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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to an apparatus for controlling an exhaust purification apparatus provided in the
exhaust system of an internal combustion engine and to an apparatus for determining deterioration of such a catalyst.
[0002] A typical exhaust purification catalyst, particularly, a NOx storage reduction catalyst, is poisoned with sulfur
components contained in fuel. When the degree of sulfur poisoning is increased, the NOx storage reduction performance
of the catalyst is degraded. Therefore, when a certain amount of sulfur components is accumulated in the NOx storage
reduction catalyst, a temperature increase process is executed to heat the catalyst. Also, the air-fuel ratio of exhaust
gas is richened to perform a sulfur release control is executed in which sulfur components are discharged from the NOx
storage reduction catalyst.

[0003] However, if the air-fuel ratio is continuously richened during the sulfur release control, sulfur components are
intermittently discharged from the catalyst. Accordingly, the concentration of sulfur components in exhaust gas is in-
creased. This produces stench. Therefore, Japanese Laid-Open Patent Publication No. 2000-274232 (pages 4 to 5,
Fig. 2) discloses a technology for preventing the concentration of sulfur components in exhaust gas from being excessive
by intermittently richening air-fuel ratio of exhaust gas. Specifically, an execution period, in which the air-fuel ratio is
richened, and an intermission period, in which the air-fuel ratio is not richened, are alternately repeated.

[0004] During the execution period, fuel in the exhaust purification catalyst is oxidized and heated, which increases
the catalyst bed temperature. On the other hand, during the intermission period, heating of the catalyst is stopped and
the catalyst is cooled by exhaust gas, which lowers the catalyst bed temperature. That is, the air-fuel ratio is intermittently
richened so that the catalyst bed temperature is periodically increased and lowered. Therefore, in some cases, even if
the average catalyst bed temperature is adjusted to be a target temperature, the catalyst bed temperature can be
increased beyond the target temperature during the execution period. Even if the catalyst bed temperature is excessively
high only temporarily, the exhaust purification catalyst is degraded with heat.

[0005] Typically, to preventthe catalyst bed temperature from being excessively increased during the execution period,
the length of the execution period is set such that the maximum value of the catalyst bed temperature due to richening
of the air-fuel is less than the temperature at which the exhaust purification catalyst starts deteriorating due to heat.
[0006] However, the temperature of a brand new exhaust purification catalyst and the temperature of an old exhaust
purification catalyst are increased in different manners even if the air-fuel ratio is richened under the same conditions.
Compared to an old exhaust purification catalyst, the maximum value of the catalyst bed temperature of a brand new
exhaust purification catalyst when the air-fuel ratio is richened is higher. Therefore, if the conditions of the execution
period are designed for old catalysts, the catalyst bed temperature will be excessively increased by richening the air-
fuel ratio when the exhaust purification catalyst is still brand new, which can cause the catalyst to prematurely deteriorate.
On the other hand, if the conditions of the execution period are designed for a brand new catalyst and the catalyst is
gradually worn out, the execution period can end even if the catalyst bed temperature has not been sufficiently increased.
This hinders effective emission of sulfur components and degrades the accuracy of the sulfur release control. As a result,
the emission deteriorates and the period of the sulfur poisoning is extended, which degrades the fuel economy.

SUMMARY OF THE INVENTION

[0007] Accordingly, it is an objective of the present invention to provide a catalyst control apparatus for an internal
combustion engine, which apparatus readily suppresses an excessive increase in a catalyst bed temperature and deg-
radation of accuracy of sulfur release control. The presentinvention also pertains to a catalyst deterioration determination
apparatus used in the catalyst control apparatus to determine the degree of deterioration of an exhaust purification
catalyst.

[0008] To achieve the foregoing and other objectives and in accordance with the purpose of the present invention, an
apparatus for controlling an exhaust purification catalyst is provided. The catalyst is located in an exhaust system of an
internal combustion engine. During sulfur release control for permitting the catalyst to recover from sulfur poisoning, the
apparatus repeats a richening period and a non-richening period. In the richening period, the apparatus intermittently
supplies fuel to exhaust gas at a section upstream of the catalyst, thereby lowering the air-fuel ratio of exhaust gas that
contacts the catalyst to a value equal to or less than the stoichiometric air-fuel ratio. In the non-richening period, the
apparatus does not supply fuel to exhaust gas. The apparatus includes deterioration degree detecting means and
changing means. The deterioration degree detecting means detects the degree of deterioration of the exhaust purification
catalyst. The changing means changes the ratio of the duration of the richening period to the duration of the non-richening
period according to the deterioration degree of the exhaust purification catalyst detected by the deterioration degree
detecting means.

[0009] The present invention also provides an apparatus for detecting a degree of deterioration of an exhaust purifi-
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cation catalyst located in an exhaust system of an internal combustion engine. The apparatus includes fuel supply means,
catalyst bed temperature detecting means, and deterioration degree determination means. The fuel supply means
intermittently supplies fuel to exhaust gas at a section upstream of the exhaust purification catalyst. The catalyst bed
temperature detecting means detects a physical quantity that represents an actual catalyst bed temperature of the
exhaust purification catalyst. The deterioration degree determination means that the smaller a range of fluctuation of
the physical quantity, which fluctuation being caused by supply of fuel to exhaust gas and detected by the catalyst bed
temperature detecting means, the greater the deterioration degree of the exhaust purification catalyst.

[0010] Other aspects and advantages of the invention will become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention, together with objects and advantages thereof, may best be understood by reference to the
following description of the presently preferred embodiments together with the accompanying drawings in which:

Fig. 1 is a block diagram illustrating a general configuration of a vehicle diesel engine and a control system according
to afirstembodiment, in which the control system functions as a catalyst control apparatus and a catalyst deterioration
determination apparatus;

Fig. 2 is a flowchart showing a sulfur release process according to the first embodiment;

Fig. 3 is a flowchart showing a deterioration degree determination process according to the first embodiment;

Fig. 4 is a flowchart showing a sulfur emitting process according to the first embodiment;

Fig. 5 is a diagram showing a map f used for computing the duration of a richening period R; based on an amplitude
value Appin;

Fig. 6 is a graph showing changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature according
to the first embodiment, when a NOx storage reduction catalyst is brand new;

Fig. 7 is a graph showing changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature according
to the first embodiment, when a NOx storage reduction catalyst has deteriorated to some extent;

Fig. 8 is a flowchart showing a deterioration degree determination process according to a second embodiment;
Fig. 9 is a flowchart showing a sulfur emitting process according to a second embodiment;

Fig. 10 is diagram showing a map h used for computing a detection interval ty, based on an intake flow rate GA,
Fig. 11 is a diagram showing a fuel purification rate map used for obtaining a fuel purification rate;

Fig. 12 is a graph showing changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature according
to the second embodiment, when a NOx storage reduction catalyst is brand new;

Fig. 13 is a graph showing changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature according
to the first embodiment, when a NOx storage reduction catalyst has deteriorated to some extent;

Fig. 14 is a flowchart showing a sulfur emitting process according to a third embodiment;

Fig. 15 is a graph showing changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature according
to the third embodiment, when a NOx storage reduction catalyst has deteriorated to some extent;

Fig. 16 is a flowchart showing a sulfur emitting process according to a fourth embodiment;

Fig. 17 is adiagram showing a map p used for computing the duration of a richening period R, based on atemperature
difference AT;,; and

Fig. 18 is a graph showing changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature according
to the fourth embodiment, when a NOx storage reduction catalyst has deteriorated to some extent.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] Fig. 1 is a block diagram illustrating a general configuration of a vehicle diesel engine and a control system
according to a first embodiment. The control system functions as a catalyst control apparatus and a catalyst deterioration
determination apparatus.

[0013] As shown in Fig. 1, the diesel engine 2 has cylinders. In this embodiment, the number of the cylinders is four,
and the cylinders are denoted as #1, #2, #3, and #4. A combustion chamber 4 of each of the cylinders #1 to #4 includes
an intake port 8. The combustion chambers 4 are connected to a surge tank 12 via the intake ports 8 and an intake
manifold 10. Each intake port 8 is opened and closed by an intake valve 6. The surge tank 12 is connected to outlets of
an intercooler 14 and supercharger through an intake passage 13. In this embodiment, an compressor 16a of an exhaust
turbocharger 16 functions as a supercharger. An inlet of the compressor 16a is connected to an air cleaner 18. An
exhaust gas recirculation (hereinafter, referred to as EGR) passage 20 is connected to the surge tank 12. An EGR gas
supply port 20a of the EGR passage 20 opens to the surge tank 12, so that the surge tank 12 and the EGR passage 20
communicate with each other. A throttle valve 22 is located in a section of the intake passage 13 between the surge
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tank 12 and the intercooler 14. An intake flow rate sensor 24 and an intake temperature sensor 26 are located between
the compressor 16a and the air cleaner 18.

[0014] The combustion chamber 4 of each of the cylinders #1 to #4 includes an exhaust port 30. The combustion
chambers 4 are connected to an inlet of an exhaust turbine 16b via the exhaust ports 30 and an exhaust manifold 32.
Each exhaust port 30 is opened and closed by an exhaust valve 28. An outlet of the exhaust turbine 16b is connected
to an exhaust passage 34. Exhaust gas is drawn into the exhaust turbine 16b at a section of the exhaust manifold 32
that is close to the fourth cylinder #4.

[0015] Three catalytic converters 36, 38, 40 are located in the exhaust passage 34. The first catalytic converter 36
supports an NOXx storage reduction catalyst 36a, which functions as an exhaust purification catalyst. When exhaust gas
is regarded as an oxidizing atmosphere (lean) during a normal operation of the diesel engine 2, the NOx storage reduction
catalyst 36a occludes nitrogen oxides (NOXx) in exhaust. When the exhaust gas is regarded as a reducing atmosphere
(stoichiometric or lower air-fuel ratio), the NOXx storage reduction catalyst 36a emits occluded NOx in the form of nitrogen
monoxide. The emitted nitrogen monoxide is reduced by hydrocarbon and carbon monoxide. In this manner, the first
catalytic converter 36 removes NOXx from exhaust gas, thereby purifying the exhaust gas.

