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Description
TECHNICAL FIELD

[0001] The present invention relates to a system for
exhaust gas purification having at least one of a NOx
occlusion/reduction type catalyst and a catalyzed DPF,
and a method of controlling the same which enable im-
plementation of regeneration control by NOx removal for
restoring the NOx occlusion capacity of the NOx occlu-
sion/reduction type catalyst and forced regeneration con-
trol by PM removal for restoring the PM collection capa-
bility of the catalyzed DPF even when an operation con-
dition of an internal combustion engine is a low-load con-
dition.

BACKGROUND ART

[0002] Among catalysts for NOx removal (DeNOx cat-
alysts) used for purification of NOx in exhaust gas emitted
from diesel engines, in-cylinder gasoline direct injection
engines (GDI), and the like, there is a NOx occlusion/re-
duction type catalyst called a lean NOx trap (LNT). This
catalyst is formed by supporting an occlusion material
such as an alkali metal (for example, potassium K or the
like) or an alkaline earth metal (for example, barium Ba
or the like) together with a noble metal such as platinum
Pt.

[0003] In an air-fuel ratio lean state where exhaust gas
is oxygen-rich, the NOx occlusion/reduction type catalyst
oxidizes NO in the exhaust gas, and occludes NOx in the
form of a nitrate salt of the occlusion material. Meanwhile,
in an air-fuel ratio rich state where the exhaust gas con-
tains almost no oxygen, the catalyst releases the occlud-
ed NOx, and reduces the released NOx with a reducing
agent such as HCs or CO by way of a three-way catalyst
function. By way of these functions, the catalyst reduces
the amount of NOx.

[0004] In regeneration control by NOx removal for re-
storing the NOx occlusion capacity of the NOx occlu-
sion/reduction type catalyst, when the air-fuel ratio of ex-
haust gas is brought into a rich state, a reducing agent
such as fuel is supplied to the NOx occlusion/reduction
type catalyst. The supply of the reducing agent is
achieved by performing post-injection in which fuel is ad-
ditionally injected after main injection during in-cylinder
fuel injection control, or by performing in-exhaust pipe
direct injection in which fuel is injected directly into an
exhaust pipe.

[0005] In addition, there are continuous regeneration-
type diesel particulate filter devices (DPF devices) for
collecting PMs (particulate matters) emitted from diesel
engines with filters. In such a continuous regeneration
DPF device, PMs collected on the filter are continuously
combusted for purification when the temperature of ex-
haust gas is relatively high (approximately 350°C or
above). When, however, the temperature of the exhaust
gas is low, the temperature of an oxidation catalyst or a
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PM oxidation catalyst supported on the filter is lowered,
and thus the oxidation catalyst or the PM oxidation cat-
alyst is not activated. This makes it difficult to self-regen-
erate the filter through oxidation of the PMs. For this rea-
son, clogging due to deposition of PMs on the filter
progresses, causing a problem of exhaust pressure rise.
[0006] In this respect, once the amount of PMs depos-
ited on the filter exceeds a predetermined amount, forced
regeneration by PM removal is performed. In the forced
regeneration by PM removal, the temperature of exhaust
gas is forcibly raised, and the collected PMs are removed
by forced combustion. In the forced regeneration by PM
removal, post injection or in-exhaust pipe direct injection
is performed to supply unburned HCs (hydrocarbons)
such as a fuel into the exhaust gas, and the supplied
unburned HCs are combusted on an oxidation catalyst
disposed on the upstream side of the filter or on an oxi-
dation catalyst supported on the filter. By utilizing the
heat of the oxidation reaction, the temperatures of ex-
haust gas at an inlet of the filter and on a surface of the
filter are raised. Thereby, the temperature of the filter is
raised to a temperature not lower than a temperature at
which PMs accumulated on the filter are combusted, and
thus PMs are removed by combustion.

[0007] There exist post injection and in-exhaust pipe
direct injection as methods for supplying unburned HCs
into an exhaust pipe as described above. The in-exhaust
pipe direct injection is advantageous in that the supply
amount of unburned HCs can be adjusted without affect-
ing the combustion in a cylinder. Hence, the in-exhaust
pipe direct injection in which fuel is directly injected into
an exhaust pipe is being put into practical use for injecting
areducing agent for a NOx occlusion/reduction type cat-
alyst, or for raising the temperature of exhaust gas for
the purpose of forcibly combusting PMs collected on a
DPF.

[0008] However, in a case of the in-exhaust pipe direct
injection, even when fuel is injected into an exhaust pipe,
no oxidation reaction occurs at a temperature which is
not higher than an activation temperature of a NOx oc-
clusion/reduction type catalyst and an oxidation catalyst,
as inthe case of the post injection. The injected fuel pass-
es through these catalysts, and outflows, causing white
smoke and the like. In such a case, since the unburned
HCs are not gasified in a case of the in-exhaust pipe
direct injection, unlike a case of the post injection, white
smoke is more likely to be caused in the case of the in-
exhaust pipe direct injection than in a case of the post
injection. For this reason, the range where the in-exhaust
pipe direct injection can be used is limited by the activa-
tion temperature of the catalyst, and there is a problem
that it is difficult to perform regeneration of a NOx occlu-
sion/reduction type catalyst by NOx removal or forced
regeneration of a DPF by PM removal during low-load
operation or the like.

[0009] Meanwhile, there has been proposed a cell
structure as descried in, for example, Japanese patent
application Kokai publication No. 2005-199179. The cell
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structure has an outer wall portion on an outer peripheral
surface and a cell structural portion having partition walls
forming multiple cells extending from one end face to the
other end face inside the outer wall portion. In the cell
structure, the cell structural portion is mainly composed
of a ceramic material or a metallic material, and the outer
wall portion is mainly composed of a ceramic material,
so that a heat insulating performance of the outer wall
portion is enhanced. This improves the rate of the tem-
perature rise of the cell structural portion, and makes the
temperature distribution uniform.

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0010] Patent Document 1: Japanese patent applica-
tion Kokai publication No. 2005-199179

International patent application WO 01/96717 A1 relates
to a reactor for treating an exhaust gas, which reactor
comprising at least one first zone and a second zone
downstream of the or each first zone, the or each first
zone and optionally the second zone including a chem-
ically active coating or a catalytically active coating, and
to an exhaust system including the reactor.

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0011] The present invention has been made in view
of the above-described circumstances, and an object of
the present invention is to provide a system for exhaust
gas purification using at least one of a catalyst for NOx
removal and a catalyzed DPF and a method of controlling
the same which enable implementation of regeneration
of a NOx occlusion/reduction type catalyst by NOx re-
moval or forced regeneration by PM removal of a cata-
lyzed DPF by utilizing an oxidation catalyst having a sup-
port formed of a metallic material or a material having a
specific heat not higher than that of a metallic material
into a structure having a function of mixing exhaust gas
even when the operation condition of an internal com-
bustion engine is a low-load condition.

MEANS FOR SOLVING THE PROBLEM

[0012] In orderto achieve the above-described object,
provided is a system for exhaust gas purification includ-
ing, in the following order from an upstream side of an
exhaust passage of an internal combustion engine: a de-
vice for direct injection into an exhaust pipe; an oxidation
catalyst; and at least one of a catalyst for NOx removal
and a catalyzed DPF. In this system, a support of the
oxidation catalyst is formed of a metallic material or a
material having a specific heat not higher than that of a
metallic material into a structure having a function of mix-
ing exhaust gas.
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[0013] In post injection, unburned fuel injected into a
cylinder is gasified, and substantially uniformly mixed
with exhaust gas. However, in-exhaust pipe direct injec-
tion is different from the post injection in that unburned
fuel is not gasified immediately after the injection. For
this reason, the unburned fuel needs to be diffused and
mixed with the exhaust gas. In the above-described con-
figuration, the oxidation catalyst is configured to have the
function of mixing exhaust gas, i.e., a mixer function. Ac-
cordingly, the unburned fuel and the exhaust gas are
substantially uniformly mixed with each other, when
passing through the support of the oxidation catalyst.
Here, what is injected by the in-exhaust pipe direct injec-
tion in this description is assumed to be unburned fuel.
However, in the presentinvention, what is injected by the
in-exhaust pipe direct injection may be fuel, an oxidation
promoter other than fuel, a promoter for oxidation of PMs,
a NOx reducing agent, or the like.

