2015/092469 A1 |1 000 0010 OO 0 0

S
=

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/092469 A1

(51

eay)

(22)

(25)
(26)
1

(72

74

31

25 June 2015 (25.06.2015) WIPO | PCT
International Patent Classification:
FOIN 3/20 (2006.01) FOIN 5/02 (2006.01)
FOIN 13/18 (2010.01)
International Application Number:
PCT/IB2013/003141

International Filing Date:
19 December 2013 (19.12.2013)

English
Publication Language: English

Applicant: VOLVO TRUCK CORPORATION [SE/SE];
S-405 08 Géteborg (SE).

Inventors: TOMITA, Yasuyoshi; Hongo Green heights
C-306, 1027-3 Hongo-chou, Kita-ku, Saitama 331-0802
(JP). MOKDAD, Ayman; 53 Allée de la Clairiére, F-
69520 Grigny (FR).

Agents: FAUCHEUX, Jérome et al.; Renault Trucks,
VGIP Patents and LP. Strategy, 99 Route de Lyon, F-
69806 Saint Priest (FR).

Filing Language:

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: AN EXHAUST GAS TREATMENT SYSTEM TO BE FITTED ON A CHASSIS OF AN AUTOMOTIVE VEHICLE

Fig. 2

Jen

(57) Abstract: The invention relates to an exhaust gas treatment system (10) to be fitted on a chassis (2) of an automotive vehicle
(1). The system (10) comprises a selective catalytic reduction device (12) and a gaseous fluid supplying device (13). The gaseous
fluid supplying device (13) comprises a tank (14) containing a material (15) which is capable of retaining gaseous tluid by absorp-
tion and/or adsorption and/or formation of chemical complexes, and of releasing previously retained gaseous fluid. The gaseous fluid
supplying device (13) further comprises a gaseous fluid delivery system (16) capable of causing the release of gaseous fluid by the
material (15) and an injection system (17) for injecting gaseous fluid upstream from the selective catalytic reduction device (12). Ad-
ditionally the system may comprise a particulate filtering device (11). The particulate filtering device (11), the selective catalytic re -
duction device (12) and the gaseous tluid supplying device (13) are arranged within a same frame (21) which comprises fastening
means (22) for fastening the frame (21) to the vehicle chassis (2).
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An exhaust gas treatment system to be fitted on a chassis of an automotive vehicle

TECHNICAL FIELD

The invention relates to an exhaust gas treatment system to be fitted on a chassis of an
automotive vehicle, for treating exhaust gases flowing in an exhaust line of an engine of

the vehicle.

The invention can be applied in all types of automotive vehicles, especially in heavy-duty

automotive vehicles, such as trucks, buses and construction equipment.
BACKGROUND

Exhaust gases formed due to the combustion of fuel in an internal combustion engine
may contain a proportion of undesirable components. To reduce air pollution, vehicles are
therefore equipped with various treatment devices that deal with undesirable substances

in exhaust gases.

One known example of an exhaust gas treatment system, which has been implemented
on various engine arrangements for several years, includes a selective catalytic reduction
(SCR) device, designed to treat nitrogen oxides (NOx). In such a device, exhaust gases,
mixed with ammonia as a reducer, are treated in a specific catalytic converter where
nitrogen oxides are converted essentially into water and nitrogen which are both non-toxic

substances.

in many known systems, ammonia is produced on board the vehicle by the decomposition
of an urea aqueous solution. The urea solution is stored in a reservoir fitted directly on the
chassis of vehicle. It is pumped by an injection system to be sprayed in an exhaust pipe

where urea is first vaporized and then decomposed into ammonia and other substances.

in known systems, the selective catalytic reduction device, as well as, possibly, the
injection system, are included in a same housing which is fastened to the vehicle chassis,
this housing being generally called a “muffler’. Such housing is fastened to the
independently of the urea reservoir. In many cases, the same housing may' also contain a
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particulate filtering device, for example a diesel particulate filter, which removes un-burnt

particulates contained in the exhaust gases.

According to an arrangement of the prior art, instead of using an aqueous solution of urea
as a precursor of ammonia, there can be provided one or several tanks containing a solid -
on which ammonia has been previously absorbed or adsorbed. In use, ammonia can be
released above a threshold temperature, and directed towards the exhaust line in which it
is injected, by an injector, upstream from the catalytic converter. This implementation is
advantageous in that it avoids crystallization that occurs when injecting liquid urea
solution as a precursor of ammonia, and therefore provides good performance at
relatively low temperatures. Also, such systems require less volume than conventional
urea aqueous solution reservoirs. An example of such system is for example described in
WO02013/160712.

In view of the growing complexity of the exhaust gas treatment systems, their mounting on
the vehicle at the time of assembly can be a complex task, involving many different
operations on the vehicle assembly line. There is thus a need to develop new exhaust gas
treatment systems which are both efficient and easy to install on a vehicle.

It therefore appears that, from several standpoints, there is room for improvement in

exhaust gas treatment systems.

SUMMARY

An object of the invention is to provide an exhaust gas treatment system for treating
exhaust gases flowing in an exhaust line of an engine of an automotive vehicle, which

system is easier to install on a vehicle than the systems of the prior art.

According to a first aspéct of the invention, the object is achieved by an exhaust gas
treatment system to be fitted on a chassis of an automotive vehiple, wherein the system
comprises:

e a selective catalytic reduction device;

e a gaseous fluid supplying device, comprising:
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- a tank containing a material which is capable of retaining gaseous fluid by
absorption and/or adsorption and/or formation of chemical complexes and of
releasing previously retained gaseous fluid;

- a gaseous fluid delivery system capable of causing the release of gaseous fluid by
the material,

- an injection system for injecting gaseous fluid upstream from the selective catalytic
reduction device:

characterized in that selective catalytic reduction device and the gaseous fluid supplying
device are arranged on a same frame which is to be fastened to the vehicle chassis.
The frame may comprise fastening means for fastening the frame to the vehicle chassis.

