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Description
TECHNICAL FIELD

[0001] The presentinvention relates to an exhaust gas
purification device of an internal combustion according
to claim 1.

BACKGROUND ART

[0002] Itis possible to place a catalyst suitable for the
reduction of NO, in an exhaust gas by ammonia and to
feed an aqueous urea solution into the engine exhaust
passage upstream of the catalyst to cause reduction of
the NO, in exhaust gas by the ammonia generated from
the aqueous urea solution. In this case, however, the
purification rate of the NO, becomes lower along with a
fall in the temperature of the catalyst. Therefore, known
in the art has been an internal combustion engine de-
signed to calculate the amount of the urea necessary for
reducing NO, by an NO, purification rate in accordance
with the catalyst temperature and to control the amount
of feed of the aqueous urea solution so that the calculated
amount of urea is fed (see Japanese Unexamined Utility
Model Publication (Kokai) No. 3-129712). So long as
feeding urea in an amount necessary for reducing NO,
by an NO, purification rate in accordance with the catalyst
temperature in this way, however, when the catalyst tem-
perature is not that high, the NO, purification rate is low.
Therefore, when the catalyst temperature is not that high,
there is the problem that a high NO, purification rate can-
not be obtained. In particular, when the catalyst temper-
ature does not become that high and the amount of NO,
in the exhaust gas is large, such as when the engine is
accelerating from a low load operating state, if the NO,
purification rate is low, the problem will arise of a large
amount of NO, being released into the atmosphere.
[0003] Document WO 99/55446 A describes a method
for reducing NOx in the exhaust gas and forms an inter-
mediate prior art pursuant Art 54(3) EPC.

[0004] DocumentWO-A-96/04980 discloses a prior art
exhaust gas purification method using a reducing agent
which is introduced into the exhaust gas of an internal
combustion engine upstream of a denitrition catalytic
converter. This reducing agent is fed super-stoichiomet-
rically during the engine starting phase and during phas-
es of decreasing or constant exhaust gas temperatures.
During other operation periods of the engine, the reduc-
ing agent is fed substoichiometrically.

[0005] Document DE 43 15 278 A1 discloses a prior
art method for reducing NOx by a reducing agent such
as ammonia.

[0006] Itisthe objectofthe presentinvention to provide
an exhaust gas purification device enabling the NOx pu-
rification rate to be made higher

[0007] The object is solved by an exhaust gas purifi-
cation device having the combination of the features of
claim 1. Further advantageous developments of the in-
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vention are defined in the dependent claims.

[0008] According to the presentinvention, there is pro-
vided an exhaust gas purification device of an internal
combustion engine arranging a catalyst suitable for re-
duction of NO, in exhaust gas by ammonia in the pres-
ence of excess oxygen in an engine exhaust passage,
the device comprising feeding means for feeding a liquid
containing an ammonia generating compound to the cat-
alyst and feed control means for controlling the amount
of feed of the liquid, the catalyst storing inside it at least
part of the ammonia generating compound contained in
the liquid fed to the catalyst and having the function of
causing the release of ammonia a little at a time from the
ammonia generating compound stored in the catalyst
along with the rise of temperature of the catalyst and
reducing the NO, in the exhaust gas by the ammonia
released, the advice further comprising decision means
for deciding if the temperature of the catalyst is in an
ammonia generating compound storage region which
stores the ammonia generating compound contained in
the liquid fed to the catalyst inside the catalyst and does
not release almost any ammonia from the stored ammo-
nia generating compound or is in an ammonia release
region which causes the ammonia to be released a little
atatime from the stored ammonia generating compound,
the feed control means feeding a sufficient amount of the
liquid to the catalyst when the temperature of the catalyst
is in the ammonia generating compound storage region,
said sufficient amount of the liquid being necessary to
store in the catalyst in advance enough of the ammonia
generating compound for releasing the amount of am-
monia required when the temperature of the catalyst be-
comes the ammonia release region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is an overview of an internal combus-
tion engine, Fig. 2 is a view of the NO, purification rate,
Fig. 3 is a view of the concentration of ammonia gener-
ated, Fig. 4 is a view of the temperature of the catalyst
and the concentration of ammonia generated, Fig. 5is a
time chart of the NO, reduction processing, Figs. 6A, 6B,
and 6C are views of the amount of urea of the equivalent
ratio = 1, which is required for reducing NO, in exhaust
gas, Fig. 7 is a view of the ratio of storage of urea, Figs.
8A, 8B, and 8C and Figs. 9A, 9B, and 9C are views of
the ratio of release of ammonia, Fig. 10 to Fig. 12 are
flow charts of the control of the feed of the aqueous urea
solution, Fig. 13 is a view of the ratio of increase of urea,
Fig. 14 is a time chart of the NO, reduction processing,
Fig. 15 is a flow chart for the execution of a feed control
I, Fig. 16 is a time chart of the NO, reduction processing,
Fig. 17 is a flow chart for the execution of a feed control
II, Figs. 18A, 18B, 18C, 18D, and 18E and Figs. 19A and
19B are views of various examples of catalysts, and Fig.
20 to Fig. 23 are overviews of internal combustion en-
gines showing various embodiments.
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BEST MODE FOR WORKING THE INVENTION

[0010] Figure 1 shows the case of application of the
present invention to a compression ignition type internal
combustion engine. Note that the present invention can
also be applied to a gasoline engine.

[0011] Referring to Fig. 1, 1 indicates an engine body,
2 a cylinder block, 3 a cylinder head, 4 a piston, 5 a com-
bustion chamber, 6 an electrically controlled fuel injector,
7 an intake valve, 8 an intake port, 9 an exhaust valve,
and 10 an exhaust port. The intake port 8 is connected
to a surge tank 12 through a corresponding intake pipe
11, while the surge tank 12 is connected to an air cleaner
15 through an intake duct 13 and an air flow meter 14.
Inside the intake duct 13 is arranged a throttle valve 17
driven by a step motor 16.

[0012] On the other hand, an exhaust port 10 is con-
nected to an inlet of a first catalytic converter 20 housing
a catalyst 19 through an exhaust manifold 18. The outlet
of the first catalytic converter 20 is connected to a second
catalytic converter 23 housing a catalyst 22 through an
exhaust pipe 21. In the embodiment shown in Fig. 1, the
catalyst 19 is comprised of a catalyst having an oxidation
function, for example, an oxidation catalyst or a three-
way catalyst, while the catalyst 22 is comprised of an
NO, selective reduction catalyst suitable for reduction of
NO, in exhaust gas by ammonia in the presence of an
excess of oxygen.

[0013] The exhaust manifold 18 and the surge tank 12
are connected to each other through an exhaust gas re-
circulation (hereinafter referred to as EGR) passage 24.
Inside the EGR passage 24 is arranged an electrically
controlled EGR control valve 25. The fuel injectors 6 are
connected to a fuel reservoir, a so-called common rail
27, through fuel feed pipes 26. Fuel is fed into the com-
mon rail 27 from an electrically controlled variable dis-
charge fuel pump 28. The fuel fed into the common rail
27 is fed to the fuel injectors 6 through the fuel feed pipes
26. The common rail 29 has a fuel pressure sensor 29
attached to it for detecting the fuel pressure in the com-
mon rail 27. The discharge of the fuel pump 28 is con-
trolled based on the output signal of the fuel pressure
sensor 29 so that the fuel pressure in the common rail
27 becomes a target fuel pressure.

[0014] On the other hand, a liquid containing an am-
monia generating compound for generating ammonia is
stored in a tank 30. The liquid containing the ammonia
generating compound stored in the tank 30 is fed into the
exhaust pipe 21 through a feed conduit 31, a feed pump
32, and an electromagnetically controlled flow control
valve 33.

[0015] An electronic control unit 40 is comprised of a
digital computer provided with a ROM (read only mem-
ory) 42, RAM (random access memory) 43, CPU (micro-
processor) 44, input port 45, and output port 46 connect-
ed to each other through a bidirectional bus 41. The air
flow meter 14 generates an output voltage proportional
to the amount of intake air. This output voltage is input

10

15

20

25

30

35

40

45

50

55

through a corresponding AD converter 47 to the input
port 45. Further, the output signal of the fuel pressure
sensor 29 is input through a corresponding AD converter
47 to the input port 45. On the other hand, the engine
body 1 has attached to it a water temperature sensor 34
for detecting the engine coolant water temperature, while
the exhaust pipe 21 has arranged in it a temperature
sensor 35 for detecting the temperature of the exhaust
gas flowing through the exhaust pipe 21. The output sig-
nals of these water temperature sensor 34 and temper-
ature sensor 35 are input to the input port 45 through the
corresponding AD converters 47.

[0016] An accelerator pedal 50 has connected to it a
load sensor 51 generating an output voltage proportional
to the amount of depression L of the accelerator pedal
50. The output voltage of the load sensor 51 is input to
the input port 45 through the corresponding AD converter
47. Further, the input port 45 has connected to it a crank
angle sensor 52 generating an output pulse each time a
crankshaft rotates by for example 30 degrees. Further,
an actuation signal of a starter switch 52 is input to the
input port 45. On the other hand, the output port 46 is
connected through corresponding drive circuits 54 to the
fuel injectors 6, the step motor 16, the EGR control valve
25, the fuel pump 28, the pump 32, and the flow control
valve 33.

[0017] Further, as explained above, a liquid containing
an ammonia generating compound is fed into the exhaust
pipe 21 upstream of the catalyst 22. Regarding the am-
monia generating compounds able to generate ammo-
nia, there are various such compounds. Therefore, it is
possible to use various compounds as the ammonia gen-
erating compound. In this embodiment of the present in-
vention, urea is used as the ammonia generating com-
pound, while an aqueous urea solution is used as the
liquid containing an ammonia generating compound.
Therefore, below, the present invention will be explained
taking as an example the case of feeding an aqueous
urea solution into the exhaust pipe 21 upstream of the
catalyst 22.

[0018] Onthe other hand, as explained above, the cat-
alyst 22 is comprised of an NO, selective reduction cat-
alyst. In the embodiment shown in Fig. 1, titania is used
as the carrier of this NO, selective reduction catalyst. A
catalyst V,05/TiO, comprising vanadium oxide carried
on this carrier (hereinafter referred to as a vanadium ti-
tania catalyst) or a catalyst Cu/ZSM 5 comprising zeolite
as a carrier and copper carried on this carrier (hereinafter
referred to as a copper zeolite catalyst) is used.

[0019] When the aqueous urea solution is fed into ex-
haust gas containing an excess of oxygen, the NO con-
tained in the exhaust gas is reduced by the ammonia
NH; generated from the urea CO(NH,), on the catalyst
22 (forexample, 2NH;+2NO+1/202—2N,+3H,0). Inthis
case, a certain amount of urea is required to reduce the
NO, contained in the exhaustgas and completely remove
the NO, in the exhaust gas. Below, the amount of urea
required for reducing and completely removing the NO,
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in the exhaust gas will be called an amount of urea in
which an equivalent ratio of urea/NO, is 1. Note that a
state, in which an equivalent ratio of urea/NO, is 1, is
hereinafter merely referred to as an equivalent ratio = 1.
[0020] Figure 2 shows the NO, purification rate in the
case of feeding an aqueous urea solution so that the
amount of urea becomes the equivalent ratio = 1 for the
amount of NO, in the exhaust gas when changing the
temperature Tiof the exhaust gas flowing into the catalyst
22 while maintaining a constant engine speed. Note that
the solid line in Fig. 2 shows the case of use of a copper
zeolite catalyst as the catalyst 22, while the broken line
shows the case of use of a vanadium titania catalyst as
the catalyst 22.

