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(57) A reducing agent is supplied to an NOx catalyst
in a suitable manner, while suppressing NOx from being
produced by oxidation of ammonia in the NOx catalyst.
In cases where the temperature of NOx is equal to or
higher than a predetermined temperature at which am-
monia is oxidized, an amount of ammonia or an amount

of a precursor thereof to be added into exhaust gas from
an addition valve is made smaller, when an air fuel ratio
of exhaust gas flowing into the NOx catalyst is larger than
a predetermined air fuel ratio, than when the air fuel ratio
of the exhaust gas is equal to or less than the predeter-
mined air fuel ratio.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an exhaust gas
purification apparatus for an internal combustion engine.

Description of the Related Art

[0002] There has been known an NOx selective cata-
lytic reduction catalyst (hereinafter, also referred to sim-
ply as an "NOx catalyst") which purifies (removes or re-
duces) NOx contained in an exhaust gas from an internal
combustion engine by using ammonia as a reducing
agent. At the upstream side of this NOx catalyst, there
is arranged an addition valve or the like which serves to
add ammonia or a precursor of ammonia (hereinafter,
ammonia or a precursor thereof being also referred to as
an "additive agent") into the exhaust gas. As the precur-
sor of ammonia, there can be mentioned urea, for exam-
ple.
[0003] Here, in cases where the temperature of the
exhaust gas is high, ammonia can be oxidized to produce
NOx. When ammonia decreases due to the oxidation of
ammonia, ammonia runs short in the NOx catalyst, so it
can become difficult to remove or reduce NOx. For that
reason, there is known a technology in which in cases
where the temperature of the exhaust gas is high, the
degree of oxidation of ammonia is calculated based on
the temperature of the exhaust gas and the flow rate of
the exhaust gas, and the amount of addition of urea is
made to increase, as this degree of oxidation is large (for
example, refer to patent literature 1).

CITATION LIST

PATENT LITERATURE

[0004] Patent Literature 1: Japanese Patent Applica-
tion Laid-Open Publication No. 2009-293605

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0005] Here, in cases where the temperature of the
NOx catalyst is high, ammonia can be oxidized to pro-
duce NOx in the NOx catalyst. Accordingly, as in the past,
in cases where the temperature of the exhaust gas is
high, when the amount of addition of urea is made to
increase as the degree of oxidation of ammonia is larger,
the amount of ammonia to be oxidized in the NOx catalyst
can also increase. Then, when a large amount of NOx is
produced in the NOx catalyst, the amount of NOx flowing
out of the NOx catalyst will increase.
[0006] Accordingly, the present invention has for its

object to supply a reducing agent to an NOx catalyst in
a suitable manner, while suppressing NOx from being
produced by oxidation of ammonia in the NOx catalyst.

SOLUTION TO PROBLEM

[0007] In order to solves the above-mentioned prob-
lems, an exhaust gas purification apparatus for an inter-
nal combustion engine according to the present invention
comprises: an NOx selective catalytic reduction catalyst
that is arranged in an exhaust passage of the internal
combustion engine and selectively reduces NOx in an
exhaust gas by using ammonia as a reducing agent; an
addition valve that is arranged in said exhaust passage
at the upstream side of said NOx selective catalytic re-
duction catalyst and adds an additive agent, which is am-
monia or a precursor of ammonia, into the exhaust gas;
a temperature acquisition device configured to acquire a
temperature of said NOx selective catalytic reduction cat-
alyst; an air fuel ratio acquisition device configured to
acquire an air fuel ratio of the exhaust gas flowing into
said NOx selective catalytic reduction catalyst; and a con-
trol device configured to make an amount of the additive
agent to be added into the exhaust gas from said addition
valve smaller when the air fuel ratio acquired by said air
fuel ratio acquisition device is larger than a predeter-
mined air fuel ratio, than when it is equal to or less than
said predetermined air fuel ratio, in cases where the tem-
perature acquired by said temperature acquisition device
is equal to or higher than a predetermined temperature
at which ammonia is oxidized.
[0008] Here, when the air fuel ratio of the exhaust gas
is equal to or less than the predetermined air fuel ratio
even though in cases where the temperature of the NOx
catalyst is equal to or higher than the predetermined tem-
perature, the oxidation of ammonia in the NOx catalyst
is suppressed. Here, note that the predetermined air fuel
ratio is an air fuel ratio at which the ratio of ammonia to
be oxidized with respect to the ammonia supplied to the
NOx catalyst falls within an allowable range, in the case
where the temperature of the NOx catalyst is equal to or
higher than the predetermined temperature. That is, in
cases where the temperature of the NOx catalyst is equal
to or higher than the predetermined temperature and the
air fuel ratio of the exhaust gas is larger than the prede-
termined air fuel ratio, the oxidation of ammonia in the
NOx catalyst can be suppressed, by making the amount
of addition of the additive agent relatively small. Thus,
when the air fuel ratio of the exhaust gas is larger than
the predetermined air fuel ratio, the outflow of NOx from
the NOx catalyst can be suppressed by suppressing the
oxidation of ammonia in the NOx catalyst. Here, note that
when the air fuel ratio of the exhaust gas flowing into the
NOx catalyst is larger than the predetermined air fuel
ratio, the amount of the additive agent to be added into
the exhaust gas from the addition valve may also be
made smaller as the air fuel ratio of the exhaust gas is
larger. In this case, the amount of the additive agent may
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be changed in a stepwise manner, or may be changed
continuously. In addition, in cases where the temperature
of the NOx catalyst is equal to or higher than the prede-
termined temperature at which ammonia is oxidized,
when the air fuel ratio of the exhaust gas is larger than
the predetermined air fuel ratio, the amount of the additive
agent to be added into the exhaust gas from the addition
valve may be made zero. That is, making the amount of
the additive agent small can also include making the
amount of the additive agent zero.
[0009] In addition, said NOx selective catalytic reduc-
tion catalyst can be configured by including a first NOx
catalyst and a second NOx catalyst that is arranged in
said exhaust passage at the downstream side of said
first NOx catalyst. Said temperature acquisition device
can be configured so as to acquire the temperature of
said first NOx catalyst, and said air fuel ratio acquisition
device can be configured to acquire the air fuel ratio of
the exhaust gas flowing into said first NOx catalyst. Said
addition valve can be configured as a first addition valve
that is arranged in said exhaust passage at the upstream
side of said first NOx catalyst, and provision can be fur-
ther made for a second addition valve that is arranged in
said exhaust passage at the downstream side of said
first NOx catalyst and at the upstream side of said second
NOx catalyst, and adds the additive agent into the ex-
haust gas. In the case where the temperature of said first
NOx catalyst acquired by said temperature acquisition
device is equal to or higher than said predetermined tem-
perature, said control device can make a ratio of an
amount of the additive agent to be added from said first
addition valve with respect to a total amount of the addi-
tive agents to be added from said first addition valve and
said second addition valve smaller when the air fuel ratio
acquired by said air fuel ratio acquisition device is larger
than said predetermined air fuel ratio than when the air
fuel ratio acquired by said air fuel ratio acquisition device
is equal to or less than said predetermined air fuel ratio.
[0010] Here, because the first NOx catalyst is arranged
in the exhaust passage at the upstream side of the sec-
ond NOx catalyst, the temperature of the first NOx cata-
lyst is apt to become higher than the temperature of the
second NOx catalyst. Accordingly, even in cases where
the first NOx catalyst reaches a temperature at which
ammonia is oxidized, the second NOx catalyst may not
reach the temperature at which ammonia is oxidized. In
such a case, by supplying the additive agent to the sec-
ond NOx catalyst, NOx can be reduced in said second
NOx catalyst. Then, if an amount of the additive agent
excessive for the first NOx catalyst is supplied thereto
from the first addition valve so that the additive agent
may pass through the first NOx catalyst, the additive
agent can be supplied to the second NOx catalyst. How-
ever, when the air fuel ratio of the exhaust gas is larger
than the predetermined air fuel ratio, ammonia will be
oxidized in the first NOx catalyst. In contrast to this, when
the air fuel ratio of the exhaust gas is larger than the
predetermined air fuel ratio, by decreasing the amount

