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EXHAUST GAS PURIFICATION APPARATUS
FOR AN INTERNAL COMBUSTION ENGINE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is an application for reissue of U.S. Pat. No. 9,604,
177

This 1s a national phase application based on the PCT
International Patent Application No. PCT/JP2012/055778
filed Mar. 7, 2012, the entire contents of which are incor-
porated herein by reference.

TECHNICAL FIELD

The present mvention relates to an exhaust gas purifica-
tion apparatus for an internal combustion engine.

BACKGROUND ART

Provision may be made for a filter which traps particulate
matter (hereinafter also referred to as PM) in an exhaust gas.
The PM trapped by this filter can be removed by raising the
temperature of the filter as well as increasing the concen-
tration of oxygen in the exhaust gas. Removal of the PM
from the filter 1n this manner 1s referred to as regeneration
of the filter. Then, there has been known a technology which
enhances efliciency at the time of raising the temperature of
a filter by prohibiting regeneration of the filter when ambient
alr temperature 1s equal to or less than a predetermined value
(for example, refer to a first patent literature).

In addition, there has been known a technology in which
at the time of regeneration of a filter, NOx 1s supplied to the
filter from an adsorbent for NOx which 1s provided at the
upstream side of the filter (for example, refer to a second
patent literature). In this technology, oxidation of the PM 1s
promoted by NOx. Also, a necessary amount of NOX 1s
made to adsorb to the NOx adsorbent in advance before the
regeneration of the filter.

Moreover, there has been known a technology 1n which a
three-way catalyst 1s provided at the downstream side of a
filter, so that the air fuel ratio of an exhaust gas 1s adjusted
to be 1n the vicinity of a stoichiometric air fuel ratio at which
NOx 1s able to be removed or reduced in the three-way
catalyst, after which the air fuel ratio 1s adjusted to be a lean
air fuel ratio with which the filter 1s able to be regenerated
(for example, refer to a third patent literature).

However, an NOX storage reduction catalyst (hereinaftter,
also referred to as an NSR catalyst) and an NOx selective
reduction catalyst (hereinafter, also referred to as an SCR
catalyst) may be provided at the downstream side of a filter
which traps particulate matter 1n exhaust gas. This NSR
catalyst serves to occlude or store NOx contained in the
incoming exhaust gas when the oxygen concentration of the
exhaust gas 1s high, and to reduce the occluded or stored
NOx when the oxygen concentration of the ncoming
exhaust gas becomes low and when a reducing agent exists.
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In addition, this SCR catalyst 1s a catalyst which serves to
carry out selective reduction of NOx by means of the
reducing agent.

Here, at the time of regeneration of the filter, 1t 1s
necessary to make high the concentration of oxygen in the
exhaust gas which tlows into the filter. In addition, 1t 1s also
necessary to make the temperature of the filter high. In such
a state, 1t becomes diflicult for the NSR catalyst to store
NOx. Moreover, 1t becomes diflicult to supply the reducing
agent to the SCR catalyst. Accordingly, there 1s a fear that at
the time of regeneration of the filter, the removal or reduc-
tion rate of NOx may decrease.

PRIOR ART REFERENCES

Patent Literatures

[First Patent Literature] Japanese patent laid-open publi-
cation No. 2007-255289

[Second Patent Literature]| Japanese patent application
laid-open No. 2004-052680
| Third Patent Literature] Japanese patent application laid-

open No. 2009-1275359

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

The present immvention has been made 1n view of the
problems as referred to above, and has for its object to
suppress a decrease 1 an NOx removal or reduction rate at
the time of filter regeneration.

Means for Solving the Problems

In order to achieve the above-mentioned object, an
exhaust gas purification apparatus for an internal combus-
tion engine according to the present mvention 1s provided
with

an NOX selective reduction catalyst that 1s arranged 1n an
exhaust passage of the internal combustion engine and
reduces NOx by using NH; as a reducing agent;

a filter that 1s arranged in the exhaust passage at the
upstream side of said NOx selective reduction catalyst and
traps particulate matter contained in the exhaust gas;

an NH, generation catalyst that 1s arranged 1n the exhaust
passage at the upstream side of said NOx selective reduction
catalyst and generates NH, when the air fuel ratio of the
exhaust gas 1s equal to or less than a stoichiometric air tuel
ratio;

a regeneration unit that regenerates said filter by supply-
ing oxygen to said filter while raising the temperature of said
filter; and

a generation unit that makes the air fuel ratio of the
exhaust gas equal to or less than the stoichiometric air fuel
ratio, thereby causing NH; to be generated in said NH,
generation catalyst;

wherein said regeneration unit inhibits the regeneration of
said filter until the generation of NH; by said generation unit
1s completed.

The NH; generation catalyst 1s, for example, a catalyst
which causes H, or HC to react with NO, thereby to generate
NH,;. Any one of the filter and the NH; generation catalyst
may be arranged at the upstream side of the other. The NOx
selective reduction catalyst adsorbs NH;, and reduces NOx
by means of the NH,.
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The regeneration unit raises the temperature of the filter to
a temperature at which the PM trapped by the filter is
oxidized, and enhances the concentration of oxygen 1n the
exhaust gas by adjusting the air fuel ratio of the exhaust gas
flowing into the filter to a lean air fuel ratio. As a result of
this, the PM 1s oxidized.

The generation unit causes NH, to be generated before the
regeneration of the filter 1s carried out. That 1s, before the
regeneration of the filter 1s carried out, the air fuel ratio of
the exhaust gas flowing into the NH; generation catalyst 1s
made equal to or less than the stoichiometric air fuel ratio.
Here, note that after the generation of NH, by the generation
unit 1s completed, the regeneration unit may start the regen-
cration of the filter.

Here, when NH; becomes high temperature, 1t will be
hydrolyzed. For this reason, in the course of the regeneration
of the filter, it becomes diflicult to generate NH;. That 1s, a
condition suitable for the regeneration of the filter and a
condition suitable for the generation of NH, are different
from each other, so that 1t becomes diflicult to carry out one
of the conditions, while carrying one the other condition.
Accordingly, there 1s a fear that at the time of regeneration
of the filter, NH, may become short or insufficient, so the
removal or reduction of NOx may become difficult. In
contrast to this, the generation unit generates NH, before the
regeneration of the filter 1s carried out. That 1s, before the
regeneration of the filter 1s carried out thereby to make it
dithcult to generate NH,, NH, has been generated and made
to adsorb to the NOx selective reduction catalyst. In that
case, even 1f NH, 1s not generated at the time of regeneration
of the filter, NOx can be made to reduce by means of the
NH; which has been made to adsorb to the NOx selective
reduction catalyst in advance. As a result of this, both the
regeneration of the filter and the removal or reduction of
NOx can be made compatible with each other.

In addition, 1n the present invention, said generation unit
can generate NH, until said NOx selective reduction catalyst
adsorbs an amount of NH; required for removing NOX to be
discharged from said internal combustion engine when the
regeneration of said filter 1s carried out.

Here, even 1f NH; 1s made to adsorb to the NOx selective
reduction catalyst before the regeneration of the filter, there
will be a fear that NH; may run short during the regeneration
of the filter, 1n cases where the amount of NH, thus adsorbed
1s small. As a result of this, there will also be a fear that in
the course of the regeneration of the filter, 1t may become
difficult to remove or reduce the NOx.

Accordingly, the generation unit causes NH, to be gen-
crated 1n advance belfore the regeneration of the filter 1s
carried out, so that NH, does not nm short when the
regeneration of the filter 1s being carried out. Here, if a
suflicient amount of NH; has been made to absorb to the
NOx selective reduction catalyst, 1t 1s possible to suppress
the NH, from running short during the course of regenera-
tion of the filter. That 1s, 1f an amount of NH;, which 1s equal
to or larger than that to be consumed until the regeneration
of the filter 1s completed, has been made to absorb to the
NOx selective reduction catalyst in advance, 1t will be
possible to suppress the NH; from running short during the
course of regeneration of the filter.

The amount of NH, to be consumed until the regeneration
of the filter 1s completed can be calculated based on an
amount of NOx to be discharged from the internal combus-
tion engine until the regeneration of the filter 1s completed.
The amount of NOx to be discharged from the internal
combustion engine can be estimated by, for example, assum-
ing that the operating state of the internal combustion engine
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at the current point 1n time continues. In addition, according
to an amount of PM trapped by the filter, a period of time,
which 1s required for the regeneration of the filter, becomes
longer, so that an amount of NOX to be discharged also
increases. Accordingly, the amount of NOx to be discharged
until the completion of the regeneration of the filter may be
estimated according to the amount of the PM trapped in the
filter.

Moreover, 1n the present invention, 1n cases where the
amount of NH; adsorbed to said NOx selective reduction
catalyst becomes equal to or less than a predetermined value,
during the regeneration of said filter, said regeneration unit
can interrupt the regeneration of said filter.