[0014] Besides, the specific heat of the oxidation cat-
alyst as a whole is small, because the support of the
oxidation catalyst is formed of the metallic material or the
material having a specific heat not higher than that of a
metallic material. For this reason, a fewer amount of heat
is required for temperature raise, and thus the tempera-
ture of the oxidation catalyst can be rapidly raised. In
addition, since the metallic material has a high thermal
conductivity, the temperature of the oxidation catalyst is
easily made entirely uniform. For this reason, the tem-
perature of the oxidation catalyst can be raised relatively
rapidly when the internal combustion engine starts to be
operated, and the temperature of the oxidation catalyst
can be raised rapidly with a small amount of heat of the
oxidation reaction of the unburned fuel.

[0015] Accordingly, the mixing function of the oxidation
catalyst and the rapid temperature raise lead to gasifica-
tion of the unburned fuel and easiness of the oxidation
reaction thereof. As a result, the NOx reduction reaction
and the PM combustion on the downstream side are pro-
moted, and white smoke can be prevented from occur-
ring. Therefore, the regeneration of the NOx occlusion/re-
duction type catalyst by NOx removal and the forced re-
generation of the catalyzed DPF by PM removal can be
implemented even when the operation condition of the
internal combustion engine is a low-load operation con-
dition.

[0016] Specific description is as follows. Fig. 6 shows
a case of an oxidation catalyst B of a conventional tech-
nique with a cordierite support having a relatively large
specific heat. Here, the temperature of exhaust gas rises
and drops in a slow acceleration state. However, since
the amplitude ofthe change in temperature, which follows
the rise and drop, of the oxidation catalyst is small, an
acceleration state of a certain degree is necessary for
the temperature of the oxidation catalyst to reach the
activation temperature of the catalyst (for example,
200°C). Meanwhile, in a case of an oxidation catalyst A
formed of a support made of a material having a relatively
small specific heat, such as a metallic material as in the



5 EP 2 302 181 B1 6

case of the present invention, since the amplitude of the
change in temperature, which follows rise and drop of
the temperature of exhaust gas in a slow acceleration
state, of the oxidation catalyst is great, a case where the
oxidation catalyst reaches an activation temperature of
the catalyst is more likely to occur although the period is
short. For this reason, the temperature of the oxidation
catalyst can be raised by supplying unburned fuel at this
timing, and can be kept at a temperature not lower than
the activation temperature of the catalyst. As a result, it
is possible to raise the temperatures of the exhaust gas,
the NOx occlusion/reduction type catalyst, and the cat-
alyzed DPF even when the operation condition of the
internal combustion engine is a low-load operation con-
dition.

[0017] The system for exhaust gas purification in-
cludes an exhaust gas purification control unit which per-
forms: in-exhaust pipe directinjection in a predetermined
first supply amount for raising a temperature of the oxi-
dation catalyst when a first index temperature indicative
of a temperature of the oxidation catalyst is above a first
judgment temperature; in-exhaust pipe direct injectionin
a predetermined second supply amount for raising a tem-
perature of the exhaust gas when the first index temper-
ature is above a second judgment temperature; and in-
exhaust pipe directinjection in a predetermined third sup-
ply amount for performing a corresponding one of regen-
eration by NOx removal and forced regeneration by PM
removal when a second index temperature indicative of
atemperature of the at least one of the NOx occlusion/re-
duction type catalyst and the catalyzed DPF reaches a
third judgment temperature.

[0018] In this configuration, when the first index tem-
perature indicative of the temperature of the oxidation
catalyst is above the first judgment temperature, in-ex-
haust pipe direct injection is preformed in the predeter-
mined first supply amount, which is relatively small. As
a result, the temperature of the oxidation catalyst can be
raised by the oxidation reaction of the unburned fuel on
the oxidation catalyst. After that, when the firstindex tem-
perature is raised, and exceeds the second judgment
temperature, in-exhaust pipe directinjectionis performed
in the predetermined second supply amount, which is an
amount that the oxidation catalyst can oxidize, on the
assumption that the temperature of the oxidation catalyst
can stably be kept not lower than the activation temper-
ature. The temperature of the exhaust gas can be raised
by heat generated in the oxidation reaction of the un-
burned fuel by the in-exhaust pipe direct injection on the
oxidation catalyst. Note that the second judgment tem-
perature is a temperature higher than the first judgment
temperature by approximately 10°C to 30°C.

[0019] The predetermined first supply amount is an
amount for raising the temperature of the oxidation cat-
alyst itself so that the temperature of the oxidation cata-
lyst can be continuously kept notlower than the activation
temperature. The predetermined first supply amount is
a relatively small, and is employed for a relatively short
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period of time until the first index temperature reaches
the second judgment temperature. The injection is per-
formed for raising the temperature of the oxidation cata-
lyst. Since the temperature of the exhaust gas is low at
this time, injection with a large amount causes white
smoke. For this reason, supply amounts commensurate
with temperatures and flow rates of exhaust gas are de-
termined in advance, and stored in the exhaust gas pu-
rification control unit as map data or the like. Then, the
supply amountis calculated at the time ofimplementation
with reference to the data. Specifically, an injectable
amount Qb (=QaxCa/100) at a current temperature T1
is found from the characteristic curve of Fig. 7, where Qa
represents an injection amount oxidizable at a tempera-
ture (T2) at which HC light-offis 100% as shown in Fig. 7.
[0020] Meanwhile, the predetermined second supply
amount is an amount for raising the temperature of the
exhaust gas so that the temperature of the NOx occlu-
sion/reduction type catalyst or the catalyzed DPF on the
downstream side can be raised, with the temperature of
the oxidation catalyst being continuously kept not lower
than the activation temperature. Here, the unburned fuel
is supplied in the predetermined second supply amount,
which is different from the first supply amount. The sec-
ond supply amount is set to an amount enough to raise
the temperatures of the exhaust gas, the NOx occlu-
sion/reduction type catalyst, the catalyzed DPF, and the
like. In other words, the second supply amount is also
found in accordance with a characteristic curve as shown
in Fig. 7, as in the case of the first supply amount.
[0021] Moreover,in a case of a system for exhaust gas
purification related to the NOx occlusion/reduction type
catalyst, when the second index temperature indicative
of the temperature of the NOx occlusion/reduction type
catalyst reaches the third judgment temperature at which
the regeneration by NOx removal is operable, the regen-
eration by NOx removal can be performed by performing
in-exhaust pipe direct injection in the predetermined third
supply amount. Meanwhile, in a case of a system for
exhaust gas purification related to the catalyzed DPF,
when the second index temperature indicative of the tem-
perature of the catalyzed DPF reaches the third judgment
temperature at which the forced regeneration by PM re-
moval is operable, the forced regeneration by PM remov-
al can be performed by performing in-exhaust pipe direct
injection in the predetermined third supply amount.
[0022] Moreover, the system for exhaust gas purifica-
tion employs: a temperature at which the temperature of
the oxidation catalyst becomes 200°C as the first judg-
ment temperature; a temperature at which the tempera-
ture of the oxidation catalyst becomes 220°C as the sec-
ond judgment temperature; and for the regeneration by
NOx removal, a temperature at which the temperature
of the NOx occlusion/reduction type catalyst becomes
250°C as the third judgment temperature, or for the forced
regeneration by PM removal, a temperature at which the
temperature of the catalyzed DPF becomes 300°C as
the third judgment temperature. This configuration ena-
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bles the judgment temperatures to be set at appropriate
values, and makes it possible to effectively perform the
temperature raise of the oxidation catalyst, and the tem-
perature raise of the exhaust gas, as well as the regen-
eration by NOx removal or the forced regeneration by
PM removal.

[0023] Meanwhile, to achieve the above-described ob-
ject, also provided is a method of controlling a system
for exhaust gas purification which includes, in the follow-
ing order from an upstream side of an exhaust passage
of an internal combustion engine, a device for direct in-
jection into the exhaust pipe, an oxidation catalyst, and
atleast one of a catalyst for NOx removal and a catalyzed
DPF, and in which a support of the oxidation catalyst is
formed of a metallic material or a material having a spe-
cific heat not higher than that of a metallic material into
a structure having a function of mixing exhaust gas, the
method including: performing in-exhaust pipe direct in-
jection in a predetermined first supply amount for raising
a temperature of the oxidation catalyst when a first index
temperature indicative of a temperature of the oxidation
catalyst is above a first judgment temperature; perform-
ing in-exhaust pipe direct injection in a predetermined
second supply amount for raising a temperature of the
exhaust gas when the first index temperature is above a
second judgment temperature; and performing in-ex-
haust pipe direct injection in a predetermined third supply
amount for performing a corresponding one of regener-
ation by NOx removal and forced regeneration by PM
removal when a second index temperature indicative of
atemperature of the at least one of the NOx occlusion/re-
duction type catalyst and the catalyzed DPF reaches a
third judgment temperature.

