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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

8 November 2001 (08.11.2001) PCT

(10) International Publication Number

WO 01/83088 Al

(51) International Patent Classification’: B01D 53/56,
53/92, FOIN 3/22, BO1D 53/22

(21) International Application Number: PCT/SE01/00934
(22) International Filing Date: 30 April 2001 (30.04.2001)
(25) Filing Language: Swedish
(26) Publication Language: English

(30) Priority Data:
0001587-5 2 May 2000 (02.05.2000) SE

(71) Applicant (for all designated States except US): VOLVO
TEKNISK UTVECKLING AB [SE/SE]; S-405 08 Gote-
borg (SE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): JOBSON, Ed-
ward [SE/SE]; Jagarvigen 5, S-442 77 Romelanda (SE).
CIDER, Lennart [SE/SE]; Krokslittsgatan 39B, S-431
67 Molndal (SE). WIRMARK, Géran [SE/SE]; Kung
Sverres gata 48, S-417 28 Goteborg (SE).

)

@n

(39

Agent: ALBIHNS GOTEBORG AB; PO. Box 142,
S-401 22 Géteborg (SE).

Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,
TI, ™™, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CL, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:

For

with international search report

two-letter codes and other abbreviations, refer to the "Guid-

ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

BUSTION ENGINE

(54) Title: DEVICE AND METHOD FOR REDUCTION OF A GAS COMPONENT IN AN EXHAUST GAS FLOW OF A COM-

—> \
'_—‘ALL‘ o P I\j P |
| e D)
| :
2 ! = |
30 | e
|
—NU
" [ \l / l
336 35 32 34 22

83088 Al

(57) Abstract: The invention relates to a device for reduction of a gas component in an exhaust gas flow of a combustion engine
(1) which is adapted for operation by a lean air/fuel mixture, comprising an exhaust pipe (21) for transport of said exhaust gas flow

~~ from the engine (1). The invention is characterized in that it comprises a separation unit (22) which is arranged along the exhaust
pipe (21), which separation unit (22) comprises a wall structure (32) of a material which provides separation of said gas component
from said exhaust gas flow by means of a selective passage of said gas component before other gas components in the exhaust gas
flow. The invention also relates to a method for such a reduction and a separation unit which is intended to be utilized during such
g a reduction. By means of the invention, an improved reduction of in particular NO, compounds from a so-called "lean-burn” engine

is provided.
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TITLE:
Device and method for reduction of a gas component in an exhaust gas flow
of a combustion engine.

TECHNICAL FIELD:

The present invention relates to a device for reduction of a gas component in
an exhaust gas flow of a combustion engine. Said engine is adapted for
operation by a lean airffuel mixture and comprises an exhaust pipe for
transport of said exhaust gas flow from the engine. The invention is
particularly intended for reduction of harmful emissions in said exhaust gas
flow. The invention also relates to a method for such a reduction of a gas
component, and a separation unit which is intended to be utilized during such

a reduction.

BACKGROUND OF THE INVENTION:

In the field of vehicles which are operated by combustion engines, there is a
general demand for low emissions of harmful substances in the exhaust
gases from the engine. Said substances are primarily constituted by
pollutants in the form of oxides of nitrogen (NOy), hydrocarbon compounds
(HC), and carbon monoxide (CO). As regards conventional petrol engines,
the exhaust gases are purified by means of an exhaust catalyst which forms
part of the exhaust system and through which the exhaust gases are guided.
In a so-called three-way catalyst, which is previously known, the major part of
the above-mentioned harmful compounds is eliminated by means of known
catalytic reactions. In order to optimize the function of the catalyst so that it
provides an optimal degree of purification for NOy, HC, and CO, the engine is
in most operating conditions operated by a stoichiometric air/fuel mixture, i.e.

a mixture where A=1.

Furthermore, in the field of ioday’s vehicles, there is a general demand for
reducing the fuel consumption of the engine to the highest possible degree.
To this end, during the last few years, engines with new types of combustion
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chambers in the engine’s cylinders have been developed, in particular in
order to be able to operate the engine by increasingly lean fuel mixtures, i.e.
where A=1. In such an engine, which normally is called “lean-burn’ engine
(alternatively “DI engine”), i.e. a direct-injected Otto cycle engine, the
respective combustion chamber in the engine is arranged in such manner
that the supplied fuel to a great degree can be concentrated at the respective
ignition plug. This mode of operation is generally termed “stratified” operation
and during continuous driving at a low or a medium-high torque and engine
speed of the engine, it provides an operation by a very lean airffuel mixture,
more precisely up to approximately A=3. In this manner, a substantial saving
in the fuel consumption is obtained in this type of engine. The engine can
also be operated in an additional, “homogeneous” mode of operation, with an
essentially stoichiometric mixture (A=1) or a comparatively rich mixture (A<1).
This latter mode of operation normally prevails during driving situations with

comparatively high torques and engine speeds of the engine.

During stratified operation, a lean exhaust gas mixture will flow through the
three-way catalyst. This corresponds to an exhaust gas mixture with a
surplus of oxygen in relation to what is the case during A=1. This results in
that the three-way catalyst cannot be utilized for reduction of the NO,
compounds in the exhaust gases (due to the fact that it is constructed for an
optimal purification capacity during stoichiometric mixture). In this case, a
demand therefore occurs of other devices and methods for reduction of the
NOy compounds. This demand also occurs in connection with other types of
engines which are operated by a surplus of oxygen and where NO
compounds are generated during operation, which for example is the case as

regards diesel engines.

In order to provide a reduction of NOx compounds from a “lean-burn engine”,
said engine can be provided with a nitrogen oxide adsorbent (also-called NOy

adsorbent, or “NOy trap”), which is a per se previously known device for
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absorption of NOx compounds in the exhaust gases from a combustion
engine. The NOy adsorbent can be utilized as a complement to a
conventional three-way catalyst, either as a separate unit upstream of the
three-way catalyst or as an integral part of the three-way catalyst, i.e.
together with the catalytic material of the three-way catalyst.

The NOy adsorbent is constructed in such manner that it takes up (adsorbs)
NOy compounds in the exhaust gases if the engine is operated by a lean
air/fuel mixture and gives off (desorbs) the NO, compounds if the engine is
operated by a rich airffuel mixture during a certain time period. Furthermore,
the NOy adsorbent has the property of being able only to adsorb NOy
compounds up to a certain limit, i.e. it is eventually “filled” and thus reaches a
limit for the adsorption. In this situation, the NOy adsorbent must be
regenerated, i.e. it must be influenced to desorb and thus to release the
accumulated NO, compounds. If a conventional three-way catalyst in this
case is provided downstream of a NOy adsorbent, or if alternatively a three-
way catalyst is formed as an integral part of a NOy adsorbent, the desorbed
NOy compounds can be eliminated by means of the three-way catalyst,

provided that the latter has reached its ignition temperature.

