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(54) EXHAUST GAS PURIFICATION DEVICE, AND METHOD FOR THAWING LIQUID REDUCING 
AGENT OR PRECURSOR THEREOF

(57) An exhaust gas purification apparatus includes:
a reduction catalyst converter that reduces and purifies
nitrogen oxides in exhaust gas; a tank that stores a liquid
reducing agent or precursor thereof; and an injection noz-
zle that injects the liquid reducing agent or precursor
thereof stored in the tank on an exhaust gas upstream
side of the reduction catalyst converter. Some of the ex-

haust gas flowing through an exhaust pipe is diverted to
the tank by a bypass pipe, to cause an exchange of heat
between the diverted exhaust gas and the liquid reducing
agent or precursor thereof stored in the tank, thereby
thawing the liquid reducing agent or precursor thereof
frozen in the tank.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an exhaust gas
purification apparatus that selectively reduces and puri-
fies nitrogen oxide (NOx) in exhaust gas, and relates to
a method for thawing a liquid reducing agent or precursor
thereof used in the exhaust gas purification apparatus.

BACKGROUND ART

[0002] As an exhaust gas purifying system that purifies
NOx contained in exhaust gas from an engine, an ex-
haust gas purification apparatus as disclosed in Japa-
nese Patent Application Laid-open Publication No.
2012-13060 (Patent Document 1) has been proposed.
In this exhaust gas purification apparatus, a urea aque-
ous solution is injected, in accordance with an engine
operation state, on an exhaust gas upstream side of a
selective catalytic reduction (SCR) converter disposed
in an exhaust pipe of the engine, and, using ammonia
produced by hydrolysis, NOx is selectively subjected to
a reduction reaction by the SCR converter and thus pu-
rified into harmless components.
[0003] In a cold area or the like, the temperature of
outside air in winter decreases to or below the freezing
point of a urea aqueous solution, and a urea aqueous
solution stored in a tank gradually freezes, with the result
that the urea aqueous solution cannot be injected on an
exhaust gas upstream side of the SCR converter. For
this reason, a conventional technique proposed in Patent
Document 1 employs a configuration in which the urea
aqueous solution frozen in the tank is thawed using en-
gine coolant.

REFERENCE DOCUMENT LIST

PATENT DOCUMENT

[0004] Patent Document 1: Japanese Patent Applica-
tion Laid-open Publication No. 2012-13060.

SUMMARY OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] However, for example, right after cold start or
the like, the temperature of engine coolant is low. In par-
ticular, in a small-displacement engine that generates
less heat, increase in the temperature of the engine cool-
ant is gradual, making it difficult to thaw the urea aqueous
solution in the tank in a short time.
[0006] Accordingly, it is an object of the present inven-
tion to provide a technique that is able to thaw a liquid
reducing agent or precursor thereof even right after cold
start or the like.

MEANS FOR SOLVING THE PROBLEMS

[0007] An exhaust gas purification apparatus includes:
a reduction catalyst converter that reduces and purifies
NOx in exhaust gas; a tank that stores a liquid reducing
agent or precursor thereof; an injection nozzle that injects
the liquid reducing agent or precursor thereof stored in
the tank on an exhaust gas upstream side of the reduction
catalyst converter; and a bypass pipe that allows some
of the exhaust gas flowing through an exhaust pipe to be
diverted to the tank, to cause an exchange of heat be-
tween the diverted exhaust gas and the liquid reducing
agent or precursor thereof stored in the tank. A method
for thawing a liquid reducing agent or precursor thereof,
including the step of heating a tank storing a liquid re-
ducing agent or precursor thereof to be injected on an
exhaust gas upstream side of a reduction catalyst con-
verter that reduces and purifies NOx in exhaust gas, with
some of the exhaust gas flowing through an exhaust pipe,
so that the reducing agent or precursor thereof frozen in
the tank is thawed.

EFFECTS OF THE INVENTION

[0008] According to the present proposed technique,
a liquid reducing agent or precursor thereof can be
thawed in a short time even right after cold start or the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a diagram illustrating the entire configura-
tion of an example of an exhaust gas purification
apparatus.
FIG. 2 is a perspective view illustrating an example
of a bypass pipe.
FIG. 3 is a perspective view of an example of a by-
pass pipe composing a part of a bracket.
FIG. 4 is a perspective view of another example of
a bypass pipe composing a part of a bracket.
FIG. 5 is a perspective view of still another example
of a bypass pipe composing a part of a bracket.
FIG. 6 is a flowchart illustrating an example of a con-
trol program.
FIG. 7 is a diagram of a partial configuration of an-
other example of an exhaust gas purification appa-
ratus.

