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(57) ABSTRACT 
An exhaust gas purifier for an internal combustion engine 
which is capable of detecting the deterioration degree of an 
NOX catalyst making use of a time elapsed from the time 
when the air-fuel ratio of exhaust gas flowing into an NOx 
absorber catalyst is made rich to the time when the air-fuel 
ratio of exhaust gas flowing out from the NOx absorber 
catalyst becomes rich. 
When the time required for a change in the output level of 
an air-fuel ratio Sensor is shorter than a predetermined time, 
the time required for the change in the output level of the 
air-fuel ratio Sensor is lengthened by reducing the rich 
degree at the time of rich operation, thereby judging the 
deterioration degree of the NOx absorber catalyst with 
accuracy. 
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FIG. 9 
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EXHAUST GAS PURIFIER FOR INTERNAL 
COMBUSTION ENGINE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an exhaust gas 
purifier for an internal combustion engine. 
0003 2. Description of the Prior Art 
0004 FIG. 19 is a structural diagram of an exhaust gas 
purifier for an internal combustion engine 1 disclosed by 
Japanese Laid-open Patent Application No. 8-232644. In 
FIG. 19, reference numeral 1 denotes an internal combus 
tion engine, 2 a piston, 3 a combustion chamber, 4 a Spark 
plug, 5 an inlet valve, 6 an inlet port, 7 an exhaust valve, and 
8 an exhaust port. The inlet port 6 is connected to a Surge 
tank 10 via a branch pipe 9, and a fuel injection valve 11 for 
injecting fuel into the inlet port 6 is disposed in the branch 
pipe 9. The Surge tank 10 is connected to an air cleaner 13 
via an inlet duct 12, and a throttle valve 14 is arranged in the 
inlet duct 12. The exhaust port 8 is connected to a casing 17 
incorporating an NOx absorber catalyst 18 via an exhaust 
manifold 15 and an exhaust pipe 16. 
0005. An electronic control unit 30 is a digital computer 
which comprises a ROM (read only memory) 32, a RAM 
(random access memory) 33, a CPU (microprocessor) 34, a 
back-up RAM 35 which is always connected to a power 
Source, an input port 36, an output port 37, AD converters 38 
and drive circuits 39 all of which are connected to one 
another by a bilateral bus 31. A pressure sensor 19 for 
outputting an output Voltage proportional to the absolute 
preSSure of the Surge tank 10 is placed in the Surge tank 10, 
and the output Voltage of the pressure Sensor 19 is applied 
to the input port 36 through the corresponding AD converter 
38. A switching type air-fuel ratio sensor 20 called “O. 
sensor' is installed in the exhaust manifold 15 at an 
upstream of the NOx absorber catalyst 18, and the output of 
the air-fuel ratio sensor 20 is applied to the input port 36 
through the corresponding AD converter 38. Another 
Switching type air-fuel ratio Sensor 22 called “O sensor is 
installed in the exhaust pipe 21 at a downstream of the NOX 
absorber catalyst 18, and the output of the air-fuel ratio 
Sensor 22 is applied to the input port 36 through the 
corresponding AD converter 38. A revolution sensor 23 for 
generating an output pulse indicative of an engine Speed N 
and a car Speed Sensor 24 for generating an output pulse 
indicative of a car speed are connected to the input port 36. 
The output port 37 is connected to the spark plug 4 and the 
fuel injection valve 11 via the respective drive circuits 39. 
0006 A description is subsequently given of the opera 
tion of the prior art device. A mixture having a lean air-fuel 
ratio (to be referred to as “lean mixture” hereinafter) is 
generally burnt in a combustion chamber 3. When the 
amount of nitrogen oxide NOx absorbed by the NOX 
absorber catalyst 18 exceeds a predetermined amount, the 
NOX discharge function of the NOx absorber catalyst 18 is 
Started by controlling Such that the air-fuel ratio of exhaust 
gas flowing into the NOx absorber catalyst 18 becomes rich. 

