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(57) Abstract: The present invention provides for a treatment of an exhaust stream (303), resulting from a combustion in a combus -
tion engine (301 ). This exhaust stream (303) comprises nitrogen oxides NOy, in which nitrogen monoxide NO and nitrogen dioxide
NO; are comprised. The exhaust stream (303) passes through an exhaust treatment system (350) connected to the combustion engine
(301 ). In the exhaust treatment, system an oxidation (210) occurs of compounds comprising one or several of nitrogen, carbon and
hydrogen in the exhaust stream (303). Furthermore, a reduction (220) is carried out, of an amount of nitrogen oxides NO, reaching a
reduction catalyst device (330, 331, 332) arranged, downstream of an oxidising component (310, 311, 312, 320) in the exhaust treat-
ment system (350). A value (NO2/NOxy )4 for a ratio between an amount of nitrogen dioxide NO; reaching a reduction catalyst device
(330, 331, 332) and the amount of nitrogen oxides NOj reaching the reduction catalyst device (330, 331, 332) is determined. An act-
ive control (240) of at least one parameter related to the combustion engine (301 ) is carried out, based on the determined value
(NO2/NOy)qe: for the ratio. This active control (240) is carried out, so that the amount of nitrogen oxides NO, reaching the reduction
catalyst device (330, 331, 332) is increased, if the determined value (NO2/NOx)a: for the ratio exceeds an upper threshold value
(NO2/NOx) threshold high.
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METHOD AND SYSTEM FOR CONTROLLING NITROGEN OXIDE EMISSIONS
FROM A COMBUSTION ENGINE

Technical field

The present invention relates to a method for treatment of an
exhaust stream according to the preamble of claim 1. The
present invention also relates to an exhaust treatment system
arranged for the treatment of an exhaust stream according o
the preamble to claim 28, and a computer program and a

computer program product, which Implement the method according

Background
The following background description constitutes a description
of the background to the present inventicn, and thus need not

necessarlly constitute pricr art.

3 government interests concerning

In connection with

pollution and air o primarily in urban areas, emission
standards and regulations regarding emissions from combustion

engines have been drafted in many jurisdictions.

Such emission standards often consist of reguirements,
defining acceptablie limits of exhaust emissions from

combustion engines in for

For example,
emisgion levels of nitrogen oxzides NO., hydrocarbons C.H,,
carbon monoxide CO and particles PM are often regulated by
such standards for most types of vehicles. Vehicles equipped
with combustion engines typically give rise to such emissions
in varying degress. In this document, the invention will be
described mainly for its application in vehicles. However, the
antially all applications where

invention may be used in subs

t
combustion engines are used, for example in vessels such as
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ships or aeroplanes/helicopters, wherein regulations and

standards for such applications limit emissions from the

In an effort to comply with these emissicn standards, the
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ts caused by the combustion c¢f the combustion are

O,
.

treated (purified)

A common way of treating exhausts from a combustion engine
ronsists of a so-called catalyvitic purification process, which

is why vehicles equipped with a combustion engine usually

comprise at least one catalyst.

catalysts, where the different respective types may be
sultable depending on for example the combustion concept,
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to be purified. In relation to at least nitrous gases
{(nitrogen monozxide, nitrogen dioxide), referved to below as
nitrogen oxides NO,, vehicles often comprise a catalvyat,
wherein an additive is supplied to the exhaust stream
rezuiting from the combustion in the combustion engine, in
yrder Lo reduce nitrogen oxides NO,, primarily to nitrogen gas

and agueous vapour.

CYT I o~ e S - 4 et Pl el ] e - - < 7
SCR (Selective Catalytic Reductis catalyvsts are a commonly
used tLype of catal this type of reduction, pri

SCR catalysts usualiy use ammonia
NH:, ©or a compositicn from which ammonia may be
generated/formed, as an additive to reduce the amount of
nitrogen oxides NOy in the exhausts. The additive is injected
into the exhaust strear engine

- =g S - < \ 3 3 1 N ‘ ey + 7
upstream of the catalys € aaqaiti g Jed to the catalyst

is adsorbed (stored) in ammonia
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NH-, so that a

NCyx 1n the exhausts and ammonia
A modern combustion engine

COO¥

w3 oy A +-
2xXaust eatment.

ozides NOy

For the combustion

between the engine’s fuel

nitrogen oxides NO: produced

that
between nitrogen
words that

other an engine,

nitrogen oxides NO,
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often a negative correlation

redox-reaction
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ceration and mutual impact

exhaust treatment

angine,

efficiency/total

- - P . emy - P ~
for a given system there

which is permitted to

may be induced to consume

/7 yield a higher combustion
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Ak

may oCccur

NH- avallable

re there

the

between the engine and

there is a correlation

system’s ability to reduce
the fuel efficilency of the combustion

there is

4o e

L)\/

emlt more

e e N o
efficiency. 3Similarly, there iz

N

cetween a produced particle mass

FM and the fuel efficiency, meaning that an increased emission
of particle mass PM from the encine is connected with an
increased fuel consumption,