[0024] According to the control method, when the first
index temperature indicative of the temperature of the
oxidation catalyst is above the first judgment tempera-
ture, the temperature of the oxidation catalyst can be
raised by performing the in-exhaust pipe direct injection
in a predetermined first supply amount, which is relatively
small. In addition, when the first index temperature is
raised, and exceeds the second judgment temperature,
which is higher than the first judgment temperature by
approximately 10°C to 30°C, the in-exhaust pipe direct
injection is performed in the predetermined second sup-
ply amount that the oxidation catalyst can oxidize, so that
the temperature of the exhaust gas can be raised by heat
of the oxidation reaction of the unburned fuel on the ox-
idation catalyst.

[0025] Moreover, in the case of the system for exhaust
gas purification related to the NOx occlusion/reduction
type catalyst, when the second index temperature indic-
ative of the temperature of the NOx occlusion/reduction
type catalyst reaches the third judgment temperature at
which regeneration by NOx removal is operable, the re-
generation by NOx removal can be performed by per-
forming in-exhaust pipe direct injection in the predeter-
mined third supply amount. Meanwhile, in the case of the
system for exhaust gas purification related to the cata-
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lyzed DPF, when the second index temperature indica-
tive of the temperature of the catalyzed DPF reaches the
third judgment temperature at which the forced regener-
ation by PM removal is operable, the forced regeneration
by PM removal can be performed by performing the in-
exhaust pipe direct injection in the predetermined third
supply amount.

[0026] In the method of controlling a system for ex-
haust gas purification, a temperature at which the tem-
perature of the oxidation catalyst becomes 200°C is em-
ployed as the first judgment temperature, a temperature
at which the temperature of the oxidation catalyst be-
comes 220°C is employed as the second judgment tem-
perature, and for the regeneration by NOx removal, a
temperature at which the temperature of the NOx occlu-
sion/reduction type catalyst becomes 250°C is employed
as the third judgment temperature, or for the forced re-
generation by PM removal, a temperature at which the
temperature of the catalyzed DPF becomes 300°C is em-
ployed as the third judgment temperature. This method
enables the judgment temperatures to be set at appro-
priate values, and makes it possible to effectively perform
the temperature raise of the oxidation catalyst, and the
temperature raise of the exhaust gas, as well as the re-
generation by NOx removal or the forced regeneration
by PM removal.

EFFECTS OF THE INVENTION

[0027] The system for exhaust gas purification using
atleast one of a catalyst for NOx removal and a catalyzed
DPF and the method of controlling the same according
to the present invention enable implementation of regen-
eration by NOx removal and forced regeneration by PM
removal even in a case of a low-load driving operation
where these regenerations can not be achieved with the
conventional technique in which an oxidation catalyst is
constituted of a ceramic support, and unburned fuel is
supplied by post injection. Thereby, the regeneration by
NOx removal and the forced regeneration by PM removal
can be implemented in a wider operation range.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]

[Fig. 1] Fig. 1 is a view schematically showing a con-
figuration of a system for exhaust gas purification of
an embodiment according to the present invention.
[Fig. 2] Fig. 2 is a view schematically showing a PE
structure in which perforated flat foils and perforated
corrugated foils are stacked on each other.

[Fig. 3] Fig. 3 a view schematically showing a LS
structure in which perforated flat foils and corrugated
foils having nicks are stacked on each other.

[Fig. 4] Fig. 4 is a diagram showing one example of
a control flow related to regeneration by NOx remov-
al in a method of controlling a system for exhaust
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gas purification of the embodiment according to the
present invention.

[Fig. 5] Fig. 5 is a diagram showing one example of
a control flow related to forced regeneration by PM
removal in the method of controlling a system for
exhaust gas purification of the embodiment accord-
ing to the present invention

[Fig. 6] Fig. 6 is a chart in which the temperature of
exhaust gas at an outlet of an oxidation catalyst dur-
ing driving in a case of an oxidation catalyst of Ex-
ample having a metallic material support is com-
pared with that in a case of an oxidation catalyst of
Conventional Example having a cordierite support.
[Fig. 7] Fig. 7 is a graph schematically showing the
relationship between the temperature of an oxidation
catalyst and HC light-off.

BEST MODES FOR CARRYING OUT THE INVENTION

[0029] Hereinafter, description will be given of a sys-
tem for exhaust gas purification and a method of control-
ling the same of an embodiment according to the present
invention with reference to the drawings, while a system
for exhaust gas purification with which NOx and PMs are
removed for purification of an exhaust gas passing
through an exhaust passage of a diesel engine is taken
as an example.

[0030] Fig. 1 shows a configuration of a system for ex-
haust gas purification 1 of the embodiment of the present
invention. In the system for exhaust gas purification 1 a
turbine 12a of a turbocharger 12, an exhaust gas purifi-
cation apparatus 30, and an exhaust throttle valve 13 are
provided on an exhaust passage 11 of a diesel engine
(an internal combustion engine) 10 from the upstream
side. The exhaust gas treatment apparatus 30 is consti-
tuted by providing an oxidation catalyst (DOC) 31, a NOx
occlusion/reduction type catalyst (LNT) 32, and a cata-
lyzed DPF (CSF) 33 with one of an oxidation catalyst and
a PM oxidation catalyst being supported thereon, in this
order from the upstream side.

[0031] The oxidation catalyst 31 is formed by causing
rhodium, cerium oxide, platinum, aluminum oxide, or the
like to be supported on a support formed of a metallic
material into a structure having a function of mixing the
exhaust gas. As the structure which has the mixing func-
tion, usable are a PE (Perforated) structure (named by
EMITEC GmbH, Germany) as showninFig.2,aLS (Lon-
gitudinal Structure) structure (hamed by EMITEC GmbH,
Germany) as shown in Fig. 3, or the like.

[0032] As shown in Fig. 2, in the PE structure, perfo-
rated flat foils 51 made of a metal and perforated corru-
gated foils 52 made of a metal are stacked on each other,
so that channels 53 can communicate with each other.
The holes 51a and 52a of the perforation have diameters
of, for example, approximately 8 mme, and the porosity
is approximately 35%.

[0033] Meanwhile, in the LS structure, flat foils 61
made of a metal and corrugated foils 62 made of a metal
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and provided with nicks (depressed portions) 62b in a
corrugated portion are stacked with each other as shown
in Fig. 3, so that the channels 63 can communicate with
each other. The nicks 62b in the LS structure form the
corrugation in a direction perpendicular to the axis of the
channels. When a cylindrical shape is formed of the PE
structure and the LS structure, a structure obtained by
stacking the flat foils 51 and 61 and the corrugated foils
52 and 62 together is rolled up into a cylindrical shape.
[0034] When an unburned fuel such as HCs (hydro-
carbons) or CO (carbon monoxide) exists in exhaust gas,
the oxidation catalyst 31 oxidizes the unburned fuel. Heat
generated by the oxidation raises the temperature of the
oxidation catalyst 31 itself and the temperature of ex-
haust gas passing therethrough. The exhaust gas whose
temperature has been raised raises the temperature of
the NOx occlusion/reduction type catalyst 32 and the
temperature of the catalyzed DPF 33 which are located
on the downstream side.

[0035] This configuration enables the system for ex-
haust gas purification 1 including, in the following order
from the upstream side of the exhaust passage 11 of the
engine (internal combustion engine) 10, a device for di-
rect injection into the exhaust pipe 47, the oxidation cat-
alyst 31, and at least one of the catalyst for NOx removal
32 and the catalyzed DPF 33 to have a configuration in
which a support of the oxidation catalyst 31 is formed of
a metallic material or a material having a specific heat
not higher than that of a metallic material into a structure
having a mixing function for exhaust gas. With an em-
phasis placed on temperature rise performance, the ca-
pacity of the oxidation catalyst 31 is made as small as
possible within a range where the increase in exhaust
pressure is small A standard for the capacity is
S/V=300,000 hr-! with respect to a rated exhaust flow. If
the capacity of the oxidation catalyst 31 is large, the tem-
perature is difficult to be raised. Meanwhile, if the capacity
is small, the activity is insufficient.

