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EXHAUST EMISSION CONTROL SYSTEM OF
AN INTERNAL COMBUSTION ENGINE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates generally to an exhaust
emission control system of an internal combustion engine
and, more particularly, to an exhaust emission control sys-
tem of an internal combustion engine which 1s capable of
switching over a flow direction of an exhaust gas tlowing
through an exhaust gas purilying element according to the
necessity.

2. Related Background Art

In general, an exhaust emission control system for purify-
ing an exhaust gas discharged from an internal combustion
engine 1s provided at an exhaust passageway of the internal
combustion engine. When the exhaust gas from the internal
combustion engine flows through this exhaust emission con-
trol system, a deposit 1s gradually adhered from an upstream
side 1n the exhaust emission control system. A classification
of what this deposit 1s all about might differ depending upon
a composition ol the exhaust gas, or a construction of the
exhaust emission control system or an exhaust gas puriiying
mechanism, and what can be exemplified as the deposit may
be, e.g., an oxide, a sulfide, nitrate and sulfate. This deposit
might cause a decline of a purging performance of the
exhaust emission control system and also an increase in an
exhaust resistance, and therefore needs to be removed at a
predetermined timing.

For example, the exhaust emission control system for
purging the exhaust gas of NO_which 1s discharged from the
internal combustion engine for performing a combustion at a
lean air/fuel ratio, may involve the use of an NO_ storage-
reduction catalyst. This NO,_ storage-reduction catalyst
absorbs NO_when the air/fuel ratio of the inflow exhaust gas
1s lean, and desorbs NO_ absorbed thereto when a concentra-
tion ol oxygen in the intlow exhaust gas decreases, thus
effecting reduction to N,. The NO_ storage-reduction cata-
lyst 1s disposed 1n an exhaust passageway, and absorbs a
nitrogen oxide (NO_) contained in the exhaust gas exhibiting
the lean air/tfuel ratio. After absorbing NO_, the air/fuel ratio
of the exhaust gas flowing into the NO_ storage-reduction
catalyst 1s made rich by increasing a quantity of the tuel
supplied to the internal combustion engine, thereby desorb-
ing NO_ absorbed thereto from the NO_ storage-reduction
catalyst. Desorbed NO_ 1s reduced to N, with a reducing
component such as unburned HC, CO etc contained 1n the
e¢xhaust gas.

By the way, generally speaking, the fuel of the internal
combustion engine contains a sulfur content, and, when the
tuel 1s burned 1n the internal combustion engine, the sulfur
content 1s burned, resulting 1n a production of sulfur oxide
(SO, ). The NO_ storage-reduction catalyst absorbs SOX
contained 1n the exhaust gas with the same mechanism as
absorbing NO,. Therefore, 1f the NO_ storage-reduction
catalyst 1s disposed 1n the exhaust passageway of the internal
combustion engine, the NO_ storage-reduction catalyst

absorbs SO_as well as NO_.

SO_ absorbed to the NO, storage-reduction catalyst,
however, generates stable sulfate with a passage of time. SO _
1s therefore dissolved and desorbed with a difficulty and has
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a tendency of being easily accumulated within the NO_
storage-reduction catalyst under a condition of executing
desorption, reduction and purging of NO,_ out of the NO_
storage-reduction catalyst (which 1s hereinafter termed a
NO _ desorbing/reducing process). If there augments a SO _
accumulation quantity within the NO_ storage-reduction
catalyst, a NO_ absorption quantity of the NO, storage-
reduction catalyst decreases, and 1t 1s therefore unieasible to
suificiently purge the exhaust gas of NO_, with the result that
so-called SO, poisoning occurs, wherein a NO_, purging rate
declines. Such being the case, it 1s required that SO,
absorbed to the catalyst be desorbed therefrom at a proper
timing 1n order to keep high the NO, purging rate of the NO_

storage-reduction catalyst for a long period of time.

It has already proved that the air/fuel ratio of the intlow
exhaust gas needs to be rich and the NO_ storage-reduction
catalyst 1s required to be set at a higher temperature than 1n
the NO_ desorbing/reducing process for desorbing SO_
absorbed to the NO_ storage-reduction catalyst.

Incidentally, a distribution of a SO_ absorption quantity 1n
the NO, storage-reduction catalyst exhibits a higher concen-
tration 1n the closer proximity to the inlet of the exhaust gas
in the NO_ storage-reduction catalyst. Hence, when desorb-
ing SO_ absorbed to the NO, storage-reduction catalyst, 1n
the case of flowing the exhaust gas having the rich air/fuel
ratio in the same direction as a flow direction of the exhaust
gas when absorbing NO_, though SO_ absorbed 1s desorbed
on the inlet side 1n the NO_ storage-reduction catalyst, SO_
desorbed therefrom merely migrates to the outlet side of the
exhaust gas through the NO_ storage-reduction catalyst and
1s reabsorbed to the NO_ storage-reduction catalyst. The
problem 1s therefore such that SO_ can not be discharged
from the NO, storage-reduction catalyst.

Under such circumstances, a technology disclosed 1n
Japanese Patent Application Laid-Open Publication No.7-
259342, 1s that when desorbing SO, absorbed to the NO_
storage-reduction catalyst, the exhaust gas having the rich
air/Tuel ratio tlows through the NO_ storage-reduction cata-
lyst 1n a direction opposite to the direction when absorbing
NO_. In the case of incorporating a backward flow function
of desorbing SO, by reversing the flow of the exhaust gas as
described above, SO_ desorbed tfrom the NO, storage-
reduction catalyst has a shorter migration distance within the
NO_ storage-reduction catalyst, and 1s immediately dis-
charged out of the NO_ storage-reduction catalyst. It 1s there-
fore feasible to prevent desorbed SO_ from being reabsorbed
to the NO__ storage-reduction catalyst.

The following 1s an explanation of a construction of the
exhaust mission control system of the internal combustion
engine which imcorporates the backward tflow function dis-
closed 1n the above Publication. An upstream-side exhaust
passageway connected to an inlet of the NO_ storage-
reduction catalyst 1s connected to a downstream-side
exhaust gas passageway connected to an outlet of the NO_
storage-reduction catalyst via a bypass passageway for
bypassing the NO_ storage-reduction catalyst. A first emis-
sion tlow switching valve 1s provided at a confluent portion
between the upstream-side exhaust passageway and the
bypass passageway. A second emission flow switching valve
1s provided at a confluent portion between the downstream-
side exhaust passageway and the bypass passageway. The
first emission tlow switching valve 1s capable of making a
changeover to let the exhaust gas flowing from upstream
flow through the NO,_ storage-reduction catalyst or let the
exhaust gas tlow into the bypass passageway. The second
emission tlow switching valve 1s capable of making a
changeover to let the exhaust gas flowing through the NO_
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storage-reduction catalyst tlow out toward the downstream-
side exhaust passageway disposed more downstream than

the second emission tlow switching valve or let the exhaust
gas tlowing though the bypass passageway flow out toward
the downstream-side exhaust passageway disposed more 3
downstream than the second emission flow switching valve.
Further, an exhaust passageway for suction 1s bypassed from
the upstream-side exhaust passageway between the NO_
storage-reduction catalyst and the first emission flow switch-
ing valve, and 1s connected to an intake port of an exhaust 10
pump, and a discharge port of the exhaust pump 1s connected

to the above bypass passageway. Moreover, a reducing agent
supply device for supplying a reducing agent 1s provided at
the downstream-side exhaust passageway between the NO_
storage-reduction catalyst and the second emission flow 15
switching valve.

Then, when in the NO_ absorbing process, the first and
second emission flow switching valves are switched over to
close the bypass passageway so that an entire quantity of
exhaust gas from the internal combustion engine flows 20
toward the outlet from the 1nlet of the NO_ storage-reduction
catalyst. On the other hand, when desorbing SO, from the
NO_ storage-reduction catalyst, the first and second emis-
sion tlow switching valves are switched over to close the
bypass passageway so that substantially the entire quantity 25
of exhaust gas from the internal combustion engine flows to
the bypass passageway. Simultaneously, the exhaust gas in
the upstream-side exhaust passageway between the NO_
storage-reduction catalyst and the first emission tlow switch-
ing valve 1s sucked and discharged to the bypass passageway 30
by operating the exhaust pump, thereby causing a flow of the
exhaust gas flowing backward from the outlet toward the
inlet through the NO_ storage-reduction catalyst. Besides,
the reducing agent 1s supplied to the downstream-side
exhaust passageway by operating a reducing agent supply 35
device. The exhaust gas exhibiting the rich air/fuel ratio 1s
thereby tlowed backward through the NO_ storage-reduction
catalyst, thus desorbing SO_ from the NO_ storage-reduction
catalyst.

The conventional backward-tlow-tunction-incorporated 40
exhaust emission control system of the internal combustion
engine requires the exhaust pump and the plurality of emis-
s1on flow switching valves and therefore involves the use of
an 1ncreased number of parts, resulting 1n a rise 1n costs.
Further, the increased number of parts leads to a good deal of 45
labors for maintenance and inspection, correspondingly.

Moreover, the SO, desorbing process involving the back-
ward tlow 1n the NO_ storage-reduction catalyst may be
defined as a processing method giving attention to avoidance
of the SO_ reabsorption by decreasing the SO_ migration Y
distance when desorbing SO,.. While on the other hand, 1f
this processing method 1s adopted, there increases a distance
till the exhaust gas arrives at the NO_ storage-reduction
catalyst, and hence there must be a large drop 1n temperature
of the exhaust gas during a period for which the exhaust gas °°
flows through this long route. The above processing method
1s not necessarily, as the case may be, considered the best
method of desorbing SO, 1n terms of a temperature condi-
tion when desorbing SO _.

SUMMARY OF THE INVENTION

It 1s a primary object of the present invention, which was
devised to obviate the above problems inherent 1n the prior
art, to provide an exhaust emission control system of an
internal combustion engine, which 1s capable of reducing 65
costs by simplifying 1ts own structure and decreasing the
number of parts thereof.

60

4

It 1s another object of the present invention to provide an
exhaust emission control system of an internal combustion
engine, which 1s capable of establishing a SO, desorption
processing technology with respect to an NO, storage-
reduction catalyst NO..

To accomplish the above objects, according to a first
aspect ol the present invention, an exhaust emission control
system of an internal combustion engine comprises an
exhaust gas purifying element provided in an exhaust pas-
sageway of the iternal combustion engine, a flow direction
switching device including four ports and provided at an
exhaust passageway disposed more upstream than the
exhaust gas purilying element, a first exhaust passageway
connected to the internal combustion engine and further to a
first portion of the flow direction switching device, a second
exhaust passageway communicating with the atmospheric
air and further to a second port of the tlow direction switch-
ing device, a third exhaust passageway connected to one side
of the exhaust gas purifying element and further to a third
port of the flow direction switching device, and a fourth
exhaust passageway connected to the other side of the
exhaust gas purilying element and further to a fourth port of
the tlow direction switching element. The flow direction
switching device can be switched over to a first position for
permitting the exhaust gas to flow 1n a first direction through
the exhaust gas purilying element by connecting the first
port to the third port and connecting the second port to the
fourth port, and to a second position for permitting the
exhaust gas to flow 1n a direction opposite to the first direc-
tion through the exhaust gas purifying element by connect-
ing the first port to the fourth port and connecting the second
port to the third port.

In the thus constructed exhaust emission control system of
the internal combustion engine, the flow direction switching
device 1s selectively switched over to the first position or the
second position, thereby making the exhaust gas flow 1n the
forward or backward direction through the exhaust gas puri-
tying element. A determination of a changeover of which
flow direction the exhaust gas flows in when satisfying what
condition, 1s made based on characteristics of the whole
exhaust emission control system and of the exhaust gas puri-
tying element.

A gasoline engine and a diesel engine may be exemplified
as the internal combustion engine according to the present
invention.

The exhaust gas purilying element according to the
present mnvention may take any structures and forms on con-
dition that 1t has a function of purifying the exhaust gas, and
there may be exemplified a catalyst and a filter (e.g., a diesel
particulate filter). Further, 1f there change a puritying mecha-
nism of the exhaust gas puritying element and a composition
of the exhaust gas from the internal combustion engine, an
adhered substance adhered to the exhaust gas puritying ele-
ment might differ 1n 1ts classification. What 1s exemplified as
the adhered substance may be an oxides, a sulfide, nitrate
and sulfate.

-

T'hen, there may also be taken a using method of switch-
ing over the flow direction switching device i order to des-
orb the adhered substance adhered to the exhaust gas purily-
ing device. In this case, it might be required that a
temperature of the exhaust gas purilying device be raised
when desorbing the adhered substance depending upon a
type of the exhaust gas puritying device and the classifica-
tion of the adhered substance, or that the air/fuel ratio of the
exhaust gas be stoichiometric or rich, or that both of such
operations be carried out.
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According to a second aspect of the present invention, in
the exhaust emission control system of the internal combus-
tion engine according to the first aspect of the invention, the
flow direction switching device can be switched over to a
third position 1n which the first port 1s connectable to the
second port. A determination of the way of using the tlow
direction switching device by setting this device 1n the third
position and what state this should be done 1n, 1s made based
on the characteristics of the whole exhaust emission control
system and of the exhaust gas purifying element.

According to a third aspect of the present invention, in the
exhaust emission control system of the internal combustion
engine according to the first aspect of the invention, the
exhaust gas purilying element may be an NO,_ storage-
reduction catalyst NO, catalyst for absorbing NO_ when an
air/fuel ratio of the mflow exhaust gas 1s lean, and desorbing
NO, absorbed thereto when a concentration of oxygen 1n the
inflow exhaust gas decreases.

According to a fourth aspect of the present invention, 1n
the exhaust emission control system of the internal combus-
tion engine according to the third aspect of the mvention,
when 1n a SO, desorbing process of desorbing SO, absorbed
to the NO, storage-reduction catalyst from the NO_ storage-
reduction catalyst, the flow direction switching device 1s
switched over to the first position or the second position,
thereby making a flow direction of the exhaust gas flowing
through the NO_ storage-reduction catalyst opposite to the
direction when absorbing NO. .

This 1s based on such a conception that the exhaust gas
flows through the NO_ storage-reduction catalyst, and SO _
contained 1n the exhaust gas 1s adhered to the NO__ storage-
reduction catalyst, in which case the SO_ absorption starts
from an upstream portion of the NO, storage-reduction
catalyst, and the SO_-absorbed area gradually expands
toward the downstream side. If SO_ 1s thus distributed over
the NO, storage-reduction catalyst, when 1n the SO_ desorb-
ing process, SO_ can be desorbed from the NO_ storage-
reduction catalyst at a high efficiency by flowing the exhaust
gas 1n the direction opposite to the direction when absorbing
NO_. Note that when 1n the SO, desorbing process, the air/
tuel ratio of the exhaust gas 1s set stoichiometric or rich.
Further, when 1n the SO_ desorbing process, it 1s preferable
that the exhaust gas temperature or the temperature of the
NO_ storage-reduction catalyst be high to enable the SO_
desorption to be executed at the high efficiency.

According to a fifth aspect of the present invention, in the
exhaust emission control system of the internal combustion
engine according to the fourth aspect of the mvention, the
exhaust gas purifying element composed of the NO__storage-
reduction catalyst is such that, a NO_ storage-reduction
catalyst disposed on inlet side in the flow dirvection of the
exhaust gas when absorbing NO_ exhibits higher SO_
absorbing power than that of an NO, storage-reduction cata-
lyst disposed on an outlet side 1n the flow direction of the
exhaust gas when absorbing NO_. With this contrivance, a
greater amount of SO_ 1s adhered on the inlet side of the
exhaust gas when absorbing NO, in the NO_ storage-
reduction catalyst [NO_ catalyst,] and, when in the SO_ des-
orbing process executed by reversing the flow direction of
the exhaust gas, SO _1s desorbed at a higher efficiency from
the NO, storage-reduction catalyst.

According to a sixth aspect of the present invention, the
exhaust emission control system of the internal combustion
engine according to the fourth aspect of the invention, may
turther comprise a heating element for heating a portion
close to an 1nlet of the NO__ storage-reduction catalyst 1in the
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flow direction of the exhaust gas when the NO_ storage-
reduction catalyst absorbs NO_. With this construction, the
SO, desorption out of the NO_ storage-reduction catalyst 1s
more speeded up.

According to a seventh aspect of the present invention, 1n
the exhaust emission control system of the internal combus-
tion engine according to the fourth aspect of the invention,
the switch-over of the flow direction switching device when
in the SO_ desorbing process 1s executed when an exhaust
gas temperature or a catalytic temperature of the NO_
storage-reduction catalyst rises. The NO, storage-reduction
catalyst has a nature of easily absorbing NO_and SO_ when
the exhaust gas temperature lowers, and desorbing NO_ and
SO, when the exhaust gas temperature rises, and hence the
SO, desorption 1s facilitated by taking the above switching
timing.

The switching timing by the flow direction switching
device 1s not, however, limited to what has been described
above. The switching timing may also include a timing when
a quantity of SO_ absorbed to the NO_ storage-reduction
catalyst reaches a predetermined quantity. Further, 1f applied
to a gasoline engine (a so-called lean-burn gasoline engine)
capable of performing the combustion at a lean air/fuel ratio,
the combustion 1n the engine can be switched over to a com-
bustion at the lean air/fuel ratio and to a combustion at a rich
air/fuel ratio, depending upon an operation state of the
engine. Hence, the changeover of the flow direction switch-
ing device may be controlled corresponding to the operation
state of the engine.

According to an eighth aspect of the present invention, 1n
the exhaust emission control system of the internal combus-
tion engine according to the fourth aspect of the mvention,
lengths of the third exhaust passageway and of the fourth
exhaust passageway are set so that a distance from the inter-
nal combustion engine to the NO_ storage-reduction catalyst
is shorter [when absorbing NO_ than when in the SO, des-
orbing process] when in the SO_ desorbing process when
absorbing NO_ by switching over the tlow direction switch-
ing device to the first position or the second position. With
this contrivance, it 1s feasible to minimize a drop i1n the
exhaust gas temperature till the exhaust gas arrives at the
NO, storage-reduction catalyst during the SO_ desorbing
process and to speed up the rise 1n the temperature of the
NO, storage-reduction catalyst. As a result, the SO_ desorp-
tion can be speeded up.

According to a ninth aspect of the present invention, 1n the
exhaust emission control system of the internal combustion
engine according to the third aspect of the invention, a
sweeper may be provided at the second exhaust passageway.
With this configuration, even when the flow of the exhaust
gas 15 bypassed without flowing through the exhaust gas
purifying element in the process of the switching-over of the
flow direction switching device, the exhaust gas 1s purified
by the sweeper and 1s discharged into the atmospheric air.

According to a tenth aspect of the present invention, in the
exhaust emission control system of the internal combustion
engine according to the nminth aspect of the imvention, the
sweeper 1s a selective reduction type NO, catalyst for reduc-
ing or dissolving NO_ under an existence of hydro carbon 1n
an over-oxygen atmosphere.

According to an eleventh aspect of the present invention,
in the exhaust emission control system of the internal com-
bustion engine according to the ninth aspect of the invention,
another catalyst may be provided in the first exhaust
passageway, and the tlow direction switching device may be
switched over to the third position for connecting the first
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port to the second port for an initial predetermined time
during the SO_ desorbing process and, after the predeter-
mined time has elapsed, switched over to make the flow
direction of the exhaust gas tlowing though the NO__ storage-
reduction catalyst opposite to the direction when absorbing
NO_. With this contrivance, even when SO, _1s desorbed from
another catalyst at an initial stage of the SO_ desorbing
process, SO, desorbed therefrom does not flow to the NO_
storage-reduction catalyst, whereby the NO, storage-
reduction catalyst can be prevented from sufiering SO, poi-
soning. Besides, the sweeper can purge the exhaust gas of
SO, desorbed out of another catalyst.

