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(57) ABSTRACT

An object ofthe present invention is to suppress a reduction in
an NO, purification ratio when an addition is implemented to
prevent a blockage from occurring in a reducing agent addi-
tion valve. A fuel addition valve, a catalyst having an oxida-
tion capacity, and a selective reduction type NO,. catalyst are
provided in sequence in an exhaust passage of an internal
combustion engine, and when a temperature of the selective
reduction type NO, catalyst is within a predetermined tem-
perature range while a predetermined condition for injecting
fuel from the fuel addition valve is established, an amount of
fuel injected from the fuel addition valve is reduced below an
amount of fuel injected when the temperature of the selective
reduction type NO, catalyst is outside the predetermined
temperature range.
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EXHAUST GAS PURIFICATION APPARATUS
FOR INTERNAL COMBUSTION ENGINE (AS
AMENDED)

TECHNICAL FIELD

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

BACKGROUND ART

[0002] A reducing agent addition valve may be provided in
an exhaust passage of an internal combustion engine in order
to add a reducing agent. Particulate matter contained in
exhaust gas adheres to the reducing agent addition valve.
When a temperature of the reducing agent addition valve is
high, the particulate matter adhered to the reducing agent
addition valve is hardened by heat, and as a result, a nozzle
hole of the reducing agent injection valve may be blocked. In
other words, a blockage may occur in the reducing agent
addition valve. Such a blockage can be prevented from occur-
ring in the reducing agent addition valve by reducing the
temperature of the reducing agent addition valve, and the
temperature of the reducing agent addition valve can be
reduced by periodically injecting the reducing agent from the
reducing agent addition valve. Reducing agent addition
implemented in this manner to prevent, a reducing agent
blockage will be referred to hereafter as a “blockage preven-
tion injection”.

[0003] In a conventional technique, a fuel addition valve
that injects fuel and an oxidation catalyst are provided in an
exhaust passage of an internal combustion engine in sequence
from an upstream side, and an amount of fuel added from the
fuel addition valve during a blockage prevention injection is
limited prior to activation of-the oxidation catalyst (see Patent
Document 1, for example).

[0004] Incidentally, a selective reduction type NO, catalyst
(also referred to hereafter as an SCR catalyst) may be pro-
vided on a downstream side of the oxidation catalyst. An NO,,
purification ratio of the SCR catalyst may vary according to a
proportion of NO, within an amount of NO, contained in the
exhaust gas that flows into the SCR catalyst (referred to
hereafter as an NO, ratio). Here, when a blockage prevention
injection is implemented, an oxidation capacity of the oxida-
tion catalyst decreases. Accordingly, oxidation from NO into
NO, is suppressed, and as a result, the NO, ratio decreases,
When the NO, ratio decreases in this manner, the NO,, puri-
fication ratio of the SCR catalyst may also decrease. In other
words, the NO,, purification ratio may decrease as a result of
the blockage prevention injection.

PRIOR ART REFERENCES

Patent Documents

[0005] Patent Document 1: Japanese Patent Application
Publication No. 2007-064183

[0006] Patent Document 2: Japanese Patent Application
Publication No. 2004-060515

[0007] Patent Document 3: Japanese Patent Application
Publication No. 2007-071175

[0008] Patent Document 4: Japanese Patent Application
Publication No. 2009-138731
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0009] The present invention has been designed in consid-
eration of the problem described above, and an object thereof
is to suppress a reduction in an NO,purification ratio when an
addition is implemented to prevent a blockage from occurring
in a reducing agent addition valve.

Means for Solving the Problems

[0010] To achieve the object described, above, the present
invention provides an exhaust gas purification apparatus for
an internal combustion engine, including:

[0011] a first exhaust gas purification apparatus that is pro-
vided in an exhaust passage of the internal combustion engine
and has an oxidation capacity;

[0012] a second exhaust gas purification apparatus that is
provided in the exhaust passage downstream of the first
exhaust gas purification apparatus, and has a function for
selectively reducing NO,; and

[0013] a fuel addition valve provided in the exhaust, pas-
sage upstream of the first exhaust gas purification apparatus in
order to inject fuel into exhaust gas;

[0014] the exhaust gas purification apparatus having a con-
trol apparatus which, when a temperature of the second
exhaust gas purification apparatus is within a predetermined
temperature range while a predetermined condition for inject-
ing fuel from the fuel addition valve is established, reduces an
amount of fuel injected from the fuel addition valve below an
amount of fuel injected when the temperature of the second
exhaust gas purification apparatus is outside the predeter-
mined temperature range.