Here, when the regeneration of the filter 1s carried out, the
NH, adsorbed to the NOx selective reduction catalyst 1s used
in order to remove or reduce NOx, so the NH, decreases
gradually. Then, when a period of time to regenerate the
filter becomes long, the NH; adsorbed to the NOx selective
reduction catalyst may be used up. Here, note that even 11 the
suflicient amount of NH; has been made to adsorb to the
NOx selective reduction catalyst before the regeneration of
the filter, the amount of NOx to be discharged will change
when the operating region of the internal combustion engine
changes during the regeneration of the filter, as a result of
which NH; may become short or msuthicient. Thus, when
NH; runs short, the removal or reduction of NOx will
become dithcult.

In addition, the NOXx selective reduction catalyst has an
upper limit of temperature (hereinafter, also referred to as an
upper limit temperature) at which the NOx selective reduc-
tion catalyst1s able to adsorb NH3, and when this upper limit
temperature 1s exceeded, the NH3 adsorbed to the NOx
selective reduction catalyst will be released into the exhaust
gas. Accordingly, when the temperature of the NOX selective
reduction catalyst exceeds the upper limit temperature dur-
ing the regeneration of the filter, the removal or reduction of
NOx will become dithcult.

Accordingly, 1 cases where the amount of NH; has
become equal to or less than the predetermined value, the
regeneration unit interrupts the regeneration of the filter. The
predetermined value referred to herein i1s an upper limit
value of the amount of adsorption at which 1t becomes
unable to reduce NOx at the time of the regeneration of the
filter. Here, note that the predetermined value may also be 0.
That 1s, when the NH; having been adsorbed by the NOx
selective reduction catalyst has been used up, the regenera-
tion of the filter may also be interrupted. In addition, in cases
where 1t can be predicted that the NH; having been adsorbed
by the NOx selective reduction catalyst will be used up, the
regeneration of the filter may also be interrupted. Moreover,
in cases where the temperature of the NOx selective reduc-
tion catalyst has become higher than a temperature at which
it 1s able to adsorb NH,, the regeneration of the filter may
also be interrupted. Thus, by interrupting the regeneration of
the filter, 1t 1s possible to suppress the removal or reduction
of NOx from becoming unable to be carried out due to a
shortage of the reducing agent.

In addition, 1n the present invention, when said regenera-
tion unit has interrupted the regeneration of said filter, said
generation unit can make the air fuel ratio of the exhaust gas
equal to or less than the stoichiometric air fuel ratio, thereby
making it possible to generate NHs.

[1 NH, 1s made to be generated by means of the generation
umt at the time when the regeneration of the filter 1s
interrupted, the NOx selective reduction catalyst can adsorb
the NH; again. In that case, when the regeneration of the
filter 1s resumed, 1t becomes possible to remove or reduce
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NOx. Here, note that when the amount of NH; having been
adsorbed to the NOx selective reduction catalyst becomes
suiliciently large, the generation of NH; may be ended, and
the regeneration of the filter may also be resumed.

Moreover, 1n the present invention, even 1 the regenera-
tion of said filter 1s resumed, said generation unit can cause
NH, to be generated until said NOx selective reduction
catalyst adsorbs an amount of NH; so that the amount of
NH, adsorbed to said NOx selective reduction catalyst does
not become equal to or less than said predetermined value,
at the time of carrying out the regeneration of said filter; and

even 1 the regeneration of said filter 1s resumed, said
regeneration unit can resume the regeneration of said filter
after said NOx selective reduction catalyst has adsorbed an
amount of NH; so that the amount of NH; adsorbed to said
NOx selective reduction catalyst does not become equal to
or less than said predetermined value, at the time of carrying
out the regeneration of said filter.

Here, note that even if NH, has been made to adsorb to the
NOx selective reduction catalyst during the mterruption of
the regeneration of the filter, in cases where the amount of
NH, thus adsorbed 1s small, the amount of NH; having been
adsorbed by the NOx selective reduction catalyst will
become equal to or less than the predetermined value, after
the regeneration of the filter 5 1s resumed. In that case, it 1s
necessary to interrupt the regeneration of the filter again. For
this reason, 1t becomes necessary to raise the temperature of
the filter 1n a repeated manner, so there 1s a fear that fuel
economy may deteriorate. In addition, it will take a longer
period of time until the regeneration of the filter 1s com-
pleted.

Accordingly, the generation unit has generated NH;, so
that 1t 1s not necessary to interrupt the regeneration of the
filter, after the regeneration of the filter 1s made to resume.
Here, 11 a sutlicient amount of NH, has been made to absorb
to the NOx selective reduction catalyst, there will be no need
to interrupt the regeneration of the filter. Then, 1t the
regeneration unit resumes the regeneration of the filter after
an amount of NH,, which 1s equal to or larger than that to
be consumed until the regeneration of the filter 1s completed,
has been made to absorb to the NOx selective reduction
catalyst 1n advance, there will be no need to interrupt the
regeneration of the filter.

Further, 1n the present invention, said regeneration unit

can start the regeneration of said filter when an amount of
particulate matter trapped 1n said filter becomes equal to or
greater than a threshold value, and

can set said threshold value 1n such a manner that the NOx
to be discharged from said internal combustion engine 1n a
period of time from when the regeneration of said filter 1s
started until 1t 1s completed becomes able to be removed by
the amount of NH; having been adsorbed to said NOx
selective reduction catalyst.

That 1s, 1t 1s possible to set a point 1n time to start the
regeneration of the filter or a period of time from the start of
the regeneration of the filter to the completion or end thereof
according to the amount of NH; which has been adsorbed by
the NOx selective reduction catalyst. Here, the more the
amount of particulate matter trapped 1n the filter, the longer
becomes the period of time to carry out the regeneration of
the filter. Accordingly, the more the amount of particulate
matter trapped in the filter, the larger 1s the amount of NH,
which 1s required to have been adsorbed to the NOx selec-
tive reduction catalyst. However, the amount of NH;, which
1s able to be adsorbed to the NOx selective reduction
catalyst, has a limitation. In addition, a suflicient amount of
NH; may not be able to be adsorbed to the NOx selective
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reduction catalyst, depending on the operating state of the
internal combustion engine. In contrast to this, 1f the period
of time to carry out the regeneration of the filter 1s decided
according to the amount of NH, which has been adsorbed by
the NOx selective reduction catalyst, 1t 1s possible to sup-
press the NH; from runming short during the course of the
regeneration of the filter.

Then, because there 1s a correlation between the period of
time to carry out the regeneration of the filter and the amount
of particulate matter trapped 1n the filter, 1t 1s possible to set
said threshold value according to the amount of NH; having
been adsorbed by the NOx selective reduction catalyst. For
example, the more the amount of NH; having been absorbed
by the NOx selective reduction catalyst, the larger the
threshold value may be set. In this manner, it 1s possible to
suppress the NH, from running short in the course of the
regeneration of the filter. Here, note that said threshold value
may also be set in such a manner that the amount of NOX to
be discharged 1n the course of the regeneration of said filter
becomes equal to or less than an amount of NOx which 1s
able to be removed or reduced with an amount of NH, which
1s able to be adsorbed to said NOx selective reduction
catalyst. In addition, the larger the extent of the deterioration
of the NOx selective reduction catalyst, the smaller becomes
the amount of NH, able to be adsorbed thereto, so the
smaller said threshold value may also be set.

In addition, i the present invention, the larger the extent
of the deterioration of said NOx selective reduction catalyst,
the shorter said regeneration unit can make the interval in
which the regeneration of said filter 1s carried out.

Here, the larger the extent of the deterioration of the NOx
selective reduction catalyst, the smaller becomes the amount
of NH, which 1s able to be adsorbed. For this reason, 1n cases
where the extent of the deterioration of the NOx selective
reduction catalyst 1s large, there 1s a fear that NH, may run
short in the course of the regeneration of the filter. In contrast
to this, by making short the interval in which the regenera-
tion of the filter 1s carried out, the regeneration of the filter
1s carried out 1 a state where the amount of particulate
matter trapped 1n the filter 1s smaller. As a result of this, the
time required for the regeneration of the filter can be
shortened, thus making it possible to suppress the NH, from
running short during the course of the regeneration of the
filter.

Moreover, 1n the present invention, said generation unit
can adjust the air fuel ratio of the exhaust gas flowing into
said NH, generation catalyst to such a value that falls within
a predetermined range including an air fuel ratio at which the
amount of generation of NH, becomes the largest.

Here, by making the air fuel ratio of the exhaust gas equal
to or less than the stoichiometric air fuel ratio, NH; 1s
generated in the NH; generation catalyst. However, a dii-
ference occurs 1n the amount of generation of NH, according
to the air fuel ratio. In addition, 1n cases where H,, and/or HC
in the exhaust gas 1s made to react with NO thereby to
generate NH,, the NO will be reduced by other catalysts 1f
the air fuel ratio of the exhaust gas 1s too low. As a result,
the NO will run short, thus making 1t diflicult to generate
NH,;.
On the other hand, by adjusting the air fuel ratio of the
exhaust gas to a value suitable for generation of NH,, NH,
can be made to adsorb to the NOx selective reduction
catalyst 1n a quick manner. Here, note that the air fuel ratio
within the predetermined range may also be a range of the
air fuel ratio 1n which the amount of generation of NH, falls
within an allowable range. In addition, the generation unit
may adjust the air fuel ratio of the exhaust gas flowing into
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the NH; generation catalyst to such a value at which the
amount of generation of NH, becomes the largest. More-
over, the air fuel ratio of the exhaust gas flowing into the
NH, generation catalyst may be adjusted to such a value at
which an amount of generation of H, required for generating,
NH,; becomes the largest. Then, by continuing, for a prede-
termined period of time, the time 1n which this air fuel ratio
of the exhaust gas 1s attained, a suflicient amount of NH, can
be made to adsorb to the NOx selective reduction catalyst.
The predetermined period of time may be one 1n which an
amount of NH; required at the time of the regeneration of the
filter 1s adsorbed to the NOx selective reduction catalyst.