According to the prior art, a NOy adsorbent can be regenerated by means of
the fact that the exhaust gas mixture which flows through the NOy adsorbent
is made comparatively rich during a certain time period, approximately a few
seconds. In practice, this is achieved by means of the fact that the engine
during this time period is operated in the above-mentioned homogeneous
mode of operation, wherein the engine thus is operated by a comparatively
rich air/fuel mixture. By means of this “rich pulse”, a surplus of CO and H,
molecules is generated which functions as a reduction agent which in turn

reacts with NO,compounds according to the following:

NOx+ R = N2 + CO, + H.O
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where R schematically indicates the relevant reduction agent. In this manner,
a large part of the NOx compounds in the exhaust gas flow can be eliminated
by means of transformation into molecular nitrogen, carbon dioxide and
water. Then, the engine once again can be reset to lean operation, by means
of which the NOy adsorbent absorbs NOx compounds during a certain time

period which lasts until a new regeneration becomes necessary.

Thus, according to what has been described above, the NOx compounds are
reduced by means of a reduction agent which is taken from the engine’s own
fuel, i.e. it is generated in the engine during the short time period during
which the engine is operated during rich conditions. Furthermore, according
to prior art, a control unit is utilized with a suitable strategy for switching the
combustion engine between homogeneous and stratified operation
depending on whether a NOy regeneration is necessary and depending on
the engine’s mode of operation in other respects, e.g. depending on the
relevant degree of throttle application and the engine speed.

Although the above-mentioned course of events for regeneration of a NOy
adsorbent in principle functions satisfactorily, it suffers from certain
drawbacks. For example, it can be noted that the fact that it is necessary to
operate the engine by a rich exhaust gas mixture for regeneration of the NOy
adsorbent requires an accurate control of the engine’s mode of operation,
particularly for switching between rich and lean operation, respectively.
Moreover, the regeneration results in that a surplus of fuel is supplied to the
engine during the rich pulse. This in turn results in that the engine’s fuel
consumption in influenced in a negative way.

An additional drawback as regards the prior art for regeneration of a NOy
adsorbent by means of supply of a reduction agent is that a large part of the
reduction agent reacts with the oxygen molecules which are present in the
exhaust gas flow. Thus, the HC, H, or CO molecules in the exhaust gas flow

which could react with NOx compounds in the exhaust gases and form
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harmless N, instead to a great extent react with oxygen molecules in the

exhaust gases. This impairs the efficiency of the process.

Another known manner of reducing NOx compounds is to supply a reduction
agent in the form of ammonia/urea (so-called SCR technique) to the relevant
gas flow. A drawback as regards this method is that it requires special
arrangements for storage and supply of ammonia/urea, and that a NO,
reduction by means of this technique only is allowed within a certain
temperature interval, more precisely approximately 300-500° C.

An additionally known manner of reducing NOx compounds in engine exhaust
gases is to utilize a so-called EGR system (Exhaust Gas Recirculation),
wherein a certain amount of the exhaust gases from the engine is returned to
the inlet of the engine.

An additionally known manner of reducing NOx compounds in engine exhaust
gases is to utilize zeolite structures with pores of two different sizes (so-
called “dual pore size” technique). In that case, for example NO molecules in
a gas flow which passes the zeolite structure will be transformed into NO»
molecules in the pores of the smaller size, whereupon said NO> molecules
react with a reduction agent, e.g. a HC compound, in the pores of the larger
size. In this case, by means of the last-mentioned reaction, N, CO, and H2O

are formed.

Other HC-based systems can also be utilized for NOx reduction, e.g. a
system which is based on an oxide of aluminium (Al.O3) to which silver
atoms have been supplied. In such a structure, a HC compound can be
supplied at the same time as a gas flow containing NOyx compounds is
allowed to pass said structure. This results in a decrease of the NOy

compounds in the gas flow.

SUMMARY OF THE INVENTION:
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One object of the present invention is to provide an improved reduction of a
gas component, in particular a NOx compound, in an exhaust gas flow of a
combustion engine, by means of which the above-mentioned problems and
drawbacks are eliminated. Said object is accomplished by means of a device,
the characterizing features of which will be apparent from appended claim 1,
and a device, the characterizing features of which will be apparent from
appended claim 11. Said object is also accomplished by means of a
separation unit, the characterizing features of which will be apparent from
appended claim 21. Said object is also accomplished by means of a method,
the characterizing features of which will be apparent from appended claim
22, and a method, the characterizing features of which will be apparent from
appended claim 34.

According to a first embodiment, the invention relates to a device for
reduction of a gas component in an exhaust gas flow of a combustion engine
which is adapted for operation by a lean air/fuel mixture, comprising an
exhaust pipe for transport of said exhaust gas flow from the engine. The
device comprises a separation unit which is arranged along the exhaust pipe,
which separation unit comprises a wall structure of a material which provides
separation of said gas component from said exhaust gas flow by means of a
selective passage of said gas component from the exhaust gas flow before
other gas components in the exhaust gas flow.

According to said first embodiment of the invention, a reduction agent is
preferably supplied for catalytic reduction of the relevant gas component, e.g.
a NOy compound. Said wall structure provides a selective passage of the
relevant gas component from the exhaust gas flow before other gas
components in the exhaust gas flow. In this case, the gas component reacts
in a catalytic manner with the reduction agent after (or during) its passage
through the wall structure. In this manner, several advantages are attained.

Primarily, it can be noted that it allows that the car's own fuel is used as
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reduction agent at the same time as the reduction of NOx compounds can

take place continuously during lean operation of the engine in question.

Moreover, in connection with the above-mentioned wall structure, a catalytic
reaction is provided for the above-mentioned reduction. This implies that the
reduction agent will react primarily with NOx molecules in the exhaust gas
flow (instead of being wasted by reacting with oxygen molecules). In this

manner, the reaction with oxygen is suppressed, which is an advantage.

One particular advantage of said embodiment relates to the fact that
reduction agent which has not reacted with any gas component in the
exhaust gas flow can be guided back into the engine. To this end, the
separation unit comprises an outlet which is connected with the inlet of the
engine. This affects the fuel consumption — i.e. the consumption of reduction

agent for the reduction of NOx compounds — in a positive way.

A certain amount of NO, compounds which pass through said wall structure
without reacting with the reduction agent can also be returned to the intake
side of the engine.

According to a second embodiment of the invention, no reduction agent is
supplied to the separation unit. Instead, the invention is in this case utilized
for return of said gas component to the inlet of the engine after separation in
the separation unit. In this manner, the returned gas component is prevented

from being released out into the surrounding atmosphere.