[0016] The second catalytic converter 38, whichis located downstream of the first catalytic converter 36, accommodates
a filter 38a. The filter 38a has a monolithic wall. The wall has pores through which exhaust gas passes. The areas of
the wall defining the pores are coated with a layer containing a NOx storage reduction catalyst, which functions as an
exhaust purification catalyst. That is, the NOx occlusion reduction catalyst is supported by the filter 38a. Therefore, when
exhaust gas passes through the pores, NOx in the exhaust gas is removed as described above. Also, when exhaust
gas passes through the pores, particulate matter in the exhaust gas is trapped by the wall of the filter 38a. The trapped
particulate matter starts being oxidized by active oxygen generated when NOx is occluded under a high temperature
oxidizing atmosphere. The particulate matter is entirely oxidized by ambient excessive oxygen. In this manner, the
second catalytic converter 38 removes NOx and particulate matter in exhaust gas, thereby purifying the exhaust gas.
In the first embodiment, the second catalytic converter 38 is integrated with the first catalytic converter 36.

[0017] The third catalytic converter 40, which is located downstream of the first and second catalytic converters 36,
38, supports an oxidation catalyst 40a. The oxidation catalyst 40a oxides hydrocarbon and carbon monoxide in exhaust
gas to purify the exhaust gas.

[0018] A first exhaust temperature sensor 44 is located between the NOx storage reduction catalyst 36a and the filter
38a. A second exhaust temperature sensor 46 and an air-fuel ratio sensor 48 are located between the filter 38a and the
oxidation catalyst 40a. The second exhaust temperature sensor 46 is closer to the filter 38a, and the air-fuel ratio sensor
48 is located closer to the oxidation catalyst 40a.

[0019] The air-fuel ratio sensor 48 detects the air-fuel ratio of exhaust gas based on components of the exhaust gas,
and outputs electric signal in linear proportion to the detected air-fuel ratio. The first exhaust temperature sensor 44
detects an exhaust temperature T,,;, at the corresponding position. Likewise, the second exhaust temperature sensor
46 detects an exhaust temperature T, at the corresponding position.

[0020] Pipes of a differential pressure sensor 50 are connected to a section upstream of the filter 38a and a section
downstream of the filter 38a. The differential pressure sensor 50 detects the pressure difference AP between the sections
upstream and downstream of the filter 38a, thereby detecting the degree of clogging in the filter 38a, or the degree of
accumulation of particular matter.

[0021] An EGR gas intake port 20b of the EGR passage 20 is provided in the exhaust manifold 32, which connects
the exhaust manifold 32 to the EGR passage 20. The EGR gas intake port 20b is located at a section of the exhaust
manifold 32 that is close to the first cylinder #1, which section is opposite to a section of the exhaust manifold 32 at
which the exhaust turbine 16b introduces exhaust gas.

[0022] Aniron based EGR catalyst 52, an EGR cooler 54, and an EGR valve 56 are located in the EGR passage 20
in this order from the EGR gas intake port 20b to the EGR gas supply port 20a. The iron based EGR catalyst 52 functions
to reform EGR gas and to prevent clogging of the EGR cooler 54. The EGR cooler 54 cools reformed EGR gas. By
controlling the opening degree of the EGR valve 56, the flow rate of EGR gas supplied to the intake system through the
EGR gas supply port 20a is adjusted.

[0023] Afuelinjection valve 58 is provided at each of the cylinders #1 to #4 to directly inject fuel into the corresponding
combustion chamber 4. The fuel injection valves 58 are connected to a common rail 60 with fuel supply pipes 58a. The
common rail 60 is supplied with fuel by a variable displacement fuel pump 62, which is electrically controlled. High
pressure fuel supplied from the fuel pump 62 to the common rail 60 is distributed to the fuel injection valves 58 through
the fuel supply pipes 58a. A fuel pressure sensor 64 for detecting the pressure of fuel is attached to the common rail 60.
[0024] The fuel pump 62 supplies low-pressure fuel to a fuel adding valve 68 through a fuel supply pipe 66. The fuel
adding valve 68 is provided in the exhaust port 30 of the fourth cylinder #4 and injects fuel to the exhaust turbine 16b.
In this manner, fuel adding valve 68 adds fuel to exhaust gas. Addition of fuel to exhaust gas by the fuel adding valve
68 is performed in a catalyst control procedure, which is described below.

[0025] An electronic control unit (ECU) 70 is mainly composed of a digital computer having a CPU, a ROM, and a
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RAM, and drive circuits for driving other devices. The ECU 70 reads signals from the intake flow rate sensor 24, the
intake temperature sensor 26, the first exhaust temperature sensor 44, the second exhaust temperature sensor 46, the
air-fuel ratio sensor 48, the differential pressure sensor 50, an EGR opening degree sensor in the EGR valve 56, the
fuel pressure sensor 64, and a throttle opening degree sensor 22a. Further, the ECU 70 reads signals from an acceleration
pedal sensor 74 that detects the depression degree of an acceleration pedal 72, or an acceleration pedal depression
degree ACCP, a coolant temperature sensor 76 that detects the temperature of coolant THW of the diesel engine 2, an
engine speed sensor 80 that detects the number of revolutions NE of a crankshaft 78, and a cylinder distinguishing
sensor 82 that distinguishes cylinders by detecting the rotation phase of the crankshaft 78 or the rotation phase of the
intake cams.

[0026] Based on received signals, the ECU 70 obtains the operating condition of the engine 2. Based on the obtained
engine condition, the ECU 70 controls the amount and the timing of fuel injection by the fuel injection valves 58. Further,
the ECU 70 controls the opening degree of the EGR valve 56, the throttle opening degree with the motor 22b, and the
displacement of the fuel pump 62. Also, the ECU 70 executes filter regeneration control and sulfur release control, which
will be described below.

[0027] According to the operating condition, the ECU 70 executes either of a normal combustion mode and a low
temperature combustion mode. In the low temperature combustion mode, a large amount of exhaust gas is recirculated
so that the combustion temperature is slowly increased. This simultaneously reduces NOx and smoke. In the low tem-
perature combustion mode, an EGR valve opening map for the low temperature combustion mode is used. In this
embodiment, the low temperature combustion mode is executed in a low load, middle-to-high rotation speed region. At
this time, feedback control is executed by adjusting a throttle opening degree TA based on an air-fuel ratio AF detected
by the air-fuel ratio sensor 48. In the normal combustion mode, normal EGR control (including a case where no exhaust
gas s recirculated) is performed. In the normal combustion mode, an EGR valve opening map for the normal combustion
mode is used.

[0028] The ECU 70 also executes four catalyst control procedures, which include a filter regeneration mode, a sulfur
release control mode, a NOx reduction mode, and a normal mode.

[0029] In the filter regeneration mode, particulate matter deposited on the filter 38a of the second catalytic converter
38 is heated, so that the particulate matter is combusted and split into carbon dioxide and water. In this mode, addition
of fuel from the fuel adding valve 68 is repeated in an air-fuel ratio higher than the stoichiometric air-fuel ratio so that
the catalyst bed temperature is increased to a high temperature which is, for example, in a range from 600°C to 700°C.
In the filter regeneration mode, after injection may be performed in which fuel is injected from the fuel injection valve 58
into the combustion chambers 4 during the expansion stroke or the exhaust stroke.

[0030] In the sulfur release control mode, sulfur components are emitted from the NOx storage reduction catalysts of
the first and second catalytic converters 36, 38 so that the NOx occlusion capacity of the converters 36, 38, which has
been lowered due to poisoning of sulfur, is restored. In this mode, a temperature increase process is executed, in which
addition of fuel from the fuel adding valve 68 is repeated so that the catalyst bed temperature is increased to a high
temperature which is, for example, 650°C. Also, an air-fuel ratio lowering process is executed in which intermittent
addition of fuel from the fuel adding valve 68 is performed so that the air-fuel ratio is changed to the stoichiometric air-
fuel’ ratio or a value slightly lower than the stoichiometric air-fuel ratio. In the sulfur release control mode, after injection
may be performed by the fuel injection valve 58.

[0031] In the NOx reduction mode, NOx occluded by the NOx storage reduction catalysts of the first and second
catalytic converters 36, 38 is reduced to nitrogen. As a by-product, carbon dioxide and water are formed when NOx is
reduced to nitrogen. In the NOx reduction mode, a process is executed, in which addition of fuel from the fuel adding
valve 68 is repeated at a relatively long interval so that the catalyst bed temperature is increased to a not so high
temperature which is, for example, in a range from 250°C to 500°C. Also, another process is executed, in which the air-
fuel ratio is changed to the stoichiometric air-fuel ratio or a value lower than the stoichiometric air-fuel ratio.

[0032] Inthe normal mode, addition of fuel from the fuel adding valve 68 and after injection by the fuel injection valves
58 are not performed.

[0033] Next, the sulfur release control executed by the ECU 70 will be described.

[0034] Fig. 2 is a flowchart of this control. The control is repeatedly executed by the ECU 70 at a predetermined
interval. That is, the sulfur release control is a periodical interruption process routine.

[0035] When the sulfur release control is started, the ECU 70 determines whether requirements for executing the
sulfur release control are satisfied at step S102. The execution requirements of the sulfur release control include that
the amount of sulfur poisoning is no less than a predetermined amount, that the filter regeneration mode is not currently
selected, and that the temperatures of the NOx storage reduction catalysts of the first and second catalytic converters
36, 38, which are estimated from the exhaust temperatures Tgyin, Texout: @re not significantly high or low, and are in an
appropriate temperature range. When determining that the execution requirements of the sulfur release control are not
satisfied, the ECU 70 ends this control.