[0015] The first exhaust gas purification apparatus includes
a catalyst having an oxidation capacity, for example. This
catalyst may be carried on a filter. Alternatively, an apparatus
that includes a filter may be disposed downstream of the
catalyst having an oxidation capacity as the first exhaust gas
purification apparatus. The second exhaust gas purification
apparatus includes a selective reduction type NO, catalyst,
for example. The selective reduction type NO,, catalyst may
be carried on the filter.

[0016] The fuel addition valve supplies fuel to the first
exhaust gas purification apparatus. When this fuel reacts in
the first exhaust gas purification apparatus, the oxidation
capacity of the first, exhaust gas purification apparatus
decreases. When the temperature of the SCR catalyst is
within the predetermined temperature range, the control
apparatus reduces the amount of fuel injected from the fuel
addition valve. Note that the predetermined temperature
range may be set as a temperature range in which the NO,,
purification ratio decreases unless the amount of fuel injected
from the fuel addition valve is reduced, Here, depending on
the temperature of the SCR catalyst, the NO, purification
ratio may vary in response to variation in an NO, ratio. There-
fore, when fuel is injected from the fuel addition valve in this
temperature range, the NO,, purification ratio may decrease.
When the amount of fuel injected from the fuel addition valve
is reduced, on the other hand, a reduction in the oxidation
capacity of the first exhaust gas purification apparatus can be
suppressed, and as a result, a reduction in the NO,, purifica-
tion ratio can be suppressed. Note that the predetermined
condition for injecting fuel from, the fuel addition valve may
be a condition on which to execute a blockage prevention
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injection. The blockage prevention injection may be per-
formed at prescribed intervals. In other words, the predeter-
mined condition may be set to be established at prescribed
intervals. Further, a case in which the blockage prevention
injection is implemented may be setto correspond to a case in
which “the predetermined condition for injecting fuel from
the fuel addition valve is established”.

[0017] In the present invention, the predetermined tem-
perature range may be a temperature range in which an NO,,
purification ratio of the second exhaust gas purification appa-
ratus varies in response to variation in a proportion of NO,
within an amount of NO, contained in the exhaust gas that
flows into the second exhaust gas purification apparatus.
[0018] When the amount of fuel injected from the fuel
addition valve is reduced, the NO, ratio decreases by a
smaller amount. Accordingly, a larger amount of NO, can be
caused to flow into the SCR catalyst, and as a result, a reduc-
tion in the NO, purification ratio can be suppressed. Further,
by reducing the amount-of fuel injected from the fuel addition
valve only in the temperature range where the NO, purifica-
tion ratio of the SCR catalyst varies in response to variation in
the NO, ratio, an increase in the temperature of the fuel
addition valve can be suppressed, outside the predetermined
temperature range. Moreover, outside the predetermined tem-
perature range, the NO, purification ratio is not affected even
when the NO,, ratio is increased by reducing the amount of
fuel injected from the fuel, addition valve, and there is there-
fore no need to reduce the fuel injection amount. Note that
when the NO, purification ratio varies in response to varia-
tion in the NO, ratio by an amount that is equal to or smaller
than, a predetermined amount considered to be extremely
small, the NO, purification ratio may be considered not to
have varied.

[0019] In the present invention, the control apparatus may
calculate a fuel injection amount that serves as a reference in
the fuel addition valve when the predetermined condition for
injecting fuel from the fuel addition valve is established,
reduce an actual fuel injection amount below the reference
fuel injection amount when the temperature of the second
exhaust gas purification apparatus is within the predeter-
mined temperature range, and increase the actual fuel injec-
tion amount above the reference fuel injection amount when
the temperature of the second exhaust gas purification appa-
ratus is within a temperature range that is lower than and
adjacent to the predetermined temperature range or a tem-
perature range that is higher than and adjacent to the prede-
termined temperature range.

[0020] The fuel injection amount serving as a reference
(also referred to hereafter as a reference injection amount) is
a fuel injection amount required to prevent a blockage from
occurring in the fuel addition valve, and is calculated on the
basis of an operating condition of the internal combustion
engine, for example. When the reference injection amount is
too small, it becomes difficult to prevent a blockage from
occurring in the fuel addition valve, and when the reference
injection amount is too large, an amount of consumed fuel
increases, leading to a reduction in fuel efficiency. Hence, the
reference injection amount may be set ata lower limit value of
a fuel injection amount required to prevent a blockage from
occurring in the fuel addition valve.

