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(57) Abstract: An exhaust emission control system for an
internal combustion engine includes a oxidation catalyst and
particulate filter combination, upstream of a reducing agent
supply mechanism (200) in front of a SCR-catalyst (41) and
ammonia oxidation catalyst (51) combination. The SCR-
catalyst is configured to purify exhaust gas by being sup-
plied with the reducing agent urea. The reducing agent sup-
ply mechanism has an addition injection valve (230) con-
figured to inject the urea reducing agent to the exhaust pas-
sage. The reducing agent supply mechanism is configured to
supply the reducing agent to the addition valve and to recov -
er the reducing agent from the addition valve, i.e. return
back the urea to the tank. The electronic control unit is con-
figured to execute a filling process of filling the reducing
agent into the addition valve (S230) when a temperature of
the addition valve is higher than or equal to a boiling point
of' the reducing agent (S220).
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SCR EXHAUST EMISSION CONTROL SYSTEM AND METHOD THEREFORE, FOR
FILLING THE UREA REDUCING AGENT
AFTER RETURNING TO THE TANK

BACKGROUND OF THE INVENTION

1. Field of the Invention _ y
[0001] The invention relates to an exhaust emission control system for an internal

combustion éngine, and a control method for the exhaust emission control system.

2. Description of Related Art

[0002] For example, as is described in Japanese Patent Application Publication
No. 2008-101564 (JP 2008-101564 A), there is known an exhaust emission control system
for an internal combustion engine. The exhaust mission ‘control system includes a
selective reduction NOx cafalyst and a reducing agent supply mechanism. The selective
reduction NOx catalyst purifies nitrogen oxides (NOx) in exhaust gas. The reducing
agent supply mechanism supplies a reducing agent info an exhaust péssage. ~ The reducing
agent is utilized to purify NOx in this selective reduction NOx catalyst. |

[0003]  In this exhaus{ emission control system, urea aqueous solution is injected
from a supply passage of the reducing agent supply mgchari_ism toward the exhaust passage.
The injected urea aqueous solution changes into ammonia by the hydrolysis of urea due to
the heat of exhaust gas. Then, the ammonia is supplied to the selective reduction NOx
catalyst as the reducing agent. _

[0004] Incidentally, reducing agent is supplied to an addition valve through the
supply passage during engine operation, so the inside of the addition valve is filled with
reducing agent. When the engine‘operation is stopped, supply of reducing agent is also
stopped; however, reducing agent remains in the addition valve. Therefore, if the residual
reducing agent freezes, there is a concern that the addition valve undergoes damage.

[0005] Therefore, in order to suppress such residual reducing agent in the addition
valve, the system described in JP 2008-101564 A recovers reducing égent from the

addition valve after an engine stop.
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SUMMARY OF THE INVENTION

[0006] When reducing agent is recovered from the addition valve after an engine
stop, no reducing agent 1s injected from the addition valve until the inside of the addition
valve i1s filled with reducing agent after the next enginé start. Therefore, when reducing
agent is recovered, it is desirable to fill reducing agent into the addition valve previously in
advance of an injection of reducing agent for purifying exhaust gas after the next engine
start. | |

[0007] However, if reducing agent is previously filled into the addition valve in
this way, there is a concern that the following inconvenience occurs. That is, when a time
from an engine start to an engine stop is relatively short, there is a possibility that reducing
agent filled in the addition valve is recovered without being injected.

[0008] In this case, there is a concern that reducing agent adheres to the distal end
of the addition valve at the time of filling the reducing agent and then remains at the distal
end. There is also a concern that a small amount of reducing agent remains in the
addition valve even whén reducing agent is recovered. The reducing agent remaining at
the distal end or inside of the addition valve in this way may form a dep051t thereafter and
may cause a malfunction of the addition valve. '

[0009]  Formation of a deposit of reducing agent at the distal end or inside of the
addition valve is remarkable through a repetition of engine operation having a relatively
short time from an engine start to an engine stop.. The invention provides an exhaust
emission control system for an internal combustion engine and a control method for the
exhaust emission control system, which suppress formation of a deposit at an addition
valve that adds reducing agent.

[0010] A first aspect of the invention proVides an exhaust emission control system
for an internal combustion engine. The exhaust emission control system includes a
catalyst, a reducing agent supply mechanism, and an electronic control unit. The catalyst
is provided in an exhaust passage of the internal combustion engine, and is configured to
purify exhaust gas by being supplied with reducing agent. The reducing égent supply
mechanism has an addition valve configured to injeét the reducing agent to the exhaust
passage. The reducing agent supply mechanism is configured to supply the reduéing
agent to the addition valve and recover the reducing agent from the addition valve. The
electronic control unit is configured to control an operation of the reducing agent supply

mechanism. The electronic control unit is configured to execute a filling process of
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filling the reducing agent into the addition valve by supplying the reducing agent to the
addition valve in a state where a temperature of the addition valve is higher than or equal
to a boiling point of the reducing agent. |

[0011] According to the first aspect of the invention, filling of the reducing agent
into the addition valve is started when the femperature of the addition valve is higher than
or equal to the boiling point of the reducing agent. Therefore, even when the reducing
agent adheres to the distal end of the addition valve at the time of filling the reducing agent
into the addition valve, the adhered reducing agent vaporizes, so the reducing agent
remaining at the distal end of the addition valve ié suppressed. In addition, even when a
small amount of the reducing agent remains in the advdition valve at the time when the
reducing agent is recovered, the residual reducing agent vaporizes, so the reducing agent
remaining in the addition valve is suppressed. In this way, with the above configuration,
the reducing agent remaining at the distal end or inside the addition valve is suppressed, so
it is possible to suppreés formation of a deposit due to the residual reducing agent. In the
above cbnﬁguration, the temperature of the addition valve is not hecessarily strictly higher
than or equal to the boiling point of the reducing agent. That is, when the temperature of
the addition valve is higher than or equal to a temperature near the boiling point of the
reducing agent, vaporization of the reducing agent remaining ‘in the addition valve is
facilitated, so the above-described operation and advantageous effect are obtained.