of the additive agent to be added from the first addition
valve and increasing, by an amount thus decreased, the
amount of the additive agent to be added from the second
addition valve, the additive agent can be supplied to the
second NOx catalyst, and the oxidation of ammonia in
the first NOx catalyst can be suppressed. Here, note that
in cases where the temperature of the first NOx catalyst
is equal to or higher than the predetermined temperature,
when the air fuel ratio of the exhaust gas flowing into the
first NOx catalyst is larger than the predetermined air fuel
ratio, the control device may make zero the amount of
the additive agent to be added into the exhaust gas from
the first addition valve. That is, making smaller the ratio
of the amount of the additive agent to be added from the
first addition valve with respect to the above-mentioned
total amount of the additive agents can also include mak-
ing zero this ratio of the amounts of the additive agents.

ADVANTAGEOUS EFFECTS OF INVENTION

[0011] According to the present invention, a reducing
agent can be supplied to an NOx catalyst in a suitable
manner, while suppressing NOx from being produced by
oxidation of ammonia in the NOx catalyst.

BRIEF DESCRIPTION OF DRAWINGS

[0012]

Fig. 1 is a view showing the schematic construction
of an internal combustion engine and its exhaust sys-
tem according to a first embodiment of the present
invention.
Fig. 2 is a view showing the relation between the
temperature of an NOx catalyst and the rate of oxi-
dation of ammonia.
Fig. 3 is a view showing the relation between the air
fuel ratio of exhaust gas flowing into the NOx catalyst
and the concentration of NOx flowing out from the
NOx catalyst, in cases where the temperature of the
NOx catalyst is equal to or higher than a predeter-
mined temperature.
Fig. 4 is a view showing the relation between the air
fuel ratio of the exhaust gas flowing into the NOx
catalyst and an equivalent ratio set in the first em-
bodiment, in cases where the temperature of the
NOx catalyst is equal to or higher than the predeter-
mined temperature.
Fig. 5 is a view showing the relation between the air
fuel ratio of the exhaust gas flowing into the NOx
catalyst, the temperature of the NOx catalyst, and
the equivalent ratio, in cases where the temperature
of the NOx catalyst is equal to or higher than the
predetermined temperature.
Fig. 6 is a time chart showing the changes over time
of the temperature of the NOx catalyst, the air fuel
ratio of the exhaust gas flowing into the NOx catalyst
(this may be the air fuel ratio in a cylinder of the in-
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ternal combustion engine), and the equivalent ratio,
in cases where the temperature of the NOx catalyst
is equal to or higher than the predetermined temper-
ature.
Fig. 7 is a flow chart showing a flow for addition con-
trol of an additive agent according to the first embod-
iment of the present invention.
Fig. 8 is a flow chart showing another flow for addition
control of the additive agent according to the first
embodiment of the present invention.
Fig. 9 is a view showing the schematic construction
of an internal combustion engine and its exhaust sys-
tem according to a second embodiment of the
present invention.
Fig. 10 is a view showing the relation between the
air fuel ratio of exhaust gas flowing into a first NOx
catalyst, and an addition ratio of a first addition valve,
in cases where the temperature of the first NOx cat-
alyst is equal to or higher than a predetermined tem-
perature.
Fig. 11 is a view showing the relation between the
air fuel ratio of exhaust gas flowing into the first NOx
catalyst, the temperature of the first NOx catalyst,
and the addition ratio of the first addition valve, in
cases where the temperature of the first NOx catalyst
is equal to or higher than the predetermined temper-
ature.
Fig. 12 is a time chart showing the changes over time
of the temperature of the first NOx catalyst, the air
fuel ratio of the exhaust gas flowing into the first NOx
catalyst (this may be the air fuel ratio in a cylinder of
the internal combustion engine), the addition ratio of
the first addition valve and the addition ratio of the
second addition valve, in cases where the tempera-
ture of the first NOx catalyst is equal to or higher than
the predetermined temperature.
Fig. 13 is a flow chart showing a flow for addition
control of an additive agent according to the second
embodiment of the present invention.
Fig. 14 is a flow chart showing another flow for ad-
dition control of the additive agent according to the
second embodiment of the present invention.
Fig. 15 is a view showing the relation between the
air fuel ratio of the exhaust gas flowing into the first
NOx catalyst, the temperature of the first NOx cata-
lyst, and the rate of oxidation of ammonia in the first
NOx catalyst.

DESCRIPTION OF THE EMBODIMENTS

[0013] Hereinafter, the best modes for carrying out the
present invention will be exemplarily described in detail
based on preferred embodiments with reference to the
attached drawings. However, the dimensions, materials,
shapes, relative arrangements and so on of component
parts described in the embodiments are not intended to
limit the scope of the present invention to these alone in
particular as long as there are no specific statements.

(First Embodiment)