According to a third embodiment, the invention relates to a device for
reduction of a first gas component in an exhaust gas flow of a combustion
engine which is adapted for operation by a lean air/fuel mixture, comprising
an exhaust pipe for transport of said exhaust gas flow from the engine. The
device comprises a separation unit which is arranged along the exhaust pipe,

which separation unit comprises a wall structure of a material which provides
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separation of a second gas component from said exhaust gas flow by means
of a selective passage of said second gas component before other gas
components in the exhaust gas flow, and that the separation unit comprises
an outlet which is connected with the inlet of the engine via a conduit, for
return of said second gas component to the inlet after separation from said

exhaust gas flow.

According to said third embodiment of the invention, a component in the form
of water can be separated from the exhaust gas flow and be returned to the
intake side of the engine. This contributes to a decrease of the amount of
NOyx compounds which are formed in the engine. In this manner, the
invention provides a “selective EGR function” with return of water which is
separated from the exhaust gases in said wall structure. One advantage as
regards this arrangement is that no extra water needs to be supplied to the
engine for decrease of NOx compounds, but that instead the amount of water

that is present in the exhaust gas flow out from the engine is utilized.

According to a fourth embodiment of the invention, it can be utilized in
connection with a combustion engine of the type which comprises a turbo-
aggregate. By means of the fact that in particular water (which has been
separated from the exhaust gases by means of the above-mentioned
separation unit) is returned to a point upstream of a compressor forming part
of the turbo-aggregate and that said water is cooled by means of an
intercooler, the discharge of NOx compounds from the engine can be
reduced additionally.

BRIEF DESCRIPTION OF THE DRAWINGS:
The invention will be further described in the following with reference to a

preferred embodiment and to the annexed drawings, in which

Fig. 1 is a principal diagram which shows an arrangement in which the
present invention can be utilized, according to a first embodiment,
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Fig. 2 is an enlarged detail view of a separation unit according to the

invention,

Fig. 3 is an additionally enlarged detail view of a part of the separation unit

according to the invention,

Fig. 4 is principal diagram which essentially corresponds to Fig. 1 but which
shows an arrangement according to a second embodiment of the invention,
and

Fig. 5 shows an arrangement according to a fourth embodiment of the

invention.

PREFERRED EMBODIMENTS:

Fig. 1 shows a schematic view of an arrangement according to the present
invention. According to a preferred embodiment, the invention is arranged in
connection with a combustion engine 1 of the “lean-burn” type (also called DI
engine), i.e. an engine of the direct-injected Otto cycle engine type, where
the injection of fuel to the engine 1 is adapted for at least two modes of
operation with different air and fuel supply to the engine 1 and varying
periods of time for injection of fuel and for the ignition of the air/fuel mixture.
More precisely, the engine 1 is preferably adapted to be able to be set in a
“stratified” mode of operation, wherein the supplied fuel is concentrated in the
respective combustion chamber of the engine so that the engine during
certain predetermined operating cases can be operated by a very lean
air/fuel mixture, approximately A=3. The stratified mode of operation is based
on the fact that fuel is injected into the engine 1 so that it is mixed partially
(i.e. non-homogeneously) with air, wherein a small “cloud” of mixed fuel and
air is formed. Around this partial mixture there is essentially clean air. In this

manner, ignition of a very lean mixture, approximately A=3, can occur.
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Compared with the case where A=1, three times as much air is in this case
supplied with the same amount of fuel. By means of such an engine,
considerable fuel savings are provided compared with engines which are
operated by a stoichiometric mixture, i.e. where A=1. Furthermore, the engine
1 can preferably be set in a “homogeneous” mode of operation during certain
operating cases at comparatively high torques and engine speeds of the
engine 1, wherein a stoichiometric or a comparatively rich mixture is supplied
to the engine 1. In this case, this mixture — in contrast to what is the case
during the stratified mode of operation — is essentially uniformly distributed in

the combustion chamber.

The invention is not limited for utilization in connection with merely “lean-
burn” engines, but it may also be applied in other connections, e.g. in
connection with diesel engines and other types of engines which can be
operated by a surplus of oxygen in relation to the stoichiometric mixture and
where there is a demand for reduction of NOx compounds. In the following,
however, the invention will be described with reference to a “lean-burn”

engine which is intended to be driven by petrol.

The engine 1 is in a conventional manner fed with inflowing air via an air inlet
2. Furthermore, the engine 1 is provided with a number of (e.g. four)
cylinders 3 and a corresponding number of fuel injectors 4. The respective
injector 4 is connected to a central control unit 5 via an electrical connection
6. The control unit 5 is preferably computer-based and is adapted to control
the fuel supply to each injector 4 with fuel from a fuel tank 7 in a known
manner, so that an air/fuel mixture which is adapted in every given moment is
fed to the engine 1. The fuel is fed from the fuel tank 7 via conduits 8 to the
respective injector 4. Moreover, for feeding of the fuel to the respective
injector 4, a fuel pump 9 is provided in connection with the fuel tank 7. The
fuel pump 9 is controllable by means of the control unit 5, which to this end is

connected to the fuel pump 9 via an additional electrical connection 10. The
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engine 1 according to the embodiment is formed in accordance with the
“multi-point” injection type, where the correct amount of fuel to the engine 1 in
a known manner can be supplied individually to the respective injector 4 by

means of control by the control unit 5.

The engine 1 that is shown in the drawing is of a four-cylinder type. However,
it shall be noted that Fig. 1 only shows the principal design of an engine
system according to the invention, which can be utilized in engines having

various numbers of cylinders and various cylinder configurations.

During operation of the engine 1, the control unit 5 is generally adapted in
order to control the air/fuel mixture to the engine 1 so that it in every given
moment is adjusted to the prevailing mode of operation. The control of the
engine 1 takes place in an essentially known manner depending on various
parameters which reflect the mode of operation of the engine 1 and the
vehicle in question. For example, the control of the engine can take place
depending on the relevant degree of throttle application, the engine speed,
the amount of injected air to the engine and the oxygen concentration in the
exhaust gases. To this end, the engine 1 is provided with, for example, a
position indicator 11 for the vehicle’s accelerator pedal (not shown), an
engine speed indicator 12 for detection of the engine speed of the engine 1
and an air flow meter 13 for detection of the amount of supplied air to the
engine 1, all of which are connected to the control unit 5 via corresponding
electrical connections 14, 15 and 16, respectively. Furthermore, the system
comprises a gas throttle 17, which preferably is electrically controllable and,
for this reason, is provided with a controllable shifting motor 18, by means of
which the gas throttle 17 can be set in a certain desired position so that a
suitable amount of air is fed into the engine 1 depending on the relevant
mode of operation. Thus, the shifting motor 18 is connected to the control

unit 5 via an additional connection 19.
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During operation of the engine 1, its exhaust gases are guided out from the
cylinders 3 via a branch pipe 20 and further on to an exhaust pipe 21 which is
connected to the branch pipe 20. A special separation unit 22 is provided
further downstream along the exhaust pipe 21. According to what will be
described in detail below, the separation unit 22 is adapted to be utilized
during reduction of NOx compounds in the exhaust gas flow which is guided
from the engine 1, through the exhaust pipe 21 and the separation unit 22,
and then further out into the atmosphere.