[0021] FromFig. 2, itis understood that when aqueous
urea solution is fed so that the amount of urea becomes
the equivalent ratio = 1 /with respect to the amount of
NO, in the exhaust gas, for all catalysts 22, when the
temperature Tiof the exhaust gas flowing into the catalyst
22 becomes about 350°C or more, the NO, purification
rate becomes about 100 percent and that as the temper-
ature Ti of the exhaust gas flowing into the catalyst 22
falls, the NO, purification rate falls.

[0022] On the other hand, Fig. 3 shows the relation
between the elapsed time t (sec) from the feeding of the
aqueous urea solution and the concentration of the am-
monia generated (ppm) when feeding an aqueous urea
solution in the state with the temperature of the catalyst
22 maintained at400°C. From Fig. 3, itis understood that
when feeding the aqueous urea solution, the urea is de-
composed into ammonia all at once and ammonia is re-
leased all at once. Further, as explained above, when
the temperature of the catalyst 22 is 400°C, if the urea
is fed by the equivalent ratio = 1, the NO, purification rate
becomes substantially 100 percent.

[0023] Therefore, from Fig. 2 and Fig. 3, when the tem-
perature of the catalyst 22 is over about 350°C, if an
aqueous urea solution is fed so that the amount of urea
becomes the equivalent ratio = 1 for the amount of NO,
in the exhaust gas, ammonia is released all at once from
the urea contained in the aqueous urea solution and all
of the NO, in the exhaust gas can be reduced by the
ammonia. In other words, when the temperature of the
catalyst 22 is more than about 350°C, if an aqueous urea
solution is fed so that the amount of urea becomes the
equivalent ratio = 1 for the amount of NO, in the exhaust
gas, it becomes possible to substantially completely pu-
rify the NO, in the exhaust gas.

[0024] Onthe otherhand, Fig. 4 shows the relationship
between the elapsed time t (sec) from the start of feeding
of the aqueous urea solution and the concentration of
the ammonia generated (ppm) when feeding an aqueous
urea solution when the temperature Tc of the catalyst 22
is 120°C and then gradually raising the temperature Tc
of the catalyst 22. As shown in Fig. 4, even if the aqueous
urea solution is fed, no ammonia at all is generated while
the temperature Tc of the catalyst 22 is low. When the
temperature Tc of the catalyst 22 starts to rise, ammonia
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is generated a little at a time as the temperature Tc of
the catalyst 22 rises.

[0025] Figure 4 means the following two facts: That is,
first, the fact that ammonia is generated when the tem-
perature Tc of the catalyst 22 rises means that the fed
urea s stored in the catalyst 22. Second, the temperature
of heat decomposition of urea is about 132°C, therefore,
considering the fact that ammonia is generated by the
heat decomposition of urea, ammonia should be re-
leased all at once when the temperature Tc of the catalyst
22 reaches about 132°C. As shown in Fig. 4, however,
even if the temperature Tc of the catalyst 22 reaches
about 132°C, ammonia is not released all at once. This
means that ammonia is not being generated by just the
heat decomposition of the urea.

[0026] The fact that even if the temperature Tc of the
catalyst 22 reaches about 132°C, the ammonia is not
released all at once and ammonia is released a little at
a time as the temperature Tc of the catalyst 22 rises is
believed to be due to the morphological change of the
urea on the catalyst 22. That is, urea changes to biuret
at about 132°C, biuret changes to cyanuric acid at about
190°C, and cyanuric acid changes to cyanic acid or iso-
cyanic acid at about 360°C. It is believed that ammonia
is generated a little at a time in the process of these mor-
phological changes due to the rising temperature. There-
fore, as shown in Fig. 4, ammonia is released a little at
a time from the catalyst 22 as the temperature Tc of the
catalyst 22 rises.

[0027] Thatis, if the temperature Tc of the catalyst 22
is low when feeding the aqueous urea solution, the urea
contained in the aqueous urea solution is stored in the
catalyst 22. Next, if the temperature Tc of the catalyst 22
rises, the urea stored in the catalyst 22 successively
changes in form to different ammonia generating com-
pounds along with this. As a result, ammonia is gradually
released from the catalyst 22.

[0028] In this way, if the temperature Tc of the catalyst
22 is low when feeding the aqueous urea solution, the
urea contained in the aqueous urea solution is stored in
the catalyst 22. So long as the temperature Tc of the
catalyst 22 is maintained in the low state, the urea con-
tinues to be stored in the catalyst 22. On the other hand,
if the aqueous urea solution is fed when the temperature
Tc of the catalyst 22 is between about 132°C and about
350°C, the urea contained in the aqueous urea solution
is stored once in the catalyst 22 also. Next, when the
temperature of the urea rises and the urea successively
changes in form to different ammonia generating com-
pounds, ammonia is released from the catalyst 22. That
is, if the aqueous urea solution is fed while the temper-
ature Tc of the catalyst 22 is between about 132°C to
350°C, the action of release of ammonia from the catalyst
22 is started a little while after that.

[0029] In this way, if the aqueous urea solution is fed
when the temperature Tc of the catalyst 22 is between
about 132°C and 350°C, the action of release of the am-
monia from the catalyst 22 starts in a short while after
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that. When the temperature Tc of the catalyst 22 is main-
tained substantially constant, if the aqueous urea solution
continues to be fed, ammonia continues to be released
from the catalyst 22. In this case, however, the urea
stored in the catalyst 22 only changes in form to the am-
monia generating compound determined by the temper-
ature Tc of the catalyst 22, so not that much ammonia is
generated. Accordingly, in this case, even if aqueous
urea solution is fed so that the amount of urea becomes
the equivalent ratio = 1 for the amount of NO, in the ex-
haust gas, all of the NO, in the exhaust gas will not be
completely reduced by the ammonia generated from the
catalyst 22.

[0030] Further, itis considered that when the aqueous
urea solution is fed, some of the urea contained in the
aqueous urea solution decomposes by heat in the ex-
haust gas and therefore ammonia is generated, so part
ofthe NO, in the exhaust gas is reduced by this ammonia.
The amount of this ammonia, however, is also not that
large, so the amount of NO, in the exhaust gas reduced
by this ammonia is not that large.

[0031] Therefore, when the temperature Tc of the cat-
alyst 22 is maintained at a constant temperature between
about 132°C and 350°C, evenif feeding an aqueous urea
solution so that the amount of urea becomes the equiv-
alent ratio = 1 for the amount of NO, in the exhaust gas,
as shown in Fig. 2, the NO, purification rate will not be-
come that high. In this case, when the temperature of the
exhaust gas becomes higher and the temperature Tc of
the catalyst 22 rises along with it, the amount of ammonia
generated from the catalyst 22 will increase, while the
amount of ammonia generated from the urea in the aque-
ous urea solution in the exhaust gas will increase as well.
Therefore, as shown in Fig. 2, as the temperature Ti of
the exhaust gas flowing into the catalyst 22 rises, the
NO, purification rate also gradually rises.

[0032] When the temperature Tc of the catalyst 22 is
maintained at a substantially constant temperature be-
tween about 132°C to 350°C, it is possible to increase
the NO, purification rate by increasing the amount of am-
monia generated from the catalyst 22 and increasing the
amount of ammonia generated from the urea in the aque-
ous urea solution in the exhaust gas. Therefore, it is suf-
ficient to increase the amount of urea fed. Therefore, in
this embodiment of the present embodiment, when the
temperature Tc of the catalyst 22 does not change that
much between about 132°C and about 350°C, the
amount of the aqueous urea solution fed is increased so
that the amount of urea fed becomes an amount of urea
more than the equivalent ratio = 1 required for reducing
the NO, in the exhaust gas.

[0033] In this way, when the temperature Tc of the cat-
alyst 22 does not change that much between about 132°C
and about 350°C, it is possible to increase the NO, pu-
rification rate by feeding a urea in an amount more than
the equivalent ratio = 1. If for example, as at the time of
acceleration, the temperature of the exhaust gas sharply
rises and the temperature Tc of the catalyst 22 sharply
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rises, even if an amount of urea of more than the equiv-
alent ratio = 1 fed, the NO, purification rate cannot be
increased.

[0034] Thatis, if shifting from alow load operation state
to a high load operation state for acceleration, since the
temperature of the exhaust gas sharply rises, the tem-
perature Tc of the catalyst 22 also sharply rises. On the
other hand, if the engine operation state shifts to a high
load operation, the amount of NO, in the exhaust gas
sharply increases. Even if however sharply increasing
the amount of the aqueous urea solution fed so as to
feed a urea in an amount more than the equivalent ratio
= 1 required for reducing the NO, sharply increasing at
this time, as explained above, ammonia is not generated
from the sharply increased urea for a while. Experiments
have found that almost no ammonia is generated from
the urea rapidly increased during acceleration operation.
Therefore, the amount of ammonia released from the cat-
alyst 22 at the time of acceleration operation becomes
much less than the amount of ammonia required for re-
ducing the increased NO, and accordingly a high NO,
purification rate cannot be obtained.

[0035] Therefore, in the present invention, in order to
obtain a high NO, purification rate when the amount of
NO, in the exhaust gas increases and the temperature
Tc of the catalyst 22 rises such as for example at the time
of acceleration operation, a large amount of urea, that is,
a large amount of the ammonia generating compound,
is stored in the catalyst 22 before the catalyst 22 starts
to rise in temperature, a large amount of ammonia is
made to be released from the ammonia generating com-
pound stored in the catalyst 22, and that large amount
of released ammonia is used to reduce the NO, in the
exhaust gas when the temperature Tc of the catalyst 22
sharply rises.

[0036] Explaining this in more detail, in the present in-
vention, it is decided if the temperature region of the cat-
alyst 22 is in the ammonia generating compound storage
region where the urea in the aqueous urea solution, that
is, the ammonia generating compound, is stored in the
catalyst 22 and almost no ammonia is released from the
stored ammonia generating compound or inthe ammonia
release region where ammonia is released at a little at a
time from the stored ammonia generating compound. In
order to store a sufficient amount of ammonia generating
compound in the catalyst 22 in advance for releasing the
required amount of ammonia when the temperature of
the catalyst 22 becomes the ammonia release region, a
sufficient amount of aqueous urea solution required is
fed into the catalyst 22 when it is decided that the tem-
perature of the catalyst 22 is in the ammonia generating
compound storage region.