MODE FOR CARRYING OUT THE INVENTION

[0010] Hereinbelow, embodiments for carrying out the
invention will be described in detail with reference to the
accompanying drawings.
FIG. 1 illustrates an example of an exhaust gas purifica-
tion apparatus that purifies particulate matter (PMs) and
NOx in exhaust gas.
[0011] In an intake pipe 14 connected to an intake man-
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ifold 12 of a diesel engine 10, an air cleaner 16 that filters
dust, etc. present in intake air, a compressor 18A of a
turbocharger 18 that supercharges intake air, and an in-
tercooler 20 that cools intake air that has passed through
the turbocharger 18 are disposed in this order in the di-
rection of intake air circulation.
[0012] On the other hand, in an exhaust pipe 24 con-
nected to an exhaust manifold 22 of the diesel engine
10, a turbine 18B of the turbocharger 18, a continuous
regeneration type diesel particulate filter (DPF) device
26, an injection nozzle 28 that injects a urea aqueous
solution, an SCR converter 30 that selectively reduces
and purifies NOx by using ammonia produced by the hy-
drolysis of the urea aqueous solution, and an oxidation
catalyst converter 32 that oxidizes ammonia that has
passed through the SCR converter 30 are disposed in
this order in the direction of exhaust gas circulation. The
continuous regeneration type DPF device 26 includes: a
diesel oxidation catalyst (DOC) converter 26A that oxi-
dizes at least nitrogen monoxide (NO) into nitrogen di-
oxide (NO2); and a DPF 26B that removes PMs present
in exhaust gas. Instead of the DPF 26B, a catalyzed soot
filter (CSF) that carries catalyst (an active component
and an additive component) on the surface thereof may
also be used. Here, the urea aqueous solution is an ex-
ample of a precursor of the liquid reducing agent.
[0013] The urea aqueous solution stored in a tank 34
made of metal such as stainless steel is supplied to the
injection nozzle 28 via a reducing agent adding unit 36
incorporating a pump and a flow rate control valve. Here,
the reducing agent adding unit 36 may be divided into a
pump module incorporating a pump, and a dosing mod-
ule incorporating a flow rate control valve.
[0014] An exhaust gas recirculation (EGR) device 38
that introduces some of the exhaust gas into the intake
air to recirculate the introduced exhaust gas, thereby re-
ducing NOx by virtue of the decrease in combustion tem-
perature, is attached to the diesel engine 10. The EGR
device 38 includes: an EGR pipe 38A that introduces
some of the exhaust gas flowing through the exhaust
pipe 24 into the intake pipe 14; an EGR cooler 38B that
cools exhaust gas flowing through the EGR pipe 38A;
and an EGR control valve 38C that controls the EGR rate
of exhaust gas introduced into the intake pipe 14.
[0015] The exhaust pipe 24 located on an exhaust gas
downstream side of the oxidation catalyst converter 32
is provided with a bypass pipe 40 that allows some of the
exhaust gas flowing through the exhaust pipe 24 to be
diverted to the tank 34, to cause an exchange of heat
between the diverted exhaust gas and the urea aqueous
solution, stored in the tank 34. At a connection point of
the exhaust pipe 24 and the bypass pipe 40, an outside-
air mixer 42 that mixes outside air with the exhaust gas
flowing through the bypass pipe 40 is disposed.
[0016] The outside-air mixer 42 increases or decreas-
es the area of an opening (degree of opening) at the
connecting a part of the outside-air introducing pipe 44
that introduces outside air, thereby controlling the pro-

