal combustion engine 1. As
the sulfur concentration becomes higher, an increase
trend of the SOx deposit amount becomes more distinct.
Note that as fuel used for the internal combustion engine
1, a fuel with a sulfur concentration less than the prede-
termined rated value is commonly used. Accordingly, in
the processing at S100 and S105 in the flow chart of the
SOx poisoning recovery control shown in FIG. 2, the SOx
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deposit amount can be estimated, assuming that the sul-
fur concentration of the fuel is less than the predeter-
mined rated value. In the SOx poisoning recovery control,
the air-fuel ratio of exhaust is controlled to an optimal
value corresponding to the estimated SOx deposit
amount. Note that the optimal value for the air-fuel ratio
of exhaust during the SOx poisoning recovery control is
changed to the rich side as the SOx deposit amount de-
creases, as shown in FIG. 3.
[0045] Accordingly, if A1 is a value of the estimated
SOx amount when assuming that the sulfur concentration
of fuel is less than the predetermined rated value, an air-
fuel ratio B1 of exhaust suitable for the SOx deposit
amount A1 is calculated in the SOx poisoning recovery
control. An amount of fuel added by the fuel addition valve
30 is then controlled so as to obtain the air-fuel ratio B1.
However, in the case where a fuel with a sulfur concen-
tration higher than the predetermined rated value is fed
as a fuel for an internal combustion engine for some rea-
son, the value of the actual SOx deposit amount becomes
A2, which is larger than A1, if the SOx deposit amount
is estimated as described above. This is because the
actual SOx deposit amount is increased by an amount
corresponding to the use of a fuel with a sulfur concen-
tration higher than the rated value, while the estimated
SOx deposit amount A1 is estimated assuming that the
sulfur concentration of the fuel is less than the rated val-
ue.
[0046] Under such a situation, a value B2 is the air-
fuel ratio of fuel suitable for performing the SOx poisoning
recovery control, which corresponds to the actual SOx
deposit amount A2. However, since the estimated SOx
deposit amount A1 is smaller than the actual SOx deposit
amount A2, the air-fuel ratio of exhaust is controlled to
the value B1 that corresponds to the estimated SOx de-
posit amount A1. Accordingly, the air-fuel ratio of exhaust
(here, B1) becomes richer than the optimal value (B2)
that corresponds to the actual SOx deposit amount, and
consequently the concentration of HC in exhaust be-
comes high, possibly leading to the generation of white
smoke. In order to solve such a problem, a SOx deposit
amount estimating routine as shown in FIG. 4 is executed
as processing for estimating the SOx deposit amount at
S100 and S105 in the flow chart of FIG. 2. The SOx de-
posit amount estimating routine is executed through the
ECU 20 every time the procedure proceeds to the afore-
mentioned S100 and S105.
[0047] In the SOx deposit amount estimating routine,
as processing at step S301, it is determined whether a
fuel has a sulfur concentration higher than the rated val-
ue. Such a determination is made based on a signal from
the high-sulfur-concentration fuel use switch 34 operated
by the vehicle driver. In this case, when a fuel with a sulfur
concentration higher than the rated value is fed, the high-
sulfur-concentration fuel use switch 34 is turned on by
the driver. Thus, it is determined that the sulfur concen-
tration of the fuel is high based on the signal from the
switch 34 in response to the turning-on operation. In other