The treatment of gases may comprise the modification of the chemical composition of the
flow of exhaust gases, for example through the removal of some substances and/or
through the chemical transformation of at least one chemical specie into at least another

chemical specie.

In concrete terms, according to the invention, the selective catalytic reduction (SCR)
device, as well as the gaseous fluid supplying device — and in particular the tank
containing the material capable of releasing fluid — are not directly secured to the vehicle
chassis, but arranged and secured on a frame, acting as a supporting structure, which is
itself secured on the vehicle chassis. In other words, the element which is directly secured .
to the vehicle chassis is the frame, not each of the above mentioned devices.

Owing to this feature, the exhaust gas treatment system has the advantage of an
optimised packaging, leading to a better assembly process and ultimately to significant

quality and cost improvements.

The improved compactness can result from the integration of several components in a
same volume, leading to a reduction in pipe lengths required between said components,
from the uselessness of providing dedicated fastening means for fastening each
component on the vehicle chassis, and/or from a better spatial arrangement of the

components in order to optimise their positions in relation to one another.
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Therefore, even if the frame according to the invention can be larger than a conventional
muffler, its size is however reduced as compared to the overall size of an assembly of a
muffler and a gaseous fluid supplying device of the prior art.

Moreover, having an integrated system makes its installation and maintenance much
easier, in particular since there can be less connections to make: as connections between
the devices integrated in the frame can be pre-arranged, there is only a need to connect
the system to the appropriate elements of the vehicle. The exhaust gas treatment system
may thus be pre-assembled on the frame, and the frame, with the already mounted
exhaust gas treatment devices, can be mounted on the vehicle chassis on the vehicle
assembly line. This reduces the time needed for mounting the exhaust gas treatment
system on the vehicle on the vehicle assembly line. The exhaust gas treatment system
may thus be pre-assembled on the frame at a separate location, for example on the side
of the vehicle assembly line or even at a totally remote location such as at a supplier’s
plant. At such pre-assembly location, the exhaust gas treatment system may be tested

prior to its mounting on the vehicle, for example for fluid tightness.

The invention is of special interest with a gaseous fluid supplying device using a material
capable of retaining and releasing gaseous fluid, for example ammonia, as compared to
alternative devices in which the source of fluid can be, for example, an aqueous solution
of said fluid or pressurized gaseous fluid. Indeed, the overall gaseous fluid supplying
device is more compact than these alternative devices, because the corresponding tank
can have a much smailer size and weight for a same capacity of fluid release, and
because the device does not require pressure regulating means. Additionally, as the
product injected in the exhaust line is gaseous fluid, there is no need to provide for a large
and sophisticated device conventionally used for ensuring a éatisfactory mixing between

exhaust gases and liquid urea solution.

According to an embodiment, the gaseous fluid supplying device may comprise:
- a tank containing a material which, depending on the temperature, is capable of
retaining gaseous fluid and of releasing previously retained gaseous fluid:
- a heating system capable of increasing the tank temperature to allow the release of

gaseous fluid.
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According to one embodiment, the exhaust gas treatment system comprises a heating
system which derives heat from the heat of exhaust gases flowing from the engine. By the
provision of an integrated exhaust gas treatment system, as previously explained, a
further significant advantage is that it is much easier to use the heat of exhaust gases to
allow fluid to be released from the material contained in the tank. Indeed, insofar as the
tank is installed close to the hot source leading to fluid release, this avoids the
implementation of long pipes which may further require thermal insulating.

In other words, a further advantage of an integrated system according to the invention is
that it greatly improves the thermal exchanges required for fluid release, and therefore the

exhaust gas treatment system overall efficiency.

The exhaust gas treatment system may further comprise a heating line which branches
from the exhaust line, and which may return to said exhaust line or which may end directly
to the atmosphere, said heating line carrying exhaust gases and having a portion which is
thermally connected to the tank and forms a heat exchanger.

The exhaust gas treatment system may further comprise a control unit for controlling the
flow of exhaust gases in the heating line, for example through a valve arranged in the

heating line. Such valve can be a part of the heating system arranged on the frame.

Controlling the valve makes it possible to control the flow of exhaust gases in the heating
line, and therefore the amount of heat transferred to the tank. Consequently, the
temperature in the tank can be controlled, resulting in fluid being released or not. By
controlling the tank temperature, it may be possible either to control whether fluid release
occurs or not, in an on/off manner, or possibly to control the rate of fluid release in a

proportional manner.

According to one embodiment, the heating line is also arranged on the frame. Owing to
this feature, the length of pipes required to connect the various devices may be further
reduced, thereby improving the system compactness. Moreover, the efficiency of thermal
exchanges is further improved, and the thermal insulating of said pipes can be

unnecessary.
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According to one embodiment, the heating system can comprise a heat exchanger which
is operated both by the heat of exhaust gases flowing from the engine and by a cooling
fluid, the exhaust gas treatment system further comprising a control unit for controlling the
flow of exhaust gases and the flow of cooling fluid in the heat exchanger, for example by

means of at least one valve, thereby controlling the tank temperature.