This correlation is background to the widespread use of
exhaust treatment systems comprising an SCR-catalvst, where

tention 1s the

ct
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optimis
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sumption and emission of

amount of

-

Lrger

se nitrogen oxides NOg 18

the

treatment system, which thus

Through an
sxhaust Lreatment

reatment complement

emiszions of koth particles PM as

ation
particles, towards a re

nitrogen coxides

integrat

-

of the engine’s fuel
latively

NO. produced. A reduction of

then carried oub in the exhaust

may alsoe comprize an 3S3CE

—

ed apprecach in the design of the
system, where the engine and
each cother, a high fuel
achieved jointly with low
az well as nitrogen oxides NOk.
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Brief description of the invention

performs of the exhaust
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due to uneven distribution of the
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thus important te be able to use the exhaust treatment
optimally, for example by avoiding over-sizing and/or

iimiting the tem’s spread in

nd/or manufacturin
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The functiocon and efficiency for catalysts in
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reduction catalyst in particular, is dependent, for

on a ratio oxlde and nitr oxi

between nitrogen di

Yo r=~%a
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in the exhausts. The

o o
numbp (\ aer of f

nur

other

example how the driver d vehiclie and/or on

mode. the NO,/NC.~fraction in t©

may depend on regquested by a driver and
srulse contro arance of the road ection

is located and/or the drivin

conditions ling the

catalyst

flow, 1.e. for a certain dwell-ftime 1n the catalyst
Velocity”), theres 1s a risk that a non-advantageous

trogen dioxides NO, is obtained.

NOC,/NO, exceeds 50%

probliem for exhaust purification.

There 15 a risk
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cof the above mentioned critical ating modes
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factors,
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he exhausts

in which
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fraction

there is a

conatitute a

may result
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in too high a fracticn of nitrogen diozides NO; in other

: Q

operating modes. This higher fraction of nitrogen dicxides NO:
results in a greater volume reguirement for the SCR-catalyst,

and/or in a limitation of amount of nitrogen oxides

released from the engine, and accordingly in a poorer fuel

efficiency for the vehicle.

In addition, there iz a risk that the higher fraction of

nitrogen dioxides NO, zlsc results in emissions of laughing

@)

)
Q
(9]

L

These risks ¢of a non-advantagecus fracticn of nitrogen dioxide
NG: arising also exist due to the system’s ageing. For example,
the ratioc NOz/NO, may assume lower values when the system has
aged, which may entail that a catalyst specification, which

results in too high fracticns of NO,/NO, in a non-aged state,

must be usad to compensate for ageing.

There i1s acceordingly a need for an optimisation ¢f th

0]

T
tment systems.
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function in today’s exhaust tr

Therefore, one obijective of the present invention is tc

provide a method and a system which may provide a high
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performance, and a goc under varying conditions.

achieved through the above-mentioned

characterising portion of claim

achieved the above-mentioconed exhaust
according to the characterising ot
above-mentioned computer program and
computer program product.
The present invention provides for a treatment of an exhaust
stream, resulting from a combustion in a combustion engine.
Such exhaust stream comprises nitrogen oxides NO,, in which at

least nitrogen monoxide NO and nitrogen dioxids NO, are
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compu

b

comprising one or several of nitrogen, carb

the exhaust stream occurs. Such oxidation 1

OX1a1el

syatem,

4 ey e
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arried out of

. LD [
nitrogen oxides NO,, which reduction reaches a

catalyst device arrangead downstream of the

the exhaust treatmen

component 1n

eduction is carried out throu a catalyti

reduct

(ﬂ

ion catalyst device with the u

According to

(NO,/NCx) ger for

NC,; reaching a

oxides

NOy reaching

An active control of at least cne parameter
combusticn engine is carried out, according

determined value

rrrled oub s

therefore reduction

determined valiue

N A e Ty o~ 4 3= T
18 1ncreasa@ LD Lo

exceeads an upper threshold value (NO,/NOx

(\102 ’/I\\TQX) det > (\102 ’/I\\TQX) threshold_high e

use of the present invention

engine is controlied to increase the amount

NOy, which is emitted from the combustion

the at least one oxidising component, an

exhaust stream passes through

N eEs
oL LU

treatment system an ozidatio

component arranged in 1

T system.

e 0f an ad

hetween an amount of
reduction catalyst device, and the

reduction cataly

Y enr
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reduction catalyast device, if the determined value {NOC;/NO,

h

for the ratio is tco high. Such increase of the amount ©

nitrogen oxides NO, means that the value for the ratio NO,/NO,
creases, since the amount of nitrogen oxides NOy 1s comprised
in the denominator in the expression for the ratio, and NO»

does not increase to the same extent, which means that a more

afficient reduction may be obtained with the reduction

catalyst device,

The active control of the combustion engine according to the
present invention means that the fraction of the total
conversion of nitrogen oxides NOyx occurring via a fast reaction
path, that is to say via fast SCR, wherein the reduction
occurs via reaction paths over both nitrogen oxide NO
nitrogen dioxide NO;, may be increased for some operating
modes., Accordingly, the volume requirements relating to the

equal parts of nitrogen monoxide NO and nitr dioxide NO,,

which means that it 18 important to be able to control the

molar ratio, NO,/NO., towards a suitable value, for example a
= ~1 Ao + o~ o - PO S

value close to 0.5 (\)’u\%) N

By way of a sultably selected active control of the combustion
engine according Lo the present invention, the volume

regquirements relating to the catalilvst may also be reduced,

utilisation i1s improved.

The use of the present inventicn also results in a reduced
consumption of additive. Additionally, a slip of NO, from the

vehicle, in the form of NO;, is reduced.