[0037] Here, the ammonia generating compound stor-
ageregion indicates atemperature region where the tem-
perature Tc of the catalyst 22 is less than about 132°C,
while the ammonia release region indicates a tempera-
ture region where the temperature Tc of the catalyst 22
is between about 132°C and about 350°C. When the tem-
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perature Tc of the catalyst 22 is lower than about 132°C,
as will be understood from Fig. 4, the urea in the aqueous
urea solution fed, that is, the ammonia generating com-
pound, is stored in the catalyst 22. At this time, almost
no ammonia is generated from the stored ammonia gen-
erating compound. Further, at this time, even if ammonia
is generated from the urea in the exhaust gas, the amount
is extremely small. Therefore, if an aqueous urea solution
is fed when the temperature Tc of the catalyst 22 is in
the ammonia generating compound storage region, the
majority of the urea in the aqueous urea solution, that is,
the ammonia generating compound, is stored in the cat-
alyst 22.

[0038] On the other hand, when the temperature Tc of
the catalyst 22 is between about 132°C and about 350°C,
that is, when the temperature Tc of the catalyst 22 is in
the ammonia release region, ammonia is released from
the ammonia generating compound stored in the catalyst
22.

[0039] Briefly said, the temperature Tc of the catalyst
22 is in the ammonia generating compound storage re-
gion at the time of engine startup, engine warmup, low
load operation, and deceleration operation. Therefore, in
the present embodiment of the present invention, at the
time of engine startup, engine warmup, low load opera-
tion, and deceleration operation, a large amount of aque-
ous urea solution is fed so as to store urea, that is, the
ammonia generating compound, in the catalyst 22 to an
extent not exceeding the maximum amount of the am-
monia generating compound which the catalyst 22 can
store. Therefore, at the time of acceleration operation, a
large amount of ammonia can be released from the am-
monia generating compound stored in the catalyst 22
and therefore the NO, in the exhaust gas can be purified
well.

[0040] Figure 5 shows an example of feed control of
the aqueous urea solution. Note that Fig. 5 shows the
changes in the required load L, the amount of NO, in the
exhaust gas from the combustion chamber 5, the tem-
perature Tc of the catalyst 22, the amount of feed of the
aqueous urea solution, and the amount of ammonia gen-
erating compound stored in the catalyst 22. Note that in
the amount of feed of the aqueous urea solution of Fig.
5, the broken line shows the amount of feed of the aque-
ous urea solution by which the amount of urea becomes
the equivalent ratio = 1 for the NO, in the exhaust gas,
while the solid line shows the amount of the aqueous
urea solution actually fed.

[0041] In Fig. 5, the operation region | shows the time
of engine startup or engine warmup or the time of low
load operation including idling. At this time, as shown in
Fig. 5, the amount of NO, in the exhaust gas is small and
the temperature Tc of the catalyst 22 is in the ammonia
generating compound storage region. At this time, the
aqueous urea solution is fed so that the amount of feed
of the urea becomes two to four times the amount of urea
of the equivalent ratio = 1 so that the amount of urea fed
becomes more than the amount of urea of the equivalent
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ratio = 1. Therefore, at this time, the urea stored in the
catalyst 22, that is, the amount of storage of the ammonia
generating compound, gradually increases.

[0042] Next, assume that the required load L has rap-
idly been raised and the engine is being accelerated.
When the required load L is sharply raised, the amount
of NO, in the exhaust gas sharply increases. Further, at
this time, the temperature of the exhaust gas sharply ris-
es, so the temperature Tc of the catalyst 22 also sharply
rises and the temperature Tc of the catalyst 22 enters
the ammonia release region. At this time, a large amount
of ammonia is released from the ammonia generating
compound stored in the catalyst 22 and the NO, in the
exhaust gas is purified well by the released ammonia. In
this way, since a large amount of ammonia is released
from the ammonia generating compound at this time, the
amount of the ammonia generating compound stored in
the catalyst 22 sharply falls.

[0043] On the other hand, when all of the NO, in the
exhaust gas cannot be reduced by the ammonia gener-
ated from the ammonia generating compound stored in
the catalyst 22, aqueous urea solution is fed, even while
the engine is being accelerated, to reduce the remaining
NO, in the exhaust gas by the ammonia generated from
the urea in the aqueous urea solution in the exhaust gas.
In the example shown in Fig. 5, when the engine starts
to be accelerated, the amount of feed of the aqueous
urea solutionis reduced once, thenincreased. Of course,
when the NO, in the exhaust gas can be sufficiently pu-
rified by the ammonia generated from the ammonia gen-
erating compound stored in the catalyst 22 at the time of
acceleration operation, the feed of the aqueous urea so-
lution may be stopped at the time of acceleration opera-
tion.

[0044] Next, assume that at the operation region Il the
engine is being operated steadily and that the tempera-
ture Tc of the catalyst 22 is maintained at the ammonia
release region at that time. At this time, in the example
shown in Fig. 5, the aqueous urea solution is fed so that
the amount of feed of the urea becomes more than the
amount of urea of the equivalent ratio = 1 so as to purify
well the NO, in the exhaust gas. Therefore, at this time,
the amount of the ammonia generating compound stored
in the catalyst 22 is increased a little at a time.

[0045] Next, assume that at the operation region Il the
required load L is increased, then the engine operated
steadily under a high load and that at the operation region
Il the temperature Tc of the catalyst 22 exceeds about
350°C and the temperature Tc of the catalyst 22 is main-
tained at over about 350°C under a high load operation
state. In this case, if the temperature Tc of the catalyst
22 rises in the operation region Ill, the amount of ammo-
nia released from the ammonia generating compound
stored in the catalyst 22 increases and therefore the
amount of ammonia generating compound stored in the
catalyst 22 decreases. Further, in the example shown in
Fig. 5, the amount of feed of the aqueous urea solution
is reduced at this time as well.



11 EP 1106 799 B9 12

[0046] On the other hand, when the temperature Tc of
the catalyst 22 exceeds about 350°C, as explained
above, all of the urea in the aqueous urea solution fed is
immediately decomposed by heat into ammonia and the
NO, in the exhaust gas is immediately reduced by this
ammonia. Therefore, if making the amount of urea fed
at this time the equivalent ratio = 1 for the amount of NO,
in the exhaust gas, the NO, in the exhaust gas can be
completely purified. Therefore, as shown in Fig. 5, when
the temperature Tc of the catalyst 22 becomes more than
about 350°C, the aqueous urea solution is fed so that the
amount of urea fed becomes the equivalent ratio = 1 for
the amount of NO, in the exhaust gas. Note that at this
time, no ammonia generating compound at all is stored
in the catalyst 22. Therefore, at this time, as shown in
Fig. 5, the amount of the ammonia generating compound
stored in the catalyst 22 becomes zero.

[0047] Next, assume that the engine is being deceler-
ated and the supply of fuel is stopped. At this time, the
amount of NO, in the exhaust gas becomes zero and the
temperature Tc of the catalyst 22 sharply falls. At this
time, in the example shown in Fig. 5, in the same way as
the operation region |, the aqueous urea solution is fed
so that the amount of urea fed becomes more than the
amount of urea of the equivalent ratio = 1 for the amount
of NO, in the exhaust gas at the time of low load opera-
tion. Therefore, when the engine starts to be decelerated,
the amount of ammonia generating compound stored in
the catalyst 22 is increased.

[0048] If more than the equivalent ratio = 1 of the urea
is fed when the temperature Tc of the catalyst 22 be-
comes more than about 350°C, ammonia is discharged
into the atmosphere. Therefore, when the temperature
Tc of the catalyst 22 becomes more than about 350°C,
it is necessary to control the amount of the aqueous urea
solution fed to precisely match the equivalent ratio = 1.

[0049] On the other hand, even when the temperature
Tc of the catalyst 22 becomes less than about 350°C, if
the amount of feed of the aqueous urea solution is in-
creased by an extreme amount, ammonia is discharged
into the atmosphere. Therefore, at this time as well, it is
required that the aqueous urea solution be fed so that no
ammonia is discharged into the atmosphere. Note that
experiments of the presentinventors have confirmed that
when changing the engine operation state by a fixed pat-
tern and changing the temperature Tc of the catalyst 22
between about 190°C and about 350°C at this time, when
using a vanadium titania catalyst as the catalyst 22, no
ammonia is discharged into the atmosphere even if feed-
ing a urea in an amount close to three times the amount
of urea of the equivalent ratio = 1 and that when using a
copper zeolite catalyst as the catalyst 22, no ammonia
is discharged into the atmosphere even if feeding a urea
in an amount more than four times the amount of urea
of the equivalent ratio = 1.

[0050] The reason why the amount of ammonia dis-
charged into the atmosphere is smaller when using a
copper zeolite catalyst compared with when using a va-
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nadium titania catalyst is believed to be as follows. That
is, if part of the ammonia generated from the ammonia
generating compound is used for reduction of the NO, in
the exhaust gas on the surface of the copper or vanadium
and the remaining ammonia is held on the surface of the
copper or vanadium, that ammonia becomes NO
(NH3—NO). Next, this NO reacts with the remaining am-
monia to become N, (NO+NH;—N,). If this successive
reaction occurs, the remaining ammonia will no longer
be discharged into the atmosphere.

[0051] Vanadium has a low ability to hold ammonia.
Therefore, such a successive reaction does not easily
occur and therefore ammonia is easily discharged into
the atmosphere. As opposed to this, copper has a high
ability to hold ammonia and therefore such a successive
reaction easily occurs and ammonia is not easily dis-
charged into the atmosphere. Accordingly, it is preferable
to use a copper zeolite catalyst to suppress the discharge
of ammonia into the atmosphere.

[0052] Next, a first embodiment of the feed control of
an aqueous urea solution according to the presentinven-
tion will be explained.

[0053] The amount of NO, discharged from the com-
bustion chamber 5 per unit time increases along with an
increase in the engine load. Therefore, as shown in Fig.
6A, the amount of NO, discharged from the combustion
chamber 5 per unit time becomes greater the higher the
temperature Ti of the exhaust gas flowing to the catalyst
22. Further, as shown in Fig. 6B, the amount of NO, dis-
charged from the combustion chamber 5 per unit time is
proportional to the amount Ga of intake air. Therefore,
the amount QE of urea per unit time giving the equivalent
ratio = 1 for the amount of NO, in the exhaust gas be-
comes a function of the temperature Ti of the exhaust
gas and the amount Qa of the intake air. In this embod-
iment of the present invention, the amount QE of urea of
the equivalent ratio = 1 to be fed per unit time is stored
in advance in the ROM 42 in the form of a map as shown
in Fig. 6C as a function of the temperature Ti of the ex-
haust gas and the amount Ga of the intake air.

[0054] Note that instead of calculating the amount QE
of urea based on the temperature Ti of the exhaust gas
and the amount Qa of the intake air, it is also possible to
detect the actual concentration of NO, in the exhaust gas
and calculate the amount QE of urea from the concen-
tration of NO,. In this case, an NO, concentration sensor
is attached in the exhaust pipe 21 upstream of the catalyst
22, the amount of NO, discharged from the combustion
chamber 5 per unit time is found from the concentration
of NO, detected by the NO, concentration sensor and
the amount Ga of the intake air, and the amount QE of
urea per unit time giving the equivalent ratio = 1 for the
amountof NO, is calculated based on thisamount of NO,
[0055] On the other hand, when the aqueous urea so-
lution is fed, part of the urea contained in the aqueous
urea solution is decomposed by heat in the exhaust gas
and generates ammonia. In this case, the amount of urea
decomposed by heat increases the higher the tempera-
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ture Ti of the exhaust gas flowing to the catalyst 22.
Therefore, when the aqueous urea solution is fed, the
storage ratio ST of the urea stored in the catalyst 22 falls
the higher the temperature Ti of the exhaust gas as
shown in Fig. 7.