According to a twelfth aspect of the present invention, 1n
the exhaust emission control system of the internal combus-
tion engine according to the ninth aspect of the invention, the
NO_ storage-reduction catalyst and the sweeper are inte-
grated nto one unit so that the exhaust gas can not flow
therebetween and the heat can be transmitted therebetween.
With this construction, a temperature of the sweeper can be
kept high.

According to a thirteenth aspect of the present invention,
in the exhaust emission control system of the internal com-
bustion engine according to the first aspect of the invention,
lengths of the third exhaust passageway and of the fourth
exhaust passageway are set so that a distance from the inter-
nal combustion engine to the exhaust gas puritying element
becomes different by switching over the flow direction
switching device to the first position or the second position.
With this setting, the drop 1n the temperature of the exhaust
gas flowing into the exhaust gas purilying element can be
made smaller when selecting the flow path having the
shorter distance from the internal combustion engine to the
exhaust gas puritying element than when selecting the flow
path having the longer distance. A determination of what
state the tlow direction switching device switches over the
flow direction of the exhaust gas, 1s made based on the char-
acteristics of the whole exhaust emission control system and
of the exhaust gas purilying element.

According to a fourteenth aspect of the present invention,
in the exhaust emission control system of the internal com-
bustion engine according to the thirteenth aspect of the
invention, the switch-over of the flow direction switching
device 1s executed based on an exhaust gas temperature or a
temperature of the exhaust gas puritying element. A determi-
nation about what temperature condition the tlow direction
switching device switches over the flow direction of the
exhaust gas, 1s made based on the characteristics of the
whole exhaust emission control system and of the exhaust
gas purilying element.

According to a fifteenth aspect of the present invention, 1n
the exhaust emission control system of the internal combus-
tion engine according to the fourteenth aspect of the
invention, the exhaust gas purifying element may be an NO_
storage-reduction catalyst NO_ catalyst for absorbing NO_
when an air/fuel ratio of the inflow exhaust gas 1s lean, and
desorbing NO, absorbed thereto when a concentration of
oxygen 1n the inflow exhaust gas decreases.

According to a sixteenth aspect of the present mvention,
in the exhaust emission control system of the internal com-
bustion engine according to the fifteenth aspect of the
invention, the flow direction switching device 1s switched
over by selecting a tlow path having a shorter distance from
the internal combustion engine to the NO _ storage-reduction
catalyst when 1n the SO_ desorbing process of desorbing SO_
desorbed to the NO _ storage-reduction catalyst from the NO_
storage-reduction catalyst. In the case of desorbing SO,
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from the NO_ storage-reduction catalyst, a SO, desorbing
efficiency 1s higher when the temperature of the NO_
storage-reduction catalyst 1s higher. When selecting the tlow
path having the shorter distance from the internal combus-
tion engine to the NO, storage-reduction catalyst, there 1s
decreased the drop 1n the exhaust gas temperature till the
exhaust gas arrives at the NO_ storage-reduction catalyst,
and the higher-temperature exhaust gas can tlow into the
NO_ storage-reduction catalyst. As a result, SO_ can be des-

orbed more efficiently.

According to a seventeenth aspect of the present
invention, 1n the exhaust emission control system of the
internal combustion engine according to the fifteenth aspect
of the mvention, the flow direction switching device may be
switched over by selecting a flow path having a longer dis-
tance irom the internal combustion engine to the NO_
storage-reduction catalyst when the NO_ storage-reduction
catalyst absorbs NO_ and when the exhaust gas temperature
or the catalytic temperature of the NO, storage-reduction
catalyst 1s over a predetermined temperature, and selecting a
flow path having a shorter distance from the internal com-
bustion engine to the NO, storage-reduction catalyst when
the NO_ storage-reduction catalyst absorbs NO_ and when
the exhaust gas temperature or the catalytic temperature 1s
lower than the predetermined temperature. If the distance
from the internal combustion engine to the NO_ storage-
reduction catalyst 1s long, there must be a large drop 1n the
temperature of the exhaust gas till the exhaust gas arrives at
the NO_ storage-reduction catalyst. Reversely, if the distance
from the internal combustion engine to the NO_ storage-
reduction catalyst 1s short, there must be a small drop 1n the
temperature of the exhaust gas till the exhaust gas arrives at
the NO,_ storage-reduction catalyst. Accordingly, the long
route and the short route are separately used by switching
over the flow direction switching device as described above,
whereby the NO_ storage-reduction catalyst can be kept
within a temperature range preterable to the NO_absorption,
and the NO, purging rate can be enhanced.

According to an eighteenth aspect of the present
invention, 1n the exhaust emission control system of the
internal combustion engine according to the fifteenth aspect
of the mvention, a sweeper may be provided at the second
exhaust passageway, and the tflow direction switching device
can be switched over to a third position 1n which the first port
can be connected to the second port. When thze exhaust gas
temperature or the catalytic temperature of the NO, storage-
reduction catalyst 1s higher than a NO_ absorbable tempera-
ture range of the NO,_ storage-reduction catalyst, the flow
direction switching device may be selectively switched over
to the third position. If the exhaust gas temperature or the
catalytic temperature of the NO_ storage-reduction catalyst
1s higher than the NO, absorbable temperature range of the
NO_storage-reduction catalyst, the exhaust gas 1s not purged
of NO, contained therein [eve] by flowing the exhaust gas
through the NO _ storage-reduction catalyst, and besides the
NO, storage-reduction catalyst 1s deteriorated due to the
high temperature. Then, 1n such a case, the flow direction
switching device 1s switched over to the third position,
whereby the exhaust gas takes a short path from the first
exhaust passageway to the second exhaust passageway with-
out flowing through the NO, storage-reduction catalyst. The
NO_ storage-reduction catalyst 1s thereby prevented from
being deteriorated. Further, the sweeper purges the exhaust
gas of HC and CO contained therein.

According to a nineteenth aspect of the present invention,
in the exhaust emission control system of the internal com-
bustion engine according to the seventeenth aspect of the
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invention, a cooling device for cooling the exhaust gas may
be provided at either the third exhaust passageway or the
fourth exhaust passageway, which increases the distance
from the internal combustion engine to the NO_ storage-
reduction catalyst. The cooling device 1s capable of forcibly
cooling the exhaust gas, which enables the NO_ storage-
reduction catalyst to be more surely kept within the tempera-
ture range preferable to the NO_ absorption.

According to a twentieth aspect of the present invention,
in the exhaust emission control system of the internal com-
bustion engine according to the third aspect of the mvention,
the first exhaust passageway may be provided with a SO _
absorbing agent for absorbing SO_ when the air/tuel ratio of
the inflow exhaust gas i1s lean, and desorbs SO_ absorbed
thereto when a concentration of oxygen in the inflow exhaust
gas decreases. The flow direction switching device can be
switched over to the third position in which to connect the
first port to the second port, and may be selectively switched
over to the third position when the internal combustion
engine comes to a continuous stoichiometric ratio operation.
The internal combustion engine comes 1nto the continuous
stoichiometric ratio operation, and the exhaust gas having
the stoichiometric ratio flows into the SO, absorbing agent.
Then, SO, 1s desorbed from the SO_ absorbing agent, and at
this time the flow direction switching device 1s switched over
to the third position, with the result that the exhaust gas
containing SO_ desorbed from the SO_ adsorbing agent
flows along the short path from the first exhaust passageway
to the second exhaust passageway and 1s charged into the
atmospheric air without flowing into the NO_ storage-
reduction catalyst. Accordingly, the NO, storage-reduction
catalyst can be prevented from the SO, poisoning.

According to a twenty first aspect of the present invention,
in the exhaust emission control system of the internal com-
bustion engine according to the twentieth aspect of the
invention, the SO, absorbing agent and the NO_ storage-
reduction catalyst may be concentrically disposed. With this
arrangement, the exhaust emission control system can be
made compact.

According to twenty second aspect of the present
invention, 1n the exhaust emission control system of the
internal combustion engine according to the third aspect of
the invention, the first exhaust passageway may be provided
with a three-way catalyst exhibiting SO_ absorbing power,
and the flow direction switching device can be switched over
to the third position 1n which the first port 1s connectable to
the second port, and may be selectively switched over to the
third position when the internal combustion engine comes to
a continuous stoichiometric ratio operation. The internal
combustion engine comes into the continuous stoichiometric
rat1o operation, and the exhaust gas having the stoichiomet-
ric ratio flows into the three-way catalyst exhibiting the SO _
absorbing power, whereby SO _ 1s desorbed from the three-
way catalyst. At this time, however, 11 the flow direction
switching valve 1s switched over to the third position as
described above, the exhaust gas containing SO_ desorbed
from the three-way catalyst takes the short path from the first
exhaust passageway to the second exhaust passageway and
1s charged into the atmospheric air without flowing into the
NO_ storage-reduction catalyst. Hence, the NO_ storage-
reduction catalyst can be prevented from the SO, poisoning.
Further, at this time, the exhaust gas 1s purified by three-way
activation of the three-way catalyst.

According to a twenty third aspect of the present
invention, 1n the exhaust emission control system of the
internal combustion engine according to the first aspect of
the invention, the exhaust gas purifying element may be a
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catalyst, any one of the third exhaust passageway and the
fourth exhaust passageway 1s provided with an HC adsorb-
ing agent for adsorbing hydro carbon, and the flow direction
switching device may be switched over to select a tlow path
on which the catalyst 1s positioned more upstream than the
HC adsorbing agent when the temperature of the exhaust gas
or of the HC adsorbing agent 1s 1in a temperature region
where the HC adsorbing agent adsorbs the hydro carbon, and
to select a tlow path on which the HC adsorbing agent 1s
positioned more upstream than the catalyst when the tem-
perature of the exhaust gas or of the HC adsorbing agent 1s in
a temperature region where the HC adsorbing agent desorbs
the hydro carbon. With this contrivance, when the exhaust
gas temperature or the temperature of the HC [absorbing}
adsorbing agent 1s 1n the temperature region where the HC
[absorbing] adsorbing agent adsorbs the hydro carbon, HC
1s adsorbed to the HC adsorbing agent even 11 the catalyst 1s
not activated and HC contained 1n the exhaust gas flows
through the catalyst. Moreover, when the exhaust gas tem-
perature or the temperature of the HC [absorbing] adsorbing
agent 1s in the temperature region where the HC [absorbing}
adsorbing agent desorbs the hydro carbon, HC 1s desorbed
from the HC adsorbing agent when the exhaust gas flows
through the HC adsorbing agent. Furthermore, the exhaust
gas 1s purged of HC when passing through the catalyst of
which a temperature reaches an active temperature.

These together with other objects and advantages which
will be subsequently apparent, reside 1n the details of con-
struction and operation as more fully heremafter described
and claimed, reference being had to the accompanying draw-
ings forming a part hereof, wherein like numerals refer to
like parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the present invention will
become apparent during the following discussion 1n con-
junction with the accompanying drawings, 1n which:

FIG. 1 1s a schematic diagram of a construction of an
exhaust emission control system of an internal combustion
engine 1n a first embodiment of the present ivention, show-
ing a state where an emission switching valve 1s located 1n a
forward flow direction;

FIG. 2 1s a diagram showing principal components of the
exhaust emission control system in the first embodiment
when the emission switching valve 1s located in a backward
flow position;

FIG. 3 1s an explanatory diagram showing NO_ absorbing/
desorbing/reducing action of an NO_ storage-reduction cata-
lyst;

FIG. 4 1s a diagram showing the principal components of
the exhaust emission control system 1n the first embodiment
when the emission switching valve 1s located 1n a neutral

position between the forward flow position and the back-
ward flow position;

FIG. 5 15 a diagram showing the principal components of
the exhaust emission control system 1n a modified example
of the first embodiment when the emission switching valve
1s located 1n the forward tlow position;

FIG. 6 1s a diagram showing the principal components of
the exhaust emission control system 1n the modified example
of the first embodiment when the emission switching valve
1s located 1n the forward tlow position;

FIG. 7 1s a diagram showing the principal components of
the exhaust emission control system 1n the modified example
of the first embodiment when the emission switching valve
1s located 1n the forward tlow position;



US RE42,156 E

11

FIG. 8 1s a diagram showing the principal components of
the exhaust emission control system 1n the modified example
of the first embodiment when the emission switching valve
1s located in the forward tlow position;

FI1G. 9 1s a diagram showing the principal components in >
the modified example shown 1n FIG. 8 when a valve member
1s located in the backward tlow position;

FIG. 10 1s a perspective cutaway view of the modified

example shown 1n FIG. 8; "
FIG. 11 1s a detailed perspective view with a portion cut-

away 1n the vicinity of the valve member 1n the modified
example shown 1n FIG. 8;

FI1G. 12 1s a diagram showing the principal components of

the exhaust emission control system 1n the modified example
of the first embodiment when the valve member 1s located 1n

the forward tlow position;

15

FI1G. 13 1s a diagram showing the principal components in
the modified example shown in FIG. 12 when the valve

member 15 located 1n the backward flow position; 20

FIG. 14 1s a perspective cutaway view of the modified
example shown 1n FIG. 12;

FIG. 15 1s a sectional view taken in the arrow direction
[—I 1n FIG. 14; s

FI1G. 16 1s a diagram showing the principal components of
the exhaust emission control system of the internal combus-
tion engine 1n a second embodiment of the present invention
when the emission switching valve 1s located 1n the forward
flow position; 20

FI1G. 17 1s a diagram showing the principal components of
the exhaust emission control system 1n a modified example
of the second embodiment when the emission switching

valve 1s located 1n the forward tlow position;

FIG. 18 1s a diagram showing the principal components of
the exhaust emission control system in the modified example
of the second embodiment when the emission switching
valve 1s located 1n the backward tlow position;

35

FIG. 19 15 a diagram showing the principal components of
the exhaust emission control system in another modified
example ol the second embodiment when the emission
switching valve 1s located 1n the forward tlow position;

FI1G. 20 1s a diagram showing the principal components of
the exhaust emission control system in a third embodiment
of the present invention when the emission switching valve 43
1s located 1n the forward tlow position;

40

FI1G. 21 1s a diagram showing the principal components of
the exhaust emission control system 1n a modified example
of the third embodiment when the emission switching valve
1s located 1n the backward tlow position;

FI1G. 22 1s a diagram showing the principal components of
the exhaust emission control system of the present invention
in a fourth embodiment of the present invention when the
emission switching valve 1s located 1n the forward flow posi-
tion;

50

55

FI1G. 23 15 a diagram showing the principal components of
the exhaust emission control system in the fourth embodi-
ment when the emission switching valve 1s located in the
neutral position between the forward flow position and the
backward flow position;

60

FI1G. 24 1s a diagram showing the principal components of
the exhaust emission control system 1n a {ifth embodiment of
the present invention when the emission switching valve 1s
located 1n the forward flow position;

63
FI1G. 25 1s a diagram showing the principal components of
the exhaust emission control system 1n a modified example
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of the fifth embodiment when the emission switching valve
1s located in the forward tlow position;

FIG. 26 1s a schematic diagram showing a construction of
the exhaust emission control system 1n a sixth embodiment
of the present invention when the emission switching valve
1s located 1n the forward tlow position;

FIG. 27 1s a diagram showing the principal components of
the exhaust emission control system in sixth embodiment
when the emission switching valve 1s located in the back-
ward tlow position;

FIG. 28 15 a diagram showing a temperature characteristic
between the NO, storage-reduction catalyst NO_ catalyst
and a NO_ purging rate;

FIG. 29 1s a diagram showing the principal components of
the exhaust emission control system of the present invention
in a seventh embodiment of the present invention when the
emission switching valve 1s located 1n the forward flow posi-
tion;

FIG. 30 1s a diagram showing the principal components of
the exhaust emission control system 1n the seventh embodi-
ment when the emission switching valve 1s located in the
neutral position between the forward flow position and the
backward flow position;

FIG. 31 1s a diagram showing the principal components of
the exhaust emission control system in an eighth embodi-
ment of the present mvention when the emission switching
valve 1s located 1n the backward tlow position;

FIG. 32 1s a schematic diagram showing a configuration
of the exhaust emission control system in a ninth embodi-
ment of the present invention when the valve member 1s
located 1n the forward flow position;

FIG. 33 15 a diagram showing the principal components of
the exhaust emission control system in ninth embodiment
when the valve member 1s located 1n the backward tlow
position;

FIG. 34 15 a diagram showing the principal components of
the exhaust emission control system 1n the minth embodi-
ment when the emission switching valve 1s located 1n the
neutral position between the forward flow position and the
backward flow position;

FIG. 35 1s a diagram with the principal components cut-
away 1n the exhaust emission control system in the ninth
embodiment;

FIG. 36 1s a detailed perspective view with a portion cut-
away 1n the vicinity of the valve member of the exhaust
emission control system 1n the ninth embodiment;

FIG. 37 1s a diagram showing the principal components of
the exhaust emission control system 1n the modified example
of the ninth embodiment when the valve member 1s located
in the forward flow position;

FIG. 38 15 a diagram showing the principal components 1n
the modified example shown in FIG. 37 when the valve
member 15 located 1n the backward flow position;

FIG. 39 15 a diagram showing the principal components 1n
the modified example illustrated in FIG. 37 when the valve
member 1s located 1n the neutral position between the for-
ward tlow position and the backward flow position;

FIG. 40 1s a perspective view with the principal compo-
nents cutaway in the modified example shown 1n FIG. 37;

FIG. 41 1s a sectional view taken in the arrow direction
[I—II 1n FIG. 40;

FIG. 42 15 a diagram showing the principal components of
the exhaust emission control system 1n the minth embodi-
ment when the emission switching valve 1s located in the
forward tlow position;
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FI1G. 43 15 a diagram showing the principal components in
the modified example shown in FIG. 42 when the emission
switching valve 1s located 1n the backward tlow position;

FI1G. 44 15 a diagram showing the principal components in
the modified example shown in FIG. 42 when the emission
switching valve 1s located in the neutral position between the
forward flow position and the backward flow position;

FIG. 45 1s a schematic diagram showing a construction of
the exhaust emission control system 1n a tenth embodiment
ol the present invention when the emission switching valve
1s located in the forward tlow position; and

FI1G. 46 1s a diagram showing the principal components of
the exhaust emission control system in the tenth embodi-
ment of the present invention when the emission switching,
valve 1s located 1n the backward flow position.

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

Embodiments of an exhaust emission control system of an
internal combustion engine according to the present mven-

tion will hereinafter be described with reference to FIGS. 1
through 46.

First Embodiment

FIG. 1 1s a diagram schematically showing a construction
of the exhaust emission control system of the internal com-
bustion engine according to the present invention in an
embodiment where the same control system 1s applied to a
gasoline engine (a so-called lean-burn gasoline engine)
capable of burning at a lean air/fuel ratio.

Referring to FIG. 1, an engine 1 1s classified as a straight-
four-cylinder engine, wherein intake air 1s supplied to each
of the cylinders via an intake pipe 2 and an intake manifold
3. The 1ntake pipe 2 1s provided with a throttle valve 4 for
opening and closing an intake passageway within the intake
pipe 2, mterlocking with an unillustrated accelerator pedal.
Attached to this throttle valve 4 1s a throttle position sensor 5
for outputting an output signal corresponding to an aperture
of the throttle valve 4 to an engine-control-oriented elec-
tronic control unit (ECU) 100.