portion of the outside air mixed with the exhaust gas.
When the urea aqueous solution stored in the tank 34 is
not frozen, the outside-air mixer 42 does not have to di-
vert the exhaust gas to the tank 34. Therefore, the out-
side-air mixer 42 has a function of preventing the exhaust
gas from branching off to the bypass pipe 40 from the
exhaust pipe 24. Because of this, an exhaust gas return
pipe 46 that directly returns the exhaust gas to the ex-
haust pipe 24 without directing the exhaust gas that has
passed through the oxidation catalyst converter 32 to the
tank 34 is connected to the outside-air mixer 42.
[0017] Although in the foregoing, the point at which the
bypass pipe 40 takes out some of the exhaust gas is on
the exhaust gas downstream side of the oxidation cata-
lyst converter 32, but the point is not limited thereto, and
the point may be, for example, in the exhaust pipe 24
located between the continuous regeneration type DPF
device 26 and the injection nozzle 28, or in the exhaust
pipe 24 located between the SCR converter 30 and the
oxidation catalyst converter 32. In these cases, the ex-
haust gas diverted to the tank 34 is returned to an ap-
propriate point of the exhaust pipe 24 depending on the
purified state of the exhaust gas.
[0018] The intermediate part of the bypass pipe 40 is
in contact with at least a part of the outer peripheral sur-
face of the tank 34 in order to cause the exchange of
heat between the exhaust gas flowing through the bypass
pipe 40 and the urea aqueous solution stored in the tank
34. In order to increase the area of contact with the tank
34, as illustrated in FIG. 2, the part of the bypass pipe
40, which is in contact with the tank 34, is formed to be
bent multiple times. In this case, a metal sheet 48 for
enhancing heat transfer between the tank 34 and bypass
pipe 40 may be interposed therebetween. Furthermore,
in order to make good heat transfer from the metal sheet
48 to the tank 34, a heat sink (not shown) may be formed
in the metal sheet 48.
[0019] Since the bypass pipe 40 has the strength to
form a part of the exhaust system, the bypass pipe 40
can form at least a part of a bracket 50 for attaching the
tank 34 to a vehicle body (not shown), as illustrated in
FIG. 3. As a result, the bracket 50 for attaching the tank
34 to the vehicle can be simplified, thus enabling a re-
duction in weight.
[0020] As a structure of the bracket for attaching the
tank 34 to the vehicle body, mounting members 54 for
detachably attaching straps 52 for fixing the tank 34 to
the bypass pipe 40 may be directly fixed to the bypass
pipe 40, as illustrated in FIG. 4, or the bypass pipe 40
may be fitted in a groove formed recessed in the periph-
ery of the tank 34, as illustrated in FIG. 5. In the case of
fitting the bypass pipe 40 in the groove of the tank 34,
for example, an elastic member 56, formed of rubber hav-
ing superior heat conductivity, may be wound around a
predetermined part of the bypass pipe 40 in order to pre-
vent direct contact of the tank 34 with the bypass pipe 40.
[0021] An exhaust gas temperature sensor 58, which
measures the temperature of exhaust gas (exhaust gas
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temperature) Te, is attached to the exhaust pipe 24 lo-
cated between the continuous regeneration type DPF
device 26 and the injection nozzle 28. A reducing agent
temperature sensor 60 that measures the temperature
Tu of the urea aqueous solution stored in the tank 34 is
attached to the tank 34. In additional, an outside-air tem-
perature sensor 62 that measures the temperature of out-
side air (outside air temperature) To is attached to a pre-
determined portion of the vehicle. Furthermore, to pre-
determined portions of the diesel engine 10, a rotational
speed sensor 64 that measures the rotational speed Ne
thereof, and a load sensor 66 that measures the load Q
thereof are attached. Here, as the load Q of the diesel
engine 10, a torque, a fuel injection amount, a super-
charging pressure, a degree of accelerator opening, a
degree of throttle opening, or the like can be used. In-
stead of the configuration in which the outside air tem-
perature To, the rotational speed Ne, and the load Q are
directly read from each sensor, the outside air tempera-
ture To, the rotational speed Ne, and the load Q may be
read from various control units, such as an engine control
unit, which are connected via an on-board network such
as a controller area network (CAN).
[0022] Respective output signals from the exhaust gas
temperature sensor 58, the reducing agent temperature
sensor 60, the outside-air temperature sensor 62, the
rotational speed sensor 64, and the load sensor 66 are
input to a control unit 68 with a built-in computer. The
control unit 68 electronically controls the pump and the
flow rate control valve of the reducing agent adding unit
36 according to the exhaust gas temperature Te, the ro-
tational speed Ne, and the load Q by executing a control
program stored in a nonvolatile memory such as a flash
read only memory (ROM). Also, the control unit 68 elec-
tronically controls the outside-air mixer 42 according to
the exhaust gas temperature Te, the reducing agent tem-
perature Tu, and the outside air temperature To, by ex-
ecuting the control program. Here, the exhaust gas tem-
perature Te, the rotational speed Ne, and the load Q are
examples of an engine operation state.
[0023] In such an exhaust gas purification apparatus,
exhaust gas from the diesel engine 10 is introduced into
the DOC converter 26A of the continuous regeneration
type DPF device 26 via the exhaust manifold 22 and the
turbine 18B of the turbocharger 18. The exhaust gas in-
troduced into the DOC converter 26A flows into the DPF
26B while NO is oxidized into NO2. In the DPF 26B, PMs
in the exhaust gas is removed and continuously oxidized
(burned) using NO2 produced in the DOC converter 26A.
[0024] The urea aqueous solution injected from the in-
jection nozzle 28 according to the engine operation state
is hydrolyzed using exhaust heat and water vapor in the
exhaust gas and consequently converted into ammonia
that functions as a reducing agent. It is known that this
ammonia selectively undergoes a reduction reaction with
NOx in exhaust gas in the SCR converter 30 and is pu-
rified into H2O (water) and N2 (nitrogen) that are harm-
less. At this time, NO is oxidized into NO2 by the DOC

