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(57) ABSTRACT 

The present invention provides a method of deciding on 
catalyst deterioration in an exhaust gas decontamination 
System, which method enables making an accurate decision 
on the State of deterioration of catalyst caused by Sulfur 
poisoning in a NOX purging System using a direct reduction 
type NOX catalyst in the purging of NOX from exhaust gas. 
In particular, a method of deciding on catalyst deterioration 
in a NOx purging System (10) comprising exhaust gas 
passage (2) and, arranged therein, direct reduction type NOX 
catalyst (3), wherein when the operating condition of engine 
(1) is within a deterioration decision Zone and is of Station 
ary operation, an exhaust gas for decision is generated and 
wherein when the concentration of NOX in exhaust gas 
(Cnox) resulting from pass of the exhaust gas for decision 
through the direct reduction type NOx catalyst (3) is not 
below prescribed decision level (Cnoxlim), the direct reduc 
tion type NOx catalyst (3) is judged as being deteriorated. 
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Fig.2 
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NOx purging system control means 
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Catalyst regeneration means 
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Regeneration time jugdment means 

212 
Regeneration control means 

220 

Deteriorated catalyst reactivation means 

221 
Deterioration judgment means 

22a 
Deterioration zone judgment means 

221b. 
Steady operation judgment means 

22c 
Decision exhaust gas generation means 

22d 
NOx concentration judgment eaS 

222 
Reactivation control means 



Patent Application Publication Jul. 7, 2005 Sheet 3 of 8 US 2005/0144933 A1 

F ig. 3 
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Fig.4 
Catalyst regeneration control flow ) 
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Fig.5 
Deteriorated catalyst reactivation control flow ) 
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Fig.6 
Deterioretion judgment flow ) 
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Fig. 7 
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Fig.8 
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METHOD OF DECIDING ON CATALYST 
DETERIORATION AND MEANS FOR DECIDING 
ON CATALYST DETERIORATION IN NOX 

PURGING SYSTEM 

TECHNICAL FIELD 

0001. The present invention relates to a method of decid 
ing on catalyst deterioration and means for deciding on 
catalyst deterioration in NOX purging System which is the 
System for reducing and purging NOX in the exhaust gas of 
an internal combustion engine or combustion equipment. 
0002 More minutely, the present invention relates to the 
method and means to be able to make an accurate decision 
on the State of deterioration of catalyst caused by Sulfur 
poisoning in a NOX purging System using a direct reduction 
type NOX catalyst for purging NOX from exhaust gas. 

BACKGROUND ART 

0.003 Various studies and proposals have been offered 
regarding a catalyst-type exhaust gas purging System for 
purging NOx (nitrogen oxides) from the exhaust gas of an 
internal combustion engine of a vehicle or a Stationary 
internal combustion engine by reducing NOX. Particularly, a 
NOX reduction catalyst or a three-way-catalyst is in use to 
purify the exhaust gas of vehicles. 
0004 One of the studies and proposals shows an exhaust 
gas purifying System for internal combustion engine dis 
closed in the official gazette of the Japanese Patent Laid 
Open No. 2000-274279 and the like. In this system, a NOx 
occlusion reduction catalyst is arranged in an exhaust gas 
passage of an engine. This System performs the absorbing 
operation of making the NOX occlusion reduction catalyst 
absorb NOx during the air/fuel ratio of an incoming exhaust 
gas is lean. When the absorbed quantity almost reaches to 
the level of NOX absorbing capacity, the regenerating opera 
tion is performed to make the air/fuel ratio of the exhaust gas 
close to a theoretical air/fuel ratio or rich and to lower an 
oxygen concentration of the incoming exhaust gas, and 
thereby releasing the absorbed NOx, and reducing the 
released NOx by a laid-in precious metal catalyst. 
0005 The NOx occlusion reduction catalyst Supports a 
precious metal catalyst Such as platinum (Pt) and alkaline 
earth Such as barium (Ba) on a catalyst Support. NO in the 
exhaust gas is oxidized by a catalyst activity of platinum and 
changed to NO under a high-oxygen-concentration atmo 
sphere. NO is diffused in the catalyst in the form of NO, 
and absorbed in the form of nitrate. 

0006 Moreover, when the air/fuel ratio becomes rich and 
the oxygen concentration lowers, NOT is released in the 
form of NO. And the NO is reduced to N in accordance 
with the catalyst activity of platinum by reducer Such as 
unburned HC, CO, and H2 contained in the exhaust gas. It is 
possible to prevent NOx from being released to the atmo 
Spheric air in accordance with the above reducing effect. 
0007. However, in the case of the exhaust gas purging 
System using the NOX occlusion reduction catalyst, an 
extremely large quantity of NOX is released in a short time 
when the NOX occlusion reduction catalyst is regenerated. 
Therefore, it is necessary to reduce the NOx by a precious 
metal catalyst. However, even if Supplying a proper quantity 
of reducers, it is difficult to reduce the total quantity of NOX 
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to N by securely bringing the total quantity of NOx into 
contact with the reducers and the precious metal catalyst. 
Then, some of NOx leaks. Therefore, there is a problem that 
a decrease of NOX is limited. 

