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(54) Exhaust gas purification device

(57) According to the present invention, there is pro-
vided an exhaust gas purification device, comprising a
NOx absorbent arranged in an exhaust passage of an
engine for absorbing NOx therein when an air-fuel ratio
of an exhaust gas flowing into the NOx absorbent is
lean, the NOx absorbent discharging NOx absorbed
therein when a concentration of the oxygen in the
exhaust gas flowing into the NOx absorbent decreases,
a trapping element arranged in the exhaust passage
upstream of the NOx absorbent for trapping particu-
lates, a processing element for processing the particu-
lates trapped in the trapping element to regenerate the
trapping element, and a preventing element for prevent-
ing the exhaust gas from flowing into the NOx absorbent
from the trapping element when the trapping element is
regenerated.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to an exhaust gas purifi-
cation device.

2. Description of the Related Art

[0002] For example, Unexamined Japanese Patent
Publication No. 9-53442 discloses an exhaust gas puri-
fication device, which comprises an absorbent arranged
in an exhaust passage of an engine for absorbing NOx
when an air-fuel ratio of an exhaust gas flowing there-
into is lean, the absorbent discharging NOx absorbed
therein when a concentration of an oxygen in the
exhaust gas decreases. The absorbent is used in an
engine which discharges an exhaust gas, the air-fuel
ratio of which is lean in the major range of the engine
operation.
[0003] As mentioned above, the absorbent discharges
NOx absorbed therein when the concentration of the
oxygen in the exhaust gas is decreased by HC and CO,
and the absorbent purifies NOx with HC and CO. Fur-
ther, the purification device comprises a trapping filter
arranged in the exhaust passage upstream of the
absorbent for trapping exhaust particulates.
[0004] The absorbent may also absorb SOx in the
exhaust gas. In this case, the capacity of the absorbent
to absorb NOx therein is decreased. However, SOx may
absorb on the particulates trapped in the trapping filter.
Thus, in the above purification device, SOx does not
flow into the absorbent. Therefore, the trapping filter can
maintain the capacity of the absorbent to absorb NOx
therein.
[0005] The particulates may clog the trapping filter. In
this case, the trapping filter restricts the flow of the
exhaust as to the downstream of the trapping filter. To
prevent this restriction, the trapping filter is regenerated
by burning the particulates in the trapping filter when a
predetermined period has elapsed.
[0006] SOx adsorbed on the particulates is discharged
from the trapping filter when the trapping filter is regen-
erated. Thus, the capacity of the absorbent to absorb
NOx is decreased when the trapping filter is regener-
ated.
[0007] Therefore, the object of the invention is to pre-
vent the capacity of the absorbent to absorb NOx from
being decreased when the trapping filter is regenerated.

SUMMARY OF THE INVENTION

[0008] According to the invention, there is provided an
exhaust gas purification device comprising a NOx
absorbent arranged in an exhaust passage of an engine
for absorbing NOx therein when an air-fuel ratio of an

exhaust gas flowing into the NOx absorbent is lean, the
NOx absorbent discharging NOx absorbed therein when
a concentration of the oxygen in the exhaust gas flowing
into the NOx absorbent decreases, a trapping element
arranged in the exhaust passage upstream of the NOx
absorbent for trapping particulates, a processing ele-
ment for processing the particulates trapped in the trap-
ping element to regenerate the trapping element, and a
preventing element for preventing the exhaust gas from
flowing into the NOx absorbent from the trapping ele-
ment when the trapping element is regenerated.