An airflow meter 6 for outputting to the ECU 100 an
output signal corresponding to an 1ntake air quantity (intake
air mass) Q of the air flowing inside the intake pipe 2, 1s
attached to the 1ntake pipe 2 more upstream than the throttle
valve 4 along the intake pipe 2.

A Tuel (gasoline) 1s 1njected out of a fuel injection valve 7
into each intake passageway communicating with each cyl-
inder. A valve closing timing and a valve opening period of
the fuel injection valve 7 are controlled by the ECU 100 in
accordance with an operation state of the engine 1.

An exhaust gas discharged from each cylinder of the
engine 1 1s exhausted via an exhaust manifold 8 and an
exhaust pipe (a first exhaust passageway) 9. The exhaust
pipe 9 1s connected to a first port of an emission switching
valve (a switching umt) 20 formed with four ports. A second
port of the emission switching valve 20 1s connected to an
exhaust pipe (a second exhaust passageway) 10 for discharg-
ing the exhaust gas mto the atmospheric air. A third port of
the emission switching valve 20 1s connected to an inlet 30a
of a catalytic converter (an exhaust gas puriiying unit) 30 via
an exhaust pipe (a third exhaust passageway) 11. A fourth
port of the emission switching valve 20 i1s connected to an
outlet 30b of the catalytic converter 30 via an exhaust pipe (a
fourth exhaust passageway) 12. The catalytic converter 30
contains an NO, storage-reduction catalyst (hereinafter
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abbreviated to the NO__catalyst) 31. The NO_ catalyst 31 will
be explained 1n greater details later on.

The emission switching valve 20 1s capable of changing a
direction of the exhaust gas flowing through the catalytic
converter 30 by switching a valve member thereof to a for-
ward flow position shown in FIG. 1 and to a backward flow
position shown 1n FIG. 2. When the valve member 1s located
in the forward flow position, the emission switching valve 20
connects the exhaust pipe 9 to the exhaust pipe 11, and con-
nects the exhaust pipe 10 to the exhaust pipe 12, at which
time the exhaust gas flows 1n the sequence such as the
exhaust pipe 9—the exhaust pipe 11—the catalytic converter
30—the exhaust pipe 12—=the exhaust pipe 10, and 1s
released into the atmospheric air. What 1s referred to as a
“forward flow” 1n the following discussion 1s a flow of the
exhaust gas flowing from the inlet 30a of the catalytic con-
verter 30 toward the outlet 30b thereof. Further, when the
valve member of the emission switching valve 20 1s located
in the backward flow position shown 1n FIG. 2, the emission
switching valve 20 connects the exhaust pipe 9 to the
exhaust pipe 12, and connects the exhaust pipe 10 to the
exhaust pipe 11, at which time the exhaust gas tlows 1n the
sequence such as the exhaust pipe 9—the exhaust pipe
12—the catalytic converter 30—the exhaust pipe 11—=the
exhaust pipe 10, and 1s released into the atmospheric air.
What 1s referred to as a “backward flow” 1n the following
discussion 1s a flow of the exhaust gas flowing from the
outlet 30b of the catalytic converter 30 toward the inlet 30a
thereof.

This emission switching valve 20 1s driven by an actuator
21, thereby switching a position of the valve member, and
the actuator 21 1s controlled by the ECU 100. In this
embodiment, the actuator 21 and the ECU 100 are combined
to constitute a control module. The switching control of the
position of the valve member of the emission switching
valve 20 will be discussed herematter in greater details.

An exhaust gas temperature sensor 13 for outputting to the
ECU 100 an output signal corresponding to a temperature of
the exhaust gas flowing within the exhaust pipe 11, is
attached to the exhaust pipe 11 1n the vicinity of the inlet 30a
of the catalytic converter 30.

The digital-computer-based ECU 100 includes a ROM
(Read-Only Memory), a RAM (Random Access Memory, a
CPU (Central Processing Unit), an input port and an output
port, which are connected to each other via a bidirectional
bus. The ECU 100 performs basic control processes such as
controlling the air/fuel ratio of the engine 1 and besides an
SO, desorbing process control of the catalytic converter 30.

Inputted to the input port of the ECU 100 for these control
processes are an mput signal from the airflow meter 6, an
input signal from the exhaust gas temperature sensor 13 and
in addition an mput signal from an engine speed sensor 14.
The engine speed sensor 14 outputs to the ECU 100 an out-
put signal corresponding to an engine speed of the engine 1,
and the ECU 100 calculates an engine speed N on the basis
of this output signal. Further, the ECU 100 calculates an
intake air quantity () from the output signal of the airflow
meter 6, and thereby calculates an engine load Q/N (intake
air quantity Q/engine speed N). Then, the ECU 100 judges
an operation state of the engine 1 from the engine load Q/N
as well as from the engine speed N, and controls a quantity
of the fuel injected from the fuel imjection valve 1n accor-
dance with the operation state, thus controlling the air/fuel
ratio to a lean air/fuel ratio and a stoichiometric ratio or a
rich air/fuel ratio. One exemplification of this air/fuel ratio
control 1s a control method by which the air/fuel ratio 1s set
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to the stoichiometric ratio or the rich air/fuel ratio when 1n a
warm-up operation and in a high-load operation region, and
set to the lean air/fuel ratio 1n a low- and middle-load opera-
tion region.

The NO_ catalyst 31, 1.e., the NO, storage-reduction cata-
lyst contained 1n the catalytic converter 30 1involves the use
of, e.g., aluminum serving as a carrier. Elements borne on
this carrier are at least one element chosen from alkali metals
such as, e.g., potassium K, sodium Na, lithium Li and
cesium Cs, alkaline earth elements such as barium Ba and
calcium Ca, and rare and rare earth elements such as lantha-
num La and yttrium Y, and a precious metal such as platinum

Pt

This NO_ catalyst 31 absorbs NO_ when the air/fuel ratio
of the inflow exhaust gas (which 1s hereimatter be referred to
as an exhaust air/fuel ratio) 1s lean, and desorbs NO_ when
an oxygen concentration in the inflow exhaust gas decreases,
and reduces i1t to N,. Note that the exhaust air/fuel ratio
implies a ratio of a total of the air supplied to the exhaust
passageway, an engine combustion chamber and the intake
passageway which are disposed upstream of the NO_ cata-
lyst 31 to a total of the fuel (hydro carbon). Accordingly, 1f
the fuel and a reducing agent or the air are not supplied 1nto
the exhaust passageway disposed upstream of the NO_ cata-
lyst 31, the exhaust air/fuel ratio coincides with an air/fuel
rat1o of an air-fuel mixture supplied into the engine combus-
tion chamber.

In accordance with the first embodiment, what 1s used as
an internal combustion engine 1s so-called lean-burn gaso-
line engine capable of burning at the lean air/fuel ratio, and
the air/fuel ratio of the air-fuel mixture 1s controlled corre-
sponding to an operation state of the engine 1. Therefore,
when the engine 1 1s operated at the lean air/fuel ratio, the
exhaust air/fuel ratio becomes lean, and the oxygen concen-
tration increases. On the other hand, when the engine 1 1s
operated at a stoichiometric ratio or a rich air/fuel ratio, the
exhaust air/fuel ratio comes to the stoichiometric ratio or the
rich air/fuel ratio, and the oxygen concentration in the
exhaust ga remarkably decreases, with the result that compo-
nents such as unburned HC and CO discharged from the
engine 1 augment.

[t 1s assumed that the NO_ catalyst 31 absorbs and desorbs
NO_ by a mechanism as illustrated in FIG. 3, though this
mechanism of NO_ absorbing/desorbing action 1s partly
unclear. This mechamism will be discussed by exemplifying
a case where platinum Pt and barium Ba are borne on the
carrier, however, the same mechanism might be attained by
use of other precious metals, alkali metals, alkaline earth
clements and rare earth elements.

To start with, when the inflow exhaust gas exhibits a con-
siderably lean A/F ratio, the oxygen concentration in the
inflow exhaust gas remarkably increases, and hence, as
shown 1n FI1G. 3(A), oxygen O, 1s adhered 1n the form of O~
or O°~ to the surface of platinum Pt. Next, NO contained in

the exhaust gas reacts to O,~ or O~ on the surface of plati-
num Pt, thereby turning out to be NO, (2NO+0O,—2NO,).

Thereafter, as far as a NO_ absorbing capability of the
NO,_ catalyst 31 1s not saturated, NO, which has thus been
generated 1s absorbed within the NO_ catalyst 31 while
being oxidized on platinum Pt, then coupled to barium oxide

BaO, and diffused in the form of sodium 1on NO;™ as shown
in FIG. 3(A). Thus, NO_ 1s absorbed within the NO_ catalyst

31.

By contrast, when the oxygen concentration 1n the imnflow
exhaust gas decreases, a generation quantity of NO,
decreases, and, with reversal reaction (NO;”—=NO,) to the
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above reaction, sodium ion NO;™ 1n the NO, catalyst 31 1s
desorbed 1n the form of NO, or NO from the NO_ catalyst

31.

While on the other hand, 11 there exist a reducing compo-
nent such as HC, CO etc in the inflow exhaust gas, these
components react to oxygen O, or O~ on platinum Pt and
thereby oxidized enough to dissipate the oxygen in the
exhaust gas, whereby the oxygen concentration in the
exhaust gas decreases. Further, NO, or NO desorbed from
the NO_ catalyst 31 with the decrease 1n the oxygen concen-
tration in the exhaust gas, reacts to HC, CO and thereby
reduced as shown 1n FIG. 3(B). When NO, or NO on plati-
num Pt thus disappears, NO, or NO 1s successively desorbed
from the NO_ catalyst 31.

Namely, HC, Co 1n the mflow exhaust gas immediately
react at first to oxygen O, or O~ on platinum Pt and thus
oxidized, and subsequently, if HC, Co are still left even
when oxygen O, or O°~ on platinum Pt is dissipated, NO_
desorbed from the NO_ catalyst 31 and NO, discharged from
the engine are reduced to NO,, with such HC and CO.

As described above, when the exhaust air/fuel ratio

becomes lean, the NO_ 1s absorbed to the NO, catalyst 31.
When the exhaust air/fuel ratio becomes stoichiometric or
rich, the NO, 1s desorbed from the NO, catalyst 31 in a short
period of time and reduced to NO,. It 1s therefore teasible to
hinder NO_ from being discharged into the atmospheric air.

(iven next 1s an explanation of an SO_ poisoning mecha-
nism 1n the NO_ catalyst 31. When sultur oxide (SO ) 1s
contained 1n the exhaust gas, the NO, catalyst 31 absorbs
SO _ 1n the exhaust gas by the same mechanism as the NO_
absorbing mechanism. Namely, when the exhaust air/fuel
ratio is lean, oxygen O, is adhered in the form of O, or O~
to the surface of platinum Pt of the NO_ catalyst 31, and SO _
(e.g., SO,) 1n the inflow exhaust gas 1s oxidized on the sur-
face of platinum Pt and thereby turned out to be SO,.

Thereafter, SO, which has been generated i1s absorbed
within the NO_ catalyst 31 while being oxidized on the sur-
face of platinum Pt, then coupled to barium oxide BaO, and
diffused in the form of sulphate ion SO4°~ thereby forming
sulfate BaSO,. Crystal of sultate BaSO, 1s easy to roughen
and comparatively easy to stabilize. Once the suliate is
produced, it 1s difficult to dissolve and desorb 1t. Hence, 11 a
generation quantity of BaSO, in the NO,_ catalyst 31
increases with an elapse of time, a quantity of BaO capable
of getting involved 1n the absorption of the NO_ catalyst 31
decreases, resulting 1n a decline of NO_ absorbing capability.
Namely, this 1s what 1s called the SO_ poisoning.
Accordingly, it 1s required for keeping high the NO_ absorb-
ing capability of the NO, catalyst 31 that SO_ absorbed to
the NO, catalyst 31 be desorbed at a proper timing.

It has proved that the oxygen concentration of the exhaust
gas may be reduced as 1n the case of desorbing the NO_ 1n
order to desorb the SO_ from the NO_ catalyst 31. Further, 1t
has also proved that the desorption thereof 1s easier as a
temperature of the NO_ catalyst 31 becomes higher.

It has proved from the study of the present applicant that
the desorption of SO_ absorbed to the NO, catalyst 31
requires setting the inflow exhaust gas air/fuel ratio to the
stoichiometric ratio or the rich air/fuel ratio and also making,
the temperature of the NO_ catalyst 31 higher than in a nor-

mal NO, desorbing/reducing process of desorbing NO_from
the NO, catalyst 31.

Furthermore, as for an SO_ absorbing state 1n the catalytic
converter 30, the NO_ catalyst 31 positioned closer to the
inlet 30a of the catalytic converter 30 absorbs a larger
amount of SO, than the NO_ catalyst 31 positioned farther
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away Irom the inlet 30. Therefore, when SO, 1s desorbed
from the NO_ catalyst 31, SO_ can be desorbed 1n a short
time by setting the exhaust air/fuel ratio to the stoichiometric
ratio or the rich air/fuel ratio and by flowing the high-
temperature exhaust gas toward the ilet 30a from the outlet
30b of the catalytic converter 30.

Such being the case, in the first embodiment, the of the
exhaust gas 1n the catalytic converter 1s so controlled as to be
switched over by operating the emission switching valve 20,
thus setting 1n the forward flow the flow of the exhaust gas in
the catalytic converter 30 when absorbing NO, and SO_and
setting 1n the backward tlow the tlow of the exhaust gas 1n
the catalytic converter when desorbing NO_ and SO..

Next, an operation of the exhaust emission control system
in the first embodiment will be described. As explained
above, the engine 1 1s classified as the lean-burn engine, and
the ECU 100 controls the air/fuel ratio in accordance with
the operation state of the engine 1. When the engine 1 1s
operated at the lean air/fuel ratio, the exhaust air/fuel ratio
becomes lean, and the oxygen concentration increases.
When the engine 1 1s operated at the stoichiometric ratio or
the rich air/fuel ratio, the exhaust air/fuel ratio becomes sto-
ichiometric or rich, and the oxygen concentration in the
exhaust gas largely decreases. Further, the components of
unburned HC and CO discharged from the engine 1 aug-
ment.

Then, when the engine 1 1s operated at the lean air/fuel
rati0, the ECU 100 controls the operation of the actuator 21
so that the valve member of the emission switching valve 20
1s kept 1n the forward flow position shown 1n FIG. 1. Under
this control, the exhaust gas of the engine 1 flows in the
sequence such as the exhaust pipe 9—the exhaust pipe
11—the catalytic converter 30—the exhaust pipe 12—the
exhaust pipe 10, and 1s released 1nto the atmospheric air. In
the catalytic converter 30. The exhaust gas flows along the
torward tflow from the inlet 30a toward the outlet 30b. At this
time, NO_ catalyst 31 of the catalytic converter 30 absorbs
NO_ and SO_ contained 1n the exhaust gas.

Then, when the engine 1 1s operated at the stoichiometric
ratio or the rich air/fuel ratio, the ECU 100 controls the
operation of the actuator 21 so that the valve member of the
emission switching valve 20 1s kept in the backward flow
position shown i FI1G. 2. Under this control, the exhaust gas
of the engine 1 flows 1n the sequence such as the exhaust
pipe 9—=the exhaust pipe 12—=the catalytic converter
30—=the exhaust pipe 11—=the exhaust pipe 10, and 1s
released into the atmospheric air. In the catalytic converter
30, the exhaust gas tlows along the backward flow from the
outlet 30b toward the 1nlet 30a. Further, when the engine 1 1s
operated at the stoichiometric ratio or the rich air/fuel ratio,
the ECU 100 controls the operation of the engine 1 so that
the exhaust gas temperature comes to such a temperature as
to facilitate desorbing SO, out of the NO, catalyst 31.

The high-temperature exhaust gas exhibiting the stoichio-
metric ratio or the rich air/fuel ratio flows through within the
catalytic converter 30 1n the direction opposite to the one
when absorbing NO_ and SO_, whereby NO_ 1s desorbed
from the NO_ catalyst 31. Further, the exhaust gas 1s purified
by 1ts being reduced to N2 with unburned HC and CO con-
tained in the exhaust gas. Moreover, the exhaust gas flows
back through the catalytic converter 30, whereby SO_
absorbed to the NO_ catalyst 31 can be desorbed out of the
NO_ catalyst 31 1n a short time.

Further, 1f the lean air/fuel ratio operation continues for a
long period of time under the operating condition of the
engine 1, the engine 1 1s so controlled as to be operated
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forcibly at the stoichiometric ratio or the rich air/fuel ratio,
and, as described above, there 1s executed the process of
desorbing NO, and SO_, whereby the catalytic converter 30
1s not saturated with NO_and SO_. This air/fuel ratio control
method of the engine 1 1s referred to as lean/rich spike con-
trol in the following discussion. Note that in the case of
explaining the lean/rich spike control by specifically exem-
plifying numerical values thereof, if the “lean air/fuel ratio
operation” of the engine 1 continues for several tens of sec-
onds (e.g., 40 to 60 sec), a “stoichiometric ratio or rich air/
fuel ratio operation” continues for several seconds (e.g., 2 to
3 sec), this “lean air/fuel ratio operation™ and the “stoichio-
metric ratio or rich air/fuel ratio operation” are alternately

executed.

In the first embodiment, the lean-burn gasoline engine
constitutes the internal combustion engine, the NO_ catalyst
31 forms an exhaust gas purifying element, and SO, forms
an adhered substance which the exhaust gas purifying ele-
ment (NO, catalyst 31) should be purged of. Furthermore,
the control of the operation of the engine 1 serves to obtain
the (stoichiometric or rich) air/fuel ratio and the (high)
exhaust gas temperature which are needed for purging the
exhaust gas puriiying element of SO_, and hence the control
of the operation of the engine 1 serves as a purging function
in the first embodiment.

In accordance with the first embodiment, a reducing agent
adding device for adding the reducing agent 1s provided at
the exhaust passageway (1.e., the exhaust passageway 12 or
9) positioned more upstream than the catalytic converter 30
when the exhaust gas flowing through the catalytic converter
30 1s flowed backward. When executing the process of des-
orbing NO_and SO_, the reducing agent adding device adds
the reducing agent into the exhaust gas, thereby making 1t
teasible to speed up the release and reduction of NO_ and
also the release of SO, . In this case, 1n addition to the control
ol the operation of the engine 1, the reducing adding device
and the operation control thereof perform the purging func-
tion.

Incidentally, 1n the first embodiment, the processes of des-
orbing NO_and SO_ from the NO_ catalyst 31 are executed
simultaneously, however, a quantity of SO_ contained 1n the
exhaust gas of the engine especially of the gasoline engine 1s
extremely small, and hence there 1s no necessity for execut-
ing the process of desorbing SO_ at the same frequency as
the NO, desorbing process. Then, 1n the case of carrying out
the NO_ desorbing process, when 1n the operation state of
the engine 1 wherein the exhaust gas temperature 1s com-
paratively low even 1n the operation region of the stoichio-
metric ratio or rich air/fuel ratio, the exhaust gas flows
through the catalytic converter 30 along the same forward
flow as 1t flows when absorbing NO_, thereby desorbing NO_
from the NO_ catalyst 31 and thus reducing 1t. On the other
hand, when 1n the operation state (such as an acceleration
and a high-load operation) of the engine 1 wherein the
exhaust gas temperature rises high as well as in the operation
region of the stoichiometric ratio or rich air/fuel ratio, 1.e.,
only when the exhaust gas 1s 1n a state of exhibiting the
stoichiometric ratio or rich air/fuel ratio advantageous for
desorbing SO_ as well as being at a high temperature, the
valve member of the emission switching valve 20 1is
switched over to the backward tlow position, and the exhaust
gas flow though the catalytic converter 30 1s set to the back-
ward flow, thus performing the control to execute the SO_
desorbing process.