[0056] Further, at the time of steady state operation
when the temperature Tc of the catalyst 22 does not
change that much, as explained above, the amount of
ammonia released from the ammonia generating com-
pound stored in the catalyst 22 increases along with the
rise of the temperature Tc of the catalyst 22. Therefore,
atthistime, as shownin Fig. 8A, the ratio NH; of ammonia
released per unit time from the ammonia generating com-
pound stored in the catalyst 22 increases the higher the
temperature Tiof the exhaust gas flowing into the catalyst
22. On the other hand, the faster the space velocity of
the exhaust gas, the greater the amount of ammonia re-
leased from the ammonia generating compound stored
in the catalyst 22. Therefore, as shown in Fig. 8B, the
ratio NH; of ammonia released per unit time from the
ammonia generating compound stored in the catalyst 22
increases the greater the amount Ga of intake air. In this
embodiment of the present invention, the ratio LE1 of
ammonia released per unit time from the ammonia gen-
erating compound stored in the catalyst 22 at the time of
steady state operation is stored in advance in the ROM
42 in the form of a map as shown in Fig. 8C as a function
of the temperature Ti of exhaust gas and the amount Ga
of intake air.

[0057] On the other hand, when the temperature of the
catalyst 22 sharply rises such as the time of acceleration
operation, ammonia is released at a little at a time from
the ammonia generating compound stored in the catalyst
22 before the rise of temperature of the catalyst 22 as
explained before. The ratio NH; of the ammonia released
per unit time from the ammonia generating compound
stored in the catalyst 22 at this time changes in accord-
ance with the temperature Ti of the exhaust gas flowing
into the catalyst 22 as shown in Fig. 9A. Further, in this
case as well, as shown in Fig. 9B, the ratio NH; of am-
monia released per unit time from the ammonia gener-
ating compound stored in the catalyst 22 increases the
greater the amount Ga of intake air. In this embodiment
of the present invention, when the temperature Tc of the
catalyst 22 sharply rises, the ratio LE2 of the ammonia
released per unit time from the ammonia generating com-
pound stored in the catalyst 22 is stored in advance in
the ROM 42 in the form of a map as shown in Fig. 9C as
a function of the temperature Ti of the exhaust gas and
the amount Ga of the intake air.

[0058] Figure 10to Fig. 12 show aroutine for executing
the first embodiment of the feed control of a aqueous
urea solution. This routine is executed by interruption
every predetermined time period.

[0059] Referring to Fig. 10, first, at step 100, it is de-
termined if the engine is starting up. When the engine is
starting up, the routine jumps to step 102, while when it
is not starting up, the routine proceeds to step 101. At
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step 101, it is determined if the engine is being deceler-
ated. If the engine is being decelerated, the routine pro-
ceeds to step 102. At step 102, the EGR control valve
25 is made to close and the feed of the EGR gas is
stopped. Next, the routine proceeds to step 103, where
the feed control | is executed, then the routine proceeds
to step 104. This feed control | is shown in Fig. 11.
[0060] Onthe otherhand, whenitis determined at step
101 that the engine is not being decelerated, the routine
proceeds to step 109, where it is determined if the tem-
perature Ti of the exhaust gas detected by the tempera-
ture sensor 35 is higher than a predetermined tempera-
ture, for example, 350°C. When Ti is not more than
350°C, the routine proceeds to step 110, where it is de-
termined if the engine is being accelerated. When it is
not being accelerated, the routine proceeds to step 103.
Thatis, the routine proceeds to step 103 when the engine
is starting up and being decelerated and when Ti<350°C
and the engine is not being accelerated.

[0061] Here, an explanation will be given of the feed
control | performed at step 103 while referring to Fig. 11.
[0062] Referring to Fig. 11, first, at step 200, it is de-
termined if a feed stop flag showing that the feed of the
aqueous urea solution should be stopped has been set
or not. When the feed stop flag has not been set, the
routine proceeds to step 201, where the amount QE of
urea of the equivalent ratio = 1 to be fed per unit time is
calculated from the map shown in Fig. 6C based on the
output signals of the air flow meter 14 and the tempera-
ture sensor 35.

[0063] Next, at step 202, the ratio = 1 of the actual
amount of urea fed to the equivalent ratio = 1, that is, the
ratio K of increase of urea, is calculated. This ratio K of
increase of urea, as shown in Fig. 13, is larger than 1.0.
The ratio K of increase of urea becomes smaller as the
temperature Ti of the exhaust gas flowing to the catalyst
22 becomes higher. In the example shown in Fig. 13,
when the temperature Ti of the exhaust gas is low, the
ratio K of increase of urea is made about 4.0. Next, at
step 203, the ratio K of increase of urea is multiplied with
the amount QE of urea of the equivalent ratio = 1 to be
fed per unit time so as to calculate the amount QE of urea
(=K-QE) to be actually fed per unit time.

[0064] Next, at step 204, a correction coefficient C is
multiplied with the amount QE of urea so as to calculate
the amount Q of the aqueous urea solution to be fed per
unit time. When using an aqueous urea solution of 30
wt% as the aqueous urea solution, the value of this cor-
rection coefficient C becomes (100+30)/30 = 4.3. When
the amount Q of feed of the aqueous urea solution per
unit time is calculated, the feed control valve 33 is con-
trolled so that the amount of feed of the aqueous urea
solution becomes Q.

[0065] Next, at step 205, the storage ratio ST of urea
is calculated from Fig. 7. Next, at step 206, the amount
QE of feed of urea is multiplied with the storage ratio ST
of urea so as to calculate the amount QST of urea
(=QE-ST) stored in the catalyst 22 per unit time. Next, at
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step 207, the ratio LE1 of release of ammonia is calcu-
lated from the map shown in Fig. 8C. Next, at step 208,
the ratio LE1 of release is multiplied with the total amount
>QS of the ammonia generating compound stored in the
catalyst 22 so as to calculate the amount QLE of ammo-
nia (=XQS-LE1) released per unit time. Next, the routine
proceeds to step 104 of Fig. 10.

[0066] Onthe other hand, whenitis determined at step
200 that the feed stop flag has been set, the routine pro-
ceeds to step 209, where the amount QST of urea stored
per unit time is made zero, then the routine proceeds to
step 207. At this time, the feed of the aqueous urea so-
lution is stopped. Therefore, when the engine is starting
up or being decelerated or when Ti<350°C and the engine
is not being accelerated, the aqueous urea solution is
fed so that the amount of feed of the urea becomes the
amount of urea of the equivalent ratio = 1 so long as the
feed stop flag is not set.

[0067] At step 104 of Fig. 10, the total amount ZQS of
ammonia generating compound stored in the catalyst 22
is calculated based on the following equation:

ZQS = ZQS+QST-QLE.

[0068] Next, at step 105, itis determined if the amount
YQS of the ammonia generating compound stored ex-
ceeds the maximum amount of storage MAX (Fig. 5).
When XQS>MAX, the routine proceeds to step 108,
where the feed stop flag is set. When the feed stop flag
is set, the feed of the aqueous urea solution is stopped.
On the other hand, when it is determined at step 105 that
YQS<MAX, the routine proceeds to step 106, where it is
determined if XQS has become smaller than a certain
value MIN (<MAX). When XQS<MIN, the routine pro-
ceeds to step 107, where the feed stop flag is reset.
[0069] Onthe other hand, whenitis determined at step
110 that the engine is being accelerated, the routine pro-
ceeds to step 111, where the feed control Il is executed.
This feed control Il is shown in Fig. 12.

[0070] ReferringtoFig. 12, first, at step 250, at the time
of start of acceleration operation, the total amount of am-
monia generating compound stored in the catalyst 22 is
made the initial value QS,. Next, at step 251, the ratio
LE2 of release of ammonia is calculated from the map
shown in Fig. 9C. Next, at step 252, the ratio LE2 of re-
lease is multiplied with the initial value XQS,, of the total
ammonia generating compound stored in the catalyst 22
to calculate the amount QLE of ammonia (=XQS,-LE2)
released per unit time.

[0071] Next, at step 253, the amount QE of urea nec-
essary for reducing the NO, in the exhaust gas which
could not be reduced by the ammonia released from the
ammonia generating compound in the catalyst 22 is cal-
culated. Next, at step 254, the correction coefficient C
mentioned above is multiplied with the amount QE of
urea to calculate the amount Q of the aqueous urea so-
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lution to be fed per unit time. When the amount Q of feed
of the aqueous urea solution per unit time is calculated,
the feed control valve 33 is controlled so that the amount
of feed of the aqueous urea solution becomes Q.
[0072] Next, at step 255, the storage ratio ST of urea
is calculated from Fig. 7. Next, at step 256, the amount
QE of feed of urea is multiplied with the storage ratio ST
of urea to calculate the amount QST of urea (=QE-ST)
stored in the catalyst 22 per unit time. Next, the routine
proceeds to step 104 of Fig. 10.

[0073] Onthe otherhand, whenitis determined at step
109 of Fig. 10 that Ti>350°C, the routine proceeds to step
112, where the amount QE of urea of the equivalent ratio
= 1 to be fed per unit time is calculated from the map
shown in Fig. 6C based on the output signals of the air
flow meter 14 and the temperature sensor 35. Next, at
step 113, the correction coefficient C mentioned above
is multiplied with the amount QE of urea to calculate the
amount Q of the aqueous urea solution to be fed per unit
time. When the amount Q of feed of aqueous urea solu-
tion per unit time is calculated, the flow control valve 33
is controlled so that the amount of feed of the aqueous
urea solution becomes Q. Next, at step 114, the amount
QS of storage of ammonia generating compound in the
catalyst 22 is made zero. In this way, when Ti>350°C,
the aqueous urea solution is fed so that the amount of
feed of urea becomes the amount of urea of the equiva-
lent ratio.

[0074] Next, an explanation will be given of a second
embodiment with reference to Fig. 14 and Fig. 15.
[0075] when the amount of feed of the aqueous urea
solution is small, the aqueous urea solution disperses in
the exhaust gas. If the aqueous urea solution disperses
in the exhaust gas, the urea in the aqueous urea solution
will easily decompose by the heat and as a result it will
become difficult to store the urea fed in the catalyst 22.
As opposed to this, if the amount of feed of the aqueous
urea solution is increased, the density of the urea in the
exhaust gas will become higher and as a result the urea
will become harder to decompose by heat, so the urea
fed will be able to be stored in the catalyst 22.