[0036] When determining that the execution requirements of the sulfur release control are satisfied, the ECU 70
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proceeds to step S104 and determines whether requirements for starting a sulfur emitting process are satisfied. The
starting requirement of the sulfur emitting process is that the catalyst bed temperatures of the NOx storage reduction
catalysts of the first and second catalytic converters 36, 38 have reached to values near a target temperature (for
example, 650°C), specifically, that an estimated catalyst bed temperature of the NOx storage reduction catalyst is ho
less than 600°C. The estimated catalyst bed temperatures of the NOx storage reduction catalysts of the first and second
catalytic converters 36, 38 may be computed based on the operating condition of the engine 2 (for example, the number
of revolutions NE of the engine 2) and the amount of added fuel. Alternatively, the estimated catalyst bed temperatures
may be estimated from the exhaust temperature Te,.

[0037] When determining that the starting requirements of the sulfur emitting process are not satisfied, the ECU 70
proceeds to step S106 and executes temperature increase control. During the temperature increase control, the NOx
storage reduction catalyst 36a is assumed to be brand new, and a predetermined amount fuel is intermittently added to
exhaust from the fuel adding valve 68 such that the NOx storage reduction catalyst 36a is not excessively heated and
the estimated catalyst bed temperature of the NOx storage reduction catalyst 36a is not less than 600°C. At this time,
although the catalyst bed temperature of the NOXx storage reduction catalyst of the second catalytic converter 38 is close
to the catalyst bed temperature of the NOx storage reduction catalyst 36a of the first catalytic converter 36, the catalyst
bed temperature of the NOx storage reduction catalyst of the second catalytic converter 38 fluctuates less than the
catalyst bed temperature of the NOx storage reduction catalyst 36a. Therefore, the NOx storage reduction catalyst 36a
of the first catalytic converter 36 is more likely to be excessively heated than the NOx storage reduction catalyst of the
second catalytic converter 38 during the sulfur emitting process. Thus, the following description will focus on the NOx
storage reduction catalyst 36a.

[0038] Evenifthe starting requirements of the sulfur emitting process are determined to be unsatisfied, the temperature
increase control is executed at step S106, and the starting requirement of the sulfur emitting process will eventually be
satisfied. Then, the ECU 70 proceeds to step S108 instead of step S106, after step S104. Then, as show in Fig. 3, the
ECU 70 executes deterioration degree determination process. Subsequently, at step S110, the ECU 70 executes the
sulfur emitting process.

[0039] When the deterioration degree determination process is started, the ECU 70 first determines whether require-
ments for executing the deterioration degree determination process are satisfied at step S122 as shown in Fig 3. The
execution requirements of the deterioration degree determination process include a condition where the value of the
exhaust temperature T,;, detected by the first exhaust temperature sensor 44 is periodically changed in a stable manner,
that is, a condition where the operating condition of the engine 2 (for example, and the load and the number of revolution
E of the engine 2) are stable.

[0040] When determining that the execution requirements of the deterioration degree determination process are not
satisfied, the ECU 70 ends the deterioration degree determination process, and proceeds to the sulfur emitting process
shown in Fig. 4.

[0041] Onthe other hand, when determining that the execution requirements of the deterioration degree determination
process are satisfied, the ECU 70 proceeds to step S123 and determines whether an amplitude value A, has been
obtained in the current sulfur release routine. When determining that the amplitude value Ap,;, has been obtained, the
ECU 70 ends the deterioration degree determination process, and proceeds to the sulfur emitting process shown in Fig.
4. When determining that the amplitude value A, has not been obtained, the ECU 70 proceeds to step S124. At step
S124, the ECU 70 executes a process for obtaining the maximum value T;,,,ax Of the exhaust temperature T,;, detected
by the first exhaust temperature sensor 44. Further, at step S126, the ECU 70 executes a process for obtaining the
minimum value T;, i, of the exhaust temperature Tgp,.

[0042] When executing the sulfur emitting process of Fig. 4, which will be discussed below, a richening period R;,
during which the air-fuel ratio of exhaust is richened, and a non-richening period L;, during which the air-fuel ratio is not
richened, are repeated as shown in the graph of upper portion of Fig. 6. Accordingly, the actual catalyst bed temperature
of the NOx storage reduction catalyst 36a is repeatedly increased during the richening period R; and decreased during
the non-richening period L;. The exhausttemperature T, detected by the first exhaust temperature sensor 44 represents
the actual catalyst bed temperature of the NOx storage reduction catalyst 36a. Therefore, the maximum value T;,ax Of
the exhaust temperature T, represents the maximum value of the catalyst bed temperature during the richening period
R;, and the minimum value T;,;, Of the exhaust temperature T, represents the minimum value of the catalyst bed
temperature during the non-richening period L. At step S124, the ECU 70 obtains the maximum value T;,nay if there
is any, from the values of the exhaust temperature T,;, detected by the first exhaust temperature sensor 44 during the
sulfur emitting process. At step S126, the ECU 70 obtains the minimum value T;,,in. If there is any, from the values of
the exhaust temperature T,,;, detected by the first exhaust temperature sensor during the sulfur emitting process.
[0043] At subsequent step S128, the ECU 70 determines whether the maximum value T, 4« and the minimum value
Tinmin DOth have been obtained. When determining that the one or both of the maximum value T, ., and the minimum
value Tj,min have not been obtained, the ECU 70 ends the deterioration degree determination process, and proceeds
to the sulfur emitting process shown in Fig. 4.
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[0044] In an example shown by the graph in the lower portion of Fig. 6, the maximum value T, . appears at time t0
when the air-fuel ratio of exhaust gas is richened during the richening period R,. Subsequently, the minimum value T;, i,
appears at time t1 by stopping the richening of the air-fuel ratio of exhaust gas during the non-richening period L,. In
such a case, the ECU 70 obtains the maximum value T,.,,, and the minimum value T;,;, at steps S124 and S126,
respectively. At step S128, the ECU 70 determines that both of the maximum value T, ., and the minimum value T;,in
have been obtained. Thereafter, the ECU 70 proceeds to step S130 and computes the amplitude value A ,,,;, according
to a formula 1:

Amp:'m ~ Tinmax — Tinmin

Then, the ECU 70 ends the deterioration degree determination process, and proceeds to the sulfur emitting process
shown in Fig. 4. The computed amplitude value A, is stored in nonvolatile memory in the ECU 70, and is maintained
when the ECU 70 is turned off.

[0045]  When the sulfur emitting process is started, the ECU 70 first determines whether the amplitude value Ay,
has been obtained in the current sulfur release control at step S152 as shown in Fig 4. When determining that the
amplitude value Ap,;;, has not been obtained, the ECU 70 proceeds to step S154, and sets the duration of the richening
period R, to an initial value Ry,;. The initial value Ry, is a value obtained through experiments. The initial value Ry, is
determined such that a brand new NOXx storage reduction catalyst 36a does not deteriorate due to heat even if richening
with fuel added by the fuel adding valve 68 is continued for the duration of the initial value R;;,;. A brand new NOx storage
reduction catalyst 36a will deteriorate due to heat if the catalyst bed temperature exceeds a predetermined temperature
(for example, the upper limit temperature shown in Fig. 6).

[0046] In subsequent step S158, the ECU 70 computes the duration of the non-richening period L;, which should be
determined for setting the catalyst bed temperature of the NOx storage reduction catalyst 36a to a target bed temperature
T.ar- The computation is executed using a map g, based on the initial value Ry, a heat value H,, obtained by adding
fuel of a predetermined amount Q44 to exhaust gas from the fuel adding valve 68, the exhaust temperature T, that
contacts the NOx storage reduction catalyst 36a, an exhaust amount V,,, a heat capacity C,, of the exhaust system,
and the target bed temperature T;.

[0047] The predetermined value Q,q4q is an amount of fuel that is added to exhaust from the fuel adding valve 68 when
the duration of the richening period R; is set to the initial value Ry,.. The heat value H,, is an amount of heat generated
by oxidation of fuel of the predetermined value Q,4q When a brand new NOXx storage reduction catalyst 36a is used. The
exhaust temperature T, is estimated based on the engine operating condition (the load and the number of revolution
NE of the engine 2). The exhaust amount V,, represents the amount of exhaust that is exhaust during a period including
the richening period R, and the non-richening period L;, and is computed based on an intake flow rate GA detected by
the intake flow rate sensor 24 and the total time of the richening period R; and the non-richening period L. The heat
capacity C, is a value that has been obtained through experiments in advance, and a fixed value determined by the
type of engine.

[0048] At subsequent step S160, based on a first counter that shows elapsed time since the richening has been
started, the ECU 70 determines whether the elapsed time since the richening has been started is equal to or more than
a richening period R;. When determining that the richening period R, has not been elapsed, the ECU 70 proceeds to
step S162, and causes the fuel adding valve 68 to add fuel to exhaust. That is, at step S162, the ECU 70 starts or
continues richening of exhaust gas. At subsequent step S164, the ECU 70 increments the value of the first counter.
Then, the ECU 70 ends the sulfur emitting process.

[0049] Thereafter, addition of fuel by the fuel adding valve 68 is repeated every time’the sulfur emitting process is
executed as long as the time after the richening was started is less than the richening period R;. Accordingly, the value
of the first counter continues being incremented. When the time after the richening was started reaches the richening
period R,, the ECU 70 does not proceed to step S162 after step S160, instead proceeds to step S166. At step S166,
the ECU 70 does not cause the fuel adding valve 68 to add fuel to exhaust gas. That is, the richening is stopped at step
S166. At subsequent step S168, based on a second counter that shows elapsed time since the richening has been
stopped, the ECU 70 determines whether the elapsed time since the richening has been stopped is equal to or more
than a non-richening period L;. When determining that the non-richening period L; has not been elapsed, the ECU 70
proceeds to step S170. At step S170, the ECU 70 increments the second counter, and ends the sulfur emitting process.
[0050] Thereafter, the value of the second counter continues being incremented as long as the time after the richening
was stopped is less than the non-richening period L;. When the time after the richening was stopped reaches the non-
richening period L;, the ECU 70 does not proceed to step S170 after step S168, instead proceeds to step S172. At step
S172, the ECU 70 clears the value of the first counter value. At subsequent step S174, the ECU 70 clears the value of
the second counter. Then, the ECU 70 ends the sulfur emitting process.
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[0051] If the amplitude value A, is not obtained in a subsequent execution of the sulfur emitting process during the
sulfur emitting process, the ECU 70 sets the duration of the richening period R, to the initial value Ry, at step S154.
Further, at step S158, the ECU 70 computes the duration of the non-richening period L, using the map g, and proceeds
to step 160. In this case, since the richening has not even been started, the time elapsed after the richening period R;
was started has not reached the richening period R;. Therefore, the ECU 70 proceeds to step S162 and causes the fuel
adding valve 68 to add fuel to exhaust gas. In this manner, richening of exhaust gas is started again.