Further, the ECU judges whether or not the process of
desorbing SO_ from the NO, catalyst 31 1s required. When
judging that the SO_ desorbing process 1s not required, the
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valve member of the emission switching valve 20 1s kept in
the forward flow position, and the exhaust gas tlow through
the catalytic converter 30 1s set to the forward flow. When
judging that the SO, desorbing process 1s required, the valve
member of the emission switching valve 20 1s switched over
to the backward flow position, and the exhaust gas flow
through the catalytic converter 30 1s set to the backward
flow. Besides, the ECU 100 calculates a target air/fuel ratio
and a target catalyst temperature that are optimal to the
release of SO_, and further, 11 the above-mentioned reducing,
agent adding device 1s provided, calculates a target reducing
agent quantity. The SO_ desorbing process may be executed
by controlling the engine 1 and the reducing agent adding
device etc to attain those target values. A method of judging
whether the SO, desorbing process 1s needed or not may be
exemplified such as making the ECU 100 integrate an opera-
tion time of the engine 1 and judging that the SO_ desorbing
process 1s needed when an integrated value thereof reaches a
predetermined time, or making the ECU 100 integrate an
amount of SO_ absorbed to the NO_ catalyst 31 and judging
that the SO_ desorbing process 1s needed when an integrated
value there of reaches a predetermined quantity.

Moreover, as discussed above, the ECU 100, when judg-
ing that the SO_ desorbing process 1s necessary, sets the
exhaust gas flow though the catalytic converter 30 in the
backward flow by switching over the position of the valve
member of the emission switching valve 20, and sets the
operation to the stoichiometric ratio or rich air/fuel ratio
operation, thus desorbing SO_, in which case it 1s preferable
that the air/fuel ratio be lean during the operation of switch-
ing over the position of the valve member of the emission
switching valve 20. The following 1s an elucidation of the
reason why so. The emission switching valve 20 1s struc-
tured such that when switching over the valve member posi-
tion from the forward flow position to the backward flow
position and vice versa, there must be invariably, as shown in
FIG. 4, a state where the exhaust pipe 9 communicates with
the exhaust pipe 10 in the middle of the switching operation
thereol. Thus, in the state where the exhaust pipe 9 commu-
nicates with the exhaust pipe 10, the exhaust gas flows along,
a short path from the exhaust pipe 9 to the exhaust pipe 10 1n
terms of a tlow resistance, and there might be a possibility in
which HC and CO contained in the exhaust gas are dis-
charged into the atmospheric air. Such being the case, 1n
order to reduce HC and CO to the greatest possible degree
which are to be discharged into the atmospheric air during
the operation of switching over the position of the valve
member of the emission switching valve 20, the exhaust
air/fuel ratio 1s controlled lean during the operation of
switching over the position of the valve member of the emis-
s1on switching valve 20.

As discussed above, according to the exhaust emission
control system in the first embodiment, 1t 1s feasible to
switch over the tlow direction of the exhaust gas flowing
through the catalytic converter 30 to the forward flow or
backward flow simply by changing over the position of the
valve member of only the single emission switching valve
20, which structure 1s simple enough to attain at low costs.

The drawings 1n FIGS. 5 through 15 are diagrams 1llus-
trating modified examples of the first embodiment of the
exhaust emission control system of the internal combustion
engine. Fach of these modified examples will hereinafter be
discussed.

<Modified Example Shown in FIG. 5>

According to the above-described mode illustrated 1n FIG.
1, a pipe length of the exhaust pipe 12 for connecting the
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emission switching valve 20 to the outlet 30b of the catalytic
converter, 1s set larger than a pipe length of the exhaust pipe
11 for connecting the emission switching valve 20 to the
inlet 30a of the catalytic converter. In the modified example
illustrated in FIG. 5, however, the pipe length of the exhaust
pipe 12 for connecting the emission switching valve 20 to
the outlet 30b of the catalytic converter, 1s set smaller than
the pipe length of the exhaust pipe 11 for connecting the
emission switching valve 20 to the inlet 30a of the catalytic
converter.

<Modified Examples Shown in FIGS. 6 and 7>

Modified examples shown in FIG. 6 and 7 are each
slightly different from the example shown 1n FIG. 1 or § 1n
terms of the position 1n which to dispose the emission
switching valve 20. If the emission switching valve 20 1s
disposed 1n a position as shown in FIG. 6 or 7, the pipe
length of the exhaust pipe 9 for connecting the exhaust mani-
fold 8 to the emission switching valve 20, can be larger than
in the example showing 1n FIG. 1 or S.

<Modified Examples Shown in FIGS. 8 to 11>

Modified examples shown 1n FIGS. 8 to 11 each exem-
plify a case where the emission switching valve 20 in the
mode illustrated 1 FIG. 6, the exhaust pipes 9 to 12 and the
catalytic converter 30 are constructed 1nto one unit.

This exhaust gas purifying unit 50A 1s constructed as fol-
lows. As 1illustrated 1n FIG. 10, a small-diameter 52 concen-
trically penetrates a large-diameter casing 51 of which both
ends are closed, and 1s fixed therein. An annular space 33 1s
formed between the casing 51 and the pipe 52. A NO_ cata-
lyst 31 1s disposed approximately in the middle position
within the annular space 53 1n an axial direction of the cas-
ing 51, and the space 33 1s sectioned by the NO__ catalyst 31
into two sub-spaces 34, 55.

A flange 52a provided at one end of the pipe 52 protruding
from the casing 51 1s connected to the exhaust pipe 9 com-
municating with the exhaust manifold 8. A flange 52b pro-
vided at the other end of the pipe 52 protruding from the
casing 31 1s connected to the exhaust pipe 10 open to the
atmospheric arr.

At portions, contiguous to one sub-space 55, of the pipe
52, a pair of openings 36, 57 are formed in face-to-face
positions with the pipe 52 axial center being at the middle
therebetween. One opening 56 1s open to one end of a con-
nection pipe 58, and the other end of this connection pipe 58
penetrates the sub-space 55 and the casing 51, and commu-
nicates with the other sub-space 54 along the external por-
tion of the casing 51. Further, a valve member 59 is rotatably
disposed at a space formed with the openings 56, 57 1n the
interior of the pipe 52. The valve member 59 1s rotated by an
actuator 21.

As shown 1n FIG. 11, the valve member 59 can be held 1n
two closing position for closing the pipe 52. When the valve
member 59 1s held 1n the first closing position indicated by
the solid line 1n FIG. 11, a portion of the pipe 52, which 1s
closer to the flange 52a than the valve member 59, 1s con-
nected via the opening 56 to the connection pipe 58. A por-
tion of the pipe 52, which 1s closer to the flange 52b than the
valve member 59, 1s connected via the opening 357 to the
sub-space 35. In contrast with this, when the valve member
59 1s held 1n the second closing position indicated by the
two-dotted line in FIG. 11, the portion of the pipe 52, which
1s closer to the flange 52a than the valve member 59, is
connected via the opening 57 to the sub-space 55. The por-
tion of the pipe 52, which 1s closer to the flange 52b than the
valve member 59, 1s connected via the opening 36 to the
connection pipe 38.
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The thus constructed exhaust gas purifying unit 50A has a
corresponding relationship with what 1s constructed 1n the
mode shown in FIG. 6, which 1s given as below. A valve
member 59 of the exhaust gas purifying unit 50A corre-
sponds to the valve member of the emission switching valve
20 1n the mode shown 1n FIG. 6. A portion of the pipe 52 of
the exhaust gas puritying unit S0A, which 1s more proximal
to the flange 52a than the valve member 39, corresponds to a
part of the exhaust pipe 9 1n the mode illustrated in FIG. 6. A
portion, which 1s more proximal to the flange 52b than the
valve member 59, corresponds to a part of the exhaust pipe
10 in the mode 1illustrated 1n FIG. 6. The sub-space 54 and
the connection pipe 58 of the exhaust gas purifying unit S0A
correspond to the exhaust pipe 11 1n the mode shown 1n FIG.
6, and the sub-space 33 of the exhaust gas purifying unit S0A
corresponds to the exhaust pipe 12 in the mode 1llustrated 1n

FIG. 6.

FIGS. 8 and 9 are sectional views each showing the
exhaust gas puritying unit 50A, wherein the bracketed
numerals indicate components corresponding to those in
FIG. 6. FIG. 8 1llustrates a state where the exhaust gas flows
through the NO_ catalyst 31 along the forward flow. FIG. 9
illustrates a state where the exhaust gas flows through the
NO, catalyst 31 along the backward tlow. Note that in the
case of being constructed as exemplified 1n this exhaust gas
purifying unit S0A, 1ts operation as an exhaust emission con-
trol system 1s the same as that 1n the first embodiment, of
which the explanation 1s therefore omaitted.

<Modified Examples Shown in FIGS. 12 through
15>Modified examples shown in FIGS. 12 to 15 each shows
a case where the control system 1s structured 1n a more com-
pact configuration by eliminating the connection pipe 38
from the exhaust gas purifying unit 50A 1llustrated 1n FIGS.
8 through 11. Differences from the mode 1llustrated in FIGS.
8 to 11 are explained hereinafter, and the same components
are marked with the same numerals with an omission of their
explanation.

In an exhaust gas purifying unit 50B in this modified
example, an annular space formed between the casing 51
and the pipe 52 1s sectioned into three spatial areas, 1.e., an
annular sub-space 60 formed at an end portion on the side of
the tlange 52a, and sub-spaces 62, 63 cach taking a section-
ally semicircular shape which are vertically divided into two
spatial areas by a partition plate 61 extending from the cas-
ing 51 to the pipe 52 and fixed thereto.

Then, referring to FIG. 14, the NO,_ catalyst 31 1is
disposed, 1n close proximity to the sub-space 60, within the
semicircular sub-space 63 positioned upward. The sub-space
64 1s formed 1n an area closer to the flange 52b than the NO
catalyst 31 within the subspace 63, and the opening 57 of the
pipe 52 communicates with the sub-space 64. On the other
hand, referring again to FI1G. 14, the semicircular sub-space
62 positioned downward communicates with the annular
sub-space 60 and with the opening 56 of the pipe 52.

A positional relationship between the valve member 59
and the openings 56, 57, and two closing positions of the
valve member 59 for closing the pipe 52, are absolutely the
same as those 1n the exhaust gas puriiying unit S0A 1llus-
trated i FIGS. 8 to 11. Then, explaining the case of the
exhaust gas purifying unit 50B in the present modified
example with reference to FIG. 11, when the valve member
59 1s held 1n the first closing position indicated by the solid
line 1 FI1G. 11, the portion of the pipe 52, which 1s closer to
the ﬂange 52a than the valve member 59, 1s connected via
the opening 56 to the downward sem1c1rcular sub-space 62.
The portion of the pipe 52, which 1s closer to the flange 52b
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than the valve member 59, 1s connected via the opening 57 to
the sub-space 64. In contrast with this, when the valve mem-
ber 59 1s held 1n the second closing position indicated by the
two-dotted line 1n FIG. 11, the portion of the pipe 52, which
1s closer to the flange SZa than the valve member 59, 1s
connected via the opening 57 to the sub-space 64. The por-
tion of the pipe 52, which 1s closer to the flange 52b than the
valve member 59, 1s connected via the opening 356 to the
downward semicircular sub-space 62.

The thus constructed exhaust gas puriiying unit S0B has a
corresponding relationship with what 1s constructed in the
mode shown i FIG. 6, which 1s given as below. A valve
member 59 of the exhaust gas puritying unit 50B corre-
sponds to the valve member of the emission switching valve
20 1n the mode shown 1n FIG. 6. The portion of the pipe 52
of the exhaust gas puritying unit 50B, which 1s more proxi-
mal to the flange 52a than the valve member 59, corresponds
to a part of the exhaust pipe 9 1n the mode illustrated n FIG.
6. The portion, which 1s more proximal to the flange 52b
than the valve member 59, corresponds to a part of the
exhaust pipe 10 in the mode 1illustrated in FIG. 6. The down-
ward semicircular sub-space 62 and the annular sub-space
60 of the exhaust gas purifying unit 50B correspond to the
exhaust pipe 11 1n the mode shown 1n FIG. 6, and the sub-
space 64 of the exhaust gas purilying unit 30B corresponds
to the exhaust pipe 12 1n the mode 1llustrated 1n FIG. 6.

FIGS. 12 and 13 are sectional views each showing the
exhaust gas purifying unit 50B, wherein the bracketed
numerals indicate components corresponding to those in
FIG. 6. FIG. 12 illustrates a state where the exhaust gas
flows through the NO_ catalyst 31 along the forward tlow.
FIG. 13 illustrates a state where the exhaust gas flows
t_’lrough the NO_ catalyst 31 along the backward tlow. Note
that 1n the case of being constructed as exemplified in this
exhaust gas puritying unit 30b, 1ts operation as an exhaust
emission control system i1s the same as that in the first
embodiment, of which the explanation 1s therefore omitted.

Second Embodiment

Next, a second embodiment of the exhaust emission con-
trol system of the internal combustion engine according to
the present imnvention, will be described with reference to
FIG. 16. FIG. 16 1s a view of the principal components of the
exhaust emission control system in the second embodiment,
showing a state where the valve member of the exhaust
switching member 20 1s located 1n the forward tlow position.
A difference of the second embodiment from the first
embodiment 1s only such a point that a sweeper 40 1s pro-
vided midways of the exhaust pipe 10. The sweeper 40 1s
stored 1nside with a catalyst (e.g., a selective reduction type
NO_ catalyst for reducing or dissolving NO_ under an exist-
ence of hydro carbon in an over-oxygen atmosphere) 40a for
adsorbing oxygen when the air/fuel ratio of the exhaust gas
1s lean, and purging the exhaust gas of HC and CO with the
oxygen adsorbed thereto when the air/fuel ratio of the
exhaust gas 1s stoichiometric or rich.

As discussed above, the emission switching valve 20 pre-
sents a state where the exhaust pipe 9 1s invariably connected
to the exhaust pipe 10 1 the middle of the operation of
switching over the position of the valve member thereof,
during which the exhaust gas the exhaust gas takes a short
path from the exhaust pipe 9 to the exhaust pipe 10, and there
might be such a possibility that HC and CO contained 1n the
exhaust gas are discharged into the atmospheric air. It 1s
required that this be given an attention in the case of the
operation of switching over the position of the valve member
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of the emission switching valve 20 when the air/fuel ratio of

the exhaust gas 1s stoichiometric or rich. A contrivance cop-
ing with this 1s just the sweeper 40 provided 1n the second
embodiment.

With the sweeper 40 1nstalled at the exhaust pipe 10, the
catalyst 40a of the sweeper 40 adsorbs the oxygen when the
engine 1 1s operated at the lean air/fuel ratio. Then, the
engine 1 comes into the stoichiometric ratio or rich air/tuel
ratio operation, and the position of the valve member of the
emission switching valve 20 is thereby switched over. For
the duration of this switching operation, the exhaust gas
exhibiting the stoichiometric ratio or rich air/fuel ratio takes
the short path to the exhaust pipe 10, at which time HC and
CO contained in the exhaust gas are oxidized by the oxygen
adsorbed to the catalyst 40a of the sweeper 40, and the
exhaust gas 1s thus purged of HC and CO and discharged
into the atmospheric atr.

FIGS. 17 [and] 70 19 are diagrams each showing a modi-
fied example of the second embodiment of the exhaust emis-
sion control system. The respective modified examples will
hereinafter be explained.

<Modified Example Shown in FIG. 17>

As shown 1n FIG. 17, the catalytic converter 30 1s inte-
grated with the sweeper 40 so that the exhaust gas 1s unable
to tlow between the converter 30 and the sweeper 40 but the
heat can be transmitted therebetween. With this
construction, a temperature of the catalyst 40a of the
sweeper 40 can be kept as high as possible, which 1s advan-
tageous 1n terms of activating the catalyst 40a of the sweeper
40. Incidentally, F1G. 17 shows a state where the valve mem-
ber of the emission switching valve 20 1s located 1n the for-
ward tlow position.

<Modified Example Shown in FIG. 15>

FIG. 18 shows an example of disposing the catalvtic con-
verter 30 with its outlet 30b positioned to be close to the
exhaust switching valve 20, in ovrder that the length of the
exhaust pipe 12 connecting the exhaust switching valve 20
with the outlet 30b of the catalvtic converter 30 is made as
short as possible. With this arrangement, when the exhaust
gas is flowed backward towards the catalytic converter 30 by
switching over the valve body of the exhaust switching 20- to
the backward flow position, as shown in FIG. 18, the exhaust
flow length from the engine 1 to the catalytic converter 30
can be made shorter, thereby a increase of the temperature
of the NO_ catalyst 31 of the catalytic converter 30 can be
promoted at the time of the SO, releasing process, and the
catalytic temperature can also be raised, thereby the release
of SO_is prompted.

<Modified Example Shown in FIG. 19>

FIG. 19 shows an example in which the emission switch-
ing valve 20 1s disposed 1n close proximaity to the sweeper 40
so as to elongate the tlow path extending from the engine 1
to the emission switching valve 20 for the purpose of reliev-
ing a thermal load upon the emission switching valve 20.
This has an advantage 1n terms of a durability of the emis-
sion switching valve 20. Note that FIG. 19 illustrates a state
in which the valve member of the emission switching valve
20 1s located 1n the forward flow position.

Third Embodiment

Next, a third embodiment of the exhaust emission control
system of the internal combustion engine according to the
present invention will be discussed referring to FI1G. 2. FIG.
20 1s a diagram showing the principal components of the
exhaust emission control system 1n the third embodiment. A
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difference of the third embodiment from the second embodi-
ment 1llustrated 1n FIG. 16 1s a NO, catalyst 31 accommo-
dated in the catalytic converter 30.

To describe 1t more specifically, a NO_ catalyst 31a having,
high SO_ absorbing power 1s accommodated on the side of
the 1nlet 30a of the catalytic converter 30, and a NO_ catalyst
31b having comparatively low SO_ absorbing power 1is
accommodated on the side of the outlet 30b thereof. With
this arrangement, when the exhaust gas flows through the
catalytic converter 30 along the forward flow as shown 1n
FIG. 20, SO, 1n the exhaust gas 1s absorbed only on the side
of the inlet 30a of the catalytic converter 30 and 1s desorbed
at a high efficiency when executing the SO, desorbing pro-
cess 1n which the exhaust gas flows backward through the
catalytic converter 30.

Note that what can be exemplified as a method of provid-
ing the NO_ catalyst 31a having the high SO_ absorbing
power on the side of the 1nlet 30a of the catalytic converter
30 and the NO, catalyst 31b having the comparatively low
SO _ absorbing power on the side of the outlet 30b thereof,
may be a method of bearing a larger amount of occlusion
substance on the side of the inlet 30a than on the side of the
outlet 30b, or bearing the occlusion substance having stron-

ger occluding power on the side of the inlet 30a than on the
side of the outlet 30b.

FIG. 21 1s a diagram showing a modified example of the
third embodiment of the exhaust emission control system. In
this modified example, an electric heater 33 for heating the
NO,_ catalyst 31a exhibiting the high SO_ absorbing power,
1s attached to an outer peripheral portion of the catalytic
converter 30 on the inlet 30a side. As shown in FIG. 21,
when the exhaust gas flows backward through the catalytic
converter 30 to desorb SO, out of the NO_ catalyst 31a, the
ECU 100 performs control to switch ON the electric heater
33. When 1n the SO_ desorbing process, the heater 33 forc-
ibly heats up the NO_ catalyst 31a to increase a catalyst
temperature, thereby speeding up the desorption of SO _. It 1s
to be noted that the element for heating up the NO_ catalyst
31a 1s not limited to the electric heater.