converter 26A and the ratio of NO to NO2 in exhaust gas
approaches the ratio appropriate for the selective reduc-
tion reaction and, accordingly, a NOx purification rate in
the SCR converter 30 can be improved. On the other
hand, ammonia that has passed through the SCR con-
verter 30 is oxidized by the oxidation catalyst converter
32, disposed on the exhaust gas downstream side of the
SCR converter 30. Thus, the ammonia can be prevented
from being emitted into the atmosphere as it is.
[0025] FIG. 6 illustrates an example of a control pro-
gram in which the control unit 68 repeats every prede-
termined time as a result of starting the diesel engine 10.
In step 1 (in the drawing, abbreviated to "S1 ", and the
same applies hereinafter), the control unit 68 reads the
temperature Tu of the urea aqueous solution from the
reducing agent temperature sensor 60.
[0026] In step 2, the control unit 68 determines whether
or not the temperature Tu of the urea aqueous solution
is equal to or below a freeze determination temperature.
Here, the freeze determination temperature is a threshold
value for determining whether or not there is a possibility
that the urea aqueous solution stored in the tank 34 is
frozen. For example, this temperature is set to a temper-
ature slightly higher than a freezing point of -11°C used
in the case in which its concentration is 32.5%. If the
temperature Tu of the urea aqueous solution is equal to
or below the freeze determination temperature, the con-
trol unit 68 causes processing to proceed to step 3 (Yes).
If the temperature Tu of the urea aqueous solution is
higher than the freeze determination temperature, the
control unit 68 causes the processing to proceed to step
8 (No).
[0027] In step 3, the control unit 68 determines whether
or not the urea aqueous solution in the tank 34 could
have been drawn in the reducing agent adding unit 36.
Here, the determination whether or not the urea aqueous
solution could have been drawn in can be made from,
for example, the discharge pressure of the pump incor-
porated in the reducing agent adding unit 36. If the urea
aqueous solution could not have been drawn in, the con-
trol unit 68 causes processing to proceed to step 4 (Yes).
If the urea aqueous solution could have been drawn in,
the control unit 68 causes processing to proceed to step
8 (No).
[0028] In step 4, the control unit 68 reads an exhaust
gas temperature Te from the exhaust gas temperature
sensor 58.
[0029] In step 5, the control unit 68 reads an outside
air temperature To from the outside-air temperature sen-
sor 62.
[0030] In step 6, referring to a map that defines an op-
eration amount in relation to the exhaust gas temperature
and the outside air temperature, the control unit 68 cal-
culates an operation amount for the outside-air mixer 42,
corresponding to the exhaust gas temperature Te and
the outside air temperature To. The operation amount
for the outside-air mixer 42 is an operation amount that
is required to reduce temperature of the exhaust gas, by
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which the urea aqueous solution stored in the tank 34 is
heated, to a predetermined temperature or below. As
such an operation amount, for example, a duty ratio or
the like corresponding to the degree of opening can be
used. As the predetermined temperature, a temperature
at which ammonia-based gas is not generated even
when the urea aqueous solution is heated, for example,
about 60°C, can be used.
[0031] In step 7, the control unit 68 outputs to the out-
side-air mixer 42 a signal corresponding to the operation
amount.
[0032] In step 8, since the control unit 68 determined
that the urea aqueous solution stored in the tank 34 is
not frozen, the control unit 68 outputs a passage blocking
signal for the bypass pipe 40, to the outside-air mixer 42,
in order to prevent exhaust gas from branching off to the
bypass pipe 40 from the exhaust pipe 24. Here, when
the outside-air mixer 42 blocks the passage of the bypass
pipe 40, exhaust gas supplied from the oxidation catalyst
converter 32 to the outside-air mixer 42 is returned to the
exhaust pipe 24 through the exhaust gas return pipe 46.
[0033] Next, a process for thawing a urea aqueous so-
lution, which is realized by such a control program, will
be described.
[0034] Some of the exhaust gas passed through the
oxidation catalyst converter 32 is supplied to the outside-
air mixer 42. If the temperature Tu of the urea aqueous
solution stored in the tank 34 is higher than the freeze
determination temperature, or if the urea aqueous solu-
tion could have been drawn in, it is determined that the
urea aqueous solution in the tank 34 is not frozen or is
thawed. As a result, the exhaust gas supplied to the out-
side-air mixer 42 is returned to the exhaust passage 24
through the exhaust gas return pipe 46. Accordingly,
when the urea aqueous solution in the tank 34 is not
frozen, the urea aqueous solution does not have to be
heated more than is necessary, so that the production of
components derived from urea can be prevented, for ex-
ample.
[0035] On the other hand, if the temperature Tu of the
urea aqueous solution stored in the tank 34 is equal to
or below the freeze determination temperature and if the
urea aqueous solution could not have been drawn in, it
is determined that the aqueous solution in the tank 34 is
frozen. As a result, the outside-air mixer 42 is controlled
using the operation amount corresponding to the exhaust
gas temperature Te and the outside air temperature To.
At this time, if the temperature Tu of the urea aqueous
solution is equal to or below the freeze determination
temperature and, in addition, the urea aqueous solution
could not have been drawn in, it is determined that the
urea aqueous solution stored in the tank 34 is frozen,
thus making it possible to improve freeze determination
accuracy. As a result, when the urea aqueous solution
in the tank 34 is frozen, the exhaust gas cooled down to
a predetermined temperature or below is supplied to the
tank 34. Then, the exchange of heat between the exhaust
gas flowing through the bypass pipe 40 and the urea