words, the sulfur concentration of the fuel is detected
based on the signal from the switch 34. Note that regard-
ing the detection of the sulfur concentration of a fuel, for
example, it is also possible to adopt a method in which
a sensor for detecting the sulfur concentration of the fuel
is provided in a fuel tank of the vehicle, and the detection
is performed based on a signal output from the sensor.
[0048] When a negative judgement is made at step
S301, assuming that a fuel with a normal sulfur concen-
tration, that is, a fuel with a sulfur concentration less than
the rated value is used, the SOx deposit amount is esti-
mated based on a sulfur concentration less than the rated
value. When a positive judgement is made at S301, as-
suming that a fuel with a sulfur concentration equal to or
more than the rated value is used, the SOx deposit
amount is estimated based on a sulfur concentration
equal to or more than the rated value. The SOx deposit
amount thus estimated does not become a value exces-
sively deviated to the rich side with respect to the actual
SOx deposit amount even if a fuel with a sulfur concen-
tration that is equal to or more than the rated value is
used.
[0049] Accordingly, when the actual SOx deposit
amount is, for example, A2 as shown in FIG. 3, even if a
fuel with a sulfur concentration equal to or more than the
rated value is used, the estimated SOx deposit amount
can have the value that is the same as A2 or close thereto.
Therefore, during the SOx poisoning recovery control, it
does not occur that the air-fuel ratio Blof exhaust that is
controlled corresponding to the estimated SOx deposit
amount A1 does not excessively deviate to the rich side
with respect to the optimal value B2 for the air-fuel ratio
of exhaust, which corresponds to the actual SOx deposit
amount A2. Thus, it is possible to inhibit the HC concen-
tration in exhaust from becoming high as a result of the
deviation, thereby inhibiting the generation of white
smoke.
[0050] Note that the above embodiment may be mod-
ified, for example, in the following manner.
Instead of estimating the SOx deposit amount taking into
consideration the detected sulfur concentration of a fuel,
the air-fuel ratio of exhaust may be corrected during the
SOx poisoning recovery control based on the sulfur con-
centration. In this case, the estimation of the SOx deposit
amount is performed assuming that the sulfur concen-
tration of the fuel is less than the rated value. In the control
of the air-fuel ratio of exhaust, which is performed based
on the SOx deposit amount during the SOx poisoning
recovery control, the air-fuel ratio is corrected depending
on the sulfur concentration of the fuel. For example, when
the sulfur concentration of the fuel is higher than the rated
value, the estimated SOx deposit amount becomes
smaller than the actual SOx deposit amount. However,
the air-fuel ratio of exhaust, which is controlled based on
the estimated SOx deposit amount during the SOx poi-
soning recovery control, is corrected to the lean side de-
pending on the sulfur concentration of the fuel. Accord-
ingly, the same effect as the above embodiment can be
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obtained.
[0051] In the exhaust purification system of the internal
combustion engine (1) that includes the NOx catalyst (16)
for occluding and reducing NOx in exhaust, when remov-
ing SOx deposited in the NOx catalyst, the concentration
of sulfur in the fuel is detected, and the amount of SOx
deposited in the NOx catalyst is estimated taking into
consideration the concentration of the sulfur in the fuel.
Further, the air-fuel ratio of exhaust flowing into the NOx
catalyst (16) is changed to a rich side air-fuel ratio de-
pending on a decrease in the estimated SOx deposit
amount, whereby the HC concentration of exhaust flow-
ing out from the NOx catalyst (16) is adjusted to a level
equal to or less than the permissible HC concentration.

Claims

1. A method for operating an exhaust purification sys-
tem of an internal combustion - engine including
an NOx catalyst (16) for occluding and reducing NOx
in exhaust and performing SOx poisoning recovery
control for removing SOx deposited in the NOx cat-
alyst (16),
SOx deposit amount estimating means (20) for esti-
mating an SOx deposit amount of the NOx catalyst,
detecting means for detecting or a switch for setting
(34) a concentration of sulphur in a fuel used for the
internal combustion engine, and
air-fuel ratio control means (20) for changing an air-
fuel ratio of exhaust when performing the SOx poi-
soning recovery control,
comprising the steps:

estimating the amount of SOx deposited in the
NOx catalyst (16) taking into consideration the
concentration of sulfur in the fuel detected by
the detecting means or set by the switch (34),
determining whether the SOx deposit amount is
larger than a predetermined amount and when
calculating an air-fuel ratio for removing the SOx
deposited on the NOx catalyst (16) not to exceed
a predetermined HC concentration and
adjusting the air-fuel ratio of the exhaust flowing
into the NOx catalyst (16) accordingly and there-
by changing the air-fuel ratio of exhaust to a rich-
er side air-fuel ratio depending on a decrease in
the estimated SOx deposit amount.

2. Method according to claim 1, characterised in that
the air-fuel ratio control means (20) corrects the air-
fuel ratio based on the concentration of sulphur in
the fuel detected by the detecting means.

3. Method according to claim 1 or 2, characterised in
that the concentration of sulphur in the fuel used in
the internal combustion engine (1) is detected by the
detecting means and when the concentration is high,

the air-fuel ratio of exhaust is corrected to a lean side
compared to when the concentration is low.