Further, 1n the present invention, at the time of carrying
out the regeneration of said filter, said regeneration unit can
interrupt the regeneration of said filter, 1n cases where the
temperature of said NOx selective reduction catalyst
becomes higher than a temperature able to adsorb NH,, and

when said regeneration unit has interrupted the regenera-
tion of said filter, said generation unit can cause NH, to be
generated, by making the air fuel ratio of the exhaust gas
equal to or less than the stoichiometric air fuel ratio.

Here, when the temperature of the NOx selective reduc-
tion catalyst exceeds the upper limit temperature able to
adsorb NH3, the NH3 adsorbed 1s released into the exhaust
gas. As a result, when the temperature of the NOx selective
reduction catalyst exceeds said upper limit temperature
during the regeneration of the filter, the removal or reduction
of NOx will become diflicult. Accordingly, in cases where
the temperature of the NOXx selective reduction catalyst has
become higher than the temperature at which 1t 1s able to
adsorb NH3, the regeneration unit interrupts the regenera-
tion of the filter. Then, 1f NH3 1s made to be generated by the
generation unit at the time when the regeneration of the filter
has been interrupted, the NOx selective reduction catalyst
can adsorb the NH3 again. In that case, when the regenera-

tion of the filter 1s resumed, 1t becomes possible to remove
or reduce NOx.

Eftect of the Invention

According to the present invention, it 1s possible to
suppress a decrease 1 an NOx removal or reduction rate at
the time of filter regeneration.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing the schematic construction of an
internal combustion engine as well as 1ts intake and exhaust
systems according to embodiments of the present invention.

FI1G. 2 15 a tlow chart showing a tlow for NOx removal or
reduction control at the time of regeneration of a filter
according to a first embodiment.

FIG. 3 1s a view showing the change over time of an air
tuel ratio of an exhaust gas when the air fuel ratio 1s made
equal to or less than a stoichiometric air fuel ratio.

FI1G. 4 15 a tlow chart showing a tlow for NOx removal or
reduction control at the time of regeneration of a filter
according to a second embodiment.

FIG. 5 15 a flow chart showing a flow for NOx removal or
reduction control at the time of regeneration of a filter
according to a third embodiment.

FIG. 6 15 a tlow chart showing a flow for NOx removal or
reduction control at the time of regeneration of a filter
according to a fourth embodiment.
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MODES FOR CARRYING OUT TH
INVENTION

(L]

Heremafiter, reference will be made to specific embodi-
ments of an exhaust gas purification apparatus for an internal
combustion engine according to the present invention based
on the attached drawings.

First Embodiment

FIG. 1 1s a view showing the schematic construction of an
internal combustion engine as well as 1ts mntake and exhaust
systems according to embodiments of the present invention.
The internal combustion engine 1 shown 1n FIG. 1 1s a
gasoline engine, but 1t may be a diesel engine. The internal
combustion engine 1 1s 1nstalled on a vehicle, for example.

An exhaust passage 2 1s connected to the internal com-
bustion engine 1. In the middle of the exhaust passage 2, a
three-way catalyst 3, a filter 4, an NOx storage reduction
catalyst 5 (hereinafter referred to as an NSR catalyst 5) and
an NOx selective reduction catalyst 6 (hereinaiter referred to
as an SCR catalyst 6) are sequentially provided in this order
from an upstream side. Here, note that the order of the filter
4 and the NSR catalyst 5 may be reversed.

The three-way catalyst 3 serves to purily or remove NOX,
HC and CO with a maximum efliciency at the time when a
catalytic atmosphere 1s at a stoichiometric air fuel ratio. In
addition, the three-way catalyst 3 has oxygen storage ability.
That 1s, when the air fuel ratio of an incoming exhaust gas
1s a lean air fuel ratio, the three-way catalyst 3 occludes or
stores an excess of oxygen, whereas when the air fuel ratio
of the incoming exhaust gas i1s a rich air fuel ratio, the
three-way catalyst 3 releases or supplies a shortage of
oxygen, thereby purilying the exhaust gas.

In addition, the filter 4 traps particulate matter (PM)
contained in the exhaust gas. Here, note that a catalyst may
be supported on the filter 4. As the particulate matter 1s
trapped by the filter 4, the particulate matter accumulates or
deposits on the filter 4 1n a gradual manner. Then, by
carrying out so-called regeneration processing of the filter 4
in which the temperature of the filter 4 1s raised 1n a forced
manner, the particulate matter deposited on the filter 4 can
be oxidized and removed. For example, the temperature of
the filter 4 can be raised by supplying HC to the three-way
catalyst 3. In addition, mstead of providing with the three-
way catalyst 3, provision may also be made for other devices
which serve to raise the temperature of the filter 4. More-
over, the temperature of the filter 4 may also be raised by
causing hot gas to be discharged from the internal combus-
tion engine 1.

In addition, the NSR catalyst 5 has a function of occluding,
or storing NOxX contained in the incoming exhaust gas when
the oxygen concentration of the exhaust gas 1s high, and of
reducing the occluded or stored NOx when the oxygen
concentration of the incoming exhaust gas becomes low and
when the reducing agent exists. For the reducing agent to be
supplied to the NSR catalyst 3, there can be used HC or CO
which 1s the unburnt fuel discharged from the internal
combustion engine 1.

Here, note that when the exhaust gas passes through the
three-way catalyst 3 or the NSR catalyst 5, the NOx 1n the
exhaust gas may react with HC or H, to generate ammonia
(NH,). Then, in the embodiments, the three-way catalyst 3
or the NSR catalyst 5 corresponds to an NH; generation
catalyst in the present invention. As the NH, generation
catalyst, either one of the three-way catalyst 3 and the NSR
catalyst 5 need only be provided. Here, note that in the
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embodiments, the three-way catalyst 3 or the NSR catalyst
5 15 used as the NH, generation catalyst, but instead of this,
other catalysts may be used which are able to generate NH,.

The SCR catalyst 6 has a function of adsorbing or storing,
the reducing agent, and carrying out selective reduction of
NOx by means of the reducing agent thus adsorbed or stored
at the time when the NOx passes through the SCR catalyst
6. For the reducing agent to be supplied to the SCR catalyst
6, there can be used the NH, which 1s generated by the
three-way catalyst 3 or the NSR catalyst 5.

Moreover, a first temperature sensor 11 for detecting the
temperature of the exhaust gas and an air fuel ratio sensor 12
for detecting the air fuel ratio of the exhaust gas are mounted
on the exhaust passage 2 at locations downstream of the
three-way catalyst 3 and upstream of the filter 4. Here, note
that the temperature of the three-way catalyst 3 or the
temperature of the filter 4 can be measured by the first
temperature sensor 11. Also, the air fuel ratio of the exhaust
gas Irom the internal combustion engine 1 or the air fuel
ratio of the exhaust gas flowing into the filter 4 can be
detected by the air tuel ratio sensor 12.

Further, a second temperature sensor 13 for detecting the
temperature of the exhaust gas and an NOx sensor 14 for
detecting the concentration of NOX 1n the exhaust gas are
mounted on the exhaust passage 2 at locations downstream
of the NSR catalyst 5 and upstream of the SCR catalyst 6.
Here, note that the temperature of the NSR catalyst S or the
temperature of the SCR catalyst 6 can be detected by the
second temperature sensor 13. Also, the concentration of
NOX or the concentration of NH, 1n the exhaust gas flowing
into the SCR catalyst 6 can be detected by means of the NOx
sensor 14. In addition, based on the concentration of NH,
detected by the NOx sensor 14, an amount of NH,, which 1s
adsorbed by the SCR catalyst 6, can also be calculated.

Here, note that 1t 1s not necessary to mount all the
above-mentioned sensors, but some of them may be selected
and mounted 1n a suitable manner.

In addition, on the exhaust passage 2, there 1s mounted a
differential pressure sensor 15 which serves to detect a
difference between the pressure therein upstream of the filter
4 and the pressure therein downstream of the filter 4. By

means of this differential pressure sensor 15, 1t 1s possible to

detect an amount of PM which has been trapped by the filter
4.

Moreover, on the internal combustion engine 1, there 1s
mounted a fuel mnjection valve 7 for supplying fuel to the
internal combustion engine 1.