[0009] Further, according to the invention, the prevent-
ing element has an exhaust gas bypass passage
branched from a portion of the exhaust passage
between the trapping element and the absorbent for
bypassing the NOx absorbent, and a flow direction
changing valve for changing a flow direction of the
exhaust gas between the flow directions directed to the
NOx absorbent and to the exhaust gas bypass passage,
and the flow direction changing valve is controlled to
change the flow direction of the exhaust gas from the
flow direction directed to the NOx absorbent to the flow
direction directed to the exhaust gas bypass passage
when the regeneration of the trapping element is carried
out.
[0010] Further, according to the invention, the trapping
element has a trapping filter.
[0011] Further, according to the invention, the
processing element has a heater for heating the trap-
ping element to burn the particulates trapped in the
trapping element.
[0012] According to the invention, there is provided an
exhaust gas purification device, comprising a NOx
absorbent arranged in an exhaust passage of an engine
for absorbing NOx therein when an air-fuel ratio of an
exhaust gas flowing into the NOx absorbent is lean, the
NOx absorbent discharging NOx absorbed therein when
a concentration of the oxygen in the exhaust gas flowing
into the NOx absorbent decreases, a trapping element
arranged in the exhaust passage upstream of the NOx
absorbent for trapping particulates, and a discharging
element for discharging the particulates from the trap-
ping element.
[0013] Further, according to the invention, an addi-
tional trapping element is arranged in the exhaust pas-
sage downstream of the NOx absorbent for trapping the
particulates discharged by the discharging element.
[0014] Further, according to the invention, the addi-
tional trapping element has a trapping filter.
[0015] Further, according to the invention, the trapping
element has a trapping filter.
[0016] According to the invention, there is provided an
exhaust gas purification device, comprising a NOx
absorbent arranged in an exhaust passage of an engine
for absorbing NOx therein when an air-fuel ratio of an
exhaust gas flowing into the NOx absorbent is lean, the
NOx absorbent discharging NOx absorbed therein when
a concentration of the oxygen in the exhaust gas flowing

1 2

5

10

15

20

25

30

35

40

45

50

55



EP 0 976 915 A2

3

into the NOx absorbent decreases, a trapping element
arranged in the exhaust passage upstream of the NOx
absorbent for trapping particulates, a processing ele-
ment for processing the particulates trapped in the trap-
ping element to regenerate the trapping element, and
an air-fuel ratio control element for controlling the air-
fuel ratio of the exhaust gas flowing into the NOx
absorbent to make the air-fuel ratio a stoichiometric
ratio or rich when the regeneration of the trapping ele-
ment is carried out.

[0017] Further, according to the invention the air-fuel
ratio control element has bypass passage branched
from the exhaust passage upstream of the trapping ele-
ment and connected to the exhaust passage down-
stream of the trapping element for bypassing the
trapping element, and a flow direction changing valve
for changing a flow direction of the exhaust gas between
the flow directions directed to the trapping element and
to the exhaust gas bypass passage, and the flow direc-
tion changing valve is controlled to change the flow
direction of the exhaust gas from the flow direction
directed to the trapping element to the flow direction
directed to the exhaust gas bypass passage when the
regeneration of the trapping element is carried out.
[0018] Further, according to the invention the trapping
element has a trapping filter.
[0019] Further, according to the invention the process-
ing element has a heater for heating the trapping ele-
ment to burn the particulates trapped in the trapping
element.
[0020] The present invention may more fully under-
stood from the description of the preferred embodi-
ments of the invention set forth below, together with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] In the drawings;

Fig. 1 is a view of an engine with an exhaust gas
purification device of the first embodiment;
Fig. 2 is a flowchart of NOx purification of the first
embodiment;
Fig. 3 is a flowchart of regeneration of a trapping fil-
ter of the first embodiment;
Fig. 4 is a view of an engine with an exhaust gas
purification device of the second embodiment;
Fig. 5 is a view of an engine with an exhaust gas
purification device of the third embodiment;
Fig. 6 is a flowchart of regeneration of a trapping fil-
ter of the third embodiment;
Fig. 7 is a view of an engine with an exhaust gas
purification device of the fourth embodiment; and
Fig. 8 is a flowchart of regeneration of a trapping fil-
ter of the fourth embodiment;