0008 Moreover, because a catalyst function is deterio 
rated by the Sulfur contained in the fuel of a diesel engine, 
there is a problem of Sulfur poisoning that it is difficult to 
keep the rate of NOX purge high for a long time. Therefore, 
the exhaust gas purifying System in the official gazette of the 
Japanese Paten Laid-Open No. 2000-274279 performs the 
deterioration judgment that a NOX occlusion reduction cata 
lyst is deteriorated when the NOx concentration at the end 
of release of NOX is equal to or higher than a predetermined 
reference value for the deterioration, in accordance with the 
characteristic of an occlusion catalyst to Store a large quan 
tity of NOx by absorbing substance and to release the NOx 
from the Substance. 

0009 For the Sulfur purge for reactivating the catalyst 
from the deteriorated State due to the Sulfur poisoning, it is 
necessary to raise the catalyst temperature up to 650 C. In 
the case of a diesel engine, it is necessary to raise the exhaust 
gas temperature to 600 C. or higher in order to raise the 
catalyst temperature to 650 C. or higher. However, even if 
performing the exhaust gas temperature raising control Such 
as intake throttling or rich burning, it is actually difficult to 
raise the catalyst temperature up to 650 C. by only con 
trolling the engine. 
0010. However, separately from the NOx occlusion 
reduction catalyst, a catalyst for directly reducing NOX 
(hereafter referred to as direct reduction type NOx catalyst) 
is disclosed in the patent applications to Republic of Finland 
No. 19992481 and 20000617. 

0011. The direct reduction type NOx catalyst is obtained 
by making a catalyst Support TSuch as B-type Zeolite Support 
a metal M such as rhodium (Rh) or palladium (Pd) which is 
a catalyst component as shown in FIGS. 7 and 8. As shown 
in FIG. 7, in the case of high oxygen concentration atmo 
Sphere Such as the lean State exhaust gas of an internal 
combustion engine Such as a diesel engine in which the 
air/fuel ratio of exhaust gas is lean, the catalyst component 
contacts with NOx and reduces the NOx to N. At the same 
time, it is oxidized to become metal oxide MOX Such as 
rhodium oxide. After all of the metal M is oxidized, the 
capability of NOx reduction disappears. Therefore, it is 
necessary to regenerate the metal M when it is oxidized to 
a certain extent. 

0012. As shown in FIG. 8, the above regeneration is 
performed by Setting the oxygen concentration of the 
exhaust gas to almost equal to 0% as the air/fuel ratio is in 
a theoretical air/fuel ratio or a rich State, by bringing the 
metal oxide MOX Such as rhodium oxide into contact with 
reducer such as unburned HC, CO, and H in a reduction 
atmosphere to reduce the metal oxide MOX, and by returning 
the metal oxide M to its original metal M. 
0013 In the case of the direct reduction type NOx 
catalyst, the reaction for reducing the metal oxide MOX is 
quickly performed even at a low temperature (e.g. 200 C. 
or higher) compared to the case of other catalyst. And 
moreover, there is an advantage that the problem of Sulfur 
poisoning is Small. 
0014) Moreover, cerium (Ce) is blended. This cerium 
contributes for decreasing the oxidation of the metal M and 
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for holding the capability of reduction of NOX. And a 
three-way-catalyst is set to a lower layer to accelerate the 
reaction of reduction and oxidation, particularly the reaction 
of reducing NOx in a rich state. Moreover, iron (Fe) is added 
to the catalyst support in order to improve the rate of NOX 
purge. 

0.015 However, though sulfur poisoning is small com 
pared to the case of the NOX occlusion reduction catalyst, 
Sulfur poisoning is slowly progressed by the Sulfur in a fuel. 
Then the deterioration of the catalyst is progressed. That is, 
because the Sulfur contained in the exhaust gas is absorbed 
as SO in the iron added to the catalyst Support, primary 
Sulfur poisoning occurs in which the improvement of the 
purge performance of NOX due to the iron is inhibited. 
Moreover, in an oxidizing atmosphere containing no reducer 
at a constant temperature, SO2 discharged from iron is 
changed to SO and the SO is combined with cerium. 
Therefore, the contribution of the cerium to holding the 
capability of the NOx reduction is lowered and the rate of 
NOX is decreased. 

0016. When the deterioration progresses in the direct 
reduction type NOx catalyst, the rate of NOx purge is 
decreased because the capability of reducing NOX to N is 
decreased even in the case of an atmosphere in which the 
air/fuel ratio of the exhaust gas is in the lean State and the 
oxygen concentration is high. And moreover, the NOX 
reduction capability is immediately decreased to a value 
close to a limit. Then, because it is necessary to frequently 
perform regeneration by rich burning, fuel efficiency 
decreases. 

