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(57) Abstract: Engine air-fuel ratio controlling means is provided to
control an exhaust air-fuel ratio that is the ratio between the air con-
tained in the exhaust gas discharged from the engine (1) and the fuel el-
ement contained in the same exhaust gas and acting as a reducing agent
at a NOx catalyst by controlling the air- fuel ratio of the gas combusted
in the engine (1). Fuel adding means (17) is provided upstream of the
NOx catalyst (9) in an exhaust passage to add fuel into the exhaust gas.
During the SOx poisoning recovery control, when developing a state
enabling SOx reduction reactions, the exhaust gas air- fuel ratio of the
exhaust gas discharged from the engine and the amount of fuel added
from the fuel adding means (17) are controlled to minimize the sum of
the amount of fuel injected in the engine and the amount of fuel added
from the fuel adding means.
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EXHAUST GAS PURIFICATION SYSTEM AND METHOD FOR INTERNAL

COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an exhaust gas purification system and an exhaust gas
purification method for an internal combustion engine having an adsorption-reduction

type NOx catalyst provided in the exhaust passage.

2. Description of the Related Art

[0002] An exhaust gas purification system for an internal combustions engine has an
adsorption-reduction type NOx catalyst (will be simply referred to as “NOX catalyst”
where appropriate) provided in an exhaust passage. NOX catalysts adsorb NOX in an
exhaust gas under an oxidizing atmosphere and reduce the adsorbed NOx under a
reducing atmosphere.

[0003] Such NOx catalysts, however, adsorb SOx as well as NOx. Therefore, in an
exhaust gas purification system for an internal combustion engine having a NOX catalyst,
so-called SOx poisoning recovery control is executed to reduce the SOx adsorbed in the
NOx catalyst. Duripg the SOx poisoning control, the exhaust gas air-fuel ratio of the
exhaust gas entering the NOx catalyst, which is the ratio between the air contained in the
exhaust gas entering the NOx catalyst and the fuel element contained in the same exhaust
gas and acting as a reducing agent at the NOx catalyst, is reduced to a target exhaust gas
air-fuel ratio enabling SOx reduction reactions, and the temperature of the NOx catalyst
is increased to a target temperature enabling SOx reduction reactions.

[0004] Japanese  Patent  Application  Publication  No.  2002-155724
(JP-A-2002-155724) describes a technology in which the exhaust gas air-fuel ratio is
controlled by controlling the amount of fuel injected by a post-injection and/or

controlling the amount of fuel added from a fuel addition valve provided upstream of the

CONFIRMATION COPY
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NOx catalyst. Also, Japanese Patent Application Publication No. 2001-280125
(JP-A-2001-280125) and Japanese Patent Application Publication No. 2003-120373
(JP-A-2003-120373) have been also studied as references. However, none of these
related technologies specifically addresses the necessity for minimizing the reduction of

the fuel economy that may be caused by the SOx poisoning recovery control.

SUMMARY OF THE INVENTION

[0005] In view of the above, the invention provides a technology for minimizing the
reduction of the fuel economy that may be caused during the SOX poisoning recovery
control executed by an exhaust gas purification system of an internal combustion engine
in which a NOx catalyst is provided in an exhaust passage.

[0006] To accomplish this object, an aspect of the invention relates to an exhaust gas
purification system for an internal combustion engine, which has an engine air-fuel ratio
control device that controls the exhaust gas air-fuel ratio of the exhaust gas discharged
from the internal combustion engine and a fuel addition device that is provided upstream
of a NOx catalyst in the exhaust passage and adds fuel into the exhaust gas. This
exhaust gas purification system, when developing a state enabling SOxX reduction
reactions during the SOx poisoning recovery control, controls the exhaust gas air-fuel
ratio of the exhaust gas discharged from the internal combustion engine using the engine
air-fuel ratio control device and controls the amount of fuel added from the fuel addition
device so as to minimize the sum of the amount of fuel injected in the internal
combustion engine and the amount of fuel added from the fuel addition device.