[0021] When fuel is injected from the fuel addition valve in
a situation where the NO - purification ratio may decrease due
to the fuel injection, the fuel is injected in a smaller amount
than the reference injection amount. By injecting the fuel in a
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smaller amount than the reference injection amount, a reduc-
tion in the NO,, purification ratio can be suppressed. How-
ever, the temperature of the fuel addition valve increases, and
as a result, a blockage may occur. Therefore, the temperature
of the fuel addition valve is reduced more than necessary by
injecting fuel in a larger amount than the reference injection
amount in advance before the temperature of the second
exhaust gas purification apparatus enters a predetermined
temperature range. Thus, even when the temperature of the
fuel addition valve increases while the temperature of the
second exhaust gas purification apparatus is within the pre-
determined temperature range, a degree of leeway remains
relative to a temperature at which a blockage occurs, and
therefore a blockage can be prevented from occurring.

[0022] In the present invention, the control apparatus may
set the amount of fuel injected from the fuel addition valve at
the reference fuel injection amount when an integrated value
of'a value obtained by subtracting the reference fuel injection
amount from an actual fuel injection amount fails to or below
a predetermined value.

[0023] The integrated value of the value obtained by sub-
tracting the reference injection amount from the actual fuel
injection amount is connected to the temperature of the fuel
addition valve. More specifically, when a larger amount of
fuel than the reference injection amount is injected, the tem-
perature of the fuel addition valve decreases more than nec-
essary, and when a smaller amount of fuel than the reference
injection amount is injected, the temperature of the fuel addi-
tion valve increases beyond the temperature required to pre-
vent a blockage. Variation in the temperature of the fuel
addition valve is determined in accordance with an amount of
variation relative to the reference injection amount. Hence, a
correlative relationship exists between the amount of varia-
tion and the temperature of the fuel addition valve. The inte-
grated value of the value obtained by subtracting the refer-
ence injection amount from the actual fuel injection amount
expresses excess and deficiency in the temperature of the fuel
addition valve. The temperature of the fuel addition valve
may therefore be said to decrease steadily as the integrated
value increases. When the temperature of the SCR catalyst
remains within the predetermined temperature range continu-
ously for a long time, however, the temperature of the fuel
addition valve increases, and as a result, a blockage may
occur. At such times, the integrated value of the value
obtained by subtracting the reference injection amount from
the actual fuel injection amount decreases. Therefore, a pre-
determined value is set as the integrated value, i.e. the inte-
grated value of the value obtained by subtracting the refer-
ence injection amount from the actual fuel injection amount,
at which a blockage may occur in the fuel addition valve, and
when the integrated value falls to or below the predetermined
value, the amount of fuel injected from the fuel addition valve
is set at the reference injection amount. As a result, the tem-
perature of the fuel addition valve can be maintained at a
temperature at which a blockage does not occur.

[0024] Note that when a long period of time elapses follow-
ing an increase or a reduction in the fuel injection amount, the
effect of the increase or reduction on the current temperature
of the fuel addition valve decreases. Accordingly, the inte-
grated value may be set as an integrated value integrated over
a predetermined period,
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EFFECT OF THE INVENTION

[0025] According to the present invention, a reduction in an
NOy purification ratio can be suppressed when an addition is
implemented in order to prevent a blockage from occurring in
a reducing agent addition valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] [FIG.1]FIG. 1 is a schematic view showing a con-
figuration of an internal combustion engine and an exhaust
system thereof according to an embodiment;

[0027] [FIG. 2] FIG. 2 is a view showing a relationship
between a temperature of an SCR catalyst and an NO,, puri-
fication ratio of the SCR catalyst;

[0028] [FIG. 3] FIG. 3 is a view showing a relationship
between the temperature or the SCR catalyst and a fuel injec-
tion amount of a blockage prevention injection;

[0029] [FIG. 4] FIG. 4 is a flowchart showing a flow for
determining the fuel injection amount of the blockage pre-
vention injection;

[0030] [FIG. 5] FIG. 5 is a view showing a relationship
between, the temperature of the SCR catalyst and a correction
coefficient of a reference injection amount; and

[0031] [FIG. 6] FIG. 6 is a time chart showing examples of
transitions of respective parameters relating to the internal
combustion engine when the routine shown in FIG. 4 is
implemented.

MODES FOR CARRYING OUT THE INVENTION

[0032] Exemplary embodiments of the invention will be
described in detail below with reference to the drawings.
Note, however, that unless specified otherwise, the scope of
the invention is not limited only to dimensions, materials,
shapes, relative arrangements, and so on of constituent com-
ponents described in the embodiments.

First Embodiment

[0033] FIG.1 is a schematic view showing a configuration
of an internal combustion engine and an exhaust system
thereof according to this embodiment. An internal combus-
tion engine 1 shown in FIG. 1 is a diesel engine, but may be a
gasoline engine. The internal combustion engine 1 is installed
in a vehicle, for example.