0.017. Therefore, in the case of the direct reduction type 
NOX catalyst, it is necessary to perform not only the 
regeneration of reducing the metal oxide MOX to the metal 
M by bringing into contact with reducers in a reducing 
atmosphere, but also the reactivation of removing Sulfur 
from catalyst by monitoring a progreSS State of deterioration 
due to the Sulfur poisoning and by Setting an exhaust gas 
temperature to approx. 400 C. in a low oxygen concentra 
tion State when the deterioration is progressed to a certain 
eXtent. 

0.018 Moreover, in the case of the direct reduction type 
NOx catalyst, as a characteristic of the NOx catalyst, it is 
found through an experiment that the following phenom 
enon occurs at a low SV (Space Velocity) of 50,000/h or less. 
Only in a state in which the NOx catalyst is deteriorated due 
to Sulfur poisoning, a large quantity of NOX is discharged 
when a catalyst temperature is kept in a range of 250 C. to 
350° C. and the air/fuel ratio is lowered to approx. 23 during 
a steady operation. 

SUMMARY OF THE INVENTION 

0019. The present invention is made to solve the above 
problems by obtaining the above knowledge and its object is 
to provide a method means of deciding on catalyst deterio 
ration and method for deciding on catalyst deterioration in 
an exhaust gas decontamination System, which enables 
making an accurate decision on the State of deterioration of 
catalyst caused by Sulfur poisoning in a NOX purging System 
using a direct reduction type NOX catalyst to purge NOX 
from exhaust gas. 
0020. The method for achieving the above object is the 
method of deciding on catalyst deterioration in the NOX 
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purging System comprised of a direct reduction type NOX 
catalyst arranged in an exhaust gas passage in which a 
catalyst component reduces NOX to nitrogen and is also 
oxidized when an oxygen concentration in the exhaust gas of 
an engine is high and the catalyst component is reduced 
when the oxygen concentration in the exhaust gas is low, 
which comprises generating the exhaust gas for decision 
when an operating State of an engine is within a deterioration 
decision Zone and is in a steady operation State, and deciding 
that the direct reduction type NOx catalyst is deteriorated 
when the NOX concentration in the exhaust gas resulting 
from pass of the exhaust gas for decision through the direct 
reduction type NOX catalyst is not less than a give reference 
value. 

0021. It is possible to constitute the direct reduction type 
NOX catalyst by making a catalyst Support Such as B-type 
Zeolite Support a special metal Such as rhodium (Rh) or 
palladium (Pd) which is a catalyst component. Moreover, it 
is possible to form the direct reduction type NOx catalyst by 
blending cerium (Ce) in order to decrease the oxidation 
action of a metal of the catalyst component and to contribute 
to holding the capability of reduction of NOX. And it is 
possible to set a three-way-catalyst having platinum (Pt) or 
the like to a lower layer in order to accelerate a redox 
reaction, particularly the reduction reaction of NOX dis 
charged in a rich state, or to add iron (Fe) to the Support in 
order to improve the rate of NOx purge. 
0022. A catalyst in which a catalyst component reduces 
NOX to N and the catalyst component is oxidized when the 
oxygen concentration in the exhaust gas is high, and the 
catalyst component is reduced when the Oxygen concentra 
tion of the exhaust gas is decreased, is referred to as “direct 
reduction type NOx catalyst” in this case in order to distin 
guish this catalyst from catalysts used in other prior arts. 
0023 Moreover, a prescribed reference value for a NOx 
concentration is a numerical value or map data obtained 
through an experiment, which is a preset value. 
0024. Furthermore, in the case of the method of deciding 
on catalyst deterioration in a NOX purging System, it is 
decided that the operating State of the engine is within a 
deterioration decision Zone, when the quantity of the exhaust 
gas is not more than a prescribed reference quantity of 
exhaust gas and a catalyst temperature ranges between a 
prescribed lower limit temperature for decision and a pre 
Scribed upper limit temperature for decision. 
0025 The prescribed reference quantity of exhaust gas is 
an upper limit quantity of the exhaust gas when a Space 
velocity (SV) for a direct reduction type NOx catalyst is not 
more than 50,000/h and values of 250° C. and 350° C. are 
experimentally obtained as a prescribed lower limit tem 
perature for decision and a prescribed upper limit tempera 
ture for decision. 