[0007] More speciﬁcaliy, the above exhaust gas purification system is an exhaust gas'
purification system for an internal combustion engine, which has: an
adsorption-reduction type NOx catalyst that is provided in an exhaust passage of the
internal combustion engine; an engine air-fuel ratio control device that controls an
engine-out exhaust gas ajr-fuel ratio, which is the ratio between the air contained in the
exhaust gas discharged from the internal combustion engine and the fuel element

contained in the same exhaust gas and acting as a reducing agent at the
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adsorption-reduction type NOx catalyst, by controlling the air-fuel ratio of the gas to be
combusted in the internal combustion engine; a fuel addition device that is provided
upstream of the adsorption-reduction type NOx catalyst in the exhaust passage and adds
fuel into the exhaust gas; and a SOx poisoning recovery control device that executes a
SOx poisoning recovery control for reducing the SOx adsorbed in the
adsorption-reduction type NOx catalyst, in which the engine-out exhaust gas air-fuel ratio
is éontrolled by the engine air-fuel ratio control device and fuel is added into the exhaust
gas from the fuel addition device so that a catalyst-entering exhaust gas air-fuel ratio,
which is the ratio between the air contained in the exhaust gas entering the
adsorption-reduction type NOx catalyst and the fuel element contained in the same
exhaust gas and acting as a reducing agent at the adsorption-reduction type NOx catalyst,
decreases to a target exhaust gas air-fuel ratio enabling SOx reduction reactions and so
that the temperature of the adsorption-reduction type NOx catalyst increases to a target
temperature enabling SOx reduction reactions. This exhaust gas purification system is
characterized in that, when reducing the catalyst-entering exhaust gas air-fuel ratio to the
target exhaust gas air-fuel ratio and increasing the temperature of the
adsorption-reduction type NOx catalyst to the target temperature, the SOX poisoning
recovery control device controls the engine-out exhaust gas air-fuel ratio using the engine
air-fuel ratio control device and controls the amount of fuel added from the fuel addition
device so as to minimize the sum of the amount of fuel injected in the internal
combustion engine and the amount of fuel added from the fuel addition device.

[0008] Another aspect of the invention relates to an exhaust gas purification method
for an internal combustion engine having an adsorption-reduction type NOx catalyst that
adsorbs NOx and reduces the adsorbed NOx using a reducing agent and a fuel addition
device that is provided upstream of the adsorption-reduction type NOx catalyst in the
exhaust passage and adds fuel into the exhaust gas. This exhaust gas purification
method is characterized in that, when reducing a catalyst-entering exhaust gas air-fuel
ratio, which is the ratio between the air contained in the exhaust gas entering the

adsorption-reduction type NOx catalyst and the fuel element contained in the same
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exhaust gas and acting as a reducing agent at the adsorption-reduction type NOx catalyst,
to a target exhaust gas air-fuel ratio enabling SOx reduction reactions and increasing the
temperature of the adsorption-reduction type NOx catalyst to a target temperature
enabling SOx reduction reactions, an engine-out exhaust gas air-fuel ratio, which is the
ratio between the air contained in the exhaust gas discharged from the internal
combustion engine and the fuel element contained in the same exhaust gas and acting as a
reducing agent at the adsorption-reduction type NOx catalyst, and the amount of fuel
. added from the fuel addition device are controlled so as to minimize the sum of the
amount of fuel injected in the internal combustion engine and the amount of fuel added
from the fuel addition device.

[0009] According to the above exhaust gas purification system and method, the
reduction of the fuel economy that may be caused during the SOx poisoning recovery
control can be minimized.

[0010] The above exhaust gas purification system and method of the invention may
be such that, when reducing the catalyst-entering exhaust gas air-fuel ratio to the target
exhaust gas air-fuel ratio, the engine-out exhaust gas air-fuel ratio is reduced to a level at
which the amount of the fuel element contained in the exhaust gas discharged from the
internal combustion engine and not acting as a reducing agent at the adsorption-reduction
type NOX catalyst (will be referred to as “non-reductive fuel element” where appropriate)
reaches an upper limit value, and fuel of an amount needed to compensate for the
shortfall in the fuel amount required to reduce the catalyst-entering exhaust gas air-fuel
ratio to the target exhaust gas air-fuel rétio_is added into the exhaust gas from the fuel
addition device.

[0011] In the case where the engine-out exhaust gas air-fuel ratio is reduced by
reducing the air-fuel ratio of the gas to be combusted in the internal combustion engine, if
the air-fuel ratio of the gas to be combusted in the internal combustion engine is
excessively reduced, it makes it difficult for the fuel to be combusted sufficiently in the
internal combustion engine. In this case, the amount of the non-reductive fuel element

(ie., insufficiently combusted fuel) discharged from the internal combustion engine
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increases. As the percentage of such fuel turning into a non-reductive fuel element
increases, the amount of fuel ‘injected in the internal combustion engine needs to be
increased in order to reduce the engine-out exhaust gas air-fuel ratio, that is, in order to
Increase the amount of fuel acting as a reducing agent at the NOx catalyst.