This disposition is advantageous in that it ensures a better tank temperature control,
thanks to the use of a hot source and a cooler source, the respective flows of which can
be controlled. In particular, the cooling fluid makes it possible to decrease the heat
transferred to the tank — i.e. to the material contained in said tank — in case, in some
operating conditions, the exhaust gases temperature is too high. Indeed, such a too high
temperature could lead to a deterioration of the material retaining fluid and/or to improper
operation of the gaseous fluid supplying device, for example causing an unwanted fluid

release.

It has to be noted that this disposition according to which the heating system uses both
the exhaust gases and a cooling fluid to control the tank temperature can also be
implemented in a non-integrated exhaust gas treatment system, i.e. such a system in
which the particulate filtering device, the SCR device, and the gaseous fluid supplying

device are not all arranged within a same frame.

In a further embodiment of the invention, the system may further comprise at least one of
a particulate filtering device or of an oxidizing catalyst device, said device being also
arranged within said frame. This further reinforces the compactness and ease of

installation of the system.

In a further embodiment of the invention, all the devices of the exhaust gas treatment
system, i.e. all the components which participate in the treatment of exhaust gas, are

arranged on said frame.

According to a second aspect of the invention, the object is achieved by an engine
arrangement comprising a combustion engine and an exhaust line carrying exhaust gases
flowing from the engine towards the atmosphere, characterized in that it further comprises
an exhaust gas treatment system having any one of the features above, which is arranged

in the exhaust line.
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According to a third aspect of the invention, the object is achieved by an automotive
vehicle comprising a chassis and an engine arrangement according to the above, wherein

the frame is fastened to the vehicle chassis.

Further advantages and advantageous features of the invention are disclosed in the

following description and in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

With reference to the appended drawings, below follows a more detailed description of

embodiments of the invention cited as examples.
In the drawings:

Fig. 1 is a side view of a vehicle provided with an exhaust gas treatment system according

to an embodiment of the invention;

Fié. 2 is a schematic representation of an exhaust gas treatment system according to an

embodiment of the invention;

Figures 3 and 4 are schematic perspective views of a first and a second embodiments of

the exhaust gas treatment system of figure 2;

Figure 5 is a schematic and partial representation of another embodiment of an exhaust

gas treatment system, more particularly showing a gaseous fluid supplying device.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE INVENTION

Figure 1 shows a vehicle 1 comprising a chassis 2 and a driver's cab 3 mounted on the
chassis. Although the vehicle shown in figure 1 is a heavy duty truck, more precisely a
tractor truck for pulling a semi-trailer, the invention can be applied to other automotive

vehicles, including construction equipment machines.
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The thic|e 1 comprises an engine arrangement 4 including a combustion engihe 5 which
may be located underneath the driver's cab 3 and acts on the drive wheels 6 of the
vehicle 1 by way of a drive train 7. More particularly, the engine 5 can be an internal
combustion engine, and may be a Diesel engine. The engine arrangement 4 further
comprises an exhaust line 8 carrying exhaust gases flowing from the engine 5 towards the
atmosphere, as well as an exhaust gas treatment system 10 arranged in the exhaust line

8 and fitted on the vehicle chassis 2.

The engine arrangement 4 and the exhaust gas treatment system 10 are schematically
illustrated in figure 2. In the specification, for simplicity purposes, the term “system” when

used alone refers to the exhaust gas treatment system.

The exhaust gas treatment system 10 comprises several devices intended to treat the
exhaust gases flowing in the exhaust line 8 before they are released in the atmosphere,
especially in view that the so treated gases meet the applicable regulations. In particular,
the devices of the exhaust gas treatment system comprise the components which
participate in the treatment of exhaust gas, in the meaning that they contribute to the
modification of the chemical composition of the flow of exhaust gases, for example
through the removal of some substances or through the chemical transformation of at

least one chemical specie into at least another chemical specie.
As shown in figure 2, the system 10 may comprise a particulate filtering device 11,
hereinafter referred to as filter 11, for retaining the particulate matter contained in exhaust

gases and preventing them from being released to the atmosphere.

The system 10 comprises a selective catalytic reduction (SCR) device 12 which

- comprises a catalytic converter in which at least part of the NOx can be converted

30

35

essentially into water and nitrogen by means of reaction with a gaseous fluid, for example
ammonia, used as a reductant. To that end, the system 10 further comprises a gaseous
fluid supplying device 13, which, in this exemplary embodiment, will be a gaseous
ammonia supplying device. However, the invention could be implemented with supplying
devices storing and releasing other gaseous fluid which could be used in an exhaust gas
treatment system for treating the exhaust gases of a combustion engine, such as a

gaseous hydrocarbon fluid.
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The gaseous ammonia supplying device 13 comprises a tank 14 containing a material 15
which, depending on the temperature, is capable of retaining gaseous ammonia and of
releasing previously retained gaseous ammonia. For example, ammonia is released from
the material above a threshold temperature. According to an embodiment, the material 15
contained in the tank 14 is capable of retaining gaseous ammonia by absorption and/or
adsorption and/or formation of chemical complexes. For example, said material 15 can
comprise a saturated inorganic salt such as SrCl,. More generally, such material 15 can
comprise a metal ammine salt described by the generic the formula Ma(NH3)nXz, in
which M would be one or more cations selected amongst alkali metals, including Li, Na, K
or Cs, alkaline earth metals including Mg, Ca, Sr or Ba, and/or transition metals including
V, Cr, Mn, Fe, Co, Ni, Cu, or Zn or combinations thereof, such as NaAl, KAl, K2Zn, CsCu,
or K2Fe. In the formula, X can be one or more anions selected from fluoride, chloride,
bromide, iodide, nitrate, thiocyanate, sulphate, molybdate, and phosphate ions while “a” is
the number of cations per salt molecule, “z" is the number of anions per salt molecule,
and “n” is the coordination number of 2 to 12, for example 6 to 8. These materials when
containing ammonia are capable of desorbing ammonia when they are heated and/or
exposed to a vacuum and/or exposed to another releasing mechanism. The material 15
can typically be provided in the form of a block on which gaseous ammonia has preVioust
been retained — for example adsorbed — in a non pressurized state. Said block of material
15 or said tank 14 therefore forms a cartridge which has to be replaced when substantially
no ammonia remains retained on the material. In this document, ammonia always refers
to gaseous ammonia, even when retained on the material, for example by adsorption. The
tank may include an envelope containing the material. This envelope can be rigid or

flexible.