0026. Moreover, the decision that an operation state is in 
a steady operation Sate, can be performed by judging that the 
present State is the Steady operating State when the absolute 
value of a change value AQ of a torque Q is not more than 
a prescribed reference value AQlim and the absolute value of 
a change value ANe of an engine Speed Ne is not more than 
a prescribed reference value ANelim. 
0027) Furthermore, in the case of the method of deciding 
on catalyst deterioration in a NOX purging System, the 
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exhaust gas for decision is generated So that the air/fuel ratio 
of exhaust gas becomes a value between the air/fuel ratio of 
the exhaust gas during the normal engine operation and the 
air/fuel ratio of the exhaust gas for regenerating the direct 
reduction type NOx catalyst. 

0028. The air/fuel ratio of the exhaust gas for decision is 
approx. 23, preferably 22 to 25, when the base of the air/fuel 
ratio is approx. 27 and the air/fuel ratio of regeneration 
exhaust gas is 14.7 or less. The exhaust gas for decision can 
be produced by any one of a fuel injection control, an intake 
air quantity control, and an EGR control or a combination of 
them. 

0029. The above normal engine operation is not a control 
operation for regenerating a catalyst or reactivating a dete 
riorated catalyst but an operation for operating an engine at 
a torque and a engine Speed requested to the engine. In the 
case of the normal engine operation, the air/fuel ratio of the 
exhaust gas is approx. 27 in a deterioration decision Zone 
and NOX contained in the exhaust gas is directly reduced to 
N and purged by a direct reduction type NOx catalyst. 
0.030. Moreover, the means for deciding on catalyst dete 
rioration in a NOX purging System for executing the above 
method of deciding on catalyst deterioration is the means of 
deciding on catalyst deterioration in a NOX purging System 
composed of a direct reduction type NOX catalyst arranged 
in an exhaust gas passage in which a catalyst component 
reduces NOX to nitrogen and is also oxidized when an 
oxygen concentration in the exhaust gas of an engine is high 
and the catalyst component is reduced when the oxygen 
concentration in the exhaust gas is low, which comprises a 
Zone judgment means for judging whether an exhaust gas 
State is in a Zone capable of performing a decision for the 
catalyst deterioration, a steady operation judgment means 
for judging whether an engine operating State is in a steady 
operation State, a decision exhaust gas generation means for 
generating an exhaust gas for decision, and a NOX concen 
tration judgment means for deciding that the direct reduction 
type NOx catalyst is deteriorated when the NOx concentra 
tion in the exhaust gas resulting from pass of the exhaust gas 
for decision through the direct reduction type NOx catalyst 
is higher than a prescribed reference value. 

0.031) Moreover, in the case of the above means for 
deciding on catalyst deterioration in a NOX purging System, 
the Zone judgment means decides that the operating State of 
the engine is within a deterioration decision Zone, when the 
quantity of the exhaust gas is not more than a prescribed 
reference quantity of the exhaust gas and a catalyst tem 
perature ranges between a prescribed lower limit tempera 
ture for decision and a prescribed upper limit temperature 
for decision. 

0032. Furthermore, in the case of the above means for 
deciding on catalyst deterioration in a NOX purging System, 
the decision exhaust gas generation means generates the 
exhaust gas for decision in which an air/fuel ratio of the 
exhaust gas becomes a value between the air/fuel ration of 
the exhaust gas during the normal engine operation and the 
air/fuel ratio of the exhaust gas for regenerating the direct 
reduction type NOx catalyst. 
0.033 According to the method of deciding on catalyst 
deterioration and means for deciding on catalyst deteriora 
tion in a NOX purging System having the above configura 
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tion, because a deteriorated State of a catalyst due to Sulfur 
poisoning can be accurately decided in a NOX purging 
System using the direct reduction type NOX catalyst to purge 
NOX in the exhaust gas, it is possible to perform the 
operation to reactivate the deteriorated catalyst against the 
catalyst deterioration in a proper time. 
0034. Therefore, it is possible to reduce the influence of 
the catalyst deterioration relating to the time for NOx 
reduction and regeneration or the like in the direct reduction 
type NOx catalyst and to purge efficiently the NOx at a high 
purging performance. Thus, it is possible to further reduce 
the exhaust quantity of NOx and further improve a NOx 
purging performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0035 FIG. 1 is an illustration showing a configuration of 
a NOX purging System of an embodiment of the present 
invention; 
0036 FIG. 2 is an illustration showing a configuration of 
a NOX purging System control means of an embodiment of 
the present invention; 
0037 FIG. 3 is a flowchart showing an example a NOx 
purging System control flow of an embodiment of the present 
invention; 
0038 FIG. 4 is a flowchart showing an example of the 
catalyst regenerating control flow in FIG. 3; 
0039 FIG. 5 is a flowchart showing an example of the 
deteriorated catalyst reactivation control flow in FIG. 3; 
0040 FIG. 6 is a flowchart showing an example of the 
determination judgment flow of an embodiment of the 
present invention; 
0041 FIG. 7 is a schematic view showing a reaction of 
a direct reduction type NOX catalyst at a high oxygen 
concentration; and 
0042 FIG. 8 is a schematic view showing a reaction of 
a direct reduction type NOX catalyst in a low oxygen 
concentration State. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0043. The embodiments of the method of deciding on 
catalyst deterioration and means for deciding on catalyst 
deterioration in a NOX purging System according to the 
present invention are described below by referring to the 
accompanying drawings. 
0044) First, the NOx purging system in which the method 
of deciding on catalyst deterioration and means for deciding 
on catalyst deterioration are used is described below. 
0045. As shown in FIG. 1, the NOx purging system 10 is 
comprised of a direct reduction type NOx catalyst 3 
arranged in an exhaust gas passage (exhaust passage) 2 of an 
engine body 1. 