[0012] To cope with this, in the above exhaust gas purification system and method,
the engine-out exhaust gas air-fuel ratio is reduced by reducing the air-fuel ratio of the
gas to be combusted in the internal combustion engine until the amount of the
non-reductive fuel element reaches its upper limit value, and then fuel of an amount
needed to compensate for the shortfall in the fuel amount required to reduce the
catalyst-entering exhaust gas air-fuel ratio to the target exhaust gas air-fuel ratio is added
into the exhaust gas from the fuel addition device. |

[0013] The upper limit value of the non-reductive fuel element is a threshold used to
determine whether the fuel used for further reducing the catalyst-entering exhaust gas
air-fuel ratio can be saved by accomplishing the reduction by adding fuel into the exhaust
gas from the fuel addition device or by accomplishiﬁg the reduction by reducing the
engine-out exhaust gas air-fuel ratio by reducing the air-fuel ratio of the gas to be
combusted in the internal combustion engine. That is, if the amount of the
non—redﬁcﬁve fuel element is larger than the upper limit value, the fuel amount needed to
bring about a given reduction of the catalyst-entering exhaust gas air-fuel ratio is
considered to be smaller when the same reduction of the catalyst-entering exhaust gas
air-fuel ratio is accomplished by adding fuel into the exhaust gas from the fuel addition
device than when the same reduction of the catalyst-entering exhaust gas air-fuel ratio is
accomplished by reducing the engine-out exhaust gas air-fuel ratio by reducing the
air-fuel ratio of the gas to be combusted in the internal combustion engine.

[0014] As such, the catalyst-entering exhaust gas air-fuel ratio can be reduced to the
target exhaust gas air-fuel ratio while minimizing the sum of the amount of fuel injected
in the internal combustion engine and the amount of fuel added from the fuel addition
device.

[0015] Further, the above exhaust gas purification system and method of the
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invention may be such that, if the temperature of the adsorption-reduction type NOx
catalyst is still lower than the target temperature after the catalyst-entering exhanst gas
air-fuel ratio has-been reduced to the target exhaust gas air-fuel ratio, the amount of fuel
added from the fuel addition device is increased such that the temperature of the
adsorption—reduction type NOx catalyst increases to the target temperature.

[0016] As the amount of fuel injected from the fuel addition device is increased, the
amount of fuel oxidized at the NOx catalyst increases, whereby the temperature of the
NOX catalyst inéreases.

[0017] However, if the amount of fuel added from the fuel addition device is
increased as described above, the catalyst-ehtering exhaust gas air-fuel ratio decreases
below the target exhaust air-fuel ratio. To counter this, the engine-out exhaust gas
air-fuel ratio may be increased by an amount corresponding to the increase in the amount
of fuel added from the fuel addition device, so that the catalyst-entering exhaust gas
air-fuel ratio equals to the target exhaust gas air-fuel ratio.

[0018] As such, the catalyst-entering exhaust gas air-fuel ratio can be reduced to the
target exhaust gas air-fuel ratio while minimizing the sum of the amount of fuel injected
in the internal combustion engine and the amount of fuel added from the fuel addition
device.

[0019] As describe above, the invention can minimize the reduction of the fuel
economy that may be caused during the SOx poisoning recovery control executeli by an
exhaust gas purification system of an internal combustion engine in which a NOx catalyst

is provided in an exhaust passage.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The features, advaﬂtages thereof, and 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 view schematically showing the structures of an internal combustion engine
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according to an exemplary embodiment of the invention and its intake system; and
FIG 2 is a flowchart showing the routine of the SOX poisoming recovery control

executed in the exemplary embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0021] In the following description and the accompanying drawings, the present
invention will be described in more detail with reference to exemplary embodiments.

[0022] To begin with, the outline of the structures of an internal combustion engine
according to an exemplary embodiment of the invention and its intake system will be
described. FIG. 1 schematically shows the structures of an internal combustion engine 1
of the exemplary embodiment and its intake system. The internal combustion engine 1
is a diesel engine for vehicles. The internal combustion engine 1 has four cylinders 2.
Fuel injection valves 3 are provided in the respective cylinders 2. The fuel injection
valves 3 directly inject fuel into the respective cylinders 2.