SUMMARY OF THE INVENTION 

0007. However, the deterioration of the NOx absorber 
catalyst is roughly divided into two types: (1) deterioration 
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Such as thermal deterioration by which the catalyst cannot 
restore its NOx absorbing capability and (2) deterioration 
such as Sulfur poisoning from which the NOx absorber 
catalyst can restore its NOX absorbing capability to a certain 
extent by Some regeneration treatment. In the exhaust gas 
purifier for an internal combustion engine 1 disclosed by the 
aforementioned Japanese Laid-open Patent Application No. 
8-232644, the above two different types of deterioration are 
handled in the same manner and the permissible amount of 
absorbed NOx is set based on the NOx absorbing capacity 
after judgment on deterioration. Since rich operation for 
judging the deterioration of the NOx absorber catalyst is 
carried out based on the air-fuel ratio A/F Set as one pattern 
in the above publication, as shown in FIG. 20, when the 
air-fuel ratio for judgment is rich, a difference in deteriora 
tion is Small whereas, as shown in FIG. 21, when the air-fuel 
ratio is not So rich, the difference becomes large but rich 
operation for judgment lasts for a long time, which is 
disadvantageous from the view point of fuel cost. 
0008. The NOx absorber catalyst 18 deteriorates gradu 
ally while it is used. The NOx absorbing capability of the 
NOx absorber catalyst 18 degrades as it deteriorates and the 
catalyst cannot absorb NOx in the end. Therefore, when the 
NOx absorber catalyst 18 is used, it is necessary to detect 
how much the NOx absorber catalyst 18 deteriorates. When 
the air-fuel ratio of exhaust gas flowing into the NOx 
absorber catalyst 18 is made rich, the air-fuel ratio of exhaust 
gas flowing out from the NOx absorber catalyst 18 becomes 
slightly lean while the NOx discharge function of the NOx 
absorber catalyst 18 is executed. When the NOx discharge 
function of the NOx absorber catalyst 18 is completed, it is 
found that the air-fuel ratio of exhaust gas flowing out from 
the NOx absorber catalyst 18 becomes rich. In this case, as 
the amount of NOx absorbed by the NOx absorber catalyst 
18 is smaller, a time elapsed from the time when the air-fuel 
ratio of exhaust gas flowing into the NOx absorber catalyst 
18 is made rich to the time when the air-fuel ratio of the 
exhaust gas flowing out from the NOx absorber catalyst 18 
becomes rich is shorter. Therefore, the deterioration degree 
of the NOx absorber catalyst 18 can be detected from the 
above time elapsed. 
0009. It is an object of the present invention which has 
been made to solve the above problems to provide an 
exhaust gas purifier for an internal combustion engine which 
is capable of detecting the deterioration degree of an NOX 
absorber catalyst making use of a time elapsed from the time 
when the air-fuel ratio of exhaust gas flowing into the NOX 
absorber catalyst is made rich to the time when the air-fuel 
ratio of exhaust gas flowing out from the NOx absorber 
catalyst becomes rich. 
0010. According to a first aspect of the present invention, 
there is provided an exhaust gas purifier for an internal 
combustion engine which comprises an NOx absorber cata 
lyst, air-fuel ratio Sensor, first NOX estimating means, deci 
Sion means, air-fuel Switching means, Second NOX estimat 
ing means and deterioration judging means, wherein the 
NOx absorber catalyst absorbs NOx when the air-fuel ratio 
of inflow exhaust gas is lean and purifies and discharges its 
absorbed NOx when the air-fuel ratio of inflow exhaust gas 
is rich, the air-fuel ratio Sensor detects the concentration of 
oxygen contained in exhaust gas at a downstream of the 
NOx absorber catalyst, the first NOx estimating means 
obtains a first estimated amount of NOX estimated to be 
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absorbed by the NOx absorber catalyst, the judging means 
judges whether the first NOx estimated amount obtained by 
the first NOX estimating means exceeds a decision level for 
judging that the first NOX estimated amount becomes the 
NOx maximum permissible amount of the NOx absorber 
catalyst, the air-fuel ratio Switching means Switches the 
air-fuel ratio of the exhaust gas from lean to rich to discharge 
NOX from the NOx absorber catalyst when the judging 
means judges that the first NOX estimated amount exceeds 
the above decision level, the Second NOX estimating means 
obtains a second estimated amount of NOx from the length 
of a time elapsed from the time when the air-fuel ratio 
Switching means Switches the air-fuel ratio of exhaust gas 
from lean to rich to the time when the output of the air-fuel 
ratio Sensor is changed to an output level corresponding to 
a rich air-fuel ratio, and the deterioration judging means 
judges the deterioration degree of the NOx absorber catalyst 
by comparing the Second estimated amount of NOX obtained 
by the second NOx estimating means with the first estimated 
amount of NOX obtained by the first NOx estimating means. 
The deterioration judging means judges the deterioration 
degree of the NOx absorber catalyst with accuracy by 
lengthening a time required for the output of the air-fuel 
ratio Sensor to change from lean to rich by reducing the rich 
degree of the exhaust gas at the time of Switching the air-fuel 
ratio of the exhaust gas from lean to rich when the time 
required for the output of the air-fuel ratio Sensor to change 
from lean to rich is shorter than a predetermined value and 
it is difficult to judge the deterioration degree of the NOX 
absorber catalyst. 
0011. According to a second aspect of the present inven 
tion, there is provided an exhaust gas purifier for an internal 
combustion engine, wherein the purifier further comprises 
an air-fuel ratio Sensor for detecting the concentration of 
oxygen contained in exhaust gas at an upstream of the NOX 
absorber catalyst and the Second NOX estimating means 
comprises means of Starting the measurement of time when 
the air-fuel ratio is changed from lean to rich or when the 
output of the air-fuel ratio sensor at an upstream of the NOX 
absorber catalyst changes from lean to rich. 
0012. According to a third aspect of the present inven 
tion, there is provided an exhaust gas purifier for an internal 
combustion engine which further comprises Sulfur regener 
ating means for carrying out the control of Sulfur regenera 
tion when the deterioration judging means judges that the 
deterioration degree of the NOx absorber catalyst exceeds a 
predetermined level. 
0013. According to a fourth aspect of the present inven 
tion, there is provided an exhaust gas purifier for an internal 
combustion engine which further comprises alarm generat 
ing means for generating an alarm when the deterioration 
judging means judges that the deterioration degree of the 
NOx absorber catalyst exceeds a predetermined level. 
0.014. The above and other objects, features and advan 
tages of the invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

0.015 FIG. 1 is a structural diagram of a system accord 
ing to Embodiment 1 of the present invention; 
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0016 FIG. 2 is a diagram showing the map of the basic 
fuel injection time of Embodiment 1; 
0017 FIG. 3 is a diagram showing the correction coef 
ficient K of Embodiment 1; 
0018 FIG. 4 is a diagram showing the concentrations of 
unburnt HC, CO and O contained in the exhaust gas of 
Embodiment 1; 
0019 FIGS. 5(A), (B) are diagrams for explaining the 
NOx absorption and discharge functions of Embodiment 1; 
0020 FIGS. 6(A), (B) are diagrams showing the amount 
NOXA of absorbed NOx and the amount NOXD of dis 
charged NOx; 
0021 FIGS. 7(A), (B) are diagrams showing the amount 
NOXD of discharged NOx of Embodiment 1; 
0022 FIG. 8 is a time chart for air-fuel ratio control of 
Embodiment 1; 
0023 FIG. 9 is a time chart showing the relationship 
between air-fuel ratio and the output voltage of the air-fuel 
ratio sensor of Embodiment 1; 
0024 FIG. 10 is a time chart showing the relationship 
between air-fuel ratio and the output voltage of the air-fuel 
ratio sensor of Embodiment 1; 
0025 FIG. 11 is a time chart showing the relationship 
between air-fuel ratio and the output voltage of the air-fuel 
ratio sensor of Embodiment 1; 