The gaseous ammonia supplying devicé 13 further comprises a gaseous fluid delivery

system capable of causing the release of gaseous fluid by the material 15.

In the described example, the releasing mechanism is based on temperature. Therefore,
the gaseous fluid delivery system 16 capable of causing the release of gaseous fluid by
the material 15 comprises a heating system. The heating system is capable of increasing
the tank temperature or at least of the material 15 contained therein, for example above a

threshold temperature, to allow the release of gaseous ammonia.
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The gaseous ammonia supplying device 13 further comprises an injection system 17 for
injecting gaseous ammonia released from the material 15 contained in the tank 14
upstream from the SCR device 12, into the flow of exhaust gases. To that end, the
injection system 17 may comprise (i) an injection line 18 which comes from the tank 14
and which includes a gaseous ammonia dosing device 19 and (ii) an injector 20 typically

provided at an outlet of the injection line 18.

The dosing device 19 makes it possible to control the quantity of gaseous ammonia to be
injected by the injector 20 and mixed with the exhaust gases upstream from the SCR
device 12. The dosing device 19 may comprise a controlled valve capable of directing all
or part of the gaseous ammonia flow towards the injector 20, or to block said gaseous
ammonia flow. The dosing device 19 may be controlled by a control unit 23 of the exhaust

gas treatment system 10.

As schematically illustrated in figure 2 in chain-dotted line, the SCR device 12 and the
gaseous ammonia supplying device 13 are arranged on a same frame 21. The frame

forms a support structure for those devices.

Moreover, said frame 21 may be provided with fastening means 22, so that it can be
fastened to the vehicle chassis 2, as also shown in figure 1. The fastening means can
compriée mechanical fasteners such as bolts, screws, braces, clamps or rivets.
Alternatively, the frame 21 can be welded or glued onto the chassis 2. Preferably, the
frame 21 is capable of being removably installed on the chassis 2. in other words, instead
of being installed independently of each other on the chassis 2, said devices can be
mounted on one single frame 21 forming a kind of housing. Thus, these devices are not
installed directly on the chassis 2 but on the frame 21, said frame 21 being itself installed
on the chassis 2. For example, as shown in figure 1, the frame 21 can be mounted on a

lateral beam of the chassis 2, for example behind the front wheels 6.

The frame may be adapted to be fastened directly to the chassis, such as directly to a
lateral beam of the chassis. However, the frame may also be adapted to be fastened
indirectly to the chassis, via an intermediate part or arrangement, such as a console,
brackets or any other vehicle part which is itself fastened directly or indirectly to the
vehicle chassis. Of course, in the case of a heavy duty- truck as shown on figure 1, which
has a chassis comprising two longitudinally extending lateral beams connected by

10
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transverse cross-members, mounting of the frame on the external side of one the chassis
lateral beams, directly or via suitable brackets, is very convenient and can be performed
in a way similar to the current known techniques for fastening existing mufflers on such a

chassis.

In the embodiment illustrated as a non limitative example, the SCR device 12 is arranged
downstream from the filter 11 in the flow direction of exhaust gases from the engine 5
towards the atmosphere, and the injector 20 is located between the filter 11 and the SCR

device 12. However, other embodiments could be envisaged.

Furthermore, the system 10 may comprise one or several of the following devices:

- an oxidizing catalyst device 25, such as a Diesel Oxidation Catalyst, which may be
located upstream from the filter 11. Such an oxidizing catalyst device 25 can be used
to convert NO, CO and HC into NO,, CO, and CO,+H,0, respectively, by means of O,;

- a mixing chamber 26, which may be located downstream from the injector 20 and
upstream from the SCR device 12, for mixing the exhaust gases and the gaseous
ammonia before they enter the SCR device 12;

- an additional oxidizing catalyst device 27, such as an Ammonia Slip Catalyst, which
may be located downstream from the SCR device 12, for controlling a possible

ammonia slip.

According to an embodiment of the invention, at least one of said oxidizing catalyst device
25, of said mixing chamber 26 and/or of said additional oxidizing catalyst 27, and for
example all three components, is/are arranged on said frame 21 »together with the SCR

device 12 and the gaseous ammonia supplying device 13.

The control unit 23, preferably an electronic control unit, can be a control unit dedicated to
the exhaust gas treatment system, and it can therefore be also mounted on the same
frame 21, or it can an control unit provided on the vehicle 1, in which case it can be
provided for controlling also the operation of various components other than those of the

exhaust gas treatment system.
In an embodiment of the invention, all the devices of the exhaust gas treatment system,

.. all the components which participate in the treatment of exhaust gas, in the meaning
that they contribute to the modification of the chemical composition of the flow of exhaust

11
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gases, for example through the removal of some substances or through the chemical
transformation of at least one chemical specie into at least another chemical specie, are

arranged on said frame.