[0076] Therefore, in the second embodiment, as
shown in Fig. 14, in the operation region I, operation re-
gion Il, and at the time of deceleration, the aqueous urea
solution is fed so that the amount of urea to be fed be-
comes the amount of urea of the equivalent ratio = 1, the
urea is used to reduce the NO, in the exhaust gas, and
large amounts of aqueous urea solution are fed in pulses
at certain time intervals to make the urea in the aqueous
urea solution be stored in the catalyst 22.

[0077] Note that in the second embodiment as well,
the routine shownin Fig. 10is used, but the routine shown
in Fig. 15 is used for just step 103 of Fig. 10.

[0078] Referring to Fig. 15, first, at step 300, it is de-
termined if the feed stop flag showing that the feed of
aqueous urea solution should be stopped has been set.
When the feed stop flag has not been set, the routine
proceeds to step 301, where the amount QE of urea of
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the equivalentratio = 1 to be fed per unit time is calculated
from the map shown in Fig. 6C based on the output sig-
nals of the air flow meter 14 and temperature sensor 35.
Next, at step 302, it is determined if the timing is the feed
timing for feeding a large amount of aqueous urea solu-
tioninapulseinashorttime. If the feed timing, the routine
proceeds to step 303, where it is determined if the feed
time of the aqueous urea solution has elapsed. When
the feed time of the aqueous urea solution has not
elapsed, the routine proceeds to step 304.

[0079] At step 304, the amount AQE of aqueous urea
solution per unit time to be fed in a pulse is calculated.
The amount AQE of aqueous urea solution is determined
so that the amount of urea fed becomes a predetermined
amount of urea more than several times the amount of
urea of the equivalent ratio = 1 at the time of low load
operation. Next, at step 306, the additional amount AQE
of urea is added to the amount QE of urea calculated at
step 301 to calculate the final amount QE of urea
(=QE+AQE). Next, at step 307, the correction coefficient
C mentioned above is multiplied with the amount QE of
urea to calculate the amount Q of the aqueous urea so-
lution to be fed per unit time. When the amount Q of feed
of the aqueous urea solution per unit time is calculated,
the flow control valve 33 is controlled so that the amount
of feed of the aqueous urea solution becomes Q.
[0080] Next, at step 308, the additional amount AQE
of urea is made the amount QST of urea stored in the
catalyst 22 per unit time. Next, at step 310, the ratio LE1
of release of ammonia is calculated from the map shown
in Fig. 8C. Next, at step 311, the ratio LE1 of release is
multiplied with the total amount QS of the ammonia gen-
erating compound stored in the catalyst 22 to calculate
the amount QLE of ammonia (=XQS-LE1) released per
unit time. Next, the routine proceeds to step 104 of Fig.
10.

[0081] Onthe other hand, whenitis determined at step
302 that the timing is not the feed timing or when it is
determined at step 303 that the feed time has elapsed,
the routine proceeds to step 305, where the additional
amount AQE of urea is made zero, then the routine pro-
ceeds to step 306. At this time, the amount of urea fed
is made the equivalent ratio = 1.

[0082] Onthe other hand, whenitis determined at step
300 that the feed stop flag has been set, the routine pro-
ceeds to step 309, where the amount QST of urea stored
per unit time is made zero, then the routine proceeds to
step 310. At this time, the feed of the aqueous urea so-
lution is stopped.

[0083] Next, an explanation will be given of a third em-
bodiment while referring to Fig. 16 and Fig. 17.

[0084] Whenthetemperature ofthe exhaustgasislow,
theamount of NO, in the exhaust gas becomes extremely
small. Therefore, in this third embodiment, when the tem-
perature Ti of the exhaust gas flowing into the catalyst
22 is lower than a predetermined value T, for example,
132°C, the continuous feed of the aqueous urea solution
is stopped and, as shown in Fig. 16, in the operation
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region | and at the time of deceleration, large amounts
of aqueous urea solution are fed in pulses at time inter-
vals to make the urea in the aqueous urea solution be
stored in the catalyst 22.

[0085] Note that in the third embodiment as well, the
routine shown in Fig. 10 is used, but the routine shown
in Fig. 17 is used only for step 103 of Fig. 10.

[0086] Referring to Fig. 17, first, at step 400, it is de-
termined if the feed stop flag indicating that the feed of
the aqueous urea solution should be stopped has been
set. When the feed stop flag has not been set, the routine
proceeds to step 401, where it is determined if the tem-
perature Ti of the exhaust gas flowing to the catalyst 22
is higher than a predetermined value T, for example,
132°C, from the output signal of the temperature sensor
35. When Ti>T, the routine proceeds to step 402, where
the amount QE of urea of the equivalent ratio = 1 to be
fed per unit time is calculated from the map shown in Fig.
6C based on the output signals of the air flow meter 14
and temperature sensor 35.

[0087] Next, at step 403, the ratio K of increase of urea
is calculated from Fig. 13. Next, at step 404, the ratio K
of increase of urea is multiplied with the amount QE of
urea of the equivalent ratio = 1 to be fed per unit time so
as to calculate the amount QE of urea (=K-QE) to be
actually fed per unittime. Next, at step 405, the correction
coefficient C mentioned above is multiplied with the
amount QE of urea to calculate the amount Q of the aque-
ous urea solution to be fed per unit time. When the
amount Q of feed of aqueous urea solution per unit time
is calculated, the flow control valve 33 is controlled so
that the amount of feed of the aqueous urea solution be-
comes Q.

[0088] Next, at step 406, the storage ratio ST of urea
is calculated from Fig. 7. Next, at step 407, the amount
QE of feed of urea is multipled with the storage ratio ST
of urea to calculate the amount QST (=QE-ST) stored in
the catalytic converter 22 per unit time. Next, at step 408,
the ratio LE1 of release of ammonia is calculated from
the map shown in Fig. 8C. Next, at step 409, the ratio
LE1 of release is multiplied with the total amount QS of
the ammonia generating compound stored in the catalyst
22 to calculate the amount QLE of ammonia (=ZQS-LE1)
released per unit time. Next, the routine proceeds to step
104 of Fig. 10.

[0089] Onthe otherhand, whenitis determined at step
401 that Ti<T, the routine proceeds to step 410, where
it is determined if the timing is a feed timing for feeding
a large amount of an aqueous urea solution in a pulse in
a short time. If the feed timing, the routine proceeds to
step 411, where it is determined if the feed time of the
aqueous urea solution has elapsed or not. When the feed
time of the aqueous urea solution has not elapsed, the
routine proceeds to step 412.

[0090] At step 412, the amount QEE of urea per unit
time to be fed in a pulse is calculated. This amount QEE
of urea is determined to give a predetermined amount of
urea more than several times the amount of urea of the
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equivalent ratio = 1. Next, at step 413, the correction
coefficient C mentioned above is multiplied with the
amount QEE of urea to calculate the amount Q of the
aqueous urea solution to be fed per unit time. When the
amount Q of feed of the aqueous urea solution per unit
time is calculated, the flow control valve 33 is controlled
so that the amount of feed of the aqueous urea solution
becomes Q. Next, at step 414, QEE is made the amount
QST of urea stored in the catalyst 22 per unit time. Next,
the routine proceeds to step 408.

[0091] Onthe other hand, whenitis determined at step
400 that the feed stop flag has been set, the routine pro-
ceeds to step 415, where the amount QST of urea stored
per unit time is made zero, then the routine proceeds to
step 408. At this time, the feed of the aqueous urea so-
lution is stopped.

[0092] Note that in the second embodiment and the
third embodiment, it is possible to change the amount
and timing of feed of the pulse-like fed aqueous urea
solution. For example, it is also possible to reduce the
amount of feed of the aqueous urea solution at the time
of deceleration a little at a time with each pulse-like feed.
Further, to wait for the temperature Tc of the catalyst 22
to sufficiently fall, it is also possible to extend the interval
until the aqueous urea solution is fed after the start of
deceleration the higher the temperature Tc of the catalyst
22 at the time of start of deceleration.

[0093] Next, an explanation will be given of various
examples of the catalyst 22 held in the catalytic converter
23 while referring to Fig. 18 and Fig. 19.

[0094] AsshowninFig. 18A, the catalyst 22 has a hon-
eycomb structure and is provided with a large number of
exhaust gas passages 61 surrounded by the honeycomb
structure substrate 60. A catalyst layer is formed on the
surface of the substrate 60 forming the exhaust gas pas-
sages 61. In the example shown in Fig. 18B, the catalyst
layer 62 is comprised of titania 63. Vanadium 64 is carried
on this titania 63. When the aqueous urea solution is fed,
the urea, that is, the ammonia generating compound,
contained in the aqueous urea solution is stored in the
carrier titania 63. It is not necessarily clear how the am-
monia generating compound is stored in the titania 63,
but probably it is held in the catalyst 22 by adsorption.
[0095] Inthe presentinvention, the ammonia released
a little at a time from the urea, that is, the ammonia gen-
erating compound, stored in the catalytic converter 22 is
used to reduce the NO, in the exhaust gas, so it can be
said to be preferable to hold as large an amount of urea,
that is, the ammonia generating compound as possible,
in the catalyst 22 when the aqueous urea solution is fed
and to cause the ammonia to be released a little at a time
from the ammonia generating compound. Figures 18C,
18D, and 18E and Figs. 19A and 19B show examples
where as large an amount of ammonia generating com-
pound as possible is held in the catalyst 22.

[0096] That is, in the example shown in Fig. 18C, a
zeolite layer 65 is formed on a carrier comprised of titania
63. By doing this, the urea, that is, the ammonia gener-
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ating compound, is held in the zeolite layer 65 as well,
so the amount of the ammonia generating compound
held is increased. The ammonia generating compound
held in the zeolite layer 65 disperses into the carrier com-
prised of the titania 63, then is decomposed by heat, so
ammonia is slowly released.

[0097] Intheexample showninFig.18D,azeolite layer
65 is formed between a substrate 60 and a carrier com-
prised of titania 63. In this case as well, the urea, that is,
the ammonia generating compound, is held in the zeolite
layer 65 as well, so the amount of the ammonia gener-
ating compound held is increased. The ammonia gener-
ating compound held in the zeolite layer 65 disperses
into the carrier comprised of the titania 64, then is de-
composed by heat, so ammonia is slowly released.
[0098] In the example shown in Fig. 18E, the catalyst
layer 62 is comprised of titania and zeolite. Vanadium is
carried on this carrier comprised of titania and zeolite.
[0099] Inthe example shown in Figs. 19A and 19B, in
the region X at the upstream side of the catalyst 22, the
catalyst layer 62 is comprised of zeolite, while in the re-
gion Y at the downstream side of the catalyst 22, the
catalyst layer 62 is comprised of titania 63 carrying va-
nadium 64. In this example as well, the urea, that is, the
ammonia generating compound, is held in the zeolite lay-
er 65 as well, so the amount of the ammonia generating
compound held is increased. The ammonia generating
compound held in the zeolite layer 65 disperses into the
carrier comprised of the titania 63, then is decomposed
by heat, so ammonia is slowly released.