The exhaust treatment system also becomes less sluggish and

'O
162}

easier to control/regulate if the present invention is used,

3

e~ - + ¥y = o A P, e SN TN o ey ] £ TN <7 =
which means that a moere accurate control of the supply of

I L

)]

@]

additive may pe carried out,
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Additionally, the active control of the combustion engine

according to the present invention, which is here carried cut

primarily in order to optimise the

in a reduced fuel consumption for

The present invention may also advantageocusly be used in

increased flexikbility for the control of the ratio NO/NO..

invention a better fucs

is

or the vehicle, since

engine in a more fuel afficient

manner, so that a higher efficiency for the engine is
cbtained. Thus, a performance gain and/or a reduced emiszion

Ea )

d when the present

of carbon dioxide CC, mav be cbtains

invention 1s used.

Through the use of the present invention, the fracticn of
nitrogen oxides NO. consisting of nitrogen dicxzide NO; may be
v controlled, which is facilitated by an active control

of the amount of nitrogen oxides NO, upstream of at least one

substrate with oxidising coating, for example comprising

precious metals, in the exhaust treatment system. This contro
of the ratio NO./NC, may, apart from advantages in catalytic
performance, such as higher NO,-conversion, alsc provide for a
possibility of specifically reducing emizsions of nitrogen

dioxide NO;, which result in a very pcisonous and strong

smelling emigsion. This may result in advantagses at a

potential future introduction cof a separate regulatory

-
.

reguirement relating to nitrogen diozxide NO,, vi

o

& possibility
of reducing emissions of nitrogen dicxide NC;. This may be

compared

Furo VIi-gsystem, in which the

fraction of nitrogen dioxide NO, provided at exhaust
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purification may not be directly impacted in the exhaust
treatment system itself, since the fraction of nitrogen
dioxide NO, in the FEuro Vi-system is dependent on

usage/operation, and may not be controlled in any other wav.

The present invention also has an advantage in that two
cooperating dosage devices are used in combination for the
dosage of a reductant, for example urea, upstream of the first

and second devices, which relieves and facilitates mixture and

potential vaporisaticn of the reductant, since the injection

of the reductant is divided between two phyvsically separate

the exhaust Treatment system localily, which may potentialliy
form deposits at the pesitions where the reductant is

injected, or downstream of such positions.

Brief list of figures

- ) .
! low, along

Fhe invention will be illustrated in more detail b

fD

with the enclosed drawings, where similar references are used

for similar parts, and where:

1

eyl
ko]

ure 1 shows an examplie vehiclie which may comprise the

present invention,

Figures Za-p show a flow chart for the method for exhaust

o

treatment according to the present inventicn,

Figures 3a and 3b show examples of an exhaust treatment

systems according to the present inventicn,

Figure 4 shows a control device 1n which a method according to

invention may be implemented.
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Description of preferred embodiments

Figure 1 schematically shows an example

comprising an exhaust treatment zsyvstem 150, which may be an
atment system 150 according to cne embodiment of
5 invention. The power-train comprises a combustion

engine 101, which in a customary manner, via an output shaft
102 on the combustion engine 101, usually via a flywheel, is
connected to a gearbox 103 via a clutch 106.
The combustion engine 101 is controlled by the vehicle’s

10 control system via a controel device 115, which may be
connected to the exhaust treatment system 150. Likewise, the
clutch 104 and the gsarbox 103 may be controlled
vehicle’s control system with the help of one or more
applicable control devices (not shown}. Naturally, the

ib vehicle’s driveline may also be of another type, such as a

type with a conventicnal autcmatic gearbox, of a type

hybrid driveline, etc.

An cutput shaft 107 from the gearbox 103 drives the wheels
113, 114 via a final drive 108, such as e.g. a customary

20 differential, and the drive zhafts 104, 105 connected to the

The vehicle 100 alszo comprises an exhaust treatment
gystem/exhaust purification system 150 for

[N O T T - ks R R~ ne o] e T
Ctreatment/purification of exhaust emissions resultling from

D
[@F

combustion in the combustion chamber of the combustion

10

[E—)

, which may consizt of cylinders. The exhaust treatment

)
-

may ke controllied by the vehicle’s control system,

(@3}
¢

system 1.

via a control device 160.

A

According to the present inventicon, a method is provided for

D

20 the treatme

-
8

f an exhaust strean, which results from a
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ot

~ombustion in a combustion el’lOlTiL and comp riges nitr

ogen
oxides NO.. Nitrogen c¢xides comprise at least nitrogen monoxide
NO and nitrogen dioxide NQO,. The exhaust stream passes through
an exhaust treatment syvstem connected to the combustion

engine,

liustrated with

This method may be "low chart in Figure

In a first step 210 of the method, an oxidation of compounds
comprising one or zeveral of nitrogen, carbon and hydrogen is

carried cut 1n the exhaust stream. Such oxidation 1s carried

- 3 - - g A pe - J 4 el SN ey - e - ~ A e A e
out by at least one oxlidlsing componeni arranged in the
- 7 - - R e
exhaust tLreat system.