aqueous solution in the tank 34 is caused to occur, so
as to thaw the urea aqueous solution. Since the tank 34
is made of metal, the urea aqueous solution is heated
from the bottom wall and peripheral walls thereof at this
time. Furthermore, because the exhaust gas used for
thawing the urea aqueous solution has a high tempera-
ture even right after cold start or the like, this exhaust
gas is cooled with outside air to make the temperature
of the exhaust gas appropriate.
[0036] Therefore, unlike engine coolant, the thawing
of the urea aqueous solution frozen in the tank 34 can
be started even right after cold start or in low load running
and, accordingly, a time required to thaw the urea aque-
ous solution can be shortened. Furthermore, since the
exhaust gas for thawing the urea aqueous solution is
mixed with outside air to have the temperature thereof
be appropriate, the tank 34 can be mounted away from
the diesel engine 10. Furthermore, since the pipes for
thawing are not disposed in the tank 34, the capacity of
the tank 34 is not reduced.
[0037] The exhaust gas for heating the urea aqueous
solution stored in the tank 34 is not limited to the exhaust
gas flowing through the exhaust pipe 24, but may be ex-
haust gas flowing through the EGR pipe 38A of the EGR
device 38, as illustrated in FIG. 7. Furthermore, a sub-
stance to be thawed is not limited to the urea aqueous
solution stored in the tank 34, but may be various liquid
reducing agents or precursors thereof, which can be used
in the exhaust gas purification apparatus that selectively
reduces and purifies NOx. Furthermore, whether or not
the urea aqueous solution stored in the tank 34 is frozen
may be determined from either one of the above two con-
ditions; that is, it may be determined based on whether
or not the temperature Tu of the urea aqueous solution
is equal to or below the freeze determination tempera-
ture, or alternatively, based on whether or not the urea
aqueous solution could not have been drawn in.