0026 FIG. 12 is a flow chart of air-fuel ratio control of 
Embodiment 1; 

0027 FIG. 13 is a flow chart of air-fuel ratio control of 
Embodiment 1; 

0028 FIG. 14 is a flow chart of feed-back control of 
Embodiment 1; 
0029 FIG. 15 is a flowchart of NOx discharge process 
ing of Embodiment 1; 
0030 FIGS. 16(A), (B) are diagrams showing the rela 
tionship between time elapsed t and the amount of absorbed 
NOX of Embodiment 1; 
0031 FIG. 17 is a flow chart of sulfur regeneration 
control of Embodiment 1; 
0032 FIG. 18 is a flow chart of air-fuel ratio control of 
Embodiment 2 of the present invention; 
0033 FIG. 19 is a structural diagram of an exhaust gas 
purifier for an internal combustion engine of the prior art 
0034 FIG. 20 is a diagram showing the relationship 
between air-fuel ratio and the response time of the air-fuel 
ratio Sensor of the prior art; and 
0035 FIG. 21 is a diagram showing the relationship 
between air-fuel ratio and the response time of the air-fuel 
ratio Sensor of the prior art. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0036) Embodiment 1 
0037 Embodiment 1 of the present invention will be 
described hereinunder with reference to FIGS. 1 to 17. FIG. 
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1 is a Structural diagram of an exhaust gas purifier for an 
internal combustion engine 1. In FIG. 1, an electronic 
control unit 300 corresponds to the electronic control unit 30 
which is a digital computer. However, it differs from the 
electronic control unit 30 in that it comprises first NOx 
estimating means 301, judging means 302, air-fuel ratio 
Switching means 303, second NOx estimating means 304, 
deterioration judging means 305, Sulfur regenerating means 
306 and alarm generating means 307. Such elements as the 
bilateral bus 31, ROM 32, RAM33, CPU 34, back-up RAM 
35, input port 36, output port 37, AD converters 38 and drive 
circuits 39 in the digital computer of the electronic control 
unit 300 are identical to those of FIG. 1. The CPU 34 reads 
a program stored in the ROM 32 using the RAM 33 as 
Storage means to cause first NOX estimating means 301, 
judging means 302, air-fuel ratio Switching means 303, 
Second NOX estimating means 304, deterioration judging 
means 305, Sulfur regenerating means 306 and alarm gen 
erating means 307 to execute the control processes of FIGS. 
12 to 15 and FIG. 17. Reference numeral 40 denotes an 
alarm display which becomes active in response to the 
output of the alarm generating means 307. Such elements as 
the internal combustion engine 1, piston 2, combustion 
chamber 3, Spark plug 4, inlet valve 5, inlet port 6, exhaust 
valve 7, exhaust port 8, branch pipe 9, Surge tank 10, fuel 
injection valve 11, inlet duct 12, air cleaner 13, throttle valve 
14, exhaust manifold 15, exhaust pipe 16, casing 17, NOx 
absorber catalyst 18, pressure Sensor, air-fuel ratio Sensor 20, 
exhaust pipe 21, air-fuel ratio Sensor 22, revolution Sensor 
23 and car speed Sensor 24 are identical to those shown in 
FIG. 19. 

0.038 A description is subsequently given of the opera 
tion of Embodiment 1. The electronic control unit 300 
calculates a fuel injection time TAV=TPKFAF. TP signifies 
a basic fuel injection time, K a correction coefficient and FA 
a feedback correction coefficient. The basic fuel injection 
time TP is a fuel injection time required to set the air-fuel 
ratio of a mixture to be Supplied into the combustion 
chamber 3 to a stoichiometric value, which is obtained 
experimentally and stored in the ROM 32 in the form of a 
map shown in FIG. 2 as the function of absolute pressure 
PM in the surge tank 10 and engine speed N. The correction 
coefficient K is a coefficient for controlling the air-fuel ratio 
of the mixture. When the correction coefficient K=1.0, the 
air-fuel ratio of the mixture becomes Stoichiometric, when 
the correction coefficient K-1.0, the air-fuel ratio of the 
mixture becomes larger (lean) than the Stoichiometric value, 
and when the correction coefficient Ka1.0, the air-fuel ratio 
of the mixture becomes Smaller (rich) than the stoichiomet 
ric value. 

0039. The feedback correction coefficient FAF is a coef 
ficient for accurately Setting the air-fuel ratio of the mixture 
to a Stoichiometric value based on the output Signal of the 
air-fuel ratio sensor 20 when the correction coefficient 
K=1.0, that is, the air-fuel ratio of the mixture should be a 
Stoichiometric value. This feedback correction coefficient 
FA hovers around 1.0. That is, it is Small when the mixture 
becomes rich and large when the mixture becomes lean. 
When the correction coefficient K-1.0 or Ka1.0, the feed 
back correction coefficient FAF is fixed at 1.0. 

0040. The value of the correction coefficient K as the 
control target air-fuel ratio of the mixture changes according 
to the operation State of the internal combustion engine 1. In 
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Embodiment 1, as shown in FIG. 3 which shows the 
relationship among absolute pressure PM, engine Speed N 
and correction coefficient K, the correction coefficient K is 
preset as the function of the absolute pressure PM and the 
engine speed N. In FIG. 3, K-1.0, that is, the air-fuel ratio 
of the mixture is lean at a low load operation range on a low 
loadside of the Solid line R, K=1.0, that is, the air-fuel ratio 
of the mixture is Stoichiometric at a high load operation 
range between the solid line R and the solid line S, and 
K>1.0, that is, the air-fuel ratio of the mixture is rich at a 
total load operation range on a high load Side of the Solid line 
S. 

0041 FIG. 4 schematically shows the concentrations of 
unburnt hydrocarbon HC, carbon monoxide CO and oxygen 
O as typical elements contained in exhaust gas discharged 
from the combustion chamber 3. AS is understood from FIG. 
4, the concentrations of hydrocarbon HC and carbon mon 
oxide CO increase as the air-fuel ratio of the mixture 
Supplied into the combustion chamber 3 becomes richer and 
the concentration of oxygen O increases as the air-fuel ratio 
of the mixture becomes leaner. 

0042. The above NOx absorber catalyst 18 has at least 
one Selected from the group consisting of alkali metals. Such 
as potassium K, Sodium Na, lithium Li and cesium Cs, alkali 
earth metals. Such as barium Ba and calcium Ca, rare earth 
metals. Such as lanthanum La and yttrium Y and precious 
metals. Such as platinum Pt carried on alumina as a carrier. 
When the ratio of air Supplied into an engine inlet passage 
and an exhaust passage at an upstream of the NOX absorber 
catalyst 18 to fuel (hydrocarbon) is called “air-fuel ratio of 
exhaust gas flowing into the NOx absorber catalyst 18", the 
NOx absorber catalyst 18 absorbs NOx when the air-fuel 
ratio of the inflow exhaust gas is lean and discharges its 
absorbed NOx when the concentration of oxygen contained 
in the inflow exhaust gas decreases, thus carrying out NOX 
absorption and discharge functions. When fuel or air is not 
Supplied into the exhaust passage at an upstream of the NOX 
absorber catalyst 18, the air-fuel ratio of the inflow exhaust 
gas agrees with the air-fuel ratio of the mixture Supplied into 
the combustion chamber 3, and the NOx absorber catalyst 18 
absorbs NOx when the air-fuel ratio of the mixture is lean 
and discharges its absorbed NOx when the concentration of 
oxygen contained in the mixture decreases. 