[0034] An exhaust passage 2 is connected to the internal
combustion engine 1. An oxidation catalyst 3, a filter 4, and a
selective reduction type NO, catalyst 5 (referred to hereafter
as an SCR catalyst 5) are provided midway in the exhaust
passage 2 in sequence from an upstream side.

[0035] The oxidation catalyst 3 has an oxidation capacity,
and oxidizes HC or CO, for example, contained in exhaust
gas. The oxidation catalyst 3 may be another catalyst having
an oxidation capacity (a three-way catalyst or an occlusion
reduction type NO, catalyst, for example). In this embodi-
ment, the oxidation catalyst 3 corresponds to a first exhaust
gas purification apparatus of the present invention.

[0036] The filter 4 collects particulate matter (PM) con-
tained, in the exhaust gas. Note that the oxidation catalyst 3
may be carried on the filter 4.

[0037] The SCR catalyst 5 adsorbs a reducing agent so that
when NO,, passes through the SCR catalyst 5, the NO, is
selectively reduced by the adsorbed reducing agent. NH; can
be used as the reducing agent supplied to the SCR catalyst 5.
Note that the SCR catalyst 5 may be carried on the filter 4. For
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example, the filter 4 carrying the SCR catalyst 5 may be
provided downstream of the oxidation catalyst 3. Alterna-
tively, the SCR catalyst 5 may foe provided downstream of
the filter 4 carrying the oxidation catalyst 3. In this embodi-
ment, the SCR catalyst 5 corresponds to a second exhaust gas
purification apparatus of the present invention.

[0038] A fuel addition valve 7 that injects fuel (HC) into the
exhaust gas flowing through the exhaust passage 2 is provided
in the exhaust passage 2 upstream of the oxidation catalyst 3.
When HC is added to the exhaust gas from the fuel addition
valve 7, the HC reacts in the oxidation catalyst 3, and a
temperature of the exhaust gas is increased by reaction heat
generated, as a result, HC is added from the fuel addition
valve 7 in order to increase respective temperatures of the
oxidation catalyst 3, the filter 4, and the SCR catalyst 5, for
example.

[0039] Further, an ammonia addition valve 8 that adds urea
water or ammonia (NH;) to the exhaust gas is provided in the
exhaust passage 2 downstream of the filter 4 and upstream of
the SCR catalyst 5. The urea water is hydrolyzed by the heat
of the exhaust gas so as to form ammonia. Note that the
ammonia addition valve 8 may be provided upstream of the
oxidation catalyst 3, or downstream of the oxidation catalyst
3 and upstream of the filter 4. The ammonia is used by the
SCR catalyst 5 as the reducing agent.

[0040] Furthermore, a first temperature sensor 11 for
detecting the temperature of the exhaust gas and an air-fuel
ratio sensor 12 for detecting an air-fuel ratio of the exhaust gas
are attached to the exhaust passage 2 downstream of the
oxidation catalyst 3 and upstream of the filter 4. Note that the
temperature of the oxidation catalyst 3 or the temperature of
the filter 4 can be detected by the first temperature sensor 11.
Moreover, the air-fuel ratio of the exhaust gas that flows out of
the oxidation catalyst 3 or the. air-fuel ratio of the exhaust gas
that flows into the filter 4 can be detected by the air-fuel ratio
sensor 12. Further, a second temperature sensor 13 for detect-
ing the temperature of the exhaust gas is attached, to the
exhaust passage 2 downstream of the filter 4 and upstream of
the ammonia addition valve 8. The temperature of the filter 4
or the temperature of the SCR catalyst 5 can be detected by
the second temperature sensor 13. Note that temperature sen-
sors may be attached respectively to the oxidation catalyst 3,
the filter 4, and the SCR catalyst 5 so that the respective
temperatures of these members are detected directly.

[0041] The sensors described above do not all have to be
attached, and a part thereof may be selected appropriately and
attached.

[0042] An ECU 10 serving as an electronic control unit for
controlling the internal combustion engine 1 having the above
configuration is annexed to the internal combustion engine 1.
The ECU 10 controls the internal combustion engine 1 in
accordance with operating conditions of the internal combus-
tion engine 1 and driver requirements.

[0043] The sensors described above are connected to the
ECU 10 via electric wires so that, output signals from the
sensors are input into the ECU 10. Further, the fuel addition
valve 7 and the ammonia addition valve 8 are connected to the
ECU 10 via electric wires such that these devices are con-
trolled by the ECU 10.

[0044] The ECU 10 increases the temperatures of the oxi-
dation catalyst 3 and the exhaust gas by supplying HC to the
oxidation catalyst 3. For example, when the temperature of
the SCR catalyst 5 is low such that an NO, purification ratio
is low, the temperature of the SCR. catalyst 5 can be increased
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by supplying HC to the oxidation catalyst 3. Moreover, when
the purification ratio is to be increased by increasing the
temperature of the oxidation catalyst 3, the temperature of the
oxidation catalyst 3 can be increased by supplying HC to the
oxidation catalyst 3.