0046) As shown in FIGS. 7 and 8, the direct reduction 
type NOX catalyst 3 is composed by making a catalyst 
Support T. Such as B-type Zeolite Support a Special metal M 
such as rhodium (Rh) or palladium (Pd). Moreover, cerium 
(Ce) is bended for reducing an oxidization of the metal M 
and contributing to holding of a NOX reduction capability, a 
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three-way-catalyst having platinum (Pt) or the like is 
arranged to a lower layer So as to accelerate a redox reaction, 
and iron (Fe) is added to the Support in order to improve a 
rate of NOx purge. 
0047. Then, as shown in FIG. 7, the direct reduction type 
NOx catalyst 3 reduces NOx to N contacting with NOx and 
the metal M itself is oxidized to become metal oxide MOX 
Such as rhodium oxide (RhCX), in an atmosphere of a high 
oxygen concentration like an exhaust gas of an internal 
combustion engine Such as a diesel engine in which the 
air/fuel ratio is lean. As shown in FIG. 8, however, the metal 
oxide MOX has a characteristics to be reduced to become its 
original metal M such as rhodium (Rh) by contacting with 
reducerS Such as unburned HC, CO, and H2, in the case of 
a reduction atmosphere in which an oxygen concentration of 
the exhaust gas is almost equal to 0% like a case as the 
air/fuel ratio is equal to a theoretical air/fuel ratio or in a rich 
State. 

0.048 Moreover, an operating state detector 5 is set which 
is comprised of a torque Sensor and an engine Speed Sensor 
for detecting the operating State of an engine, mainly a 
torque Q and an engine Speed Ne. Furthermore, an air/fuel 
ratio Sensor 6 for detecting an air/fuel ratio Af is Set 
upstream of the direct reduction type NOx catalyst 3 
arranged in the exhaust gas passage 2. And a catalyst 
temperature Sensor 7 for detecting a catalyst temperature 
Tcat is set in the direct reduction type NOx catalyst 3, and 
moreover a NOx sensor 8 for detecting a NOx concentration 
Cnox is set downstream of the NOx catalyst 3. 
0049. Then, a controller 4 referred to as an engine control 
unit (ECU) for performing the general control of an engine 
Such as fuel injection control by using the torque (load) Q 
and engine Speed Ne of the engine 1 obtained from the 
operating State detector 5 or the like as inputs is provided. 
And a NOX purging System control means for performing 
the catalyst regeneration control and the deteriorated catalyst 
reactivation control for the direct reduction type NOx cata 
lyst 3 is set in the controller 4. 
0050. As shown in FIG. 2, a NOx purging system control 
means 200 is composed of a catalyst regeneration means 210 
and a deteriorated catalyst reactivation means 220. The 
catalyst regeneration means 210 is composed of a regenera 
tion time judgment means 211 and a regeneration control 
means 212, and the deteriorated catalyst reactivation means 
220 is composed of a deterioration judgment means 221 and 
a reactivation control means 222. 

0051. The catalyst regeneration means 210 is a means for 
regenerating the direct reduction type NOX catalyst 3 in 
which the metal M has changed the metal oxide MOX by 
contacting with NOx to redue NOx to N in the normal 
operating State of high oxygen concentration where the 
air/fuel ratio of the exhaust gas is in a lean State. 
0.052 The regeneration time judgment means 211 judges 
the time for performing the regeneration. When it judges that 
it is the time, the regeneration control means 212 generates 
the exhaust gas of theoretical air/fuel ratio or a rich State in 
which the oxygen concentration is almost equal to 0%, and 
makes the metal oxide MOX contact with reducers such as 
unburned HC, CO, and H to reduce the metal oxide MOX 
and to return it to the metal M. 