 [0012] In the exhaust emission contfol system according to the first aspect of the
invention, the electronic control unit may be configured to estimate the temperature of the
addition valve, and execute the filling process when the estimated temperature is higher
than or equal to thé boiling point of the reducing agent. - ,

[0013) With the above configuration, it is possible fo appropriately execute the
ﬁling process. on the basis of . the estimated temperature of the addition valve. The
temperature of the addition valve may be actually detected by a sensor, or the like. The
temperature of the additioﬁ valve may be estimated on the basis of an exhaust gas
temperature, an exhaust gas flow rate, an outside air temperature, and the like. When the
exhaust emission control system for an internal combustion engine is mounted on a vehicle,
it is possible to raise the accuracy of estimating the temperature of the addition valve
additionally in consideration of a vehicie speed.

[0014]  In the exhaust emission control system according to the first aspect of the

invention, the electronic control unit may be configured to execute the filling process when
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the temperature of the catalyst is higher than or equal to an activation temperature of the ~

catalyst. When the temperature of the catalyst is higher than or equal to the activation
température, an exhaust system is in a high temperature state, so the temperature of the
addition valve is highly likely to be higher than or equal to the boiling point of the
reducing agent. | Therefore, in the above configuration, the reducing agent is filled at the
time when the temperature of the catalyst is higher than or equal to the activation
temperature. With this configuration as well, it is possible to fill the reducing agent into
the addition valve when the temperature of the addition valve is higher than or equal to the
boiling point of the reducing agent. The temperature of the catalyst may be actually
detected by a sensor, or the like. The temperé.ture of the catalyst may be estimated on the
basis of an exhaust gas temperature, an exhaust gas flow rate, an outside air temperature,
and the like. When the exhaust emission control System for an internal combustion
engine is mounted on a vehicle, it is possible to raise the accuracy of estimating the
temperature of the catalyst additionally in consideration of a vehicle speed. '

[0015] In the exhaust emission control system according to the first aspect of the
invention, the electronic control unit may be configured to execute the filling process when
an elapsed time from a start of the engine is longer than or equal to a predetermined time.

[0016] When the elapsed time from a start of the engine is long to some extent,
the exhaust system is in a high temperature state because of combustion gas, so the
temperature of the addition valve is highly likely to be higher than or equal to the boiling
point of the reducing agent. Therefore, in the abéve configuration, the reducing agent is
filled at the time when the elapsed time from a start of the engine is longer than or equal to
a predetermined time. With this configuration as well, it is possible to fill the reducing
agent into the addition valve when the temperature of the addition valve is higher than or
equal to the boiling point of the reducing agént. '

[0017]  In the exhaust emission control system according to the first aspect of the
invention, the electronic control unit may be configured to execﬁte the filling process
before an injection of the reducing agent for purifying exhaust gas is started. With this
configuration, the reducing agent is filled into the addition valve in advance of an injection
of the reducing agent for purifying exhaust gas. Thus, when the reducing agent for -
purifying exhaust gas is injected, it is possible to inject the reducing dgent immediately in
association with an opening operation of the addition valve. Therefore, for example,

when an injection amount of the reducing agent is estimated on the basis of an opening
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duration of the addition valve, it is possible to raise the accuracy of estimating the injection
amount.
[0018] = In the exhaust emission control system according to the first aspect of the

invention, the electronic control unit may be configured to recover the reducing agent from

-the addition valve after a stop of the engine and execute the filling process at a start of the

engine. With this configuration, the reducing agerit is recovered from the addition valve
after a stop of the engine, so it is possible to suppress damage to the addition valve due to
freeze of the reducing agent remaining in the addition valve. At a start of the engine, the
filling process of filling the reducing agent into the addition valve is executed, so it is
possible to previously fill the reducing agent into the addition valve in advance of an
injection of the reducing agent for purifying exhaust gas, which is carried out after the start
of the engine. ‘

‘ [0019] A second aspect of the invention provides a control method for an exhaust
emission control system for an internal combustion engine. The exhaust emission control
system includes a catalyst and a reducing agent supply mechanism. The catalyst is
provided in an exhaust passage of the internal combustion engine, and is configured to
purifyv exhaust gas by being supplied with reducing agent. The reducing agen;c supply
mechanism has an addition valve configured to inject the reducing agent to the exhaust
passage, and is configured to supply the reducing agent to the addition valve and recover
the reducing agent from the addition valve. The control method includes executing a
filling process of filling the reducing agent into the addition valve by supplying the
reducing agent to the addition valve with the use of the reducing agént supply rhechanism
in a state where a temperature of the addition valve is higher than or equal to a boiling
point of the reducing agent.

[0020] In the control method according to the second aspect of the invention, the
filling process may be executed when the temperature of the addition valve is estimated
and then the estimated temperature is higher than or equal to the boiling point of the
reducing agent.

[0021] In the control method according to the second aspect of the invention, the
filling process may be.executed when the temperature of the catalyst is higher than or
equal to an activation temperature of the catalyst. |

| [0022]  In the control method according to the second aspect of the invention, the

filling process may be executed when an elapsed time from a start of the engine is longer
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than or equal to a predetermined time.

[0023]  In the control method according to the second aspect of the invention, the
filling process rhay be executed before an injection of the reducing agent for purifying
exhaust gas is started.

[0024]  In the control method according to the second aspect of the invention, the
reducing agent may be recovered from the addition valve after a stop of the engine, and the

filling process may be executed at a start of the engine. -

» BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Features, advantages, and technical and industrial sig11iﬁcance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a schematic view that shows an internal combustion engine and its
peripheral configuration according to an embodiment of an exhaust emission control
system for an internal combustion énginé;

FIG. 2 is a schematic view that shows the configuration of a urea aqueous solution
supply mechanism;

FIG. 3 is a flowchart that shows the procedure of the process of recovering urea
aqueous solution;

FIG. 4 is a flowchart that shows the procedure of the process of filling urea aqueous
solution,

FIG. 5 is a graph that shows a mode in which a distal end temperature of a urea
aqueous solution addition valve is estimated;

FIG. 6 is a flowchart that shows the procedure of the process of filling urea aqueous
solution according to an alternative embodiment to the above embodiment; and

FIG. 7 is a flowchart that shows the procedure of the process of filling urea aqueous

solution according to another alternative embodiment to the above embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
[0026] Hereinafter, an example embodiment of an exhaust emission control

system for an internal combustion engine will be described with reference to FIG. 1 to FIG.