In a sacond step 220 of the method, a reduction of an amcunt

of nitrogen oxides N0, which reaches a reduc
device arranged downstream of tThe oxidising

exhaust treatment system, 1s carried out. Such reduction is

1t

carried out through a catalytic reacticon in reduction

with the use of an additiwve.

catalyvst devic

In a third step 230 of the method, accecrding to the present

invention, a valiue (NO;/NO,)sr is determined for a ratio

between an amount of nitrogen dioxide NO,; reaching

reduction catalyst device, and the amount of nitrogen oxides

NC, reaching the reduction catalyst device,

In a fourth step 240 of the method, an active control of at

least one parameter related to the combustion engine is

may, for exampl

carried out. This at least one parameter
lated to a combustion in the combustion engine. According ic
the present invention, this active control iz carried out

-

NO2/NOy) ger for the ratio,

U)

10}

based ¢n the determined valus (

that the amount of nitrogen cxzides NOy reaching the reduction
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catalyst device increases, if the determined value (NO/NOi) et
for the ratio exceeds an upper threshold valiue

( \V)?/ Nu\\\) threshold highs ]-\U” / JQXI det > (NQ" //‘NC)X) thresh 1igh

The first 210, second 220, third 230 and fourth 240 steps
iliustrated in Figure 2Za may, according to the present
invention, also be carried out in an order which is at least

3

tly different than the one illustrated in Figure 2a. For
example, the third 230 and fourth 240 steps may be carried out

between the first 210 and second 220 steps, as shown in Figure

2b.
Threough the use of the presgent inventiocon, the combustion

engine may be controlled to increase the amount of nitrogen

oxides NO, emitted by it, if the determined value {(NO;/NO.)

of the amount of

+

the ratio NO,/NO,

nitrogen oxides NO,
decreases, so that the fraction of the total conversion of
nitrogen oxides NO,, occurrving via a fast reaction path, may be
increased. Additionally, by way <¢f the active control of the

combustion engine, accerding tce the present invention the

volume requirements relating to may alsce be

reduced, since the utilisation 1s improved.

As described above, according to the present inve

I

active control 24 ig carried out of at least one
related to the combuztion in the engine, in order to achieve a

value for the ratic NO,/NO,, between the amount of

dioxide WO, and the amount of oxides NO,,

which reach the reduction catalyst device. This active control

may be carried out in a number of different ways, according to

of the present inventicn.
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injection strategy combustion

TOo one
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timing of injections

combustion englne may be controlled, s

3

nitrogen oxidesz NO, re

the amount of

Q

oxidising compcnent, and therefore

device, is achieved.

advanci

increase of the amount of nitrogen ozides NOx

reduction

Similarly, the timing for fuel injecti

the combustion engine may

of the amount of nitrogen

reduction catalyst device is achieved,
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‘his reducticn of the
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injection pressure for the fuel inject
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an increase of the
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ratic NO,/NO..
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This reduction may be achieved by way ¢f a

reduction of the amount of nitroge
increase of the value for the ratio

According Lo one embodiment of the

ection phasing for an

~<7 17 dc N7 b:_\ ~Sont e
cyiinders may e Contrds

oxides NOx reaching

ling an injection phasing,

relatively large pressure

e
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Injection phasing, as

indjection changes over time, for e
the inject changes over time. A

phasing may for exampie be a time

pressure.
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reduction catalyst device 1g achiev
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supplied with air
at an inlet, tc¢ achieve a gas mixture which is suitablie for
combusticn, together with fuel that is also supplied to the
engine. The combustion takes place in the engine’s cylinders,

whereln the gas mixture 1s burned. The combustion generates

(ﬂ

exhausts, which leave the engine at an outlet. The exhaust

recircuiation conduit is arranged from the engine’s ocutlet to

[43]

its inlet, and leads back a part of the exhausts from the
let to the inlet. Thus, the suction losseszs at the air
Y

t
intake may ke reduced, and nitrogen oxides NO, emitted from the

engine may be adiusted.

N

According to one emboediment ¢of the present invention, an

i

5o

increase of the amcount of nitrogen oxides NO, reaching the
reduction catalyst device may be achieved by reducing a
fraction of the exhaust stream, which is recirculated through
the device for exhaust recirculaticn {EGR). This increase of
the amount of nitrogen oxides NOy results in a reduction of the

W o Y~ de Ty e "y e FNT
value for the ratio NO/NO..

Similarly, a reduction of the amount of nitrogen oxides NOy
reaching the reduction catalyst device may be achieved by
increasing a fraction of the exhaust stream, which 1s
recirculated through the device for exhaust recirculation

{({EGR). This reduction of the amount ¢f nitrogen oxides NO,

)

resuits 1n an increase of the value for the ratio NO,/NO,..

The determined value {(NO,;/NO,}ser for the ratio between the

armount of nitrogen dioxide NO; and the amcount of nitrogen
oxides NOy reaching the reduction catalyst device may, for
example, consigt of a measured, predicted and/or modelled
value for the ratio, wherein the measurement, prediction

and/or modeliling can take into account the current operating

and/or driving mode, characteristics of the road section in
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combustion englne and/or characterilistics of the fuel used to
drive the combustion engine. The measurement, prediction
and/or modelling may also take into account how the vehicle is

he determined value (NO,/NO) e for the ratio between the
amount of nitrogen dioxide NO: and the amcunt of nitrogen
oxides NOx reaching the reducticn catalyst device may also
ronsist of a measured value, which i3 measured through the use

of one or several NOy~zensors, and/or NO:-sensors, arrvanged in

the exhaust treatment svstem.

.

combusticon in the combustion engine 1s implemented in such a

{(NO-»/NOx) ger 0 is smaller than c¢r egual to a lower

A

threshceld value (NO/NO,) inreshoid towr (NO2/NOg) aet

( \[92 \J\) threshold

In this document, the invention is often described as active

control, resulting in increases or reductions of the amount of

NO, reaching the at least one oxidising

component, and therefore alsco the reduction catalyst device.