[0036] The NOx occlusion/reduction type catalyst 32
is one of catalysts called lean NOx traps (LNT). This cat-
alyst 32 is constituted by providing a porous catalyst coat
layer formed of aluminum oxide (alumina) or the like on
a support of a honeycomb structure or the like of a porous
ceramic, such as a cordierite honeycomb. A catalytic no-
ble metal such as platinum and a NOx occlusion sub-
stance having a NOx occlusion function are supported
on the catalyst coat layer. As the NOx occlusion sub-
stance, one or a combination of several kinds of alkali
metals such as potassium, sodium, lithium, and cesium,
alkaline earth metals such as barium and calcium, and
rare earths such as lanthanum and yttrium can be used.
[0037] The NOx occlusion/reduction type catalyst 32
removes NOx by oxidizing NO (nitrogen monoxide) in
oxygen-rich exhaust gas into a nitrate which is then ad-
sorbed on the catalyst. The NOx occlusion/reduction type
catalyst 32 occludes NOx in a state where the air-fuel
ratio of the exhaust gas is lean. Meanwhile, in a state
where the air-fuel ratio is rich, the NOx occlusion/reduc-
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tion type catalyst 32 releases the occluded NOx, and
reduces the released NOx in a reducing atmosphere.
Thus the catalyst reduces the amount of NOx. In other
words, the NOx occlusion/reduction type catalyst 32 ex-
hibits two functions of the NOx occlusion and the NOx
release and removal, depending on the oxygen concen-
tration in the exhaust gas and the like.

[0038] The catalyzed DPF (diesel particulate filter) 33
is formed of a monolithic honeycomb-type wall-flow filter
in which channels (cells) of a porous ceramic honeycomb
are blocked alternately at inlets and at outlets. The oxi-
dation catalyst and the PM oxidation catalyst are sup-
ported on wall surfaces of the porous ceramic and in the
inside thereof. The oxidation catalyst is formed of plati-
num, palladium, or the like. The PM oxidation catalyst is
formed of an oxidation catalyst of an oxide such as cerium
oxide.

[0039] Meanwhile, an intake passage 14 is provided
with an air filter 15, a mass air flow sensor (MAF sensor)
16, a compressor 12b of the turbocharger 12, an inter-
cooler 17, and an intake throttle valve 18. Moreover, an
EGR passage 19 connecting an exhaust manifold 10a
and an intake manifold 10b is provided with an EGR cool-
er 20 and an EGR valve 21.

[0040] Meanwhile, the exhaust passage 11 is provided
with an air-fuel ratio (A/F) sensor 41 which is located on
the upstream side of the exhaust gas purification appa-
ratus 30, and which detects the air-fuel ratio of exhaust
gas for controlling the air-fuel ratio of the exhaust gas. In
addition, in order to estimate the temperatures of the cat-
alysts 31 and 32, and the temperature of the catalyzed
DPF 33, a first temperature sensor 42 is disposed on the
upstream side of the oxidation catalyst 31, a second tem-
perature sensor 43 is disposed between the oxidation
catalyst 31 and the NOx occlusion/reduction type catalyst
32, a third temperature sensor 44 is disposed between
the NOx occlusion/reduction type catalyst 32 and the cat-
alyzed filter 33, and a fourth temperature sensor 45 is
disposed on the downstream side of the catalyzed filter
33. Moreover, a NOx sensor 46 is disposed on the down-
stream side of the exhaust gas purification apparatus 30.
[0041] Inaddition, for conductingin-exhaust pipe direct
injection of fuel, the device for direct injection into the
exhaust pipe (in-exhaust pipe fuel injection valve) 47 is
provided to the exhaust passage (exhaust pipe) 11 on
the upstream side of the exhaust gas purification appa-
ratus 30. The device for direct injection into the exhaust
pipe 47 supplies unburned HCs, which is the fuel, to the
exhaust passage 11 by direct injection during the air-fuel
ratio rich control in each control. The air-fuel ratio rich
control may be performed on control for raising the tem-
perature of the oxidation catalyst 31, control for raising
the temperature of exhaust gas passing through the ox-
idation catalyst 31, regeneration control by NOx removal
for restoring the NOx occlusion capacity of the NOx oc-
clusion/reduction type catalyst 32, forced regeneration
control by PM removal for removing PMs collected on
the catalyzed DPF 33 by forced combustion, and the like.
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[0042] Inthe diesel engine 10, air A is purified through
the air filter 15, measured for the mass flow rate with the
mass air flow sensor (MAF sensor) 16, and pressurized
with a compressor 10b. Thereafter, the air A is cooled
with the intercooler 17, passes through the intake throttle
valve 18, and enters the intake manifold 10b. The intake
throttle valve 18 adjusts the flow rate of the air A. Fuel is
injected into the air A in a cylinder of the engine 10, and
the fuel is combusted.

[0043] Exhaust gas G generated by the combustion
passes through the exhaust manifold 10a, drives a tur-
bine 10a on the exhaust passage 11, and then passes
through the exhaust gas purification apparatus 30, to
thereby be purified exhaust gas Gc. Thereafter, the pu-
rified exhaust gas Gc passes through the exhaust throttle
valve 13 and through an unillustrated muffler (sound ab-
sorber), and is then emitted to the atmosphere. In addi-
tion, a part of the exhaust gas G is cooled with the EGR
cooler 20 on the EGR passage 19, then passes through
the EGR valve 21, enters the intake manifold 10b as EGR
gas Ge, is mixed with the air A, and enters the cylinder.
The EGR valve 21 adjusts the flow rate of the EGR gas
Ge.

[0044] In addition, an exhaust gas purification control
unit 40a is provided for controlling the system for exhaust
gas purification 1. Generally, the exhaust gas purification
control unit 40a is constructed in a state of being included
in an engine control unit (ECU) 40 which controls the
entire engine. The exhaust gas purification control unit
40a receives inputs of an engine revolution number, a
fuel injection amount (or load), and the like, in addition
toinputs from the air-fuel ratio sensor 41, the first to fourth
temperature sensors 42, 43, 44, and 45, the NOx sensor
46, and the like. In addition, the exhaust gas purification
control unit 40a has a close relationship with the engine
control unit 40, and causes the engine control unit 40 to
control the in-cylinder fuel injection, the exhaust throttle
valve 13, the intake throttle valve 18, the EGR valve 21,
the device for direct injection into the exhaust pipe 47,
and the like.

[0045] Next, description will be made of an exhaust
gas purification system control method of the system for
exhaust gas purification 1. The control method is con-
ducted in accordance with control flows exemplified in
Figs. 4 and 5. The control flow in Fig. 4 is a control flow
for regeneration by NOx removal for restoring the NOx
occlusion capacity of the NOx occlusion/reduction type
catalyst 32. The control flow in Fig. 5 is a control flow for
forced regeneration by PM removal for removing PMs
collected on the catalyzed DPF 33 by forced combustion.
[0046] First, description will be given of the control flow
in Fig. 4 for regeneration of the NOx occlusion/reduction
type catalyst 32 by NOx removal. The control flow in Fig.
4 is selected and starts to be executed when a higher
control flow determines that the amount of NOx occluded
is increased to some extent, and the regeneration control
by NOx removal for restoring the NOx occlusion capacity
ofthe NOx occlusion/reduction type catalyst 32 is allowed
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to be performed. The higher control flow is a main control
flow for performing the general control of the engine along
with the start of the engine, or the like. In the control flow
in Fig. 4, when the termination of operation of the engine,
such as the turning off of an engine key, is detected, the
process is interrupted, and returns to the higher control
flow. The control flow is terminated along with the termi-
nation of the main control flow. Note that when the
amount of NOx occluded is so large that the amount may
exceed a limit, the regeneration by NOx removal is per-
formed not by the control flow in Fig. 4, but by another
control flow (not illustrated).