Said frame 21 is preferably a physical structure rigid enough to hold the SCR device 12
and the gaseous ammonia supplying device 13. The frame 21 may be a separate physical
entity from the SCR device 12 and the gaseous ammonia supplying device 13. However,
the frame could be a portion of one of the devices constituting the exhaust gas treatment
system‘, for example integrated with a casing of one or several of the above devices,
including the SCR device 12, the gaseous ammonia supplying device 13, the oxidizing
catalyst device 25, the filter 11, the mixing chamber 26 and/or the additional oxidizing
catalyst device 27.

In practice, the frame 21 can comprise a structure of beams forming a kind of framework
and supporting the various devices arranged thereon. Said framework can be fully
opened, i.e. the frame 21 being devoid of walls closing the side faces, or partially closed
by means of walls closing some of the side faces. Then, pipes 8a may be provided to
carry the exhaust gases from one device to the subsequent one, as schematically
illustrated in figure 2, these pipes 8a forming part of the exhaust line 8.

Alternatively, as schematically illustrated in figure 3, the frame 21 can form a substantially
closed housing delimited by side walls and comprising an inlet 28 for exhaust gases
flowing from the engine 5, and an outlet 29 for purified exhaust gases released towards
the atmosphere. With this embodiment, the devices arranged on the frame may be
contained within the closed housing. The exhaust flow can be guided from one device to
the following one, in the flow direction of exhaust gases, by pipes. Alternatively, at least
part of the exhaust flow can be guided by the housing itself as well as, possibly, by
internal walls of the housing. In an embodiment, the housing does not include any pipes
as such at all, but rather internal partition walls which, in combination with the housing
side walls, ensure the guidance of the exhaust flow from the inlet towards the outlet

through the successive devices.

In this alternative embodiment, the frame 21 not only haé a supporting function but also

an exhaust flow guiding function.

12
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The frame 21, as a closed housing, may furthermore comprise a removable cover 30 for
accessing the tank 14, to allow the driver or another person to replace the tank 14, for

example when there is substantially no more gaseous ammonia stored in the material 15.

In both cases, the frame 21 may define a volume corresponding to its external contour
which may be either open, partially open or closed. The various components arranged on
the frame, including the SCR device 12, the gaseous ammonia supplying device 13, the
oxidizing catalyst device 25, the filter 11, the mixing chamber 26 and/or the additional
oxidizing catalyst device 27 may be fully contained with said volume. Alternatively, at least
one of said components may be only partially contained in said volume, or may be

arranged on the frame but outside of the volume.

The various components including the SCR device 12, the gaseous ammonia supplying
device 13, the oxidizing catalyst device 25, the filter 11, the mixing chamber 26 and/or the
additional oxidizing catalyst device 27, may be arranged on the frame by being fastened
to the frame, preferably rigidly fastened. Each component may be fastened on the frame

by being screwed, clipped, clamped, braced, welded, glued, etc... on the frame.

Preferably, the various components arranged on the frame, including at least the SCR
device 12, the gaseous ammonia supplying device 13, and also preferably including any
of the oxidizing catalyst device 25, the filter 11, the mixing chamber 26 and/or the
additional oxidizing catalyst device 27 - if present -, are not fastened to the vehicle

otherwise than through the frame 21.

The heating system 16 may derive heat from the heat of exhaust gases flowing from the
engine 5. This is made much easier to put in practice thanks to the fact that the heating
system is arranged on the frame on which are arranged other components though which

exhaust gas flows. The proximity allows an easier design of such heating system.

To that end, according to an embodiment, and as illustrated in figure 2, the exhaust gas
treatment system 10 may comprise a heating line 31 which branches from the exhaust
line 8 and returns to said exhaust line 8 and carries exhauét gases. The terms “exhaust
line” here includes the portion of the exhaust flow path located inside the frame 21, in
addition of the exhaust line 8 itself, outside the frame 21. Said path can be defined by
pipes, as schematically illustrated in figure 2. Alternatively, said path can be defined by

13
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the frame 21 itself when it is a closed housing, as well as, possibly, by internal walls of the
housing, as previously explained and as illustrated in figures 3 and 4.

The heating line 31 has a portion 32 which is thermally connected to the tank 14 and
forms a heat exchanger. In the example shown on Figure 2, the heat exchanger portion
32 is schematically shown to be formed of a serpentine portion of a pipe which is coiled
around the tank 14. However, other designs are possible for the heat exchanger portion
32. For example, the heat exchanger portion of the heating line could be formed as a
conventional heat exchanger thermally connected to a side of the tank 14. In the Example
of figures 3 to 5, the heat exchanger portion of the heating line 31 is schematically shown
as an annular cavity surrounding the tank 14, the exhaust gases circulating in said cavity.
In still another design, the heat exchanger portion could be formed of a portion of the line

arranged within the tank, amidst the material 15.

Besides, a valve 33 may be arranged in the heating line 31 ahd is controlled by a control
unit, which may be the control unit 23. The valve 33 is capable of allowing an appropriate
flow rate of exhaust gases to flow through the portion 32, depending on the operating
conditions, so as to allow control of the tank temperature, resulting from the amount of

heat transferred from the exhaust gases to said tank 14.

The valve 33 controlled by the control unit 23 therefore makes it possible to cause
ammonia release (in case the tank temperature is above the threshold temperature) or to
prevent ammonia release (in case the tank temperature is below the threshold
temperature), while the ammonia dosing device 19 allows the ammonia flow rate to be
regulated according to the current needs. Alternatively, it could be envisaged that the
released ammonia flow rate be controlled by the valve 33 alone, the control of the exhaust
gas flow rate in the heating line 31 by the valve 33 resulting in the control of the tank
temperature and, ultimately, in a sufficiently precise control of the released ammonia flow

rate.