- 5. FIG. 1 shows the configuration of a diesel engine (hereinafter, simply referred to as"

engihe") that is an internal combustion engine to which the exhaust emission control
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system is applied and the configuration of the exhaust emission control systeni provided in
the engine 1. |

- [0027] The engine 1 includes a plurality of cylinders #1 to #4. A plurality of
fuel injection valves 4a to 4d are provided ata cylindef head 2 in correspondence with the
cylinders #1 to #4. These fuel injection valves 4a to 4d inject fuel into combustion
chambers of the respective cylinders #1 to #4. The cylinder head 2 has intake ports and
exhaust ports 6a to 6d in correspondence with the respective cylinders #1 to #4. The
intaké ports are respectiveiy used to introduce fresh air into the cylinders. The exhaust
ports 6a to 6d are respectively used to emit combustion gas to the outside of the cylinders.

[0028] The fuel injection valves 4a to 4d are connected to a common rail 9 that
accumulates high-pressure fuel. The common rail 9 is connected to a supply pump 10.
The supply pump 10 draws fuel in a fuel tank, and supplies high-pressure fuel to the
common rail 9. High-pressure fuel supplied to the common rail 9 is injected from the fuel
injection valves 4a to 4d into the corresponding cylinders at the time when the fuel
injection valves 4a to 4d are open.

[0029] An intake manifold 7 is connected to the intake ports. The intake
manifold 7 is connected to an intake passage 3. An intake air throttle valve 16 is provided
in the intake passage 3. The intake air throttle valve 16 is used to adjust an intake air flow
rate. ]

[0030] ~ An exhaust manifold 8 is connected to the exhaust ports 6a to 6d. The -

exhaust manifold 8 is connected to an exhaust passage 26. A turbocharger 11 is providéd

in the exhaust passage 26. The turbocharger 11 supercharges intake air that is introducéd

into the cylinders by utilizing'exhaust pressure. An intercooler 18 is provided in the
intake passage 3 between an intake-side compreésor of the turbocharger 11 and the intake
air throttle valve 16. The intercooler 18 cools intake air of which the temperature is
raised thfough supercharging of the turbocharger 11. } ,

[0031] A first purification member 30 that purifies exhaust gas is provided
downstream of an exhaust-side turbine of the turbocharger 11 ‘in the exhaust passage 26.
An oxidation catalyst 31 and a filter 32 are arranged inside the first purification member 30
in series in a direction in which exhaust gas flows. ‘

[0032] A cataIyst is supported on the oxidation catalyst 31. The catalyst
oxidizes HC in exhaust gas. The filter 32 is a member that traps particulate matter (PM)

in exhaust gas. The filter 32 is formed of porous ceramics. A catalyst is supported on
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the filter 32. The catalyst is used to facilitate oxidation of PM. PM in exhaust gas is
trapped at the time when exhaust gas passes through the porous wall of the filter 32.

[0033] A fuel addition valve 5 is provided near a collecting portion of the exhaust
manifold 8. The fuel addition valve 5 is used to supply fuel to the oxidation catalyst 31 or
the filter 32 as an additive. The fuel addition valve 5 is connected to the supply pump 10
via a fuel supply tube 27. The arrangement location of the fuel addition valve 5 may be
changed as needed as long as the location is in an exhaust system upstream of the first
purification member 30. Fuel may be supplied to the oxidation catalysf 31 or the filter 32
as an additive through post injection by adjusting fuel injection timing. |

[0034] When the amount of PM trapped by the filter 32 exceeds a predetermined
value, the process of regenerating the filter 32 is started. Thus, fuel is injected from the
fuel addition valve 5 into the exhaust manifold 8. Fuel injected from the fuel addition
valve 5 burns as it reaches the oxidation catalyst 31. Thus, the exhaust gas temperature is
raised. Exhaust gas raised in temperature‘ by the oxidation catalyst 31 flows into the filter
32, so the temperature of the filter 32 is raised. Thus, PM deposited in the filter 32 is
oxidized, and the filter 32 is regenerated.

[0035] A second purification member 40 that purifies exhaust gas is provided in
the exhaﬁst passage 26 downstream of the first purification member 30 in the exhaust gas
flow direction. A selective reduction NOx catalyst (hereinafter, referred to as SCR
catalyst) 41 is arranged inside the second purification member 40. The SCR catalyst 41
reduces and purifies NOx in exhaust gas by utilizing reducing égent.

[0036] Furthermore, a third purification member 50 that purifies exhaust gas is
provided in the exhaust passage 26 downstream of the second purification member 40 in
the exhaust gas flow direction. An ammonia oxidation catalyst 51 is arranged inside the
third purification member 50. The ammonia oxidation catalyst 51 purifies ammonia in
exhaust gas. | |

[0037] The engine 1 includes a urea aqueous solution supply mechanism 200 as a
reducing agent supply mechanism that supplies reducing agent to the SCR catalyst 41.
As shown 1n FIG. 2, the urea aqueous solution supply mechanism 200 includes a tank 210,
a urea aqueous solution addition valve 230, a supply passage 240 and a pump 220. The
tank 210 stores urea aqueous solution. The urea aqueous solution addition valve 230
injects and supplies urea aqueous solution into the exhaust passage 26. The supply

passage 240 connects the urea aqueous solution addition valve 230 to the tank 210. The
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pump 220 is provided in the supply passage 240. The urea aqueous solution supply

mechanism 200 further includes a return passage 250, a check valve 260 and a pressure

“sensor 270. The return passage 250 returns urea aqueous solution, discharged from the

pump 220, to the tank 210. The check valve 260 is provided in the return passage 250.

The pressure sensor 270 detects a urea aqueous solution pressure NP in the supply passage

240.