On the other hand, an 1intake passage 8 1s connected to the
internal combustion engine 1. A throttle valve 9 for regu-
lating an amount of intake air 1n the internal combustion
engine 1 1s arranged 1n the middle of the intake passage 8.
Also, an air tlow meter 16 for detecting the amount of intake
air 1n the internal combustion engine 1 1s mounted on the
intake passage 8 at a location upstream of the throttle valve
9.

In the internal combustion engine 1 constructed as stated
above, there 1s arranged 1n combination therewith an ECU
10 which 1s an electronic control unit for controlling the
internal combustion engine 1. This ECU 10 controls the
internal combustion engine 1 1n accordance with the oper-
ating conditions of the mternal combustion engine 1 and/or
driver’s requirements.

Further, besides the above-mentioned sensors, an accel-
erator opening sensor 18, which serves to detect an engine
load by outputting an electrical signal corresponding to an
amount of depression by which a driver depressed an
accelerator pedal 17, and a crank position sensor 19, which
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serves to detect the number of revolutions per unit time of
the engine, are connected to the ECU 10 through electrical
wiring, and the output signals of these variety of kinds of
sensors are mputted to the ECU 10.

On the other hand. the injection valve 7 and the throttle
valve 9 are connected to the ECU 10 through electrical
wiring, so that the opening and closing timing of the
injection valve 7 and the degree of opening of the throttle
valve 9 are controlled by means of the ECU 10.

For example, the ECU 10 decides a required amount of
intake air from the accelerator opening degree detected by
the accelerator opening sensor 18, and the number of engine
revolutions per unit time detected by the crank position
sensor 19. Then, the degree of opening of the throttle valve
9 1s controlled according to the required amount of intake
air. The injection valve 7 1s controlled 1n such a manner as
to supply an amount of fuel injection 1n accordance with the
amount of intake air which changes at this time. The air fuel
ratio set at this time 1s hereinaiter referred to as an ordinary
air fuel ratio. The word “ordinary” can mean the time 1n
which rich spike control to be described later, the regenera-
tion of the filter 4 and the generation of NH; are not carried
out. This ordinary air fuel ratio 1s an air fuel ratio which 1s
set according to the operating state of the internal combus-
tion engine 1. In addition, 1n the internal combustion engine
1 according to the embodiments, a lean burn operation 1s
carried out, and hence, the ordinary air fuel ratio 1s a lean air
fuel ratio (e.g., 18).

In addition, the ECU 10 carries out a reduction treatment
for the NOx stored in the NSR catalyst 5. At the time of
reducing the NOx stored in the NSR eatalyst 5, so-called
rich spike control is carried out 1n which the air fuel ratio of
the exhaust gas flowing into the NSR catalyst 5 1s caused to
decrease to a predetermined rich air fuel ratio by regulating
the amount of fuel to be 1njected from the njection valve 7
or the degree of openming of the throttle valve 9. At this time,
the amount of intake air or the amount of fuel 1njection 1s
adjusted so that the air fuel ratio of the exhaust gas becomes
in the vicinity of, for example, 12.5.

This rich spike control 1s carried out 1n cases where the
amount of NOXx stored in the NSR catalyst 5 becomes a
predetermined amount. The amount of NOXx stored in the
NSR catalyst 4 1s calculated, for example, by integrating a
difference between an amount of NOx flowing into the NSR
catalyst 5 and an amount of NOx flowing out of the NSR
catalyst 5. The amount of NOx flowing into the NSR catalyst
5 and the amount of NOx flowing out of the NSR catalyst 5
can be detected, for example, by provision of sensors. In
addition, the rich spike control may be carried out at every
predetermined period of time or at every predetermined
distance of travel.

Moreover, the ECU 10 carries out the regeneration of the
filter 4 1n which the PM trapped 1n the filter 4 1s removed.
In this regeneration of the filter 4, the temperature of the
filter 4 1s caused to rise to a temperature at which PM 1s
oxidized, and thereafter, the air fuel ratio of the exhaust gas
1s regulated to be a predetermined lean air fuel ratio. Here,
note that 1n the embodiments, the ECU 10, which carries out
the regeneration of the filter 4, corresponds to a regeneration
unit i the present mnvention.

The regeneration of the filter 4 1s carried out when the
amount of the PM trapped 1n the filter 4 becomes equal to or
greater than a threshold value. The amount of the PM
trapped 1n the filter 4 can be detected by means of the
differential pressure sensor 15. In addition, the amount of the
PM flowing into the filter 4, the engine load and the number
of engine revolutions per unit time are in a correlation, and
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s0, the amount of PM calculated from the number of engine
revolutions per unit time and the engine load may be
integrated, and when an integrated value thus obtained
reaches a predetermined amount, the regeneration of the
filter 4 may be carried out. Moreover, the regeneration of the
filter 4 may be carried out, each time a predetermined
distance 1s traveled.

However, at the time of the regeneration of the filter 4, the
temperature of the exhaust gas flowing through the filter 4 1s
caused to rise, for example, from 500 degrees C. to 600
degrees C. In addition, at the time of the regeneration of the
filter 4, the concentration of oxygen in the exhaust gas is
made high by making the air fuel ratio of the exhaust gas to
be the predetermined lean air fuel ratio. In such a condition,
the purification (removal or reduction) rate of NOx in the
three-way catalyst 3 decreases. Moreover, 1n the NSR cata-
lyst 5, too, the NOX storage ablhty thereof decreases. On the
other hand, the SCR catalyst 6 1s arranged away from the
filter 4. For this reason, even at the time of the regeneration
of the filter 4, the temperature of the exhaust gas tlowing into
the SCR catalyst 6 1s relatively low, so NOx puriﬁcation
(removal or reduction) perfonnance 1s maintained high 1n
the SCR catalyst 6. However, it 1s difficult to generate NH,
at the time of the regeneration of the filter 4.

Accordingly, 1n the embodiments, NH; has been made to
adsorb to the SCR catalyst 6 before the regeneration of the
filter 4, so that NOx 1s removed or reduced mainly 1n the
SCR catalyst 6 at the time of the regeneration of the filter 4.
That 1s, the ECU 10 1nhibits the regeneration of the filter 4
until the generation of NH, 1s completed. In order to cause
NH; to be adsorbed to the SCR catalyst 6, the air fuel ratio
of the exhaust gas i1s made equal to or less than the
stoichiometric air fuel ratio. For example, the air fuel ratio
of the exhaust gas may also be made to be a value which 1s
slightly richer than the stoichiometric air fuel ratio. The air
tuel ratio set at this time 1s from 13.5 to 14.5, for example,
and 1s an air fuel ratio suitable for the generation of NH;.
This air fuel ratio 1s higher than an air fuel ratio (e.g., 12.5)
suitable for the reduction of NOx. For example, when the
CO 1n the exhaust gas changes into H, by a water gas shitt
reaction or steam reforming reaction, the H, can react with
NO thereby to generate NH,. Then, the air fuel ratio of the
exhaust gas may be regulated to a value 1n a predetermined
range including an air fuel ratio at which the largest amount
of NH; 1s generated. This predetermined range can be
obtained in advance through experiments, etc., as an air fuel
ratio range 1n which large amounts of NH, are generated.

The NH; generated in this manner has been made to
adsorb to the SCR catalyst 6. With this, the NOx discharged
from the internal combustion engine 1 at the time of the
regeneration of the filter 4 can be removed or reduced 1n the
SCR catalyst 6.

FIG. 2 1s a flow chart showing a tflow or routine for NOx
removal or reduction control at the time of the regeneration
of the filter 4 according to this first embodiment. This routine
1s carried out by means of the ECU 10 at each predetermined
time 1nterval.

In step S101, the number of engine revolutions per unit
time and the amount of intake air are obtained. In this step,
values required for calculating an operating region of the
internal combustion engine 1 are obtained. The number of
engine revolutions per unit time 1s obtained by the crank
position sensor 19. In addition, the amount of intake air 1s
obtained by the air flow meter 16. In this connection, note
that 1n place of the amount of intake air, other physical
quantities may be detected which are 1n correlation with the
road of the internal combustion engine 1.
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In step S102, the amount of the PM trapped in the filter
4 1s detected. This amount of the PM can be obtained by
means ol the differential pressure sensor 15.

In step S103, 1t 1s determined whether there 1s any request
for carrying out the regeneration of the filter 4. In this step,
it may be determined whether the regeneration of the filter
4 1s to be carried out. The regeneration of the filter 4 1s
carried out when the amount of the PM trapped 1n the filter
4 1s equal to or greater than a threshold value. This threshold
value has been beforehand obtained through experiments or
the like as a value at which the regeneration of the catalyst
3 becomes necessary. Here, note that 1t may be further
determined whether the operating region of the internal
combustion engine 1 1s an operation region suitable for the
regeneration of the filter 4.

In cases where an aih

irmative determination 1s made in
step S103, the tflow goes to step S104, whereas 1n cases
where a negative determination 1s made, this routine 1s
ended, without carrying out the regeneration of the filter 4.