[0014] Fig. 1 is a view showing the schematic construc-
tion of an internal combustion engine and its exhaust
system according to this embodiment of the present in-
vention. The internal combustion engine 1 is a diesel en-
gine for driving a vehicle. However, the internal combus-
tion engine 1 may be a gasoline engine. An exhaust pas-
sage 2 is connected to the internal combustion engine
1. In the exhaust passage 2, there is arranged an NOx
selective catalytic reduction catalyst 3 (hereinafter, re-
ferred to as an "NOx catalyst 3") which serves to selec-
tively reduce NOx in an exhaust gas with the use of am-
monia as a reducing agent.
[0015] In the exhaust passage 2 at the upstream side
of the NOx catalyst 3, there is arranged an addition valve
4 which serves to add urea water as a precursor of am-
monia into an exhaust gas. The urea water added from
the addition valve 4 is hydrolyzed into ammonia in the
NOx catalyst 3, and the ammonia thus generated is ad-
sorbed to the NOx catalyst 3. This ammonia is used as
the reducing agent in the NOx catalyst 3. Here, note that
the addition valve 4 may add ammonia in place of the
urea water. Hereinafter, the precursor of ammonia and
ammonia are each referred to as the "reducing agent".
[0016] Further, in the exhaust passage 2 at the up-
stream side of the addition valve 4, there are arranged
an NOx sensor 11 that detects the concentration of NOx
in the exhaust gas flowing into the NOx catalyst 3, an air
fuel ratio sensor 12 that detects the air fuel ratio of the
exhaust gas flowing into the NOx catalyst 3, and a tem-
perature sensor 13 that detects the temperature of the
exhaust gas flowing into the NOx catalyst 3. Here, note
that in this embodiment, the temperature sensor 13 cor-
responds to a temperature acquisition device in the
present invention, and the air fuel ratio sensor 12 corre-
sponds to an air fuel ratio acquisition device in the present
invention. On the internal combustion engine 1, there are
mounted fuel injection valves 6 (though only one is
shown) for injecting fuel into individual cylinders, respec-
tively.
[0017] In addition, an intake passage 7 is connected
to the internal combustion engine 1. An air flow meter 23
for detecting the amount of intake air in the internal com-
bustion engine 1 is arranged in the intake passage 7.
[0018] Then, an ECU 10, which is an electronic control
unit, is provided as a control device in combination with
the internal combustion engine 1. The ECU 10 controls
the internal combustion engine 1, an exhaust gas purifi-
cation apparatus, and so on. A crank position sensor 21
and an accelerator opening sensor 22, in addition to the
NOx sensor 11, the air fuel ratio sensor 12, the temper-
ature sensor 13, and the air flow meter 23 as mentioned
above, are electrically connected to the ECU 10, so that
the detected values of these individual sensors are
passed or transmitted to the ECU 10.
[0019] The ECU 10 is able to grasp the operating state
of the internal combustion engine 1, such as the engine
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rotational speed based on the detection of the crank po-
sition sensor 21, the engine load based on the detection
of the accelerator opening sensor 22, etc. Here, note that
in this embodiment, the NOx in the exhaust gas flowing
into the NOx catalyst 3 is able to be detected by the NOx
sensor 11, but the NOx contained in the exhaust gas
discharged from the internal combustion engine 1 (the
exhaust gas before being purified or reduced in the NOx
catalyst 3, i.e., the exhaust gas flowing into the NOx cat-
alyst 3) has relation with the operating state of the internal
combustion engine 1, and hence, is also able to be esti-
mated based on the above-mentioned operating state of
the internal combustion engine 1. In addition, the ECU
10 is able to estimate the temperature of the NOx catalyst
3 based on the temperature of the exhaust gas detected
by the temperature sensor 13. In addition, the tempera-
ture sensor 13 may be a sensor that detects the temper-
ature of the NOx catalyst 3, in place of the temperature
of the exhaust gas. Also, note that the temperature of the
NOx catalyst 3 has relation to the operating state of the
internal combustion engine 1, so it is also possible to
estimate the temperature of the NOx catalyst 3 based on
the above-mentioned operating state of the internal com-
bustion engine 1. Moreover, the ECU 10 can calculate
the flow rate of the exhaust gas based on the detected
value of the air flow meter 23 and the amount of fuel
injection from each of the fuel injection valves 6. On the
other hand, the addition valve 4 and the fuel injection
valve 6 are connected to the ECU 10 through electrical
wiring, so that the addition valve 4 and the fuel injection
valves 6 are controlled by the ECU 10.
[0020] The ECU 10 adds an additive agent from the
addition valve 4 by using either of the following two kinds
of methods. A first method of adding the additive agent
is a method of detecting or estimating the amount of NOx
flowing into the NOx catalyst 3, and adding an amount
of additive agent corresponding to the amount of NOx
thus detected or estimated. The control of adding the
additive agent according to this first method is hereinafter
referred to as equivalent ratio control. The equivalent ra-
tio referred to herein is the ratio of the amount of the
additive agent to be added from the addition valve 4 with
respect to the amount of additive agent able to reduce
the NOx flowing into the NOx catalyst 3 without excess
and deficiency. Here, note that in cases where the equiv-
alent ratio will be referred to below, it is assumed to in-
dicate this equivalent ratio. The equivalent ratio control
is carried out without regard to the amount of adsorption
of ammonia in the NOx catalyst 3. In this embodiment,
the equivalent ratio control is carried out, when the tem-
perature of the NOx catalyst 3 is relatively high.
[0021] For example, in cases where a filter for trapping
particulate matter (PM) is arranged in the exhaust pas-
sage 2 at the upstream side of the NOx catalyst 3, re-
generation processing of the filter, which is processing
for raising the temperature of the filter, is carried out in
order to oxidize the PM trapped in the filter. At this time,
the temperature of the NOx catalyst 3 goes up. Here,

when the temperature of the NOx catalyst 3 becomes
high, the amount of ammonia which can be adsorbed in
the NOx catalyst 3 decreases, so when the regeneration
processing of the filter is carried out, the amount of ad-
sorption of ammonia in the NOx catalyst 3 is decreased.
In addition, for example, in cases where an NOx storage
reduction catalyst is arranged in the exhaust passage 2
at the upstream side of the NOx catalyst 3, sulfur recovery
processing for recovering sulfur poisoning of the NOx
storage reduction catalyst is carried out. At this time, the
temperature of the NOx storage reduction catalyst is
caused to rise, so the temperature of the NOx catalyst 3
also goes up, and the amount of adsorption of ammonia
in the NOx catalyst 3 is decreased. Moreover, at the time
of the high load operation of the internal combustion en-
gine 1, exhaust gas of high temperature is discharged
from the internal combustion engine 1, so the tempera-
ture of the NOx catalyst 3 goes up. For that reason, the
amount of adsorption of ammonia in the NOx catalyst 3
is decreased. Thus, when the temperature of the NOx
catalyst 3 becomes relatively high, it becomes difficult to
make a sufficient amount of ammonia adsorbed in the
NOx catalyst 3 in advance, and hence, the equivalent
ratio control is carried out in which the additive agent is
added according to the amount of NOx flowing into the
NOx catalyst 3.
[0022] A second method of adding the additive agent
is a method in which ammonia has been made to adsorb
to the NOx catalyst 3 in advance in a range where an
amount of saturated adsorption is not exceeded, and in
which in cases where the ammonia adsorbed to the NOx
catalyst 3 is decreased by the reduction of NOx, etc., an
amount of additive agent corresponding to a decreased
amount of ammonia is supplied. The control of adding
the additive agent according to this second method is
hereinafter referred to as adsorption amount control. This
adsorption amount control is carried out based on the
amount of adsorption of ammonia in the NOx catalyst 3.
In this embodiment, the adsorption amount control is car-
ried out, when the temperature of the NOx catalyst 3 is
relatively low.
[0023] In the adsorption control, the ECU 10 adds the
additive agent from the addition valve 4 in such a manner
that the amount of adsorption of ammonia in the NOx
catalyst 3 becomes a target value of the amount of ad-
sorption of ammonia in the NOx catalyst 3 (hereinafter,
also referred to as a target amount of adsorption). In this
case, the ECU 10 calculates an amount of additive agent
to be added from the addition valve 4 so as to make the
amount of adsorption of ammonia in the NOx catalyst 3
equal to the target amount of adsorption, by compensat-
ing for an amount of ammonia which has been consumed
in order to reduce NOx in the NOx catalyst 3 (hereinafter,
also referred to as an amount of ammonia consumption),
and an amount of ammonia which has been desorbed
from the NOx catalyst 3 and decreased without reducing
NOx (hereinafter, also referred to as an amount of des-
orption of ammonia), in a period of time from a starting
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point in time of the last supply of the additive agent until
a starting point in time of the current supply of the additive
agent. The amount of ammonia consumption is calculat-
ed based on the amount of NOx flowing into the NOx
catalyst 3, the temperature of the NOx catalyst 3, and
the target amount of adsorption in the NOx catalyst 3.
The amount of desorption of ammonia is calculated
based on the temperature of the NOx catalyst 3 and the
target amount of adsorption in the NOx catalyst 3. Then,
an amount of the additive agent corresponding to a total
amount of the amount of ammonia consumption and the
amount of desorption of ammonia is added from the ad-
dition valve 4.
[0024] Here, note that in this embodiment, in cases
where the temperature of the NOx catalyst 3 is lower than
the predetermined temperature, the adsorption amount
control is carried out by the ECU 10, whereas in cases
where the temperature of the NOx catalyst 3 is equal to
or higher than the predetermined temperature, the equiv-
alent ratio control is carried out by the ECU 10. The pre-
determined temperature referred to herein is a temper-
ature (e.g., 500 degrees C) at which the rate of oxidation
of ammonia begins to increase when a sufficient amount
of oxygen is contained in the exhaust gas. Here, Fig. 2
is a view showing the relation between the temperature
of the NOx catalyst 3 and the rate of oxidation of ammo-
nia. Because the oxidation of ammonia hardly takes
place in cases where the temperature of the NOx catalyst
3 is lower than the predetermined temperature, the pre-
determined temperature may also be a temperature at
which ammonia is oxidized (or a temperature at which
the oxidation of ammonia begins), or a temperature at
which the rate of oxidation of ammonia becomes equal
to or more than the predetermined rate. When the tem-
perature of the NOx catalyst 3 becomes equal to or higher
than the predetermined temperature, the rate of oxidation
of ammonia becomes large with the rise of the temper-
ature. This predetermined temperature changes accord-
ing to the kind of NOx catalyst 3, and can be obtained in
advance through experiments, simulations, or the like.
[0025] Here, when the temperature of the NOx catalyst
3 becomes equal to or higher than the predetermined
temperature, ammonia can be oxidized to produce NOx
in the NOx catalyst 3. At this time, the higher the oxygen
concentration of the exhaust gas, the more easily am-
monia is oxidized. Accordingly, when the additive agent
is added from the addition valve 4 in cases where the
temperature of the NOx catalyst 3 is equal to or higher
than the predetermined temperature and the oxygen con-
centration of the exhaust gas is high, ammonia can be
oxidized to produce NOx in the NOx catalyst 3. On the
other hand, if the oxygen concentration of the exhaust
gas is low even though the temperature of the NOx cat-
alyst 3 is equal to or higher than the predetermined tem-
perature, when the additive agent is added from the ad-
dition valve 4, ammonia can be suppressed from being
oxidized in the NOx catalyst 3.
[0026] Accordingly, in this embodiment, in cases