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0022] The invention will be explained by referring to
the drawings. Fig. 1 shows an engine employing an
exhaust gas purification device of the first embodiment.
The engine is a compression combustion engine, and
thus, the air-fuel ratio of the exhaust gas is lean in the
major range of the engine operation. However, the puri-
fication device of the first embodiment can be employed
in a so-called lean burn engine in which the air-fuel ratio
of the exhaust gas is lean in the major range of the
engine operation.
[0023] In Fig. 1, 1 denotes an engine body, and #1 -
#4 denote cylinders formed in the engine body 1. Fuel
injectors 2a - 2d are arranged in the cylinders #1 - #4,
respectively for injecting fuel (including hydrocarbon)
into the respective cylinders. An intake passage 3 is
connected to the cylinders #1 - #4 via an intake manifold
4. The cylinders #1 - #4 are connected to an exhaust
passage 6 via an exhaust manifold 5.
[0024] A trapping filter 7 as a trapping element is
arranged in the exhaust passage 6 for trapping an
exhaust particulates discharged from the engine. The
filter 7 has a small mesh sufficient to trap the particu-
lates. The filter 7 can trap the particulates from the
exhaust gas when the exhaust gas flows through the fil-
ter 7. Further, a heater 8 as a heating element is
arranged at an upstream end of the filter 7 for heating
the upstream end of the filter 7 when the filter 7 should
be regenerated. It is noted that a heater may be
arranged in an intermediate portion or a downstream
end of the filter 7 as desired.
[0025] An air injector 9 is arranged in the exhaust pas-
sage 6 upstream of the filter 7 for injecting an air into the
filter 7 when the filter 7 should be regenerated. Further,
a pressure sensor 10 as a pressure detecting element is
arranged in the exhaust passage 6 upstream of the air
injector 9 for detecting a pressure, i.e., exhaust pres-
sure in the exhaust passage upstream of the filter 7. As
described below in more detail, the pressure sensor 10
also serves as a judgement element for judging if the fil-
ter 7 should be regenerated.
[0026] A NOx absorbent 11 as a NOx absorbing ele-
ment is arranged in the exhaust passage 6 downstream
of the filter 7 for absorbing NOx in the exhaust gas. The
absorbent 11 absorbs NOx when the air-fuel ratio of the
exhaust gas flowing into the absorbent is lean. Further,
the absorbent 11 discharges NOx absorbed therein
when a concentration of oxygen in the exhaust gas flow-
ing into the absorbent decreases.
[0027] An air-fuel ratio sensor 12 is arranged in the
exhaust passage downstream of the absorbent 11 for
detecting an air-fuel ratio of the exhaust gas.
[0028] An exhaust gas bypass passage 13 branches
from the exhaust passage 6 between the filter 7 and the
absorbent 11. The bypass passage 13 connects to the
exhaust passage 6 downstream of the absorbent 11.
The bypass passage 13 causes the exhaust gas to
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bypass the absorbent 11.

[0029] A flow direction changing valve 15 is arranged
in a portion of the exhaust passage 6 from which the
bypass passage 13 branches. The valve 15 changes
the flow direction of the exhaust gas between the direc-
tions directed to the absorbent 11 and to the bypass
passage 13.
[0030] The engine of the first embodiment comprises
an electronic control unit 40. The unit 40 is a digital com-
puter, and comprises a CPU (microprocessor) 42, a
ROM (read only memory) 43, a RAM (random access
memory) 44, a B-RAM (back up RAM) 45, an input port
46, an output port 47 and a clock generator 48, which
are interconnected by a bidirectional lens 41.
[0031] The pressure sensor 10 and air-fuel ratio sen-
sor 12 are connected to the input port 46 via corre-
sponding AD converters 49.
[0032] Further, the engine comprises a crank angle
sensor 16 for detecting an angular position of the crank
shaft. The sensor 16 is directly connected to the input
port 46. In the first embodiment, the engine speed is
calculated on the basis of the detected crank angular
position. Further, the engine comprises a pedal sensor
17 for detecting an amount of depression of the acceler-
ation pedal. The pedal sensor 17 is connected to the
input port 46 via a corresponding AD converter 49. The
output port 47 is connected to the fuel injectors 2a - 2d,
the air injector 9, the heater 8 and the changing valve
15.
[0033] A NOx purification process and a filter regener-
ation process in the purification device of the first
embodiment will be explained. First, the NOx purifica-
tion process in the purification device will be explained.
[0034] The air-fuel ratio of the exhaust gas is lean in
the major range of the engine operation, and the chang-
ing valve 15 is controlled to cause the exhaust gas to
flow into the NOx absorbent 11.
[0035] The particulates in the exhaust as are trapped
by the trapping filter 17. Further, NOx in the exhaust gas
is absorbed in the absorbent 11. Therefore, the exhaust
gas without the particulates and NOx is discharged to
the downstream of the absorbent 11 in the major range
of the NOx purification process.
[0036] In the NOx purification process, the concentra-
tion of the oxygen is caused to be decreased to dis-
charge NOx from the absorbent 11 by increasing the
amount of the fuel injected from the fuel injectors for
driving the engine or by injecting the additional fuel from
the fuel injector during the engine combustion or
exhaust stroke in addition to the injection of the fuel for
driving the engine when a predetermined period is
elapsed. On the discharge of NOx, the fuel, i.e., hydro-
carbon (HC) and/or carbon oxide (CO) reduces NOx to
purify the same. Therefore, during the discharge of
NOx, the exhaust gas without the particulates and NOx
is discharged to the downstream of the absorbent 11.
[0037] It is noted that HC and CO supplied to the
absorbent are completely consumed to reduce NOx,