Fourth Embodiment

Next, a fourth embodiment of the exhaust emission con-
trol system of the internal combustion engine according to
the present mvention will be discussed with reference to
FIGS. 22 and 23. FIG. 22 1s a diagram showing the principal
components of the exhaust emission control system 1n the
fourth embodiment. A difference of the fourth embodiment
from the second embodiment illustrated in FIG. 16 1s only
such a point that a start catalyst (another catalyst) unit 41 1s
provided midways of the exhaust pipe 9.

The start catalyst unit 41 1s stored inside with a catalyst
41a such as a three-way catalyst having a high activation.

Generally, the start catalyst unit 1s installed for raising the
catalyst temperature as well as for speeding up the rise 1n the
temperature of the posterior catalyst (which 1s the NO_ cata-
lyst 31 (of the catalytic converter 30 i1n the fourth
embodiment) when starting up the engine. In the fourth
embodiment, 1n addition to this operation, when the exhaust
gas flows along the forward tlow through the catalytic con-
verter 30 as shown 1 FI1G. 22, the reducing component 1n the
exhaust gas 1s dissipated in the start catalyst unit 41, and
therefore the reductive gas component 1n the exhaust gas
flowing into the catalytic converter 30, 1s decreased. As a
result, NO_ and SO, are absorbed higher on the side of the
inlet 30a to the NO, catalyst 31 of the catalytic converter 30.
This facilitates the desorption of NO_ and SO, from the NO_
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catalyst 31 when the exhaust gas flows backward through the
catalytic converter 30.

Incidentally, 1t 1s preferable that the start catalyst unit be
provided in a location (1.€., a position in which to take a short
distance of the flow path from the engine 1) closer to the
intake manifold.

Further, when installing the start catalyst unit 41, the SO_
desorbing process from the NO, catalyst 31 of the catalytic
converter 30 1s executed by flowing through the catalytic
converter 30 the exhaust gas having the stoichiometric ratio
or rich air/fuel ratio. Thereupon, at an early stage of the SO_
desorbing process, SO_ 1s desorbed also from the catalyst
41a of the start catalyst unit 41. It 1s not preferable that the
SO _ desorbed out of the start catalyst unit 41 tlows to the
catalytic converter 30. Such being the case, in accordance
with the fourth embodiment, when switching over the posi-
tion of the valve member of the emission switching valve 20
in order to execute the SO_ desorbing process, what should
be done 1s not that the valve member of the emission switch-
ing valve 20 1s immediately switched over from the forward
flow position to the backward flow position, but that the
ECU 100 controls the actuator 21 1n order to let the exhaust
gas take a short path from the exhaust pipe 9 to the exhaust
pipe 10 by holding the valve member of the emission switch-
ing valve 20 1n a neutral position as shown 1n FIG. 23 for a
predetermined time since the exhaust gas exhibiting the sto-
ichiometric ratio or rich air/fuel ratio started tflowing to the
start catalyst unit 41. Herein, 11 the predetermined time 1s set
to a time enough to complete the desorption of SO_ from the
catalyst 41a for the start catalyst unit 41, it sis feasible to
hinder the inflow, into the catalytic converter 30, of SO_
desorbed from the start catalyst unit 41. Meanwhile, the
exhaust gas containing SO_ desorbed from the start unit 41 1s
purified by the sweeper 40. Then, after the predetermined
time has elapsed, the valve member of the emission switch-
ing valve 20 1s switched over to the backward flow position.

Fitth Embodiment

Next, a fifth embodiment of the exhaust emission control
system of the internal combustion engine according to the
present ivention will be discussed with reference to FIG.
24. FIG. 24 1s a diagram showing the principal components
of the exhaust emission control system 1n the fifth embodi-
ment. A difference of the fifth embodiment from the modi-
fied example of the second embodiment which 1s 1llustrated
in FIG. 18 1s only such a point that an S-trap 42 1s provided
midways of the exhaust pipe 11.

The S-trap 42 1s stored 1nside with an SO_ absorbing agent
42a. The SO_ absorbing agent 42a absorbs SO_ when the
air/fuel ratio of the inflow gas 1s lean, and, when a concentra-
tion of the oxygen of the inflow gas 1s low, desorbs SO_
absorbed. What can be exemplified as the SO, absorbing
agent 42a may be the three-way catalyst, the NO_ catalyst
exhibiting the high SO, absorbing power among the NO_
storage-reduction catalyst, and also an agent of zeolite borne
with platinum.

If the S-trap 42 1s thus provided, as shown i FIG. 24, the
S-trap 42 1s disposed more upstream than the catalytic con-
verter 30 when the valve member of the emission switching
valve 20 1s set 1 the forward flow position (1.e., when
absorbing NO_). Therefore, SO_ contained 1n the exhaust gas
1s adsorbed to the SO_absorbing agent 42a 1n the S-trap 42,
and can be thereby hindered from flowing into the catalytic
converter 30, whereby the NO_ catalyst 31 of the catalytic
converter 30 can be prevented from the SO, poisoning. In the
fifth embodiment, the SO, absorbing agent 42a 1n the S-trap
42 constitutes an exhaust gas puriiying element.
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In the fifth embodiment also, the exhaust gas can be
flowed back to the S-trap 42 by switching over the valve
member of the emission switching valve 20 to the backward
flow position. At this time, the exhaust gas, of which the
air/fuel ratio 1s stoichiometric or rich, 1s flowed, thereby
making 1t possible to desorb SO, from the SO, absorbing
agent 42a in the S-trap 42 and discharge 1t 1n the form of
SO,. Further, on this occasion, the ECU 100 calculates a
target air/tuel ratio of the exhaust gas flowing 1nto the S-trap
42, a target floor temperature of the S-trap 42 and, 1t the
reducing agent adding device 1s provided, a target reducing
agent quantity, which are optimal to the SO_ desorption from
the SO_ absorbing agent in the S-trap 42. Then, ECU 100
controls the engine 1 and the reducing agent adding device
etc to attain those target values, and 1t 1s preferable that the
SO _desorbing process be thus executed.

Further, for increasing the floor temperature under the
control of the floor temperature of the S-trap 42, 1t 1s also
feasible to raise a temperature of the S-trap 42 by 1ncreasing
the concentration of the oxygen in the exhaust gas flowing
into the catalytic converter 30 and by raising an exhaust gas
temperature with a heat emission due to oxidation through
the NO, catalyst 31 of the catalytic converter 30.

FIG. 25 1s a diagram showing a modified example of the
above-described fifth embodiment of the exhaust emission
control system. The catalytic converter 30, the sweeper 40
and the S-trap 42 are integrated into one unit so that the
exhaust gas 1s not permitted to flow to each other but the heat
can be transmitted to each other. With this configuration, the
reaction heat 1 the catalyst can be effectively utilized, which
1s advantageous to every catalyst in terms of the activation.
Incidentally, FIG. 25 shows a state where the valve member
of the emission switching valve 20 1s located 1n the forward
flow position.

Note that a timing at which to switch over the position of
the valve member of the emission switching valve 20 or of
the valve member 39, 1.e., a timing of switching over the
exhaust gas flowing through the exhaust gas purifying ele-
ment to the forward flow and the backward flow, 1s not lim-
ited to the timings explained in the first through fifth
embodiments discussed above.

[Fir] For example, if the exhaust gas purifying element is
defined as the NO, catalyst 31, the NO, catalyst 31 has a
property of easily absorbing SO_and SO_when the exhaust
gas temperature lowers and desorbing them when the
exhaust gas temperature rises. Hence, the emission switch-
ing valve 20 or the valve member 59 may be so controlled as
to be switched over so that when the exhaust gas temperature
lowers, the position of the valve member of the emission
switching valve 20 or of the valve member 59 1s set to the
forward flow position, and the exhaust gas flows along the
forward flow through the NO_ catalyst 31, and so that whe
the exhaust gas temperature rises, the position of the valve
member of the emission switching valve 20 or of the valve
member 59 1s set to the backward flow position, and the
exhaust gas flows along the backward flow through the NO_
catalyst 31.

Moreover, depending on a deposit of which the exhaust
gas purilying element should be purged of, the deposit to be
eliminated 1s dissolved and desorbed as 1n the case of H,SO,
when the floor temperature of the exhaust gas purifying ele-
ment becomes a predetermined temperature (e.g., 40° C.) or
over, 1n which case when the tloor temperature 1s lower than
the predetermined temperature, the position of the valve
member of the emission switching valve 20 or of the valve
member 59 1s set to the forward tlow position, whereby the
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exhaust gas flows along the forward flow through the purity-
ing element. When the floor temperature 1s over the predeter-
mined temperature, the position of the valve member of the
emission switching valve 20 or of the valve member 59 is
switched over to the backward flow position, whereby the 5
exhaust gas tlows along the backward tlow through the puri-
tying element. The position of the valve member of the
emission switching valve 20 or of the valve member 39 may
be so controlled as to be switched over 1n this manner.

10
Sixth Embodiment

Next, a sixth embodiment of the exhaust emission control
system of the internal combustion engine according to the

present invention will be discussed with reference to FIGS.
26 and 28. 15

In the first through fifth embodiments discussed above,
when the exhaust gas flows through the catalytic converter
30 or the S-trap 42, SO, contained 1n the exhaust gas 1s
absorbed to the area close to the exhaust gas tlow inlet of the
catalytic converter 30 or the S-trap 42. Therefore, 1n the case
of desorbing SO, from the catalytic converter 30 or the
S-trap 42, when the exhaust gas exhibiting the stoichiomet-
ric ratio or rich air/tfuel ratio 1n the opposite direction than in
the direction when executing the absorbing process, SO_
desorbed from the NO_ catalyst 31 or from the SO_ absorb-
ing agent 42a can be discharged at a shorter distance from
the catalytic converter 30 or the S-trap 42, and the SO_ des-
orbing process can be executed at a higher efficiency. Based
on this notion, the position of the valve member of the emis-
s1on switching valve 1s so controlled as to be switched over.
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By contrast, according to the sixth embodiment, when
switching over the position of the valve member of the emis-
sion switching valve 20, there might change a length of the
flow path till the exhaust gas flows into the catalytic con-
verter 30. Giving attention to this point, a position of a valve
member of an emission switching valve 30 1s so controlled
as to be switched over 1n relation to a temperature character-
istic of the NO_ catalyst 31.

FIG. 26 1s a diagram schematically illustrating a construc-
tion of the exhaust emission control system in the sixth
embodiment. The construction of this control system 1s,
however, absolutely the same as that of the exhaust emission
control system 1n the first embodiment shown 1n FIG. 1, of
which the explanation 1s therefore omitted, and the operation 5
in the sixth embodiment will hereinaiter be described. Note
that the NO_ catalyst 31 constitutes an exhaust gas purifying,
clement also 1n the sixth embodiment.

35

FIG. 26 shows a state when the valve member of the emis-
sion switching valve 20 1s located 1n the forward flow posi- 5q
tion. FIG. 27 shows a state when the valve member of the
emission switching valve 20 1s located in the backward flow
position. It can be understood from FIGS. 26 and 27 that the
length of the flow path till the exhaust gas flows into the
catalytic converter 30 1s smaller when the valve member of 55
the emission switching valve 20 1s located in the forward
flow position than when located 1n the backward flow posi-
tion.

Now, upon an inflow of the exhaust gas through the
exhaust pipe, the temperature of the exhaust gas decreases 60
due to a radiating phenomenon, and the decrease 1n the tem-
perature becomes larger as the length of the flow path
increases. Accordingly, the decrease in the exhaust gas tem-
perature 1s larger till the exhaust gas flows into the catalytic
converter 30 when the valve member of the emission switch- 65
ing valve 20 1s located in the backward tlow position than
when located 1n the forward tlow position.
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On the other hand, as shown 1n FIG. 28, a NO, purging
rate of the NO_ catalyst 31 1s correlated to a temperature of
the catalyst, and has a temperature window optimal to the
NO, absorption (which 1s hereinafter be termed a NO_
absorbing window). When deviating from this NO_ absorb-
ing window, the NO_ absorbing power largely declines.
Further, when desorbing and reducing NO_ from the NO_
catalyst 31, NO_ can be desorbed even 1t the temperature of
the NO_ catalyst 31 1s not set so high. When desorbing SO _
from the NO, catalyst 31, however, as explained above, SO_
can be desorbed at the higher efliciency by setting high the
temperature of the NO_ catalyst 31.

Then, according to the exhaust emission control system 1n
the sixth embodiment, the switch-over of the position of the
calve member of the emission switching valve 1s controlled
in the way that follows.

To begin with, when there 1s a condition under which NO_
can be absorbed to the NO_ catalyst 31, 1.e., when the tem-
perature of the NO_ catalyst 31 1s low (e.g., lower than 400®
C.) and the air/fuel ratio of the exhaust gas 1s lean (1.e., when
the engine 1 1s operated at the lean air/fuel ratio), the valve
member of the emission switching valve 20 is located 1n the
forward tlow position. With this setting, it 1s possible to
decrease the length of the flow path till the exhaust gas flows
into the catalytic converter 30, and there 1s diminished the
decrease in the temperature of the exhaust gas till the
exhaust gas flows into the catalytic converter 30. It 1s there-
fore feasible to restrain the drop in the temperature of the
NO_ catalyst 31 and to keep the NO, catalyst 31 at a tem-
perature suited to the NO_ absorption.

Next, when there 1s a condition under which NO_
absorbed to the NO_ catalyst 31 can be desorbed and
reduced, 1.e., when the temperature of the NO, catalyst 31 1s
low (e.g., 400° C. or lower) and the air/fuel ratio of the
exhaust gas 1s stoichiometric or rich (1.e., when the engine 1
1s operated at the stoichiometric ratio or rich air/fuel ratio),
the valve member of the emission switching valve 20 1s
located 1n the forward tlow position. With this setting, it 1s
possible to decrease the length of the flow path till the
exhaust gas flows 1nto the catalytic converter 30, and there 1s
diminished the decrease 1n the temperature of the exhaust
gas t1ll the exhaust gas flows into the catalytic converter 30.
It 1s therefore feasible to restrain the drop 1n the temperature
of the NO_ catalyst 31 and to keep the NO_ catalyst 31 at a
temperature suited to the NO, desorption and reduction.

Further, when the temperature of the NO_ catalyst 31 1s
high (e.g., 400° C. or higher) enough to deteriorate the NO_
purging rate (1.e., when the engine 1 1s operated at the lean
air/fuel ratio), the valve member of the emission switching
valve 20 1s located 1n the backward flow position. With this
setting, 1t 1s possible to increase the length of the flow path
t1ll the exhaust gas flows into the catalytic converter 30 and
to thereby speed up the decrease 1n the temperature of the
NO_ catalyst 31. As aresult, the NO, catalyst 31 can be kept
at a temperature suited to the NO, absorption.

Moreover, when there 1s a condition under which SO,
absorbed to the NO, catalyst 31 can be desorbed, 1.e., when
the temperature of the NO, catalyst 31 1s lugh (e.g., 600° C.
or higher) and the air/fuel ratio of the exhaust gas 1s stoichio-
metric or rich (i.e., when the engine 1 1s operated at the
stoichiometric ratio or rich air/fuel ratio), the valve member
of the emission switching valve 20 1s located 1n the forward
flow position. With this setting, 1t 1s possible to decrease the
length of the flow path till the exhaust gas flows 1nto the
catalytic converter 30, and there 1s diminished the decrease
in the temperature of the exhaust gas till the exhaust gas
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flows 1nto the catalytic converter 30. It 1s therefore feasible
to restrain the drop 1n the temperature of the NO_ catalyst 31
and to keep the NO_ catalyst 31 at a temperature suited to the
SO, desorption.

Note that an exhaust gas temperature detected by the
exhaust gas temperature sensor 13 provided 1n the vicinity of
the inlet 30a of the catalytic converter 30 serves as a substi-
tute for the catalytic temperature of the NO_ catalyst 31 in
the sixth embodiment.

Seventh Embodiment

Next, a seventh embodiment of the exhaust emission con-
trol system of the internal combustion engine according to
the present invention will be discussed with reference to
FIGS. 29 and 30. FIG. 29 1s a diagram showing the principal
components of the exhaust emission control system in the
seventh embodiment, wherein the valve member of the emais-
sion switching valve 20 1s located 1n the forward flow direc-
tion. A difference of the seventh embodiment from the sixth
embodiment 1s only such a point that the sweeper 40 1s pro-
vided midways of the exhaust pipe 10. Note that the NO_
catalyst 31 constitutes the exhaust gas purilying element
also 1n the seventh embodiment.

The sweeper 40 1s stored inside with a catalyst (e.g., the
selective reduction type NO_ catalyst for reducing or dis-
solving NO_ under the existence of hydro carbon 1n the over-
oxygen atmosphere) 40a for adsorbing the oxygen when the
air/fuel ratio of the exhaust gas 1s lean, and purging the
exhaust gas of HC and CO with the oxygen adsorbed thereto
when the air/fuel ratio of the exhaust gas 1s stoichiometric or
rich. Accordingly, 1n the lean-burn gasoline engine 1 in the
seventh embodiment, when the engine 1 1s operated at the
lean air/fuel ratio, the catalyst 40a of the sweeper 40 adsorbs
the oxygen 1n the exhaust gas.

In the sixth embodiment discussed above, when the tem-
perature of the NO__ catalyst 31 1s high, and when the air/fuel
ratio of the exhaust gas 1s lean, the valve member of the
emission switching valve 20 1s located 1n the backward flow
position, thereby increasing the length of the flow path till
the exhaust gas flows into the catalytic converter 30 and
augmenting the drop 1n the temperature of the exhaust gas.
With this contrivance, the temperature of the NO_ catalyst 31
1s controlled to fall within the NO_ absorbing window. If
done 1n this way, however, 1t might be considered that the
temperature of the NO_ catalyst 31 exceeds the NO_ absorb-
ing window.

The high-temperature exhaust gas 1s flowed 1n the state
where the temperature of the NO_ catalyst 31 exceeds the
NO_ absorbing window, and the exhaust gas still remains
unpuritfied. On the contrary, it might happen that NO_ cata-
lyst 31 1s deteriorated.

This being the case, according to the exhaust emission
control system in the seventh embodiment, when the air/tuel
ratio of the exhaust gas 1s lean (1.e., when the engine 1 1s
operated at the lean air/fuel ratio), and when the temperature
of the NO, catalyst 31 becomes high (e.g., 500® C. or
higher) over the NO_ absorbing window, as shown 1n FIG.
30, the valve member of the emission switching valve 20 1s
located 1n a neutral position between the forward tlow posi-
tion and the backward flow position. With this settmg, the
exhaust gas takes a short path from the exhaust pipe 9 to the
exhaust pipe 10, and does not substantially tlow to the cata-
lytic converter 30. Then, the exhaust gas containing HC and
Co which flows out to the exhaust pipe 10, 1s purged of HC
and CO with the oxygen adsorbed to the catalyst 40a of the
sweeper 40, and then discharged into the atmospheric air.
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Accordingly, the NO_ catalyst 31 stored 1n the catalytic con-
verter 30 can be prevented from being deteriorated.

Eighth Embodiment

Next, an eighth embodiment of the exhaust emission con-
trol system of the internal combustion engine according to
the present mvention will be discussed with reference to
FIG. 31. FIG. 31 1s a diagram of the principal components of
the exhaust emission control system 1in the eighth
embodiment, showing a state where the valve member of the
emission switching valve 20 1s located 1n the backward flow
direction. A difference of the eighth embodiment from the
seventh embodiment 1s only such a point that a cooler

(cooling unit) 43 1s provided midways of the exhaust pipe
12.