Such an increase of the amount of nitrogen oxides NO, reaching

nitreogen oxides NC, reaching the reduction catalyst device is

v oy
[N GI O

greater than an amocunt of ni oxides NO,, which is

comprised in the determined value (NOz/NG.)uer for the ratic.

This may also be described az the amount of nitrogen oxides NOy

")'

reaching a reducticn catalyst device having a higher

kO.
!
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n oxides NO. in the exzhaust stream than

x’D

c
&
(?

wration of nitrog

a concentration of nitrogen oxides NO,, which corresponds to
the determined value {(NO;/NOx)a. for the ratio.
Such a2 reduction of the amcunt of nitrogen oxides NOy reaching

the reduction catalyst device entaills, in a similar manner,
that the amount of nitrogen oxides NO: reaching the reduction

amount of nitrogen oxides

o8
o
<
9]
ot
D
s
0}
[
053
n
=
L
10}
-

3
ot
>y
o))
=
oY
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NOy, which is comprised in the determined value {(NO,/NO.)s+ for

the ratic. This may also e described as the amount of

nitrogen oxides NQOy reaching a catalyst device having
a lower concentration of nitrogen oxides NO, in the exhaus

stream. compared to a concentration ¢f nitrogen oxides NO,

which corresponds to the determined value (NO,/NG.}aer for the

As described above, according to the present invention an

active control of at least one parameter related to a
combustion in the combustion engine is carried out, bazed on a

compariscn of a determined value {(NO:/NOx)aer for the ratio with
an upper threshold value (NO,/NO.} inresncig nigne and/or with a

4 e e
lower threshold value{NO;/NO:) trresnnia lows

r Bl - il ) 3 ™ LT - - - -
The lower threshold value (NO,/NO,) inreshoid 1ow RES, according to

one embodiment, a value which depends on a ature over

the reduction catalyst device. As a non-limiting example, it

Pra— 7 - " i S " J Ty ey + ) 7] - “,.\ - -
may be menticned that the lower threshold value
P e + nne = PR
a value representing 50%, 45%, 30%,

Similarly, the upper threshold value (NO;/NO«)trresnoid nign May
have a value, which depends on a temperature over the
reduction catalyst device. As a non-limiting example, it may

2

be menticned that the upper threszhold value (NO:/NO«) thresnoia i
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a value representing 45%, 50%, 60%, or greater than
5%) for the ratio.
skilled in the art wil realize that a methoed for

t of an exhaust stream accordi

n, may alsc be implemented in a computer program,

hen executed in a compu cause the computer Lo
R T S P T o < . - B L T L L T T T RNV v N
the method. The computer program usually consists of a

a computer program product 403, where tThe computer

O —
it Ll

product comprises a sultable

di

/permanent /persistent /durs gital medium,

storage

the computer program Said non-

/permanent /persistent/durable computer readable medium

of a suitable memory, Memory) ,

EOM (Read-Only

~ogrammable Read-Only Memory), EPROM (Erasable PROM),

EFROM (Electrically Erasabkle

5

PROM), a hard disk

shows a control device 400. The control

Or & CLrouit

rmined specific function

(Application

control device

memcry unit 402 installed

viding the on device 401 with e.qg. store
code and/or the =stored data which the calculation

alculation device 401 is also set up to

in

memory
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ruipped with devices 411,

Further, the controel device 400 is eqg
12, 412, 414 for receiving and sending of input and output
gignals. Thesge input and output signals may contain wave

shapes, pulses or other attributes, which may be detected as

information by the devices 411, 413 for the receipt of input
zignals and may be converted inte signals that may be
processed by the calculation device 401, These signals are
then provided to the calculation device 401. The devices 4127,
414 for szending output signals are arvanged to convert the

calculation result from the calculation unit 401 into cutput

gsignals, for transfer to parts of vehicle’s control

aystem, and/or the component (s) for which the sig

intended, for example the first and/or second dosage devices.

connections to the devices for receiving and

gsending of input and cutput zsignals may consist of one or
several cof a cakle; a data bus, such asg a CAN (Contrcller Area
Network} bus, a MOST {Media Oriented Systems Transport) bus,

a wireless connection.

h

QY any o ther bus confi gurad Lion ; OXr O

A perscn skilled in the art will realise that the above-
menticoned computer may consist of the calculation device 401,
and that the above-mentioconed memorv may consist of the memory

device 402,

senerally, control systems in modern vehicles consisgt of a

-
oy

I

communications bus system, consizsting of one or szeveral

communications Luses to connect a number of electronic control

devices (ECUs}, or controlilers, and differse

N

ot

5
1
L

ocalised on the vehicle. Such a control system may comprise a

of control devices, and the responsibility for a

ko)
o
i
¢
=

specific function may be distributed among more tThan one
control device, Vehicles of the type shown thus often comprise

significantly more control devices than what i1s shown in
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€a W
Figure 4, which is well known to a person skilled in the art

The present invention, in the embodiment shown, is implemented
1:_]_’1 the control

Ll UL

- ~ 1 i 1
a COoOntroL

devices already

device dedicated to the present invention.

Here, and 1n this document, devices are often described as

.

being arranged to carry out steps in the method according Lo

invention. This also comprises that the devices are

t
i
=
ol
[0}
fon

adapted and/or set up to carry out thesze method steps.