and are not discharged to the downstream of the
absorbent 11. For this purpose, in the first embodiment,
the amount of HC and CO supplied to the absorbent 11
is decreased when the air-fuel ratio sensor 12 detects
that the air-fuel ratio is rich, and the amount of HC and
CO supplied to the absorbent 11 is increased when the
air-fuel ratio sensor 12 detects that the air-fuel ratio is
lean. Further, in the first embodiment, HC and CO serve
as a reducing agent for purifying NOx. Further, the pre-
determined period is set at a time immediately before
the amount of NOx absorbed in the absorbent 11
exceeds the capacity of the absorbent 11 to absorb NOx
therein on the basis of the engine speed and the engine
load which is calculated on the basis of the amount of
the depression of the acceleration pedal.

[0038] The regeneration process of the trapping filter
7 in the purification device will be explained. First, it is
judged if the filter 7 should be regenerated on the basis
of the exhaust pressure detected by the pressure sen-
sor 10. It is judged that the large amount of the particu-
lates is trapped and the filter 7 should be regenerated
when the exhaust pressure is higher than a predeter-
mined pressure. On the other hand, it is judged that the
small amount of the particulates is trapped and the filter
7 does not need to be regenerated when the exhaust
pressure is lower than the predetermined pressure. The
pressure sensor 10 serves ad a judgement element for
judging if the filter 7 should be regenerated.
[0039] When it is judged that the filter 7 should be
regenerated, the changing valve 15 is controlled to
cause the exhaust gas to flow into the bypass passage
13, and the filter 7 is heated by the heater 8. During the
heating of the filter 7, air is introduced into the filter 7 as
required to burn the particulates trapped in the filter 7. In
the above process, the particulates trapped in the filter
7 are burned, and thus are eliminated from the filter 7.
[0040] On the burning of the particulates, SOx
adsorbed on the particulates is discharged from the fil-
ter 7. However, the exhaust gas bypasses the absorbent
11, and flows directly into the exhaust passage 6 down-
stream of the absorbent 11. Therefore, the absorbent
11 does not absorb SOx, and thus the capacity of the
absorbent 11 to absorb NOx is not decreased.
[0041] It is noted that the burning of the particulates
trapped in the filter 7 may be achieved by increasing the
combustion temperature in the cylinders to introduce
the exhaust gas having a high temperature into the filter
7 instead of using the heater. Further, the burning of the
particulates trapped in the filter is facilitated by decreas-
ing the amount of the intake air by means of a throttle
valve arranged in the intake passage to decrease the
amount of the exhaust gas flowing into the filter 7.
[0042] An NOx purification process of the first embod-
iment will be explained, referring to the flowchart of Fig.
2.
[0043] At step 100, it is judged if the period from the
time at which HC or CO is supplied to the absorbent 11
last time is larger than the predetermined period (t > t0).
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When it is judged that t > t0, it is judged that HC or CO
does not need to be supplied to the absorbent 11, and
the routine is ended. On the other hand, when it is
judged that t 2 t0, it is judged that HC or CO should be
supplied to the absorbent 11, the routine proceeds to
step 102 where it is judged if the presently detected air-
fuel ratio AF of the exhaust gas downstream of the
absorbent 11 is larger than the predetermined air-fuel
ratio AFO (AF > AFO). In this embodiment, the prede-
termined air-fuel ratio AFO is a stoichiometric air-fuel
ratio. When it is judged that AF > AFO, it is judged that
the amount of the HC or CO to be supplied to the
absorbent 11 should be increased since the amount of
HC or CO is not sufficient, the routine proceeds to step
104 where the amount of HC or CO to be supplied to the
absorbent 11 is increased, the routine proceeds to step
106 where the increased amount of HC or CO is
injected from the fuel injectors, and the routine is ended.
On the other hand, when it is judged that AF 2 AFO, it is
judged that HC or CO flows out from the absorbent 11,
the routine proceeds to step 108 where the amount of
HC or CO to be supplied to the absorbent 11 is
decreased, the routine proceeds to step 106 where the
decreased amount of HC or CO is injected from the fuel
injectors, and the routine is ended. Alternatively, when it
is judged that AF 2 AFO in step 102, the injection of HC
or CD may be stopped.