According to an embodiment, the heating line 31 can also be contained in the frame 21,
which results in an even better integration of the exhaust gas treatment system 10, to an
increased compactness and to an improved efficiency, in particular in terms of thermal

exchanges.
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In the embodiment shown in figure 2, the heating line inlet 34 and outlet 35 are both
located between the filter 11 and the injector 20, in the flow direction of exhaust gases in
the frame 21, said outlet 35 being located downstream from said inlet 34. However, other

implementations are possible.

For example, it may be advantageous to arrange the outlet 35 downstream from the SCR
device 12. With this implementation, there are fewer constraints related to the

temperature of the exhaust gases when they return to the exhaust line 8.

The inlet 34 may also be arranged downstream from the SCR device 12. If needed, an
electric heater may be provided to supply sufficient heat to the tank 14 during cold start of
the engine 5 since, as said inlet 34 is fairly far from the engine 5, it may take time before
the exhaust gases withdrawn from the exhaust line 8 through the inlet 34 reach a
temperature high enough to enable ammonia release. This ensures regulations related to

NOx emissions are met even during cold start.

In an embodiment, both the inlet 34 and outlet 35 can be located downstream from the
SCR device 12, the exhaust gases flowing in the heating line 31 being then substantially
treated. In such a case the outlet of the heating line 35 can in fact end directly into the

atmosphere rather than into the exhaust line.

According to an embodiment, the. heating system 16 can comprise a heat exchanger
which is operated both by the heat of exhaust gases flowing from the engine 5 and by a
cooling fluid. Furthermore, the exhaust gas treatment system 10 comprises a control unit
— which may be the control unit 23 — for the flow of exhaust gases and the flow of cooling
fluid in the heat exchanger by means of at least one valve, thereby controlling the tank
temperature. The controlled valve(s) may allow all of the flow(s) of exhaust gases and/or
cooling fluid, part of said flow(s), or no flow at all, to enter the heat exchanger, in order to

control the tank temperature.

By providing two sources of thermal fluid, and more precisely a fairly hot source and a
fairly cold source, a better control of the temperature in the tank 14 can be achieved,
whatever the operating conditions, i.e. whatever the exhaust gases temperature. Indeed,

in case the exhaust gases temperature is too high, which would lead to an improper
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operation of the gaseous ammonia supplying device 13 or even to its deterioration,
cooling fluid may be used to reduce the amount of heat transferred to the material 15.

This embodiment could be used even with a non integrated structure of the exhaust gas
treatment system 10. In other words, said system 10 could comprise a frame — or
housing — on which the tank 14 is not fastened, while the injector 20 can be contained in
said frame. It may however be advantageous to arrange the tank 14 off the frame 21, but
in the vicinity thereof. The frame would also include SCR device 12, and possibly the filter
11, the oxidizing catalyst device 25, mixing chamber 26, and/or additional oxidizing
catalyst device 27 when present. Such a frame is illustrated by the rectangle 40 drawn in
solid lines in figure 2. Said system 10 arranged on frame 40 is in fact a conventional

muffler as found now on heavy duty trucks.

The cooling fluid may be fresh air. Fresh air supply can result from the vehicle forward
movement. In case the vehicle speed is not high enough to provide the desired amount of
fresh air, a system including a Venturi device could be used. Alternatively, fresh air may
be supplied by a fan, or can come from a container in which air has been previously

stored.
This embodiment using two sources of thermal fluid can have several variants.

According to a variant, as schematically illustrated in figures 2 - 4, the flows of exhaust
gases and fresh air do not mix. Therefore, there are provided a heating line 31 carrying
exhaust gases and a separate cooling line 41 carrying the cooling fluid. The heating line
31 includes a first heat exchanger 32 using exhaust gases while the cooling line 41
includes a second heat exchanger 42 using cooling fluid. The control unit 23 controls the
flow of exhaust gases in the first heat exchanger 31 by means of a first valve 33 and the
flow of cooling fluid in the second heat exchanger 42 by means of a second valve 43,
distinct from the first valve 33, thereby controlling the tank temperature. In case the
exhaust gas treatment system 10 is of the integrated type, the second valve 43 may or not
be arranged inside the frame 21. If the frame 21 assumes the form of a closed housing, it .
includes a cooling fluid inlet 44 and a cooling fluid outlet 45. As previously explained, the
rate of gaseous ammonia release may be controlled either by the gaseous ammonia

dosing device 19, provided the valves 33, 43 allow sufficient heat to be transferred to the
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material 15 so that ammonia release can occur. Alternatively, the rate of gaseous

. ammonia release could be controlled by the valves 33, 43 alone.

10

15

20

According to another variant, as schematically illustrated in figure 5, the heating system
16 can comprisela single heat exchanger in which the flows of exhaust gases and cooling
fluid mix. The heating system 16 can then comprise a single three-way valve 46 controlled
by the control unit 23 and capable of controlling the respective rates of exhaust gases and
cooling fluid in the mixed flow which is in thermal contact with the material 15. A single
outlet pipe 47 can therefore be provided at the outlet of the tank 14 for carrying the
exhaust gas and cooling fluid mixture either back to the exhaust line 8 to be purified, or
directly towards the atmosphere if the exhaust gases have been withdrawn from the

exhaust line downstream from the treating devices.