In the sixth embodiment discussed above, when the tem-
perature of the NO, catalyst 31 1s high, and when the air/fuel
ratio of the exhaust gas 1s lean, the valve member of the
emission switching valve 20 1s located in the backward flow
position, thereby increasing the length of the flow path till
the exhaust gas flows into the catalytic converter 30 and
augmenting the drop 1n the temperature of the exhaust gas.
With this contrivance, the temperature of the NO_ catalyst 31
1s controlled to fall within the NO_ absorbing window. If
done 1n this way, however, 1t might be considered that the
temperature of the NO, catalyst 31 exceeds the NO_ absorb-
ing window.

Then, according to the eighth embodiment, when the air/
fuel ratio of the exhaust gas 1s lean (1.e., when the engine 1 1s
operated at the lean air/fuel ratio), and when the temperature
of the NO, catalyst 31 becomes high (e.g., 500® C. or
higher) over the NO_ absorbing window, as shown 1n FIG.
31, the valve member of the emission switching valve 20 1s
located 1n the backward flow position, and the cooler 1s oper-
ated. I1 thus operated, 1t 1s feasible to increase the length of
the flow path t1ll the exhaust gas flows into the catalytic
converter 30 and to augment the drop 1n the temperature of
the exhaust gas till the exhaust gas tlows into the catalytic
converter 30. Besides, the temperature of the exhaust gas can
be forcibly lowered by the cooler 43, and hence the decrease
in the temperature of the NO, catalyst 31 can be speed up. As
a consequence, the NO_ catalyst 31 can be kept at a tempera-
ture suited to the NO, absorption.

Note that the cooler 43 may be of either a water cooling
type or an air cooling type, and a structure thereof 1s not
particularly limited. In short, the cooler 43 may incorporate
a Tunction capable of cooling the temperature of the exhaust
gas flowing through the exhaust pipe 12.

Ninth Embodiment

Next, a ninth embodiment of will be described with refer-
ence to FIGS. 32 to 36.

FIG. 32 1s a view schematically illustrating a construction
of the exhaust emission control system of the internal com-
bustion engine in the ninth embodiment. The engine 1 1s
classified as a lean-burn gasoline engine, wherein the intake
air 1s supplied to each of the cylinders via the intake pipe 2
and the intake manifold 3. The fuel 1s injected out of the fuel
injection valve 7 mto each intake passageway communicat-
ing with each cylinder. The exhaust gas discharged from
cach cylinder 1s exhausted via the exhaust manifold 8 and the
exhaust pipe 9. The intake pipe 2 1s provided with the throttle
valve 4 including the throttle position sensor 5, and the air-
flow meter 6. The exhaust pipe 9 1s provided with the
exhaust gas temperature sensor 13. The engine speed sensor
14 1s provided 1n the engine 1. Respective output signals of
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the throttle position sensor 5, the airflow meter 6, the exhaust
gas temperature sensor 13 and the engine speed sensor 14,
are outputted to the ECU 100. The operation of the fuel
injection valve 7 1s controlled based on the output signals
transmitted from the ECU 100, and this construction 1s abso-
lutely the same as that in the first embodiment discussed
above.

The exhaust emission control system in the ninth embodi-
ment has a different configuration on the downstream side of
the exhaust pipe 9 from the configuration in the first
embodiment, which will hereinafter be described 1n details.

A downstream-end of the exhaust pipe 9 1s connected to
an exhaust gas puritying unit 50C. The exhaust gas purifying
unit S0C communicates with the atmospheric air via the
exhaust pipe 10. A basic structure of the exhaust gas purity-
ing unit 50C 1s the same as the exhaust gas purifying unit
50A 1n the modified example of the first embodiment which
1s illustrated in FIGS. 8 to 11. In FIGS. 32 through 36, the
same components as those of the exhaust gas purifying unit
S0A are marked with the same numerals, and a different
point will hereinafter be explained. Note that the NO, cata-
lyst 31 constitutes the exhaust gas purifying element also 1n
the ninth embodiment.

In the exhaust gas purifying unit 50C 1n the ninth
embodiment, a SO_ absorbing agent 70 1s provided approxi-
mately 1n an intermediate portion of the pipe 52 in the axial
direction. Namely, in this exhaust gas purifying unit S0C, the
NO,_ catalyst 31 and the SO, absorbing agent are concentri-
cally disposed. What can be exemplified as the SO_ absorb-
ing agent 70 may be the NO_ storage-reduction catalyst hav-
ing the SO_absorbing power, the three-way catalyst, and the
agent borne with platinum.

In the ninth embodiment, however, the NO_ storage-
reduction catalyst having the SO_ absorbing power 1s used as
the SO_ absorbing agent 70. Accordingly, in the ninth
embodiment, the SO, absorbing agent 70 incorporates both
of the SO_ absorbing/desorbing function and the NO_ purg-
ing function.

Further, 1n the case of the exhaust gas punfying unit S0C,
when the valve member 59 1s held 1n the first closing posi-
tion indicated by the solid line 1 FIG. 36, the exhaust gas
flows along the forward flow through the NO_ catalyst 31.
When the valve member 59 1s held in the second closing
position indicated by the one-dotted line 1mn FIG. 36, the
exhaust gas tlows along the backward flow through the NO_
catalyst 31.

More specifically, FIG. 32 shows the state where the valve
member 59 1s located 1n the forward tlow position. At this
time, the exhaust gas flowing into the pipe 52 via the exhaust
pipe 9 flows 1n the sequence such as the SO, absorbing agent
70—the opening 57—the NO_ catalyst 31—=the sub-space
54—the connection pipe 58—=the opening 58—the pipe
52—the exhaust pipe 10.

Moreover, FIG. 33 shows the state where the valve mem-
ber 39 1s located 1n the backward tlow position. At this time,
the exhaust gas tlowing into the pipe 52 via the exhaust pipe
9 flows 1n the sequence such as the SO_ absorbing agent
70—the opening 56—the connection pipe 58—=the sub-
space 54—the NO,_ catalyst 31—=the sub-space space
55—the opeming 57—the pipe 52—the exhaust pipe 10.

Accordingly, in the case of the exhaust gas purifying unit
50C, the length of the flow path t1ll the exhaust gas flows into
the NO, catalyst 31 1s larger when the valve member 59 1s
set 1n the backward tlow position than when the valve mem-
ber 59 1s set in the forward flow position. As a result, the
decrease 1n the temperature of the exhaust gas till the
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exhaust gas flows mto the NO_ catalyst 31 1s larger when the
valve member 59 1s set 1n the backward flow position than
when the valve member 59 1s set 1n the forward flow posi-
tion.

Furthermore, 1n the case of the exhaust gas purifying unit
50C, as shown 1n FIG. 34, the valve member 59 can be held
also 1n the neutral position set along the axial line of the pipe
52. The structure 1s such that when the valve member 59 is
thus located in the neutral position, there 1s produced no
pressure difference between the inlet and the outlet of the
NO_ catalyst 31, and hence the exhaust gas does not substan-
tially flows out to the sub-space 335 or the connection pipe 38
via the openings 56, 37 of the pipe 52 and flows along the
short path from the exhaust pipe 9 via the pipe 52 to the
exhaust pipe 10. Accordingly, the exhaust gas does not tlow
to the NO_ catalyst 31.

Note that as explained in the sixth embodiment, FIG. 28
shows a relationship between the NO_ purging rate and the
catalytic temperature of the NO_ catalyst (NO_ storage-
reduction catalyst) 31 disposed 1n the annular space 53.

In the exhaust emission control system in the ninth
embodiment, the ECU 100 performs the control of switching
over the position of the valve member 59 1n the following
manner.

To start with, the valve member 59 1s located in the for-
ward tlow position as illustrated 1n FIG. 32, in which case
the load of the engine 1 1s comparatively small, the tempera-
ture of the NO_ catalyst 31 1s low (e.g., less than 400® C.),
and the air/fuel ratio of the engine 1 1s under the lean/rich
spike control. If done in this way, 1t 1s possible to decrease
both of the length of the flow path till the exhaust gas flows
into the NO_ catalyst 31 and the drop 1n the temperature of
the exhaust gas till the exhaust gas flows into the NO, cata-
lyst 31. Hence, 1t 1s feasible to restrain the decrease 1n the
temperature of the NO_ catalyst 31 and to keep the NO_
catalyst 31 at a temperature suited to the NO_ absorption and
desorption.

Then, at this time, the exhaust gas flows through the SO_
absorbing agent 70 and is thereafter discharged via the NO_
catalyst 31. Hence, SO_ contained i1n the exhaust gas 1s
absorbed to the SO_ absorbing agent 70, whereby the NO_
catalyst 31 1s prevented from the SO_ poisoning. Further,
NO_ contained 1n the exhaust gas 1s absorbed to both of the
SO, absorbing agent 70 and the NO_ catalyst 31, and conse-
quently the NO_ purging rate becomes extremely high.

Next, the valve member 59 is located 1n the backward flow
position as 1llustrated 1n FIG. 33, in which case the load of
the engine 1 1s comparatively large, the temperature of the
NO_ catalyst 31 1s high (e.g., over 400® C.) enough to dete-
riorate the NO_ purging rate, and the air/fuel ratio of the
engine 1 1s under the lean/rich spike control. With this
operation, it 1s feasible to increase both of the length of the
flow path t1ll the exhaust gas flows into the NO, catalyst 31
and the drop 1n the temperature of the exhaust gas till the
exhaust gas tlows 1nto the NO_ catalyst 31. Hence, 1t 15 pos-
sible to speed up the drop 1n the temperature of the NO,
catalyst 31 and, as a result, to keep the NO_ catalyst 31 at a
temperature suited to the NO_ absorption and desorption.

Then, at this time also, the exhaust gas tlows through the
SO _ absorbing agent 70 and 1s thereafter discharged via the
NO_ catalyst 31. Hence, SO, contained 1n the exhaust gas 1s
absorbed to the SO, absorbing agent 70, whereby the NO_
catalyst 31 1s prevented from the SO_ poisoning. Further,
NO_ contained in the exhaust gas 1s absorbed to both of the
SO, absorbing agent 70 and the NO_ catalyst 31, and conse-
quently the NO_ purging rate becomes extremely high.
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As discussed above, the connection pipe 58 functions as a
cooling device for decreasing the temperature of the exhaust
gas. Therefore, 11 this connection pipe 58 1s installed 1n a
position where the pipe 58 receives the traveling wind, the
cooling effect can be enhanced.

Further, 1n a state where the engine 1 continues to be 1n the
operation at the stoichiometric ratio as 1t does when starting
up the engine 1 and during an accelerating operation and a
hlgh-speed high-load operatlon the valve member 59 1s, as
illustrated in FIG. 34, located 1n the neutral position. Wlth
this setting, as described above, the exhaust gas tflows along,
the short path from the exhaust pipe 9 via the pipe 52 to the
exhaust pipe 10 but does not flow to the NO_ catalyst 31.

If the exhaust gas exhibiting the stoichiometric ratio con-
tinues to flow through the SO_ absorbing agent 70 for a
predetermined period or longer, though 1t should be consid-
ered as a matter of course when the temperature of the
exhaust gas 1s high, even when the temperature of the
exhaust gas 1s low, SO, 1s desorbed from the SO, absorbing
agent 70. Thus, if SO_ desorbed from the SO_ absorbing
agent 70 flows to the NO_ catalyst 31, the NO, catalyst 31
suffers the SO, poisoning. Under this circumstance, 1t the
exhaust gas of the stoichiometric ratio continues to flow, the
valve member 59 1s held in the neutral position, thereby
preventing the exhaust gas from flowing to the NO_ catalyst

31.

SO_ desorbed from the SO_ absorbing agent 70 1s reduced
to SO,, and the exhaust gas tlows out to the exhaust pipe 10.

Note that the exhaust gas temperature detected by the
exhaust gas temperature sensor 13 provided 1n the vicinity of
the tlange 352a of the exhaust gas puritying unit 50A, 1s a
substitute for the catalytic temperature of the NO_ catalyst
31 in the ninth embodiment.

<Modified Examples Shown i FIGS. 37 to 41>

FIGS. 37 through 41 are diagrams each showing a modi-

fied example of the ninth embodiment of the exhaust emis-
sion control system, wherein the control system 1s con-
structed 1n a more compact configuration by eliminating the

connection pipe 38 from the exhaust gas puritying unit 50C
shown 1n FIGS. 32 to 36.

The following 1s an explanation of a difference of an
exhaust gas purifying unit 50D in thus modified example
from the exhaust gas purifying unit 50C described above.
The same components as those of the exhaust gas puritying
unit 50C are marked with the same reference numerals in
FIGS. 37 to 41, of which description 1s omitted. Note that the
NO_ catalyst 31 constitutes the exhaust gas puritying ele-
ment also 1n this modified example.

The exhaust gas purifying unit 50D in this modified
example 1s constructed such that an annular space formed
between the casing 51 and the pipe 52 1s sectioned 1nto three
spatial areas, 1.e., the annular sub-space 60 formed at an end
portion on the side of the flange 52a, and the sub-spaces 62,
63 cach taking a sectionally semicircular shape which are
vertically divided into two spatial areas by the partition plate
61 extending from the casing 351 to the pipe 352 and fixed
thereto.

Then, referring to FIG. 40, the NO,_ catalyst 31 1is
disposed, 1n close proximity to the sub-space 60, within the
semicircular sub-space 63 positioned upward. The sub-space
64 1s formed in an area closer to the flange 52b than the NO_
catalyst 31 within the subspace 63, and the opening 57 of the
pipe 52 commumnicates with the sub-space 64. On the other
hand, referring again to FI1G. 40, the semicircular sub-space
62 positioned downward communicates with the annular
sub-space 60 and with the opening 56 of the pipe 52.
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A positional relationship between the valve member 59
and the openings 56, 57, and two closing positions of the
valve member 59 for closing the pipe 52, are absolutely the
same as those in the exhaust gas purifying unit 50C
described above. Then, explaining the case of the exhaust
gas purilying unit 50D 1n the present modified example with
reference to 36, when the valve member 59 15 held in the first
closing position indicated by the solid line 1 FIG. 36, the
portion of the pipe 52, which 1s closer to the SO_ absorbing
agent 70 than the valve member 59, 1s connected via the
opening 57 to the sub-space 64. The portion of the pipe 52,
which 1s closer to the flange 52b than the valve member 59,
1s connected via the opening 56 to the downward semicircu-
lar sub-space 62. In contrast with this, when the valve mem-
ber 39 1s held 1n the second closing position (backward flow
position) indicated by the two-dotted line 1n FIG. 36, the
portion of the pipe 52, which i1s closer to the SO, absorbing
agent 70 than the valve member 59, 1s connected via the
opening 36 to the downward semlclrcular sub-space 62. The
portion of the pipe 52, which 1s closer to the ﬂange 52b than
the valve member 59, 1s connected via the opening 57 to the
sub-space 64.

FIGS. 37 and 39 are sectional views each showing the
exhaust gas puritying unit 50D. FIG. 37 illustrates a state
where the exhaust gas flows through the NO, catalyst 31
along the forward flow. FIG. 38 illustrates a state where the
exhaust gas tlows through the NO_ catalyst 31 along the
backward flow. FIG. 39 shows a state where the valve mem-
ber 59 1s set 1n the neutral position, and the exhaust gas takes
a short path without flowing through the NO, catalyst 31. It
should be noted that when constructed as 1n the case of this
exhaust gas purifying unit 50D, the operation of the exhaust
emission control system 1s also the same as i1t operates with
the exhaust gas purifying unit 50C provided in the ninth
embodiment, and hence the explanation thereof 1s omitted.

<Modified Examples Shown 1n FIGS. 42 to 44>

FIGS. 42 to 44 are diagrams each showing a modified
example of the ninth embodiment of the exhaust emission
control system. A difference of the exhaust emission control
system 1n this modified example from the exhaust emission
control system 1n the mode shown 1n FIGS. 32 to 36, 1s only
a point related to the exhaust pipe 9 and downstream-side
portion thereof. This different point will be explained refer-
ring to FIGS. 42 to 44. Note that the NO_ catalyst 31 consti-
tutes the exhaust gas purifying element also 1n this modified

example.

A SO _absorbing agent 71 1s provided 1n the vicinity of the
downstream-side end portion of the exhaust pipe 9. This
absorbing agent 71 1s composed of a three-way catalyst hav-
ing a carrier including a basic site such as aluminum, and
exhibits suificient SO, absorbing power.

The exhaust pipe 9 disposed more downstream than the
SO, absorbing agent 71 1s connected to a first port of the
emission switching valve 20 formed with four ports. The
emission switching valve 20 1s absolutely the same as the
valve used 1n the exhaust emission control system 1n the first
embodiment, and the configuration given downstream of the
emission switching valve 20 1s completely the same as that
in the exhaust emission control system 1n the first embodi-
ment. Then, the component provided downstream of the
emission switching valve 20 are marked with the same
numerals as those in the first embodiment, of which the
explanation 1s omitted.

In this modified example, however, the valve member of
the emission switching valve 20 can be held in the forward
flow position when the exhaust gas flows along the forward
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flow through the NO, catalyst 31 as shown i FIG. 42, the
backward flow position when the exhaust gas flows along the
backward tlow through the NO_ catalyst 31 as shown in FIG.
43, and the neutral flow position when the exhaust gas takes
the short path from the exhaust pipe 9 to the exhaust pipe 10

without tlowing through the NO,_ catalyst 31 as shown in
FIG. 44.

In this modified example also, the length of the flow path
t1ll the exhaust gas tlows into the catalyst 31 is larger than
when the valve member of the emission switching valve 20
1s set 1n the backward tlow position than when set 1n the
forward tlow position. As a result, the decrease 1n the tem-
perature of the exhaust gas till the exhaust gas tflows 1nto the
catalyst 31 1s larger when the valve member of the emission
switching valve 20 1s set 1n the backward flow position than
when set 1n the forward flow position.

In the exhaust emission control system 1n this modified
example, the ECU 100 performs the control of switching
over the position of the valve member 59 1n the following
mannet.

To start with, the valve member of the emission switching
valve 20 1s located 1n the forward flow position as illustrated
in FIG. 42, in which case the load of the engine 1 1s com-
paratively small, the temperature of the NO, catalyst 31 1s
low (e.g., less than 400° C.), and the air/fuel ratio of the
engine 1 1s under the lean/rich spike control. If done in this
way, 1t 1s possible to decrease both of the length of the flow
path till the exhaust gas flows into the NO_ catalyst 31 and
the drop 1n the temperature of the exhaust gas till the exhaust
gas flows into the NO_ catalyst 31. Hence, 1t 1s feasible to
restrain the decrease 1n the temperature of the NO_ catalyst
31 and to keep the NO_ catalyst 31 at a temperature suited to
the NO, absorption and desorption.

Then, at this time, the exhaust gas flows through the SO
absorbing agent 71 and 1s thereatfter discharged via the NO_
catalyst 31. Hence, SO_ contained 1n the exhaust gas 1is
absorbed to the SO, absorbing agent 71, whereby the NO_
catalyst 31 1s prevented from the SO, poisoning.

Next, the valve member of the emission switching valve
20 1s located 1n the backward tlow position as illustrated 1n
FIG. 43, 1n which case the load of the engine 1 1s compara-
tively large, the temperature of the NO_ catalyst 31 1s high
(e.g., over 400° C.) enough to deteriorate the NO, purging
rate, and the air/fuel ratio of the engine 1 1s under the lean/
rich spike control. With this operation, i1t 1s feasible to
increase both of the length of the flow path till the exhaust
gas flows 1into the NO_ catalyst 31 and the drop in the tem-
perature ol the exhaust gas till the exhaust gas flows into the
NO_ catalyst 31. Hence, 1t 1s possible to speed up the drop in
the temperature of the NO_ catalyst 31 and, as a result, to
keep the NO, catalyst 31 at a temperature suited to the NO_
absorption and desorption.