[0047] Once the control flow in Fig. 4 is selected in the
higher control flow, and starts to be executed, it is first
determined in Step S11 whether or not a first index tem-
perature Tc indicative of the temperature of the oxidation
catalyst 31 is above a predetermined first judgment tem-
perature Tc1. Since the direct measurement of the tem-
perature of the oxidation catalyst 31 is difficult, a temper-
ature detected with the first temperature sensor 42 on
the upstream side or a temperature detected with the
second temperature sensor 43 on the downstream side
is used as the first index temperature Tc instead of a
directly measured temperature of the oxidation catalyst
31. Alternatively, an average of these temperatures may
be used. As this first judgment temperature Tc1, a tem-
perature at which the temperature of the oxidation cata-
lyst 31 becomes at a catalyst activation temperature (for
example, 200°C) is employed.

[0048] If the determination in Step S11 is that the first
index temperature Tc is not higher than the predeter-
mined first judgment temperature Tel (NO), the process
goes to the Step S12 where no fuel is injected from the
device for direct injection into the exhaust pipe 47, and
the process returns to Step S11 after a predetermined
time (a time associated with intervals of checking of the
first index temperature Tc1) has elapsed. Meanwhile, if
the determination in Step S11 is that the first index tem-
perature Tc is above the predetermined first judgment
temperature Tc1 (YES), the process goes to Step S13
where it is determined whether or not the first index tem-
perature Tc is above a predetermined second judgment
temperature Tc2. As the second judgment temperature
Tc2, employed is a temperature at which the temperature
of the oxidation catalyst 31 is substantially surely kept
not lower than the catalyst activation temperature, and
at which a catalyst temperature enough to prevent gen-
eration of white smoke, which is emission of an unburned
fuel to the atmosphere, is achieved (for example, 220°C).
[0049] If determination in Step S13isthatthe firstindex
temperature Tcis nothigher than the predetermined sec-
ond judgment temperature Tc2 (NO), the process goes
to Step S14 where control for raising the temperature of
the oxidation catalyst 31 is performed for a predeter-
mined time (a time associated with intervals of checking
of the firstindex temperature Tc), and injection control is
performed in a predetermined first supply amount, so that
fuel is injected from the device for direct injection into the
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exhaust pipe 47. Thereafter, the process returns to Step
S11.

[0050] The predetermined first supply amount is an
amount for raising the temperature of the oxidation cat-
alyst 31 itself so that the temperature of the oxidation
catalyst 31 can be continuously kept not lower than the
activation temperature (for example, 200°C). The prede-
termined first supply amount is employed until the first
index temperature Tc reaches the second judgment tem-
perature Tc2. The control is performed for raising the
temperature of the oxidation catalyst 31. Since the tem-
perature of exhaust gas is still low at the time of this con-
trol, injection with a large amount causes white smoke.
For this reason, supply amounts commensurate with
temperatures and flow rates of exhaust gas are deter-
mined in advance, and stored in the exhaust gas purifi-
cation control unit40a as map data or the like. The supply
amount is calculated at the time of implementation with
reference to the data on the first supply amount. Specif-
ically, an injectable amount Qb (=QaxCa/100) at a cur-
renttemperature T1 is found from the characteristic curve
of Fig. 7, where Qa represents an injection amount oxi-
dizable at a temperature (T2) at which the HC light-off is
100% as shown in Fig. 7.

[0051] If the determination in Step S13 is that the first
index temperature Tcis above the predetermined second
judgment temperature Tc2 (YES), the process goes to
Step S15 where it is determined whether or not a second
index temperature Tn for regeneration by NOx removal
is above a predetermined third judgment temperature
Tn3 for regeneration by NOx removal. Since the direct
measurement of the temperature of the NOx occlu-
sion/reduction type catalyst 32 is difficult, a temperature
detected with the second temperature sensor 43 on the
upstream side or a temperature detected with the third
temperature sensor 44 on the downstream side is used
as the second index temperature Tn instead of a directly
measured temperature of the NOx occlusion/reduction
type catalyst 32. Alternatively, an average of these tem-
peratures may be used. As this third judgment tempera-
ture Tn3, a temperature at which the temperature of the
NOx occlusion/reduction type catalyst 32 is at a catalyst
activation temperature of the NOx occlusion/reduction
type catalyst 32 (for example, 250°C) is employed.
[0052] If the determination in Step S15 is that the sec-
ond index temperature Tn is not higher than the prede-
termined third judgmenttemperature Tn3 (NO), the proc-
ess goes to Step S16 where control for keeping the tem-
perature of the oxidation catalyst 31 is performed for a
predetermined time (a time associated with intervals of
checking of the second index temperature Tn), and in-
jection control is performed in a predetermined second
supply amount, so that fuel is injected from the device
for direct injection into the exhaust pipe 47. Thereafter,
the process returns to Step S11.

[0053] In Step S16, unburned fuel is supplied in the
predetermined second supply amount, which is different
from the first supply amount. The predetermined second
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supply amount is an amount for raising the temperature
of the exhaust gas so that the temperature of the NOx
occlusion/reduction type catalyst 32 on the downstream
side can be raised with the oxidation catalyst 31 being
continuously kept at a temperature not lower than the
activation temperature (for example, 200°C). The second
supply amount is set to be enough to raise the temper-
atures of the exhaust gas and the NOx occlusion/reduc-
tion type catalyst 32. The controlis performed for keeping
the temperature of the oxidation catalyst 31. Since the
temperature of the exhaust gas is relatively high at this
time, the unburned fuel is supplied in the second supply
amount, which is different from the first supply amount.
For this reason, in this state, supply amounts commen-
surate with temperatures and flow rates of exhaust gas
are determined in advance, and stored in the exhaust
gas purification control unit 40a as map data or the like.
The supply amountis calculated at the time of implemen-
tation with reference to the data for the second supply
amount. Specifically, the second supply amount is found
in accordance with a characteristic curve as shown in
Fig. 7, as in the case of the first supply amount.

[0054] If the determination in Step S15 is that the sec-
ond index temperature Tn is above the predetermined
the third judgment temperature Tn3 (YES), the process
goes to Step S17 where air-fuel ratio control for regen-
eration control by NOx removal is performed, so that fuel
is injected from the device for direct injection into the
exhaust pipe 47 in a predetermined third supply amount
for regeneration by NOx removal. The control is per-
formed for regeneration of the NOx occlusion/reduction
type catalyst 32 by NOx removal. Since the temperature
of the exhaust gas at the time of this control is sufficiently
high, supply amounts suitable for the regeneration by
NOx removal and commensurate with flow rates of ex-
haust gas are determined in advance, and stored in the
exhaust gas purification control unit 40a as map data or
the like. The supply amount is calculated at the time of
implementation with reference to the data for the third
supply amount for regeneration by NOx removal. Note
that, during the regeneration by NOx removal, EGR con-
trol, intake throttle control, exhaust throttle control, in-
cylinder fuel injection control, or the like is performed in
parallel, as necessary.

[0055] Then, this Step S17 is continued until the re-
generation by NOx removal is completed. When the re-
generation by NOx removal is completed, the process
returns to the higher control flow. After the returning to
the higher control flow, the control flow in Fig. 4 is selected
again and executed when the amount of NOx occluded
is again increased to some extent, and when it is deter-
mined that the NOx regeneration control for restoring the
NOx occlusion capacity of the NOx occlusion/reduction
type catalyst 32 is allowed to be performed. This is re-
peated as needed.

[0056] Next, a control flow in Fig. 5 for forced regen-
eration of the catalyzed DPF 33 by PM removal will be
described. The control flow in Fig. 5 is selected and starts
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to be executed when a higher control flow determines
that the amount of PMs collected is increased to some
extent and the forced regeneration control by PM removal
for removing PMs collected on the catalyzed DPF 33 by
forced combustionis allowed to be performed. The higher
control flow is a main control flow for performing the gen-
eral control of the engine along with the start of the en-
gine, or the like. When the termination of operation of the
engine, such as the turning off of an engine key, is de-
tected, the process is interrupted, and returns to the high-
er control flow. The control flow is terminated along with
the termination of the main control flow. The control flow
of Fig. 5 is identical to the control flow in Fig. 4, except
that Steps S15 and S17 in the control flow in Fig. 4 are
replaced with Steps S15A and S17A, respectively. Note
that when the amount of PMs deposited is so large that
the amount may exceed a limit, the forced regeneration
by PM removal is performed not by the control flow in
Fig. 5, but by another control flow (not illustrated).
[0057] Once the control flow in Fig. 5 is selected in the
higher control flow, and starts to be executed, Steps S11
to S14 and S16 are performed as in the case of the control
flow in Fig. 4. In Step S15A in the control flow in Fig. 5,
it is determined whether or not a second index temper-
ature Tp for forced regeneration by PM removal is above
a predetermined third judgment temperature Tp3 for
forced regeneration by PM removal. Since the direct
measurement of the temperature of the catalyzed DPF
33 is difficult, a temperature detected with the third tem-
perature sensor 44 on the upstream side or atemperature
detected with the fourth temperature sensor 45 on the
downstream side is used as the second index tempera-
ture Tp instead of a directly measured temperature of the
catalyzed DPF 33. Alternatively, an average of these
temperatures may be used. As the third judgment tem-
perature Tp3, employed is a temperature at which the
temperature of the catalyzed DPF 33 becomes a tem-
perature at which the combustion of the PMs is started
(for example, 300°C).