[0023] An intake manifold 5 and an exhaust manifold 7 are connected to the internal
combustion engine 1. One end of an intake passage 4 is connected to the intake
manifold 5, and one end of an exhaust passage 6 is connected to the exhaust manifold 7.

[0024] A compressor 8a of a turbocharger (supercharging device) 8 is provided in the
intake passage 4. A turbine 8b of the turbocharger 8 is provided in the exhaust passage
6. A throttle valve 16 is provided upstream of the compressor 8a in the intake passage
4.

[0025] A fuel addition valve 17 is provided upstream of the turbine 8b in the exhaust
passage 6. The fuel addition valve 17 is used to add fuel into the exhaust gas. A NOx
catalyst 9 is provided downstream of the turbine 8b in the exhaust passage 6. Further,
an air-fuel ratio sensor 14 for detecting an exhaust gas air-fuel ratio of the exhaust gas is
provided upstream of the NOx catalyst 9 in the exhaust passage 6. A temperature sensor
15 for detecting the exhaust gas temperature is provided downstream of the NOx catalyst
9 in the exhaust passage 6. Note that the “exhaust gas air-fuel ratio” represents the ratio

between the air contained in an exhaust gas and the fuel element contained in the same
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exhaust gas and acting as a reducing agent at the NOx catalyst 9.
[0026] Further, the intake system of the internal combustion engine 1 of this
- exemplary embodiment is equipped with an EGR apparatus 11 that distributes an exhaust
gas to the intake system as an EGR gas. The EGR apparatus 11 has an EGR passage 12
that is connected at one end to the exhaust manifold 7 and at the other end to the intake
manifold 5. The EGR gas is distributed from the exhaust manifold 7 to the intake
manifold 5 via the EGR passage 12. Further, an EGR valve 13 for controlling the
amount of the EGR gas distributed to the intake manifold 5 is provided in the EGR
passage 12.

[0027] The internal combustion engine 1 is provided with an electronic control unit
(ECU) 10. The air-fuel ratio sensor 14 and the temperature sensor 15 are electrically
connected to the ECU 10, and the ECU 10 receives signals from these sensors. The
ECU 10 estimates the temperature of the NOXx catalyst 9 based on the values detected by
the temperature sensor 135.

[0028] The fuel injection valve 3, the throttle valve 16, the fuel addition valve 17,
and the EGR valve 13 are electrically connected to the ECU 10, and the ECU 10 controls
these valves.

[0029] Next, the SOx poisoning recovery control executed in this exemplary
embodiment will be described. In the internal combustion engine 1, the SOx poisoning
recovery control is executed to reduce the SOx adsorbed in the NOx catalyst 9. During
the SOx poisoning recovery control, it is necessary to reduce the exhaust gas air-fuel ratio
of the exhaust gas entering the NOx catalyst 9 (will hereinafter be referred to as
f‘catalyst—entering exhaust gas”) to a target exhaust gas air-fuel ratio emabling SOx
reduction reactions and reduce the temperature of the NOx catalyst 9 to a target
temperature enabling SOX reduction reactions.

[0030] The exhaust gas air-fuel ratio of the exhaust gas discharged from the internal
combustion éngine 1 (will hereinafter be referred to as “‘engine-out exhaust gas”) can be
reduced by reducing the air-fuel ratio of the gas combusted in each cylinder 2 of the

internal combustion engine 1.  Thus, the exhaust gas air-fuel ratio of the



WO 2008/029239 PCT/IB2007/002476

9

catalyst-entering exhaust gas can be reduced by reducing the air-fuel ratio of the gas
combusted in each cylinder 2.

[0031] For example, the exhaust gas air-fuel ratio of the engine-out exhaust gas can
be reduced by: (1) reducing the intake air amount by reducing the opening degree of the
throttle valve 16; (2) increasing the amount of EGR gas by increasing the opening degree
of the EGR valve 13; (3) retarding the fuel injection timing of each fuel injection valve 3
and increasing the fuel injection amount; and (4) redﬁcing the main injection amount vand
performing a post-injection at a time that is later than the main fuel injection and at which
the injected main fuel is combusting. In this exemplary embodiment, the exhaust gas
air-fuel ratio of the engine-out exhaust gas is reduced by implementing one of these
methods (1) to (4) or by implementing two or more of them in combination.