[0044] The regeneration process of the trapping filter
of the first embodiment will be explained, referring to the
flowchart of Fig. 3.
[0045] First, in step 200, it is judged if the exhaust
pressure P upstream of the filter 7 is higher than the
predetermined pressure P0 (P > P0). When it is judged
that P > P0. it is judged that the regeneration of the filter
7 should be carried out since the large amount of the
particulates accumulated in the filter 7 may restrict the
discharge of the exhaust gas from the engine, the rou-
tine proceeds to step 202 where the changing valve 15
is activated to cause the exhaust gas to bypass the
absorbent 11, the routine proceeds to step 204 where
the heater 8 is activated to burn the particulates in the
filter 7, the routine proceeds to step 206 where the air is
injected from the air injector to facilitate the burning of
the particulates, and the routine is ended. On the other
hand, when it is judged that P 2 P0, it is judged that the
regeneration of the filter 7 does not need to be carried
out since the amount of the particulates accumulated in
the filter is relatively small, or it is judged that the regen-
eration of the filter 7 is completed, the routine proceeds
to step 208 where the injection of the air from the air
injector 9 is stopped, the routine proceeds to step 210
where the heater 8 is deactivated, the routine proceeds
to step 212 where the changing valve 15 is activated to
cause the exhaust gas to flow into the absorbent 11,
and the routine is ended.
[0046] The exhaust gas purification device of the sec-
ond embodiment will be explained. A reducing agent
such as NO, HC and SOF (soluble organic fraction) is

included in the exhaust gas. According to the first
embodiment, the reducing agent flows into the filter 7
and reduces the large amount of the oxygen when the
regeneration of the filter 7 is carried out. Therefore, the
amount of the oxygen is not sufficient to burn the partic-
ulates in the trapping filter 7. Thus, it takes a long time
to completely burn the particulates trapped in the filter
7. The exhaust gas does not flow into the absorbent 11
during the regeneration of the filter 7. Thus, if it takes a
long time to complete the regeneration of the filter, the
large amount of NOx may be discharged to the down-
stream of the absorbent 11.

[0047] To overcome the shortage of the oxygen, it is
necessary to make the air-fuel ratio of the engine oper-
ation leaner, or to increase the amount of the air injected
from the air injector 9. However, the leaner air-fuel ratio
of the engine operation leads to the decreasing of the
engine output. Further, the air injector may not inject the
increased amount of the air. Further, air injection may
increase the cost of the purification device. To solve the
above problems, the consumption of the oxygen by HC,
CO or SOF in the trapping filter is prevented.
[0048] As shown in Fig. 2, in the second embodiment,
an oxidizing catalyst 18 is arranged in the exhaust pas-
sage 6 between the engine body 1 and the trapping filter
7, for oxidizing the reducing agent such as NO, HC and
SOF. Other components of the second embodiment are
the same as those of the first embodiment.
[0049] According to the second embodiment, the oxi-
dizing catalyst 18 oxidizes the reducing agent such as
NO, HC or SOF. Therefore, the oxygen is not reduced by
the reducing agent in the filter 7 during the regeneration
of the filter 7. Thus, the particulates trapped in the filter
7 is completely burned within a short period. Thus, the
limited amount of NOX is discharged to the downstream
of the absorbent 11 even during the regeneration of the
filter 7.
[0050] Further, the absorbent 11 can easily absorb
NO2 compared with NO. According to the second
embodiment, the oxidizing catalyst 18 oxidizes NO to
NO2. Therefore, NOx in the form of NO2 transformed
from NO by the oxidizing catalyst 18 flows into the
absorbent 11 when the regeneration of the filter 7 is not
carried out. Thus, the absorbent 11 can easily absorb
NOx.
[0051] The NOx purification process and the regener-
ation process of the filter of the second embodiment are
the same as those in the first embodiment.
[0052] The exhaust gas purification device of the third
embodiment will be explained. As shown in Fig. 3, a
trapping body 19 as a trapping element is arranged in
the exhaust passage 6 for temporarily trapping the par-
ticulates in the exhaust gas and discharging the trapped
particulates when a predetermined period is elapsed.
The trapping body 19 is porous. The particulates are
temporarily trapped by the pores of the trapping body
19. However, the trapped particulates are discharged to
the exhaust passage 6 downstream of the trapping body
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19 by the exhaust gas. The absorbent which is the same
as that of the first embodiment is arranged in the
exhaust passage 6 downstream of the trapping filter 19.
Further, the trapping filter which is the same as that of
the first embodiment is arranged in the exhaust pas-
sage 6 downstream of the absorbent 11.