[0045] Further, when an amount of PM collected in the
filter 4 reaches a threshold, the ECU 10 increases the tem-
perature of the exhaust gas by supplying HC to the oxidation,
catalyst 3. Accordingly, the temperature of the filter 4
increases such that the PM is oxidized. In so doing, the PM
can be removed from the filter 4. As a result, the filter 4 is
regenerated. Note that when an occlusion reduction type NO .
catalyst is provided downstream of the oxidation catalyst 3, a
temperature of the occlusion reduction type NO, catalyst can
be increased by supplying HC to the oxidation catalyst 3, and
in so doing, sulfur poisoning can be eliminated.

[0046] To supply HC to the oxidation catalyst 3 in this
manner, the ECU 10 adds fuel from the fuel addition valve 7.

[0047] Further, to reduce the temperature of the fuel addi-
tion valve 7, the ECU 10 implements a blockage prevention
injection in which fuel is injected from, the fuel addition valve
7. The blockage prevention injection is implemented at pre-
scribed intervals while the internal combustion engine 1 is
operative, and the prescribed intervals are determined in
advance such that the temperature of the fuel addition valve 7
reaches a prescribed temperature serving as a temperature at
which a blockage is prevented. Furthermore, the ECU 10
calculates a reference injection amount, which is a fuel injec-
tion amount at which the temperature of the fuel addition
valve 7 reaches the temperature at which a blockage is pre-
vented, and implements the blockage prevention injection in
accordance with the reference injection amount.

[0048] When the blockage prevention injection is imple-
mented, however, the oxidation capacity of the oxidation
catalyst 3 decreases, leading to a reduction in the amount of
NO that is oxidized into NO, in the oxidation catalyst 3 and
the filter 4. As a result, a ratio (an NO, ratio) of an amount of
NO, relative to an amount of NO, flowing into the SCR
catalyst 5 decreases. Note that a sum of the respective
amounts of NO and NO, may be set as the amount of NO,..
Depending on the temperature of the SCR catalyst 5, the NO,
purification ratio may decrease when the NO, ratio decreases.

[0049] Here, FIG. 2 is a view showing a relationship
between the temperature of the SCR catalyst 5 and the NO,,
purification ratio of the SCR catalyst 5. A solid line, a dot-
dash line, and a dotted line respectively denote cases in which
the NO, ratio is 30%, 40%, and 50%.

[0050] As shown in FIG. 2, the NO, purification ratio
increases as the temperature of the SCR catalyst 5 increases.
When the temperature of the SCR catalyst 5 is within a range
of 150° C.to 200° C., for example, the NO, purification ratio
increases as the NO, ratio approaches 50%. In this tempera-
ture range, identical amounts of NO and NO, are required to
reduce the NO,, and therefore the NO . purification ratio is at
a maximum when the NO, ratio is 50%. When, on the other
hand, the temperature of the SCR catalyst 5 is lower than 150°
C., for example, and higher than 200° C., for example, the
NO,, purification ratio is determined substantially according
to the temperature, and therefore the NO, ratio has substan-
tially no effect thereon.

[0051] Incidentally, the NO, ratio of gas newly discharged
from the internal combustion engine 1 is lower than 50%, but
by oxidizing the NO in the oxidation catalyst 3, the NO, ratio
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can be brought close to 50%. Note that the oxidation catalyst
3 may be provided with an oxidation capacity at which the
NO, ratio approaches 50%

[0052] Even when the oxidation capacity of the oxidation
catalyst 3 disposed in the exhaust passage 2 is adjusted such
that the NO, ratio approaches 50%, the oxidation capacity of
the oxidation catalyst 3 decreases following implementation
of'the blockage prevention injection, leading to a reduction in
the NO, ratio, and as a result, the NO , purification ratio of the
SCR catalyst 5 decreases.