Furthermore, the arrangement according to the invention comprises a sensor
23 for detection of the oxygen concentration in the exhaust gases.
Preferably, the sensor 23 is of the linear lambda probe type (but may
alternatively be constituted by a binary probe) and is connected to the control
unit 5 via an electrical connection 24. Preferably, the sensor 23 is provided in
the exhaust pipe 21, upstream of the separation unit 22. In a manner which is
per se previously known, the sensor 23 is utilized for generation of a signal
which corresponds to the oxygen concentration in the exhaust gases. Said
signal is fed to the control unit 5 via the connection 24 and is utilized for
controlling the airffuel mixture to the engine 1.

Moreover, according to the embodiment, a NOy sensor 25 is provided, i.e. an
indicator which is utilized in order to determine the concentration of NOy
compounds in the exhaust gas flow. To this end, the NOy sensor 25 is
provided in the exhaust pipe 21, downstream of the separation unit 22, and is
connected to the control unit 5 via an additional electrical connection 26.
According to what will be described in detail below, by means of a continuous
detection of the concentration of NOx compounds in the exhaust gases, a
possibility is provided to control the amount of reduction agent in the control
unit 5, i.e. a possibility to continuously control the degree of reduction of NOy
compounds. Furthermore, by means of the NOx sensor 25, a possibility is
provided to diagnose the function regarding the NOy reduction and to control
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the function of the parts forming part of the system. This will also be

described more in detail below.

As an alternative to what is shown in Fig. 1, the NOy sensor can be provided
upstream of the separation unit 22. Also in this case, it can be utilized for
controlling the amount of reduction agent which is to be supplied to the inlet
27. According to an additional alternative, two NOy sensors can be utilized,
which in this case are arranged in front of and after the separation unit 22. In
this manner, an excellent opportunity is provided for determination of the
degree of transformation in the separation unit 22 as well as for functional

control of the separation unit 22.

The structure and the function of the invention will now be described in detail.
During stratified operation of the engine 1, a lean exhaust gas mixture (i.e.
A=1) is generated which flows through the exhaust pipe 21 and reaches the
separation unit 22. This corresponds to a large surplus of oxygen in the
exhaust gases, and according to what has been described initially, this
results in that the NOx compounds which are generated by the engine 1
would not be able to be eliminated by means of a conventional three-way
catalyst. Instead, for reduction of NOx compounds in the exhaust gases from
the engine 1, the separation unit 22 according to the invention is provided
with an inlet 27 through which a reduction agent can be fed into the
separation unit 22. According to the embodiment, this reduction agent is
supplied separately from the exhaust gas flow which is emitted from the
engine 1. More precisely, the reduction agent is taken from the vehicle’s own
fuel and is in this case constituted by, for example, various HC compounds.
To this end, the inlet 27 is connected with a conduit 28 for feeding of fuel
from the fuel tank 7. Furthermore, along the conduit 28, a special
transformation unit 29 is provided which is adapted for treatment of the fuel,
which is fed via the conduit 28, into a form which is suitable as reduction
agent in the separation unit 22. More precisely, the transformation unit 29

can comprise a vaporizing device for transformation of fuel from liquid form to
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gas form. This gaseous fuel is subsequently supplied to the separation unit
22 in the form of a reduction agent. Alternatively, the transformation unit 29
can comprise a reformer, for catalytic reformation of fuel into a suitable
reduction agent in the separation unit 22. Furthermore, the transformation
unit can suitably comprise additional (not shown) components, e.g. in the
form of a pump for adjustment of the pressure of the reduction agent which is
fed to the separation unit and a valve for control of the flow of reduction agent
to the separation unit 22. In this case, such additional components are
suitably controllable via (not shown) connections to the above-mentioned
control unit 5.

Due to the fact that the engine 1 according to the embodiment is a “lean-
burn” engine, the fuel is constituted by petrol. However, the invention is not
limited to this type of fuel, but it may also be utilized in, for example, diesel
engines. Furthermore, the reduction agent can be constituted by other
substances as well, e.g. alcohols, methanol, hydrogen gas, ethano! or pure
hydrocarbons (according to the formula CxHy). In such cases, the reduction
agent is supplied to the separation unit 22 from a separate tank (not shown in
Fig. 1) which is particularly intended for the reduction agent in question.

According to what will be described hereinafter, the invention is arranged in
such a way that the reduction agent reacts with the exhaust gas flow in the
separation unit 22, wherein NO, compounds in the exhaust gas flow can be
eliminated. The amount of reduction agent which has not reacted is guided
back to the fuel tank 7 via an outlet 30 in the separation unit 22 and an
additional conduit 31 which connects the separation unit 22 with the inlet 2 of
the engine 1. In this manner, an advantage is attained by means of the
invention in so far as any possible remaining and unutilized reduction agent
is returned to the engine 1 instead of being lost. The reaction between the
reduction agent and the exhaust gas flow in which NOy compounds are
reduced is apparent in detail from Fig. 2, which is an enlarged and partly
broken view of a section of the inside of the separation unit 22. Said unit is
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provided with a number of inner walls 32 which are separated from each
other and are arranged with such an extension that the exhaust gas flow is
allowed to pass through the separation unit 22 and out into the atmosphere.
Preferably, the walls 32 are arranged with an extension which essentially is in
the longitudinal direction of the separation unit 22. Said walls 32 define a
number of separated, longitudinal ducts 33a, 33b. The ducts 33a, 33b are
provided in such a way that the reduction agent in question is guided along
every other duct 33b and that the exhaust gas flow is guided along ducts 33a
which are arranged between the ducts 33b through which the reduction agent
is guided. In this regard, the reduction agent and the exhaust gas flow are

guided in essentially the opposite direction in relation to each other.

In order to additionally facilitate the transport of fuel from the tank 7 to the
inlet 27 of the separation unit 22, a carrier gas can be supplied to the
transformation unit 29, alternatively directly to the conduit 28. Such a
connection from the surrounding atmosphere to the transformation unit 29 is
shown with broken lines and with the reference numeral 28b in Fig. 1.
Alternatively, said connection can connect directly to the conduit 28 which
leads to the separation unit 22. Due to the fact that the separation unit 22
according to the embodiment is connected to the inlet 2 of the engine 1 via
the conduit 31, there is a pressure difference between the inlet 2 and the
separation unit 22, which in turn contributes to a sufficient operating pressure
which in an effective manner brings the carrier gas to the separation unit 22
together with the fuel.