[0053] Other components are the same as those in
the first embodiment. It is noted that the bypass pas-
sage 13 and the changing valve 15 are eliminated.
[0054] The operation of the purification device of the
third embodiment will be explained.
[0055] As described above, the particulates in the
exhaust gas are temporarily trapped by the trapping
body 19. Further, SOx is absorbed on the particulates
trapped in the trapping body 19. Therefore, the particu-
lates are discharged from the trapping body 19 together
with the SOx. SOx is not absorbed in the absorbent 11
and can pass through the absorbent 11 since SOx is
adsorbed on the particulates.
[0056] The particulates with SOx are trapped by the
trapping filter 7 after the particulates pass through the
absorbent 11. As in the first embodiment, the filter 7 is
regenerated when the exhaust pressure is larger than
the predetermined pressure. Accordingly, the capacity
of the absorbent to absorb NOx is not decreased due to
SOx.
[0057] The regeneration process of the trapping filter
of the third embodiment will be explained, referring to
the flowchart of Fig. 6. It is noted that the NOx purifica-
tion process of the third embodiment is the same as that
of the first embodiment.
[0058] First, in step 300, it is judged if the exhaust
pressure P upstream of the filter 7 is larger than the pre-
determined pressure P0 (P > P0). When it is judged that
P > P0, it is judged that the regeneration of the filter 7
should be carried out since the large amount of the pat-
iculates accumulated in the filter 7 may restrict the dis-
charging of the exhaust gas from the engine, the routine
proceeds to step 302 where the heater 8 is activated to
burn the particulates in the trapping filter 7, the routine
proceeds to step 304 where the air is injected from the
air injector 9 to facilitate the burning of the particulates,
and the routine is ended. On the other hand, when it is
judged that P 2 P0, it is judged that the regeneration of
the filter does not need to be carried out since the small
amount of the particulates are accumulated on the trap-
ping filter 7, or it is judged that the regeneration of the fil-
ter 7, is completed, the routine proceeds to step 306
where the injection of the air from the air injector is
stopped, the routine proceeds to step 308 where the
heater 8 is deactivated, and the routine is ended.
[0059] The exhaust gas purification device of the
fourth embodiment will be explained.
[0060] As shown in Fig. 4, the bypass passage 20
branches from the exhaust passage 6 upstream of the
trapping filter 7 for bypassing the filter 7. The bypass
passage 20 is connected to the exhaust passage 6
between the filter 7 and the absorbent 11. A changing

valve 22 is arranged in a portion 21 of the exhaust pas-
sage 6 from which the bypass passage 20 branches, for
changing the flow direction of the exhaust gas between
the directions directed to the filter 7 and to the bypass
passage 20.