Reference is now made to figures 3 and 4 which show two possible embodiments of the
internal spatial arrangement of the components inside the frame 21. Although the
frame 21 is depicted as a substantially closed housing includihg a removable cover 30, in
which the exhaust gases flow is guided without dedicated pipes, this shall not been
considered as limitative. Indeed, the frame 21 could assume the form of a housing fully or
partly open, comprising a structure of beams, as previously explained, with pipes provided

to guide the exhaust gas flow between successive devices. The systems 10 shown on

- Figures 3 and 4 may have an external shape and spatial requirement, or bulkiness, similar

25

30

35

to that of a conventional muffler as found on heavy duty trucks.

According to an embodiment, the frame 21 can compriSe a first zone 51 including the -
oxidizing catalyst device 25 — when present —, the filter 11— when present —, the gaseous
ammonia supplying device 13 and the mixing chamber 26 — when present — and a second
zone 52 including the SCR device 12. Two SCR devices 12 may be arranged in the
second zone 52, either in parallel or in series with respect to the exhaust gas flow.

The zones within the frame can be theoretical zones, without any specific physical
boundaries between them. Alternatively, they can be physically separated, for example by
a wall portion of thel frame. If separated, the two zones can be designed to fluid tight one
with respect to the other, with however one or several fluid pipes going from one zone to

the other for carrying exhaust gases and/or ammonia from one zone to the other.
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For example, as shown in figures 3 and 4, the frame 21 can assume a substantially
parallelepiped form defining three axes X, Y, Z. In an implementation, axis X corresponds
to the longitudinal direction of the vehicle 1, axis Y corresponds to the transverse direction
of the vehicle 1, and Z is the vertical direction. However, another spatial arrangement of

the frame 21 on the vehicle 1 can be envisaged.

According to the embodiments of figure 3 and 4, the zones 51, 52 can be situated on both
sides of a plane which is orthogonal to direction X and which divides the frame 21 into two
barts not necessarily having identical volumes. Moreover, the zones 51, 52 can extend

substantially over the whole dimension of the frame 21 along direction Y.

The exhaust gases can enter the exhaust gas treatment system— typically by the inlet 28
— in the first zone 51 and exit the exhaust gas treatment system— typically by the outlet 29

— from the second zone 52.

The cooling fluid, when it is used to control the tank temperature, can enter the frame 21 —
typically by the inlet 44 — in the first zone 51 and exit the frame 21 — typically by the outlet

45 — also from the first zone 51.

According to a first embodiment illustrated in figure 3, in the first zone 51, the tank 14 can
be disposed éubstantially in parallel but not in alignment with the particulate filtering
device 11. In other words, the tank 14 and the particulate filtering device 11 may be
arranged substantially in parallel relationship and located substantially adjacent to each
other along a direction which is orthogonal to a longitudinal axis of the particulate filtering
device 11. For example, both the tank 14 and the filter 11 are arranged along Y while .

being adjacent along Z.

The first zone 51 may comprise a first area 51a and a second area 51b which extend
substantially in parallel, with the oxidizing catalyst device 25 and the particulate filtering
device 11 extending substantially coaxially in the first area 51a, while the mixing chamber

26 and the tank 14 are arranged in the second area 51b.

The first and second areas 51a, 51b may be situated on both sides of a plane which is

orthogonal to direction Z and which divides the first zone 51 into two parts not necessarily
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having identical volumes. For example, each area 51a, 51b may extend substantially over
the whole dimension, along Y, of the first zone 51. The mixing chamber 26 and the tank
14 can take up substantially the whole dimension, along Y, of the second area 51b, and/or
the oxidizing catalyst device 25 and the particulate filtering device 11 can take up
substantially the whole dimension, along Y, of the first area 51a. Some space may
however be allocated for the exhaust gas flow and possible pipes for guiding said flow.

According to a second embodiment illustrated in figure 4, in the first zone 51, the tank 14
extends substantially orthogonally to the particulate filtering device 11, close to one end of

said particulate filtering device 11.

The first zone 51 may comprise a first area 51a and a second area 51b which extend
substantially in parallel. The tank 14 may span the first and second areas 51a, 51b, at an
end portion of said first and second areas 51a, 51b. Moreover, the oxidizing catalyst
device 25 and the particulate filtering device 11 may extend substantially coaxially in the
first area 51a, while the mixing chamber 26 is arranged in a part of the second area 51b

which is not occupied by the tank 14.

The first and second areas 51a, 51b may be situated on both sides of a plane which is
orthogonal to direction Z and which divides the first zone 51 into two parts not necessarily

having identical volumes.

For example, each area 51a, 51b may extend substantially over the whole dimension,
along Y, of the first zone 51. The mixing chamber 26 can take up substantially the whole
dimension, along Y, of the second area 51b which is not occupied by the tank 14, and/or
the oxidizing catalyst device 25 and the particulate fiitering device 11 can take up
substantially the whole dimension, along Y, of the first area 51a which is not occupied by
the tank 14. Some space may however be allocated for the exhaust gas flow and possible

pipes for guiding said flow.

Either of these two exemplary embodiments result from an optimization of the internal

. arrangement of the devices inside the frame 21 the one relative to the others which

contribute to the compactness and overall efficiency of the exhaust gas treatment system.
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It is to be understood that the present invention is not limited to the embodiments
described above and illustrated in the drawings; rather, the skilled person will recognize
that many changes and modifications may be made within the scope of the appended

claims.
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CLAIMS

1. An exhaust gas treatment system to be fitted on a chassis (2) of an automotive
vehicle (1), wherein the system (10) comprises:

e a selective catalytic reduction device (12);

® a gaseous fluid supplying device (13), comprising:

- atank (14) containing a material (15) which is capable of retaining gaseous fluid by
absorption and/or adsorption and/or formation of chemical complexes, and of
releasing previously retained gaseous fluid;

- agaseous fluid delivery system (16) capable of causing the release of gaseous fluid
by the material (15);

- an injection system' (17) for injecting gaseous fluid upstream from the selective
catalytic reduction device (12);

characterized in that selective catalytic reduction device (12) and the gaseous fluid
supplying device (13) are arranged on a same frame (21) which is to be fastened to the

vehicle chassis (2).