where the temperature of the NOx catalyst 3 is equal to
or higher than the predetermined temperature, the equiv-
alent ratio control is carried out so that the amount of the
additive agent added from the addition valve 4 may be-
come smaller, when the air fuel ratio of the exhaust gas
flowing into the NOx catalyst 3 is larger than a predeter-
mined air fuel ratio, than when it is equal to or less than
the predetermined air fuel ratio. That is, by making the
amount of addition of the additive agent smaller when in
a state where ammonia is easily oxidized, ammonia is
suppressed from being oxidized. Here, note that the pre-
determined air fuel ratio is an air fuel ratio at which the
ratio of ammonia to be oxidized with respect to the am-
monia supplied to the NOx catalyst 3 falls within an al-
lowable range, in the case where the temperature of the
NOx catalyst 3 is equal to or higher than the predeter-
mined temperature. This predetermined air fuel ratio can
be obtained in advance through experiments, simula-
tions, or the like. In addition, in cases where the temper-
ature of the NOx catalyst 3 is equal to or higher than the
predetermined temperature, when the air fuel ratio of the
exhaust gas flowing into the NOx catalyst 3 is larger than
the predetermined air fuel ratio, the additive agent from
the addition valve 4 may not be added (the amount of
addition of the additive agent from the addition valve 4
may be decreased to 0).
[0027] Here, Fig. 3 is a view showing the relation be-
tween the air fuel ratio of the exhaust gas flowing into the
NOx catalyst 3 and the concentration of NOx flowing out
from the NOx catalyst 3, in cases where the temperature
of the NOx catalyst 3 is equal to or higher than the pre-
determined temperature. A solid line indicates a case
where the equivalent ratio is set to 0.5, and a broken line
indicates a case where the equivalent ratio is set to 2. In
cases where the air fuel ratio of the exhaust gas is smaller
than 20, the concentration of NOx in the exhaust gas
flowing out from the NOx catalyst 3 is lower when the
equivalent ratio is 2 than when the equivalent ratio is 0.5.
That is, in the case where the equivalent ratio is 0.5, it is
in a state where the amount of the additive agent is short
or insufficient for the amount of NOx flowing into the NOx
catalyst 3, so the NOx which can not be reduced by the
NOx catalyst 3 flows out from the NOx catalyst 3. On the
other hand, in the case where the equivalent ratio is 2, it
is in a state where a sufficient amount of additive agent
is supplied with respect to the amount of NOx flowing
into the NOx catalyst 3, so the NOx is reduced in the NOx
catalyst 3, and the amount of NOx flowing out of the NOx
catalyst 3 becomes small. With air fuel ratios in this range,
the oxygen concentration of the exhaust gas is low and
the oxidation of ammonia is suppressed, so the amount
of NOx produced by the oxidation of ammonia is small.
Accordingly, in the air fuel ratios in this range, because
a larger amount of NOx is reduced as the equivalent ratio
is larger (i.e., as the amount of addition of the additive
agent is larger), so the concentration of NOx in the ex-
haust gas at the downstream side of the NOx catalyst 3
becomes low.
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[0028] On the other hand, in cases where the air fuel
ratio of the exhaust gas is larger than 20, for example,
the concentration of NOx in the exhaust gas flowing out
from the NOx catalyst 3 becomes lower when the equiv-
alent ratio is 0.5 than when the equivalent ratio is 2. In
the case where the equivalent ratio is 0.5, it is in a state
where the amount of the additive agent is short or insuf-
ficient for the amount of NOx flowing into the NOx catalyst
3, so the NOx flows out from the NOx catalyst 3. On the
other hand, when the equivalent ratio is 2, the concen-
tration of NOx in the exhaust gas flowing out from the
NOx catalyst 3 is high, in spite of a sufficient amount of
the additive agent being added. This is because ammo-
nia is oxidized to produce NOx in the NOx catalyst 3.
When the equivalent ratio is 0.5, the amount of ammonia
supplied to the NOx catalyst 3 is small, so the amount of
NOx produced by the oxidation of ammonia is also small,
and an increase in the concentration of NOx in the ex-
haust gas is suppressed. Accordingly, in this embodi-
ment, the above-mentioned predetermined air fuel ratio
is set to 20, for example.
[0029] Fig. 4 is a view showing the relation between
the air fuel ratio of the exhaust gas flowing into the NOx
catalyst 3 and the equivalent ratio set in the this embod-
iment, in cases where the temperature of the NOx cata-
lyst 3 is equal to or higher than the predetermined tem-
perature. Thus, in the case where the air fuel ratio of the
exhaust gas is larger than the predetermined air fuel ratio,
the equivalent ratio is made smaller than in the case
where it is equal to or less than the predetermined air
fuel ratio. Further, in the case where the air fuel ratio of
the exhaust gas is larger than the predetermined air fuel
ratio, too, the equivalent ratio is made smaller as the air
fuel ratio of the exhaust gas is larger. In cases where the
air fuel ratio of the exhaust gas is equal to or less than
the predetermined air fuel ratio, the equivalent ratio may
also be set to a fixed value. By setting the equivalent ratio
to the fixed value, the amount of addition of the additive
agent becomes a value proportional to the amount of
NOx flowing into the NOx catalyst 3. In Fig. 4, the equiv-
alent ratio set in the case where the air fuel ratio of the
exhaust gas is larger than the predetermined air fuel ratio
is set in such a manner that the amount of NOx flowing
out from the NOx catalyst 3 becomes a minimum within
a range where the amount of addition of the additive
agent is permitted. The relation shown in Fig. 4 has been
obtained in advance through experiments, simulations,
or the like.
[0030] Here, note that the equivalent ratio may be set
according to the relation shown in the following Fig. 5, in
place of the relation shown in Fig. 4. Fig. 5 is a view
showing the relation between the air fuel ratio of the ex-
haust gas flowing into the NOx catalyst 3, the temperature
of the NOx catalyst 3, and the equivalent ratio, in cases
where the temperature of the NOx catalyst 3 is equal to
or higher than the predetermined temperature. In Fig. 5,
equivalent ratio distributions are shown by equi-equiva-
lent ratio lines, each of which is a line connecting points