REFERENCE SYMBOL LIST

[0038]

24 Exhaust pipe
26B DPF
28 Injection nozzle
30 SCR converter
32 Oxidation catalyst converter
34 Tank
38A EGR pipe
40 Bypass pipe
42 Outside-air mixer
48 Metal sheet
50 Bracket
58 Exhaust gas temperature sensor
60 Reducing agent temperature sensor
62 Outside-air temperature sensor
68 Control unit
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Claims

1. An exhaust gas purification apparatus comprising:

a reduction catalyst converter that reduces and
purifies nitrogen oxides in exhaust gas;
a tank that stores a liquid reducing agent or pre-
cursor thereof;
an injection nozzle that injects the liquid reduc-
ing agent or precursor thereof stored in the tank
on an exhaust gas upstream side of the reduc-
tion catalyst converter; and
a bypass pipe that allows some of the exhaust
gas flowing through an exhaust pipe to be di-
verted to the tank, to cause an exchange of heat
between the diverted exhaust gas and the liquid
reducing agent or precursor thereof stored in the
tank.

2. The exhaust gas purification apparatus according to
claim 1, further comprising an outside-air mixer that
mixes outside air with the exhaust gas flowing
through the bypass pipe.

3. The exhaust gas purification apparatus according to
claim 1, wherein the bypass pipe forms at least a
part of a bracket for attaching the tank to a vehicle
body.

4. The exhaust gas purification apparatus according to
claim 2, further comprising:

an exhaust gas temperature sensor that meas-
ures an exhaust gas temperature;
an outside-air temperature sensor that meas-
ures an outside air temperature; and
a control unit that controls the outside-air mixer
based on the exhaust gas temperature meas-
ured by the exhaust gas temperature sensor and
the outside air temperature measured by the
outside-air temperature sensor.

5. The exhaust gas purification apparatus according to
claim 4, further comprising:

a reducing agent temperature sensor that meas-
ures a temperature of the liquid reducing agent
or precursor thereof stored in the tank,
wherein the outside-air mixer has a function of
preventing the exhaust gas from branching off
to the bypass pipe from the exhaust pipe, and
wherein based on the temperature of the liquid
reducing agent or precursor thereof measured
by the reducing agent temperature sensor, the
control unit determines whether or not the liquid
reducing agent or precursor thereof stored in the
tank is frozen, and if the control unit determines
that the liquid reducing agent or precursor there-

of is not frozen, the control unit controls the out-
side-air mixer so as to prevent the exhaust gas
from branching off to the bypass pipe from the
exhaust pipe.

6. The exhaust gas purification apparatus according to
claim 1, wherein a metal sheet is interposed between
the bypass pipe and the tank.

7. The exhaust gas purification apparatus according to
claim 6, wherein a heat sink is attached to the metal
sheet.

8. The exhaust gas purification apparatus according to
claim 1, wherein an oxidation catalyst converter that
oxidizes the liquid reducing agent or precursor there-
of, that has passed through the reduction catalyst
converter, is further disposed on an exhaust gas
downstream side of the reduction catalyst converter.

9. The exhaust gas purification apparatus according to
claim 1, wherein a diesel particulate filter that re-
moves particulate matter in the exhaust gas is further
disposed on the exhaust gas upstream side of the
reduction catalyst converter.

10. The exhaust gas purification apparatus according to
claim 1, wherein the liquid reducing agent or precur-
sor thereof is a urea aqueous solution.

11. A method for thawing a liquid reducing agent or pre-
cursor thereof, comprising the step of heating a tank
storing a liquid reducing agent or precursor thereof
to be injected on an exhaust gas upstream side of a
reduction catalyst converter that reduces and puri-
fies nitrogen oxides in exhaust gas, with some of the
exhaust gas flowing through an exhaust pipe, so that
the reducing agent or precursor thereof frozen in the
tank is thawed.

12. The method for thawing the liquid reducing agent
and precursor thereof according to claim 11, wherein
outside air is mixed with the exhaust gas that heats
the tank, thereby reducing the temperature of a mix-
ture of the exhaust gas and the outside air.

13. The method for thawing the liquid reducing agent
and precursor thereof according to claim 11, wherein
the bypass pipe forms at least a part of a bracket for
attaching the tank to a vehicle body.
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