[0061] Other components are the same as those of
the first embodiment.
[0062] The operation of the purification device will be
explained. The NOx purification process of the fourth
embodiment is the same as that of the first embodiment.
[0063] The changing valve 22 is controlled to cause
the exhaust gas to flow into the bypass passage 20
when the regeneration of the filter 7 should be carried
out. At the same time, the filter 7 is heated by the heater
8. Further, the air is injected from the air injector 9 as
required. Accordingly, the particulates trapped in the fil-
ter 7 are burned and eliminated.
[0064] In the fourth embodiment, the exhaust gas
flowing into the absorbent 11 includes the exhaust gas
direct from the engine and the exhaust gas passing
through the filter 7. If the air-fuel ratio of the exhaust gas
flowing into the absorbent 11 is lean, SOx separated
from the particulates during the regeneration of the filter
7 may be absorbed in the absorbent 11. Therefore, the
capacity of the absorbent 11 to absorb NOx is
decreased.
[0065] To avoid this problem, according to the fourth
embodiment, the air-fuel ratio of the exhaust gas dis-
charged from the engine is caused to be rich to make
the air-fuel ratio of the exhaust gas flowing into the
absorbent 11 a stoichiometric ratio or rich on the basis
of the air-fuel ratio of the exhaust gas discharged from
the filter 7. Thus, SOx is not absorbed in the absorbent
11 since the air-fuel ratio of the exhaust gas flowing into
the absorbent 11 is the stoichiometric ratio or rich.
Therefore, the capacity of the absorbent 11 to absorb
NOx is not decreased.
[0066] It is noted that the air-fuel ratio of the exhaust
gas discharged from the engine is controlled to make
the air-fuel ratio of the exhaust gas discharged from the
absorbent 11 the stoichiometric ratio. Therefore, the
exhaust gas discharged from the absorbent 11 does not
include HC.
[0067] The regeneration of the filter of the fourth
embodiment will be explained, referring to the flowchart
of Fig. 8. It is noted that the NOx purification process of
the fourth embodiment is the same as that of the first
embodiment.
[0068] First, in step 400, it is judged if the exhaust
pressure P upstream of the filter 7 is larger than the pre-
determined pressure P0 (P > P0). When it is judged that
p > P0, it is judged that the regeneration of the filter 7
should be carried out since the large amount of the par-
ticulates accumulated in the filter 7 may restrict the dis-
charging of the exhaust gas from the engine, the routine
proceeds to step 402 where the changing valve 22 is
activated to cause the exhaust gas to bypass the filter 7,
the routine proceeds to step 404 where the heater 8 is
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activated to burn the particulates in the filter 7, the rou-
tine proceeds to step 406 where the air is injected from
the air injector 9 to facilitate the burning of the particu-
lates, and the routine proceeds to step 408. On the
other hand, when it is judged that P 2 P0, it is judged
that the regeneration of the filter 7 does not need to be
carried out since the amount of the particulates accu-
mulated in the filter 7 is relatively small, or it is judged
that the regeneration of the filter 7 is completed, the rou-
tine proceeds to step 416 where the injection of the air
from the air injector 9 is stopped, the routine proceeds
to step 418 when the heater 8 is deactivated, the routine
proceeds to step 420 where the changing valve 22 is
activated to cause the exhaust gas to flow into the
absorbent 11, and the routine is ended.

[0069] In step 408, it is judged if the presently
detected air-fuel ratio AF of the exhaust gas down-
stream of the absorbent 11 is larger than the predeter-
mined air-fuel ratio AFO (AF > AFO). When it is judged
that AF > AFO, it is judged that the amount of HC to be
supplied to the absorbent 11 should be increased since
the amount of HC is not sufficient, the routine proceeds
to step 410 where the amount of HC to be supplied to
the absorbent 11 is increased, the routine proceeds to
step 412 where the increased amount of HC is injected
from the fuel injectors, and the routine is ended. On the
other hand, when it is judged that AF 2 AFO, it is judged
that HC flows out from the absorbent 11, the routine
proceeds to step 414 where the amount of HC to be
supplied to the absorbent 11 is decreased, the routine
proceeds to step 412 where the decreased amount of
HC is injected from the fuel injectors, and the routine is
ended. Alternatively, when it is judged that AF 2 AFO in
step 408, the injection of HC may be stooped.
[0070] While the invention has been described by ref-
erence to specific embodiments chosen for purposes of
illustration, it should be apparent that numerous modifi-
cations can be made thereto by these skilled in the art
without departing from the basic concept and scope of
the invention.
[0071] According to the present invention, there is pro-
vided an exhaust gas purification device, comprising a
NOX absorbent arranged in an exhaust passage of an
engine for absorbing NOx therein when an air-fuel ratio
of an exhaust gas flowing into the NOx absorbent is
lean, the NOx absorbent discharging NOx absorbed
therein when a concentration of the oxygen in the
exhaust gas flowing into the NOx absorbent decreases,
a trapping element arranged in the exhaust passage
upstream of the NOx absorbent for trapping particu-
lates, a processing element for processing the particu-
lates trapped in the trapping element to regenerate the
trapping element, and a preventing element for prevent-
ing the exhaust gas from flowing into the NOx absorbent
from the trapping element when the trapping element is
regenerated.