0053. The regeneration time judgment means 211 judges 
whether it is the regeneration time or not by the NOX 
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concentration Cnox of the exhaust gas downstream of the 
direct reduction type NOx catalyst 3 when reducing NOx, by 
the elapsed time during which the oxygen concentration is 
high, and by the estimated value of the quantity of NOx 
reduced by the direct reduction type NOx catalyst 3 when 
reducing NOx. 
0054 Moreover, the regeneration control means 212 is a 
means for decreasing the oxygen concentration of the 
exhaust gas, that is, a means for performing the rich Spike 
operation with the air/fuel ratio Af of 14.7 or less. This 
means 212 performs any one or a combination of the 
controls Such as a fuel injection control for controlling the 
injection of the fuel to be supplied to the combustion 
chamber of an internal combustion engine, an intake air 
control for controlling the quantity of intake air, and an EGR 
control for controlling the quantity of EGR gas in an EGR 
System, and performs a feedback control So that the detec 
tion value Af is kept within a prescribed Set range in 
accordance with the detection value Af of the air/fuel ratio 
Sensor 6. 

0055. The fuel injection control includes a main injection 
time control for changing time of the main fuel injection into 
the combustion chamber of an engine and a post-injection 
control for performing a post-injection after a main injec 
tion. And the intake air control includes an intake throttle 
Valve control for controlling a valve opening of a not 
illustrated intake throttle valve and a turbocharger intake air 
control for controlling the quantity of an intake air from a 
compressor of a not-illustrated turbocharger. 
0056 Moreover, the deterioration judgment means 221 
of the deteriorated catalyst reactivation means 220 relates to 
the present invention, which is a means for judging the 
deteriorated state of the direct reduction type NOx catalyst 
3 as the decision whether on a reactivation time or not. And 
this means 221 is composed of a deterioration Zone judg 
ment means 221a, a steady operation judgment means 221b, 
a decision exhaust gas generation means 221c, and a NOX 
concentration judgment means 221d. 
0057 The deterioration Zone judgment means 221a is a 
means for judging whether the exhaust gas State is in the 
Zone in which it is capable of performing the decision on 
catalyst deterioration. This means 221 a judges that the 
exhaust gas State is in the deterioration decision Zone when 
the quantity Qe of the exhaust gas is not more than a 
prescribed reference quantity Qelim of exhaust gas and a 
catalyst temperature Tcat ranges between a prescribed lower 
limit temperature TL for decision and a prescribed upper 
limit temperature TH for decision. 
0058. The prescribed reference quantity Qelim of exhaust 
gas is previously Set as a value at which the value of a Space 
velocity (SV) to the direct reduction type NOx catalyst 3 
becomes a low SV State of 50,000/h or less. Moreover, from 
experimental results, 250 C. is obtained as the prescribed 
lower limit temperature TL for decision and 350° C. is 
obtained as the prescribed upper limit temperature TH for 
decision. 

0059) Moreover, the value of the SV is a value obtained 
by dividing an exhaust gas flow rate by the Volume of a 
catalyst System and Serving as a passing Velocity. 
0060. The steady operation judgment means 221b is a 
means for judging whether an engine operating State is of 
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Stationary State of an engine. This means 221b judges that 
the present operation is the Steady operation when the 
absolute value of a change value AQ of the torque Q is not 
more than the prescribed reference value AQlim and the 
absolute value of a change value ANe of the engine Speed Ne 
is not more than the prescribed reference value ANelim. 
0061 The decision exhaust gas generation means 221c is 
a means for generating an exhaust gas for decision in which 
the air/fuel ratio Afis approx. 23. This means 211c performs 
feedback control in accordance with the value of the air/fuel 
ratio Afdetected by the air/fuel ratio detector 6 to generate 
the exhaust gas having a prescribed air/fuel ratio. The 
exhaust gas is generated in accordance with any one of a fuel 
injection control, an intake air control, and an EGR control 
or a combination of them. 

0.062 Moreover, the NOx concentration judgment means 
221djudges that the direct reduction type NOx catalyst 3 is 
deteriorated when the NOx concentration Cnox where a 
State of exhaust gas is in State of the exhaust gas for decision 
is larger than a prescribed reference value Cnoxlim and 
returns by Setting a deterioration judgment flag F2 to 1. 
However, when the NOx concentration Cnox is Smaller than 
the prescribed reference value Cnoxlim, the means 221d 
judges that the catalyst 3 is not deteriorated and returns by 
Setting the deterioration judgment flag F2 to 0. 
0.063. Furthermore, the reactivation control means 222 of 
the deteriorated catalyst reactivation means 220 is a means 
for reactivating the direct reduction type NOx catalyst 3 
deteriorated due to Sulfur poisoning. This reactivation is 
carried by Sulfur-purge. This means 222 performs the control 
for raising the catalyst temperature Tcat to 400° C. or higher 
while bringing an oxygen concentration of the exhaust gas 
to a value close to 0%. 

0064. Then, a NOx purging system control flow is 
described below in which NOx is purged from the exhaust 
gas by controlling the NOx purging system 10 of above 
configuration by the NOX purging System control means 
200. The control flow is performed in accordance with the 
flowcharts and the like illustrated in FIGS. 3 to 6. 