According to one aspect of the present invention, an exh
treatment system is provided, arranged for the treatment of an

from a combustion 1in a

(9]

axhaust stream, which result

combusticon engine., The exhaust stream comprises nitrogen

oxides NOi, in which at least nitrogen monoxide NO and nitrogen
dioxide NO, are comprised. Figures 3a and 2b zschematically show
two non-limiting examples of exhaust treatment systems 35

according to the present invention may be

3a and 3b similar devices have the same

The exhaust treatment system 350 according

invention, comprises at least one oxidising <
. 1 T 2 ¥ 5 4 YN o N A e oy oy e 1
311, 312, 320 arranged in the exhaust treatm in

order to carry out an c¢xidation 210 of ceompounds comprising

one or several of nitrogen, carbon, and hydrog:

exhaust stream 303.

L N N T o ey oy Ly 7oy o TEN e ~ R
The exhaust treatment system 350 according to

invention also comprises at least one reduction catalyst

P - | o o R DT DT TN - R PN P a— . . i | o R o
component 310, 32131, 312, 320 in the exhaust treatment system
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350, in orxder to carry out a reductiocon 220 of an amount of

reduction catalyst device 330

331, 232. This reductzon 1s carried out through a catalvitic

reaction using an additive 371, 372,

Bl

The exhaust treatment system 350 according to

invention also

device 380, arranged to

provide/carry nination 230 of a wvalue (NO,/NO«) et

for a ratic between an amount of nitrogen dicoxide NO, reaching

the reduction catalyst device 330, 331, 332, and the amount of

~

nitrogen oxides NOg reaching east one

3
9

nent 310, 211, 312, and therefore alsce the reduction

>ed above. The control

[\3
j§3}
€]
O
D
€]
@]
f-:'
}_l

catalyst device 3320, 331, 33
vice 380 is also arranged to carry out an active control 240
of at least one parameter related to the combustion engine

30%L, such as for ezample related to a combustion in the

-

d on this determined valus (NO:/NOL) ger

combustion engine, base

for the ratic. This active control 240 is carried out, =0
the amount of nitrogen oxides NO, reaching the reduction
catalyet device 330, 331, 332 is increased, 1f the determined
value (NO,/NO,) 4. for the ratioc exceedsz an upper threshold

“’\]\. , e -~ (I\e./'“’\]\. , hresh
x 7 det X7 Ly

k_)

B - P Tt
value (NOz/NOy)threshola highs (DN

_high.

As illustrated by Figures 3a and 3b, the exhaust treatment
zystem 350 may have a number of different configurations, as

long asg it izes the at zast one oxidising component 310,

reduction catalyst device
330, 331, 332, downstream of the ozidising component 310, 311,

-~

, and the control device 380, which may achieve the

Sy s oy -~ - N e
active control of combustion engine 30

amount of nitrogen oxides NO, reaching the
oxidising component 310, 311, 312, and therefore also the

reduction catalyst device 330, 331, 3322 may be adjusted.
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3b, an exhaust pipe
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32072 is ceonnected Lo a compusticn engine 301.

Figure 32a =zhows an exh £ treatment system 350, which may
illustrate a so-calied Bure Vi-system. The exhaust stream 303
is led to a diesel particulate filter (DPF) 321 via a diesel

oxidation catalvst (DOC) 310. During the combustion in the
combustion engine, soot particles are formed, and the
particles. The exhaust stream 303 ig here led through a filter
structure, where soot particles arve caught from the exhaust

paszing through, and are stored in the particulate

[67]
¢t
=
>
L
(i
<
[
re)

Fh
}_‘
’...l
ot
®
Fs
(%]
[AN]
<

The oxidation catalyst DOC 310 constitutes, according to this

embodiment, the oxidising ¢

nd is normally used

83

primarily to oxidise, during the exhaust treatment, remaining
hydrocarbons CiH, {(also referred to as HC} and carbon monoxide
303 intce carbon diozide CO, and water
Hy;O. The oxidati 1 rst DOC 310 may alsce oxidise a large

NO cccurring in the exhaust

stream into :ide NO,. The oxidation of nitrogen

monoxide NO into nitrogen dioxide NO, is important to the
iozide based scot oxidation in the filter, and is
cotential subseguent reduction of
oxides NO,. In this respect, the exhaust treatment
ive Catalvtic Reduction)

compr an SCR

330. SCR catalysts use ammonia NH:, or a composition from which

ammonia may be generated/formed, e.g. urea, as an additive for

(o3
10}
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the reduction of nitrogen oxi
reaction rate of this reduction is impacted by the ratio

between nitrogen monoxide NO and nitrogen dioxidse NO, in the
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mpacted

duction’s

previous oxidation ¢f NO into

NG, in the oxidation cat talvst DOC., This appliss up to a value
representing approximately 50% of the molar ratio NO,/NO«. For

fractions of the molar

exceeding 50%, the

o)
I
®
W
0

strongly negative manner. This

invention.

SCR-catalyst 330 requires

concentration of nitrogen

Such additive is injected
of the SCR-catalyst
ists of a s

P ava ~
bﬁlsﬁ.’;\i; OX SONSs A

be extracted or released,; and
whiich
Urea forms ammeonia at heating
heterogeneocous catalysis on an
surface mavy, example

Ti0,, within the SCR catalvst,

@

2am of the dos

catalyst downstr

fP

According to one embodiment of
hydrolysis catalyst, which may
zuitakle hydrolysis coating,

in connection with

arran

anaG

speed of

mix the

and/or to

to vaporise the additive.