or locations having an equal equivalent ratio. In Fig. 5,
an equivalent ratio in a region where the air fuel ratio is
the smallest and where the temperature is the lowest is
the largest. In cases where the temperature of the NOx
catalyst 3 is the same, the larger the air fuel ratio of the
exhaust gas, the more easily ammonia becomes oxi-
dized, so the equivalent ratio is made smaller. In addition,
in cases where the air fuel ratio of the exhaust gas is the
same, the higher the temperature of the NOx catalyst 3,
the more easily ammonia becomes oxidized, so the
equivalent ratio is made smaller. The relation shown in
Fig. 5 has been obtained in advance through experi-
ments, simulations, or the like.
[0031] Next, Fig. 6 is a time chart showing the changes
over time of the temperature of the NOx catalyst 3, the
air fuel ratio of the exhaust gas flowing into the NOx cat-
alyst 3 (this may be the air fuel ratio in a cylinder of the
internal combustion engine 1), and the equivalent ratio,
in cases where the temperature of the NOx catalyst 3 is
equal to or higher than the predetermined temperature.
Fig. 6 is a view showing changes over time of various
kinds of values in cases where the regeneration process-
ing of the filter is carried out, for example.
[0032] T1 is a point in time at which the regeneration
processing of the filter is started, and T2 is a point in time
at which the temperature of the NOx catalyst 3 has
reached the predetermined temperature. A period of time
from T2 to T3, a period of time from T4 to T5, and a period
of time from T6 to T7 are periods of time in which the air
fuel ratio of the exhaust gas is equal to or less than the
predetermined air fuel ratio. On the other hand, a period
of time from T3 to T4, a period of time from T5 to T6, and
a period of time from T7 to T8 are periods of time in which
the air fuel ratio of the exhaust gas is larger than the
predetermined air fuel ratio. When the regeneration
processing of the filter is carried out, the internal com-
bustion engine 1 is operated at an air fuel ratio larger
than the predetermined air fuel ratio, and exhaust gas of
high temperature is discharged from the internal com-
bustion engine 1, whereby the temperature of the filter
is raised. Even when this regeneration processing of the
filter is being carried out, at the time of acceleration, etc.,
the internal combustion engine 1 may be operated at an
air fuel ratio which is equal to or less than the predeter-
mined air fuel ratio. Then, when the air fuel ratio of the
exhaust gas becomes equal to or less than the predeter-
mined air fuel ratio, the equivalent ratio is set to a value
decided according to the amount of NOx flowing into the
NOx catalyst 3. On the other hand, when the air fuel ratio
of the exhaust gas is larger than the predetermined air
fuel ratio, the oxygen concentration of the exhaust gas
is high, so ammonia is apt to be oxidized. In such a case,
the equivalent ratio is made smaller than when the air
fuel ratio of the exhaust gas is equal to or less than the
predetermined air fuel ratio. For this reason, in cases
where the air fuel ratio of the exhaust gas is larger than
the predetermined air fuel ratio, the amount of ammonia
to be oxidized can be decreased. Accordingly, the
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amount of NOx flowing out from the NOx catalyst 3 can
be decreased. Here, note that the amount of addition of
the additive agent may be decreased until the equivalent
ratio becomes zero, in the period of time from T3 to T4,
in the period of time from T5 to T6, and in the period of
time from T7 to T8.
[0033] Fig. 7 is a flow chart showing a flow or routine
for addition control of the additive agent according to this
embodiment of the present invention. The routine in this
flow chart is carried out by means of the ECU 10 at each
predetermined time interval. The flow chart shown in Fig.
7 shows a case in which in cases where the temperature
of the NOx catalyst 3 is equal to or higher than the pre-
determined temperature, the equivalent ratio control is
carried out in such a manner that when the air fuel ratio
of the exhaust gas flowing into the NOx catalyst 3 is larger
than the predetermined air fuel ratio, the amount of the
additive agent to be added from the addition valve 4 be-
comes smaller as the air fuel ratio of the exhaust gas is
larger.
[0034] In step S101, the temperature of the NOx cat-
alyst 3 is read in. The temperature of the NOx catalyst 3
is detected by the temperature sensor 13. Here, note that
it is also possible to detect the temperature of the NOx
catalyst 3 based on the operating state of the internal
combustion engine 1, without using the temperature sen-
sor 13.
[0035] In step S102, it is determined whether the tem-
perature of the NOx catalyst 3 read in step S101 is equal
to or higher than the predetermined temperature. In this
step S102, it is determined whether the equivalent ratio
control is carried out. In cases where an affirmative de-
termination is made in step S102, the routine goes to
step S103 in order to carry out the equivalent ratio control.
On the other hand, in cases where a negative determi-
nation is made in step S102, the routine goes to step
S108, where the adsorption amount control is carried out.
For the adsorption amount control, well-known technol-
ogies can be used, so the explanation thereof will be
omitted. Here, note that in step S108, in place of the
adsorption amount control, another control to add the
additive agent without regard to the air fuel ratio of the
exhaust gas may be carried out.
[0036] In step S103, the air fuel ratio of the exhaust
gas flowing into the NOx catalyst 3 is read in. This air
fuel ratio of the exhaust gas can be detected by the air
fuel ratio sensor 12. The ECU 10 reads in a detected
value of the air fuel ratio sensor 12.
[0037] In step S104, it is determined whether the air
fuel ratio of the exhaust gas read in step S103 exceeds
the predetermined air fuel ratio. In this step S104, it is
determined whether ammonia is oxidized in the NOx cat-
alyst 3. In cases where an affirmative determination is
made in step S104, the routine goes to step S105, where-
as in cases where a negative determination is made, the
routine goes to step S106.
[0038] In step S105, the equivalent ratio is calculated
based on the air fuel ratio of the exhaust gas read in step

S103. The ECU 10 calculates the equivalent ratio ac-
cording to the relation shown in Fig. 4 or Fig. 5. On the
other hand, in step S106, too, the equivalent ratio may
be calculated according to the relation shown in Fig. 4 or
Fig. 5, but instead of this, a fixed value obtained in ad-
vance by experiments or simulations can be used as the
equivalent ratio.
[0039] Then, in step S107, the additive agent is added
from the addition valve 4 according to the equivalent ratio
calculated in step S105 or step S106. For example, the
ECU 10 calculates the amount of NOx flowing into the
NOx catalyst 3 based on the concentration of NOx de-
tected by the NOx sensor 11, and the flow rate of the
exhaust gas. Here, note that the flow rate of the exhaust
gas can be calculated, for example, by the amount of
intake air detected by the air flow meter 23, and the
amount of fuel injection from the fuel injection valve 6.
Then, an amount of the additive agent able to reduce the
NOx flowing into the NOx catalyst 3 without excess and
deficiency is calculated based on the amount of NOx flow-
ing into the NOx catalyst 3, and by multiplying this amount
of the additive agent by the equivalent ratio, an amount
of the additive agent which should be added from the
addition valve 4 is obtained. Here, note that in this em-
bodiment, the ECU 10, which carries out the processings
of step S104, step S105 or step S106, and step S107
corresponds to a control device in the present invention.
[0040] In addition, Fig. 8 is a flow chart showing another
flow or routine for addition control of the additive agent
according to this embodiment of the present invention.
The routine in this flow chart is carried out by means of
the ECU 10 at each predetermined time interval. The flow
chart shown in Fig. 8 shows a case in which in cases
where the temperature of the NOx catalyst 3 is equal to
or higher than the predetermined temperature, the equiv-
alent ratio control is carried out in such a manner that
when the air fuel ratio of the exhaust gas flowing into the
NOx catalyst 3 is larger than the predetermined air fuel
ratio, the additive agent is not added from the addition
valve 4. For those steps in which the same processings
as in Fig. 7 are carried out, the same reference numerals
and characters are attached and the explanation thereof
is omitted.
[0041] In the flow chart shown in Fig. 8, in cases where
an affirmative determination is made in step S104, the
routine goes to step S109. In step S109, the addition of
the additive agent from the addition valve 4 is inhibited.
That is, the amount of addition of the additive agent is
decreased until it becomes 0. Thereafter, this flow or rou-
tine is ended. Here, note that instead of carrying out the
flow chart shown in Fig. 8, the flow chart shown in Fig. 7
may be carried out, so that the equivalent ratio may be
set to 0 in step S105.
[0042] As described above, even in cases where the
air fuel ratio is large, it is possible to decrease the amount
of ammonia oxidized at the time of the air fuel ratio being
large, by decreasing the amount of the additive agent to
be supplied. That is, the NOx produced by the oxidation