[0058] Ifthe determinationin Step S15A s thatthe sec-
ond index temperature Tp is not higher than the prede-
termined third judgmenttemperature Tp3 (NO), the proc-
ess goes to Step S16 where control for keeping the tem-
perature of the oxidation catalyst 31 is performed for a
predetermined time (a time associated with intervals of
checking of the second index temperature Tp), and in-
jection control is performed in the predetermined second
supply amount, so that fuel is injected from the device
for direct injection into the exhaust pipe 47. Thereafter,
the process returns to Step S11.

[0059] Ifthe determinationin Step S15A s thatthe sec-
ond index temperature Tp is above the predetermined
third judgment temperature Tp3 (YES), the process goes
to Step S17A where air-fuel ratio control for forced re-
generation control by PM removal is performed, so that
fuel is injected from the device for direct injection into the
exhaust pipe 47 in a predetermined third supply amount
for forced regeneration by PM removal. The control is
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performed for forced regeneration of the catalyzed DPF
33 by PM removal. Since the temperature of the exhaust
gas at the time of this control is sufficiently high, supply
amounts suitable for the forced regeneration by PM re-
moval and commensurate with flow rates of exhaust gas
are determined in advance, and stored in the exhaust
gas purification control unit 40a as map data or the like.
The supply amountis calculated at the time of implemen-
tation with reference to the data on the third supply
amount for forced regeneration by PM removal. Note
that, during the forced regeneration by PM removal, EGR
control, intake throttle control, exhaust gas throttle con-
trol, in-cylinder fuel injection control, or the like is per-
formed in parallel, as necessary.

[0060] Then, this Step S17A is continued until the
forced regeneration by PM removal is completed. When
the forced regeneration by PM removal is completed, the
process returns to the higher control flow. After the re-
turning to the higher control flow, the control flow in Fig.
5 is selected again and executed when the amount of
PMs collected is increased to some extent, and when it
is determined that the forced regeneration control by PM
removal for removing PMs collected on the catalyzed
DPF 33 by forced combustion is allowed to be performed.
This is repeated as needed.

[0061] In the control flows in Figs. 4 and 5, a temper-
ature at which the temperature of the oxidation catalyst
31 becomes 200°C is employed as the first judgment
temperature Tc1, and a temperature at which the tem-
perature of the oxidation catalyst 31 becomes 220°C is
employed as the second judgment temperature Tc3. In
addition, as the third judgment temperature Tn3 for re-
generation by NOx removal, a temperature at which the
temperature of the NOx occlusion/reduction type catalyst
32 becomes 250°C is employed, or as the third judgment
temperature for forced regeneration by PM removal, a
temperature at which the temperature of the catalyzed
DPF 33 becomes 300°C is employed. Thereby, the judg-
ment temperatures are set at appropriate values, and the
temperature raise of the oxidation catalyst 31, and the
temperature raise of the exhaust gas, as well as the re-
generation by NOx removal or the forced regeneration
by PM removal, are efficiently performed.

[0062] With these kinds of control, in the method of
controlling the system for exhaust gas purification 1
which includes in the following order from the upstream
side of the exhaust passage 11 of the engine (internal
combustion engine) 10: the device for direct injection into
the exhaust pipe 47, the oxidation catalyst 31, and at
least one of the catalyst for NOx removal 32 and the
catalyzed DPF 33, and in which the support of the oxi-
dation catalyst 31 is formed of a metallic material or a
material having a specific heat not higher than that of a
metallic material into a structure having a mixing function
of exhaust gas, the following can be performed. Specif-
ically, when the first index temperature Tc indicative of
the temperature of the oxidation catalyst 31 is above the
first judgment temperature Tc1, in-exhaust pipe direct

10

15

20

25

30

35

40

45

50

55

10

injection can be performed in the predetermined first sup-
ply amount for raising the temperature of the oxidation
catalyst 31; when the first index temperature Tc is above
the second judgment temperature Tc2, in-exhaust pipe
direct injection can be performed in the predetermined
second supply amount for raising the temperature of the
exhaust gas; and when the second index temperature
Tn (or Tp) indicative of the temperature of the NOx oc-
clusion/reduction type catalyst 32 (or the catalyzed DPF
33) reaches the third judgment temperature Tn3 (or Tp3),
in-exhaust pipe direct injection can be performed in the
predetermined third supply amount for performing the
NOx removal (or the forced regeneration by PM removal).
[0063] Fig. 6 shows, for comparison, changes in tem-
perature of exhaust gas at an outlet of an oxidation cat-
alyst in Example A where a oxidation catalyst 31 having
a support formed of a metallic material or a material hav-
ing a specific heat not higher than that of a metallic ma-
terial into a structure having a function of mixing exhaust
gas was used, and in Conventional Example B where an
oxidation catalyst formed of a cordierite support having
a relatively high specific heat was used, respectively. Ina
represents aregion where in-exhaust pipe directinjection
is being performed in a small amount for raising the tem-
perature, and Inb represents a region where in-exhaust
pipe directinjection is performed for regeneration by NOx
removal.

[0064] In the case of Conventional Example B, since
the amplitude of change in temperature, which follows
the rise and drop of the temperature of exhaust gas in a
slow acceleration state, of the oxidation catalyst is small,
an acceleration state of a certain degree is necessary for
the temperature of the oxidation catalyst to reach the
activation temperature of the catalyst (for example,
200°C). Meanwhile, in Example A, since the amplitude
of change in temperature, which follows the rise and drop
of temperature of exhaust gas in a slow acceleration
state, of oxidation catalyst is great, a case where the
oxidation catalyst reaches the activation temperature of
the catalyst is more likely occur although the period is
short. For this reason, the temperature of the oxidation
catalyst can be kept not lower than the activation tem-
perature of the catalyst by supplying unburned fuel at this
timing. As aresult, itis possible to raise the temperatures
of exhaust gas, the NOx occlusion/reduction type cata-
lyst, and the catalyzed DPF even when the operation
condition of the internal combustion engine is a low-load
condition.

[0065] Accordingly, the above-described system for
exhaust gas purification 1 using at least one of the cat-
alyst for NOx removal 32 and the catalyzed DPF 33 and
the method of controlling the same makes it possible to
perform regeneration by NOx removal and forced regen-
erationby PMremoval eveninacase ofalow-load driving
operation, and toimplementregeneration by NOxremov-
al or forced regeneration by PM removal in wider oper-
ation regions.
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INDUSTRIAL APPLICABILITY

[0066] The above-described system for exhaust gas
purification and method of controlling the same of the
present invention having the excellent effects can be
used extremely effectively for a system for exhaust gas
purification which is provided to an internal combustion
engine or the like mounted on a vehicle, and which has
at least one of a NOx occlusion/reduction type catalyst
and a catalyzed DPF.