[0053] According to this embodiment, therefore, in a pre-
determined temperature range where the NO, purification
ratio varies in response to variation in the NO, ratio, a reduc-
tion in the oxidation capacity of the oxidation catalyst 3 is
suppressed by reducing the amount of fuel injected during the
blockage prevention injection below the amount of fuel
injected at another temperature. The amount of fuel injected
at this time is smaller than the reference injection amount. By
reducing the amount of fuel injected from the fuel addition
valve 7, a reduction in the oxidation capacity of the oxidation
catalyst 3 can be suppressed, and as a result, oxidation of the
NO can be promoted. Note that the oxidation capacity of the
oxidation catalyst 3 decreases steadily as the amount of fuel
injected during the blockage prevention injection increases,
[0054] By reducing the amount of fuel injected during the
blockage prevention injection when the temperature of the
SCR catalyst 5 is within the predetermined temperature range
in this manner, the NO, purification ratio can be increased.
[0055] When the amount of fuel injected during the block-
age prevention injection is reduced below the reference injec-
tion amount, however, the temperature of the fuel addition
valve 7 may increase beyond the prescribed temperature serv-
ing as the temperature at which a blockage is prevented. In
other words, a blockage may occur in the fuel addition valve
7.

[0056] According to this embodiment, therefore, when the
temperature of the SCR catalyst 5 is within a temperature
range that is higher or lower than the predetermined tempera-
ture range and adjacent to the predetermined temperature
range, the amount of fuel injected during the blockage pre-
vention injection may be increased above the reference injec-
tion amount.

[0057] Here, FIG. 3 is a view showing a relationship
between the temperature of the SCR catalyst 5 and the amount
of fuel injected during the blockage prevention injection. By
increasing the amount of fuel injected during the blockage
prevention injection above the reference injection amount in
an adjacent temperature range to the predetermined tempera-
ture range, the temperature of the fuel addition valve 7
decreases below the prescribed temperature serving as the
temperature at which a blockage is prevented. Accordingly,
when the temperature of the SCR catalyst 5 enters the prede-
termined temperature range, the temperature of the fuel addi-
tion valve 7 is in a condition of having been reduced more
than necessary, and therefore the temperature of the fuel
addition valve 7 can be prevented from, increasing beyond the
prescribed temperature even after the amount of fuel injected
during the blockage prevention injection is reduced. Note that
the amount of fuel injected during the blockage prevention
injection may be increased above the reference injection
amount in at least one of a case where the temperature of the
SCR catalyst 5 is lower than the predetermined temperature
range and a case where the temperature of the SCR catalyst 5
is higher than the predetermined temperature range.
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[0058] Further, the temperature range in which the fuel
injection amount of the blockage prevention injection is
increased above the reference injection amount may be deter-
mined in consideration of an increase in fuel consumption
and so on. Here, by widening the temperature range in which
the fuel injection amount of the blockage prevention injection
is increased above the reference injection amount, a blockage
can be suppressed more reliably, but the fuel consumption
may increase. Moreover, when the temperature range in
which the fuel injection amount of the blockage prevention
injection is increased above the reference injection amount is
too narrow, the probability of a blockage increases. The tem-
perature range in which the fuel injection amount of the
blockage prevention injection is increased above the refer-
ence injection amount may therefore be determined through
experiments or simulations in consideration of preventing an
increase in fuel consumption and suppressing a blockage. The
fuel injection amount at this time may foe determined simi-
larly.

[0059] When the temperature of'the SCR catalyst 5 remains
within the predetermined temperature range for a long time,
the temperature of the fuel addition valve 7 may increase
above the prescribed temperature serving as the temperature
at which a blockage is prevented. According to this embodi-
ment, therefore, the fuel injection amount of the blockage
prevention injection may be returned to the reference injec-
tion amount when an integrated value of a value obtained by
subtracting the reference injection amount from an actual fuel
injection amount fails to or below a predetermined value, for
example. Further, when a total reduction in the amount of fuel
injected after reducing the fuel injection amount below the
reference injection amount is larger than a total increase in the
amount of fuel injected after increasing the fuel injection
amount above the reference injection amount, for example, a.
blockage may occur in the fuel addition valve 7, and therefore
the amount of fuel injected during the blockage prevention
injection, may be returned to the reference injection amount.
[0060] FIG.4 is a flowchart showing a flow for determining
the fuel injection amount of the blockage prevention injec-
tion. This routine is executed by the ECU 10 repeatedly at
predetermined time intervals. Note that in this embodiment,
the ECU 10 that performs the processing of the routine shown
in FIG. 4 corresponds to a control apparatus of the present
invention,

[0061] In step S101, the reference injection amount is cal-
culated as a fuel injection amount at which the temperature of
the fuel addition valve 7 reaches the temperature at which a
blockage is prevented. Here, the temperature of the fuel addi-
tion valve 7 varies according to an engine rotation speed and
an engine load. In. other words, the reference injection
amount has a correlative relationship with the engine rotation
speed and the engine load. Therefore, a map or a formula
defining a relationship between the reference injection
amount and the engine rotation speed and engine load is
determined in advance by experiments, simulations, or the
like, and stored in the ECU 10.