13 14 



EP 3 342 998 A1

9

5

10

15

20

25

30

35

40

45

50

55

of ammonia can be suppressed from flowing out of the
NOx catalyst 3. In addition, in cases where the air fuel
ratio is small, NOx can be sufficiently reduced by supply-
ing the amount of additive agent according to the amount
of NOx flowing into the NOx catalyst 3. From these, it is
possible to decrease the amount of NOx flowing out of
the NOx catalyst 3. That is, the NOx reduction rate as an
entire system can be improved, by supplying an appro-
priate amount of additive agent to the NOx catalyst 3,
while suppressing the production of NOx by ammonia
being oxidized in the NOx catalyst 3.

(Second Embodiment)

[0043] Fig. 9 is a view showing the schematic construc-
tion of an internal combustion engine and its exhaust
system according to a second embodiment of the present
invention. In the following, a construction different from
that shown in Fig. 1 will mainly be explained. In the con-
struction shown in Fig. 9, two NOx selective catalytic re-
duction catalysts are arranged in an exhaust passage 2.
An NOx catalyst at the upstream side is referred to as a
first NOx catalyst 31, and an NOx catalyst at the down-
stream side is referred to as a second NOx catalyst 32.
[0044] A first addition valve 41 for adding an additive
agent into exhaust gas is arranged in the exhaust pas-
sage 2 at the upstream side of the first NOx catalyst 31.
Also, a second addition valve 42 for adding the additive
agent into the exhaust gas is arranged in the exhaust
passage 2 at the downstream side of the first NOx cata-
lyst 31 and at the upstream side of the second NOx cat-
alyst 32. The first addition valve 41 and the second ad-
dition valve 42 are connected to the ECU 10 through
electrical wiring, so that the first addition valve 41 and
the second addition valve 42 are controlled by the ECU
10.
[0045] Here, in order to quickly raise the temperature
of an NOx catalyst at the time of cold start of the internal
combustion engine 1, the NOx catalyst may be arranged
in the exhaust passage 2 at a relatively upstream side
thereof so that the NOx catalyst may be brought close to
the internal combustion engine 1. Thus, by arranging the
NOx catalyst in such a manner as to bring it close to the
internal combustion engine 1, the temperature of the NOx
catalyst becomes apt to rise with the heat possessed by
the exhaust gas. However, there may not exist a sufficient
space for arranging the NOx catalyst in the vicinity of the
internal combustion engine 1. In addition, in order to re-
duce NOx to a sufficient extent, the NOx catalyst is re-
quired to have a certain amount of capacity. Accordingly,
the second NOx catalyst may be arranged at a position
away from the internal combustion engine 1.
[0046] Because the first NOx catalyst 31 according to
this second embodiment is arranged at a position rela-
tively close to the internal combustion engine 1, the tem-
perature thereof is apt to be raised by the heat of the
exhaust gas at the time of cold start of the internal com-
bustion engine 1. However, at the time of the regenera-

tion processing of the filter, at the time of sulfur poisoning
recovery processing or at the time of high load operation,
etc., the exhaust gas of high temperature flows into the
first NOx catalyst 31, whereby the temperature of the first
NOx catalyst 31 becomes too high, and adsorption of
ammonia therein can become difficult. On the other hand,
the second NOx catalyst 32 is arranged at a position rel-
atively far away from the internal combustion engine 1,
so even in cases where the temperature of the exhaust
gas flowing into the first NOx catalyst 31 is high, the heat
of the exhaust gas is taken by the first NOx catalyst 31
and the exhaust passage 2, as a consequence of which
the temperature of the exhaust gas will drop by the time
it reaches the second NOx catalyst 32. For that reason,
a rise in the temperature of the second NOx catalyst 32
is suppressed. Accordingly, even when the temperature
of the first NOx catalyst 31 becomes too high and the
reduction of NOx is difficult, NOx may be able to be suf-
ficiently reduced in the second NOx catalyst 32. In such
a case, by supplying ammonia to the second NOx catalyst
32, NOx can be reduced in the second NOx catalyst 32
by using this ammonia.
[0047] In order to supply the additive agent to the sec-
ond NOx catalyst 32, the additive agent may be added
from the second addition valve 42, or the additive agent
may be added from the first addition valve 41 in such a
manner as to be caused to flow out from the first NOx
catalyst 31. In cases where the additive agent is added
from the first addition valve 41 in such a manner as to be
caused to flow out from the first NOx catalyst 31, an
amount of additive agent larger than an amount of addi-
tive agent which can be adsorbed in the first NOx catalyst
31 is added from the first addition valve 41. However,
when the additive agent is supplied to the first NOx cat-
alyst 31, ammonia may be oxidized to produce NOx in
the first NOx catalyst 31 in cases where the temperature
of the first NOx catalyst 31 is equal to or higher than the
predetermined temperature.
[0048] Accordingly, in this second embodiment, in cas-
es where the temperature of the first NOx catalyst 31 is
equal to or higher than the predetermined temperature,
a ratio of the amount of the additive agent to be added
from the first addition valve 41 with respect to a total
amount of the additive agents to be added from the first
addition valve 41 and the second addition valve 42 (here-
inafter, also referred to as an addition ratio of the first
addition valve 41) is made smaller, when the air fuel ratio
of the exhaust gas flowing into the first NOx catalyst 31
is larger than a predetermined air fuel ratio, than when it
is equal to or less than the predetermined air fuel ratio.
Here, note that in the following, a ratio of the amount of
the additive agent to be added from the second addition
valve 42 with respect to the total amount of the additive
agents to be added from the first addition valve 41 and
the second addition valve 42 is also referred to as an
addition ratio of the second addition valve 42. The addi-
tion ratio of the first addition valve 41 is decreased in an
amount, by which the addition ratio of the second addition
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valve 42 is increased. The predetermined air fuel ratio is
the same as that explained in the first embodiment. In
addition, in cases where the temperature of the first NOx
catalyst 31 is equal to or higher than the predetermined
temperature, when the air fuel ratio of the exhaust gas
flowing into the first NOx catalyst 31 is larger than the
predetermined air fuel ratio, the additive agent from the
first addition valve 41 may not be added (i.e., the addition
ratio of the first addition valve 41 may be decreased to 0).
[0049] Here, Fig. 10 is a view showing the relation be-
tween the air fuel ratio of the exhaust gas flowing into the
first NOx catalyst 31, and the addition ratio of the first
addition valve 41, in cases where the temperature of the
first NOx catalyst 31 is equal to or higher than the pre-
determined temperature. Thus, in cases where the air
fuel ratio of the exhaust gas is equal to or less than the
predetermined air fuel ratio, the addition ratio of the first
addition valve 41 is set to 1. That is, the additive agent
is supplied to the second NOx catalyst 32 by adding the
additive agent from the first addition valve 41, without
adding the additive agent from the second addition valve
42. At this time, the equivalent ratio is set such that the
additive agent can flow out from the first NOx catalyst
31, and can be supplied to the second NOx catalyst 32.
Here, note that the amount of additive agent flowing out
from the first NOx catalyst 31 is decided according to the
temperature of the first NOx catalyst 31, the amount of
NOx flowing into the first NOx catalyst 31, the air fuel
ratio of the exhaust gas flowing into the first NOx catalyst
31, and the flow rate of the exhaust gas. Accordingly, the
amount of additive agent caused to flow out of the first
NOx catalyst 31 may be calculated according to the
amount of adsorption of ammonia in the second NOx
catalyst 32, and the amount of addition of the additive
agent from the first addition valve 41 may be calculated
such as to attain the amount of additive agent caused to
flow out from the first NOx catalyst 31 thus calculated.
[0050] On the other hand, in cases where the temper-
ature of the first NOx catalyst 31 is equal to or higher
than the predetermined temperature, and in cases where
the air fuel ratio of the exhaust gas flowing into the first
NOx catalyst 31 is larger than the predetermined air fuel
ratio, ammonia will be more easily oxidized in the first
NOx catalyst 31 as the air fuel ratio of the exhaust gas
becomes larger. For this reason, the larger the air fuel
ratio of the exhaust gas, the smaller the addition ratio of
the first addition valve 41 is made, in order that the larger
the air fuel ratio of the exhaust gas, the smaller the
amount of the additive agent supplied to the first NOx
catalyst 31 may become. That is, by making larger the
addition ratio of the second addition valve 42, the amount
of the additive agent supplied to the second NOx catalyst
32 can be increased, while decreasing the amount of
ammonia oxidized in the first NOx catalyst 31. In Fig. 10,
the addition ratio of the first addition valve 41 set in the
case where the air fuel ratio of the exhaust gas is larger
than the predetermined air fuel ratio may be set, for ex-
ample, such that the amount of NOx flowing out from the