[0038]  The return passage 250 is a passage that is branched off from the supply
passage 240 between the pump 220 and the urea aqueous solution addition valve 230, and
the branched passage is connected to the tank 210. The check valve 260 interrupts flow
of urea aqueous solution from the tank 210 to the supply passage 240 in the return passage
250. The check valve 260 opens when the pressure in the supply passage 240 becomes
higher than or equal to a prescribed pressure. When the check valve 260 opens in this
way, flow of urea aqueous solution from the supply passage 240 to the tank 210 is allowed
in the return passage 250. '

[0039] The pressure sensor 270 is provided in the supply passage 240 at a portion
between a branching portion 240a and the urea aqueous solution addition valve 230. The
return passage 250 is branched 6ff at the branching portion 240a. The pump 220‘is an
electric pump. When the pump 220 rotates in the fdrward direction, the pump 220 feeds |

urea aqueous solution from the tank 210 to the urea aqueous solution addition valve 230.

In contrast, when the pump 220 rotates in the reverse direction, the pump 220 feeds urea

“aqueous solution from the urea aqueous solution addition valve 230 to the tank 210. That

is, when the pump 220 rotates in the reverse direction, urea aqueous solution is recovered
from the urea aqueous solution addition valve 230 and the supply passage 240, and is
returned to the tank 210. |
[0040] As shown in FIG 1, the urea aqueous solution addition valve 230 is
provided in the exhaust passage 26 between the first purification member 30 and the
second purification member 40, and an injection hole of the urea aqueous solution addition
valve 230 is directed toward the SCR catalySt 41. When the urea aqueous solution
addition valve 230 is opened and the pump 220 is driven, urea aqueous solution is injected
and supplied from the tank 210 into the exhaust péssage 26 via the supply passage 240.
[0041] A dispersion plate 60 is provided in the exhaust passage 26 between the

-.urea aqueous solution addition valve 230 and the SCR catalyst 41. The dispersion plate

60 facilitates atomization of urea aqueous solution by dispersing the urea aqueous solution -
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injected from the urea aqueous solution addition valve 230.

[0042]  Urea aqueous solution injected from the urea aqueous solution addition
valve 230 changes into ammonia by the hydrolysis of urea due to the heat of exhaust gas. -
Then, the ammonia is supplied to the SCR catalyst 41 as a reducing agent for NOx.
Ammonia supplied to the SCR catalyst 41 is occluded in the SCR catalyst 41, and is
utilized to reduce NOx. '

[0043] Other than the above, the engine 1 includes an exhaust gas recirculation
device (hereinafter, referred to as EGR device). The EGR device decreases a combustion
temperature in- the cylinders by introducing part of exhaust gas into intvake air, thus
reducing the amount of NOx generated. The exhaust gas recirculation device includes an -
EGR paésage 13, an EGR valve 15, an EGR cooler 14, and the like. The EGR passage 13
provides fluid communication between the intake passage 3 and the exhaust manifold 8.
The EGR valve 15 is provided in the EGR passage 13. An exhaust gas recirculation
amount, that is, an EGR amount, by which exhaust gas is introduced from the exhaust
passage 26 to the intake passage 3, is regulated by adjusting the opening degree of the
EGR valve 15. The temperature of exhaust gas flowing through the EGR passage 13 is
decreased by the EGR cooler 14. | _ ' |

[0044] Various sensors for detecting engine operating states are attached to the
engine 1. For example, an air flow meter 19 detects an intake air flow rate GA. A
throttle valve opéning degree sensor 20 detects the opening degree of the intake air throttle
valve 16. An engine rotation speed sensor 21 detects the rotation speed of a crankshaft,
that is, an engine rotation speed NE. An accelerator sensor 22 detects the depression |
amount of an accelerator pedal, that is, an accelerator operation amount ACCP. An
outside air temperature sensor 23 detects an outside air temperature THout. A vehicle
speed sensor 24 detects the vehicle speed SPD of a vehicle on which the engine 1 is
mounted. An ignition switch (hereinafter, referred to as IG switch) 25 is also connected

to the engine 1. The IG switch 25 is operated when the driver of the vehicle starts or

‘stops the engine 1. The engine is started or stopped in accordance with the operating

position of the IG switch 25.

[0045] A first exhaust gas temperature sensor 100 is provided uf)stream of the
oxidation catalyst 31 in the exhaust gas flow direction. The first exhaust gas temperature
sensor 100 detects a first exhaust gas temperature TH1. The first exhaust gas temperature

TH1 is the temperature of exhaust gas that has not yet flowed into the oxidation catalyst 31.
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A differential pressure sensor 110 detects a pressure difference AP in exhaust gas pressure.
The pressure difference AP is a pressure difference between an exhaust gas pressure
upstream of the filter 32 in the exhaust gas flow direction and an exhaust gas pressure
downstream of the filter 32 in the exhaust gas flow direction. A second exhaust gas
temperature sensor 120 and a first NOx sensor 130 are provided upstream of the urea
aqueous solution addition valve 230 in the exhaust passage 26 between the first
purification member 30 and the second purification member 40. The second exhaust gas
temperature sensor 120 detects a second exhaust gas temperature TH2. The second
exhaust gas temperature TH2 is the temperature of exhaust gas that has not yet flowed into
the SCR catalyst 41. The first NOx sensor 130 detects a first NOx concentration N1.
The first NOx concentration N1 is a NOx concentration in exhaust gas that has not yet
flowed into the SCR catalyst 41. ‘A second NOx sensor 140 is provided in the exhaust
passage 26 downstream of the third purification member 50 in the exhaust gas flow
direction. The second NOx sensor 140 detects a second NOx concentration N2. The
second NOx concentration N2 is the NOx concentration of exhaust gas purified by the
SCR catalyst 41. A |

[0046]  Outputs of the above-described various sensors, and the like, are inputto a
control device 80. The control device 80 constitutes an electronic control unit. The
control device 80 is mainly formed of a microcomputer that includes a central processing
unit. (CPU), a read only memory (ROM), a random access memory (RAM), a timer counter,
an input interface, an output interface, and the like. The ROM stores various programs,
maps, and the like, in advance. The RAM temporarily stores computed ‘results of the
CPU, and the like.

[0047] Various controls over the engine 1 are executed by the control device 80.
The various controls, for example, include fuel injection control over the fuel injection
valves 4a to 4d or the fuel addition valve 5, discharge pressure control over the supply
pump 10, driving amount control over an actuator 17 that opené or closes the intake air
throttle valve 16, opening degree control over the EGR valve 15, and the like. The
control device 80 also executes various exhaust gas purification controls, such as the
above-described regeneration process for burning PM trapped in the filter 32.