[0052] If the maximum value T4 and the minimum value T, are obtained and the amplitude value A, is
computed in the deterioration degree determination process shown in Fig. 3, the ECU 70 does not proceed to step S154
after step S152, but to step 156 in the sulfur emitting process. At step S156, the ECU 70 computes the duration of the
richening period R, to be set. The computation is executed using a map f shown in Fig. 5, based on the size of an
amplitude value A, which represents the degree of deterioration of the NOx storage reduction catalyst 36a. The
greater the value of the amplitude value Ay, is, the lower the degree of deterioration of the NOx storage reduction
catalyst 36a becomes and the higher the oxidation efficiency for fuel at the NOx storage reduction catalyst 36a (the
same as the fuel purification rate) becomes. In this case, the richening period R, is set to a short value to correspond to
the catalyst bed temperature, which rapidly increases after the richening is started. On the other hand, the smaller the
value of the amplitude value Ampin is, the greater the degree of deterioration of the NOx storage reduction catalyst 36a
becomes and the lower the oxidation efficiency of the NOx storage reduction catalyst 36a becomes. In this case, the
richening period R; is set to a long value to correspond to the catalyst bed temperature, which slowly increases after the
richening is started.

[0053] As described above, the duration of the non-richening period L, to be set is computed at subsequent step S158
based on the map g using the initial value Ry, the heat value H,,, the exhaust temperature T,, the heat capacity Cg,,
and the target bed temperature T, At subsequent step S160, when determining that the period of time from starting
the richening has not reached the richening period R;, the ECU 70 performs addition of fuel at step S162. Then at step
S164, the ECU 70 increments the value of the first counter.

[0054] Nexttime the deterioration degree determination process is executed, since the amplitude value Ay, will have
already been obtained, the ECU 70 therefore will end the deterioration degree determination process without proceeding
to steps S124 to S130 after step S123. Therefore, in subsequent executions of the sulfur emitting process, the ECU 70
does not proceed to step S154 after step S152, but proceeds to step S156. At step S156, the ECU 70 sets the duration
of the richening period R, based on the amplitude value Ay,

[0055] When the NOx storage reduction catalyst 36a recovers from sulfur poisoned state, the ECU 70 determines
that the requirements for executing the sulfur release control are not satisfied at step S102, while executing the sulfur
release control shownin Fig. 2. The ECU 70 then ends the sulfur release control. Thereafter, if the execution requirements
are satisfied, for example, when the sulfur poisoning amount reaches the predetermined amount, the deterioration degree
determination process and the sulfur emitting process are executed. That is, the duration of the richening period R; is
set to the initial value Ry, at step S154, and the amplitude value Ay, i, is computed at steps S124 to S130. Then, based
on the computed amplitude value Ay, the duration of the richening period R; is set at step S156.

[0056] Fig. 6 shows changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature in a case where the
NOx storage reduction catalysts of the first and second catalytic converters 36, 38 are brand new. In this case, the
duration of the richening period R, computed based on the amplitude value A, is the same as the initial value Ry
[0057] On the other hand, Fig. 7 is a graph showing changes in the air-fuel ratio of exhaust gas and the catalyst bed
temperature in a case where the NOXx storage reduction catalyst 36a has deteriorated to some extent. In this case, the
duration of the richening period R, computed based on the amplitude value A, is longer than the initial value Ry
Therefore, like the case where the NOx storage reduction catalyst 36a is brand new, which is shown in Fig. 6, the catalyst
bed temperature of the NOx storage reduction catalyst 36a is increased to a value equal to or higher than the target
temperature such that the maximum value T;,,,,x does not exceed the upper limit temperature.

[0058] The first exhaust temperature sensor 44 corresponds to catalyst bed temperature detecting means that detects
a physical quantity representing the actual catalyst bed temperature of the exhaust purification catalyst. The ECU 70
functions as deterioration degree detecting means that detects the deterioration degree of the exhaust purification
catalyst, and changing means that changes the ratio of the duration of the richening period to the duration of the non-
richening period according to the deterioration degree of the exhaust purification catalyst detected by the deterioration
degree detecting means. The ECU 70 also functions as fuel supply means that intermittently supplies fuel to exhaust
gas at a section upstream of the exhaust purification catalyst, and as deterioration degree determination means. The
narrower the range of fluctuation of the physical quantity detected by the catalyst bed temperature as the fuel supply
means supplies fuel to exhaust gas, the higher the deterioration degree of the exhaust purification catalyst that is
determined by the deterioration degree determination means.

[0059] In this embodiment, the deterioration degree determination process shown in Fig. 3 and steps S152, S154 of
the sulfur emitting process shown in Fig. 4 correspond to a process executed by the deterioration degree detecting
means. Step S156 of the sulfur emitting process corresponds to a process executed by the changing means. The sulfur
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emitting process corresponds to a process executed by the fuel supply means. The deterioration degree determination
process and step S156 of the sulfur emitting process correspond to a process executed by the deterioration degree
determination means.

[0060] The first embodiment has the following advantages.

[0061] (1) During the execution of the sulfur release control, the richening period R;, in which the air-fuel ratio of exhaust
gas is richened, and the non-richening period L;, in which the air-fuel ratio is not richened, are alternately repeated.
Every time the richening period R; or the non-richening period L, is executed, the catalyst bed temperature of the NOx
storage reduction catalyst 36a is repeatedly increased and decreased. The amplitude value Ampin reflects fluctuation
(amplitude) of the catalyst bed temperature. The more deteriorated the NOx storage reduction catalyst 36a, the smaller
the magnitude of the amplitude value Ay, or the magnitude of fluctuation of the catalyst bed temperature. Therefore,
the amplitude value A, indicates the degree of deterioration of the NOx storage reduction catalyst 36a.

[0062] In the first embodiment, when the amplitude value Ay, is great as shown in the map f of Fig. 5, that is, in a
case where the deterioration of the NOx storage reduction catalyst 36a has not significantly developed, the duration of
the richening period R is set relatively short. When the amplitude value Ay, is small as shown in the map f of Fig. 5,
that is, in a case where the deterioration of the NOx storage reduction catalyst 36a has considerably developed, the
duration of the richening period R; is set relatively long. Therefore, with changes of the degree of deterioration of the
NOx storage reduction catalyst 36a, an increase in the catalyst bed temperature of the NOx storage reduction catalyst
36a is prevented from being excessive or too little. Thus, the deterioration of the NOx storage reduction catalyst 36a
due to an excessive increase in the catalyst bed temperature and a decrease in the sulfur emitting efficiency due to
insufficient increase in the catalyst bed temperature are prevented. The sulfur emitting efficiency is prevented from being
lowered in this manner. As a result, deterioration of emission due to the lowered accuracy of the sulfur release control
and a decrease of the fuel economy due to an extended period of the sulfur release control are suppressed.

[0063] (2) The amplitude value Ay, is computed in a state where the duration of the richening period R is set to the
initial value Ry, Based on the amplitude value Ay, thus computed, the degree of deterioration of the NOx storage
reduction catalyst 36a is determined. In this manner, since the duration of the richening period R; has a constant value
(the initial value Ry,) when the amplitude value A, is computed, the computed amplitude value Ay, accurately
corresponds to the degree of deterioration of the NOx storage reduction catalyst 36a. When the duration of the richening
period R; is set to the initial value Ry, the amount of fuel added by the fuel adding valve 68 during the richening period
R, is the minimum value. Therefore, when determining the degree of deterioration of the NOx storage reduction catalyst
36a by computing the amplitude value A, i, the NOX storage reduction catalyst 36a is unlikely to be excessively heated.
[0064] A second embodiment of the present invention will now be described with reference to the drawings.

[0065] In the second embodiment, the degree of deterioration of the exhaust purification catalyst is not determined
based on the amplitude value A, but is determined based on the rate of increase of the exhaust temperature Ty,
Also, in the second embodiment, not the duration of the richening period Ry, but the duration of the non-richening period
L, is changed according to the degree of deterioration of the exhaust purification catalyst.

[0066] In the second embodiment, a deterioration degree determination process of Fig. 8 is executed instead of the
deterioration degree determination process of Fig. 4, and a sulfur emitting process of Fig. 9 is executed instead of the
sulfur emitting process of Fig. 4. Other processes and the hardware configuration are the same as those of the first
embodiment.

[0067] When the deterioration degree determination process of Fig. 8 is started, the ECU 70 first determines whether
requirements for executing the deterioration degree determination process are satisfied at step S202. The requirements
for executing the deterioration degree determination process are the same as those of the deterioration degree deter-
mination process of Fig. 3.

[0068] When determining that the execution requirements of the deterioration degree determination process are not
satisfied, the ECU 70 ends the deterioration degree determination process, and proceeds to the sulfur emitting process
shown in Fig. 9. On the other hand, when determining that the execution requirements of the deterioration degree
determination process are satisfied, the ECU 70 proceeds to step S204 and computes a detection interval ty, of the
exhaust temperature To,;,. The computation is performed using a map h shown in Fig. 10 based on the intake flow rate
GA. The ECU 70 detects the exhaust temperature T,,;, at a point in time where the detection interval ty; has elapsed
from when the fuel adding valve 68 added fuel to exhaust gas in the sulfur emitting process shown in Fig. 9, which will
be discussed below. When the fuel adding valve 68 adds fuel to exhaust gas, the catalyst bed temperature of the NOx
storage reduction catalyst 36a is increased, and the exhaust temperature T, is increased, accordingly. The rate of
increase of the exhaust temperature T,;, changes according to the degree of deterioration of the NOx storage reduction
catalyst 36a and the intake flow rate GA. Specifically, the higher the deterioration degree of the NOXx storage reduction
catalyst 36a, the lower the rate of increase of the exhaust temperature Te,;,. The greater the intake flow rate GA, the
higher the rate of increase of the exhaust temperature T,,;,. The detection interval ty, is computed and set using the
map h shown in Fig. 10 such that the rate of increase of the exhaust temperature T,;, is always constant regardless of
the value of the intake flow rate GA as long as the degree of deterioration of the NOx storage reduction catalyst 36a is
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the same.