The exhaust treatment systs 3

iy

(.

catalvst {(SC), which is

additive that remain after

may

oxiges

ubstance
may

bazically consists of

EXe

'L)'I

arranged

N

5 g
ratic rOox

3 / e D oen -
NO,/NOyx, that is to

[6)]
¢
[

impacted in a

probiem is

an additive

ten ammonia and/cr

from which ammonia may

for example consist of

h
jon
-

3
D
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3
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b
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oxidizing
; consist of titanium dioxide

dedica

ted hydr

CLVYS8S1LE

>

or of a

device.

‘Q
0

the

inventiocon, a first

£ )
Joxr the

P
i

-

is aiso eguipped w a slip-

to oxidise a surplus of

the SCR-catalvst 330, and/or to
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24
assist the SCR-catalyst with additional NOx-reduction.

Accordingly, the slip-catalyst SC may provide a potential for

improving the system’s total conversion/reduction of NOx

The exhaust treatment system 250 is also egquipped with
5 several sensors, such as one or several NOy,—, NO,—- and/or
temperature sensocrs 36l, 362, 363, 364, arrancged for example

2 A

t the inilet to the oxidation catalyst 310, at the inlet to

330, and/or at the outlet from the slip-c¢

10 determination of nitrogen oxides and/or

L - N J o e TN S v oy e e . I e . e Ao
The control device 380 is arranged to carry out an active

r‘l

control of one or several parameters, which arve related to the
combustion in the combusticn engine 301. This control may be
i5 based on signals from a numb of sensors 1n the exhaust

Treatment system, among others on the one or several of the

NQx—, NO:;- and/or the temperature senscrs 361, 362, 363, 364,

Figure 3b shows an exhaust treatment system 350, which
comprises two reduction catalvst devices 331, 332. Exhausts
20 generated at combustion Iin the engine 301, that is to szay the

exhaust stream 302

3
J

eduction catalyst device 331, arranged

(@1}
@]
O
=3
e
3
i,.‘l
wn
D
0
Q
h
i. 4
[
3]
ct
[

downgtream of the first dosage device 371, and arranged to

provide a first impact on a first amount of nitrogen oxides

5l

o the exhaust stream
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arranged d

a second impact on a

O -

reaching © second devic

first and/or the second a

N

supplied to the exhaust

372,
For the exhaust treatment 3vs

amount

nitrogen oxides

NOy

may

COnS

of nitrogen oxides

331. For the exhaust treatmen

ratio NO,/NO, the

the nitrogen oxides

amount of

catal

and the second amount of nitr

atream

zmount of

mi

25
.
350 als

ownstream of

a second
second

econd amou

irl
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in Figure
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amount of
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second reduction catalvst device 332.
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The exhaust treatment system 350 is
such as one or several N

362,
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determination of nitrogen oxides, nitrogen diozide and/or

temperatures in the exhaust treatment g

combustion in the combustion engine 301 according to the

Tl

present invention. Thisg control may be based on sign:

N

number of sensors in the ezxhaust treatment system, among
others on the cne or several of the NOy—, NO;—- and/or the

temperature sensors 361, 3642, 363, 364, 365.

According to one empoediment ¢of the present invention, the

axhaust treatment system may comprise a first cxzidation

catalyst DOC; 311, arranced upstream of the first dosage device

oy

371 and/or a second oxidation catalyst DOC, 312, arranged

19

downstream of the first device 231. The first oxidation
catalyst DOC; 311, and/or the second oxidation catalyst

DCC, 312, are in that case arranged to oxidise nitrogen

Q

mpounds, carbon compounds and/or hyvdrocarbon compounds in

exhaust stream 302 in the exhaust treatment system 350.

the
the oxidation in the first oxidatiocon catalyst DOC, 211, a part

>f the nitrogen monoxides NO in the

oxidised into nitrocgen dioxide NO,.

The first cxidation catalyvst DOC, 311, and/or © second
oxidation catalyst DOC, 312, are at least partly coated with

catalytic oxidising coating, wherein such oxidising coating

=
j$)}
@]
l’k_-)
3
@)
=
i. ¥

lze at least one precious metal, for examplie

According to one empoediment ¢f the present invention, the

o 3 oy A RS~k P PR Pt - e ~ e T A = - oo}
axhaust system 350 comprises a particulate filter 320,
downstream of the first device, or downstream of the second

1t g , o sy ™Y Pl S N I T~ T My Y = 1 o~
oxidation catalyst DOC, 312, if this 1z comprised in the

svatem. The particulate filter 320 is arrangsd to catch and

b}
(=4
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here led

v’D

[ )]

xidise zoot particles. The exhaust stream

through the filter structure of the particuliate filter, where

in the filter structure from the

exhaust stream 303 passing through, and are stored and
oxidised in the particulate filter. According to one

-

te filter

embodiment of the present invention, the particu

320 consists Particulate Filter, DPF. This filter
Ta th s us oy t o cato h store an a OX *] 3 [8&e 800 + = t 1o J og fr M
EEEC S S R e A3 I O CatClly, SLOore and OXidals PR OO S pul’. L1Cles nrom

the exhaust ztream 303.