[0062] In step S102, an amount of fuel (a corrected injec-
tion amount) actually injected during the blockage prevention
injection is calculated by correcting the reference injection
amount. Here, FIG. 5 is a view showing a relationship
between the temperature of the SCR catalyst 5 and a correc-
tion coefficient of the reference injection amount. The rela-
tionship shown in FIG. 5 corresponds to the relationship
shown in FIG. 3. More specifically, a map shown in FIG. 5 is
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set such that a fuel injection amount obtained by multiplying
the correction coefficient calculated In step S102 by the ref-
erence injection amount calculated in step S101 corresponds
to the fuel injection amount shown in FIG. 3. An optimum
value of the correction coefficient is determined in advance by
experiments, simulations, or the like, and stored in the ECU
10.

[0063] In step S103, an integrated correction amount is
read. The integrated correction amount is an integrated value
obtained by integrating the value obtained by subtracting the
reference injection amount from the actual fuel injection
amount. In other words, the integrated, correction amount is
obtained by adding the part, of the fuel injection amount that
is larger than the reference injection amount and subtracting
the part, of the fuel injection amount that is smaller than the
reference injection amount. Mote that a value integrated over
apredetermined period before a current, time may be used as
the integrated correction amount.

[0064] Instep S104, a determination is made as to whether
or not a reduction correction has been implemented to reduce
the fuel injection amount of the blockage prevention injec-
tion. In other words, a determination is made as to whether or
not the corrected injection amount is smaller than the refer-
ence injection amount. In this step, a determination may be
made as to whether or not the temperature of the SCR catalyst
5 is within the predetermined temperature range. When the
determination of step S104 is affirmative, the routine
advances to step S105, and when the determination is nega-
tive, the routine advances to step S107.

[0065] Instep S105, a determination is made as to whether
or not the integrated correction amount is equal to or smaller
than a predetermined value. In this step, a determination is
made as to whether or not it is possible to prevent a blockage
from occurring in the fuel addition valve 7. Here, the prede-
termined value is an integrated correction amount at which a
blockage can be prevented from occurring in the fuel addition
valve 7, and is set at 0, for example. Alternatively, the prede-
termined value may be set on the basis of a result of an
experiment, a simulation, or the like. In this step, a determi-
nation is made as to whether or not the reduction correction
for reducing the amount of fuel injected during the blockage
prevention injection has been implemented for a prolonged
period such that there is a risk of a blockage occurring in the
fuel addition valve 7. When the determination of step S105 is
affirmative, the routine advances to step S106, and when the
determination is negative, the routine advances to step S107.
[0066] Instep S106, the amount of fuel injected, during the
blockage prevention injection is set at the reference injection
amount. In other words, the reduction correction for reducing
the amount of fuel, injected during the blockage prevention
injection has been implemented for a. prolonged period such
that there is a risk of'a blockage occurring in the fuel addition
valve 7, and therefore the reduction correction is prohibited.
[0067] Instep S107, the amount of fuel injected during the
blockage prevention injection is set at the corrected injection
amount, As a result, a reduction in the NO, purification ratio
can be suppressed while preventing a blockage from occur-
ring in the fuel addition valve 7.

[0068] Here, FIG. 6 is a time chart showing examples of
transitions of respective parameters relating to the internal
combustion engine 1 when the routine shown in FIG. 4 is
implemented. In FIG. 6, a “vehicle speed” denotes a speed of
the vehicle in which the internal combustion engine 1 is
installed, a “fuel injection amount” denotes the amount of
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fuel injected during the blockage prevention injection, and a
“NOy purification ratio” denotes an amount of NO, reduced
by the SCR catalyst 5 relative to the amount of NO, flowing
into the SCR catalyst 5. Solid lines denote a case in which the
control according to this embodiment is implemented, and
dotted lines denote a case in which the blockage prevention
injection is implemented in a conventional manner such that
the reference injection amount is injected at all times.

[0069] According to this embodiment, the temperature of
the SCR catalyst 5 is in a temperature range that is lower than
and adjacent to the predetermined temperature range at a time
T1, and therefore an increase correction is performed to
increase the amount of fuel injected during the blockage
prevention, injection. At this time, the temperature of the fuel
addition valve 7 decreases further than in the conventional
case. Moreover, at this time, although the NO, ratio
decreases, the temperature of the SCR catalyst 5 is low, and
therefore the NO,, purification ratio is substantially identical
to that of the conventional case.