[0069] At subsequent step S206, the ECU 70 determines whether time elapsed from when the fuel adding valve 68
started adding fuel to exhaust gas is being currently counted. The counting is started at step S212, which will be discussed
below. When determining that the counting is being currently performed, the ECU 70 proceeds to step S208 and deter-
mines whether now is the time to start addition of fuel by the fuel adding valve 68. The ECU 70 determines that now is
the time to start addition of fuel if the ECU 70 determined that the period from when the richening had been started did
not reach the richening period R; at step S240 of the sulfur emitting process shown in Fig. 9 in the previous execution
of the sulfur release control. Otherwise, the ECU 70 determines that now is not the time to start addition of fuel.
[0070] When determining that now is not the time to start addition of fuel, the ECU 70 ends the deterioration degree
determination process, and proceeds to the sulfur emitting process shown in Fig. 9. On the other hand, when determining
that now is the time to start addition of fuel, the ECU 70 sets the exhaust temperature T,;, detected at the moment to
the initial exhaust temperature T,. Then, at subsequent step S212, the ECU 70 starts counting time elapsed from when
addition of fuel from the fuel adding valve 68 was started. Thereafter, the ECU 70 ends the deterioration degree deter-
mination process, and proceeds to the sulfur emitting process shown in Fig. 9.

[0071] In the case where counting of the time elapsed from when addition of fuel from the fuel adding valve 68 was
started was started during the previous execution of the deterioration degree determination process, the ECU 70, in the
subsequent execution of the deterioration degree determination process, does not proceed to step S208 after step S206,
but proceeds to step S214. Then, at step S214, the ECU 70 determines whether time elapsed from when addition of
fuel was started has reached the detection interval ty. When determining that the time elapsed since addition of fuel
was started has not reached the detection interval ty,, the ECU 70 ends the deterioration degree determination process,
and proceeds to the sulfur emitting process shown in Fig. 9.

[0072] On the other hand, when determining that the time elapsed since addition of fuel was started has reached the
detection interval ty, the ECU 70 at step S216 computes a temperature difference AT;,, between the exhaust temperature
Texin detected at the moment and the initial exhaust temperature T, according to a formula 2:

ATin ~ Texin — Ta

The temperature difference AT;,, corresponds to the rate of increase of the exhaust temperature T, in a referential
exhaust flow rate state when the detection interval ty; is used as a unit. At subsequent step S218, the ECU 70 stops
counting time elapsed from when addition of fuel was started. Thereafter, the ECU 70 ends the deterioration degree
determination process, and proceeds to the sulfur emitting process shown in Fig. 9.

[0073] Before the difference of the temperature difference AT, is computed at step S216, the temperature difference
Tin is set to an initial value AT, that corresponds to a brand new NOx storage reduction catalyst 36a is used.

[0074] The sulfur emitting process will now be described with reference to Fig. 9. When the sulfur emitting process is
started, the ECU 70 first execute a computation process K(AT;,, ATnint ATines Tex) based on the temperature difference
AT, the initial value AT, @ temperature difference AT;,., and the exhaust temperature T, thereby computing a fuel
purification rate K,,. The temperature difference AT;,. will be discussed below. In the computation process K (AT;,,
ATinine ATine: Tex), @ fuel purification rate K, for a case where a non-deteriorated catalyst is used and a fuel purification
rate K, for a case where a deteriorated catalyst is used are obtained using a fuel purification map shown in Fig. 11,
which is related to the fuel purification rate K, and the fuel purification rate K. Then, the computed fuel purification
rates Koo, Keye are prorated by the temperature differences AT, AT;,e and the initial value AT;;,. As a result, the fuel
purification rate K, is obtained. More specifically, the fuel purification rate K, is computed according to a formula 3:

Kex « Kexs - {(Kexs - Kexe) X (ATinint - ATin)/(ATinint - AT:i.ne)}

[0075] The fuel purification rate K, is obtained through experiments in which the temperature T,, of exhaust gas
that contacts the NOx storage reduction catalyst 36a is used as a parameter. Also, the fuel purification rate K, is a
fuel purification rate by a brand new NOXx storage reduction catalyst 36a, that is, a non-deteriorated NOx storage reduction
catalyst 36a. The fuel purification rate K, is also obtained through experiments in which the exhaust temperature Tg,
as a parameter. The fuel purification rate K, is a fuel purification rate by an old NOx storage reduction catalyst 36a,
thatis, a somewhat deteriorated NOx storage reduction catalyst 36a. The temperature difference AT;,. is a value obtained
through experiments and corresponds to the temperature difference AT, thatis computed when a somewhat deteriorated
NOx storage reduction catalyst 36a is used.

[0076] At subsequent step S234, the ECU 70 sets the duration of the richening period R; to the initial value Ry;;;. This
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process is the same as the process of step S154 in the sulfur emitting process shown in Fig. 4. At subsequent step
$236, the ECU 70 computes the heat value H,, of a single addition of fuel according to a formula 4:

Hex b (Kex/Kexs) X Hexint,

A constant Hg,,, in the formula 4 is a heat value of a single addition of fuel when a brand new NOx storage reduction
catalyst 36a is used.

[0077] Thereafter, the ECU 70 computes the non-richening period L, using the map g at step S238. The map g is the
same map g that is used at step S158 of the sulfur emitting process shown in Fig. 4. Steps 240, S242, S244, S246,
S248, S250, S252, and S254 in Fig. 9, which are executed by the ECU 70 after step S238 are each the same as steps
S160, S162, S164, S166, S168, S170, S172, and S174 of the sulfur emitting process shown in Fig. 4.

[0078] As described above, the deterioration degree of the NOx storage reduction catalyst 36a is reflected on the
temperature difference AT;,,. The smaller the temperature difference AT, the more deteriorated the deterioration of the
NOx storage reduction catalyst 36a is determined to be. The temperature difference AT,,, which reflects the deterioration
degree of the NOXx storage reduction catalyst 36a, is reflected on the duration of the non-richening period L, through the
fuel purification rate K, and the heat value Hg,. Therefore, the more deteriorated the NOx storage reduction catalyst
364, the shorter the duration of the non-richening period L, is set so that the catalyst bed temperature reaches the target
bed temperature.

[0079] Fig. 12 is a graph showing changes in the air-fuel ratio of exhaust gas in the second embodiment when the
NOx storage reduction catalyst 36a is brand new. Fig. 13 is a graph showing changes in the air-fuel ratio of exhaust gas
andthe catalystbed temperature inthe second embodimentwhen the NOx storage reduction catalyst 36a has deteriorated
to some extent. As shown in Fig. 12, when the NOx storage reduction catalyst 36a is brand new, the temperature
difference AT, between the catalyst bed temperature at points in time t20, t22, where the fuel adding valve 68 starts
adding fuel to exhaust gas, and the catalyst bed temperature at pints in time t21, t23, where the detection period ty has
elapsed from points in time t20, t22 is relatively great. Thus, the duration of the non-richening period L, is set relatively
long so that the catalyst bed temperature reaches the target bed temperature. On the other hand, as shown in Fig. 13,
when the NOx storage reduction catalyst 36a has deteriorated to some extent, the temperature difference AT;,, between
the catalyst bed temperature at points in time t30, t32, where the fuel adding valve 68 starts adding fuel to exhaust gas,
and the catalyst bed temperature at pints in time t31, t33, where the detection period ty has elapsed from points in time
t30, t32 is relatively small. Thus, the duration of the non-richening period L, is set relatively short so that the catalyst bed
temperature reaches the target bed temperature.

[0080] In this embodiment, the deterioration degree determination process shown in Fig. 8 corresponds to a process
executed by the deterioration degree detecting means. Steps S232, S236, S238 of the sulfur emitting process shown
in Fig. 9 correspond to a process executed by the changing means. The sulfur emitting process corresponds to a process
executed by the fuel supply means. The deterioration degree determination process and step S232 of the sulfur emitting
process correspond to a process executed by the deterioration degree determination means.

[0081] The second embodiment has the following advantage.

[0082] (1) As in the first embodiment, during the execution of the sulfur release control, the richening period R, and
the non-richening period L, are alternately repeated. Every time the richening period R; or the non-richening period L, is
executed, the catalyst bed temperature of the NOx storage reduction catalyst 36a is repeatedly increased and decreased.
The more deteriorated the NOx storage reduction catalyst 36a, the smaller the temperature difference AT;,, which
corresponds to the rate of increase of the catalyst bed temperature due to the start of the richening period R, becomes.
That is, the deterioration degree of the NOx storage reduction catalyst 36a is reflected on the temperature difference
AT;,. Therefore, the deterioration degree of the NOx storage reduction catalyst 36a is easily determined based on the
temperature difference AT,

[0083] Whenthe ECU 70 determines that the NOx storage reduction catalyst 36a has scarcely deteriorated since the
temperature difference AT;, is sufficiently great, a high value of the fuel purification rate K, is set based on the fuel
purification map of Fig. 11 to maintain the catalyst bed temperature at the target bed temperature. As a result, the duration
of the non-richening period L, is set relatively long. Accordingly, an excessive increase of the catalyst bed temperature
due to richening of the air-fuel ratio of the exhaust gas is prevented. Thereafter, when the ECU 70 determines that the
NOXx storage reduction catalyst 36a has deteriorated to some extent since the temperature difference AT, is small, a
low value of the fuel purification rate K, is set based on the fuel purification map of Fig. 11 to maintain the catalyst bed
temperature at the target bed temperature. As a result, the duration of the non-richening period L, is set relatively short.
Accordingly, a decrease of the fuel emitting efficiency due to an insufficient increase of the catalyst bed temperature is
suppressed. In this manner, even if the deterioration degree of the NOx storage reduction catalyst 36a is changed, the
catalyst bed temperature is not excessively increased, and the sulfur release control is executed accurately.
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[0084] A third embodiment of the present invention will now be described with reference to the drawings.