[0032] Assumingl that the fuel injected from each fuel injection valve 3 can be
sufficiently combusted in the cylinder 2 to generate torque during the implementation of a
selected one or more of the foregoing methods (1) to (4), the fuel economy can be
maintained even when the exhaust gas air-fuel ratio of the engine-out exhaust gas is being
reduced using the foregoing methods (1) to (4). -

[0033] However, in fact, if the exhaust gas air-fuel ratio of the engine-out exhaust
gas is excessively reduced during the implementation of a selected one or more of the
above-described methods (1) to (4), the fuel injected from the fuel injection valves 3 can
not be sufficiently combusted in the cylinders 2, and this increases the amount of smoke
discharged from the internal combustion engine 1. Because this smoke does not act as a
reducing agent at the NOx catalyst 9, as the percentage of fuel that turns into such smoke
after injected from the fuel injection valves 3 increases, the amount of fuel injected from
the fuel injection valves 3 needs to be increased in order to reduce the exhaust gas air-fuel
ratio of the engine-out exhaust gas (i.e., in order to increase the amount of fuel that acts
as a reducing agent at the NOx catalyst 9). In this exemplary embodiment, the
foregoing smoke corresponds to “non-reductive fuel element”. |

[0034] Meanwhile, another option for reducing the exhaust gas air-fuel ratio of the

catalyst-entering exhaust gas is to add fuel into the exhaust gas from the fuel addition
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valve 17. The fuel injected from the fuel addition valve 17 does not turn into smoke
although it does not contribute to the generation of torque.

[0035] Thus, for the purpose of reducing the exhaust gas air-fuel ratio of the
catalyst-entering exhaust gas down to the target exhaust gas air-fuel ratio and increasing
the temperature of the NOx catalyst 9 up to the target temperature, in the SOx poisoning
recovery control of this exemplary embodiment, the exhaust gas air-fuel ratio of the
engine-out exhaust gas is reduced and ;he amount of fuel added from the fuel addition
valve 17 is controlled so as to minimize the sum of the amount of fuel injected from the
fuel injection valves 3 and the amount of fuel injected from the fuel addition valve 17.

[0036] Hereinafter, the routine of the SOx poisoning recovery control executed in
this exemplary embodiment will be described with reference to the flowchart shown in
FIG. 2. This control routine is prestored in the ECU 10 and is repeatedly executed at
predetermined time intervals during the operation of the internal combustion engine 1.

[0037] In this control routine, the ECU 10 first determines whether the condition for
executing the SOx poisoning recovery control is presently in effect in step 101. This
condition is, for example, that a prédetermined time has passed since the SOX poisoning
recovery control was executed the last time. If a positive determination is made in step
101, the ECU 10 then proceeds to step 102. If a negative determination is made, the
ECU 10 finishes the present cycle of the control routine.

[0038] Instep 102, the ECU 10 calculates a lower limit value Relimit of an exhaust
gas air-fuel ratio Re of the engine-out exhaust gas. The lower limit value Relimit is
used when reducing the exhaust gas air-fuel ratio Re using a selected one or more of the
methods (1) to (4). The lower limit value Relimit corresponds to an exhaust gas air-fuel
ratio at which the amount of smoke discharged from the internal combustion engine 1
reaches its upper limit value. This upper limit value is a threshold used to determine
whether the fuel used for further reducing an exhaust gas air-fuel ratio Rin of the
catalyst-entering exhaust gas can be saved by accomplishing the reduction by adding fuel
into the exhaust gas from the fuel addition valve 17 or by accomplishing the reduction by

reducing the exhaust air-fuel ratio Re of the engine-out exhaust gas by reducing the
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air-fuel ratio of the gas to be combusted in the internal combustion engine 1. That is, if
the aﬁlount of smoke is larger than the upper limit value, the fuel amount needed to bring
about a given reduction of the exhaust gas air-fuel ratio Rin of the catalyst-entering
exhaust gas is considered to be smaller when the same reduction of the exhaust gas
air-fuel ratio Rin is accomplished by adding fuel into the exhaust gas from the fuel
addition valve 17 than when the same reduction of the exhaust gas air-fuel ratio Rin is
accomplished by reducing the exhaust gas air-fuel ratio Re of the engine-out exhaust gas
by reducing the air-fuel ratio of the gas to be combusted in the internal combustion
engine 1.

[0039] The method for reducing the exhaust gas air-fuel ratio Re of the engine-out
exhaust gas is selected from among the foregoing methods (1) to (4) in accordance with
the operation state of the internal combustion engine 1. The lower limit value Relimit of
the exhaust gas air-fuel ratio Re is set in accordance with the operation state of the
internal combustion engine 1.