0043 Although details of the mechanism of the NOx 
absorption and discharge functions of the NOx absorber 
catalyst 18 are not completely clarified, it is considered that 
the NOx absorption and discharge functions of the NOx 
absorber catalyst 18 are carried out based on the mechanism 
shown in FIG. 5. This mechanism will be described taking 
an NOx absorber catalyst having platinum Pt and barium Ba 
carried on the carrier as an example. When other precious 
metal, alkali metal, alkali earth metal or rare earth metal is 
used, the same mechanism is obtained. 

0044) When the exhaust gas flowing into the NOx 
absorber catalyst 18 becomes very lean, the concentration of 
oxygen contained in the inflow exhaust gas greatly 
increases. As shown in FIG. 5(A), the oxygen O is adhered 
to the surface of platinum Pt in the form of oxygen ions O. 
Nitrogen oxide NOx contained in the inflow exhaust gas 
reacts with the oxygen ions O on the Surface of platinum 
Pt and becomes nitrogen dioxide NO (2NO+O->2NO). 
Part of this formed nitrogen dioxide NO is oxidized on 
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platinum Pt, absorbed by the NOx absorber catalyst 18, 
bonded to barium oxide BaO and dispersed into the NOX 
absorber catalyst 18 in the form of nitric acid ions NO as 
shown in FIG. 5(A). Thus, nitrogen oxide NOx is absorbed 
by the NOx absorber catalyst 18. 

0.045. As far as the concentration of oxygen contained in 
the inflow exhaust gas is high, nitrogen dioxide NO is 
formed on the surface of platinum Pt, and as far as the NOX 
absorbing capability of the NOx absorber catalyst 18 is not 
saturated, nitrogen dioxide NO is absorbed by the NOX 
absorber catalyst 18 and nitric acid ions NO are formed. In 
contrast to this, when the concentration of oxygen contained 
in the inflow exhaust gas and the amount of the formed 
nitrogen dioxide NO decrease, the reaction proceeds back 
wards (NO->NO), the nitric acid ions NO contained in 
the NOx absorber catalyst 18 are discharged from the NOX 
absorber catalyst 18 in the form of nitrogen dioxide NO. 
That is, when the concentration of oxygen contained in the 
inflow exhaust gas decreases, nitrogen oxide NOX is dis 
charged from the NOx absorber catalyst 18. As shown in 
FIG. 4, as the inflow exhaust gas becomes less lean, the 
concentration of oxygen contained in the inflow exhaust gas 
decreases. Therefore, nitrogen oxide NOX is discharged 
from the NOx absorber catalyst 18 by making the inflow 
exhaust gas less lean even if the air-fuel ratio of the inflow 
exhaust gas is lean. 

0046) When the mixture to be supplied into the combus 
tion chamber 3 is made rich and the air-fuel ratio of the 
inflow exhaust gas becomes rich, as shown in FIG. 4, the 
amounts of unburnt hydrocarbon HC and carbon monoxide 
CO become large. These hydrocarbon HC and carbon mon 
oxide CO react with oxygen ions O on the Surface of 
platinum Pt to be oxidized. When the air-fuel ratio of the 
inflow exhaust gas becomes rich, the concentration of oxy 
gen contained in the inflow exhaust gas greatly decreases, 
whereby nitrogen oxide NOx is discharged from the NOX 
absorber catalyst 18. Nitrogen dioxide NO which is this 
nitrogen oxide NOx reacts with the unburnt hydrocarbon HC 
and carbon monoxide CO to be reduced as shown in FIG. 
5(B). When nitrogen dioxide NO, thus disappears from the 
Surface of platinum Pt, nitrogen dioxide NO is discharged 
from the NOx absorber catalyst 18 continuously. Therefore, 
when the air-fuel ratio of the inflow exhaust gas is made rich, 
nitrogen oxide NOx is discharged from the NOx absorber 
catalyst in a short period of time. 

0047. In other words, when the air-fuel ratio of the inflow 
exhaust gas is made rich, hydrocarbon HC and carbon 
monoxide CO first react with oxygen ions O on the Surface 
of platinum Pt immediately to be oxidized. If hydrocarbon 
HC and carbon monoxide CO still remain after oxygen ions 
O on the Surface of platinum Pt are consumed, nitrogen 
oxide NOx discharged from the NOx absorber catalyst 18 
and nitrogen oxide NOX discharged from the combustion 
chamber 3 are reduced by these hydrocarbon HC and carbon 
monoxide CO. Therefore, when the air-fuel ratio of the 
inflow exhaust gas is made rich, nitrogen oxide NOX 
absorbed by the NOx absorber catalyst 18 is discharged and 
reduced in a short period of time, thereby making it possible 
to prevent nitrogen oxide NOX from being exhausted into 
the air. 

0.048 AS described above, when the lean mixture is 
burnt, nitrogen oxide NOx is absorbed by the NOx absorber 
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catalyst 18. However, the NOx absorber catalyst has the 
limits of its NOx absorbing capability. When the NOx 
absorbing capability of the NOx absorber catalyst 18 is 
saturated, the NOx absorber catalyst 18 cannot absorb 
nitrogen oxide NOx any more. Therefore, before the NOx 
absorbing capability of the NOx absorber catalyst 18 is 
Saturated, nitrogen oxide NOX must be discharged from the 
NOx absorber catalyst 18. To this end, it is necessary to 
estimate how much the NOx absorber catalyst 18 absorbs 
nitrogen oxide NOX. 

0049) How to estimate the amount of absorbed NOx will 
be described hereinunder. When the lean mixture is burnt, as 
an engine load becomes greater, the amount of NOX dis 
charged from the combustion chamber 3 per unit time 
increases, whereby the amount NOXA of NOx absorbed by 
the NOx absorber catalyst 18 per unit time grows. Further, 
as the engine Speed becomes higher, the amount of NOX 
discharged from the combustion chamber 3 per unit time 
increases, whereby the amount of NOx absorbed by the NOx 
absorber catalyst 18 per unit time grows. Therefore, the 
amount NOXA of the absorbed NOx is the function of 
engine load and engine Speed N. Since the engine load can 
be represented by the above absolute pressure PM in this 
case, the amount NOXA of the absorbed NOx is the function 
of absolute pressure PM and engine speed N. Therefore, in 
Embodiment 1, the amount NOXA of the absorbed NOx is 
obtained from experiments as the function of absolute 
pressure PM and engine speed N and stored in the ROM 32 
in the form of a map shown in FIG. 6(A) as the function of 
absolute pressure PM and engine speed N. 