Patentansprüche

1. Verfahren zum Betreiben des Abgasreinigungssy-
stems eines Verbrennungsmotors, umfassend:

einen NOx-Katalysator (16) zum Isolieren und
Reduzieren von NOx im Abgas und Durchführen
der Steuerung der SOx-Vergiftungs-Regenera-
tion zum Entfernen von im NOx-Katalysator (16)
abgelagertem SOx,
Mittel zum Beurteilen der SOx-Ablagerungs-
menge (20), um die SOx-Ablagerungsmenge
des NOx-Katalysators zu beurteilen,
Erfassungsmittel zum Erfassen oder ein Um-
schalter zum Festlegen (34) der Schwefelkon-
zentration in dem für den Verbrennungsmotor
verwendeten Kraftstoff, und
Steuermittel für das Luft-Kraftstoff Verhältnis
(20), um das Luft-Kraftstoff Verhältnis des Ab-
gases zu verändern, wenn die Steuerung der
SOx-Vergiftungs-Regeneration durchgeführt
wird,
umfassend die Schritte:

Beurteilen der in dem NOx-Katalysator (16)
abgelagerten SOx-Menge unter Berück-
sichtigung der durch die Erfassungsmittel
erfassten oder durch den Umschalter (34)
festgelegten Schwefelkonzentration in dem
Kraftstoff,
Bestimmen, ob die SOx-Ablagerungsmen-
ge größer als eine vorherbestimmte Menge
ist und wenn
Berechnen eines Luft-Kraftstoff-Verhältnis-
ses zum Entfernen des auf dem NOx-Kata-
lysator (16) abgelagerten SOx, das eine
vorherbestimmte HC-Konzentration nicht
überschritten wird, und
entsprechendes Anpassen des Luft-Kraft-
stoff-Verhältnisses des in den NOx-Kataly-
sator (16) strömenden Abgases und dabei
Verändern des Luft-Kraftstoff-Verhältnis-
ses des Abgases zur Seite des fetteren Luft-
Kraftstoff-Verhältnisses, abhängig von der
Abnahme der beurteilten SOx-Ablage-
rungsmenge.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Steuermittel für das Luft-Kraft-
stoff Verhältnis (20) das Luft-Kraftstoff Verhältnis ba-
sierend auf der durch das Erfassungsmittel erfas-
sten Schwefelkonzentration in dem Kraftstoff korri-
giert.
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3. Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass die Schwefelkonzentration in
dem in dem Verbrennungsmotor (1) verwendeten
Kraftstoff durch die Erfassungsmittel erfasst wird
und wenn die Konzentration hoch ist, das Luft-Kraft-
stoff-Verhältnis im Abgas im Vergleich dazu, wenn
die Konzentration gering ist, zu der mageren Seite
korrigiert wird.

Revendications

1. Procédé d’utilisation d’un système de purification
d’échappement d’un moteur à combustion interne
incluant
un catalyseur de NOx (16) pour occlure et réduire le
NOx dans l’échappement et réaliser une commande
de récupération d’empoisonnement par le SOx pour
enlever le SOx déposé dans le catalyseur de NOx
(16),
des moyens d’estimation de quantité de dépôt de
SOx (20) pour estimer une quantité de dépôt de SOx
dans le catalyseur de NOx,
des moyens de détection pour détecter ou un com-
mutateur pour régler (34) une concentration de sul-
fure dans un combustible utilisé pour le moteur à
combustion interne, et
des moyens de commande de rapport air-carburant
(20) pour modifier un rapport air-carburant de
l’échappement quand on réalise la commande de
récupération d’empoisonnement par le SOx,
comprenant les étapes consistant à :

estimer la quantité de SOx déposé dans le ca-
talyseur de NOx (16) en prenant en considéra-
tion la concentration de sulfure dans le combus-
tible détectée par les moyens de détection ou
réglée par le commutateur (34),
déterminer si la quantité de SOx déposé est su-
périeure à une quantité prédéterminée et ensui-
te
calculer un rapport air-carburant pour enlever le
SOx déposé sur le catalyseur de NOx (16) pour
ne pas dépasser une concentration en HC pré-
déterminée et
régler le rapport air-carburant de l’échappement
s’écoulant dans le catalyseur de NOx (16) en
conséquence et changer ainsi le rapport air-car-
burant de l’échappement en un rapport air-car-
burant plus riche en fonction d’une diminution
de la quantité de dépôt de SOx estimée.

2. Procédé selon la revendication 1, caractérisé en
ce que les moyens de commande rapport air-car-
burant (20) corrigent le rapport air-carburant en fonc-
tion de la concentration en sulfure dans le carburant
détectée par les moyens de détection.

3. Procédé selon la revendication 1 ou 2, caractérisé
en ce que la concentration en sulfure dans le car-
burant utilisé dans le moteur à combustion interne
(1) est détectée par les moyens de détection et
quand la concentration est élevée, le rapport air-car-
burant de l’échappement est corrigé pour être plus
pauvre en comparaison de quand la concentration
est faible.
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