first NOx catalyst 31 becomes a minimum within a range
where the amount of addition of the additive agent is per-
mitted. The relation shown in Fig. 10 has been obtained
in advance through experiments, simulations, or the like.
[0051] In addition, the equivalent ratio may be set ac-
cording to the relation shown in the following Fig. 11, in
place of the relation shown in Fig. 10. Fig. 11 is a view
showing the relation between the air fuel ratio of the ex-
haust gas flowing into the first NOx catalyst 31, the tem-
perature of the first NOx catalyst 31, and the addition
ratio of the first addition valve 41, in cases where the
temperature of the first NOx catalyst 31 is equal to or
higher than the predetermined temperature. In Fig. 11,
the distributions of the addition ratio of the first addition
valve 41 are shown by equal addition ratio lines, each of
which is a line connecting points or locations having an
equal addition ratio of the first addition valve 41. In Fig.
11, the addition ratio of the first addition valve 41, in a
region where the air fuel ratio is the smallest and where
the temperature is the lowest, is the largest, and the ad-
dition ratio of the first addition valve 41 at this time is 1,
for example. In cases where the temperature of the first
NOx catalyst 31 is the same, the larger the air fuel ratio
of the exhaust gas, the smaller the addition ratio of the
first addition valve 41 is made. In addition, in cases where
the air fuel ratio of the exhaust gas is the same, the higher
the temperature of the first NOx catalyst 31, the smaller
the addition ratio of the first addition valve 41 is made.
The relation shown in Fig. 11 has been obtained in ad-
vance through experiments, simulations, or the like.
[0052] Moreover, Fig. 12 is a time chart showing the
changes over time of the temperature of the first NOx
catalyst 31, the air fuel ratio of the exhaust gas flowing
into the first NOx catalyst 31 (this may be the air fuel ratio
in a cylinder of the internal combustion engine 1), the
addition ratio of the first addition valve 41 and the addition
ratio of the second addition valve 42, in cases where the
temperature of the first NOx catalyst 31 is equal to or
higher than the predetermined temperature. Fig. 12 is a
view showing changes over time of various kinds of val-
ues in cases where the filter regeneration processing is
carried out, for example.
[0053] T11 is a point in time at which the regeneration
processing of the filter is started, and T12 is a point in
time at which the temperature of the first NOx catalyst
31 has reached the predetermined temperature. A period
of time from T12 to T15, a period of time from T16 to T17,
and a period of time from T18 to T20 are periods of time
in which the air fuel ratio of the exhaust gas is equal to
or less than the predetermined air fuel ratio. On the other
hand, a period of time from T15 to T16, a period of time
from T17 to T18, and a period of time from T20 to T21
are periods of time in which the air fuel ratio of the exhaust
gas is larger than the predetermined air fuel ratio. As
shown in Fig. 12, in cases where the temperature of the
first NOx catalyst 31 is equal to or higher than the pre-
determined temperature, the addition ratio of the first ad-
dition valve 41 is made smaller, when the air fuel ratio of
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the exhaust gas flowing into the first NOx catalyst 31 is
larger than the predetermined air fuel ratio, than when it
is equal to or less than the predetermined air fuel ratio.
Here, note that in the periods of time in which the air fuel
ratio of the exhaust gas is larger than the predetermined
air fuel ratio, the amount of addition of the additive agent
is made to decrease until the addition ratio of the first
addition valve 41 becomes 0, and the amount of addition
of the additive agent is made to increase until the addition
ratio of the second addition valve 42 becomes 1. In ad-
dition, in the periods of time in which the air fuel ratio of
the exhaust gas is smaller than the predetermined air
fuel ratio, the addition ratio of the first addition valve 41
is set to 1, but instead of this, the addition ratio of the first
addition valve 41 may be set to a value which is smaller
than 1 and larger than 0. In this second embodiment, the
addition ratio of the first addition valve 41 should just
become smaller, when the air fuel ratio of the exhaust
gas is larger than the predetermined air fuel ratio, than
when the air fuel ratio of the exhaust gas is equal to or
less than the predetermined air fuel ratio.
[0054] Fig. 13 is a flow chart showing a flow or routine
for addition control of the additive agent according to this
second embodiment of the present invention. The routine
in this flow chart is carried out by means of the ECU 10
at each predetermined time interval. Here, note that for
those steps in which the same processings as in the
aforementioned flow charts are carried out, the same ref-
erence numerals and characters are attached and the
explanation thereof is omitted.
[0055] In the flow chart shown in Fig. 13, in cases
where an affirmative determination is made in step S104,
the routine goes to step S201. In step S201, the addition
ratio of the first addition valve 41 is calculated based on
the air fuel ratio of the exhaust gas flowing into the first
NOx catalyst 31. In this case, for example, the addition
ratio of the first addition valve 41 is calculated according
to the relation shown in Fig. 10 or Fig. 11.
[0056] On the other hand, in the flow chart shown in
Fig. 13, when a negative determination is made in step
S104, the routine goes to step S202. In step S202, the
addition ratio of the first addition valve 41 is calculated
not based on the air fuel ratio of the exhaust gas flowing
into the first NOx catalyst 31. In this case, the addition
ratio of the first addition valve 41 may be set to 1, as
shown in Fig. 10. In addition, the ease of oxidation of
ammonia changes according to the temperature of the
first NOx catalyst 31, so the addition ratio of the first ad-
dition valve 41 may be calculated based on the temper-
ature of the first NOx catalyst 31. This relation has been
obtained in advance through experiments, simulations,
or the like.
[0057] After the processing of step S201 or step S202
is completed, the routine goes to step S203. In step S203,
the additive agent is added so as to provide the addition
ratio of the first addition valve 41 calculated in step S201
or step S202. At this time, a total amount of the additive
agents to be added from the first addition valve 41 and