0050. When the air-fuel ratio of the mixture to be sup 
plied into the combustion chamber 3 becomes stoichiometric 
or rich, NOx is discharged from the NOx absorber catalyst 
18 and the amount of the discharged NOx is influenced by 
the amount of exhaust gas and the air-fuel ratio of the 
mixture. That is, as the amount of exhaust gas becomes 
larger, the amount NOXD of NOX discharged from the NOx 
absorber catalyst 18 per unit time increases and as the 
air-fuel ratio of the mixture becomes richer, the amount 
NOXD of the discharged NOx grows. Therefore, the amount 
NOXD of the discharged NOx is the function of the amount 
of intake air and engine Speed N. In this case, as shown in 
FIG. 7(A), the amount NOXD of the discharged NOx 
increases as NPM becomes larger. In this Embodiment 1, 
the amount NOXD of the discharged NOx is prestored in the 
ROM 32 in the form of a map shown in FIG. 6(B) as the 
function of NPM and K. 

0051 AS described above, since the amount of the 
absorbed NOx is represented by NOXA when the air-fuel 
ratio of the mixture is lean and the amount of the discharged 
NOX is represented by NOXD when the air-fuel ratio of the 
mixture is Stoichiometric or rich, the first estimated amount 
of NOx absorbed by the NOx absorber catalyst 18 is 
represented by the equation 1 XNOX=XNOX--NOXA 
NOXD. The XENOX is an estimated amount of NOX in the 
previous processing cycle. 

0052. In this Embodiment 1, as shown in FIG. 8 which 
is an air-fuel ratio control time chart, the first estimated 
amount 1XNOX of the absorbed NOx reaches the maximum 
permissible amount MAX, nitrogen oxide NOx is dis 
charged from the NOx absorber catalyst 18 by making the 
air-fuel ratio of the mixture rich temporarily. 
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0.053 SOX is contained in exhaust gas and not only 
nitrogen oxide NOx but also sulfur oxide SOX are absorbed 
by the NOx absorber catalyst 18. The mechanism that this 
sulfur oxide SOX is absorbed by the NOx absorber catalyst 
18 is considered to be the same as that of nitrogen oxide 
NOX. That is, taking an NOx absorber catalyst 18 having 
platinum Pt and barium Ba carried on the carrier as an 
example like the NOx absorption mechanism, when the 
air-fuel ratio of exhaust gas flowing into the NOx absorber 
catalyst 18 is lean, oxygen O is adhered to the Surface of 
platinum Pt in the form of oxygen ions O. SO contained 
in exhaust gas (to be referred to as “inflow exhaust gas” 
hereinafter) flowing into the NOx absorber catalyst 18 reacts 
with the oxygen ions OO on the surface of platinum Pand 
becomes SO. Part of this formed SO is further oxidized on 
the surface of platinum Pt, is bonded to barium oxide BaO 
in the NOx absorber catalyst 18, dispersed into the NOX 
absorber catalyst 18 in the form of sulfuric acid ions SO’ 
and forms a stable sulfate BaSO. 
0054) However, the sulfate BaSO is stable and hardly 
decomposed. Even when the air-fuel ratio of the mixture is 
made rich in a short period of time as shown in FIG. 8, 
almost all the Sulfate BaSO is not decomposed and remains 
as it is. Therefore, with the passage of time, the amount of 
the Sulfate BaSO4 contained in the NOx absorber catalyst 18 
increases. Hence, with the passage of time, the maximum 
amount of NOx able to be absorbed by the NOx absorber 
catalyst 18 gradually decreases. In other words, the perfor 
mance of the NOx absorber catalyst 18 deteriorates gradu 
ally with the passage of time. When the maximum amount 
of NOx able to be absorbed by the NOx absorber catalyst 18 
lowers, NOx must be discharged from the NOx absorber 
catalyst 18 while the amount of NOx absorbed by the NOx 
absorber catalyst 18 is small. To this end, it is necessary to 
detect the maximum amount of NOx able to be absorbed by 
the NOx absorber catalyst 18, that is, the deterioration 
degree of the NOx absorber catalyst 18 with accuracy. 
0055. In Embodiment 1, the amount of NOx actually 
absorbed by the NOx absorber catalyst 18, that is, the 
deterioration degree of the NOx absorber catalyst 18 is 
detected as follows. The deterioration degree of the NOX 
absorber catalyst 18 is detected from a time elapsed from the 
time when the air-fuel ratio of the mixture changes from lean 
to rich to the time when the voltage of the air-fuel ratio 
Sensor 22 changes from a Voltage indicative of a lean air-fuel 
ratio to a Voltage indicative of a rich air-fuel ratio. That is, 
when the mixture Supplied into the combustion chamber 3 
becomes rich, as shown in FIG. 4, exhaust gas containing 
unburnt hydrocarbon HC, carbon monoxide CO and oxygen 
O is discharged from the combustion chamber 3. However, 
oxygen O rarely reacts with hydrocarbon HC and carbon 
monoxide Co and is exhausted into the air through the NOX 
absorber catalyst 18. 
0056. When the mixture becomes rich, nitrogen oxide 
NOX is discharged from the NOx absorber catalyst 18. The 
unburnt hydrocarbon HC and carbon monoxide CO con 
tained in this exhaust gas are used to reduce nitrogen oxide 
NOX discharged from the NOx absorber catalyst 18. There 
fore, while NOx is discharged from the NOx absorber 
catalyst 18, the unburnt hydrocarbon HC and carbon mon 
oxide CO are not discharged from the NOx absorber catalyst 
18 at all. Consequently, while nitrogen oxide NOx is dis 
charged from the NOx absorber catalyst 18, exhaust gas 
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discharged from the NOx absorber catalyst 18 contains 
oxygen O, but not the unburnt hydrocarbon HC and carbon 
monoxide CO at all, and the air-fuel ratio of exhaust gas 
discharged from the NOx absorber catalyst 18 is slightly 
lean. 