[0085] In the third embodiment, the duration of the non-richening period L, is changed based on the amplitude value
Ampin: Which is computed through the deterioration degree determination process shown in Fig. 3. Inthe third embodiment,
a sulfur emitting process shown in Fig. 14 is executed instead of the sulfur emitting process shown in Fig. 4. Other
processes and the hardware configuration are the same as those of the first embodiment.

[0086] When the sulfur emitting process shown in Fig. 14 is started, the ECU 70 first sets the duration of the richening
period R; to the initial value Ry;,; at step S302. The process of step S302 is the same as the process of step S154 in the
sulfur emitting process shown in Fig. 4.

[0087] Thereafter, the ECU 70 determines whether the amplitude value A, has already been obtained in the current
execution of the sulfur release process at step S304. When determining that the amplitude value Ay, has not been
obtained, the ECU 70 proceeds to step S306, and sets the duration of the non-richening period L; to the initial value
Line- The initial value Ly, is set such that the average catalyst bed temperature of the NOx storage reduction catalyst
36a when the fuel adding valve 68 is adding fuel to exhaust in a case where the initial value Ry, is set as the duration
of the richening period R;, and the NOx storage reduction catalyst 36a is brand new becomes the target bed temperature.
[0088] Steps 314, S316, S318, S320, S322, S324, S326, and S328 in Fig. 14, which are executed by the ECU 70
after step S306 are each the same as steps S160, S162, S164, S166, S168, S170, S172, and S174 of the sulfur emitting
process shown in Fig. 4. In this manner, the initial values Ry;,; and Ly;,; are set as the duration of the richening period R;
and the duration of the non-richening period L;, respectively, and through the deterioration degree determination process
shown in Fig. 3, the maximum value Tj,p,, and the minimum value T;,,;, are obtained and the amplitude value Ay,
is computed.

[0089] When the amplitude value Ampin is computed in this manner, the ECU 70, in the subsequent sulfur emitting
process, proceeds to step S308, instead of step S306, after step S304. At step S308, the ECU 70 performs a computation
process M (Anpin, Ampinint Amper Tex) Dased on the amplitude value A an initial value Ay, @nd an amplitude
value A, to compute the fuel purification rate Key.

[0090]  In the computation process M (Anypin, Ampinint: Amper Tex)s & fuel purification rate K, for a case where a non-
deteriorated catalyst is used and a fuel purification rate K, for a case where a deteriorated catalyst is used are obtained
using a fuel purification map shown in Fig. 11 based on the exhaust temperature T,. Then, the computed fuel purification
rates Keys, Keye are prorated by the amplitude values Appin, Ampe and the initial value Appinin.. As a result, the fuel
purification rate K, is obtained. More specifically, the fuel purification rate K, is computed according to a formula 5:

mpin’

Kex «~ Kexs = { (Kexs — Kexe) X (Ampinint = Bmpin) / (Ampinint — Ampe) }

[0091] The initial value Appinin; COrresponds to the amplitude value A, obtained when a non-deteriorated NOX
storage reduction catalyst 36a is used. The amplitude value Ampe corresponds to the amplitude value Ampin obtained
when a deteriorated NOx storage reduction catalyst 36a is used.

[0092] At subsequent step S310, the ECU 70 computes the heat value He, of a single addition of fuel according to
the formula 4. Further, at subsequent step S312, the ECU 70 computes the non-richening period L, using the map g.
The process of step S312 is the same as the process of step S158 in the sulfur emitting process shown in Fig. 4.
Thereafter, the ECU 70 ends the sulfur emitting process after executing the above described steps S314 to S328.
[0093] As described above, the deterioration degree of the NOx storage reduction catalyst 36a is reflected on the
amplitude value Ap,;;,. The smaller the amplitude value Ay, the more deteriorated the NOx storage reduction catalyst
36a is determined to be. The amplitude value Ay,i,, which reflects the deterioration degree of the NOx storage reduction
catalyst 36a, is reflected on the duration of the non-richening period L, through the fuel purification rate K, and the heat
value Hg,. Therefore, the more deteriorated the NOx storage reduction catalyst 36a, the shorter the duration of the non-
richening period L, is set so that the catalyst bed temperature reaches the target bed temperature.

[0094] Fig. 15 is a graph showing changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature
according to the third embodiment, when the NOXx storage reduction catalyst 36a has deteriorated to some extent. In
the third embodiment, changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature when the NOx
storage reduction catalyst 36a is brand new are the same as those of the first embodiment shown in Fig. 6. As shown
in Fig. 15, when the NOx storage reduction catalyst 36a has deteriorated to some extent, the duration of the non-richening
period L, is set shorter than the initial value Ly, So that the catalyst bed temperature reaches the target bed temperature.
[0095] In this embodiment, the deterioration degree determination process shown in Fig. 3 and steps S304, S306 of
the sulfur emitting process shown in Fig. 14 correspond to a process executed by the deterioration degree detecting
means. Steps S308 to S312 of the sulfur emitting process correspond to a process executed by the changing means.
The sulfur emitting process corresponds to a process executed by the fuel supply means. The deterioration degree
determination process and step S308 of the sulfur emitting process correspond to a process executed by the deterioration
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degree determination means.

[0096] The third embodiment has the following advantage.

[0097] (1) As in the first and second embodiments, during the execution of the sulfur release control, the richening
period R, and the non-richening period L, are alternately repeated. Every time the richening period R, or the non-richening
period L, is executed, the catalyst bed temperature of the NOx storage reduction catalyst 36a is repeatedly increased
and decreased. The amplitude value An,i,, Which represents the amplitude of the exhaust temperature T, detected
by the first exhaust temperature sensor 44, reflects fluctuation (amplitude) of the catalyst bed temperature. The more
deteriorated the NOx storage reduction catalyst 36a, the smaller the magnitude of the amplitude value Ampin becomes,
that is, the magnitude of fluctuation of the catalyst bed temperature becomes. Therefore, the amplitude value Ay,
indicates the degree of deterioration of the NOx storage reduction catalyst 36a.

[0098] In the third embodiment, when the amplitude value Ay, is great, that is, in a case where the deterioration of
the NOx storage reduction catalyst 36a has not significantly developed, the duration of the non-richening period L, is
set relatively long through the processes of steps S308, S310, and S312. When the amplitude value A, is small, that
is, in a case where the deterioration of the NOx storage reduction catalyst 36a has considerably developed, the duration
of the non-richening period L, is set relatively long. In this manner, in the third embodiment, the duration of the non-
richening period L, not the duration of the richening period R,, is changed. Accordingly, an increase in the catalyst bed
temperature of the NOXx storage reduction catalyst 36a is prevented from being excessive or too little with changes of
the degree of deterioration of the NOXx storage reduction catalyst 36a. Thus, the deterioration of the NOx storage reduction
catalyst 36a due to an excessive increase in the catalyst bed temperature and a decrease in the sulfur emitting efficiency
due to insufficient increase in the catalyst bed temperature are prevented.

[0099] (2) The amplitude value Ampin is computed in a state where the duration of the non-richening period L, is set
to the initial value L. Based on the amplitude value Ay, thus computed, the degree of deterioration of the NOx storage
reduction catalyst 36a is determined. In this manner, since the duration of the non-richening period L; has a constant
value (the initial value L) when the amplitude value A, is computed, the computed amplitude value Ay, accurately
corresponds to the degree of deterioration of the NOx storage reduction catalyst 36a.

[0100] A fourth embodiment of the present invention will now be described with reference to the drawings.

[0101] Inthe fourth embodiment, the duration of the richening period R, is changed based on the temperature difference
AT, Which is computed through the deterioration degree determination process shown in Fig. 8. In the fourth embod-
iment, a sulfur emitting process shown in Fig. 16 is executed instead of the sulfur emitting process shown in Fig. 9. Other
processes are the same as those of the second embodiment, and the hardware configuration is the same as that of the
first embodiment.

[0102] When the sulfur emitting process shown in Fig. 16 is started, the ECU 70 first computes the duration of the
richening period R, to be set at step S402. The computation is executed using a map p shown in Fig. 17 based on the
temperature difference AT;,,, which reflects the degree of deterioration of the NOx storage reduction catalyst 36a. The
greater the temperature difference AT,,, the less deteriorated the NOx storage reduction catalyst 36a and the higher the
oxidation efficiency for fuel at the NOx storage reduction catalyst 36a (the same as the fuel purification rate) . In this
case, the richening period R, is set to a short value to correspond to the catalyst bed temperature, which rapidly increases
after the richening is started. On the other hand, the smaller the temperature difference AT;,, the more deteriorated the
NOXx storage reduction catalyst 36a and the lower the oxidation efficiency of the NOx storage reduction catalyst 36a. In
this case, the richening period R, is set to a long value to correspond to the catalyst bed temperature, which slowly
increases after the richening is started.

[0103] At subsequent step S404, the ECU 70 computes the non-richening period L; using the map g. The process of
step S404 is the same as the process of step S158 in the sulfur emitting process shown in Fig. 4. Steps 406, S410,
S412, S414, S416, S418, and S420 in Fig. 16, which are executed by the ECU 70 after step S404 are each the same
as steps S160, S162, S164, S166, S168, S170, S172, and S174 of the sulfur emitting process shown in Fig. 4.

[0104] As described above, the deterioration degree of the NOx storage reduction catalyst 36a is reflected on the
temperature difference AT,,, and the temperature difference AT, is reflected on the duration of the richening period R;
by means of the map p. Therefore, the more deteriorated the NOXx storage reduction catalyst 36a, the longer the duration
of the richening period R, is set.