[0040] After step 102, the ECU 10 proceeds to step 103 and determines whether the
lower limit value Relimit is larger than a target exhaust gas air-fuel ratio Rt. ¥ a
positive determination is made in step 103, the ECU 10 proceeds to step 104. If a
negative determination is made in step 103, it means that the exhaust gas air-fuel ratio
Rin of the catalyst-entering exhaust gas can be reduced down to the target exhaust gas
air-fuel ratio Rt only by reducing the exhaust gas air-fuel ratio Re of the engine-out
exhaust gas to the target exhaust gas air-fuel ratid Rt. In this case, therefore, the ECU
10 proceeds to step 112.

[0041] On the other hand, in step 104, the ECU 10 calculates a fuel shortfall Qfd that
is the amount of fuel that will be additionally required to further reduce the exhaust gas
air-fuel ratio Rin of the catalyst-entering exhaust gas to the target exhaust gas air-fuel
ratio Rt after reducing the exhaust gas air-fuel ratio Re of the engine-out exhaust gas to
the lower limit value Relimit.

[0042] Then, the ECU 10 proceeds to step 105 and reduces the exhaust gas air-fuel

ratio Re of the engine-out exhaust gas down to the lower limit value Relimit using a
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selected one or more of the foregoing methods (1) to (4).

[0043] Then, the ECU 10 proceeds to step 106 and controls the fuel addition valve
17 to add, into the exhaust gas, fuel of an amount corresponding to the fuel shortfall Qfd,
whereby the exhaust gas air-fuel ratio Rin of the catalyét—entering exhaust gas equals the
target exhaust gas air-fuel ratio Rt.

[0044] Next, the ECU 10 proceeds to step 107 and determines whether a temperature
Tc of the NOx catalyst 9 is presently lower than a target temperature Tt. If a positive
determination is made in step 107, the ECU 10 proceeds to step 108. If a negative
determination is made in step 108, it means that the exhaust gas air-fuel ratio Rin of the
catalyst-entering exhaust gas is presently equal to the target exhaust gas air-fuel ratio Rt
and the temperature Tc of the NOx catalyst 9 is equal to or higher than the target
temperature Tt, that is, reduction reactions of the SOx adsorbed in the NOx catalyst 9 can
occur. In this case, therefore, the ECU 10 finishes the present cycle of the control

routine.

[0045] On the other hand, in step 108, the ECU 10 increases the aﬁount of fuel
added from the fuel addition valve 17. Thus, the amount of fuel oxidized at the NOx
catalyst 9 increases, and therefore the oxidization heat generated by the oxidization of
fuel increases, whereby the temperature of the NOx catalyst increases.

[0046] Next, the ECU 10 proceeds to step 109 and determines whether the
temperature Tc of the NOx catalyst 9 has become equal to or higher than the target
temperature Tt. If a positive determination is made in step 109, the ECU 10 proceeds to
step 110. If a negative determination is made in step 109, the ECU 10 returns to step
108 and further increases the amount of fuel added from the fuel addition valve 17.

[0047] Instep 110, the ECU 10 calculates a decrease amount ARin that is the amount
by which the exhaust gas air-fuel ratio Rin of the catalyst-entering exhaust gas has
decreased due to the increase in the amount of fuel added from the fuel addition valve 17.

[0048] Then, the ECU 10 proceeds to step 111 and performs a control that increases
the exhaust gas air-fuel ratio Re of the engine-out exhaust gas by an amount

corresponding to the calculated decrease amount ARin. In this way, the temperature Tc
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of the NOx catalyst 9 is made equal to or higher than the target temperature Tt and the
éxhaust gas air-fuel ratio Rin of the catalyst-entering exhaust gas is made equal to the
target exhaust gas air-fuel ratio Rt, that is, a state where reduction reactions of the SOx
adsorbed in the NOX catalyst 9 occur is developed. After step 111, the ECU 10 finishes
the present cycle of the control routine.

[0049] On the other hand, in step 112, the ECU 10 reduces the exhaust gas air-fuel
ratio Re of the engine-out exhaust gas down to the target exhaust gas air-fuel ratio Rt
using a selected one or more of the foregoing methods (1) to (4). Then, the ECU 10
proceeds to step 107 and to step 108. In step 108, the ECU 10 controls the fuel addition
valve 17 to add fuel into exhaust gas, after which the ECU 10 proceeds to step 109.