Then, at this time also, the exhaust gas flows through the
SO, absorbing agent 71 and 1s thereaiter discharged via the
NO, catalyst 31. Hence, SO_ contained in the exhaust gas 1s
absorbed to the SO_ absorbing agent 71, whereby the NO_
catalyst 31 1s prevented trom the SO_ poisoning.

Further, 1n a state where the engine 1 continues to be 1n the
operation at the stoichiometric ratio as 1t does when starting
up the engine 1 and during the accelerating operation and the
high-speed high-load operation, the valve member of the
emission switching valve 20 1s, as illustrated 1in FIG. 44,
located 1n the neutral position. With this setting, as described
above, the exhaust gas flows along the short path from the
exhaust pipe 9 via the pipe 52 to the exhaust pipe 10 but does
not flow to the NO, catalyst 31. Accordingly, even when SO _
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1s desorbed from the SO, absorbmg agent 71, 1t never hap-
pens that the NO_ catalyst 31 suilers the SO poisoning.
Further, at this time, the exhaust gas 1s purified by three-way
activation of the SO_ absorbing agent 71. Consequently,
there 1s no necessity for providing the sweeper.

Moreover, 1n the case of this modified example, 11 there
might be a possibility in which SO_ absorbed to the SO _
absorbing agent 71 reaches a predetermined quantity and 1s
desorbed from the SO_ absorbing agent 71 even 1n the rich
spike for a short period of time under the lean/rich spike
control, there 1s executed a regenerative process ol desorbing
SO _from the SO_ absorbing agent 71. During this regenera-
tive process, the valve member of the emission switching
valve 20 1s located 1n the neutral position shown 1n FI1G. 44,
thereby preventing the SO_ desorbed out of the SO_ absorb-
ing agent 71 trom tlowing to the NO_ absorbing agent 31.

Note that the regenerative process of the SO_ absorbing
agent 71 1s executed by setting the air/fuel ratio to the sto-
ichiometric ratio and making the operation state of the
engine 1 continue for the predetermined time 1n which the
temperature of the exhaust gas rises over a predetermined
temperature (e.g., 600° C. or higher).

Further, what may be judged as a regenerative timing of
the SO, absorbing agent 71 1s a timing when, with a process
of the ECU 100 estimating and integrating a SO_ absorption
quantity of the SO, absorbing agent 71 from a hysteresis of
the operation state of the engine 1, this estimated/integrated
value reaches a predetermined quantity, or a timing when,
with a process of an S sensor(SO, sensor) being provided at
the exhaust pipe 9 disposed downstream of the SO_ absorb-
ing agent 71 and so structured as to be capable of detecting
an SO, concentration 1n the exhaust gas which flows out of
the SO, absorbing agent 71, an SO, desorption peak value
when 1n the rich spike during an execution of the lean/rich

spike control comes to a predetermined value.

Tenth F

Embodiment

Next, a tenth embodiment of the exhaust emission control

system of the mternal combustion engine according to the
present mvention will hereinafter be explained with refer-

ence to FIGS. 45 and 46.

FIG. 45 1s a diagram schematically showing a construc-
tion of the exhaust emission control system of the internal
combustion engine 1n the tenth embodiment. The engine 1 1s
classified as a lean-burn gasoline engine, wherein the intake
air 1s supplied to each of the cylinders via the intake pipe 2
and the intake manifold 3. The fuel 1s injected out of the fuel
injection valve 7 mto each intake passageway communicat-
ing with each cylinder. The exhaust gas discharged from the
respective cylinders 1s exhausted via the exhaust manifold 8
and the exhaust pipe 9. The intake pipe 2 1s provided with the
throttle valve 4 including the throttle position sensor 5, and
the airflow meter 6. The engine speed sensor 14 1s prowded
in the engine 1. Respective output signals of the throttle
position sensor 3, the airtlow meter 6 and the engine speed
sensor 14, are outputted to the ECU 100. The operation of
the fuel 1injection valve 7 1s controlled based on the output
signals transmitted from the ECU 100, and this construction
1s absolutely the same as that 1n the first embodiment dis-
cussed above. The exhaust pipe (the fist exhaust
passageway) 9 1s connected to the first port of the emission
switching valve (the flow direction switching unit) 20
formed with four ports. The second port of the emission
switching valve 20 communicates with the atmospheric air
via the exhaust pipe (the second exhaust passageway) 10.
This arrangement and the structure of the emission switch-
ing valve 20 are completely the same as those 1n the first
embodiment.
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The following 1s a different point of the exhaust emission
control system in the tenth embodiment from the first
embodiment.

In the tenth embodiment, the third port of the emission
switching valve 20 1s connected to the mlet 30a of the cata-
lytic converter 30 via the exhaust pipe (the third exhaust
passageway) 11. The outlet 30b of the catalytic converter 30
1s connected to an mlet 80a of an HC adsorbing agent 80 via
an exhaust pipe 12A, and an outlet 80b of the HC adsorbing
agent 80 1s connected to the fourth port of the emission
switching valve 20 via an exhaust pipe 12B. In the tenth
embodiment, the exhaust pipes 12A, 12B constitute a fourth
exhaust passageway, and HC adsorbing agent 80 1s provided
in the fourth exhaust passageway.

The catalytic converter 30 contains at least a catalyst (an
exhaust gas purilying element) 32 capable of purging the
exhaust gas of hydro carbon (HC). The NO_ storage-
reduction catalyst and the selective reduction type NO_ cata-
lyst may be exemplified as the catalyst 32.

The HC adsorbing agent 80 has a nature of adsorbing the
hydro carbon (HC) when a temperature of the adsorbing
agent 1s a predetermined temperature or under, and desorb-
ing HC adsorbed thereto when exceeding the predetermined
temperature. The HC adsorbing agent 80 may be composed
ol a porous substance such as, e.g., zeolite efc.

An exhaust gas temperature sensor 81 for outputting to the
ECU 100 an output signal corresponding to a temperature of
the exhaust gas flowing within the exhaust pipe 12B, 1s
attached to the exhaust pipe 12B in the vicinity of the outlet
80b of the HC adsorbing agent 80.

Note that the emission switching valve 20 1s driven by the
actuator 21, thereby switching over the position of the valve
member thereof. The actuator 21 1s the same as that in the

first embodiment 1n terms of its being controlled by the ECU
100.

FIG. 45 shows the state where the valve member of the
emission switching valve 20 1s set 1n the forward tlow posi-
tion. At this time, the exhaust gas flows 1n the sequence such
as the exhaust pipe 9—the exhaust pipe 11—=the catalytic
converter 30—the exhaust pipe 12A—=the HC adsorbing
agent 80—the exhaust pipe 12B—the exhaust pipe 10, and 1s
discharged into the atmospheric air. FIG. 46 shows the state
where the valve member of the emission switching valve 20
1s set 1n the backward tlow position. At this time, the exhaust
gas flows in the sequence such as the exhaust pipe 9—=the
exhaust pipe 12B—the HC adsorbing agent 80—the exhaust
pipe 12A—the catalytic converter 30—the exhaust pipe
11—the exhaust pipe 10, and 1s discharged into the atmo-
spheric air.

I the exhaust emission control system 1in the tenth
embodiment, the ECU 100 performs the control of switching
over the position of the valve member of the emission
switching valve 20 1n the following manner.

Now, 1t 1s assumed that the HC adsorbing agent 80
adsorbs HC when the temperature of the adsorbing agent 1s
150° C. or lower and desorbs HC adsorbed thereto when
exceeding 150° C. It 1s also assumed that the catalyst 32
exhibits a predetermined purging performance at over 200°
C. defined as an active temperature. Further, the exhaust gas
temperature detected by an exhaust gas temperature sensor
81 provided 1n the vicinity of the outlet 80b of the HC
adsorbing agent 80, 1s a substitute for the adsorbing agent
temperature of the HC adsorbing agent 80.

At first, when the exhaust gas temperature 1s low as in the
case of starting up the engine 1, and when the exhaust gas
temperature detected by the exhaust gas temperature sensor
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81 1s under 150° C., the valve member of the emission
switching valve 20 1s located in the forward flow position as
shown 1n FIG. 45. With this setting, the exhaust gas flows
through the HC adsorbing agent 80 atter passing through the
catalytic converter 30, and i1s discharged into the atmo-
spheric air.

At this time, the catalyst 32 of the catalytic converter 30
does not yet reach the active temperature (200° C.), and
consequently the exhaust gas 1s not substantially purified
and flows through the catalytic converter 30. Then,
thereafter, when the exhaust gas flows through the HC
adsorbing agent 80, HC in the exhaust gas 1s adsorbed to the
HC adsorbing agent 80. Till the exhaust gas temperature
detected by the exhaust gas temperature sensor 81 comes to
150° C., the exhaust gas continues to tlow along the forward
flow 1n this way. Accordingly, even when the temperature of
the catalyst 32 does not reach the active temperature as in the
case of the start-up at a low temperature, 1t never happens
that HC 1n the exhaust gas 1s discharged 1nto the atmospheric
air.

Herein, the exhaust pipe 12A extends between the cata-
lytic converter 30 and the HC absorbing agent 80. The cata-
lytic converter 30 and the HC absorbing agent 80 have their
own thermal capacities, and therefore a temperature of the
catalyst 32 of the catalytic converter 30 1s not the same as a
temperature of the HC absorbing agent 80 when the exhaust
gas temperature 1s 1n the process of 1ts rise. During the for-
ward flow of the exhaust gas, the catalyst 32 assumes a
higher temperature than that of the HC adsorbing agent 80.
Then, 1n accordance with the tenth embodiment, when the
exhaust gas tlows along the forward flow, and when the tem-
perature of the HC adsorbing agent 80 reaches 150° C., a
length of the exhaust pipe 12A 1s set so that the temperature
of the catalyst 32 comes to 200° C. or higher.

Next, when the exhaust gas temperature rises, and when
the exhaust gas temperature detected by the exhaust gas tem-
perature sensor 81 exceeds 150° C., 1t 1s required that the
valve member of the emission switching valve 20 be, as
illustrated in FIG. 46, controlled 1n relation to the switching
control. Note that as a method of adding the reducing agent,
for example, the reducing agent may be added directly to the
exhaust pipe 9, or the fuel may be sub-injected out of the fuel
injection valve during an expansion stroke or exhaust stroke
of each cylinder of a diesel engine.

Moreover, the first to mnth embodiments aim at desorbing,
SO, out of the NO_ catalyst or the SO, absorbing agent. For
this purpose, when desorbing SO_, the air/fuel ratio of the
exhaust gas 1s set stoichiometric or rich, and the exhaust gas
temperature 1s set high. These settings are not necessarily
done depending on a category of the deposit to be desorbed
out of the exhaust gas purilying element. For instance, if the
deposit can be desorbed out of the exhaust gas puriiying
clement simply by setting the exhaust gas at the stoichiomet-
ric ratio or the rich air/fuel ratio, the air/tuel ratio of the
exhaust gas may merely be set stoichiometric or rich when
removing the deposit, and there 1s no necessity for raising
the exhaust gas temperature. Further, if the deposit can be
desorbed out of the exhaust gas purifying element simply by
increasing the temperature of, the exhaust gas temperature
may be merely increased, and there 1s no necessity for set-
ting the exhaust gas at the stoichiometric ratio or rich air/fuel
ratio.

According to the exhaust emission control system of the
internal combustion engine of the present invention, 1t 1s
teasible to selectively switch over the flow direction of the
exhaust gas flowing through the exhaust gas purifying ele-
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ment 1n either the forward tlow direction or the backward
flow direction simply by switching over the flow direction
switching device to the first or second position. This might
simplify the structure of the exhaust emission control
system, which leads to a decrease 1n the costs.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust purifying element 1s structured as the NO_ storage-
reduction catalyst, and, when 1n the SO_ desorbing process
of desorbing SO, absorbed to the NO_ storage-reduction
catalyst from this NO, storage-reduction catalyst, the flow
direction switching device 1s switched over to the first or
second position, thus changing the flow direction of the
exhaust gas flowing through the NO_ storage-reduction cata-
lyst to a direction opposite to that when absorbing NO.,. In
this case, SO, can be desorbed at a high efficiency from the
NO, storage-reduction catalyst.

In the exhaust emission control system of the internal
combustion engine according to the present invention, as for
the exhaust gas purilying element composed of the NO_
storage-reduction catalyst, the NO, storage-reduction cata-
lyst disposed on the inlet-side 1n the flow direction of the
exhaust gas when absorbing NO_, exhibits higher SO,
absorbing power than that of the NO_ storage-reduction
catalyst disposed on the outlet-side in the flow direction of
the exhaust gas when absorbing NO_. In this case, SO_can
be desorbed out of the NO_ storage-reduction catalyst at the
high efliciency.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust gas puriiying element 1s composed of the NO,_
storage-reduction catalyst, there 1s provided a heating ele-
ment for heating the potion close to the inlet of the NO_
storage-reduction catalyst 1n the flow direction of the
exhaust gas when absorbing NO . In this case, the SO_ des-
orption out of the NO_ storage-reduction catalyst can be
more speeded up.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust gas purifying element 1s composed of the NO_
storage-reduction catalyst, and the flow direction switching
device 1s switched over to the first or second position,
whereby lengths of the third exhaust passageway and of the
fourth exhaust passageway are set so that a distance from the
internal combustion engine to the NO_ storage-reduction
catalyst is shorter [than when in the SO_ desorbing process}
when in the SO, desorbing process than when absorbing
NO.. In this case, it 1s feasible to speed up both of a rise 1n
temperature of the NO, storage-reduction catalyst and the
SO, desorption when 1n the SO, desorbing process.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust gas purnifying element 1s composed of the NO_
storage-reduction catalyst, and the sweeper 1s provided at the
second exhaust passageway. In this case, even when the tlow
of the exhaust gas 1s bypassed without flowing through the
exhaust gas purilying element 1n the process of the switching
process by the flow direction switching device, the exhaust
gas 1s purillied by the sweeper and can be then discharged
into the atmospheric air.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust gas puritying element 1s composed of the NO_
storage-reduction catalyst, another catalyst 1s provided at the
first exhaust passageway, and the sweeper 1s provided at the
second exhaust passageway. The flow direction switching
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device 1s switched over to a third position for connecting the
first port to the second port for an initial predetermined time
during the SO, desorbing process, and switches over the
flow direction of the exhaust gas flowing though the NO_
storage-reduction catalyst 1n a direction opposite to that
when absorbing NO _ after the predetermined has elapsed. In
this case, even when SO, 1s desorbed from another catalyst
at the 1nitial stage ot the SO_ desorbing process, SO_ des-
orbed therefrom does not flow mto the NO, storage-
reduction catalyst, and hence the NO__ strage-reduction cata-
lyst 1s prevented from SO, poisoning. Besides, the sweeper

1s capable of punifying SO, desorbed from another catalyst.

It the NO_ storage-reduction catalyst and the sweeper are
integrated 1nto one unit so that the exhaust gas can not flow
therebetween and the heat can be transmitted therebetween,
a temperature of the sweeper can be kept high, and a purging
performance can be enhanced.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust gas puritying element 1s composed of the NO_
storage-reduction catalyst, and the lengths of the third and
fourth exhaust passageways are set so that the distance from
the internal combustion engine to the exhaust gas purifying
clement becomes different by switching over the flow direc-
tion switching device to the first or second position. Then,
the flow direction switching device 1s switched over by
selecting a flow path having a shorter distance from the inter-
nal combustion engine to the NO_ storage-reduction catalyst
during the SO, desorbing process of desorbing SO,
absorbed to the NO, storage-reduction catalyst out of this
NO, storage-reduction catalyst. In this case, the higher-
temperature exhaust gas can be flowed through the NO_
storage-reduction catalyst. As a result, SO, can be desorbed
at a higher efficiency.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust gas purifying element 1s composed of the NO_
storage-reduction catalyst, and the lengths of the third and
fourth exhaust passageways are set so that the distance from
the mnternal combustion engine to the exhaust gas purifying
clement becomes different by switching over the tlow direc-
tion switching device to the first or second position. Then,
the flow direction switching device 1s switched over by
selecting a flow path having a longer distance from the inter-
nal combustion engine to the NO_ storage-reduction catalyst
when the NO_ storage-reduction catalyst absorbs NO, and
when the exhaust gas temperature or the temperature of the
NO, storage-reduction catalyst 1s over a predetermined
temperature, and selecting a flow path having a shorter dis-
tance from the internal combustion engine to the NO_
storage-reduction catalyst when the NO_ storage-reduction
catalyst absorbs NO_ and when the exhaust gas temperature
or the temperature of the NO_ storage-reduction catalyst 1s
lower than the predetermined temperature. In this case, the
NO_ storage-reduction catalyst can be kept within a tem-
perature range suited to the NO_ absorption, and the NO_
purging rate can be enhanced.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust gas puritying element 1s composed of the NO_
storage-reduction catalyst, and the lengths of the third and
fourth exhaust passageways are set so that the distance from
the mnternal combustion engine to the exhaust gas purifying
clement becomes different by switching over the tlow direc-
tion switching device to the first or second position. The
sweeper 15 provided at the second exhaust passageway, and
the tlow direction switching device can be switched over to a
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third position i which the first port can be connected to the
second port. When the exhaust gas temperature ov the tem-
perature of the NO, storage-reduction catalyst 1s higher than
a NO_ absorbable temperature range of the NO_ storage-
reduction catalyst, the tlow direction switching device 1s
selectively switched over to the third position. In this case,
the high-temperature exhaust gas can takes a short path from
the first exhaust passageway to the second exhaust passage-
way without flowing though the NO, storage-reduction
catalyst, thereby preventing the NO _ storage-reduction cata-
lyst from being deteriorated due to the high temperature.

In the exhaust emission control system of the internal
combustion engine according to the present invention, a
cooling device for cooling the exhaust gas 1s provided at
either the third exhaust passageway or the fourth exhaust
passageway, which increases the distance from the internal
combustion engine to the NO_ storage-reduction catalyst. In
this case, the NO_ storage-reduction catalyst can be held
more surely within the temperature range suited to the NO_
absorption by the NO_ storage-reduction catalyst.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust gas purnilying element 1s composed of the NO_
storage-reduction catalyst, and the first exhaust passageway
1s provided with the SO_absorbing agent for absorbing SO _
when the air/fuel ratio of the inflow exhaust gas 1s lean, and
desorbs SO_ absorbed thereto when a concentration of oxy-
gen 1n the mflow exhaust gas decreases. The tlow direction
switching device can be switched over to the third position 1n
which to connect the first port to the second port, and 1s
selectively switched over to the third position when the inter-
nal combustion engine comes to a continuous stoichiometric
ratio operation. In this case, even if the exhaust gas exhibit-
ing the stoichiometric ratio tlows into the SO_ absorbing
agent and SO, 1s desorbed from the SO_ absorbing agent, 1t
1s possible to prevent SO,_ from flowing into the NO,
storage-reduction catalyst and to prevent the NO, storage-
reduction catalyst from suffering the SO, poisoning.