According to an additional alternative of the invention, the outlet 30 can be
excluded. In such a case, it is controlled that only the amount of reduction
agent which is estimated to be consumed during the reaction with the NOy

compounds is supplied to the separation unit 22.

Thus, according to what is indicated by means of arrows 34 in Fig. 2, the
relevant reduction agent is guided along every other duct in the separation
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unit 22. In this case, as is indicated by means of additional arrows 35, the
exhaust gases are guided from the engine 1 along the intermediate ducts.
Thus, according to the invention, the exhaust gases and the reduction agent

are guided into the separation unit 22 along separated ducts.

According to what is apparent from the drawings, the reduction agent is
suitably guided into the separation unit 22 counter-current in relation to the
exhaust gas flow. However, the invention is not limited to this. Alternatively,
the reduction agent can be guided into the separation unit along essentially
the same direction as the exhaust gases, i.e. with the current, or crosswise in
relation to the flowing direction of the exhaust gases. Preferably, the
reduction agent is guided into the separation unit 22 in a counter-current
manner, seeing that a minimum concentration of NOx compounds in this case

is met by a maximum concentration of the reduction agent.

According to the preferred embodiment, the walls 32 are arranged as
essentially plane and parallel plates with an extension in the longitudinal
direction of the separation unit 22. However, the invention is not limited to
such a design, but the walls may e.g. be defined by a number of concentric
pipes, between which pipes intervals are defined which correspond to the
above-mentioned ducts. An additional alternative is to design the separation
unit in the form of an extruded monolith with honeycomb structure where the
exhaust gas flow and the reduction agent are fed into every other duct. A
fourth alternative is to design the separation unit as a disc which, when seen

in a cross-sectional view, is folded essentially as an “S”.

Independently of which alternative is selected for realizing this first
embodiment, it can be said that it is based on the fact that exhaust gases and
reduction agent are fed into the separation unit 22 along the ducts 33a, 33b,
which are separated from each other and which are situated on both sides of
a number of walls 32 which together constitute a wall structure. The walls 32

are designed in order to control the exhaust gas flow from the engine 1 in an
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optimal and correct manner as regards the flow, and so that the reduction
agent and the exhaust gas flow, respectively, can be guided into one side

each of the respective wall 32.

According to the invention, the walls 32 are constructed of a material which
has a selective adsorption capacity as regards diffusion (i.e. penetration) into
the walls 32 of various gas components which are guided along the
respective duct 33a, 33b. Preferably, the walls 32 are constructed of a zeolite
material, which is a per se previously known type of material which has the
property that it comprises a molecular structure which can be utilized in order
to separate various gas components in e.g. a gas mixture depending on
differences as regards molecular size and molecular form in these gas
components. More precisely, zeolites comprise a crystal structure in which
“pores” or “ducts” are formed which are of such dimensions that the above-
mentioned selective function is provided.

According to the invention, a suitable zeolite material can be utilized in order
to allow passage of NOy compounds in the exhaust gas flow through the
respective wall 32, while passage of oxygen is prevented considerably. The
zeolite material also allows passage of the reduction agent through the
respective wall 32. According to the preferred embodiment, such zeolite
material is utilized whose molecular structure has a duct diameter which is of
such a size, approximately 5 angstrom (1 angstrom = 10""° m), that oxides of
nitrogen are allowed to pass with a comparatively high rate of diffusion while
other gas components, e.g. oxygen, are allowed to pass with a comparatively
low rate of diffusion. One example of such a zeolite material is ZSM-5.
However, the invention is not limited to this material. Thus, according to the
embodiment, a separation of molecules depending on the size is provided.
The transport through the wall structure is maintained by means of a partial
pressure difference, wherein a carrier gas suitably can be utilized in order to

transport the molecules which have passed through the wall structure.
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Zeolites are merely one example of a material which can be utilized in order
to separate molecules of various size and form in accordance with the
invention. Another example of a suitable material is so-called SAPO (silicon,

aluminium, phosphorus and oxygen).

With reference to Fig. 2, it can be noted that the invention provides that
reduction agent is fed from the inlet of the separation unit 22 (not apparent
from Fig. 2) and along one of the sides of the respective wall 32, while
exhaust gases are fed from the exhaust pipe 21 and along the other side of
the corresponding wall 32. In this case, the walls 32 constitute a membrane
structure which, by means of its material properties, is adapted to allow
passage of gas components in the exhaust gas flow with a high rate of
diffusion in the direction of the ducts 33a where the reduction agent is
guided. In a corresponding manner, the walls 32 allow passage of reduction
agent with a high rate of diffusion in the direction of the ducts 33b where the
exhaust gas flow is guided. On the other hand, a considerably restricted
diffusion of oxygen from the exhaust gas flow and through the respective wall
32 occurs, which corresponds to a comparatively low rate of diffusion for
oxygen. This delay of the passage of the oxygen through the respective wall
32 is in turn provided by means of the fact that the walls 32 consist of said
zeolite material, wherein the gas transport from the duct 33a with the
reduction agent as well as the duct 33b with the exhaust gas flow is forced to
go through the pore structure of the zeolite. According to the invention, the
diffusion capacity can be affected considerably by means of the fact that the
polarity of the wall structure 32 is modified in order to provide a slow
transport speed for non-polar gas components such as N2 and O, while
polar gas components are provided with a high transport speed. For
example, the polarity can be affected by exchanging aluminium (al) for silicon
(Si) in the structure of the zeolite. Silicon is quadrivalent and aluminium is
trivalent. In this case, silicon needs a counter-ion, for example Na* or H".
Alternatively, the counter-ion can be constituted by silver (Ag®). Moreover,

the relation Si/Al in the zeolite can be varied. Furthermore, a zeolite with
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small pores is suitably used, with a pore structure where the pores are

approximately 5 angstrom or smaller.

Thus, the membrane structure which is defined by the walls 32 provides an
improved selectivity for the reaction between the NOy compounds and the
reduction agent, compared with the competing reaction between oxygen and
the reduction agent. In this manner, an advantage is attained in so far as the
reduction agent is not wasted unnecessarily by reacting with oxygen

molecules in the exhaust gas flow.