[0070] Furthermore, according to this embodiment, the
temperature of the SCR catalyst 5 is within the predetermined
temperature range at a time T2, and therefore the reduction
correction is performed to reduce the amount of fuel injected
during the blockage prevention injection. At this time, due to
the effect of the increase correction performed at the time T1,
the temperature of the fuel addition valve 7 is low, and there-
fore, even though the temperature of the fuel addition valve 7
has increased at the time T2, the temperature remains lower
than that of the conventional case. By performing the reduc-
tion correction on the amount of fuel injected during the
blockage prevention injection, a reduction in the NO, ratio is
suppressed in comparison with the conventional case, and as
a result, a reduction in the NO, purification ratio is sup-
pressed.

[0071] Moreover, according to this embodiment, the inte-
grated correction amount decreases to the predetermined.
value at a time T3, and therefore the reduction correction for
reducing the fuel injection amount of the blockage prevention
injection is prohibited at a time T4. As a result, the fuel
injection amount becomes identical to that of the conven-
tional case.

[0072] According to this embodiment, as described above,
when the temperature of the SCR catalyst 5 is within the
predetermined temperature range, the reduction correction is
implemented to reduce the fuel injection amount of the block-
age prevention injection, and in so doing, a reduction in the
NOy purification ratio can be suppressed. Further, when the
temperature of the SCR catalyst 5 is outside the predeter-
mined temperature range but in an adjacent temperature range
to the predetermined temperature range, the increase correc-
tion is implemented to increase the fuel injection amount of
the blockage prevention injection. In so doing, an excessive
increase in the temperature of the fuel addition valve 7 can be
suppressed even when the reduction correction is imple-
mented thereafter. As a result, a blockage can be prevented
from occurring in the fuel addition valve 7, Moreover, when
the integrated correction amount falls to or below the prede-
termined value, the reduction correction is prohibited, and as
a result, a blockage caused by an increase in the temperature
of the fuel addition valve 7 can be suppressed.
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EXPLANATION OF REFERENCE NUMERALS

AND CHARACTERS

[0073] 1 internal combustion engine
[0074] 2 exhaust passage
[0075] 3 oxidation catalyst
[0076] 4 filter
[0077] 5 selective reduction type NO,, catalyst (SCR cata-

lyst)
[0078] 7 fuel addition valve
[0079] 8 ammonia addition valve
[0080] 10 ECU
[0081] 11 first temperature sensor
[0082] 12 air-fuel ratio sensor
[0083] 13 second temperature sensor

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

a first exhaust gas purification apparatus that is provided in
an exhaust passage of the internal combustion engine
and has an oxidation capacity;

a second exhaust gas purification apparatus that is provided
in the exhaust passage downstream of the first exhaust
gas purification apparatus, and has a function for selec-
tively reducing NO,; and

a fuel addition valve provided in the exhaust passage
upstream of the first exhaust gas purification apparatus
in order to inject fuel into exhaust gas,

the exhaust gas purification apparatus comprising a control
apparatus which, when a temperature of the second
exhaust gas purification apparatus is within a predeter-
mined temperature range while a predetermined condi-
tion for injecting fuel from the fuel addition valve, which
is a condition for executing a blockage prevention injec-
tion serving as an injection for preventing a blockage
from occurring in the fuel addition valve, is established,
reduces an amount of fuel injected from the fuel addition
valve below an amount of fuel injected when the tem-
perature of the second exhaust gas purification apparatus
is outside the predetermined temperature range.

2. The exhaust gas purification apparatus for an internal
combustion engine according to claim 1, wherein the prede-
termined temperature range is a temperature range in which
an NO, purification ratio of the second exhaust gas purifica-
tion apparatus varies in response to variation in a proportion
of NO, within an amount of NO,-contained in the exhaust gas
that flows into the second exhaust gas purification apparatus.

3. The exhaust gas purification apparatus for an internal
combustion engine according to claim 1, wherein the control
apparatus calculates a fuel injection amount that serves as a
reference in the fuel addition valve when the predetermined
condition for injecting fuel from the fuel addition valve,
which is a condition for executing a blockage prevention
injection serving as an injection for preventing a blockage
from occurring in the fuel addition valve, is established,
reduces an actual fuel injection amount below the reference
fuel injection amount when the temperature of the second
exhaust gas purification apparatus is within the predeter-
mined temperature range, and increases the actual fuel injec-
tion amount above the reference fuel injection amount when
the temperature of the second exhaust gas purification appa-
ratus is within a temperature range that is lower than and
adjacent to the predetermined temperature range or a tem-
perature range that is higher than and adjacent to the prede-
termined temperature range.
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4. The exhaust gas purification apparatus for an internal
combustion engine according to claim 3, wherein the control
apparatus sets the amount of fuel injected from the fuel addi-
tion valve at the reference fuel injection amount when an
integrated value of a value obtained by subtracting the refer-
ence fuel injection amount from an actual fuel injection
amount falls to or below a predetermined value.

#* #* #* #* #*
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