If the SO_absorbing agent and the NO_ storage-reduction
catalyst are concentrically disposed, the exhaust emission
control system can be structured 1n a compact configuration.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust gas puritying element 1s composed of the NO_
storage-reduction catalyst, and the first exhaust passageway
1s provided with a three-way catalyst exhibiting SO, absorb-
ing power. The flow direction switching device can be
switched over to the third position 1n which to connect the
first port to the second port, and 1s selectively switched over
to the third position when the internal combustion engine
comes to a continuous stoichiometric ratio operation. In this
case, even 1f the exhaust gas exhibiting the stoichiometric
ratio tlows into the three-way catalyst and SO _ 1s desorbed
from the three-way catalyst, it 1s possible to prevent SO,
from flowing into the NO_ storage-reduction catalyst and to
prevent the NO_ storage-reduction catalyst from suflering
from the SO_ poisoning.

In the exhaust emission control system of the internal
combustion engine according to the present invention, the
exhaust gas puritying element 1s composed of the catalyst,
any one of the third and fourth exhaust passageways is pro-
vided with an HC adsorbing agent for adsorbing hydro car-
bon. The tlow direction switching device 1s switched over to
select a flow path on which the catalyst 1s positioned more
upstream than the HC adsorbing agent when the temperature
of the exhaust gas or of the HC adsorbing agent 1s 1n a
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temperature region where the HC adsorbing agent adsorbs
the hydro carbon, and to select a flow path on which the HC
adsorbing agent 1s positioned more upstream than the cata-
lyst when the temperature of the exhaust gas or of the HC
adsorbing agent 1s 1n a temperature region where the HC
adsorbing agent desorbs the hydro carbon. In this case, HC
can not be discharged even when the temperature of the
exhaust gas 1s low.

The many features and advantages of the invention are
apparent from the detailed specification and, thus, 1t 1s
intended by the appended claims to cover all such features
and advantages of the mvention which fall within the true
spirit and scope of the invention. Further, since numerous
modifications and changes will readily occur to those skilled
in the art, 1t 1s not desired to limit the invention to the exact
construction and operation 1illustrated and described, and
accordingly all suitable modifications and equivalents may
be resorted to, falling within the scope of the invention.

What 1s claimed 1s:

[1. An exhaust emission control system of an internal
combustion engine, comprising:

exhaust gas puritying means provided 1n an exhaust pas-

sageway of said internal combustion engine;

flow direction switching means including four ports and
provided at an exhaust passageway disposed more
upstream than said exhaust gas purilying means;

a first exhaust passageway connected to said internal com-
bustion engine and further to a first port of said flow
direction switching means;

a second exhaust passageway communicating with the
atmospheric air and further to a second port of said flow
direction switching means;

a third exhaust passageway connected to one side of said
exhaust gas puritying means and further to a third port
of said flow direction switching means; and

a fourth exhaust passageway connected to the other side
of said exhaust gas purifying means and further to a
fourth port of said flow direction switching means,

wherein said flow direction switching means can be
switched over to a first position for permitting the
exhaust gas to flow 1n a direction through said exhaust
gas purilying means by connecting the first port to the
third port and connecting the second port to the fourth
port, to a second position for permitting the exhaust gas
to flow 1 a direction opposite to the first direction
through said exhaust gas purifying means by connect-
ing the first port to the fourth port and connecting the
second port to the third port, and to a third position 1n
which the first port is connectable to the second port.]

[2. An exhaust emission control system of an internal
combustion engine according to claim 1, wherein said
exhaust gas purifying means i1s an NO, storage-reduction
catalyst for absorbing NO_ when an air/fuel ratio of the
inflow exhaust gas 1s lean, and desorbing NO_ absorbed
thereto when a concentration of oxygen in the inflow exhaust
gas decreases.]

3. [An exhaust emission control system of an internal
combustion engine according to claim 2,] An exhaust emis-
sion control system of an internal combustion engine, com-
prising:

exhaust gas purifving means provided in an exhaust pas-

sageway of said internal combustion engine;

flow direction switching means including four ports and
provided at an exhaust passageway disposed movre
upstream than said exhaust gas purifying means;
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a first exhaust passageway comnnected to said internal
combustion engine and further to a first port of said
flow direction switching means,

a second exhaust passageway communicating with the
atmospheric air and further to a second port of said >
flow direction switching means;

a thivd exhaust passageway connected to one side of said
exhaust gas purifving means and further to a third port

of said flow direction switching means; and

: 10
a fourth exhaust passageway connected to the other side

of said exhaust gas purifving means and further to a
Jourth port of said flow direction switching means,

wherein said flow direction switching means is switched
over 1o a first position for permitting the exhaust gas to 4
flow in a first divection through said exhaust gas purify-
ing means by connecting the first port to the third port
and connecting the second port to the fourth port, to a
second position for permitting the exhaust gas to flow in
a direction opposite to the first direction through said
exhaust gas purifying means by comnnecting the first
port to the fourth port and connecting the second port
to the thivd port, and to a third position in which the
fivst port is connectable to the second port,

wherein said exhaust gas purifying means is an NO_ s
storage-reduction catalyst for absorbing NO_ when an
aiv/fuel vatio of the inflow exhaust gas is lean, and des-
orbing NO_ absorbed thereto when a concentration of
oxygen in the inflow exhaust gas decreases,

wherein when 1n a SO_ desorbing process of desorbing 30
SO, absorbed to said NO_ storage-reduction catalyst
from said NO_ storage-reduction catalyst, said flow
direction switching means 1s switched over to the first
position and the second position, thereby making a flow
direction of the exhaust gas flowing through said NO_ 35
storage-reduction catalyst opposite to the direction
when absorbing NO. .

4. An exhaust emission control system of an internal com-
bustion engine according to claim 3, wherein said exhaust
gas puritying means composed ot said NO_ storage- 40
reduction catalyst is such that, a NO, storage-reduction
catalyst disposed on inlet side in the flow dirvection of the
exhaust gas when absorbing NO,_ exhibits higher SO_
absorbing power than that of an NO, storage-reduction cata-
lyst disposed on an outlet side 1n the flow direction of the 45
exhaust gas when absorbing NO _.

5. An exhaust emission control system of an internal com-
bustion engine according to claim 3, further comprising
heating means for heating a portion close to an inlet of said
NO_ storage-reduction catalyst in the flow direction of the 50
exhaust gas when said NO, storage-reduction catalyst
absorbs NO _.

6. An exhaust emission control system of an internal com-
bustion engine according to claim 3, wherein the switch-
over of said flow direction switching means when 1n the SO_ 55
desorbing process 1s executed when an exhaust gas tempera-
ture or a catalytic temperature of said NO, storage-reduction
catalyst rises.

7. An exhaust emission control system of an internal com-
bustion engine according to claim 3, wherein lengths of said 60
third exhaust passageway and of said fourth exhaust pas-
sageway are set so that a distance from said internal combus-
tion engine to said NO_ storage-reduction catalyst 1s shorter
when in the SO, desorbing process tharn when absorbing
NO, [than when in the SO_ desorbing process] by switching 65
over said flow direction switching means to the first position
or the second position.
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[8. An exhaust emission control system of an internal
combustion engine according to claim 2, wherein a sweeper
is provided at said second exhaust passageway.]

9. [An exhaust emission control system of an internal
combustion engine according to claim 8,] Ar exhaust emis-
sion control system of an internal combustion engine, com-

prising:
exhaust gas purifving means provided in an exhaust pas-
sageway of said internal combustion engine;

flow direction switching means including four ports and
provided at an exhaust passageway disposed movre
upstream than said exhaust gas purifying means,

a first exhaust passageway connected to said internal
combustion engine and further to a first port of said
flow direction switching means;

a second exhaust passageway communicating with the

atmospheric air and further to a second port of said
flow direction switching means;

a third exhaust passageway connected to one side of said
exhaust gas purifving means and further to a third port
of said flow direction switching means; and

a fourth exhaust passageway connected to the other side
of said exhaust gas purifving means and further to a
Jourth port of said flow direction switching means,

wherein said flow divection switching means is switched
over to a first position for permitting the exhaust gas to
flow in a first direction through said exhaust gas purify-
ing means by connecting the first port to the third port
and connecting the second port to the fourth port, to a
second position for permitting the exhaust gas to flow in
a divection opposite to the first divection through said
exhaust gas purifying means by comnnecting the first
port to the fourth port and connecting the second port
to the thivd port, and to a third position in which the
fivst port is connectable to the second port,

wherein said exhaust gas purifying means is an NO_
storage-reduction catalyst for absorbing NO_when an
aiv/fuel vatio of the inflow exhaust gas is lean, and des-
orbing NO_ absorbed theveto when a concentration of
oxygen in the inflow exhaust gas decreases,

wherein a sweeper is provided at said second exhaust
passageway, and

wherein said sweeper 1s a selective reduction type NO,
catalyst for reducing or dissolving NO_under an exist-
ence of hydro carbon 1n an over-oxygen atmosphere.
10. JAn exhaust emission control system of an internal
combustion engine according to claim 8,] Ar exhaust emis-
sion control system of an internal combustion engine, com-
prising:
exhaust gas purifving means provided in an exhaust pas-
sageway of said internal combustion engine;

flow direction switching means including four ports and
provided at an exhaust passageway disposed more
upstream than said exhaust gas purifying means;

a first exhaust passageway connected to said internal
combustion engine and further to a first port of said
flow direction switching means;

a second exhaust passageway communicating with the
atmospheric air and further to a second port of said
flow direction switching means;

a third exhaust passageway connected to one side of said
exhaust gas purifving means and further to a thivd port
of said flow direction switching means; and

a fourth exhaust passageway connected to the other side
of said exhaust gas purifving means and further to a
Jourth port of said flow direction switching means,
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wherein said flow direction switching means is switched
over to a first position for permitting the exhaust gas to
flow in a first direction through said exhaust gas purify-
ing means by connecting the first port to the third port
and connecting the second port to the fourth port, to a
second position for permitting the exhaust gas to flow in
a divection opposite to the first divection through said
exhaust gas purifying means by comnnecting the first
port to the fourth port and connecting the second port
to the thivd port, and to a third position in which the
fivst port is connectable to the second port,

wherein said exhaust gas purifying means is an NO,_
storage-reduction catalyst for absorbing NO_when an
aiv/fuel vatio of the inflow exhaust gas is lean, and des-
orbing NO_ absorbed thereto when a concentration of
oxygen in the inflow exhaust gas decreases,

wherein a sweeper is provided at said second exhaust
passageway,

wherein another catalyst 1s provided in said first exhaust
passageway, and

said tlow direction switching means 1s switched over to
the third position for connecting the first port to the
second port for an 1nitial predetermined time during the
SO_ desorbing process and, after the predetermined
time has elapsed, switched over to make the flow direc-
tion of the exhaust gas flowing though said NO_
storage-reduction catalyst opposite to the direction
when absorbing NO. .

11. [An exhaust emission control system of an internal

combustion engine according to claim 8,] Ar exhaust emis-

sion control system of an internal combustion engine, com-
prising:

exhaust gas purifving means provided in an exhaust pas-
sageway of said internal combustion engine;

flow direction switching means including four ports and
provided at an exhaust passageway disposed more
upstream than said exhaust gas purifying means;

a first exhaust passageway comnnected to said internal
combustion engine and further to a first port of said
flow direction switching means,

a second exhaust passageway communicating with the
atmospheric air and further to a second port of said
flow direction switching means;

a thivd exhaust passageway connected to one side of said
exhaust gas purifving means and further to a thivd port
of said flow direction switching means; and

a fourth exhaust passageway connected to the other side
of said exhaust gas purifving means and further to a
Jourth port of said flow divection switching means,

wherein said flow divection switching means is switched
over to a first position for permitting the exhaust gas to
flow in a first divection through said exhaust gas purify-
ing means by connecting the first port to the third port
and connecting the second port to the fourth port, to a
second position for permitting the exhaust gas to flow in
a dirvection opposite to the first divection through said
exhaust gas purifying means by comnnecting the first
port to the fourth port and connecting the second port
to the thivd port, and to a third position in which the
first port is connectable to the second port,

wherein said exhaust gas purifying means is an NO,_
storage-reduction catalyst for absorbing NO_when an
aiv/fuel vatio of the inflow exhaust gas is lean, and des-

orbing NO_ absorbed thereto when a concentration of

oxygen in the inflow exhaust gas decreases, and
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wherein a sweeper is provided at said second exhaust
passageway,

wherein said NO,_ storage-reduction catalyst and said

sweeper are integrated into one unit so that the exhaust

gas [can not] cannot flow therebetween and the heat
[can be] is transmitted therebetween.

12. JAn exhaust emission control system of an internal

combustion engine according to claim 2,] An exhaust emis-

sion control system of an internal combustion engine, com-
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exhaust gas purifving means provided in an exhaust pas-
sageway of said internal combustion engine;

flow direction switching means including four ports and
provided at an exhaust passageway disposed movre
upstream than said exhaust gas purifving means;

a first exhaust passageway connected to said internal
combustion engine and further to a first port of said
flow direction switching means;

a second exhaust passageway communicating with the
atmospheric air and further to a second port of said
flow direction switching means;

a thivd exhaust passageway connected to one side of said
exhaust gas purifving means and further to a third port
of said flow direction switching means; and

a fourth exhaust passageway connected to the other side
of said exhaust gas purifving means and further to a
Jourth port of said flow direction switching means,

wherein said flow divection switching means is switched
over to a first position for permitting the exhaust gas to
flow in a first direction through said exhaust gas purify-
ing means by connecting the first port to the third port
and connecting the second port to the fourth port, to a
second position for permitting the exhaust gas to flow in
a direction opposite to the first divection through said
exhaust gas purifving means by comnnecting the first
port to the fourth port and connecting the second port
to the third port, and to a third position in which the
first port is connectable to the second port,

wherein said exhaust gas purifving means is an NO_
storage-reduction catalyst for absorbing NO_when an
aiv/fuel vatio of the inflow exhaust gas is lean, and des-
orbing NO_ absorbed theveto when a concentration of
oxygen in the inflow exhaust gas decreases,

wherein said first exhaust passageway i1s provided with a
SO, absorbing agent for absorbing SO, when the air/
fuel ratio of the intlow exhaust gas 1s lean, and desorbs
SO, absorbed thereto when a concentration of oxygen
in the inflow exhaust gas decreases, and

said flow direction switching means [can be] is switched
over to the third position 1n which to connect the first
port to the second port, and 1s selectively switched over
to the third position when said internal combustion
engine comes to a continuous stoichiometric ratio
operation.

13. An exhaust emission control system of an internal
combustion engine according to claim 12, wherein said SO_
absorbing agent and said NO_ storage-reduction catalyst are
concentrically disposed.

14. JAn exhaust emission control system of an internal
combustion engine according to claim 2,] Ar exhaust emis-
sion control system of an internal combustion engine, com-
prising:

exhaust gas purifving means provided in an exhaust pas-

sageway of said internal combustion engine;

flow direction switching means including four ports and
provided at an exhaust passageway disposed movre
upstream than said exhaust gas purifying means;
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a first exhaust passageway comnnected to said internal
combustion engine and further to a first port of said
flow direction switching means,

a second exhaust passageway communicating with the
atmospheric air and further to a second port of said >
flow direction switching means,

a thivd exhaust passageway connected to one side of said
exhaust gas purifving means and further to a thivd port

of said flow direction switching means; and

a fourth exhaust passageway connected to the other side 10

of said exhaust gas purifving means and further to a
Jourth port of said flow direction switching means,

wherein said flow divection switching means is switched
over to a first position for permitting the exhaust gas to
flow in a first direction through said exhaust gas purify-
ing means by connecting the first port to the third port
and connecting the second port to the fourth port, to a
second position for permitting the exhaust gas to flow in
a divection opposite to the first divection through said
exhaust gas purifving means by comnnecting the first
port to the fourth port and connecting the second port
to the third port, and to a third position in which the
first port is connectable to the second port,
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wherein said exhaust gas purifying means is an NO_
storage-reduction catalyst for absorbing NO_when an
aiv/fuel vatio of the inflow exhaust gas is lean, and des-
orbing NO_ absorbed thereto when a concentration of
oxygen in the inflow exhaust gas decreases,

wherein said first exhaust passageway 1s provided with a .,
three-way catalyst exhibiting SO_ absorbing power, and

said flow direction switching means [can be] is switched
over to the third position in which the first port 1s con-
nectable to the second port, and 1s selectively switched
over to the third position when said internal combustion 35
engine comes to a continuous stoichiometric ratio
operation.

[15. An exhaust emission control system of an internal
combustion engine according to claim 1, wherein lengths of
said third exhaust passageway and of said fourth exhaust 4
passageway are set so that a distance from said internal com-
bustion engine to said exhaust gas purifying means becomes
different by switching over said flow direction switching
means to the first position or the second position.]

16. An exhaust emission control system of an internal 45
combustion engine according to claim 13, wherein the
switch-over of said flow direction switching means 1s
executed based on an exhaust gas temperature or a tempera-
ture of said exhaust gas purifying means.

17. An exhaust emission control system of an internal s,
combustion engine according to claim 16, wherein said
exhaust gas purifying means 1s an NO_ storage-reduction
catalyst for absorbing NO_ when an air/fuel ratio of the
inflow exhaust gas 1s lean, and desorbing NO_ absorbed
thereto when a concentration of oxygen 1n the intflow exhaust 55
gas decreases.

18. An exhaust emission control system of an internal
combustion engine according to claim 17, wherein said flow
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direction switching means 1s switched over by selecting a
flow path having a shorter distance from said internal com-
bustion engine to said NO_ storage-reduction catalyst when
in the SO, desorbing process of desorbing SO, desorbed to
said NO_ storage-reduction catalyst from said NO_ storage-
reduction catalyst.

19. An exhaust emission control system of an internal
combustion engine according to claim 17, wherein said flow
direction switching means 1s switched over by selecting a
flow path having a longer distance from said internal com-
bustion engine to said NO_ storage-reduction catalyst when
said NO_ storage-reduction catalyst absorbs NO_ and when
the exhaust gas temperature or the catalytic temperature of
said NO _ storage-reduction catalyst 1s over a predetermined
temperature, and selecting a flow path having a shorter dis-
tance from said internal combustion engine to said NO_
storage-reduction catalyst when said NO_ storage-reduction
catalyst absorbs NO_ and when the exhaust gas temperature
or the catalytic temperature 1s lower than the predetermined
temperature.

20. An exhaust emission control system of an internal
combustion engine according to claim 17, wherein a cooling
device for cooling the exhaust gas 1s provided at either said
third exhaust passageway or said fourth exhaust passageway,
which increases the distance from said internal combustion
engine to said NO_ storage-reduction catalyst.

21. An exhaust emission control system of an internal
combustion engine according to claim 17, wherein a
sweeper 1s provided at said second exhaust passageway, and
said flow direction switching means [can be] is switched
over to a third position 1n which the first port can be con-
nected to the second port,

when the exhaust gas temperature or the catalytic tem-
perature of said NO_ storage-reduction catalyst is
higher than a NO_absorbable temperature range of said
NO, storage-reduction catalyst, said flow direction
switching means 1s selectively switched over to the
third position.
[22. An exhaust emission control system of an internal
combustion engine according to claim 1, wherein said
exhaust gas puriiying means 1s a catalyst,

any one of said third exhaust passageway and of said
fourth exhaust passageway 1s provided with an HC
adsorbing agent for adsorbing hydro carbon, and

said tlow direction switching means 1s switched over to
select a tflow path on which said catalyst 1s positioned
more upstream than said HC adsorbing agent when the
temperature of the exhaust gas or of said HC adsorbing
agent 1s 1n a temperature region where said HC adsorb-
ing agent adsorbs the hydro carbon, and to select a tlow
path on which said HC adsorbing agent 1s positioned
more upstream than said catalyst when the temperature
of the exhaust gas or of said HC adsorbing agent 1s in a
temperature region where said HC adsorbing agent des-
orbs the hydro carbon.]
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