0065. The NOx purging system control flows illustrated 
in FIGS. 3 to 6 are designed as a part of the general flow for 
generally controlling an engine, which is called from a main 
engine control flow and executed in parallel with an engine 
control flow. After this control flow is executed, the general 
flow repeatedly returns to the main engine control flow and 
is completed in accordance with the completion of the 
engine control flow. 
0.066. In the case of the NOx purging system control flow 
in FIG. 3, the normal operation control for purging NOx by 
the direct reduction type NOx catalyst 3 is performed for a 
prescribed period (for example, the time period for judging 
whether to perform the catalyst regeneration control or the 
deteriorated catalyst reactivation control) in step S100. And, 
in step S200, as shown by the catalyst regeneration control 
flow in FIG. 4, it is judged whether the direct reduction type 
NOx catalyst 3 is in a regeneration time in step S210. 
Through this checking in Step S220, the regeneration control 
in step S230 is executed when the present time is the 
regeneration time (F1 =1). But, when the present time is not 
the regeneration time (F1 =0), the flow returns directly and 
goes to the deteriorated catalyst reactivation control in the 
next step S300 in FIG. 3. 
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0067. In the case of the deteriorated catalyst reactivation 
control, as shown in the deteriorated catalyst reactivation 
control flow in FIG. 5, it is judged whether the direct 
reduction type NOx catalyst 3 is deteriorated in step S310. 
Through this checking in step S320, when it is judged that 
the catalyst 3 is deteriorated(F2=1), the deteriorated catalyst 
reactivation control is executed in step S330. However, 
when it is judged that the catalyst 3 is not deteriorated 
(F2=0), the flow returns directly to the NOx purging system 
control flow in FIG. 3. 

0068. Then, the flow goes to the return at the NOx 
purging system control flow in FIG. 3 to return to a 
not-illustrated main engine control flow and the NOX purg 
ing System control flow is repeated by being called again 
from the engine control flow. 
0069 Moreover, in the case of the exhaust gas purging 
System 10 of the present invention, the deterioration judg 
ment for the direct reduction type NOx catalyst 3 (step S310) 
is performed by the method of deciding on catalyst deterio 
ration based on the deterioration judgment flow illustrated in 
F.G. 6. 

0070. When the deterioration judgment flow in FIG. 6 
Starts, the detection and control values showing operation 
State Such as the torque Q and engine Speed Ne are first read 
from the operating state detector 5 in step S311. Then, in 
step S312, it is judged whether the quantity Qe of the 
exhaust gas is not more than the prescribed reference 
quantity Qelim of exhaust gas at which the present State 
becomes a low SV state in which the value of the space 
velocity (SV) to the direct reduction type NOx catalyst 3 is 
50,000/h or less and the catalyst temperature Tcat ranges 
between the prescribed lower limit temperature TL (250° C.) 
for decision and the prescribed lower limit temperature TH 
(350° C) for decision. 
0071. When it is judged in step S312 that an operating 
State is not in the deterioration decision Zone, the flow 
returns. However, when it is judged that the operating State 
is in the deterioration decision Zone, it is judged in Step S313 
whether the operating State is in a steady operation State in 
accordance with whether the absolute value of the change 
value AQ of the torque Q is not more than the prescribed 
reference value AQlim and the absolute value of the change 
value ANe of the engine speed Ne is not more than the 
prescribed reference value ANelim. 
0072. When it is judged that a stationary operation is not 
currently performed, in step S313, the flow returns. How 
ever, when it is judged that the Stationary operation is 
currently performed, the exhaust gas for decision in which 
the air/fuel ratio is approx. 23 is generated in Step S314. And 
it reads the information of the exhaust gas on values detected 
by the air/fuel ratio sensor 6 and the NOx sensor 8 in next 
step S315. 
0073. In step S316, it is checked whether the air/fuel ratio 
Af detected by the air/fuel ratio sensor 6 is in a prescribed 
air/fuel range, that is, the ratio Afis a value approx. 23 of the 
exhaust gas for decision. When Af is not in the range, the 
flow returns to step S314 to wait until the Af falls into a 
prescribed range. When Af falls into the prescribed range, 
the flow goes to step S317. 
0074) In step S317, it is checked whether the NOx 
concentration Cnox detected by the NOx sensor 8 is higher 
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than the prescribed reference value Cnoxlim. The prescribed 
reference value Cnoxlim is the data (numerical value or map 
data) obtained from an experiment, which is previously 
input to the controller 4. 
0075). In step S317, it is judged that the direct reduction 
type NOx catalyst 3 is deteriorated when the detected NOx 
concentration CnoX is higher than the reference value Cnox 
lim to set the deterioration judgment flag F2 to 1 and the flow 
returns. However, when lower than the reference value 
Cnoxlim, it is judged that the catalyst 3 is not deteriorated 
so set the deterioration judgment flag F2 to 0 and the flow 
returns. 