[0050] As such, the control routine described above minimizes the sum of the
amount of fuel injected from the fuel injection valves 3 and the amount of fuel added
from the fuel addition valve 17 when reducing the exhaust gas air-fuel ratio Rin of the
catalyst-entering exhaust gas to the target exhaust gas air-fuel ratio Rt and increasing the
temperature Tc of the NOx catalyst 9 to the target temperature Tt.

[0051] According to this exemplary embodiment, therefore, it is possible to
minimize the reduction of the fuel economy that may be caused by the SOx poisoning
recovery control. |

[0052] In the exemplary embodiment described above, the smoke discharged from
the engine is recited as an example of “non-reductive fuel element>. However, if the
fuel injected from the fuel injection valve 3 is not sufficiently combusted in the cylinder 2,
the uncombusted fuel may turn into soot. The soot, like the smoke described above,
does not act as a reducing agent at the NOX catalyst 9. Therefore, in the SOx poisoning
recovery control described above, the lower limit value Relimit of the exhaust gas air-fuel
ratio Re of the engine-out exhaust gas may be set to a value at which the amount of soot
reaches its upper limit value. Like the above-described upper limit value of the smoke
amount, the upper limit value of the soot amount is a threshold used to determine whether
the fuel used for further reducing the exhaust gas air-fuel ratio Rin of the

catalyst-entering exhaust gas can be saved by accomplishing the reduction by adding fuel
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into the exhaust gas from the fuel addition valve 17 or by accomplishing the reduction by.
reducing the exhaust air-fuel ratio Re by reducing the air-fuel ratio of the gas to be
combusted in the internal combustion engine 1. That is, if the amount of soot is larger
than the upper limit value, the fuel amount needed to bring about a given reduction of the
exhaust gas air-fuel ratio Rin of the catalyst-entering exhaust gas is considered to be
smaller when the same reduction of the exhaust gas air-fuel ratio Rin is accomplished by
adding fuel into the exhaust gas from the fuel addition valve 17 than when the same
reduction of the exhaust gas air-fuel ratio Rin is accomplished by reducing the exhaust
gas air-fuel ratio Re of the engine-out exhaust gas by reducing the air-fuel ratio of the gas

to be combusted in the internal combustion engine 1.
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CLAIMS

1. An exhaust gas purification system for an internal combustion engine, comprising:

an adsorption-reduction type NOx catalyst that is provided in an exhaust passage of
the internal combustion engine and adsorbs NOx and reduces the adsorbed NOx using a
reducing agent;

an engine air-fuel ratio control device that controls an engine-out exhaust gas air-fuel
ratio, which is the ratio between an air contained in an exhaust gas discharged from the
internal combustion engine and a fuel element contained in the same exhaust gas and
acting as a reducing agent at the adsorption-reduction type NOx catalyst, by controlling

 the air-fuel ratio of a gas to be combusted in the internal combustion engine;

a fuel addition device that is provided upstream of the adsorption-reduction type NOx
catalyst in the exhaust passage and adds fuel into an exhaust gas;

a SOx poisoning recovery control device that executes a SOX poisoning recovery
control for reducing SOx adsorbed in the adsorption-reduction type NOx catalyst, in
which the engine-out exhaust gas air-fuel ratio is controlled by the engine air-fuel ratio
control device and fuel is added into the exhaust gas from the fuel addition device such
that a catalyst-entering exhaust gas air-fuel ratio, which is the ratio between an air
contained in an exhaust gas entering the adsorption-reduction type NOx catalyst and a
fuel element contained in the same exhaust gas and acting as a reducing agent at the
adsorption-reduction type NOx catalyst, decreases to a target exhaust gas air-fuel ratio
enabling SOx reduction reactions and such that the temperature of the
adsorption-reduction type NOx catalyst increases to a target temperature enabling SOx
reduction reactions, the exhaust gas purification system being characterized in that:

when reducing the catalyst-entering exhaust gas air-fuel ratio to the target exhaust gas
air-fuel ratio and increasing the temperature of the adsorption-reduction type NOx
catalyst to the target temperature, the SOx poisoning recovery control device controls the
engine-out exhaust gas air-fuel ratio using the engine air-fuel ratio control device and

controls the amount of fuel added from the fuel addition device so as to minimize the sum
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of the amount of fuel injected in the internal combustion engine and the amount of fuel

added from the fuel addition device.