[0048] " The control device 80 executes control for adding urea aqueous solution
with the use of the urea aqueous solution addition valve 230 as one of the exhaust gas

purification controls. In this adding control, an urea additive amount QE required to
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reduce NOx that is emitted from the engine 1 is calculated on the basis of the engine
operating states, and the like. The valve opening state of the urea aqueous solution
addition valve 230.is controlled such that the calculated urea additive amount is injected
from the urea aqueous solution addition valve 230. The control device 80 estimates an
actual injection amount of urea aqueous solution on the basis of the opening duration of the
urea aqueous solution addition valve 230. Urea aqueous soiution for reducing NOX is
injected at the time when the temperature of the SCR catalyst 41 is higher than or equal to
an activation temperature.

[0049] Such an injection of urea aqueous solution for reducing NOX is carried oﬁt
during engine operation. When engine operation is stopped, the injection of urea aqueous
solution for reducing NOx is also stopped.. In this way, when engine operation is stopped,
the injection of urea aqueous solution is also stopped. However, if urea aqueous solution
remains in the supply passage 240 or urea aqueous solution addition valve 230 of the urea
aqueous solution supply mechanism 200, there is a concern that the supply passage 240 or
the urea aqueous solution addition valve 230 undergoes damage because of an increase in
volume due to freeze of the urea aqueous solution. - Therefore, in order to suppress such
residual urea aqueous solution, the control device 80 executes the process of recovering
urea aqueous solution from the supply passage 240 or the urea aqueous solution addition
valve 230 after a stop of the engine. |

[0050] FIG. 3 shows the procedure of the process of recovering urea aqueous
solution. When the process is started, the control device 80 initially determines \;vhether
the IG switch 25 is set to an "OFF" state, that is, whether the engine is céused to stop
(S100). When the IG switch 25 is not set to the "OFF" state (NO in S100), the control
device 80 ends the process.

| [0051] On the other hand, when the IG switch 25 is set to the "OFF" state (YES in
S100), the control device 80 recovers urea aqueous solution (S110). In step S110, the
control device 80 opens the urea aqueous solution addition valve 230 and rotates thé pump
220 in the reverse direction just for a predetermined time. Thus, urea aqueous solution
remaining in the urea aqueous solution addition valve 230 or the supply passage 240 is
recovered to the tank 210 after the stop of the engine. After that, the control device 80
ends the process. '

[0052] Incidentally, when urea aqueous splution is recovered from the urea

aqueous solution addition valve 230 or the supply passage 240 after a stop of the engine,
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no urea aqueous solution is injected until the inside of the urea aqueous solution addition
valve 230 is filled with urea aqueous solution even when the urea aqueous solution
addition valve 230 is opened in order to inject urea aqueous solution for purifying NOx
after the next start of the engine. Here, the control device 80 is configured to estimate an

actual injection amount of urea aqueous solution on the basis of the opening duration of the .

. urea aqueous solution addition valve 230, so the accuracy of estimating such an injectibn

amount deteriorates.

[0053]  Therefore, the control device 80 executes the process of previously filling
urea aqueous solution into the urea aqueous solution addition valve 230 before urea
aqueous solution for purifying NOx is injected after the next start of the engine, more_
specifically, at a start of the engine.

[0054] However, if urea aqueous solution is previously filled in this way, there is
a concern that the following inconvenience occurs. That is, when a time from a stért of
the engine to a stop of the engine is relatively short, for example, when the operation of the
engine 1 is stopped before a warm-up of the engine 1 completes, reducing agent filled in
the urea aqueous solu}ion addition valve 230 may be recovered without being injected.

[0055] In this case, there is a concern that urea aqueous solution that has adhered

“to the distal end of the urea aqueous solution addition valve 230 at the time of filling urea

aqueous solution remains at the distal end. In addition, there is also a concern that a small
amount of urea aqueous solution remains in the urea aqueous solution addition valve 230
even when urea aqueous solution is recovered. For example, there is a concern that a
layer of urea aqueous solution remains at a sealed portion in the injection hole.

[0056] Urea aqueous solution remaining at the distal end or inside of the’hrea
aqueous solution addition valve 230 in this way may form a deposit thereafter and cause a
malfunction of the urea équeous solution additioﬁ valve 230. Particularly, when engine
operation having a relatively short time from a start of the engine to a stop of the engine is
repeated, urea équeous solution repeatedly remains at the distal end of the urea aqueous
solution addition valve 230 at the time of filling and remains inside the urea aqueous
solution addition valve 230 at the time of recovery, so formation of a deposit of urea

aqueous solution at the distal end or inside of the urea aqueous solution addition valve 230

“tends to be further remarkable.

[0057] Therefore, in the present embodiment, in order to suppress formation of a

deposit at the urea aqueous solution addition valve 230 that adds urea aqueous solution, the
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process shown in FIG. 4 is executed. FIG. 4 shows the procedure of the process of filling
urea aqueous solution, which is executed by the control device 80.

[0058] When the process is started, the control device 80 initially determines
whether the IG switch 25 is set to an "ON" state, that is, whether the engine is being started
(S200). When the IG switch 25 is not set to the "ON" state (NO in S200), the control
device 80 ends the process.

[0059] On the other hand, when the IG switch 25 is set to the "ON" state (YES in
S200), the control device 80 estimates a distal end temperature THED of the urea aqueous
solution addition valve 230 (S210). In step S210, the control device 80 estimates the
distal end temperature THED on the basis of the second exhaust gas température TH2, the
exhaust gas ﬂc;w rate GS, the outside air temperature THout and the vehicle speed SPD.
The second exhaust gas temperature TH2 indicates the temperature of exhaust gas near the
urea aqueous solution addition valve 230. _