In step S104, NH, generatlon control, which 1s the control
for generating NH,, 1s carried out. The NH, generation
control 1s carried out by making the air fuel ratio of the
exhaust gas equal to or less than the stoichiometric air fuel
ratio (e.g., an air fuel ratio between 13.5 and 14.3). As a
result of this, NH; as the reducing agent 1s adsorbed to the
SCR catalyst 6. Here, note that 1n this embodiment, the ECU
10, which carries out the processing of step S104, corre-
sponds to a generation unit 1n the present invention. Then,
when the generation of NH; 1s completed, the flow goes to
step S105.

In step S105, the regeneration of the filter 4 1s carried out.
The regeneration of the filter 4 1s carried out by regulating
the air fuel ratio of the exhaust gas to lean value, after
causing the temperature of the filter 4 to go up to a high
temperature. The NOx discharged from the internal com-
bustion engine 1 during this period of time 1s removed or
reduced by the SCR catalyst 6. Here, note that in this
embodiment, the ECU 10, which carries out the processing
of step S105, corresponds to the regeneration umit in the
present mvention.

In this manner, before carrying out the regeneration of the
filter 4, NH, can have been made to adsorb to the SCR
catalyst 6. For this reason, NOx can be removed or reduced
even at the time of the regeneration of the filter 4.

Here, note that a period of time to carry out the NH,
generation control may be a prescribed period of time, but
it may be decided as follows.

For example, the NH; generation control may be carried
out until the SCR catalyst 6 adsorbs an amount of NH,
required for removing or reducing the NOx to be discharged
from the internal combustion engine 1 when the regenera-
tion of the filter 4 1s carried out.

That 1s, the amount of NH; required at the time of the
regeneration of the filter 4 has been generated 1n advance, so
that the NH; does not run short when the regeneration of the
filter 4 1s being carried out. This can be said that an amount
of NH; equal to or greater than an amount of NH; to be
consumed until the regeneration of the filter 4 1s completed
has been made to adsorb to the SCR catalyst 6 in advance.

The amount of NOx to be discharged from the internal
combustion engine 1 can be estimated by, for example,
assuming that the operating state of the internal combustion
engine 1 at the current point 1n time continues. That 1s, there
1s a correlation between the operating state of the internal
combustion engine 1 and the amount of NOx to be dis-
charged therefrom per unit time, and hence, 1t 1s possible to
estimate the amount of NOx to be discharged from the
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internal combustion engine 1 per unit time, based on the
operating state of the internal combustion engine 1. In
addition, the amount of NOx to be discharged from the
internal combustion engine 1 per unit time may have been
obtained through experiments, etc. In this case, there may be
used a value at the time when the internal combustion engine
1 1s 1n an operating state where the amount of NOx to be
discharged from the internal combustion engine 1 i1s the
largest.

Further, the period of time to carry out the regeneration of
the filter 4 changes 1n accordance with the amount of the PM
trapped 1n the filter 4. Accordingly, the period of time of the
regeneration of the filter 4 can be calculated based on the
amount of the PM trapped in the filter 4. Then, a total
amount ol NOX to be discharged from the internal combus-
tion engine 1 during the regeneration of the filter 4 can be
calculated by multiplying this period of time of the regen-
cration of the filter 4 by the amount of NOx to be discharged
per unit time. Thus, the required amount of NH; 1s also
decided according to the total amount of NOx to be dis-
charged from the internal combustion engine 1.

Here, note that the amount of NH, having adsorbed to the
SCR catalyst 6 may be considered to be equal to the amount
of NH; to be generated. In addition, even in the course of
making NH; to be adsorbed, NH; 1s consumed by NOX, so
this NH; thus consumed may also be taken into consider-
ation. Moreover, the amount of adsorption of NH; also
changes with the purification (removal or reduction) pertor-
mance of the SCR catalyst 6, and hence, this purification
performance may also be taken into consideration.

In addition, the NH, generation control may be carried out
only for a period of time in which the largest amount of NH,
which 1s able to be adsorbed to the SCR catalyst 6, 1s
generated.

Here, FIG. 3 1s a view showing the change over time of
the air fuel ratio of the exhaust gas when the air fuel ratio 1s
made equal to or less than the stoichiometric air fuel ratio.
A solid line indicates a first example 1n the case of carrying
out NH; generation control according to this embodiment;
an alternate long and short dash line indicates a second
example 1n the case of carrying out NH; generation control
according to this embodiment; an alternate long and two
short dashes line indicates a case where general rich spike
control for the reduction of NOx 1s carried out; and a broken
line indicates a case where NH, 1s supplied to the SCR
catalyst 6, at the time when the regeneration of the filter 4
1s not carried out.

As shown by the alternate long and two short dashes line
in FIG. 3, in cases where general rich spike control for the
reduction of NOx 1s carried out, there 1s no need to generate
NH;, as a result of which the air fuel ratio of the exhaust gas
1s set to an air fuel ratio (e.g., 12.5) suitable for the reduction
of NOx. In addition, as shown by the broken line 1n FIG. 3,
in cases where the NH, generation control according to this
embodiment 1s not carried out, the air fuel ratio of the
exhaust gas 1s set to an air fuel ratio (e.g., 12.5) suitable for
the reduction of NOx, and after the reduction of NOx 1s
completed, the air fuel ratio of the exhaust gas 1s set to an
air fuel ratio (e.g., 13.5) suitable for the generation of NH;.
Then, the duration of the air fuel ratio (e.g., 13.5) to be set
for the generation of NH, in the NSR catalyst S 1s relatively
short. That 1s, 1f NH; runs short, NH, can be immediately
generated, so the duration of the air fuel ratio (e.g., 13.5) to
be set for the generation of NH, 1s short.

On the other hand, as shown by the solid line 1n FIG. 3,
in the first example 1 which the NH; generation control
according to this embodiment 1s carried out, the air fuel ratio
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of the exhaust gas i1s set to an air fuel ratio (e.g., 12.5)
suitable for the reduction of NOx, and after the reduction of

NOx 1s completed, the air fuel ratio of the exhaust gas 1s set
to an air fuel ratio (e.g., 13.5) suitable for the generation of
NH,. Then, by making relatively long the duration of the air
fuel ratio (e.g., 13.5) to be set for the generation of NH; 1n
the NSR catalyst 3, the amount of generation of NH, 1s made
to increase. The duration of the air fuel ratio (e.g.,, 13.5) to
be set for this generation of NH; may also be a period of time
until the amount of NH; to be required at the time of the
regeneration of the filter 4 1s adsorbed to the SCR catalyst 6.

In addition, as shown by the alternate long and short dash
line mn FIG. 3, the air fuel ratio of the exhaust gas can be set
to an air fuel ratio (e.g., 13.5) suitable for the generation of
NH,, without setting the air fuel ratio of the exhaust gas to
an air fuel ratio (e.g., 12.5) suitable for the reduction of NOx.
That 1s, NH; may be generated, without carrying out the rich
spike control for the reduction of NOx. The duration of the
atr fuel ratio (e.g., 13.5) suitable for the generation ot NH,
may also be a period of time until the amount of NH; to be
required at the time of the regeneration of the filter 4 1s

adsorbed to the SCR catalyst 6.

Second Embodiment

In this second embodiment, 1n cases where the amount of
NH; having adsorbed by the SCR catalyst 6 runs short in the
course of carrying out the regeneration of the filter 4, the
regeneration of the filter 4 1s interrupted. Then, after NH; 1s
made to adsorb to the SCR catalyst 6, the regeneration of the
filter 4 1s resumed. The other devices and so on are the same
as those 1n the first embodiment, so the explanation thereof
1s omitted.

In cases where NH, generation control 1s carried out
before the regeneration of the filter 4, or in case where NH,
has already been adsorbed to the SCR catalyst 6 to some
extent before the regeneration of the filter 4, when the period
of time to carry out the regeneration of the filter 4 becomes
long, there will be a fear that NH; may run short 1n the SCR
catalyst 6. Here, the more the amount of the PM having been
trapped 1n the filter 4, the longer becomes the period of time
required for the regeneration of the filter 4. For example,
even 1 the regeneration of the filter 4 1s carried out when the
amount of the PM having been trapped in the filter 4
becomes equal to or greater than a threshold value, the
regeneration of the filter 4 can not be started until the
operating region of the internal combustion engine 1
becomes an operating region suitable for the regeneration of
the filter 4. Then, 11 1t takes time until the operating region
of the internal combustion engine 1 becomes an operating
region suitable for the regeneration of the filter 4, a large
amount of PM will be trapped until the regeneration of the
filter 4 1s started.

In addition, there 1s a limitation on the amount of NH,
which can be adsorbed to the SCR catalyst 6, and besides,
it 1s dithicult to generate NH, at the time of the regeneration
of the filter 4. From these, 1t can also be considered that the
NH; having been adsorbed to the SCR catalyst 6 1s used up
durmg the regeneration of the filter 4. In that case, it
thereafter becomes diflicult to remove or reduce NOX.