2. The system according to claim 1, characterized in that gaseous fluid delivery system
(16) capable of causing the release of gaseous fluid by the material (15) is a heating

system.

3. The system according to claim 2, characterized in that the heating system (16)
derives heat from the heat of exhaust gases flowing from the engine (5).

4. The system according to claim 3, characterized in that the heating system (16)
comprises a heating line (31) which branches from the exhaust line (8), said heating line
(31) carrying exhaust gases and having a portion (32) which is thermally connected to the
tank (14) and forms a heat exchanger.

3. The system according to claim 4, characterized in that the exhaust gas treatment
system (10) further comprises a control unit (23) for controlling a valve (33, 46) controlling
the flow of exhaust gases in the heating line (31).

6. The system according to claim 4 or 5, characterized in that the heating line (31) is

also contained in the frame (21).
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7. The system according to any one of claims 2 to 6, characterized in that the heating
system (16) comprises a heat exchanger (32, 42) which is operated both by the heat of
exhaust gases flowing from the engine (5) and by a cooling fluid, the exhaust gas
treatment system (10) further comprising a control unit (23) for controlling the flow of
exhaust gases and the flow of cooling fluid in the heat exchanger, thereby controlling the

tank temperature.

8. The system according to claim 7, characterized in that the cooling fluid is fresh air.

9. The system according to any one of claims 2 to 8, characterized in that the heating
line returns to the exhaust line after the heat exchanger portion (32).

10. The system according to any one of claims 1 to 9, characterized in that the injection
system (17) comprises an injection line (18) which comes from the tank (14) and which
includes a gaseous fluid dosing device (19), and an injector (20) for injecting gaseous fluid

upstream from the selective catalytic reduction device (12).

11. The system according to any one of claims 1 to 10, characterized in that the frame
(21) forms a substantially closed housing comprising an inlet (28) for exhaust gases
flowing from the engine (5), and an outlet (29) for treated exhaust gases released towards

the atmosphere.

12. The system according to claim 11, characterized in that the housing comprises a

removable cover (30) for accessing the tank (14).

13. The system according to any one of claims 1 to 12, characterized in that it further
comprises a particulate filtering device (11), said particulate filtering device (11) being also

arranged on said frame (21).

14. The system according to any one of claims 1 to 13, characterized in that it further
comprises an oxidizing catalyst device (25), said oxidizing catalyst device (25) being also

arranged on said frame (21).

15. The system according to any one of claims 1 to 14, characterized in that it further
comprises a mixing chamber (26) which is located downstream from the injector (20) and
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upstream from the selective catalytic reduction device (12), for mixing the exhaust gases
and the gaseous fluid before they enter the selective catalytic reduction device (12), said

mixing chamber (26) being also arranged on said frame (21).

16. The system according to any one of claims 1 to 15, characterized in that it further
comprises an additional oxidizing catalyst device (27) located downstream from the
selective catalytic reduction device (12), for controlling a possible fluid slip, said additional
oxidizing catalyst device (27) being also arranged on said frame (21).

17. The system according to any one of claims 1 to 16, characterized in that the
frame (21) comprises a first zone (51) including an oxidizing catalyst device (25) — when
present —, a particulate filtering device (11), the gaseous fluid supplying device (13) and a
mixing chamber (26) — when present — and a second zone (52) including the selective

catalytic reduction device (12).

18. The system according to claim 17, characterized in that, in the first zone (51), the
tank (14) is disposed substantially in parallel but not in alignment with the particulate

filtering device (11).

19. The system according to any of claims 17 or 18, characterized in that the first zone
(51) comprises a first area (51a) and a second area (51b) which extend substantially in
parallel, and in that an oxidizing catalyst device (25) and a particulate filtering device (11)
extend substantially coaxially in the first area (51a), while a mixing chamber (26) and the

tank (14) are arranged in the second area (51b).

20. The system according to claim 17, characterized in that, in the first zone (51), the
tank (14) extends substantially orthogonally to the particulate filtering device (11), close to

one end of said particulate filtering device (11).

21. The system according to claim 20, characterized in that the first zone (51) comprises
a first area (51a) and a second area (51b) which extend substantially in parallel, in that
the tank (14) spans the first and second areas (51a, 51b), at an end portion of said first
and second areas (51a, 51b), and in that the oxidizing catalyst device (25) and the

particulate filtering device (11) extend substantially coaxially in the first area (51a), while
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the mixing chamber (26) is arranged in a part of the second area (51b) which is not
occupied by the tank (14).

22. The system according to any one of claims 1 to 21, characterized in that the
material (15) contained in the tank (14) comprises a saturated inorganic salt.

23. The system according to any one of claims 1 to 21, characterized in that the gaseous

fluid is ammonia.

24. An engine arrangement comprising ‘a combustion engine (5) and an exhaust line (8)
carrying exhaust gases flowing from the engine (5) towards the atmosphere,
characterized in that it further comprises an exhaust gas treatment system (10) according
to any one of claims 1 to 23, which is arranged in the exhaust line (8).

25. An automotive vehicle comprising a chassis (2) and an engine arrangement (4)

according to claim 24, wherein the frame (21) is fastened to the vehicle chassis (2).
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