[0100] Figure 20 to Fig. 23 show other embodiments
of an internal combustion engine. In the example shown
in Fig. 20, a further catalytic converter 70 is arranged
downstream from the catalytic converter 23. As the cat-
alyst 22 housed in the catalytic converter 70, itis possible
to use either of a copper zeolite catalyst or a vanadium
titania catalyst in the same way as the catalyst 22 housed
in the catalytic converter 23. However, when using both
of these catalysts 22, it is preferable to make the up-
stream side catalyst 22 in the catalytic converter 23 a
vanadium titania catalyst and make the downstream side
catalyst 22 in the catalytic converter 70 a copper zeolite
catalyst. This is because the ammonia flowing out from
the vanadium titania catalyst can be removed on the cop-
per zeolite catalyst.

[0101] In the embodiment shown in Fig. 21, a pair of
catalysts 22a and 22b are arranged at a distance from
each other in the catalytic converter 23. Further, in this
embodiment, the exhaust pipe 21 is branched into a first
exhaust passage 71a opening to the catalytic converter
23 and a second exhaust passage 71b connected to a
space between the catalysts 22a and 22b. A first exhaust
control valve 72a and a second exhaust control valve
72b are arranged in the exhaust passages 71a and 71b,
respectively. Further, in this embodiment, the aqueous
urea solution is fed into the exhaust pipe 21 upstream of
the two exhaust control valves 72a and 72b.

[0102] In this embodiment, when the temperature of
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the exhaust gas detected by the temperature sensor 35
is lower than about 150°C, as shown in Fig. 21, the first
exhaust control valve 72a is made to fully open and the
second exhaust control valve 72b is made to fully close.
At this time, the exhaust gas first passes through the
upstream side catalyst 22a, then passes through the
downstream side catalyst 22b. At this time, the temper-
ature of the catalysts 22a and 22b is in the ammonia
generating compound storage region, therefore the ma-
jority of the urea in the aqueous urea solution fed is stored
in the upstream side catalyst 22a.

[0103] On the other hand, while the temperature of the
exhaust gas detected by the temperature sensor 35 is
between about 150°C and 250°C, the first exhaust control
valve 72a is made to fully close and the second exhaust
control valve 72b is made to fully open. Therefore, at this
time, the exhaust gas passes through the second ex-
haust passage 71b and then passes through the down-
stream side catalyst 22b. At this time, the urea stored in
the upstream side catalyst 22a is held as it is, and the
NO, of the exhaust gas is purified at the downstream
side catalyst 22b by the aqueous urea solution fed.
[0104] On the other hand, when the temperature of the
exhaust gas detected by the temperature sensor 35 be-
comes more than about 250°C, the first exhaust control
valve 72a is made to fully open again and the second
exhaust control valve 72b is made to fully close again.
When the engine is being accelerated, the exhaust gas
detected by the temperature sensor 35 becomes more
than 250°C, so when the engine is being accelerated,
the exhaust gas flows into the upstream side catalyst
22a. At this time, ammonia is released a little at a time
from the large amount of ammonia generating compound
stored in the upstream side catalyst 22a, and the NO, in
the exhaust gas is reduced in the upstream side catalyst
22a and the downstream side catalyst 22b by this am-
monia.

[0105] Inthe embodiment shown in Fig. 22, unlike the
embodiment shown in Fig. 21, an aqueous urea solution
is fed in the first exhaust passage 71a downstream of
the first exhaust control valve 72a.

[0106] In this embodiment, when the required load of
the engine is lower than a predetermined set load, the
first exhaust control valve 72a is made to fully close and
the second exhaust control valve 72b is made to fully
open. Therefore, the exhaust gas passes through the
second exhaust passage 71b and then passes through
the downstream side catalyst 22b. Further, at this time,
the exhaust gas does not flow through the first exhaust
passage 71a and the temperature of the upstream side
catalyst 22b is in the ammonia generating compound
storage region. Therefore, at this time, the majority of the
urea in the aqueous urea solution fed is stored in the
upstream side catalyst 22a.

[0107] On the other hand, when the required load of
the engine becomes higher than the set load, as shown
in Fig. 22, the first exhaust control valve 72a is made to
fully open and the second exhaust control valve 72b is
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made to fully close. At this time, the exhaust gas first
passes through the upstream side catalyst 22a, then
passes through the downstream side catalyst 22b.
Therefore, ammonia is released at little at a time from
the large amount of the ammonia generating compound
stored in the upstream catalyst 22a, and the NO, in the
exhaust gas is reduced in the upstream side catalyst 22a
and the downstream side catalyst 22b by this ammonia.
[0108] In the embodiment shown in Fig. 23, a ring-
shaped exhaust passage 74 intersecting with the exhaust
pipe 21 at a flow path switching valve 73, arranged in the
exhaust pipe 21, is provided. A first catalytic converter
23 and a second catalytic converter 70 are arranged in
series in the ring-shaped exhaust passage 74.

[0109] In this embodiment, when the required load of
the engine is lower than a predetermined set load, the
flow path control valve 73 is switched to a position shown
by the solid line in Fig. 23 so that the exhaust gas which
had been sent through the exhaust pipe 21 flows in the
direction of the arrow A, that is, first passes through the
catalyst 22 in the first catalytic converter 23, then passes
through the catalyst 22 in the second catalytic converter
70. At this time, the aqueous urea solution is fed to the
upstream side of the second catalytic converter 70. At
this time, the temperature of the catalyst 22 in the second
catalytic converter 70 is lower than the temperature of
the catalyst 22 in the first catalytic converter 23 and there-
fore the urea, thatis, the ammonia generating compound,
in the aqueous urea solution fed is stored well in the cat-
alyst 22 in the second catalytic converter 70.

[0110] On the other hand, when the required load of
the engine becomes higher than the set load, the flow
path control valve 73 is switched to the position shown
by the broken line in Fig. 23 so that the exhaust gas which
had been sent through the exhaust pipe 21 flows in the
direction of the arrow B, that is, first passes through the
catalyst 22 in the second catalytic converter 70, then
passes through the catalyst 22 in the first catalytic con-
verter 23. At this time, the temperature of the catalyst 22
in the second catalytic converter 70 becomes higher than
the temperature of the catalyst 22 in the first catalytic
converter 23 and therefore ammonia is released well
from the ammonia generating compound stored in the
catalyst 22 in the second catalytic converter 70.

[0111] Up tothere, the presentinvention had been ex-
plained taking as an example the case of use of an aque-
ous urea solution as the liquid containing an ammonia
generating compound. In contrast to the invention, it is
also possible to use something other than urea as the
ammonia generating compound and possible to use
something other than water as the solvent. Further, it is
also possible to feed ammonia water or a gas containing
ammonia together with the liquid containing an ammonia
generating compound into the exhaust passage. In this
case, the gas containing ammonia may be generated
using solid urea.
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Claims

An exhaust gas purification device of an internal
combustion engine arranging a catalyst (22) suitable
for reduction of NOx in exhaust gas by ammonia in
the presence of excess oxygen in an engine exhaust
passage, said device comprising:

feeding means (30, 31, 32, 33) for feeding a lig-
uid containing an ammonia generating com-
pound to the catalyst (22), wherein the liquid
containing the ammonia generating compound
is an aqueous urea solution;

feed control means (40) for controlling the
amount of feed of the liquid, the catalyst (22)
storing inside it at least part of the ammonia gen-
erating compound contained in the liquid fed to
the catalyst (22) and having the function of caus-
ing the release of ammonia a little at a time from
the ammonia generating compound stored in
the catalyst (22) along with the rise of tempera-
ture of the catalyst (22) and reducing the NOx
in the exhaust gas by the ammonia released;
decision means for deciding if the temperature
of the catalyst (22) is in an ammonia generating
compound storage region which stores the am-
monia generating compound contained in the
liquid fed to the catalyst (22) inside the catalyst
(22) and releases almost no ammonia from the
stored ammonia generating compound, or if the
temperature of the catalyst(22) isinan ammonia
release region which causes the ammonia to be
released a little at a time from the stored ammo-
nia generating compound:

wherein said feed control means (40) con-
trols the amount of feed of the liquid so that,
when the catalyst (22) is in the ammonia
generating compound storage region and
the internal combustion engine is being
steadily operated, the amount of fed liquid
becomes more than the amount of liquid of
the equivalent ratio, whereas,

when the catalyst (22) enters the ammonia
release region, and the engine is acceler-
ate, the amount of fed liquid is reduced from
the amount of fed liquid in the ammonia gen-
erating compound storage region, and
when the internal combustion engine is be-
ing steadily operated and the catalyst is in
the ammonia release region, the amount of
fed liquid becomes more than the amount
of liquid of the equivalent ratio wherein,

if the temperature of the catalyst (22) ex-
ceeds a temperature at which all of the fed
liquid is immediately decomposed by heat
into ammonia and the internal combustion
engine is being steadily operated, the
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amount of fed liquid at this time is made the
equivalent ratio for the amount of NOx in
the exhaust gas.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
said decision means decides that the temperature
of the catalyst (22) is in the ammonia generating
compound storage region when a temperature rep-
resentative of the temperature of the catalyst (22) is
lower than a predetermined temperature and that
the temperature of the catalyst (22) is in the ammonia
release region when the temperature representative
of the temperature of the catalyst (22) is higher than
the predetermined temperature.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 2, wherein
the temperature representative of the temperature
of the catalyst (22) is the temperature of the exhaust
gas flowing into the catalyst (22).

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
the decision means decides that the temperature of
the catalyst (22) is in the ammonia generating com-
pound storage region at the time of engine startup.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
the decision means decides that the temperature of
the catalyst (22) is in the ammonia generating com-
pound storage region when a required load of the
engine is lower than a predetermined load.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
the decision means decides that the temperature of
the catalyst (22) is in the ammonia generating com-
pound storage region at the time of engine deceler-
ation.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, an exhaust
gas recirculation device (24, 25) is provided for re-
circulating the exhaust gas in an intake passage (11)
and stopping a recirculation action of the exhaust
gas when it is decided by the decision means that
the temperature of the catalyst (22) is in the ammonia
generating compound storage region.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
the decision means decides that the temperature of
the catalyst (22) is in the ammonia release region at
the time of acceleration of the engine.

An exhaust gas purification device of an internal
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combustion engine as set forth in claim 1, wherein
said feed control means (40) continuously feeds the
liquid.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 9, wherein
the amount of the ammonia generating compound
contained in the fed liquid is more than the equivalent
ratio = 1 required for reducing the NO, in the exhaust
gas.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
the feed control means (40) feeds a predetermined
amount of the liquid in pulses at time intervals.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, estimating
means is provided for estimating the amount of the
ammonia generating compound stored in the cata-
lyst (22) and said feed control means (40) stops the
feed of the liquid when the estimated amount of stor-
age of the ammonia generating compound exceeds
a predetermined maximum amount of storage.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, estimating
means is provided for estimating the amount of the
ammonia generating compound stored in said cata-
lyst (22) and estimating the amount of the ammonia
released from the ammonia generating compound
stored in the catalyst (22) and said feed control
means (40) feeds the amount of the liquid necessary
forreducing the NO, in the exhaust gas which cannot
be reduced by the ammonia released from the am-
monia generating compound.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
said catalyst immediately produces ammonia from
said liquid just when said liquid is fed to the catalyst
(22) when the temperature of the catalyst (22) is high-
er than a predetermined temperature and said feed
control means controls the amount of feed of the
liquid so that the amount of the ammonia generating
compound in the liquid becomes the equivalent ratio
=1 required for reducing the NO, in the exhaust gas
when the temperature of the catalyst is higher than
the predetermined temperature.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
the catalyst (22) is comprised of a copper zeolite
catalyst.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
said catalyst (22) is comprised of a vanadium titania
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26
catalyst.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 16, a zeolite
catalyst layer is provided in addition to the vanadium
titania catalyst layer.