In contrast to this, 1n this embodiment, in cases where the
amount of NH; having been adsorbed to the SCR catalyst 6
has become equal to or less than a predetermined value, the
regeneration of the filter 4 1s interrupted. The predetermined
value referred to herein 1s an upper limit value of the amount
of adsorption at which 1t becomes unable to reduce NOx at
the time of the regeneration of the filter 4. Here, note that the
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predetermined value may also be 0. That 1s, when the NH,
having been adsorbed by the SCR catalyst 6 has been used
up, the regeneration of the filter 4 may also be interrupted.
For example, a sensor for detecting NOx may be arranged at
a location downstream of the SCR catalyst 6, so that 1n cases
where NOx 1s detected during the regeneration of the filter
4, 1t may be judged that NH, 1s not adsorbed to the SCR
catalyst 6, and the regeneration of the filter 4 may be
interrupted. In addition, 1n cases where a total amount of
NOx estimated to be discharged at the time of the regen-
eration of the filter 4 1s larger than the amount of NOx which
1s able to be removed or reduced by the NH; having been
adsorbed by the SCR catalyst 6, the regeneration of the filter
4 may be interrupted

Moreover, in cases where 1t can be predicted that the NH,
having been adsorbed by the SCR catalyst 6 will be used up,
the regeneration of the filter 4 may also be interrupted. The
amount of NH; having been absorbed to the SCR catalyst 6
can be calculated based on the amount of NOx having flown
into the SCR catalyst 6. In this case. the amount of NOx
having flown 1nto the SCR catalyst 6 may be a value which
has been estimated from the operating state of the internal
combustion engine 1, or may be a value which has been
detected by means of the NOx sensor 14.

Then, 11 NH, 1s caused to be generated at the time when
the regeneration of the filter 4 1s interrupted, the SCR
catalyst 6 can adsorb the NH, again. In that case, when the
regeneration of the filter 4 1s resumed, 1t becomes possible
to remove or reduce NOX.

A period of time to carry out NH, generation control when
the regeneration of the filter 4 1s mterrupted may also be a
prescribed period of time. In addition, 1t may also be a period
of time 1n which an amount of NH,, which 1s able to remove
or reduce the total amount of NOx estimated to be dis-
charged from the internal combustion engine 1 until the
regeneration of the filter 4 1s completed, 1s adsorbed to the
SCR catalyst 6.

FI1G. 4 15 a flow chart showing a tflow or routine for NOx
removal or reduction control at the time of the regeneration
of the filter 4 according to this embodiment. This routine 1s
carried out by means of the ECU 10 at each predetermined
time interval. Here, note that for those steps 1n which the
same processing as in the aforementioned flow chart 1s
carried out, the same symbols are attached and an explana-
tion thereof 1s omitted.

In step S201, it 1s determined whether the amount of NH,
having been adsorbed by the SCR catalyst 6 (the amount ef
adsorption of NH,) 1s equal to or less than a predetermined
value. This predetermined value 1s an upper limit value of
the amount of adsorption of NH, at which 1t becomes unable
to remove or reduce NOx. Here, note that the predetermined
value may also be 0. In this step, 1t may be determined
whether the amount of NH; having been adsorbed by the
SCR catalyst 6 has been used up. In this routine, as long as
NH,; remains 1n the SCR catalyst 6, the regeneratlen of the
ﬁlter 4 1s carried out, and when the remaining amount of
NH, becomes equal to or less than the predetermined value
during the regeneration of the filter 4, the regeneration of the
filter 4 1s interrupted.

In cases where an aflirmative determination 1s made in
step S201, the flow advances to step S202, where the
regeneration of the filter 4 1s interrupted. After that, the flow
returns to step S104, where NH, 1s generated. On the other
hand, 1n cases where a negative determination 1s made in
step S201, the tlow advances to step S203.

In step S203, 1t 1s determined whether the temperature of
the SCR catalyst 6 1s higher than a threshold value. This
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threshold value 1s an upper limit value of the temperature at
which NH, can be adsorbed to the SCR catalyst 6. Here,

when the perled of time to carry out the regeneration of the
filter 4 becomes long, the SCR catalyst 6 may become higher
than as required. For this reason, there 1s a fear that the
temperature of the SCR catalyst 6 may become higher than
the threshold value, and the NH, havmg been adsorbed
thereto may be released. Aeeerdlnglyj in this step, 1t 1s
determined whether the temperature of the SCR catalyst 6
has exceeded the temperature at which the SCR catalyst 6 1s
able to adsorb NH,.

In cases where an afhirmative determination 1s made 1n
step S203, the flow goes to step S202, where the regenera-
tion of the filter 4 1s interrupted. On the other hand, 1n cases
where a negative determination 1s made 1n step S203, the
flow advances to step S204.

In step S204, 1t 1s determined whether the regeneration of
the filter 4 has been completed. For example, when the
amount of the PM detected by the differential pressure
sensor 15 becomes less than the threshold value, a determi-
nation 1s made that the regeneration of the filter 4 has been
completed. In addition, when a predetermined period of time
has elapsed after starting the regeneration of the filter 4, a
determination may be made that the regeneration of the filter
4 has been completed.

In cases where an afhrmative determination 1s made 1n
step S204, this routine 1s ended. On the other hand, 1n cases
where a negative determination 1s made 1n step S204, the
flow returns to step S201.

As described above, according to this embodiment, only
when NH, has been adsorbed to the SCR catalyst 6, the
regeneration of the filter 4 1s carried out, thus making 1t
possible to suppress the NOx from passing through the SCR
catalyst 6 at the time of the regeneration of the filter 4.

Third E

Embodiment

In this third embodiment, an amount of accumulation or
deposition of PM, which becomes a reference to carry out
the regeneration of the filter 4 1s made to change according
to the amount of NH; having been absorbed to the SCR
catalyst 6. That 1s, the threshold value 1n the above-men-
tioned step S103 1s made to change according to the amount
of NH; having been absorbed to the SCR catalyst 6. In
addition, the threshold value 1n the above-mentioned step
S103 may also be changed according to the amount of NH,
which 1s able to be adsorbed as much as possible by the SCR
catalyst 6. The other devices and so on are the same as those
in the first embodiment, so the explanation thereof 1s omit-
ted.

Here, the amount of NOx, which 1s able to be removed or
reduced at the time of the regeneration of the filter 4,
changes according to the amount of NH,; having been
absorbed to the SCR catalyst 6. As a result, a period of time,
in which NOX 1s able to be removed or reduced at the time
of the regeneration of the filter 4, changes according to the
amount of NH; having been absorbed to the SCR catalyst 6.
For example, the smaller the amount of NH; having been
absorbed to the SCR catalyst 6, the shorter becomes the
pertod of time 1 which NOx 1s able to be removed or
reduced at the time of the regeneration of the filter 4.
Accordingly, by carrying out the regeneration of the filter 4
within a range i which NOx 1s able to be removed or
reduced, it 1s possible to suppress the NOx from passing
through the SCR catalyst 6 at the time of the regeneration of
the filter 4. In addition, the regeneration of the filter 4 can be
carried out, as long as the removal or reduction of NOX 1s
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able to be carried out. In this case, the period of time of the
regeneration of the filter 4 1s limited according to the amount
of NH; having been absorbed to the SCR catalyst 6. That 1s,
the period of time 1n which the regeneration of the filter 4
can be carried out 1s made to change according to the amount
of NH; having been absorbed to the SCR catalyst 6. Then,
the period of time in which the regeneration of the filter 4
can be carried out 1s able to be decided according to the
amount of NH, having been absorbed to the SCR catalyst 6.

Because there 1s a correlation between the period of time
to carry out the regeneration of the filter 4 and the amount
of the PM trapped 1n the filter 4, the amount of PM, which
1s able to be removed at the time of the regeneration of the
filter 4, 1s decided according to the amount of NH, having
been absorbed to the SCR catalyst 6. This amount of PM
able to be removed 1s set as the threshold value in the
above-mentioned step S103. That 1s, the threshold value 1n
step S103 1s made to change accordmg to the amount of NH,
having been absorbed to the SCR catalyst 6.

In addition, the threshold value 1n step S103 may also be
a value corresponding to the amount of NH, which 1s able
to be adsorbed to the SCR catalyst 6 as much as possible.
This amount of NH, able to be adsorbed to the SCR catalyst
6 becomes smaller 1n accordance with the deterioration of
the SCR catalyst 6.

FIG. 5 1s a flow chart showing a tlow or routine for NOx
removal or reduction control at the time of the regeneration
of the filter 4 according to this embodiment. This routine 1s
carried out by means of the ECU 10 at each predetermined
time interval. Here, note that for those steps in which the
same processing as in the aforementioned flow chart 1s
carried out, the same symbols are attached and an explana-
tion thereof 1s omitted.

In this routine, step S301 1s processed before step S103.
In step S301, an amount of trapped PM, which becomes the
threshold value of the regeneration of the filter 4 1n step
5103, 1s calculated. This amount of trapped PM 1s calculated
based on the amount of NH, having been absorbed to the
SCR catalyst 6.