the second addition valve 42 is decided based on the
amount of NOx flowing into the first NOx catalyst 31. For
example, the total amount of the additive agents may be
decided so that the equivalent ratio becomes a predeter-
mined equivalent ratio. The predetermined equivalent ra-
tio has been obtained in advance through experiments,
simulations or the like. Here, note that in this second em-
bodiment, the ECU 10, which carries out the processings
of step S104, step S201 or step S202, and step S203
corresponds to a control device in the present invention.
[0058] Further, Fig. 14 is a flow chart showing another
flow or routine for addition control of the additive agent
according to this second embodiment of the present in-
vention. The routine in this flow chart is carried out by
means of the ECU 10 at each predetermined time inter-
val. The flow chart shown in Fig. 14 shows a case in
which in cases where the temperature of the NOx catalyst
3 is equal to or higher than the predetermined tempera-
ture, when the air fuel ratio of the exhaust gas flowing
into the NOx catalyst 3 is larger than the predetermined
air fuel ratio, the addition ratio of the first addition valve
41 is made to 0. For those steps in which the same
processings as in the aforementioned flow charts are car-
ried out, the same reference numerals and characters
are attached and the explanation thereof is omitted.
[0059] In the flow chart shown in Fig. 14, in cases
where an affirmative determination is made in step S104,
the routine goes to step S204. In step S204, the addition
ratio of the first addition valve 41 is set to 0. Thereafter,
the routine goes to step S203. Here, note that instead of
carrying out the flow chart shown in Fig. 14, the flow chart
shown in Fig. 13 may be carried out, so that the addition
ratio of the first addition valve 41 may also be set to 0 in
step S201.
[0060] Here, Fig. 15 is a view showing the relation be-
tween the air fuel ratio of the exhaust gas flowing into the
first NOx catalyst 31, the temperature of the first NOx
catalyst 31, and the rate of oxidation of ammonia in the
first NOx catalyst 31. In Fig. 14, equi-oxidation rate dis-
tributions are shown by equi-oxidation rate lines, each of
which is a line connecting points or locations having an
equal oxidation rate. The rate of oxidation increases rap-
idly when the temperature of the first NOx catalyst 31 is
equal to or higher than the predetermined temperature.
Then, the higher the temperature of the first NOx catalyst
31, the larger the rate of oxidation becomes. In addition,
when the air fuel ratio of the exhaust gas becomes large
to some extent, the rate of oxidation becomes larger as
the air fuel ratio of the exhaust gas is larger. For that
reason, in the past, for example, in cases where the tem-
perature of the first NOx catalyst 31 became equal to or
higher than the predetermined temperature, an addition
valve for supplying an additive agent had been changed
from the first addition valve 41 to the second addition
valve 42. That is, the addition ratio of the first addition
valve 41 had been changed based on the temperature
of the first NOx catalyst 31, without regard to the air fuel
ratio.
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[0061] However, when the air fuel ratio of the exhaust
gas is small, the oxidation of ammonia is suppressed,
even though the temperature of the first NOx catalyst 31
is equal to or higher than the predetermined temperature.
Accordingly, in the past, even in the case of such an air
fuel ratio at which the oxidation of ammonia was sup-
pressed, the addition valve for supplying the additive
agent was changed from the first addition valve 41 to the
second addition valve 42. For that reason, even when
NOx was able to be reduced by the first NOx catalyst 31,
the additive agent was not supplied to the first NOx cat-
alyst 31, and NOx was not able to be reduced.
[0062] On the other hand, in this second embodiment,
in cases where the air fuel ratio of the exhaust gas is
equal to or less than the predetermined air fuel ratio even
though the temperature of the first NOx catalyst 31 is
equal to or higher than the predetermined temperature,
the additive agent is added from the first addition valve
41. With this, it becomes possible to reduce NOx in the
first NOx catalyst 31, too. In addition, in cases where the
temperature of the first NOx catalyst 31 is equal to or
higher than the predetermined temperature, and in cases
where the air fuel ratio of the exhaust gas flowing into
the first NOx catalyst 31 is larger than the predetermined
air fuel ratio, the oxidation of ammonia in the first NOx
catalyst 31 can be suppressed by relatively decreasing
the amount of addition of the additive agent from the first
addition valve 41. In this case, by making the addition
ratio of the first addition valve 41 smaller as the air fuel
ratio of the exhaust gas becomes larger, it is possible to
suppress the amount of supply of the additive agent to
the first NOx catalyst 31 from becoming smaller than nec-
essary. As a result of this, it becomes possible to suitably
reduce or remove NOx in the first NOx catalyst 31, too.
From the above, the NOx reduction rate of the system
as a whole can be enhanced.

Claims

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

an NOx selective catalytic reduction catalyst (3)
that is arranged in an exhaust passage (2) of
the internal combustion engine (1) and selec-
tively reduces NOx in an exhaust gas by using
ammonia as a reducing agent;
an addition valve (4) that is arranged in said ex-
haust passage (2) at the upstream side of said
NOx selective catalytic reduction catalyst (3)
and adds an additive agent, which is ammonia
or a precursor of ammonia, into the exhaust gas;
a temperature acquisition device (13) config-
ured to acquire a temperature of said NOx se-
lective catalytic reduction catalyst (3);
an air fuel ratio acquisition device (12) config-
ured to acquire an air fuel ratio of the exhaust

gas flowing into said NOx selective catalytic re-
duction catalyst (3); and
a control device (10) configured to make an
amount of the additive agent to be added into
the exhaust gas from said addition valve (4)
smaller when the air fuel ratio acquired by said
air fuel ratio acquisition device (12) is larger than
a predetermined air fuel ratio, than when it is
equal to or less than said predetermined air fuel
ratio, in cases where the temperature acquired
by said temperature acquisition device (13) is
equal to or higher than a predetermined temper-
ature at which ammonia is oxidized.

2. The exhaust gas purification apparatus for an inter-
nal combustion engine as set forth in claim 1, wherein
said NOx selective catalytic reduction catalyst (3) is
configured by including a first NOx catalyst (31) and
a second NOx catalyst (32) that is arranged in said
exhaust passage (2) at the downstream side of said
first NOx catalyst (31);
said temperature acquisition device (13) is config-
ured so as to acquire the temperature of said first
NOx catalyst (31);
said air fuel ratio acquisition device (12) is configured
to acquire the air fuel ratio of the exhaust gas flowing
into said first NOx catalyst (31);
said addition valve (4) is configured as a first addition
valve (41) that is arranged in said exhaust passage
(2) at the upstream side of said first NOx catalyst
(31);
provision is further made for a second addition valve
(42) that is arranged in said exhaust passage (2) at
the downstream side of said first NOx catalyst (31)
and at the upstream side of said second NOx catalyst
(32), and adds the additive agent into the exhaust
gas; and
in the case where the temperature of said first NOx
catalyst (31) acquired by said temperature acquisi-
tion device (13) is equal to or higher than said pre-
determined temperature, said control device (10) is
configured to make a ratio of an amount of the ad-
ditive agent to be added from said first addition valve
(41) with respect to a total amount of the additive
agents to be added from said first addition valve (41)
and said second addition valve (42) smaller when
the air fuel ratio acquired by said air fuel ratio acqui-
sition device (12) is larger than said predetermined
air fuel ratio than when the air fuel ratio acquired by
said air fuel ratio acquisition device (12) is equal to
or less than said predetermined air fuel ratio.
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