[0060] FIG. 5 shows a mode in which the distal end temperature THED is
estimated. As shown in FIG 5, the temperature of the distal end of the urea aqueous
solution addition valve 230 rises as the second exhaust gas temperature TH2 rises, so an
estimated value of the distal end temperature THED is set to a higher temperatﬁre as the.
second exhaust gas temperature TH2 rises. The amount of heat that transfers from
exhaust gas to the distal end of the urea aqueous solution addition valve 230 increases as
the exhaust gas flow rate GS increases, so an estimatéd value of the distal end temperature
THED is set to a higher temperature as the exhaust gas flow rate GS increases. The
temperature of the urea aqueous solution addition valve 230 rises as the outside air
temperature THout rises, so an estimated value of the distal end temperature THED is set
to a higher temperature as the outside air temperature THout rises. The effect of coolirig
the urea aqueous solution addition valve 230 by traveling wind decreases és the vehicle
speed SPD decreases, so an estimated value of the distal end temperature THED is set to a-
higher temperature as the vehicle speed SPD decreases. The distal end temperature
THED is estimated on the basis of a plurality of parameters associated with the distal end
temperature THED in this way. Thus, the accuracy of estimating thé distal "end
temperature THED is raised. '

[0061] Subsequently, the control device 80 determines whether the estimated
distal end temperature THED is higher than or equal to a determination.value, A (S220).

The boiling point of the urea aqueous solution is set for the determination value A. When
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the distal end temperature THED is lower than the determination value A (NO in S220),
the control device 80 repeats estimation of the distal end temperature THED (S210) and
comparison determination between the distal end temperature THED and the determination
value A (S220) until the distal end temperature THED becomes higher than or equal to the
determination value A.

[0062]  On the other hand, when the distal end temperature THED is higher than
or equal to the determination value A (YES in S220), the control device 80 starts filling
urea aqueous solution (S230). In step S230, the control device 80 opens the urea aqueous
solution addition valve 230 and rotates the pump 220 in the forward direction. Thus, urea

aqueous solution is filled into the urea aqueous solution addition valve 230 or the supply

passage. 240. When filling of urea aqueous solution into the urea aqueous solution

addition valve 230 or the supply passage 240 completes, the control device 80 closes the
urea aqueous solution addition valve 230 while keeping the pump 220 rotating in the
forward direction. Completion of filling of urea aqueous solution may be carried out by
an appropriate method. For example, it may be determined that filing of urea aqueous
solution has completed on the condition that the urea aqueous solution _pressufe NP has
reached a predetermined threshold. After that, it may also be determined that filling of
urea aqueous solution has completed on the condition that the duration of rotation of the
pump 220 in the forward direction has reached a predetenhined time. After that, the
control device 80 ends the process. ' _
[0063]  Next, the operation of the present embodiment will be described. As
shown in FIG. 4, when the distal end temperature THED of the urea aqueous solution

addition valve 230 is higher than or equal to the boiling point of urea aqueous solution

(YES in S220), filling of urea aqueous solution into the urea aqueous solution addition

valve 230 is started (S230). For example, thé engine 1 is started, the distal end
temperature THED gradually rises, and, at the timing at which the distal end temperature
THED has reached the determination value A, filling of urea aqueous solution into the urea
aqueous solution addition valve 230 is started.- Alternatively, when the distal end
temperature THED has already become higher than or equal to the determination value A
at the timing at which the engine 1 is started, filling of urea aqueous solution into the urea
aqueous solution addition valve 230 is started at the timing at which the engine 1 is started.

[0064]  When the distal end temperature THED is higher than or equal to the

boiling point of the urea aqueous solution, urea aqueous solution is filled. Therefore, at
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~ the time of filling urea aqueous solution into the urea aqueous solution addition valve 230,

even when urea aqueous solution adheres to the distal end of the urea aqueous solution
addition valve 230, the adhered urea aqueous solution vaporizes. Thus, urea aqueous
solution remaining at the distal end of the urea aqueous solution addition valve 230 is
suppressed. Even when a small amount of urea aqueous solution remains in the urea

aqueous solution addition valve 230 at the time when urea aqueous solution is recovered,

the residual urea aqueous solution vaporizes. Thus, urea aqueous solution remaining in

the urea aqueous solution addition valve 230 is also suppressed. In this way, urea
aqueous solution remaining at the distal end or inside of the urea aqueous solution addition
valve 230 is suppressed, so formation of a deposit at the urea aqueous solution addition
valve 230 due to residual urea aquedus solution is suppressed. |

[0065] The distal end temperature THED of the urea aqueous solution addition
valve 230 is estimated. When the estimated distal end temperature THED 1is higher than
or equal to the boiling point of the urea aqueous solution, urea aqueous solution is filled.
Thus, it is possible to appropriately fill urea aqueous solution on the basis of the estimated
distal end temperature THED.

[0066] As shown in FIG. 3, after a stop of the engine where the IG switch 25 is
set to the "OFF" state (YES in S100), urea aqueous solution is recovered from the urea
aqueous solution addition valve 230 or the supply passage 240 (S110). Thus, damage to
the ureavaqueous solution addition valve 230 or the supply passage 240 due to freeze of

urea aqueous solution remaining in the urea aqueous solution addition valve 230 or the

| supply passage 240 is suppressed.

[0067] As shown in FIG. 4, at a.staft of the engine whére the IG switch 25 is set to
the "ON" state (YES in S200), the distal end temperature THED is compared with the
determination value A, and, as a result, when the distal end temperature THED is higher
than or equal to ‘the determination value A (YES in S220), urea aqueous solution is filled
(S230). In this way, at a start of the engine, the process of ﬁlling urea aqueous solution
into the urea aqueous solution addition valve 230 is executed. Here, urea aqueous
solution for purifying NOx is injected at the time when the temperature of the SCR catalyst
41 is higher than or equal to the activation temperature as described above. The
activation temperature is higher than the boiling point of the urea aqueous solution. Thus,
before the temperature of the SCR catalyst 41 reaches the activation temperéture, the distal

end temperature THED becomes higher than or eqﬁal to the determination value A.
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Therefore, in advance of the injection of urea aqueous solution for purifying NOx, which is
carried out after a start of the engine, it is possible to fill urea aqueous solution into the
urea aqueous solution addition valve 230.

[0068] Before the injection of urea aqueous solution for purifying NOx is started
in this way, urea aqueous solution is filled into the urea aqueous solution addition valve
230. Therefore, when urea aqueous solution for purifying NOx is injected, it is possible
to inject urea aqueous solution immediately in association with the opening operation of
the urea aqueoué solution addition valve 230.