In this step, first, the amount of NH, having been absorbed
by the SCR catalyst 6 1s calculated. This amount of NH; may
have been obtained 1n advance through experiments, etc., as
a value at the time when the SCR catalyst 6 has adsorbed the
largest amount of NH,. That 1s, the amount of NH, may also
be set to a maximum value of the amount of NH, which can
be adsorbed by the SCR catalyst 6. Here, note that other than
during the regeneration of the filter 4, the reducing agent
may be applied to the SCR catalyst 6 so that NH, has always
been adsorbed to the SCR catalyst 6 as much as possible.

However, the largest amount of NH; able to be adsorbed
by the SCR catalyst 6 decreases in accordance with the
deterioration of the SCR catalyst 6. Accordingly, the largest
amount of NH; able to be adsorbed by the SCR catalyst 6
may be made to decrease based on the extent of the
deterioration of the SCR catalyst 6. In this case, the larger
the extent of the deterioration of the SCR catalyst 6, the
smaller becomes the threshold value 1in step S103, and
hence, the shorter becomes the interval at which the regen-
eration of the filter 4 1s carried out. Here, note that in the case
where the SCR catalyst 6 has deteriorated, the threshold
value may be made smaller than 1n the case where the SCR
catalyst 6 has not deteriorated.

Then, the extent of the deterioration of the SCR catalyst
6 can be determined based on the NH, adsorption perfor-
mance 1n the SCR catalyst 6, for example. For example, a
sensor for detecting the concentration of NH, in the exhaust
gas may be arranged at a location downstream of the SCR
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catalyst 6, so that such a determination (i.e., the extent of the
deterioration of the SCR catalyst 6) can be made based on

the amount of generation of NH; until NH; 1s detected by the
sensor, when the NH, has been made to generate. This
amount of generation of NH, becomes the largest amount of
NH, able to be adsorbed by the SCR catalyst 6. In addition,

the extent of the deterioration of the SCR catalyst 6 can also
be determined in accordance with the history of the tem-
perature of the SCR catalyst 6. Moreover, the extent of the
deterioration of the SCR catalyst 6 may also be determined,
for example, by detecting the concentrations of NOx at the
upstream side and at the downstream side of the SCR
catalyst 6 by the use of sensors, and calculating the removal
or reduction rate of NOx from the decreasing rate of the
concentration of NOx at the time when the exhaust gas
passes through the SCR catalyst 6. Further, the extent of the
deterioration of the SCR catalyst 6 may also be determined
by means of well-known technologies.

In addition, the amount of trapped PM, which becomes
the threshold value for the regeneration of the filter 4, may
be calculated based on the amount of NH, having been
absorbed by the SCR catalyst 6. There 1s a correlation
between the amount of NH; having been absorbed by the
SCR catalyst 6 and the amount of trapped PM, which
becomes the threshold value for the regeneration of the filter
4. If this relation has beforechand been obtained through
experiments, e¢tc., the amount of trapped PM, which
becomes the threshold value for the regeneration of the filter
4, can be calculated based on the amount of NH; having
been absorbed by the SCR catalyst 6. Then, based on this
threshold value, 1t 1s determined 1n step S103 whether there
1s any request for carrying out the regeneration of the filter
4.

As described above, according to this embodiment, the
amount of trapped PM, which becomes the threshold value
for carrying out the regeneration of the filter 4, 1s set 1n
accordance with the amount of NH; having been absorbed
by the SCR catalyst 6, as a result of which 1t 1s possible to
suppress the NH; from running short in the course of the
regeneration of the filter 4.

Fourth Embodiment

In this fourth embodiment, 1n cases where a determination
1s made that the SCR catalyst 6 has deteriorated, the NH;
generation control and the regeneration of the filter 4 are
carried out, even 1f the amount of the PM having been
trapped 1n the filter 4 1s less than the threshold value. That
1s, 1 cases where the SCR catalyst 6 has deteriorated, the
interval at which the regeneration of the filter 4 1s carried out
1s made short. The other devices and so on are the same as
those 1n the first embodiment, so the explanation thereof 1s
omitted.

Here, when the extent of the deterioration of the SCR
catalyst 6 exceeds an allowable range, a determination may
be made that the SCR catalyst 6 has deteriorated. For
example, when the largest amount of NH; able to be
adsorbed by the SCR catalyst 6 becomes equal to or less than
the threshold value, the determination can be made that the
SCR catalyst 6 has deteriorated. In addition, for example, the
removal or reduction rate of NOXx 1n the SCR catalyst 6 may
be calculated, and when this removal or reduction rate of
NOx becomes equal to or less than a threshold value, a
determination may be made that the adsorbent 5 has dete-
riorated.

In cases where the SCR catalyst 6 has not deteriorated, the
regeneration of the filter 4 1s carried out at the time when the
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amount of the PM having been trapped 1n the filter 4 1s equal
to or larger than the threshold value. On the other hand, in
cases where the SCR catalyst 6 has deteriorated, the regen-
eration of the filter 4 1s carried out even when the amount of
the PM having been trapped 1n the filter 4 1s less than the
threshold value.

Here, note that in the case where the SCR catalyst 6 has
deteriorated, the period of time of the regeneration of the
filter 4 1s made shorter than in the case where the SCR
catalyst 6 has not deteriorated. That 1s, in the case where the
SCR catalyst 6 has deteriorated, the amount of NH; having
been absorbed by the SCR catalyst 6 becomes small, so the
amount of NOx able to be removed or reduced also becomes
small. According to this, the period of time of the regenera-
tion of the filter 4 1s made short. On the other hand, 1n cases
where the SCR catalyst 6 has deteriorated, the regeneration
of the filter 4 1s carried out in a state where the amount of
the PM having been trapped 1n the filter 4 1s small, as a result
of which the period of time of the regeneration of the filter
4 becomes short. Here, note that the larger the extent of
deterioration of the SCR catalyst 6, the shorter the interval
at which the regeneration of the filter 4 1s carried out may be
made, and at the same time, the period of time of the
regeneration of the filter 4 may be interrupted.

FIG. 6 1s a flow chart showing a tflow or routine for NOx
removal or reduction control at the time of the regeneration
of the filter 4 according to this embodiment. This routine 1s
carried out by means of the ECU 10 at each predetermined
time interval. Here, note that for those steps 1n which the
same processing as in the aforementioned flow chart 1s
carried out, the same symbols are attached and an explana-
tion thereof 1s omitted.

In cases where an aflirmative determination 1s made in
step S103, the flow advances to step S401. In step S401, the
period of time to carry out the NH, generation control 1s set.
At this time, the amount of the PM having been trapped in
the filter 4 1s large, so 1t 1s necessary to generate a large
amount of NH,. In addition, it 1s considered that a determi-
nation has been made 1n the last routine that the SCR catalyst
6 has not deterniorated, so the SCR catalyst 6 can adsorb a
large amount of NH;. From the above, 1n this step, the period
of time to carry out NH, generation control 1s set to a
relatively long period of time. This period of time may also
be set as a prescribed value which has been stored in the
ECU 10 in advance. Then, the flow goes to step S104, where
the NH; generation control 1s carried out only for the period
of time set 1n step S401.

On the other hand, in cases where a negative determina-
tion 1s made 1n step S103, the flow advances to step S402.
In step S402, it 1s determined whether the SCR catalyst 6 has
deteriorated. Here, 1t may be determined whether the SCR
catalyst 6 has deteriorated, as described above, but in simple,
when the operation time of the internal combustion engine
1 1s equal to or greater than a predetermined period of time,
a determination may also be made that the SCR catalyst 6
has deteriorated. In addition, 1t may also be determined that
the longer the operation time of the internal combustion
engine, the larger 1s the extent of the deterioration of the
SCR catalyst 6. Moreover, when the distance of travel of the
vehicle 1s equal to or more than a predetermined travel
distance, a determination may also be made that the SCR
catalyst 6 has deteriorated. Further, 1t may also be deter-
mined that the longer the distance of travel of the vehicle, the
larger 1s the extent of the deterioration of the SCR catalyst
6. Furthermore, when the integrated value of the temperature
of the exhaust gas 1s equal to or more than a predetermined
value, a determination may also be made that the SCR
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catalyst 6 has deteriorated. Still turther, i1t may also be
determined that the larger the integrated value of the tem-
perature of the exhaust gas, the larger 1s the extent of the
deterioration of the SCR catalyst 6.

In cases where an afhirmative determination 1s made 1n
step S402, the flow advances to step S403. In step S403, the
period of time to carry out the NH, generation control 1s set.
At this time, the amount of the PM having been trapped in
the filter 4 1s small, so the amount of NH, to be generated
need only be small. In addition, the SCR catalyst 6 has
deteriorated, so the amount of NH, able to be adsorbed to the
SCR catalyst 6 1s small. From the above, 1n this step, the
period of time to carry out the NH; generation control 1s set
to a relatively short period of time. This period of time 1s
shorter than the period of time set 1n step S401. This period
of time may also be set as a prescribed value which has been
stored 1n the ECU 10 1n advance. Moreover, the period of
time to carry out the NH; generation control may also be
made shorter according to the extent of the deterioration of
the SCR catalyst. Then, the flow goes to step S104, where
the NH, generation control 1s carried out only for the period
of time set 1n step S403.