0057 Thereafter, when NOx absorbed by the NOx 
absorber catalyst 18 is completely discharged, unburnt 
hydrocarbon HC and carbon monoxide CO contained in 
exhaust gas are directly discharged from the NOx absorber 
catalyst 18 without being used to reduce nitrogen oxide NOx 
in the NOx absorber catalyst 18, whereby the air-fuel ratio 
of exhaust gas discharged from the NOx absorber catalyst 18 
becomes rich. That is, when nitrogen oxide NOx absorbed 
by the NOx absorber catalyst 18 is completely discharged, 
exhaust gas discharged from the NOx absorber catalyst 17 
changes from lean to rich. In this case, the amount NOXA 
of the absorbed NOx is proportional to a time elapsed from 
the time when the air-fuel ratio of exhaust gas flowing into 
the NOx absorber catalyst 18 is switched from lean to rich 
to the time when the air-fuel ratio of exhaust gas discharged 
from the NOx absorber catalyst 18 becomes rich. Therefore, 
the amount NOXA of the absorbed NOx can be obtained 
from this time elapsed. 
0.058. This will be detailed with reference to FIG. 9 
which shows the relationship between air-fuel ratio A/F and 
the output Voltages of the air-fuel ratio Sensors 20 and 22. AS 
shown in FIG. 9, the air-fuel ratio sensors 20 and 22 output 
a voltage of about 0.9 V when the air-fuel ratio of the 
mixture to be supplied into the combustion chamber 3 is 
rich, about 0.1 V when the air-fuel ratio of the mixture is lean 
and about 0.45 V when the air-fuel ratio of the mixture is 
Stoichiometric. 

0059 FIG. 10 shows the relationship among changes in 
the air-fuel ratio A/Fin of exhaust gas flowing into the NOx 
absorber catalyst 18 (to be referred to as “air-fuel ratio of 
inflow exhaust gas hereinafter), changes in the output 
Voltage V of the air-fuel ratio Sensor 22 and changes in the 
air-fuel ratio A/Four of exhaust gas flowing out from the 
NOx absorber catalyst 18 (to be referred to as “air-fuel ratio 
of outflow exhaust gas” hereinafter). As shown in FIG. 10, 
when the air-fuel ratio A/Fin of the inflow exhaust gas is 
Switched from lean to rich, the air-fuel ratio A/Fout of the 
outflow exhaust gas rapidly decreases to around a Stoichio 
metric level. However, while the NOx absorber catalyst 18 
discharges NOx, the air-fuel ratio A/Fout of the outflow 
exhaust gas is maintained at a slightly lean level. Therefore, 
the output voltage V of the air-fuel ratio sensor 22 is about 
0.1 V. Thereafter, when nitrogen oxide NOx absorbed by the 
NOx absorber catalyst 18 is completely discharged, the 
air-fuel ratio A/Fout of the outflow exhaust gas rapidly 
decreases and becomes rich and the Voltage V of the air-fuel 
ratio sensor 22 rapidly rises to about 0.9 V. 
0060 FIG. 11 shows changes in the output voltage V of 
the air-fuel ratio sensor 22 according to the amount NOXA 
of the absorbed NOX. Numerical values 100 mg, 200 mg, 
300 mg and 400 mg in FIG. 11 indicate the amount NOXA 
of the absorbed NOX. As shown in FIG. 11, as the amount 
NOXA of the absorbed NOx is larger, a rise in the voltage 
V of the air-fuel ratio sensor 22 is delayed more. 
0061) To detect the deterioration degree of the NOx 
absorber catalyst 18, when the first NOx estimated amount 
1XNOX becomes the maximum permissible amount MAX, 
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it is necessary to Switch the air-fuel ratio A/Fin of the inflow 
exhaust gas from lean to rich and to obtain the time elapsed 
t. The second NOx estimated amount 2XNOX is obtained 
from this time elapsed t and compared with the first NOx 
estimated amount 1XNOX. FIG. 12 and FIG. 13 show a 
routine for judging the deterioration degree of the NOX 
absorber catalyst 18 based on the time elapsed trequired for 
a change in the output voltage V of the air-fuel ratio Sensor 
22 shown in FIG. 11. 

0062). With reference to FIG. 12 and FIG. 13, the basic 
amount TP of injected fuel is calculated from FIG. 2 in step 
100. In step 101, it is judged whether a NOx discharge flag 
is set to indicate that nitrogen oxide NOx should be dis 
charged from the NOx absorber catalyst 18. When the NOx 
discharge flag is not Set, it is judged whether a NOX 
discharge flag has been reset in step 102. When the NOX 
discharge flag has not been reset, a correction coefficient K 
is calculated from FIG. 3 in step 103. In step 104, it is 
judged whether the correction coefficient K is 1.0. When 
K=1.0, the feedback control of the air-fuel ratio is carried out 
in step 119. This feedback control is shown in FIG. 14. 
When it is judged in the above step 104 that K is not equal 
to 1.0, the feedback correction coefficient FAF is fixed at 1.0 
in step 105 and the fuel injection time TAV=TP-K-FAF is 
calculated in step 106. 

0.063. In step 107, it is judged whether the correction 
coefficient K is Smaller than 1.0. When K-1.0, that is, the 
lean mixture should be burnt, the amount NOXA of the 
absorbed NOX is calculated from FIG. 6(A) in step 108, the 
amount NOXD Of the discharged NOx is set to 0 in step 
109, and the routine proceeds to step 112. When it is judged 
in the above step 107 that Ke 1.0, that is, a stoichiometric 
mixture or lean mixture should be burnt, the amount NOXD 
of the discharged NOx is calculated from FIG. 6(B) in step 
110, the amount NOXA of the absorbed NOx is set to 0 in 
Step 111, and the routine proceeds to Step 112. 

0064. The first NOx estimated amount 1XNOX=XNOX+ 
NOXA-NOXD is calculated in step 112 and it is judged in 
step 113 whether the first NOx estimated amount 1XNOX 
becomes negative. When 1XNOX-0, 1XNOX is set to 0 in 
step 114. In step 115, it is judged whether the fist NOx 
estimated amount 1XNOX is larger than the maximum 
permissible amount MAX. When 1XNOX>MAX, the NOx 
discharge flag is set in step 116. When the NOx discharge 
flag is Set, NOX discharge processing is carried out instep 
117. This NOx discharge processing is shown in FIG. 15. 
When it is judged that the NOx discharge flag has been reset 
(see step 102), deterioration is judged in step 118. This 
deterioration judgment is shown in FIG. 16. 