0.076 Then, in the deterioration state checking in step 
S320 in FIG. 5 returned from the deterioration judgment 
flow, the deterioration judgment flag F2 is determined. 
When F2=1, the flow goes to the deteriorated catalyst 
reactivation control in step S330. When F2=0, the flow 
returns to the NOx purging system control flow in FIG. 3. 
0.077 According to the method of deciding on catalyst 
deterioration and the means 221 for deciding on catalyst 
deterioration in the exhaust gas purging System 10 having 
the above configuration, it is possible to comparatively 
easily and accurately decide a deteriorated State or not by 
using the characteristic of a direct reduction type NOX 
catalyst when it is deteriorated. 

INDUSTRIAL APPLICABILITY 

0078. The present invention provides the method of 
deciding on catalyst deterioration and means for deciding on 
catalyst deterioration in an exhaust gas purging System 
capable of properly deciding a deteriorated State of a catalyst 
due to Sulfur poisoning in a NOX purging System using a 
direct reduction type NOx catalyst to purge the NOx con 
tained in the exhaust gas. 
0079 Therefore, it is possible to apply the present inven 
tion to NOX purging Systems respectively using a direct 
reduction type NOx catalyst to purge the NOx contained in 
the exhaust gas and to purify efficiently exhaust gas from 
internal combustion engines and Stationary internal combus 
tion engines of vehicles mounting these NOX purging Sys 
temS. 

What is claimed is: 
1. A method of deciding on catalyst deterioration in a NOX 

purging System comprised of a direct reduction type NOX 
catalyst arranged in an exhaust gas passage in which a 
catalyst component reduces NOX to nitrogen and is also 
oxidized when an oxygen concentration in the exhaust gas of 
an engine is high and the catalyst component is reduced 
when the oxygen concentration in the exhaust gas is low, 
which comprises, 

generating the exhaust gas for decision when an operating 
State of an engine is within a deterioration decision 
Zone and is in a steady operation State, and 

deciding that the direct reduction type NOX catalyst is 
deteriorated when the NOx concentration in the exhaust 
gas resulting from pass of the exhaust gas for decision 
through the direct reduction type NOx catalyst is not 
less than a prescribed reference value. 

Jul. 7, 2005 

2. The method of deciding on catalyst deterioration in the 
NOX purging System according to claim 1, which comprises, 

deciding that the operating State of the engine is within a 
deterioration decision Zone, when the quantity of the 
exhaust gas is not more than a prescribed reference 
quantity of exhaust gas and a catalyst temperature 
ranges between a prescribed lower limit temperature 
for decision and a prescribed upper limit temperature 
for decision. 

3. The method of deciding on catalyst deterioration in the 
NOX purging System according to claim 1, which comprises, 

generating the exhaust gas for decision So that an air/fuel 
ratio of the exhaust gas becomes a value between the 
air/fuel ratio of the exhaust gas during the normal 
engine operation and the air/fuel ratio of the exhaust 
gas for regenerating the direct reduction type NOX 
catalyst. 

4. A means for deciding on catalyst deterioration in a NOX 
purging System comprised of a direct reduction type NOX 
catalyst arranged in an exhaust gas passage in which a 
catalyst component reduces NOX to nitrogen and is also 
oxidized when an oxygen concentration in the exhaust gas of 
an engine is high and the catalyst component is reduced 
when the oxygen concentration in the exhaust gas is low, 
which comprises, 

a Zone judgment means for judging whether an exhaust 
gas State is in a Zone capable of performing a decision 
for the catalyst deterioration, 

a steady operation judgment means for judging whether 
an engine operating State is in a steady operation State, 

a decision exhaust gas generation means for generating an 
exhaust gas for decision, and 

a NOX concentration judgment means for deciding that 
the direct reduction type NOx catalyst is deteriorated 
when the NOX concentration in the exhaust gas result 
ing from pass of the exhaust gas for decision through 
the direct reduction type NOX catalyst is higher than a 
prescribed reference value. 

5. The means for deciding on catalyst deterioration in a 
NOX purging System according to claim 4, wherein; 

the Zone judgment means decides that the operating State 
of the engine is within a deterioration decision Zone, 
when the quantity of the exhaust gas is not more than 
a prescribed reference quantity of the exhaust gas and 
a catalyst temperature ranges between a prescribed 
lower limit temperature for decision and a prescribed 
upper limit temperature for decision. 

6. The means for deciding on catalyst deterioration in a 
NOX purging System according to claim 4, wherein; 

the decision exhaust gas generation means generates the 
exhaust gas for decision in which an air/fuel ratio of the 
exhaust gas becomes a value between the air/fuel ration 
of the exhaust gas during the normal engine operation 
and the air/fuel ratio of the exhaust gas for regenerating 
the direct reduction type NOx catalyst. 