The reactions which take place in the wall structure 32 are indicated more in
detail in Fig. 3, which is an additionally enlarged view of a section A which
also is indicated in Fig. 2. Accordingly, in Fig. 3, the reduction of NOy
compounds in the respective wall 32 is shown in a diagrammatical manner. A
basic principle of the invention is that the walls 32 also serve as a catalyst for
the reaction between NO, compounds in the exhaust gas flow and the
reduction agent. In this case, the catalytic reaction essentially takes place in
connection with the surface layer of the respective wall 32, i.e. in the surface
layer of the respective wall 32 which is directed inwards to the corresponding
duct 33b for reduction agent. Said surface layer is indicated in Fig. 3 with the
reference numeral 32b. The NOy compounds which are guided through the
respective wall 32 will be adsorbed on the surface layer 32b, as well as the
reduction agent which is guided along the respective duct 33b. Due to the
fact that the material is selected in the above-mentioned manner so that
oxygen in the respective exhaust gas duct 33a has a low transport speed
through the wall 32, a selective penetration of NOx compounds before (e.g.)
oxygen takes place. In this manner, oxygen will not take part in the reaction
in the surface layer 32b. Due to the fact that the reduction agent too has a
low transport speed through the wall 32, it will diffuse inwards a very short
distance 32 and react with the NOx compounds in the surface layer 32b. The

reaction which is utilized in the membrane follows the relation
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NOyx+R =2 N> + CO, + H,O

where R is the reduction agent in question, which e.g. is constituted by HC
compounds in the engine’s 1 fuel. Other examples of suitable reduction
agents are hydrogen gas (H), carbon monoxide (CO) and ammonia (NHs).
Thus, it can be established that the NOx compounds react with the reduction

agent and form harmless molecular nitrogen, carbon dioxide and water.

As an alternative to what has been described above, wherein a catalytic
reaction occurs in the surface layer of a wall structure with a catalytic
function, the catalytic function can be provided by means of a separate
catalyst coating which is placed on the wall structure. Accordingly, in this
alternative solution (which is not shown in the drawings), a separate surface

layer is utilized for this function.

With reference once again to Fig. 1, it is shown that any possible remaining
reduction agent, i.e. reduction agent which has not reacted with any gas
component in the exhaust gas flow, is guided back to the intake side of the
engine via the conduit 31, wherein it is transported by means of the negative
pressure which prevails in the inlet 2 in relation to what prevails in the
separation unit 22. This process is facilitated if the above-mentioned carrier
gas conduit 28b is utilized. Alternatively, a (not shown) pump device can be
used in order to suck through the reduction agent and then feed it in into the

car's cylinders together with the remaining air and fuel.

According to one possible solution, the remaining reduction agent can also
be guided out directly into the atmosphere, i.e. without being returned to the

engine 1.

The control unit 5 can be utilized for a control of the amount of reduction
agent which is fed to the separation unit 22 by means of the signal from the
NOy sensor 25 or by supplying the control unit 5 with stored tables which
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describe how the prevailing operating condition — as regards the engine’s 1
relevant load, engine speed and temperature — produces NO, compounds. In

this latter case, no separate NOy sensor is required.

Furthermore, the control unit 5 is suitably adapted for calculation of how
effective the NOy reduction is in connection with a particular flow of reduction
agent, suitably by utilizing the NOy sensor 25 in order to detect the amount of
NOy compounds in the exhaust gas flow after the separation unit 22, for the
respective flow of reduction agent. Suitably, the amount of supplied reduction
agent can in this case be adjusted to the prevailing NOy reduction.
Accordingly, by utilizing the control unit 5 for a continuous detection of the
concentration of NO, compounds in the exhaust gases, a possibility to adjust

the amount of supplied reduction agent is provided.

Furthermore, by means of the NOy sensor 25, a possibility to diagnose the
function regarding the NOy reduction is provided. In this case, this takes
place by utilizing the control unit 5 for measuring the relevant concentration
of NOx compounds and for comparing certain predetermined limit values
during various operating conditions of the engine 1. In those cases where the
limit values are not fulfilled, it can be established that there is some kind of
error as regards one of the integral components. In such a case, the control
unit 5 can also be utilized in order to generate some form of indication, e.g. in
the form of a warning lamp, which warns the vehicle’s driver that the NOy
reduction does not function normally.

Calculations have shown that the relevant engine 1 with essentially
continuous lean operation provides a decrease of the fuel consumption with
approximately 10-15 % in relation to conventional petrol engines. From this
profit in fuel consumption, approximately one percentage unit disappears
which is required for providing the above-mentioned reduction agent. Thus, a
clear profit of 9-14 % in fuel consumption is provided in relation to previously

known engine arrangements. Furthermore, it has been established that in the
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case when the invention is utilized in connection with a diesel engine, a fuel
saving is provided which is approximately 30 % lower than what is the case

as regards conventional petrol engines.

Incidentally, the invention is particularly suitable to be utilized in diesel
engines, which is due to the fact that the temperature of the exhaust gases
from a diesel engine normally is lower that the exhaust gas temperature in a
petrol engine and that the method according to the invention for reduction of
NOx compounds has proven to be particularly effective during comparatively
low exhaust gas temperatures.

In the following, a second embodiment of the invention will be described with
reference to the Fig. 4, which essentially corresponds to Fig. 1 but which not
comprises any supply of a reduction agent. Moreover, it can be noted that the
same reference numerals are used in Fig. 4 for the components which also

are apparent from Fig. 1.

According to what is apparent from Fig. 4, the separation unit 22 is
connected with the inlet 2 of the engine 1 in a manner which corresponds to
the above-mentioned embodiment, i.e. via a conduit 31. However, unlike the
embodiment according to Fig. 1 — in which the conduit 31 is utilized for return
of any possible unutilized reduction agent to the engine 1 — the conduit 31 in
the embodiment according to Fig. 4 is utilized for return of NOx compounds
which have been separated from the engine exhaust gases by means of the
separation unit 22. In this case, the separation of NOx compounds takes
place in a manner which corresponds to what has been explained above with
reference to Figs. 2 and 3, in so far as fhe separation unit 22 comprises a
wall structure of a material which provides a selective passage of NOy
compounds before other gas components in the exhaust gases. Accordingly,
in the embodiment according to Fig. 4, no reduction agent is supplied, but

NOx compounds in the exhaust gases will be separated from the exhaust
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gases in the separation unit 22 and be returned to the engine 1 via the

conduit 31 instead of being released out into the surrounding atmosphere.

Furthermore, a conduit 28b is preferably utilized for a carrier gas, preferably
air from the surrounding atmosphere, which in this case is fed into the
separation unit 22. Said carrier gas will in this case guide the NO
compounds which have been separated by the separation unit 22 back to the
engine 1, via the return conduit 31.

According to a third embodiment of the invention, an arrangement is utilized
which essentially corresponds to what is shown in Fig. 4. Nor in this third
embodiment is any supply of reduction agent utilized. Furthermore, the
separation unit according to this third embodiment is provided with a wall
structure of a material which provides a selective passage of water in the
exhaust gases which flow out from the engine and through the separation
unit 22. To this end, the material in the wall structure may suitably be

constituted by ZSM-5, but other materials are also possible.