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
said catalyst (22) is arranged in the engine exhaust
passage and the liquid is fed into the engine exhaust
passage upstream of said catalyst (22).

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
said catalyst (22) is arranged in the engine exhaust
passage (18, 21) and another catalyst (19) having
an oxidation function is arranged in the engine ex-
haust passage (18, 21) upstream of said catalyst
(22).

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, wherein
the catalyst is comprised of a pair of catalysts (19,
22) arranged at an interval from each other in the
engine exhaust passage (18, 21).

An exhaust gas purification device of an internal
combustion engine as set forth in claim 1, in which,
when the temperature of one of a pair of the catalysts
(19, 22) is in the ammonia generating compound
storage region, the liquid is fed to said one of the
catalysts (19, 22) to cause the ammonia generating
compound contained in the liquid to be stored in said
one of the catalysts (19, 22), and the NO, in the ex-
haust gas is reduced in both catalysts (19, 22) by
the ammonia released from the ammonia generating
compound stored in said one of the catalysts (19,
22) when the temperature of said one of the catalysts
(19, 22) becomes the ammonia release region.

Patentanspriiche

1.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine mit einem Katalysator (22), der zur Reduktion
von NOx in Abgas durch Ammoniak bei Anwesenheit
von Uberschissigem Sauerstoff in einem Kraftma-
schinenabgasdurchgang geeignetist, wobei die Vor-
richtung Folgendes aufweist:

eine Fordereinrichtung (30, 31, 32, 33) zum For-
dern einer FlUssigkeit, die eine Ammoniak er-
zeugende Verbindung enthélt, zu dem Kataly-
sator (22), wobei die die Ammoniak erzeugende
Verbindung enthaltende Flussigkeit eine wass-
rige Harnstofflosung ist;

eine Fordersteuereinrichtung (40) zum Steuern
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der Menge der Férderung der Flissigkeit, wobei
der Katalysator (22) in diesem zumindest einen
Teil derin der zu dem Katalysator (22) geférder-
ten Flussigkeit enthaltenen Ammoniak erzeu-
genden Verbindung speichert und die Funktion
zur Verursachung der geringfiigigen Freiset-
zung des Ammoniaks auf einmal von der in dem
Katalysator (22) gespeicherten Ammoniak er-
zeugenden Verbindung mit dem Anstieg der
Temperatur des Katalysators (22) und zur Re-
duktion des NOxim Abgas durch den freigesetz-
ten Ammoniak hat;

eine Entscheidungseinrichtung zum Entschei-
den, ob die Temperatur des Katalysators (22)
sich in einem Bereich zur Speicherung der Am-
moniak erzeugenden Verbindung befindet, die
die in der zu dem Katalysator (22) geférderten
Flussigkeit enthaltene Ammoniak erzeugende
Verbindung innerhalb des Katalysators (22)
speichert und nahezu kein Ammoniak von der
gespeicherten Ammoniak erzeugenden Verbin-
dung freisetzt, oder ob die Temperatur des Ka-
talysators (22) sich in einem Bereich zur Frei-
setzung des Ammoniaks befindet, die verur-
sacht, dass Ammoniak geringfligig auf einmal
von der gespeicherten Ammoniak erzeugenden
Verbindung freigesetzt wird;

wobeidie Férdersteuereinrichtung (40) die Men-
ge der Férderung der Flissigkeit so steuert,
dass dann,

wenn der Katalysator (22) sich in dem Bereich
zur Speicherung der Ammoniak erzeugenden
Verbindung befindet und die Brennkraftmaschi-
ne stationar betrieben wird, die Menge der ge-
férderten Flussigkeit groRer als die Menge der
Flussigkeit des &quivalenten Verhaltnisses
wird, wohingegen dann,

wenn der Katalysator (22) in den Bereich zur
Freisetzung des Ammoniaks eintritt und die
Kraftmaschine beschleunigtwird, die Menge der
geforderten Flissigkeit von der Menge der ge-
forderten Flissigkeit in dem Bereich zur Spei-
cherung der Ammoniak erzeugenden Verbin-
dung verringert wird,

und wenn die Brennkraftmaschine stationar be-
trieben wird und der Katalysator sich in dem Be-
reich zur Freisetzung des Ammoniaks befindet,
die Menge der geforderten Flussigkeit mehr als
die Menge der FlUssigkeit des &quivalenten Ver-
haltnisses wird, wobei

wenn die Temperatur des Katalysators (22) eine
Temperatur Ubersteigt, bei der die gesamte ge-
férderte Flissigkeit unmittelbar durch Warme in
Ammoniak zersetzt wird und die Kraftmaschine
stationar betrieben wird, die Menge der gefor-
derten Flissigkeit zu diesem Zeitpunkt zu dem
aquivalenten Verhaltnis fir die Menge des NOx
in dem Abgas gemacht wird.

10

15

20

25

30

35

40

45

50

55

15

2,

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 1, wobei die Entschei-
dungseinrichtung entscheidet, dass die Temperatur
des Katalysators (22) sich in dem Bereich zur Spei-
cherung der Ammoniak erzeugenden Verbindung
befindet, wenn eine Temperatur, die die Temperatur
des Katalysators (22) darstellt, niedriger als eine vor-
bestimmte Temperaturist, und dass die Temperatur
des Katalysators (22) sich in dem Bereich zur Frei-
setzung des Ammoniaks befindet, wenn die Tempe-
ratur, die die Temperatur des Katalysators (22) dar-
stellt, hdher als die vorbestimmte Temperatur ist.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemafl Anspruch 2, wobei die Temperatur,
die die Temperatur des Katalysators (22) darstellt,
die Temperatur des Abgases ist, das in den Kataly-
sator (22) stromt.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 1, wobei die Entschei-
dungseinrichtung entscheidet, dass die Temperatur
des Katalysators (22) sich zum Zeitpunkt des Kraft-
maschinenstarts in dem Bereich zur Speicherung
der Ammoniak erzeugenden Verbindung befindet.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 1, wobei die Entschei-
dungseinrichtung entscheidet, dass die Temperatur
des Katalysators (22) sich in dem Bereich zur Spei-
cherung der Ammoniak erzeugenden Verbindung
befindet, wenn eine erforderliche Last der Kraftma-
schine geringer als eine vorbestimmte Last ist.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 1, wobei die Entschei-
dungseinrichtung entscheidet, dass die Temperatur
des Katalysators (22) sich zum Zeitpunkt der Kraft-
maschinenverzégerung in dem Bereich zur Speiche-
rung der Ammoniak erzeugenden Verbindung befin-
det.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 1, wobei eine Abgasrezir-
kulationsvorrichtung (25) zum Rezirkulieren des Ab-
gases in einem Einlassdurchgang (11) und zum An-
halten einer Rezirkulationsfunktion des Abgases
vorgesehen ist, wenn durch die Entscheidungsein-
richtung entschieden wird, dass die Temperatur des
Katalysators (22) sich in dem Bereich zur Speiche-
rung der Ammoniak erzeugenden Verbindung befin-
det.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 1, wobei die Entschei-
dungseinrichtung entscheidet, dass die Temperatur
des Katalysators sich zum Zeitpunkt einer Beschleu-
nigung der Kraftmaschine in dem Bereich zur Frei-
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setzung des Ammoniaks befindet.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine geman Anspruch 1, wobei die Fordersteuer-
einrichtung (40) die Flussigkeit kontinuierlich férdert.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine geman Anspruch 9, wobei die Menge der Am-
moniak erzeugenden Verbindung, die in der gefor-
derten Flissigkeit enthalten ist, mehr als das aqui-
valente Verhaltnis = 1 ist, das zum Reduzieren des
NO, in dem Abgas erforderlich ist.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine geman Anspruch 1, wobei die Fordersteuer-
einrichtung (40) eine vorbestimmte Menge der Flis-
sigkeit in Impulsen in Zeitintervallen fordert.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemafR Anspruch 1, wobei eine Schatzein-
richtung zum Schéatzen der Menge der Ammoniak
erzeugenden Verbindung, die in dem Katalysator
(22) gespeichert ist, vorgesehen ist, und wobei die
Fordersteuereinrichtung (40) die Foérderung der
Flissigkeit anhalt, wenn die geschatzte Menge der
Speicherung der Ammoniak erzeugenden Verbin-
dung eine vorbestimmte maximale Menge der Spei-
cherung ubersteigt.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemafR Anspruch 1, wobei eine Schatzein-
richtung zum Schéatzen der Menge der Ammoniak
erzeugenden Verbindung, die in dem Katalysator
(22) gespeichert ist, und zum Schatzen der Menge
des von der Ammoniak erzeugenden Verbindung,
die in dem Katalysator (22) gespeichert ist, freige-
setzten Ammoniaks vorgesehen ist, und wobei die
Fordersteuereinrichtung (40) die Menge der Fliissig-
keit fordert, die zum Reduzieren des NO, in dem
Abgas notwendig ist, die durch den von der Ammo-
niak erzeugenden Verbindung freigesetzten Ammo-
niak nicht reduziert werden kann.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 1, wobei der Katalysator
unmittelbar Ammoniak aus der Flissigkeit erzeugt,
gerade wenn die Flissigkeit zu dem Katalysator (22)
gefordert wird, wenn die Temperatur des Katalysa-
tors (22) hoher als eine vorbestimmte Temperatur
ist, und wobei die Férdersteuereinrichtung die Men-
ge der Forderung der Flussigkeit so steuert, dass
die Menge der Ammoniak erzeugenden Verbindung
inder FlUssigkeit das &quivalente Verhaltnis = 1 wird,
das zum Reduzieren des NO, in dem Abgas erfor-
derlich ist, wenn die Temperatur des Katalysators
héher als die vorbestimmte Temperatur ist.

Abgasreinigungsvorrichtung einer Brennkraftma-
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schine gemal Anspruch 1, wobei der Katalysator
(22) einen Kupfer-Zeolit-Katalysator aufweist.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 1, wobei der Katalysator
(22) einen Vanadium-Titan-Katalysator aufweist.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 16, wobei eine Zeolit-Kata-
lysatorschicht zusatzlich zu der Vanadium-Titan-Ka-
talysatorschicht vorgesehen ist.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemafl Anspruch 1, wobei der Katalysator
(22) in dem Kraftmaschinenabgasdurchgang ange-
ordnetist und die Flissigkeit in den Kraftmaschinen-
abgasdurchgang stromaufwarts von dem Katalysa-
tor (22) geférdert wird.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemafl Anspruch 1, wobei der Katalysator
(22) in dem Kraftmaschinenabgasdurchgang (18,
21) angeordnet ist und ein weiterer Katalysator (19)
mit einer Oxidationsfunktion in dem Kraftmaschinen-
abgasdurchgang (18, 21) stromaufwarts von dem
Katalysator (22) angeordnet ist.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 1, wobei der Katalysator
ein Paar Katalysatoren (19, 22) aufweist, die mit ei-
nem Intervall voneinander in dem Kraftmaschinen-
abgasdurchgang (18, 21) angeordnet sind.