EXPLANATION OF REFERENCE NUMERALS
[0067]

1 system for exhaust gas purification

10 diesel engine

11 exhaust passage

30 exhaust gas purification apparatus

31 oxidation catalyst (DOC)

32 NOx occlusion/reduction type catalyst (LNT)

33 catalyzed DPF (CSF)

40 engine control unit (ECU)

40a exhaust gas purification control unit

41 air-fuel ratio (A/F) sensor

42,43, 44, 45 temperature sensor

46 NOx sensor

47 device for direct injection into the exhaust pipe
51, 61 perforated flat foil

51a, 52a, 61a hole

52 perforated corrugated foil

53, 63 channel

62 corrugated foil provided with nicks

62a nick

Tc first index temperature

Tc1 first judgment temperature

Tc2 second judgment temperature

Tn second index temperature for regeneration by
NOx removal

Tn3 third judgment temperature for regeneration by
NOx removal

Tp second index temperature for forced regenera-
tion by PM removal

Tp3 third judgment temperature for forced regener-
ation by PM removal

Claims

1. Asystem (1) for exhaust gas purification comprising,
in the following order from an upstream side of an
exhaust passage (11) of an internal combustion en-
gine (10):

a device (47) for direct injection into an exhaust
pipe;

an oxidation catalyst (31); and

at least one of a catalyst for NOx removal
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(32)and a catalyzed DPF (33), characterized
in that

a support of the oxidation catalyst (31) is formed
of a metallic material or a material having a spe-
cific heat not higher than that of a metallic ma-
terial into a structure having a function of mixing
exhaust gas, characterized in that the system
(1) further comprises

an exhaust gas purification control unit (40a)
which is adapted to perform :

in-exhaust pipe direct injection in a prede-
termined first supply amount for raising a
temperature of the oxidation catalyst (31)
when a first index temperature (Tc) indica-
tive of a temperature of the oxidation cata-
lyst is above a first judgment temperature
(Tet);

in-exhaust pipe direct injection in a prede-
termined second supply amount for raising
a temperature of the exhaust gas when the
first index temperature (Tc) is above a sec-
ond judgment temperature (Tc2); and
in-exhaust pipe direct injection in a prede-
termined third supply amount for performing
a corresponding one of regeneration by
NOx removal and forced regeneration by
PM removal when a second index temper-
ature (Tn) indicative of a temperature of the
at least one of the NOXx occlusion/reduction
type catalyst (32) and the catalyzed DPF
(33) rcaches a third judgment temperature
(Tn3, Tp3).

2. Thesystem(1)forexhaustgas purification according

to claim 1, characterized in that
the exhaust gas purification control unit (40a) em-

ploys:

a temperature at which the temperature of the
oxidation catalyst (31) becomes 200°C as the
first judgment temperature (Tc1) ;

a temperature at which the temperature of the
oxidation catalyst (31) becomes 220°C as the
second judgment temperature (Tc2); and

for the regeneration by NOx removal, a temper-
ature at which the temperature of the NOx oc-
clusion/reduction type catalyst (32) becomes
250°C as the third judgment temperature (Tn3),
or for the forced regeneration by PM removal, a
temperature at which the temperature of the cat-
alyzed DPF (33) becomes 300°C as the third
judgment temperature (Tp3).

A method of controlling a system (1) for exhaust gas
purification which includes, in the following order
from an upstream side of an exhaust passage (11)
of an internal combustion engine (10), a device (47)
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for direct injection into the exhaust pipe, an oxidation
catalyst (31), and at least one of a catalyst for NOx
removal (32) and a catalyzed DPF (33),
characterized in that a support of the oxidation cat-
alyst (31) is formed of a metallic material or a material
having a specific heat not higher than that of a me-
tallic material into a structure having a function of
mixing exhaust gas, and

the method comprising:

performing in-exhaust pipe direct injection in a
predetermined first supply amount for raising a
temperature of the oxidation catalyst (31) when
afirstindex temperature (Tc) indicative of a tem-
perature cf the oxidation catalyst is above a first
judgment temperature (Tc1);

performing in-exhaust pipe direct injection in a
predetermined second supply amount for rais-
ing a temperature of the exhaust gas when the
first index temperature (Tc) is above a second
judgment temperature (Tc2); and

performing in-exhaust pipe direct injection in a
predetermined third supply amount for perform-
ing a corresponding one of regeneration by NOx
removal and forced regeneration by PM removal
when a second index temperature (Tn) indica-
tive of a temperature of the at least one of the
NOx occlusion/reduction type catalyst (32) and
the catalyzed DPF (33) reaches a third judgment
temperature (Tn3).

The method of controlling a system (1) for exhaust
gas purification according to claim 3, characterized
in that

a temperature at which the temperature of the oxi-
dation catalyst (31) becomes 200°C is employed as
the first judgment temperature (Tc),

a temperature at which the temperature of the oxi-
dation catalyst (31) becomes 220°C is employed as
the second judgment temperature (Tn), and

for the regeneration by NOx removal, a temperature
at which the temperature of the NOx occlusion/re-
duction type catalyst (32) becomes 250 °C is em-
ployed as the third judgment temperature (Tn3), or
for the forced regeneration by PM removal, a tem-
perature at which the temperature of the catalyzed
DPF becomes 300°C is employed as the third judg-
ment temperature (Tp3).

Patentanspriiche

1.

System (1) zur Abgasreinigung, welches in der fol-
genden Reihenfolge an der stromaufwarts gelege-
nen Seite eines Abgaskanals (11) eines Verbren-
nungsmotors (10) aufweist:

eine Vorrichtung (47) zur Direkteinspritzung in
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ein Abgasrohr,

einen Oxidationskatalysator (31), und
entweder einen Katalysator zur NOXx-Entfer-
nung (32) oder einen katalysierten DPF (33), da-
durch gekennzeichnet, dass

ein Trager des Oxidationskatalysators (31) aus
einem metallischen Material oder einem Mate-
rial, welches eine spezifische Warme hat, wel-
che nicht gréRer als die eines metallischen Ma-
terials ist, geformt ist, und in eine Struktur ge-
bracht wird, welche dazu dient, Abgas zu mi-
schen, dadurch gekennzeichnet, dass das
System (1) weiterhin aufweist

eine Abgasreinigungssteuereinheit (40a), wel-
che dazu geeignet ist, durchzufiihren:

Direkteinspritzung im Abgasrohr in einer
vorbestimmten ersten Zufuhrmenge, um ei-
ne Temperatur des Oxidationskatalysators
(31) zu erhéhen, wenn eine erste Indextem-
peratur (Tc), welche indikativ fir eine Tem-
peratur des Oxidationskatalysators ist,
oberhalb einer ersten Beurteilungstempe-
ratur (Tc1) liegt,

Direkteinspritzung im Abgasrohr in einer
vorbestimmten zweiten Zufuhrmenge, um
eine Temperatur des Abgases zu erhdhen,
wenn die erste Indextemperatur (Tc) ober-
halb einer zweiten Beurteilungstemperatur
(Tc2) liegt, und

Direkteinspritzung im Abgasrohr in einer
vorbestimmten dritten Zufuhrmenge, um
entweder eine Regeneration durch NOx-
Entfernung oder Zwangsregeneration
durch PM-Entfernung durchzufiihren, wenn
eine zweite Indextemperatur (Tn), welche
indikativ flr eine Temperatur entweder des
NOx-Okklusions-/Reduktionskatalysators
(32) oder des katalysierten DPF (33) ist, ei-
ne dritte Beurteilungstemperatur (Tn3, Tp3)
erreicht.

2. System (1) zur Abgasreinigung nach Anspruch 1,

dadurch gekennzeichnet, dass die Abgasreini-
gungssteuereinheit (40a) anwendet:

eine Temperatur, bei welcher die Temperatur
des Oxidationskatalysators (31) 200 °C als erste
Beurteilungstemperatur (Tc1) erreicht,

eine Temperatur, bei welcher die Temperatur
des Oxidationskatalysators (31) 220 °C als
zweite Beurteilungstemperatur (Tc2) erreicht,
und

bei der Regeneration durch NOx-Entfernung ei-
ne Temperatur, bei welcher die Temperatur des
NOx-Okklusions-/Reduktionskatalysators (32)
250°C als dritte Beurteilungstemperatur (Tn3)
erreicht, oder bei der Zwangsregeneration
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durch PM-Entfernung eine Temperatur, bei wel-
cher die Temperatur des katalysierten DPF (33)
300°C als dritte Beurteilungstemperatur (Tp3)
erreicht.