It is per se previously known that a supply of water to a combustion engine
decreases the generation of NOy compounds in the engine. This principle is
utiized in this third embodiment in so far as that a certain amount of water is
separated from the exhaust gas flow in the separation unit and is
subsequently returned to the air inlet 2 of the engine 1, via a return conduit
31 which is intended for return of water.

A fourth embodiment of the invention is shown in Fig. 5. Fig. 5 is a slightly
simplified principal diagram of an engine system which essentially
corresponds to what has been described above but which is intended for an
engine 1 which is provided with a per se previously known turbo-aggregate
36, which in turn comprises an exhaust gas operated turbine 37 and a
compressor 38 by means of which inflowing air is compressed. To this end,

the turbine 37 and the compressor 38 are arranged on a common axle 39 in
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a known manner, wherein the compressor 38 is operated by the turbine 37,
which in turn is operated by the exhaust gases which flow from the engine 1.
Moreover, said system comprises a so-called “intercooler” 40, by means of
which the air, which has been fed through the compressor 38 and to the

engine 1, can be cooled.

According to what is apparent from Fig. 5, the engine 1, via its exhaust pipe
21, is connected with a separation unit 22 of the corresponding type which
has been described above. The exhaust gases from the engine 1 are fed
through the exhaust gas turbine 37 and further through the separation unit
22. In a manner which has been described above, the separation unit 22 is
adapted to separate a certain exhaust gas component — in this case water —
from the flowing exhaust gases. According to the embodiment, this return of
water takes place to a point upstream of the compressor 38 of the turbo-
aggregate 36, via a conduit 31 which connects the separation unit 22 with the
inlet 2 of the engine 1. In this manner, water can be separated from the
exhaust gases and be returned to the intake side of the engine 1. This is
conducive to decreasing the amount of NO, compounds which are formed in
the engine. Alternatively, the return of water can also take place to a point
downstream of the compressor 38.

Accordingly, in contrast to conventional EGR systems, a “selective EGR
function” is provided by means of the invention, where no extra water needs
to be added. Instead, the amount of water which is present in the exhaust

gases is utilized.

The water which is returned from the exhaust gas flow can either be gaseous
or liquid. In the latter case, an improved function is provided by means of the
above-mentioned cooling device 40, which in this case is utilized for cooling
the water which then is returned to the engine 1. It can be established that
the generation of NOy compounds in the engine 1 in principle decreases, the
larger the amount of water is which is returned to the inlet 2. In can in
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particular be established that after saturation of the water, a decrease of the
NOx generation is provided which is higher in proportion to the case where

there is no saturation.

The invention is not limited to the embodiment which is described above and
shown in the drawings, but may be varied within the scope of the appended
claims. For example, the invention can be utilized in both petrol and diesel
engines, or in other applications where there is desirable with a reduction of
NOx compounds in an engine which is operated by a surplus of oxygen in the
exhaust gases. In principle, the invention can also be applicated in other
connections where a reduction of a certain gas component, e.g. carbon

monoxide, CO, in a gas flow is desirable.

By means of the invention, a NO, adsorbent of known type can be replaced,
which results in advantages, not least since it no longer becomes necessary

with a periodically rich operation (for regeneration of the NO, adsorbent).

According to an alternative of the embodiments which have been described
above with reference to Fig. 4, the invention can be utilized for a combined
return of NOy compounds as well as water to the inlet of the engine. This can
be provided by utilizing a separation unit with a wall structure of essentially
the same type that has been described above, but which is desighed in such
manner that a selective passage of both NOx compounds and water is
provided. This can be realized by means of suitably selected material
properties in the wall structure, e.g. as regards its material and pore size. For
example, a material of the ZSM-5 type with different pore sizes in different
walls can be utilized for this simultaneous selective separation of NOy
compounds and water. In this case, by means of such a separation and
subsequent return of NOy compounds and water to the engine’s inlet, a
decrease of the generation of NO, compounds in the engine is provided.
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Furthermore, the separation unit 22 according to the invention can be
combined with a separate three-way catalyst. Alternatively, the separation
unit 22 can be combined with e.g. a particle filter, an oxidation catalyst or a

urea based after-treatment unit.

Furthermore, the invention can be supplemented with some form of
compressor device, which e.g. is situated along the carrier gas conduit 28b
(cf. Figs. 1 and 4), in order to increase the pressure of the carrier gas that is
utilized for return of the separated exhaust gas component. This can be
suitable for adjusting the invention to utilization in various engine types.

Moreover, the invention can be supplemented with some form of regulating
device for the supplied carrier gas. This can for example be realized by
means of a per se previously known regulating valve which in this case can
be situated along the carrier gas conduit 28b. In this case, such a valve is
suitably electrically connected to and controllable by means of the control unit
5 (cf. Figs. 1 and 4).
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CLAIMS:

1. Device for reduction of a gas component in an exhaust gas flow of a
combustion engine (1) which is adapted for operation by a lean air/fuel
mixture, comprising an exhaust pipe (21) for transport of said exhaust gas
flow from the engine (1),

characterized in thatit comprises a separation unit (22) which is
arranged along the exhaust pipe (21), which separation unit (22) comprises a
wall structure (32) of a material which provides separation of said gas
component from said exhaust gas flow by means of a selective passage of
said gas component before other gas components in the exhaust gas flow.

2. Device according to claim 1,

characterized in that the separation unit (22) comprises an inlet (27)
for supply of a reduction agent, which is separated from the incoming
exhaust gas flow by means of said wall structure (32), wherein the separation
unit (22) provides catalytic reduction of said gas component by means of

supply of the reduction agent.

3. Device according to claim 2,

characterized in thatthe inlet (27) of the separation unit (22), via a
conduit (28), is connected to a tank (7) forming part of the engine (1) and
being intended for the regular fuel of the engine (1), wherein said reduction
agent is taken from said fuel.

4. Device according to claim 2,
characterized in thatthe inlet (27) of the separation unit (22), via a

conduit, is connected to a separate tank for said reduction agent.

5. Device according to any one of claims 2-4,
characterized in thatthe separation unit (22) is adapted for feeding

in said reduction agent counter-current in relation to said exhaust gas flow.
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6. Device according to any one of claims 2-5,

characterized in thatthe separation unit (22) comprises an outlet
(30) which is connected with the inlet (2) of the engine (1) via a conduit (31),
for feeding any reduction agent which has not reacted with said gas

component out from the separation unit (22) and back to the inlet (2).

7. Device according to claim 6,
characterized in thatsaid inlet (27) is connected with an additional
conduit (28b) for feeding in fresh air as carrier gas for said reduction agent.

8. Device according to claim 1,

characterized in thatthe separation unit (22) comprises an outlet
(30) which is connected with the inlet (2) of the engine (1) via a conduit (31),
for returning said gas component to the inlet (2) after separation from said

exhaust gas flow.