[0069] As described above, according to the present embodiment, the following

advantageous effects are obtained. ‘
(1) When the distal end temperature THED of the urea aqueous solution addition valve 230
is higher than or equal to the boiling point of the urea aqueous solution, the filling process
of filling urea aqueous solution into the urea aqueous solution addition valve 230 is started
by supplying urea aqueous solution to the urea aqueous solution addition valve 230. Thus,
it is possible to suppress formation of a deposit at the urea aqueous solution addition valve
230 due to residual urea aqueous solution. |

[0070] (2) In the filling process, the distal end temperature THED of the urea
aqueous solution addition valve 230 is estimated, and, when the estimated distal end
temperature THED is higher than or equal to the boiling point of the urea aqueous solution,
urea aqueous solution is filled into the urea aqueous solution addition valve 230. Thus, it
is possible to appropriately éxecute the filling process on the basis of the estimated distal
end temperature THED of the urea aqueous solution addition valve 230.

[0071] (3) The above-described filling process is executed before the injection of
urea aqueous solution for purifying NOX is started. Thus, when urea aqueous solution for
purifying NOx is injected, it is possible to inject urea aqueous solution immediately in
association with the opening operation of the ﬁrea aqueous soiution addition valve 230.
Therefore, for example, it is possibie to raise the accuracy of estimating an actual injection
amount of urea aqueous solution, which is estimated on the basis of the opening duration
of the urea aqueous solution addition valve 230.

[0072] (4) Urea aqueous solution is recovered from the urea aqueous solution
addition valve 230 after a stop of the engine. .Therefore, it 1s possible to suppress' damage,
or the like, to the urea aqueous solution addition valve 230 due to freeze of urea aqueous

solution remaining in the urea aqueous solution addition valve 230. The above-described
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filling process is executed at a start of the engine. Therefore, in advance of the injection
of urea aqueous solution for purifying NOx, which is carried out after a start of the engine,
it is possible to fill urea aqueous solution into the urea aqueous si)lution addition valve 230.

[0073] The above-described embodiment may be modified into the following

alternative embodiments. )
The boiling point of the urea aqueous solution is set for the determination value A. Other
than this, a temperature near the boiling point of the urea aqueous solution may also be set
for the determination value A. In this case as well, vaporization of urea aqueous solution
remaining in the urea aqueous solution addition valve 230 is facilitated, so a similar
advantageous effect to that bf the above (1) is obtained.

[0074] The distal end temperature THED is estimated on the basis of the second
exhaust gas temperature TH2, the exhaust gas flow rate GS, the outside air temperature
THout and the vehicle speed SPD. Other than this, the distal end tempexéture THED may
be estimated on the basis of at least one of the second exhaust gas temperature TH2, the
exhaust gas flow rate GS, the outside air temperature THout and the vehicle speed SPD.
Alternatively, the distal end temperature THED may be actually detected by a sensor, or
the like. -

[0075]  The distal end temperature THED of the urea aqueous solution addition
valve 230 is estimated. However,ithe temperature of another portion of the urea aqueous
solution addition valve 230 correlates with the distal end temperature, so the temperature
of another portion of the urea aqueous solution addition valve 230 may be estimated
instead of estimating the distal end temperature THED.

- [0076] In the above-described filling process, in order to fill urea aqueous
solution into the urea aqueous solution addition valve 230 at the time when the temperature
of the urea aqueous solution addition valve 230 is higher than or equal to the boiling point
of the urea aqueous solution, the distal end temperature THED of the urea aqueous solution
addition valve 230 is estimated. However, in an alternative embodiment, urea aqueous
solution may be filled into the urea aqueous solution addition valve 230 at the time when
the temperature of the urea aqueous solution addition valve 230 is higher than or equal to -
the boiling point of the urea aqueous solution.

[0077] For example, when the temperature of the SCR catalyst 41 is higher than
or equal to the activation temperature, the exhaust system is in a high temperature state, so

the temperature of the urea aqueous solution addition valve 230 is highly likely to be
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higher than or equal to the boiling point of the urea aqueous solution. .Therefore, urea
aqueous solution may be filled at the time when the Atemperature of the SCR catalyst 41 is
higher than or equal to the activation temperature. In the filling process according to this
alternative embodiment, as shown in FIG. 6, the process of step S210 (the process of
estimating the distal end temperature THED) shown in FIG. 4 is omitted. Instead of the
process of 'step S220, the process of step S300 shown in FIG. 6 is executed. Thus, the
filling process may be implemented.

[0078] As shown in FIG. 6, when it is determined in step S200 that the IG switch
25 is set to the "ON" state (YES in S200), the control device 80 determines whether the
temperature of the SCR catalyst 41 is higher than or equal to the activation temperature
(S300). The temperature of the SCR catalyst 41, as well as the above-described distal end
temperature THED, may be estimated on the basis of the exhaust gas temperature, the
exhaust gas flow rate, the outside air temperature, and the like. In addition, the accuracy
of estimating the ternperatﬁre of the SCR catalyst 41 may be raised by additionally
considering the vehicle speed. The temperature of the SCR catalyst 41 may be actually
detected by a temperature sensor, or the like. _

[0079]  When the temperature of the SCR catalyst 41 does not reach the activation
temperature (NO in S300), the control device 80 repeats the process of step S300 until the
temperature of the SCR catalyst 41 becomes higher than or equal to the activation
temperature. o

[0080] On the other hand, when the temperature of the SCR catalyst 41 is higher
than or equal to the activation tempefaturé (YES in S300), the control device 80 fills urea
aqueous solution (S230), and ends the process. Acgording to such an alternative |
embodiment as weli, when the temperature of the urea aqueous solution addition valve 230
is higher than or equal to the boiling point of the urea aqueous solution, it is possible to fill
urea aqueous solution into the uréa aqueous solution addition valve 230. |

[0081] When an elapsed time from a star of the engine is long to some extent, the
exhaust system is in a high temperature state because of combustion gas, so the
temperature of the urea aqueous solution addition valve 230 is highly likely to be higher
than or equal to the boiling point of the urea aqueous solution. Thérefbre, urea aqueous
solution may be filled at the time when an elapsed time from a start of the en'gine is longer
than or equal to a predetermined time. The filling process according to this alternative

embodiment may be implemented by executing the process of step S400 and the process of
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step S410 shown in FIG. 7 instead of the process of step S210 and the process of step S220
shown in FIG. 4.