Abgasreinigungsvorrichtung einer Brennkraftma-
schine gemal Anspruch 1, wobei dann, wenn die
Temperatur von einem eines Paars der Katalysato-
ren (19, 22) sich in dem Bereich zur Speicherung
der Ammoniak erzeugenden Verbindung befindet,
die Flissigkeit zu dem einen der Katalysatoren (19,
22) geférdert wird, um zu verursachen, dass die Am-
moniak erzeugende Verbindung, die in der Flissig-
keit enthalten ist, in dem einen Katalysatoren (19,
22) gespeichert wird, und wobei das NO, in dem
Abgas in beiden Katalysatoren (19, 22) durch den
von der Ammoniak erzeugenden Verbindung freige-
setzten Ammoniak, die in dem einen der Katalysa-
toren (19, 22) gespeichert ist, reduziert wird, wenn
die Temperatur von dem einen der Katalysatoren
(19, 22) den Bereich zur Freisetzung von Ammoniak
erreicht.

Revendications

1.

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne agengant un catalyseur
(22) approprié a une réduction de NO, dans des gaz
d’échappement par de I'ammoniac en présence
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d’oxygéne en excés dans un passage d’échappe-
ment de moteur, ledit dispositif comprenant :

un moyen d’alimentation (30, 31, 32, 33) pour
alimenter un liquide contenant un composé gé-
nérant de 'ammoniac jusqu’au catalyseur (22),
dans lequel le liquide contenant le composé gé-
nérant de 'ammoniac est une solution aqueuse
d'urée ;

un moyen de commande d’alimentation (40)
pour commander la quantité d’alimentation du
liquide, le catalyseur (22) stockant a l'intérieur
de celui-ci au moins une partie du composé gé-
nérant de 'ammoniac contenu dans le liquide
alimenté jusqu'au catalyseur (22) et ayant la
fonction de causer la libération d’ammoniac un
petit peu a la fois a partir du composé générant
de 'ammoniac stocké dans le catalyseur (22)
en méme temps que I'élévation de température
du catalyseur (22) et réduisant les NO, dans les
gaz d’échappement par I'ammoniac libére ;

un moyen de décision pour décider si la tempé-
rature du catalyseur (22) est dans une région de
stockage de composé générant de 'ammoniac
qui stocke le composé générant de 'ammoniac
contenu dans le liquide alimenté jusqu’au cata-
lyseur (22) a I'intérieur du catalyseur (22) et ne
libere presque pas d’ammoniac a partir du com-
posé générant de 'ammoniac stocké, ou si la
température du catalyseur (22) est dans une ré-
gion de libération d’ammoniac qui fait que de
'ammoniac est libéré un petit peu a la fois a
partir du composé générant de I'ammoniac
stocké ;

danslequelleditmoyen de commande d’alimen-
tation (40) commande la quantité d’alimentation
du liquide de telle maniére que

lorsque le catalyseur (22) est dans la région de
stockage de composé générant de I'ammoniac
et que le moteur a combustion interne est utilisé
arégime stabilisé, la quantité de liquide alimenté
devient plus grande que la quantité de liquide
du rapport équivalent, tandis que,

lorsque le catalyseur (22) entre dans la région
de libération d’ammoniac et que le moteur est
acceéléré, la quantité de liquide alimenté est ré-
duite a partir de la quantité de liquide alimenté
dans la région de stockage de composé géné-
rant de 'ammoniac,

et lorsque le moteur a combustion interne est
utilisé a régime stabilisé et que le catalyseur est
dans la région de libération d’ammoniac, la
quantité de liquide alimenté devient plus grande
que la quantité de liquide du rapport équivalent,
dans lequel

si la température du catalyseur (22) excede une
température a laquelle la totalité du liquide ali-
menté est immédiatement décomposée par la
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chaleur en ammoniac et si le moteur a combus-
tioninterne est utilisé a régime stabilisé, la quan-
tité de liquide alimenté a ce moment est remise
au rapport équivalent pour la quantité de NO,
dans les gaz d’échappement.

2. Dispositif de purification de gaz d’échappement d’'un

moteur a combustion interne selon la revendication
1, dans lequel ledit moyen de décision décide que
la température du catalyseur (22) est dans la région
de stockage de composé générant de 'ammoniac
lorsqu’une température représentative de la tempé-
rature du catalyseur (22) est inférieure a une tem-
pérature prédéterminée et que la température du ca-
talyseur (22) est dans la région de libération d’am-
moniac lorsque la température représentative de la
température du catalyseur (22) est supérieure a la
température prédéterminée.

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne selon la revendication
2, dans lequel la température représentative de la
température du catalyseur (22) est la température
des gaz d’échappement pénétrant dans le cataly-
seur (22).

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne selon la revendication
1, dans lequel le moyen de décision décide que la
température du catalyseur (22) est dans la région de
stockage de composé générant de 'ammoniac au
moment d’un démarrage du moteur.

Dispositif de purification de gaz d’échappement d’un
moteur a combustion interne selon la revendication
1, dans lequel le moyen de décision décide que la
température du catalyseur (22) est dans larégion de
stockage de composé générant de I'ammoniac lors-
qu’une charge requise du moteur est inférieure aune
charge prédéterminée.

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne selon la revendication
1, dans lequel le moyen de décision décide que la
température du catalyseur (22) est dans la région de
stockage de composé générant de 'ammoniac au
moment d’une décélération du moteur.

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne selon la revendication
1, dans lequel un dispositif de recirculation de gaz
d’échappement (24, 25) est prévu pour remettre en
circulation les gaz d’échappement dans un passage
d’admission (11) et arréter une action de recircula-
tion des gaz d’échappement lorsqu’il est décidé par
le moyen de décision que la température du cataly-
seur (22) est dans larégion de stockage de composé
générant de 'ammoniac.
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Dispositif de purification de gaz d’échappement d’un
moteur a combustion interne selon la revendication
1, dans lequel le moyen de décision décide que la
température du catalyseur (22) est dans la région de
libération d’ammoniac au moment d’'une accéléra-
tion du moteur.

Dispositif de purification de gaz d’échappement d’un
moteur a combustion interne selon la revendication
1, dans lequel ledit moyen de commande d’alimen-
tation (40) alimente de maniére continue le liquide.

Dispositif de purification de gaz d’échappement d’un
moteur a combustion interne selon la revendication
9, dans lequel la quantité du composé générant de
I'ammoniac contenu dans le liquide alimenté est su-
périeure au rapport équivalent = 1 requis pour rédui-
re les NO, dans les gaz d’échappement.

Dispositif de purification de gaz d’échappement d’un
moteur a combustion interne selon la revendication
1, dans lequel le moyen de commande d’alimenta-
tion (40) alimente une quantité prédéterminée du li-
quide par impulsions a intervalles de temps.

Dispositif de purification de gaz d’échappement d’un
moteur a combustion interne selon la revendication
1, dans lequel un moyen d’estimation est prévu pour
estimer la quantité du composé générant de I'am-
moniac stocké dans le catalyseur (22) et ledit moyen
de commande d’alimentation (40) stoppe I'alimenta-
tion du liquide lorsque la quantité estimée de stoc-
kage du composé générant de 'ammoniac excede
une quantité maximum prédéterminée de stockage.

Dispositif de purification de gaz d’échappement d’un
moteur a combustion interne selon la revendication
1, dans lequel un moyen d’estimation est prévu pour
estimer la quantité du composé générant de I'am-
moniac stocké dans le catalyseur (22) et estimer la
quantité de 'ammoniac libéré du composé générant
de 'ammoniac stocké dans le catalyseur (22) et ledit
moyen de commande d’alimentation (40) alimente
la quantité du liquide nécessaire pour réduire les
NO, dans les gaz d’échappement qui ne peuvent
étre réduits par 'ammoniac libéré du composé gé-
nérant de 'ammoniac.

Dispositif de purification de gaz d’échappement d’un
moteur a combustion interne selon la revendication
1, dans lequel ledit catalyseur produit immédiate-
ment de 'ammoniac a partir dudit liquide juste lors-
que leditliquide estalimenté jusqu’au catalyseur (22)
lorsque le température du catalyseur (22) est supé-
rieure a une température prédéterminée et ledit
moyen de commande d’alimentation commande la
quantité d’alimentation du liquide de maniére a ce
que la quantité du composé générant de 'ammoniac
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dans le liquide devienne le rapport équivalent = 1
pour réduire les NO, dans les gaz d’échappement
lorsque la température du catalyseur est supérieure
a la température prédéterminée.

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne selon la revendication
1, dans lequel le catalyseur (22) est composé d’'un
catalyseur a base de zéolite cuivreuse.

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne selon la revendication
1, dans lequel le catalyseur (22) est composé d’un
catalyseur a base de vanadium/oxyde de titane.

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne selon la revendication
16, dans lequel une couche de catalyseur a base de
zéolite est prévue en plus de la couche de catalyseur
a base de vanadium/oxyde de titane.

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne selon la revendication
1, dans lequel le catalyseur (22) est agencé dans le
passage d’échappement de moteur et le liquide est
alimenté dans le passage d’échappement de moteur
en amont dudit catalyseur (22).

Dispositif de purification de gaz d’échappement d’un
moteur a combustion interne selon la revendication
1, dans lequel le catalyseur (22) est agencé dans le
passage d’échappement de moteur (18, 21) et un
autre catalyseur (19) ayant une fonction d’oxydation
est agencé dans le passage d’échappement de mo-
teur (18, 21) en amont dudit catalyseur (22).

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne selon la revendication
1, dans lequel le catalyseur est composé d’une paire
de catalyseurs (19, 22) agencés selon un intervalle
I'un par rapport a l'autre dans le passage d’échap-
pement de moteur (18, 21).

Dispositif de purification de gaz d’échappement d’'un
moteur a combustion interne selon la revendication
1, dans lequel, lorsque la température d’'un de la pai-
re de catalyseurs (19, 22) est dans la région de stoc-
kage de composé générant de 'ammoniac, le liquide
est alimenté jusqu’audit un des catalyseurs (19, 22)
pour faire en sorte que le composé générant de 'am-
moniac contenu dans le liquide soit stocké dans ledit
un des catalyseurs (19, 22), et les NO, dans les gaz
d’échappement sont réduits dans les deux cataly-
seurs (19, 22) par 'ammoniac libéré du composé
générant de 'ammoniac stocké dans ledit un des
catalyseurs (19, 22) lorsque la température dudit un
des catalyseurs (19, 22) devient la région de libéra-
tion d'ammoniac.
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