0065. The feedback control for maintaining the air-fuel 
ratio at a Stoichiometric level based on the output Voltage V1 
of the air-fuel ratio sensor 20 which is carried out in step 119 
of FIG. 12 will be described with reference to FIG. 14. As 
described above, the air-fuel ratio Sensor 20 generates an 
output voltage V1 of about 0.9 V when the mixture is rich. 
As shown in FIG. 14, it is judged in step 130 whether the 
output voltage V1 is equal to or Smaller than the first 
reference voltage Vr1 which is about 0.45 V. When V1s Vr1, 
that is, the air-fuel ratio is lean, the delay count Value CDL 
is decremented by 1 in step 131. In the Subsequent step 132, 
it is judged whether the delay count value CDL is smaller 
than the smallest value TDR. When CDL<TDR, the delay 
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count value CDL is set to the smallest value TDR in step 133 
and the routine proceeds to step 137. Therefore, when 
V1s Vr1, the delay count value CLD is decremented in each 
cycle of routine processing and is maintained at TDR in the 
end. 

0066. When it is judged in step 130 that V12-Vr1, that is, 
the air-fuel ratio is rich, the delay count value CDL is 
incremented by 1 in Step 134. Thereafter, it is judged in Step 
135 whether the delay count value CDL is larger than the 
largest value TDL. When CDL&TDL, the delay count value 
CDL is set to TDL in step 136 and the routine proceeds to 
step 137. Therefore, when V12 Vr1, the delay count value 
CDL is incremented in each cycle of routine processing and 
is maintained at TDL in the end. 

0067. It is judged in step 137 whether the sign of the 
delay count Value CDL is changed from positive to negative 
or from negative to positive during a time interval from the 
previous processing cycle to the current processing cycle. 
When the sign of the delay count value CDL is changed, it 
is judged in step 138 whether the sign of the delay count 
value is changed from positive to negative, that is, the 
air-fuel ratio is changed from rich to lean. When it is judged 
that the air-fuel ratio is changed from rich to lean, a rich skip 
value RSR is added to the feedback correction coefficient 
FAF in step 139 and the feedback correction coefficient FAF 
is thus increased by the rich skip value RSR abruptly. When 
it is judged in the above step 138 that the air-fuel ratio is not 
changed from rich to lean, a lean Skip value RSL is Sub 
tracted from the feedback correction coefficient FAF in step 
140 and the feedback correction coefficient FAF is thus 
decreased by the lean skip value RSL abruptly. 

0068. When it is judged in the above step 137 that the 
Sign of the delay count value CDL is not changed, it is 
judged in Step 141 whether the Sign of the delay count value 
CDL is negative. When CDLs 0, a rich integral value KIR 
(KIR<RSR) is added to the feedback correction coefficient 
FAF in step 142 and the feedback correction coefficient FAF 
thus increments in each cycle of the processing routine. 
When it is judged in the above step 141 that CDL20, a lean 
integral value KIL is subtracted from the feedback correc 
tion coefficient FAF in step 143 and the feedback correction 
coefficient thus decrements in each cycle of the processing 
routine. As a result, the air-fuel ratio is controlled to a 
Stoichiometric value. 

0069 NOx discharge control which is carried out in the 
step 118 of FIG. 12 will be described with reference to FIG. 
15. As shown in FIG. 15, it is judged in step 170 whether 
the time elapsed t' at the time of NOX discharge control in 
the previous processing cycle is shorter than the predeter 
mined first reference time t1. When t'>t1, the correction 
coefficient K is changed to a relatively large predetermined 
value KK2, for example, about 1.2 in step 172 and when 
t' <t1, the correction coefficient K is changed to a relatively 
small predetermined value KK1, for example, about 1.05 in 
step 171. The feedback correction coefficient FAF is fixed at 
1.0 in the Subsequent step 173, the time elapsed t' is 
incremented by 1 in step 174 (time elapsed t't'+1), and it is 
judged in step 175 whether the output voltage V2 of the 
air-fuel ratio Sensor 22 becomes larger than the predeter 
mined second reference voltage Vr2 (for example, 0.45 V). 
When V2>Vr2, the time elapsed t' is updated to t which is 
larger than t' by 1 in step 176. It is then judged in step 177 
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whether the time t is shorter than the second reference time 
t2. The second reference time t2 is a constant which differs 
according to whether the correction coefficient Kis KK1 or 
KK2. When tet2, the second estimated amount 2XNOX of 
NOx absorbed by the NOx absorber catalyst 18 is calculated 
based on the time elapsed t from the relationships shown in 
FIG. 16A and FIG.16(B) in step 178. Thereafter, the value 
C.: 1XNOX obtained by multiplying the first NOx estimated 
amount 1XNOx by a certain value C. (desirable a value of 0.9 
to 1.0) is compared with the second NOx estimated amount 
2XNOX. When 2XNoxeC.XNOx, the deterioration of the 
catalyst is considered to be within the permissible range and 
the maximum permissible amount MAX of NOx absorbed 
by the NOx absorber catalyst 18 is updated to the second 
NOx estimated amount 2XNOX in step 180. 
0070) Sulfur regeneration control which is carried out 
when tzt2 in the above step 177 or when 2XNOx<C.1XNOX 
in the above step 179 will be described with reference to 
FIG. 17. As shown in FIG. 17, it is judged in step 200 
whether a Sulfur regeneration flag for judging whether Sulfur 
regeneration control was carried out in the NOX discharge 
control of the previous processing cycle is Set. When Sulfur 
regeneration was not carried out in the previous processing 
cycle, it is judged that the NOx absorber catalyst 18 is 
deteriorated by poisoning or the like in the current cycle, and 
sulfur regeneration is carried out in step 201. When it is 
judged in the above step 200 that Sulfur regeneration was 
carried out in the previous processing cycle, it is judged in 
step 202 whether the time elapsed t for purifying NOx in the 
current processing cycle is longer than the Second reference 
time t2. When tdt2, Sulfur regeneration control is carried out 
in step 201. When it is judged in the above step 202 that 
tst2, it is judged in step 203 whether the correction coef 
ficient K is equal to a larger constant KK2. When K=KK2, 
the deterioration of the NOx absorber catalyst 18 is consid 
ered to be within the permissible range and Sulfur regenera 
tion control is carried out in step 201. When it is judged in 
the above step 203 that K=KK1, it is judged in step 204 that 
the NOx absorber catalyst deteriorates and an alarm display 
40 is activated to inform the driver of the deterioration of the 
NOx absorber catalyst 18 by sound, image or voice. Dete 
rioration in the catalytic performance of the NOx absorber 
catalyst 18 caused by Sulfur oxide SOX contained in exhaust 
gas is called "Sulfur poisoning” and the restoration of the 
NOx absorbing capability of the NOx absorber catalyst 18 
by decomposing a Sulfate BaSO as the cause of this Sulfur 
poisoning is called "Sulfur regeneration'. The control of this 
Sulfur regeneration means the operation of maintaining the 
inlet temperature of the NOx absorber catalyst 18 at 600 to 
700° C. for a predetermined time (for example, 100 seconds) 
in a rich environment. 