On the other hand, 1n cases where a negative determina-
tion 1s made 1n step S402, there 1s no need to carry out the
regeneration of the filter 4, and hence, this routine 1s ended.

As described above, according to this embodiment, when
the filter 4 has deteriorated, the interval to carry out the
regeneration of the filter 4 becomes shorter and at the same
time the period of time of the regeneration of the filter 4
becomes shorter, than when the filter 4 has not deteriorated.
That 1s, even 1t the filter 4 has deteriorated and the amount
of NH; able to be absorbed to the filter 4 has decreased, the
interval of the regeneration of the filter 4 and the period of
time of the regeneration of the filter 4 are adjusted according,
thereto, thus making 1t possible to suppress the NH, from
running short in the SCR catalyst 6. As a result of this, it 1s

possible to suppress a decrease 1n the removal or reduction
rate of NOX.

EXPLANATION OF REFERENCE NUMERALS
AND CHARACTERS

1 internal combustion engine

2 exhaust passage

3 three-way catalyst

4 filter

5 NOx storage reduction catalyst (NSR catalyst)
6 NOx selective reduction catalyst (SCR catalyst)
7 1njection valve

8 intake passage

9 throttle valve

10 ECU

11 first temperature sensor

12 air fuel ratio sensor

13 second temperature sensor

14 NOxX sensor

15 differential pressure sensor

16 air flow meter

17 accelerator pedal

18 accelerator opening sensor

19 crank position sensor

The mvention claimed 1is:
1. An exhaust gas purification apparatus of an internal
combustion engine comprising:
an NOX selective reduction catalyst that 1s arranged 1n an
exhaust passage of the internal combustion engine and
reduces NOx by using NH3 as a reducing agent;
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a filter that 1s arranged in the exhaust passage at the
upstream side of said NOx selective reduction catalyst
and traps particulate matter contained in the exhaust
24as;

an NH3 generation catalyst that 1s arranged 1n the exhaust
passage at the upstream side of said NOx selective
reduction catalyst and generates NH3 when the air fuel
ratio of the exhaust gas 1s equal to or less than a
stoichiometric air fuel ratio; and

an electronic contvol unit (ECU), wherein

the ECU is configured to

[a regeneration unit that regenerates] regenerate said filter
by supplying oxygen to said filter while raising the
temperature of said filter; and

[a generation unit that makes] make the air fuel ratio of the
exhaust gas equal to or less than the stoichiometric air

fuel ratio, thereby causing NH3 to be generated 1n said

NH3 generation catalyst;

[wherein said regeneration unit inhibits] inkibit the regen-
eration of said filter until [the generation of NH3 by

said generation unit is completed] an amount of NH3
requirved for the regenervation of the filter is adsorbed to
the NOx selective reduction catalyst, and

[said generation unit does] not carry out the generation of
NH3 during the regeneration of said filter.

2. The exhaust gas purification apparatus for an internal

combustion engine as set forth in claim 1, wherein the ECU
is further configured to

[said generation unit causes] cause NH3 to be generated
until said NOx selective reduction catalyst adsorbs an
amount of NH3 required for removing NOx to be
discharged from said internal combustion engine when
the regeneration of said filter 1s carried out.

3. The exhaust gas purnication apparatus for an internal

combustion engine as set forth 1n claim 1, wherein

in cases where the amount of NH3 having been adsorbed
to said NOx selective reduction catalyst becomes equal
to or less than a predetermined value when the regen-
eration of said filter is carried out, [said regeneration
unit interrupts] the ECU is further configured to inter-
rupt the regeneration of said filter.

4. The exhaust gas purification apparatus for an internal

combustion engine as set forth 1 claim 3, wherein

[when said regeneration unit has interrupted the regen-
eration of said filter, said generation unit causes] e
ECU is further configured to cause NH3 to be gener-
ated, by making the air fuel ratio of the exhaust gas
equal to or less than the stoichiometric air fuel ratio
when interrupting the regenervation of said filter.

5. The exhaust gas purnification apparatus for an internal

combustion engine as set forth 1n claim 3, wherein

[even if] before the regeneration of said filter is resumed,
[said generation unit causes] the ECU is further con-
figured to cause NH3 to be generated until said NOx
selective reduction catalyst adsorbs an amount of NH3
so that the amount of NH3 adsorbed to said NOx
selective reduction catalyst does not become equal to or
less than said predetermined value|, at the time of
carrying out the regeneration of said filter] afier the
regeneration of the filter is restarted; and

even if the regeneration of said filter is resumed, [said
regeneration unit resumes] the ECU is further config-
ured to resume the regeneration of said filter after said
NOx selective reduction catalyst has adsorbed an
amount of NH3 so that the amount of NH3 adsorbed to
said NOx selective reduction catalyst does not become
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equal to or less than said predetermined value, at the
time of carrying out the regeneration of said filter.
6. The exhaust gas purification apparatus for an internal

combustion engine as set forth 1n claim 1, wherein

[said regeneration unit] the ECU is further configured to

[starts] start the regeneration of said filter when an
amount of particulate matter trapped 1n said filter
becomes equal to or greater than a threshold value, and

[sets] ser said threshold value in such a manner that the
NOx to be discharged from said internal combustion
engine 1n a period of time from when the regeneration
of said filter 1s started until 1t 1s completed becomes
able to be removed by the amount of NH3 having been
adsorbed to said NOx selective reduction catalyst.

7. The exhaust gas purification apparatus for an internal

combustion engine as set forth 1n claim 1, wherein

the larger [the] ar extent of [the] a deterioration of said
NOx selective reduction catalyst, the shorter [said
regeneration unit makes] the ECU is further configured
to make the 1nterval 1n which the regeneration of said

filter 1s carried out.
[8. The exhaust gas purification apparatus for an internal

combustion engine as set forth in claim 1, wherein

said generation unit adjusts the air fuel ratio of the exhaust
gas flowing into said NH3 generation catalyst to such
a value that falls within a predetermined range includ-
ing an air fuel ratio at which the amount of generation
of NH3 becomes the largest.]

9. The exhaust gas purification apparatus for an internal

combustion engine as set forth 1n claim 1, wherein

at the time of carrying out the regeneration of said {ilter,
[said regeneration unit interrupts] the ECU is further
configured to interrupt the regeneration of said filter, 1in
cases where the temperature of said NOx selective
reduction catalyst becomes higher than a temperature
able to adsorb NH3; and

[when said regeneration unit has interrupted the regen-
eration of said filter, said generation unit causes] tke
ECU is further configured to cause NH3 to be gener-
ated, by making the air fuel ratio of the exhaust gas
equal to or less than the stoichiometric air fuel ratio
when interrupting the regeneration of said filter.

10. An exhaust gas purification apparatus of an internal

combustion engine comprising.

an NOx selective reduction catalyst arranged in an
exhaust passage of the internal combustion engine and
which reduces NOx by using NH3 as a reducing agent.

a filter arranged in the exhaust passage at an upstream
side of the NOx selective reduction catalyst and which
traps particulate matter contained in the exhaust gas.:

an NH3 generation catalyst arranged in the exhaust
passage at the upstream side of the NOx selective
reduction catalyst and which generates NH3 when the
aiv fuel ratio of the exhaust gas is equal to or less than
a stoichiometric air fuel ratio: and

a controller configured to:

perform a first control in which the air fuel ratio of the
exhaust gas introduced into said NH3 generation cata-
lyvst is equal to or less than the stoichiometric air fuel
ratio: and

after the first control, perform a second control in which
oxygen is supplied to the filter while raising the tem-
perature of the filter to regenerate the filter,

wherein the second control is performed when NH3
generated by the first control rvemains on the NOx
selective reduction catalyst; and
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the second control is performed while NH3 on the NOx
selective reduction catalyst exceeds the amount of NH 3
on the NOx selective reduction catalyst prior to per-
Jorming the first control.

11. The exhaust gas purification apparatus of an internal
combustion engine as set forth in claim 10, wherein during
the first control, the temperature of the filter is raised from

500 degrees C. to 600 degrees C.

12. The exhaust gas purification apparatus of an internal
combustion engine as set forth in claim 10, whervein the first
control is performed until the NOx selective reduction cata-
lyst adsorbs an amount of NH3 equal to or greater than a
regeneration amount of NH3 consumed durving regeneration

of the filter.

13. The exhaust gas purification apparatus of an internal
combustion engine as set forth in claim 10, wherein the
controller is further configured to interrupt the second
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control when an amount of NH3 adsorbed on the NOx
selective reduction catalyst is less than a predetermined
value.

14. The exhaust gas purification apparatus of an internal
combustion engine as set forth in claim 10, wherein the
controller is further configured to interrupt the second
control when a temperature of the NOx selective reduction
catalyst exceeds a threshold value.

15. The exhaust gas purification apparatus of an internal
combustion engine as set forth in claim 10, wherein the
controller is further configured to:

set a period of time for performing the first control: and

perform the first control until the period of time has

expired.

16. The exhaust gas purification apparatus for an internal
combustion engine as set forth in claim 15, wherein

the period of time is reduced upon a determination that

the NOx selective reduction catalyst has deteriorvated.

G o e = x
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