Verfahren zum Steuern eines Systems (1) zur Ab-
gasreinigung, welches in der folgenden Reihenfolge
an der stromaufwarts gelegenen Seite eines Abgas-
kanals (11) eines Verbrennungsmotors (10) eine
Vorrichtung (47) zur Direkteinspritzung in das Ab-
gasrohr, einen Oxidationskatalysator (31), und ent-
weder einen Katalysator zur NOx-Entfernung (32)
oder einen katalysierten DPF (33) aufweist,
dadurch gekennzeichnet, dass ein Trager des
Oxidationskatalysators (31) aus einem metallischen
Material oder einem Material, welches eine spezifi-
sche Warme hat, welche nicht grof3er als die eines
metallischen Materials ist, geformt ist, und in eine
Struktur gebracht wird, welche dazu dient, Abgas zu
mischen, und

das Verfahren aufweist:

Durchfiihren einer Direkteinspritzung im Abgas-
rohr in einer vorbestimmten ersten Zufuhrmen-
ge, um eine Temperatur des Oxidationskataly-
sators (31) zu erhdhen, wenn eine erste Index-
temperatur (Tc), welche indikativ fir eine Tem-
peratur des Oxidationskatalysators ist, oberhalb
einer ersten Beurteilungstemperatur (Tc1) liegt,
Durchfiihren einer Direkteinspritzung im Abgas-
rohrin einer vorbestimmten zweiten Zufuhrmen-
ge, um eine Temperatur des Abgases zu erh6-
hen, wenn die erste Indextemperatur (Tc) ober-
halb einer zweiten Beurteilungstemperatur
(Tc2) liegt, und

Durchfiihren einer Direkteinspritzung im Abgas-
rohr in einer vorbestimmten dritten Zufuhrmen-
ge, um entweder eine Regeneration durch NOx-
Entfernung oder Zwangsregeneration durch
PM-Entfernung durchzufiihren, wenn eine zwei-
te Indextemperatur (Tn), welche indikativ fr ei-
ne Temperatur entweder des NOXx-Okklusi-
ons-/Reduktionskatalysators (32) oder des ka-
talysierten DPF (33) ist, eine dritte Beurteilungs-
temperatur (Tn3) erreicht.

Verfahren zum Steuern eines Systems (1) zur Ab-
gasreinigung nach Anspruch 3, dadurch gekenn-
zeichnet, dass

eine Temperatur, bei welcher die Temperatur des
Oxidationskatalysators (31) 200 °C erreicht, als ers-
te Beurteilungstemperatur (Tc) angewendet wird,
eine Temperatur, bei welcher die Temperatur des
Oxidationskatalysators (31) 220 °C erreicht, als
zweite Beurteilungstemperatur (Tn) angewendet
wird, und

zur Regeneration durch NOx-Entfernung eine Tem-
peratur, bei welcher die Temperatur des NOx-Ok-
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klusions-/Reduktionskatalysators (32) 250°C er-
reicht, als dritte Beurteilungstemperatur (Tn3) ange-
wendet wird, oder zur Zwangsregeneration durch
PM-Entfernung eine Temperatur, bei welcher die
Temperatur des katalysierten DPF 300°C erreicht,
als dritte Beurteilungstemperatur (Tp3) angewendet
wird.

Revendications

Un systéme (1) pour la purification de gaz d’échap-
pement comprenant, dans I'ordre qui suit depuis un
c6té amont d'un conduit d’échappement (11) d’'un
moteur a combustion interne (10) :

un dispositif (47) pour injection directe dans une
conduite d’échappement ;

un catalyseur d’oxydation (31) ; et

au moins un élément parmi un catalyseur pour
I'élimination de NOx (32) et un FAP catalysé
(33), caractérisé en ce que

un support du catalyseur d’oxydation (31) est
formé a partir d’'un matériau métallique ou d’un
matériau ayant une chaleur spécifique ne dé-
passant pas celle d’'un matériau métallique en
une structure ayant une fonction de mélange de
gaz d’échappement, caractérisé en ce que le
systéme (1) comprend en outre

une unité de commande de purification de gaz
d’échappement (40a) qui est congue pour
effectuer :

une injection directe dans la conduite
d’échappement selon une premiére quanti-
té d’apport prédéterminée pourfaire monter
une température du catalyseur d’oxydation
(31) lorsqu’une premiére température indi-
ce (Tc) indicative d’'une température du ca-
talyseur d’oxydation est au-dessus d’'une
premiere température de jugement (Tc1) ;
une injection directe dans la conduite
d’échappement selon une deuxiéme quan-
tité d’apport prédéterminée pour faire mon-
ter une température du gaz d’échappement
lorsque la premiére température indice (Tc)
estau-dessus d’une deuxiéme température
de jugement (Tc2) ; et

une injection directe dans la conduite
d’échappement selon une troisieme quan-
tité d’apport prédéterminée pour effectuer
une régénération correspondante parmi
une régénération par élimination de NOx et
une régénération forcée par élimination de
MP lorsqu’une deuxiéme température indi-
ce (Tn) indicative d’'une température de cet
au moins un élément parmi le catalyseur de
type a occlusion/réduction de NOx (32) et
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le FAP catalysé (33) atteint une troisieme
température de jugement (Tn3, Tp3).

Le systeme (1) pour la purification de gaz d’échap-
pement selon la revendication 1, caractérisé en ce
que

I'unité de commande de purification de gaz d’échap-
pement (40a) emploie :

une température a laquelle la température du
catalyseur d’oxydation (31) devient 200 °C com-
me premiére température de jugement (Tc1) ;
une température a laquelle la température du
catalyseur d’oxydation (31) devient 220 °C com-
me deuxiéme température de jugement (Tc2) ;
et

pourlarégénération par élimination de NOx, une
température a laquelle la température du cata-
lyseur de type a occlusion/réduction de NOx (32)
devient 250 °C comme troisieme température
de jugement (Tn3), ou pour la régénération for-
cée par élimination de MP, une température a
laquelle latempérature du FAP catalysé (33) de-
vient 300 °C comme troisiéme température de
jugement (Tp3).

Une méthode de commande d'un systéme (1) pour
la purification de gaz d’échappement qui inclut, dans
I'ordre qui suit depuis un cé6té amont d’'un conduit
d’échappement (11) d’'un moteur a combustion in-
terne (10), un dispositif (47) pour injection directe
dans la conduite d’échappement, un catalyseur
d’oxydation (31), et au moins un élément parmi un
catalyseur pour I'élimination de NOx (32) et un FAP
catalysé (33),

caractérisée en ce qu’un support du catalyseur
d’oxydation (31) est formé a partir d’'un matériau meé-
tallique ou d’un matériau ayant une chaleur spécifi-
que ne dépassant pas celle d’'un matériau métallique
en une structure ayant une fonction de mélange de
gaz d’échappement, et

la méthode comprenant :

le fait d’effectuer une injection directe dans la
conduite d’échappement selon une premiére
quantité d’apport prédéterminée pour faire mon-
ter une température du catalyseur d’oxydation
(31) lorsqu’'une premiére température indice
(Tc) indicative d’'une température du catalyseur
d’oxydation est au-dessus d’'une premiere tem-
pérature de jugement (Tc1) ;

le fait d’effectuer une injection directe dans la
conduite d’échappement selon une deuxiéme
quantité d’apport prédéterminée pour faire mon-
ter une température du gaz d’échappement lors-
que la premiére température indice (Tc) est au-
dessus d’'une deuxiéme température de juge-
ment (Tc2) ; et
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le fait d’effectuer une injection directe dans la
conduite d’échappement selon une troisieme
quantité d’apport prédéterminée pour effectuer
une régénération correspondante parmi une ré-
génération par élimination de NOx et une régé-
nération forcée par élimination de MP lors-
qu’une deuxiéme température indice (Tn) indi-
cative d’'une température de cet au moins un
élément parmi le catalyseur de type a occlu-
sion/réduction de NOx (32) et le FAP catalysé
(33) atteint une troisieme température de juge-
ment (Tn3).

La méthode de commande d’un systéme (1) pour la
purification de gaz d’échappement selon la revendi-
cation 3, caractérisée en ce que

une température a laquelle la température du cata-
lyseur d’oxydation (31) devient 200 °C est employée
comme premiére température de jugement (Tc),
une température a laquelle la température du cata-
lyseur d’oxydation (31) devient 220 °C est employée
comme deuxiéme température de jugement (Tn), et
pour la régénération par élimination de NOx, une
température a laquelle la température du catalyseur
de type a occlusion/réduction de NOx (32) devient
250 °C est employée comme troisieme température
de jugement (Tn3), ou pour la régénération forcée
par élimination de MP, une température a laquelle
la température du FAP catalysé devient 300 °C est
employée comme troisieme température de juge-
ment (Tp3).
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