2. The exhaust gas purification system according to claim 1, characterized in that:

when reducing the catalyst-entering exhaust gas air-fuel ratio to the target exhaust gas
air-fuel ratio, the SOx poisoning recovery control device reduces the engine-out exhaust
gas air-fuel ratio to a level at which the amount of a fuel element contained in the exhaust
gas discharged from the internal combustion engine and not acting as a reducing agent at
the adsorption-reduction type NOx catalyst reaches an upper limit value, and the SOx
poisoning recovery control device controls the fuel addition device to add, into the
exhaust gas, fuel of an amount needed to compensate for the shortfall in the fuel amount
required to reduce the catalyst-entering exhaust gas air-fuel ratio to the target exhaust gas

air-fuel ratio.

3. The exhaust gas purification system according to claim 2, characterized in that:

if the temperature of the adsorption-reduction type NOx catalyst is still lower than the
target temperature after the catalyst-entering exhaust gas air-fuel ratio has been reduced
to the target exhaust gas air-fuel ratio, the SOx poisoning recovery control device
increases the amount of fuel added from the fuel addition device such that the
temperature of the adsorption-reduction type NOx catalyst increases to the target

temperature.

4. The exhaust gas purification system according to claim 2 or 3, characterized in that:
when controlling the catalyst-entering exhaust gas air-fuel ratio to the target exhaust
gas air-fuel ratio, the SOx poisoning recovery control device increases, using the engine
air-fuel ratio control device, the engine-out exhaust gas air-fuel ratio by an amount
corresponding to the amount by which the catalyst-entering exhaust gas air-fuel ratio has

decreased due to the increase in the amount of fuel added from the fuel addition device.
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5. An exhaust gas purification method for an internal combustion engine including: an
adsorption-reduction type NOx catalyst that is provided in an exhaust passage of the
internal combustion engine and adsorbs NOx and reduces the adsorbed NOx using a
reducing agent; and a fuel addition device that is provided upstream of the
adsorption-reduction type NOx catalyst in the exhaust passage and adds fuel into an
exhaust gas, the exhaust gas purification method being characterized in that:

when reducing a catalyst-entering exhaust gas air-fuel ratio, which is the ratio between
an air contained in an exhaust gas entering the adsorption-reduction type NOx catalyst
and a fuel element contained in the same exhaust gas and acting as a reducing agent at the
adsorption-reduction type NOx catalyst, to a target exhaust gas air-fuel ratio enabling
SOx reduction reactions and increasing the temperature of the adsorption-reduction type
NOx catalyst to a target temperature enabling SOx reduction reactions, an engine-out
exhaust gas air-fuel ratio, which is the ratio between an air contained in an exhaust gas
discharged from the internal combustion engine and a fuel element contained in the same
exhaust gas and acting as a reducing agent at the adsorption-reduction type NOx catalyst,
and the amount of fuel added from the fuel addition device are controlled so as to
minimize the sum of the amount of fuel injected in the internal combustion engine and

the amount of fuel added from the fuel addition device.

6. The exhaust gas purification method according to claim 5, characterized in that:

when reducing the catalyst-entering exhaust gas air-fuel ratio to the target exhaust gas
air-fuel ratio, the engine-out exhaust gas air-fuel ratio is reduced to a level at which the
amount of a fuel element contained in the exhaust gas discharged from the internal
combustion engine and not acting as a reducing agent at the adsorption-reduction type
NOx catalyst reaches an upper limit value, and fuel of an amount needed to compensate
for the shortfall in the fuel amount required to reduce the catalyst-entering exhaust gas
air-fuel ratio to the target exhaust gas air-fuel ratio is added into the exhaust gas from the

fuel addition device.
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7. The exhaust gas purification method according to claim 6, characterized in that:

if the temperature of the adsorption-reduction type NOX catalyst is still lower than the
target temperature after the catalyst-entering exhaust gas air-fuel ratio has been reduced
to the target exhaust gas air-fuel ratio, the amount of fuel added from the fuel addition
device is increased such that the temperature of the adsorption-reduction type NOx

catalyst increases to the target temperature.

8. The exhaust gas purification method according to claim 6 or 7, characterized in that:
when controlling the catalyst-entering exhaust gas air-fuel ratio to the target exhaust

gas air-fuel ratio, the engine-out exhaust gas air-fuel ratio is increased by an amount

corresponding to the amount by which the catalyst-entering exhaust gas air-fue] ratio has

decreased due to the increase in the amount of fuel added from the fuel addition device.
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