Claims

1. An exhaust gas purification device, comprising a
NOx absorbent arranged in an exhaust passage of
an engine for absorbing NOx therein when an air-
fuel ratio of an exhaust gas flowing into the NOx
absorbent is lean, the NOx absorbent discharging
NOx absorbed therein when a concentration of the
oxygen in the exhaust gas flowing into the NOx
absorbent decreases,

a trapping element arranged in the exhaust
passage upstream of the NOx absorbent for
trapping particulates,
a processing element for processing the partic-
ulates trapped in the trapping element to
regenerate the trapping element, and
a preventing element for preventing the
exhaust gas from flowing into the NOx absorb-
ent from the trapping element when the trap-
ping element is regenerated.

2. An exhaust gas purification device according to
claim 1, wherein the preventing element has an
exhaust gas bypass passage branched from a por-
tion of the exhaust passage between the trapping
element and the NOx absorbent for bypassing the
NOx absorbent, and a flow direction changing valve
for changing a flow direction of the exhaust gas
between the flow directions directed to the NOx
absorbent and to the exhaust gas bypass passage,
and the flow direction changing valve is controlled
to change the flow direction of the exhaust gas from
the flow direction directed to the NOx absorbent to
the flow direction directed to the exhaust gas
bypass passage when the regeneration of the trap-
ping element is carried out.

3. An exhaust gas purification device according to
claim 1 wherein the trapping element has a trapping
filter.

4. An exhaust gas purification device according to
claim 1 wherein the processing element has a
heater for heating the trapping element to burn the
particulates trapped in the trapping element.

5. An exhaust gas purification device, comprising a
NOx absorbent arranged in an exhaust passage of
an engine for absorbing NOx therein when an air-
fuel ratio of an exhaust gas flowing into the NOx
absorbent is lean, the NOx absorbent discharging
NOx absorbed therein when a concentration of the
oxygen in the exhaust gas flowing into the NOx
absorbent decreases,

a trapping element arranged in the exhaust
passage upstream of the NOx absorbent for
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trapping particulates, and

a discharging element for discharging the par-
ticulates from the trapping element.

6. An exhaust gas purification device according to
claim 5 wherein an additional trapping element is
arranged in the exhaust passage downstream of
the NOx absorbent for trapping the particulates dis-
charged by the discharging element.

7. An exhaust gas purification device according to
claim 6 wherein the additional trapping element has
a trapping filter.

8. An exhaust gas purification device according to
claim 5 wherein the trapping element has a trapping
filter.

9. An exhaust gas purification device, comprising a
NOx absorbent arranged in an exhaust passage of
an engine for absorbing NOx therein when an air-
fuel ratio of an exhaust gas flowing into the NOx
absorbent is lean, the NOx absorbent discharging
NOx absorbed therein when a concentration of the
oxygen in the exhaust gas flowing into the NOx
absorbent decreases,

a trapping element arranged in the exhaust
passage upstream of the NOx absorbent for
trapping particulates,
a processing element for processing the partic-
ulates trapped in the trapping element to
regenerate the trapping element, and
an air-fuel ratio control element for controlling
the air-fuel ratio of the exhaust gas flowing into
the NOX absorbent to make the air-fuel ratio a
stoichiometric ratio or rich when the regenera-
tion of the trapping element is carried out.

10. An exhaust gas purification device according to
claim 9 wherein the air-fuel ratio control element
has bypass passage branched from the exhaust
passage upstream of the trapping element con-
nected to the exhaust passage downstream of the
trapping element for bypassing the trapping ele-
ment, and a flow direction changing valve for
changing a flow direction of the exhaust gas
between the flow directions directed to the trapping
element and to the exhaust gas bypass passage,
and the flow direction changing valve is controlled
to change the flow direction of the exhaust gas from
the flow direction directed to the trapping element to
the flow direction directed to the exhaust gas
bypass passage when the regeneration of the trap-
ping element is carried out.

11. An exhaust gas purification device according to
claim 9 wherein the trapping element has a trapping

filter.

12. An exhaust gas purification device according to
claim 9 wherein the processing element has a
heater for heating the trapping element to burn the
particulates trapped in the trapping element.

13 14

5

10

15

20

25

30

35

40

45

50

55



EP 0 976 915 A2

9



EP 0 976 915 A2

10



EP 0 976 915 A2

11



EP 0 976 915 A2

12



EP 0 976 915 A2

13



EP 0 976 915 A2

14



EP 0 976 915 A2

15



EP 0 976 915 A2

16


	bibliography
	description
	claims
	drawings