[0105] Fig. 18 is a graph showing changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature
according to the fourth embodiment, when the NOx storage reduction catalyst 36a has deteriorated to some extent. In
the fourth embodiment, changes in the air-fuel ratio of exhaust gas and the catalyst bed temperature when the NOx
storage reduction catalyst 36a is brand new are the same as those of the second embodiment shown in Fig. 12. As
shown in Fig. 18, when the NOx storage reduction catalyst 36a has deteriorated to some extent, the duration of the
richening period R; is set shorter than the initial value Ly;,; as the temperature difference AT;,, is decreased, so that the
catalyst bed temperature reaches the target bed temperature and that the NOx storage reduction catalyst 36a is not
excessively heated. In this embodiment, the deterioration degree determination process shown in Fig. 8 corresponds
to a process executed by the deterioration degree detecting means. Steps S402, S404 of the sulfur emitting process

13



10

15

20

25

30

35

40

45

50

55

EP 1519 021 B1

shown in Fig. 16 correspond to a process executed by the changing means. The sulfur emitting process corresponds
to a process executed by the fuel supply means. The deterioration degree determination process and step S402 of the
sulfur emitting process correspond to a process executed by the deterioration degree determination means.

[0106] The fourth embodiment has the following advantage.

[0107] (1) As in the first to third embodiments, during the execution of the sulfur release control, the richening period
R; and the non-richening period L, are alternately repeated. Every time the richening period R, or the non-richening
period L, is executed, the catalyst bed temperature of the NOx storage reduction catalyst 36a is repeatedly increased
and decreased. The more deteriorated the NOx storage reduction catalyst 36a, the smaller the temperature difference
AT;,,, which corresponds to the rate of increase of the exhaust temperature T,;, due to the start of the richening period
R;, becomes. That s, the deterioration degree of the NOx storage reduction catalyst 36a is reflected on the temperature
difference AT;,,. Therefore, the deterioration degree of the NOXx storage reduction catalyst 36a is easily determined based
on the temperature difference AT;,,.

[0108] When the ECU 70 determines that the NOx storage reduction catalyst 36a has scarcely deteriorated since the
temperature difference AT;, is sufficiently great, the duration of the richening period R, is set relatively short based on
the map p of Fig 17. Accordingly, an excessive increase of the catalyst bed temperature of the NOx storage reduction
catalyst 36a due to richening of the air-fuel ratio of the exhaust gas is prevented. Thereafter, when the ECU 70 determines
that the NOx storage reduction catalyst 36a has deteriorated to some extent since the temperature difference AT, has
been decreased, the duration of the richening period R; is set relatively long based on the map p of Fig 17. Accordingly,
a decrease of the fuel emitting efficiency due to an insufficient increase of the catalyst bed temperature is suppressed.
In this manner, even if the deterioration degree of the NOx storage reduction catalyst 36a is changed, the catalyst bed
temperature is not excessively increased, and the sulfur release control is executed accurately.

[0109] It should be apparent to those skilled in the art that the present invention may be embodied in many other
specific forms without departing from the spirit of scope of the invention. Particularly, it should be understood that the
invention may be embodied in the following forms.

[0110] (a) In the second and fourth embodiments, the durations of the non-richening period L; and the richening period
R, are not set to the initial values when computing the temperature difference AT;,, but set to values that correspond to
the state at the time. However, as in the first and third embodiment, the duration of the non-richening period L, and the
richening period R, may be set to the initial values when the sulfur release control is started, and the sulfur emitting
process may be executed after the durations are set to values that correspond to the temperature difference AT, after
the temperature difference AT;, is computed.

[0111] Also, in the second and fourth embodiment, the initial exhaust temperature T, is detected immediately after
richening of the air-fuel ratio of exhaust gas is started in the richening period R,. However, in consideration of the fact
that the exhaust temperature T,,;, is increased after a little delay, the initial exhaust temperature T, may be detected
when a standby period, which corresponds to the intake flow rate GA, has elapsed after the richening period R; is started.
[0112] (b) In the illustrated embodiments, the air-fuel ratio of exhaust gas is richened by causing the fuel adding valve
68 to add fuel to exhaust. However, the air-fuel ratio of exhaust gas may be richened by other means. The air-fuel ratio
of exhaust gas may be richened, for example, by after injection, in.which fuel is injected into the combustion chambers
from the fuel injection valve 58 during an expansion stroke or exhaust stroke.

[0113] (c) In the illustrated embodiment, the duration of one of the non-richening period L, and the richening period
R, is changed according to the degree of deterioration of the exhaust purification catalyst. However, the durations of
both may be changed.

[0114] (d)Thepresentinventionisnotlimitedto diesel engines, but may be applied to lean combustion gasoline engines.
[0115] The presentexamples and embodiments are to be considered asiillustrative and not restrictive and the invention
is not to be limited to the details given herein, but may be modified within the scope and equivalence of the appended
claims.

Claims

1. An apparatus for controlling an exhaust purification catalyst, the catalyst being located in an exhaust system of an
internal combustion engine (2), wherein, during sulfur release control for permitting the catalyst to recover from
sulfur poisoning, the apparatus repeats a richening period and a non-richening period, wherein, in the richening
period, the apparatus intermittently supplies fuel to exhaust gas at a section upstream of the catalyst, thereby
lowering the air-fuel ratio of exhaust gas that contacts the catalyst to a value equal to or less than the stoichiometric
air-fuel ratio, and wherein, in the non-richening period, the apparatus does not supply fuel to exhaust gas, the
apparatus being
characterized by:
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deterioration degree detecting means that detects the degree of deterioration of the exhaust purification catalyst;
and

changing means that changes the ratio of the duration of the richening period to the duration of the non-richening
period according to the deterioration degree of the exhaust purification catalyst detected by the deterioration
degree detecting means.

The apparatus according to claim 1, characterized in that the changing means changes the ratio of the duration
of the richening period to the duration of the non-richening period such that the greater the deterioration degree of
the exhaust purification catalyst detected by the deterioration degree detecting means, the greater the rate becomes.

The apparatus according to claim 1 or 2, characterized in that a catalyst bed temperature of the exhaust purification
catalyst is estimated based on a temperature of exhaust gas that contacts the exhaust purification catalyst and a
heat value obtained from the amount of fuel supplied to exhaust gas and a fuel purification rate at the exhaust
purification catalyst, wherein the rate of the duration of the richening period to the duration of the non-richening
period is changed to control the estimated catalyst bed temperature, and

wherein the changing means corrects the fuel purification rate according to the deterioration degree of the exhaust
purification catalyst detected by the deterioration degree detecting means, thereby changing the ratio of the duration
of the richening period to the duration of the non-richening period according.

The apparatus according to any one of claims 1to 3, characterized by comprising catalyst bed temperature detecting
means for detecting a physical quantity that represents an actual catalyst bed temperature of the exhaust purification
catalyst, and

wherein the deterioration degree detecting means determines that the smaller a range of fluctuation of the physical
quantity caused by supply of fuel to exhaust gas, the greater the deterioration degree of the exhaust purification
catalyst.

The apparatus according to any one of claims 1to 3, characterized by comprising catalyst bed temperature detecting
means for detecting a physical quantity that represents an actual catalyst bed temperature of the exhaust purification
catalyst, and

wherein the deterioration degree detecting means determines that the smaller a rate of increase in the physical
quantity caused by supply of fuel to exhaust gas, the greater the deterioration degree of the exhaust purification
catalyst.

The apparatus according to claim 4 or 5,

characterized in that the deterioration degree detecting means detects the deterioration degree based on a physical
quantity that is detected by the catalyst bed temperature detecting means when supply of fuel to exhaust gas is
performed in a state where the rate of the duration of the richening period to the duration of the non-richening period
is set to correspond to a case where an exhaust purification catalyst that has not deteriorated is used.

The apparatus according to any one of claims 4 to 6, characterized in that the catalyst bed temperature detecting
means is an exhaust temperature sensor (44) located downstream of the exhaust purification catalyst, wherein the
physical quantity detected by the catalyst bed temperature detecting means is an exhaust temperature detected by
the exhaust temperature sensor.

The apparatus according to any one of claims 1 to 7, characterized in that the exhaust purification catalyst is a
NOXx storage reduction catalyst.

The apparatus according to any one of claims 1 to 8, characterized in that the internal combustion engine is a
diesel engine.

The apparatus according to any one of claims 1to 9, characterized in that supply of fuel to exhaust gas is performed
either by adding fuel to exhaust gas from a fuel adding valve provided in the internal combustion engine or by
injecting fuel into a combustion chamber provided in the internal combustion engine during an expansion stroke or
an exhaust stroke.
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Patentanspriiche

1.

Vorrichtung zum Steuern eines Abgasreinigungskatalysators, wobei der Katalysator im Abgassystem eines Ver-
brennungsmotors (2) angeordnet ist, wobei die Vorrichtung wéhrend der Schwefelfreisetzungssteuerung, die es
dem Katalysator erméglichen soll, sich nach einer Schwefelvergiftung zu regenerieren, eine Anfettungsperiode und
eine Nicht-Anfettungsperiode wiederholt, wobei die Vorrichtung in der Anfettungsperiode in einem Abschnitt strom-
aufwarts vom Katalysator Kraftstoff zum Abgas liefert, wodurch das Luft/Kraftstoff-Verhaltnis des Abgases, welches
den Katalysator berihrt, auf einen Wert gesenkt wird, der beim stdchiometrischen Luft/Kraftstoff-Verhaltnis oder
darunter liegt, und wobei die Vorrichtung in der Nicht-Anfettungsperiode keinen Kraftstoff zum Abgas liefert, wobei
die Vorrichtung durch folgendes gekennzeichnet ist:

ein Verschlechterungsgrad-Erfassungsmittel, das den Grad der Verschlechterung des Abgasreinigungskataly-
sators erfasst; und

ein Anderungsmittel, welches das Verhaltnis der Dauer der Anfettungsperiode zur Dauer der Nicht-Anfettungs-
periode entsprechend dem Verschlechterungsgrad des Abgasreinigungskatalysators, der vom Verschlechte-
rungsgrad-Erfassungsmittel erfasst wird, &ndert.

Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass das Anderungsmittel das Verhaltnis der Dauer der
Anfettungsperiode zur Dauer der Nicht-Anfettungsperiode so dndert, dass das Verhéaltnis mit einer Zunahme des
vom Verschlechterungsgrad-Erfassungsmittel erfassten Verschlechterungsgrads des Abgasreinigungskatalysators
zunimmt.

Vorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die Katalysatorbetttemperatur des Abgas-
reinigungskatalysators aufgrund der Temperatur des Abgases, das den Abgasreinigungskatalysator berthrt, und
eines Warmewerts, der anhand der Kraftstoffmenge, die dem Abgas zugefiihrt wird, erhalten wird, und einer Kraft-
stoffreinigungsrate am Abgasreinigungskatalysator geschatzt wird, wobei das Verhaltnis der Dauer der Anfettungs-
periode zur Dauer der Nicht-Anfettungsperiode geandert wird, um die geschétzte Katalysatorbetttemperatur zu
steuern, und

wobei das Anderungsmittel die Kraftstoffreinigungsrate gemaR dem Verschlechterungsgrad des Abgasreinigungs-
katalysators, der vom Verschlechterungsgrad-Erfassungsmittel erfasst wird, korrigiert, wodurch das Verhaltnis der
Dauer der Anfettungsperiode zur Dauer der Nicht-Anfettungsperiode entsprechend verandert wird.

Vorrichtung nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dass sie ein Katalysatorbetttemperatur-
Erfassungsmittel aufweist, um eine physikalische GroRe zu erfassen, die eine aktuelle Katalysatorbetttemperatur
des Abgasreinigungskatalysators darstellt, und

wobei das Verschlechterungsgrad-Erfassungsmittel bestimmt, dass bei abnehmendem Bereich der Schwankung
der physikalischen GréRRe, die durch die Zufuhr von Kraftstoff zum Abgas bewirkt wird, der Verschlechterungsgrad
des Abgasreinigungskatalysators zunimmt.

Vorrichtung nach einem der Anspriche 1 bis 3, dadurch gekennzeichnet, dass sie ein Katalysatorbetttemperatur-
Erfassungsmittel aufweist, um eine physikalische GroRe zu erfassen, die eine aktuelle Katalysatorbetttemperatur
des Abgasreinigungskatalysators darstellt, und

wobei das Verschlechterungsgrad-Erfassungsmittel bestimmt, dass bei abnehmender Zuwachsrate der physikali-
schen GroRRe, die durch die Zufuhr von Kraftstoff zum Abgas bewirkt wird, der Verschlechtcrungsgrad des Abgas-
reinigungskatalysators zunimmt.

Vorrichtung nach einem der Anspriiche 4 oder 5,

dadurch gekennzeichnet, dass das Verschlechterungsgrad-Erfassungsmittel den Verschlechterungsgrad auf-
grund einer physikalischen GroR3e erfasst, die vom Katalysatorbetttemperatur-Erfassungsmittel erfasst wird, wenn
die Zufuhr von Kraftstoff zum Abgas in einer Situation durchgefiihrt wird, wo das Verhéaltnis der Dauer der Anrei-
cherungsperiode zur Dauer der Nicht-Anreicherungsperiode so gesetzt ist, dass es einem Fall entspricht, wo ein
Abgasreinigungskatalysator verwendet wird, der nicht verschlechtert wurde.

Vorrichtung nach einem der Anspriiche 4 bis 6, dadurch gekennzeichnet, dass das Katalysatorbetttemperatur-
Erfassungsmittel ein Abgastemperatursensor (44) ist, der stromabwarts vom Abgasreinigungskatalysator angeord-
net ist, wobei die physikalische Grof3e, die vom Katalysatorbetttemperatur-Erfassungsmittel erfasst wird, eine Ab-
gastemperatur ist, die vom Abgastemperatursensor erfasst wird.
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Vorrichtung nach einem der Anspriiche 1 bis 7, dadurch gekennzeichnet, dass der Abgasreinigungskatalysator
ein NOx-Speicherreduktionskatalysator ist.

Vorrichtung nach einem der Anspriiche 1 bis 8, dadurch gekennzeichnet, dass der Verbrennungsmotor ein Die-
selmotor ist.

Vorrichtung nach einem der Anspriiche 1 bis 9, dadurch gekennzeichnet, dass die Zufuhr von Kraftstoff zum
Abgas entweder durch die Zugabe von Kraftstoff zum Abgas Uber ein Kraftstoffzugabeventil, das im Verbrennungs-
motor bereitgestellt ist, oder durch Einspritzen von Kraftstoff in eine Brennkammer, die im Verbrennungsmotor
bereitgestellt ist, wahrend eines Expansionshubs oder eines Abgashubs durchgefuhrt wird.

Revendications

Dispositif destiné a commander un catalyseur de purification de gaz d’échappement, le catalyseur étant situé dans
un systeme d’échappement d’'un moteur & combustion interne (2) dans lequel, durant une commande de libération
de soufre en vue de permettre au catalyseur de se rétablir d’'un empoisonnement au soufre, le dispositif répéte une
période d’enrichissement et une période de non-enrichissement, ou dans la période d’enrichissement, le dispositif
fournit par intermittence du carburant au gaz d’échappement a une section en amont du catalyseur, en diminuant
de cette maniére le rapport air-carburant du gaz d’échappement qui est en contact avec le catalyseur a une valeur
inférieure ou égale au rapport air-carburant stoechiométrique et ou, dans la période de non-enrichissement, le
dispositif ne fournit pas de carburant au gaz d’échappement, le dispositif étant caractérisé par

un moyen de détection de degré de dégradation qui détecte le degré de dégradation du catalyseur de purification
des gaz d’échappement, et

un moyen de modification qui fait varier le rapport de la durée de la période d’enrichissement sur la durée de
la période de non-enrichissement selon le degré de dégradation du catalyseur de purification de gaz d’échap-
pement détecté par le moyen de détection de degré de dégradation.

Dispositif selon la revendication 1, caractérisé en ce que le moyen de variation fait varier le rapport de la durée
de la période d'enrichissement sur la durée de la période de non-enrichissement, de telle sorte que plus le degré
de dégradation du catalyseur de purification de gaz d’échappement détecté par le moyen de détection de degré de
dégradation est important, plus le taux devient important,

Dispositif selon la revendication 1 ou 2, caractérisé en ce qu’ une température de lit de catalyseur du catalyseur
de purification de gaz d’échappement est estimée d’aprés une température des gaz d’échappement qui sont en
contact avec le catalyseur de purification de gaz d’échappement et une valeur thermique obtenue d’apres la quantité
de carburant fournie au gaz d’échappement ainsi qu’un taux de purification de carburant au niveau du catalyseur
de purification de gaz d’échappement, ou le rapport de la durée de la période d’enrichissement sur la durée de la
période de non-enrichissement est modifié pour commander la température de lit du catalyseur estimée, et

ou le moyen de modification corrige le taux de purification de carburant selon le degré de dégradation du catalyseur
de purification du gaz d’échappement détecté par le moyen de détection de degré de dégradation, en modifiant par
conséquent de cette maniére le rapport de la durée de la période d’enregistrement sur la durée de la période de
non-enrichissement.

Dispositif selon I'une quelconque des revendications 1 a 3, caractérisé par le fait qu’ il comprend un moyen de
détection de température de lit de catalyseur destiné a détecter une valeur physique qui représente une température
de lit de catalyseur réelle du catalyseur de purification de gaz d’échappement, et

dans lequel le moyen de détection de degré de dégradation détermine que plus la plage de variation de la valeur
physique provoquée par I'alimentation de carburant dans le gaz d’échappement est petite, plus le degré de dégra-
dation du catalyseur de purification des gaz d’échappement est important.

Dispositif selon I'une quelconque des revendications 1 a 3, caractérisé par le fait qu’ il comprend un moyen de
détection de température de lit de catalyseur destiné a détecter une quantité physique quireprésente une température
de lit de catalyseur réelle du catalyseur de purification de gaz d'échappement, et

dans lequel le moyen de détection de degré de dégradation détermine que plus la vitesse d’augmentation de la
quantité physique provoquée par I'alimentation de carburant dans le gaz d’échappement est petite, plus le degré
de dégradation du catalyseur de purification de gaz d’échappement est important.
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Dispositif selon la revendication 4 ou 5,

caractérisé en ce que le moyen de détection de degré de dégradation détecte le degré de dégradation d'aprés
une quantité physique qui est détectée par le moyen de détection de température de lit de catalyseur lorsqu’une
alimentation de carburant dans le gaz d’échappement est réalisée dans un état ou le rapport de la durée de la
période d’enrichissement sur la durée de la période de non-enrichissement est établi pour correspondre a un cas
ou un catalyseur de purification de gaz d’échappement qui n’a pas été dégradé, est utilisé.

Dispositif selon I'une quelconque des revendications 4 a 6, caractérisé en ce que le moyen de détection de
température de lit de catalyseur est un capteur de température d’échappement (44) situé en aval du catalyseur de
purification de gaz d’échappement, dans lequel la quantité physique détectée par le moyen de détection de tem-
pérature de lit de catalyseur est une température d’échappement détectée par le capteur de température d’échap-
pement.

Dispositif selon 'une quelconque des revendications 1 & 7, caractérisé en ce que le catalyseur de purification de
gaz d’échappement est un catalyseur de réduction de stockage NO,,.

Dispositif selon I'une quelconque des revendications 1 a 8, caractérisé en ce que le moteur a combustion interne
est un moteur diesel.

Dispositif selon I'une quelconque des revendications 1 & 9, caractérisé en ce qu’ une alimentation de carburant
dans le gaz d’échappement est exécuté soit en ajoutant du carburant au gaz d’échappement a partir d’'un injecteur
de carburant prévu dans le moteur a combustion interne, soit en injectant du carburant dans une chambre de
combustion prévue dans le moteur & combustion interne durant une course d’expansion ou une course d’échappe-
ment.
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Fig.2
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Fig.3
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Fig.5
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