0071 Embodiment 2 
0072. In the above Embodiment 1, after the feedback 
correction coefficient FAF is fixed at 1.0 in the step 173 of 
the NOx discharge control of FIG. 17, the time elapsed t' is 
incremented by 1 in step 174 (t'<-t'+1) in step 174. As shown 
in FIG. 18, step 173' is inserted between the step 173 and 
step 174 to judge whether the output voltage V1 which is the 
output voltage V1 per minute of the air-fuel ratio sensor 20 
at an upstream of the NOx absorber catalyst 18 is larger than 
the first reference voltage Vr1. When V1'>Vr1, the time 
elapsed t' is incremented by 1 in step 174 and when 
V1's Vr1, the processing of controlling the discharge of 
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NOX is terminated. Therefore, according to Embodiment 2 
shown in FIG. 18, since the air-fuel ratio of exhaust gas is 
measured by the air-fuel ratio Sensor 20 at an upstream of the 
NOx absorber catalyst 18 and the measurement of the time 
elapsed is started after the exhaust gas becomes rich, the 
time elapsed t can be measured without being influenced by 
a delay time from the time when the air-fuel ratio is switched 
from lean to rich by the air-fuel ratio Switching means to the 
time when the exhaust gas actually becomes rich. Therefore, 
the second NOx estimated amount 2XNOX can be calculated 
with more accuracy. 
0073. According to the first and second aspects of the 
present invention, when the first estimated amount of NOX 
absorbed by the NOx absorber catalyst exceeds a decision 
level, it is estimated that the amount of NOx absorbed by the 
NOx absorber catalyst becomes maximum, the air-fuel ratio 
of exhaust gas flowing into the NOx absorber catalyst is 
Switched from lean to rich, the Second estimated amount of 
NOX is obtained from a time required for a change in the 
output level of the air-fuel ratio Sensor, the deterioration of 
the NOx absorber catalyst is judged by comparison between 
the first NOx estimated amount and the second NOx esti 
mated amount, and the time required for the change in the 
output level is lengthened by reducing the rich degree of 
exhaust gas at the time of rich operation when the time 
required for the change in the output level of the air-fuel 
ratio Sensor is shorter than a predetermined time, thereby 
making it possible to judge the deterioration degree of the 
NOx absorber catalyst with more accuracy. 
0.074 According to the third aspect of the present inven 
tion, when it is judged that the deterioration degree of the 
NOx absorber catalyst exceeds a predetermined level, the 
control of Sulfur regeneration is carried out. Therefore, the 
absorption capability of the NOx absorber catalyst can be 
developed with more accuracy. 
0075 According to the fourth aspect of the present inven 
tion, it is possible to prevent a vehicle from being kept 
driven while exhaust gas is deteriorated by alarming dete 
rioration in the NOx absorption capability of the NOx 
absorber catalyst. 
What is claimed is: 

1. An exhaust gas purifier for an internal combustion 
engine comprising: 

an NOx absorber catalyst for absorbing NOx when the 
air-fuel ratio of inflow exhaust gas is lean and purifying 
and discharging its absorbed NOx when the air-fuel 
ratio of inflow exhaust gas is rich; 

an air-fuel ratio Sensor for detecting the concentration of 
Oxygen contained in exhaust gas at a downstream of the 
NOx absorber catalyst; 

first NOX estimating means for obtaining a first estimated 
amount of NOx estimated to be absorbed by the NOx 
absorber catalyst; 

judging means for judging whether the first NOX esti 
mated amount obtained by the first NOx estimating 
means exceeds a decision level for judging that the first 
NOX estimated amount becomes the NOx maximum 
permissible amount of the NOx absorber catalyst; 

air-fuel ratio Switching means for Switching the air-fuel 
ratio of the exhaust gas from lean to rich to discharge 
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NOX from the NOx absorber catalyst when the judging 
means judges that the first NOX estimated amount 
exceeds the decision level; 

Second NOX estimating means for obtaining a Second 
estimated amount of NOx from the length of a time 
elapsed from the time when the air-fuel ratio of exhaust 
gas is Switched from lean to rich by the air-fuel ratio 
Switching means to the time when the output of the 
air-fuel ratio Sensor changes to a level corresponding to 
a rich air-fuel ratio; and 

deterioration judging means for judging the deterioration 
degree of the NOx absorber catalyst by comparing the 
fist NOx estimated amount obtained by the fist NOx 
estimating means with the Second NOX estimated 
amount obtained by the Second NOX estimating means, 
wherein 

the deterioration judging means judges the deterioration 
degree of the NOx absorber catalyst with accuracy by 
lengthening a time required for the output of the air-fuel 
ratio Sensor to change from lean to rich by reducing the 
rich degree of the exhaust gas at the time of Switching 
the air-fuel ratio from lean to rich when the time 
required for the output of the air-fuel ratio Sensor to 
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change from lean to rich is Shorter than a predetermined 
value and it is difficult to judge the deterioration degree. 

2. The exhaust gas purifier for an internal combustion 
engine of claim 1, wherein the purifier further comprises an 
air-fuel ratio Sensor for detecting the concentration of oxy 
gen contained in exhaust gas at an upstream of the NOX 
absorber catalyst and the Second NOX estimating means 
comprises means of Starting the measurement of time when 
the air-fuel ratio is changed from lean to rich or when the 
output of the air-fuel ratio sensor at an upstream of the NOx 
absorber catalyst changes from lean to rich. 

3. The exhaust gas purifier for an internal combustion 
engine of claim 1 which further comprises Sulfur regener 
ating means for carrying out the control of Sulfur regenera 
tion when the deterioration judging means judges that the 
deterioration degree of the NOx absorber catalyst exceeds a 
predetermined level. 

4. The exhaust gas purifier for an internal combustion 
engine of claim 2 which further comprises alarm generating 
means for generating an alarm when the deterioration judg 
ing means judges that the deterioration degree of the NOX 
absorber catalyst exceeds a predetermined level. 