9. Device according to claim 8,
characterized in thatsaid inlet (27) is connected with an additional

conduit (28b) for feeding in fresh air as carrier gas for said gas component.

10. Device according to any one of the preceding claims,
characterized in that said gas component is constituted by an oxide
of nitrogen (NOx compound) in the exhaust gas flow.

11. Device for reduction of a first gas component from a combustion engine
(1) which is adapted for operation by a lean air/fuel mixture, comprising an
exhaust pipe (21) for transport of said exhaust gas flow from the engine (1),

characterized in thatit comprises a separation unit (22) which is
arranged along the exhaust pipe (21), which separation unit (22) comprises a
wall structure (32) of a material which provides separation of a second gas

component from said exhaust gas flow by means of a selective passage of
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said second gas component before other gas components in the exhaust gas
flow, and that the separation unit (22) comprises an outlet (30) which is
connected with the inlet (2) of the engine (1) via a conduit (31), for return of
said second gas component to the inlet (2) after separation from said exhaust

gas flow.

12. Device according to claim 11,
characterized in that said second gas component is constituted by
water.

13. Device according to any one of claims 11 or 12,
characterized in that said first gas component is constituted by an

oxide of nitrogen (NOy compound) in the exhaust gas flow.

14. Device according to any one of claims 11-13, wherein said engine (1) is
provided in connection with a turbo-aggregate (36) with an exhaust gas
operated turbine (37) and a compressor (38) for compression of air which
has been fed into the engine (1),

characterized in that said conduit (31) is connected to a point

upstream of said compressor (38).

15. Device according to any one of the preceding claims, wherein the
function of the engine (1) is controllable by means of a control unit (5),

characterized in thatthe control unit (5) is adapted for supply of said
reduction agent essentially continuously during lean operation of the engine

(1).

16. Device according to claim 15,

characterized in that a NOx sensor (25) is connected to the control
unit (5) for detection of the amount of NOx compounds in said exhaust gas
flow.
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17. Device according to claim 16,
characterized in thatthe control unit (5) is adapted for supply of said

reduction agent depending on the amount of said NOx compound.

18. Device according to claim 16 or 17,
characterized in that said NO sensor (25) is utilized during
diagnosis of the function regarding reduction of said NO, compound.

19. Device according to any one of the preceding claims,
characterized in thatthe engine (1) is of the “lean-burn” type.

20. Device according to any one of claims 1-18,

characterized in thatthe engine is of the diesel engine type.

21. Separation unit (22) for reduction of a gas component in a gas flow,
characterized in thatit comprises a wall structure (32) which
comprises material which provides a selective passage of said gas

component from the gas flow before other gas components in the gas flow.

22. Method for reduction of a gas component in an exhaust gas flow of a
combustion engine (1) which is adapted for operation by a lean airffuel
mixture, comprising feeding of said exhaust gas flow from the engine (1) to a
separation unit (22),

characterized in thatit comprises separation of said gas
component from said exhaust gas flow in a wall structure (32) comprising
material which provides a selective passage of said gas component before

other gas components in the exhaust gas flow.

23. Method according to claim 22,
characterized in thatit comprises
supply of a reduction agent to an inlet (27) of the separation unit (22),

wherein
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supplied reduction agent is separated from said exhaust gas flow by
means of said wall structure (32), and
catalytic reduction of said gas component by means of said reduction

agent.

24. Method according to claim 23,

characterized in that the supply of the reduction agent takes place
from a tank (7) forming part of the engine (1) and being intended for the
regular fuel of the engine (1), wherein said reduction agent is taken from said
fuel.

25. Method according to claim 23 or 24,
characterized in that said reduction agent is fed through the
separation unit (22) essentially counter-current in relation to said exhaust gas

flow.

26. Method according to any one of claims 23-25,

characterized in that reduction agent which has not reacted with
said gas component is fed out from the separation unit (22) and returned to
the inlet (2) of the engine (1).

27. Method according to claim 26,
characterized in thatit comprises feeding in fresh air as carrier gas
for said reduction agent.

28. Method according to any one of claims 23-27,
characterized in that said reduction agent is supplied to the
separation unit (22) essentially continuously during lean operation of the

engine (1).

29. Method according to claim 22,
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characterized in thatit comprises return of said gas component to
the inlet (2) via a conduit (31).

30. Method according to claim 29,
characterized in thatit comprises feeding in fresh air as carrier gas

for said gas component.

31. Method according to any one of claims 23-30, wherein said gas
component is constituted by an oxide of nitrogen (NOy compound) in the
exhaust gas flow,

characterized in thatit comprises detection of the amount of said

NOy compound in said exhaust gas flow.

32. Method according to claim 31,
characterized in thatthe supply of said reduction agent takes place
depending on the detected amount of NO, compounds.

33. Method according to claim 31 or 32,
characterized in thatit comprises a diagnosis of the function

regarding reduction of said NOx compound.

34. Method for reduction of a first gas component from a combustion engine
(1) which is adapted for operation by a lean air/fuel mixture, comprising
feeding of said exhaust gas flow from the engine (1) to a separation unit (22),
characterized in thatit comprises

separation of a second gas component from said exhaust gas flow in a
wall structure (32) comprising material which provides a selective passage of
said second gas component before other gas components in the exhaust gas
flow, and

return of said second gas component to the inlet (2) of the engine (1).

35. Method according to claim 34,
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characterized in thatit comprises
separation of said first gas component and said second gas component
in said wall structure, which comprises material which provides a selective
passage of said first gas component and said second gas component before
5 other gas components in the exhaust gas flow, and
return of said first gas component and said second gas component to

the inlet of the engine.
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*  Special categories of cited documents: "’ laler document published after the international filing date or priority
"A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
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Box1I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. ‘:I Claims Nos.:
because they relate to subject maiter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningfuil international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box I Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See extra sheet.

1. L__I As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest El The additional search fees were accompanied by the applicant’s protest.
D No protest accompanied the payment of additional search fees.
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Considering the background art in this technical field, i.e. it is
known to separate a component of a gas selectively by the use of a
membrane, the independent claims 1, 11,21,22 and 34 do not have any
special technical feature within the meaning of PK 16 §. Hence,
there is no special technical feature in common linking following 7
groups of inventions regarding:

I

IT
ITI

Iv

VI
VII

=

construction of a separation/reduction device (claim 2-7, 23-
28 and 31-33) ’

membrane separation of NOx (claim 10 and 13)

recirculation of the separated gas component to the engine
(claim 8-9 and 29-30)

membrane separation of water (claim 12)

incorporation of a turbo charger in the system (claim 14)
injection and controlling of reducing agent (claim 15-18)

the engine (19-20)
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