[0082] As shown in FIG. 7, when it is determined in step S200 that the IG switch
25 is set to the "ON" state (YES in S200), the control device 80 measures an elapsed time
PT after the engine is started (S400).

[0083] Subsequently, the control device 80 determines whether the elapsed time
PT is longer than or equal to a determination value C (S410). The determination value C
is set such that it is possible to adequately determine that the temperature of the urea
aqueous solution addition valve (more suitably, the distal end temperature of the urea
aqueous solution addition valve 230) is higher than or equal to the boiling point of the urea
aqueous solution on the basis of the fact that the elapsed time PT is longer than or equal to
the determination value C. A rise in the temperature of the exhaust system after a start of
the engine changes to an engine temperature (replaceable by the coolant temperature of the
engine 1) at the start of the engine, the outside air temperature THout, or the like.
Therefore, by correcting the determination value C with the engine temperature, the
outsidé air temperature THout, or the like, the accuracy of determining whether the
temperature of the urea aqueous solution addition valve 230 is higher than or equal to the
boiling point of the urea aqueous solution improves.

[0084] When the elapsed time PT is shorter than the determination value C (NO
in S410), the control device 80 repeats measuring the elapsed time PT (S400) and
comparison determination between the elapsed time PT and the determination value C
(S410) until the elapsed time PT becomes longer than or equal to the determination value
C. _

[0085] On the other hand, when the elapsed time PT becomes longer than or
equal to the determination value C (YES in S410), the control device 80 fills urea aqueous
solution (S230), and ends the process. ~According to such an alternative embodiment as
well, when the temperature of the urea aqueous solution addition valve 230 is higher than
or equal to the boiling point of the urea aqueous solution, it is possible to fill urea aqueous
solution into the urea aqueous solutfon addition valve 230.

[0086] The above-described filling process is executed at a start of the engine;
however, the timing at which the filling process is executed may be changed. For
example, the above-described filling process may be executed after a start of the engine

and immediately before an injection of urea aqueous solution for purifying NOx is started.
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In this case as well, when urea aqueous solution for purifying fuel is injected, it is possible
to inject urea aqueous solution immediately in association with the opening operation of
the urea aqueous solution addition valve 230. Therefore, for example, it is possible to
raise the accuracy of estimating an actual injection amount of urea aqueous solution, which
is estimated on the basis of the opening duration of the urea aqueous solution addition
valve 230. _ ‘

[0087] When urea aqueous solution is recovered from the supply passage 240, the
pump 220 is rotated in the reverse direction; however, urea aqueous solution may be
recovered in another mode. For example, a selector valve, or the like, that changes the
flow direction of urea aqueous solution in the supply passage 240 may be provided in the
supply passage 240. |

[0088]  Urea aqueous solution is used as a reducing agent; instead, another liquid

| reducing agent may be used.
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CLAIMS:

1. An exhaust emission control system for an internal combustion engine,
comprising: | |

a catalyst provided in an exhaust passage of the internal combustion engine and
configured to purify exhaust gas by being supplied with reducing agent;

a reducing .agent supply mechanism having an addition valve configured to inject the
reducing agent to the exhaust passage, the reducing agent supply mechanism being
configured to supply the reducing agent to the addition valve and tecover the reducing
agent from the addition valve; and

an electronic control unit configured to:

control an operation of the reducing agent supply mechanism; and

execute a filling process of filling the reducing agent into the addition valve by

supplying the reducing'agent to the addition valve when a temperature of the addition

valve is higher than or equal to a boiling point of the reducing agent.

2. The exhaust emission control system according to claim 1, wherein

the electronic control unit is configured to: |

estimate the temperature of the addition valve; and

execute the filling process when the estimated temperature is higher than or equal to

the boiling point of the reducing agent.

3. The exhaust emission control system according to claim 1, wherein
the electronic control unit is configured to execute the filling process when the
temperature of the catalyst is higher than or equal to an activation temperature of the

catalyst.

4. The exhaust emission control system according to claim 1, wherein
the electronic control unit is cdnﬁgured to execute the filling process when an elapsed

time from a start of the engine is longer than or equal to a predetermined time.

5. The exhaust emission control system according to any one of claims 1 to 4,

wherein
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the electronic control unit is configured to execute the filling process before an

injection of the reducing agent for purifying exhaust gas is started.

6. The exhaust emission control system according to claim 5, wherein
the electronic control unit is configured to recover the reducing agent from the
addition valve after a stop of the engine and execute the filling process at a start of the

engine.

7. A control method for an exhaust emission control system for an internal
combustion engine, the exhaust emission control system including a catalyst and a
reducing agent supply méchanism, the catalyst being provided in an exhaust passage of the
internal combustion engine and configured to purify exhaust gas by being supplied with
reducing agent, the reducing agent supply mechanism having an addition valve conﬁg-ured’
to inject fhe reducing agent to the exhaust passage, the reducing agent supply mechanism
being configured to supply the reducing agent to the addition valve and recover the
reducing agent from the addition valve, the control method comprising:

-executing a filling process of filling the reducing agent into the addition valve by

~ supplying the reducing agent to the addition valve with the use of the reducing agent

supply mechanism when a temperature of the addition valve is higher than or equal to a

boiling point of the reducing agent.

‘8. The control method according to claim 7, wherein
the filling process is executed when the temperature of the addition valve is estimated

and then the estimated temperature is higher than or equal to the boiling point of the

- reducing agent:

9. The control method according to claim 7, wherein
the filling process is executed when the temperature of the catalyst is higher than or

equal to an activation temperature of the catalyst.

10. The control method according to claim 7, wherein
the filling process is executed when an elapsed time from a start of the engine is

longer than or equal to a predetermined time.
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11.  The control method according to any one of claims 7 to 10, wherein
the filling process is executed before an injection of the reducing agent for purifying

exhaust gas is started.

12. The control method according to claim 11, wherein
the reducing agent is recovered from the addition valve after a stop of the engine, and

the filling process is executed at a start of the engine.
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