According to another embodiment of the present inventiocon, L
particulate filter 320 conaists of a particulate filter, which
at least partliy 1s coated with a catalytic oxidising ceoating,
wherein such oxidising coating may comprise at lsast one

L. That is to

particulate filter 320 may

at least partly be coated with one or gseveral precious metals,

for example platinum. The particulate filter cDPF, which

\/)

comprises the oxidising coating, may result in more stable
ratios for the nitrogen dioxide level NO; at the second
reduction catalyst device 332. Additionally, the use of the
owprising the oxidising coating,
the ratio NO,;/NO,, that is to say the
level of NO,, may be controlied. Since the particulate filter

*DFF with the oxidising coating is used, according to one

SJ

L
<
[ )]
prd

embodiment the cond oxidation catal DOC, 312 is not needed

5}

Thus, the at leaszst one oxidising component 310, 311, 312, 320,
which according to the present inventicon is arranged upstream

of the reduction catalyst device 334, may comprise

ané a

one or several of an oxidation
particulate filter 320 at least partly comprising a catalytic

oxidising coating.
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Az described above, according to the present invention, an
18T nFrAT AN £ Teon o o L P
active control 240 of at least one parameter related to the

in the engine 201 is implemented to achieve a

value for the ratio between the amcunt of nitrogen

NOx reaching the

active control

may ke carried out in a number of diff according to

different embodiments of the present invention.
The active contrcel of the at relatead t

the combustion in 301 may according Lo one

embodiment of the present invention comprise a selection of at

least one injectio

3

strategy for the combustion engine 301. In
igures 3a and 2b the control device 380 is schematically
drawn ag connected to the engine 301, This connection means
that the control device 380 is arrvanged to better be able to
control the injection ¢f fuel into the combustion engine’s

cylinders, either directly or via an engine control device 115

According to one embodiment of the present inventicn, a timing

for an injection of inte the respective cylinde
. 9 e oo - N - 2N - - N < - . . - 1
combustion engine 301 may be contrcolled by the control device

280 to occur earlier, =o that an increase of the amount of

@]

nitrogen oxides NC, reaching the reduction catalyst device 3320,

ig achieved by advancing the Jection.

Similarliy, & reducticon of the amount NO,
o o~ Y NI - Tarat Aotrd e 2 ol PRAE) 5 N
reaching the reduction catalyst device 330, 331, 232 may be

According to one embodiment of the present invention, as
described above, the injection pressure for the injections of
fuel into the respective cylinders in the combustion engine

Y TN Y 1 -y S i o < . = FU 1 0 ~ F N -
nay be controlled by the control device 380, so that an
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increase of the indjection pressure 1z achieved for one or

amount of

several cyvlinders, wherein an increase of til
nitrogen oxides NO, reaching the reduction catalyst device 320,

is achieved. Similarly, the injection pressure for

combusticn engine 301 may be contreolled, so that a reduction

catalyvst device 330, 331, 332 iz achieved.

described above, the injection phasing

gradient ig obtained, wherein an increase of the amount of
nitrogen oxides NO, reaching the reduction catalyst device is
achieved. Similarly, the injection may be controllied, so that
a relatively small cylinder pressure gradient i1s obtained,

wherein a reduction of the amount of nitrogen oxides NO,

reaching the reduction catalyst device 330, 331, 332 is

As described above, according to one emboediment of the present
invention, the active control of the at least one combustion
comprise the control device 380

device for exchange gas recirculiation (EGR) 304,

iillustrated in Figures 3a and 3b by way

of a connection between control device 380,

circulatior

N 3 .} DOA el 4 JE— JEN N
C1 wlation device 384, This connection

hat the control device 380 may,

®
I,J
i
o
®
[
Q.
i..) .
]
D
(@]
ot
I__J
!
~

ole, an engine control device 1]

1
action of the exhaust stream 303 that is

For example, the control device 380 may here ke arranged to

)
oo
[
Q)
¢t
e
f

i

device

control a damper or similar in the EGR-recirce
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rezent inventicn, the

(ﬂ

to reduce a fraction ¢f the

vice for

ed throuch i

L an

ich is recirculated through

ce (REGR), may provide for a

oxides NO. reaching the

present invention, the
cmprises ammcnla NHs or uresz,

/formed/re

e
LNeE

present invention,
ses a system 370 for supply

,._ ~ Ty 37 aArran +
st one pump 373 arrvanged to

71 in Figure 3a, and the first 371

devices 1

say for e

ch a system 370 fo
3

m of the
ice 332,

' Kagi ey
372, oft

i Figure 3b, respectively,
3 4

r supply of additive is

cqure 3b, wherein the systenm p“nylue

en consi
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o8
oot

nozzles which adminizster additive to, and mix such additive

exhaust stream 303, are supplied with

the at least one pump 373, via conduits 375 for
at least one pump 373 obtains additive from one or several
veral condults 377
least one pump 373. It
e may be 1n liquid form
ive is in liquid form,

the punp 373 is a liguid pump, and the one or several tanks

278 e licguid R J. Whare +hea dditive isg 1in case s for

S/t are i1guld tanks. Where the additive 18 1n gaseous orm,
- oy T - - : Lo - o 2 TA
the punp 373 1s a gas one or se tanks 276

are gas tanks. If both caseous and liquid additives are used,

ks and pumps are arranged, wherein at least one
tank and one pump are set up to supply liquid additive, and at
least ons tank and one pump are set up to supply gassous

additive.

cording to one embodiment of the invention,

s both the first

v"\
N

pung 373 comprises a joint pump, which feed
371 and the second 372 dosage device with the first and the

v. According to another embodiment

h

of the inventicn, tThe at least one pump comprises a first and

(6]

a second pump, which feed the first 371 and the second 372
dosage device, respectively, with the first and the second
additive, respectively. The specific function of the additive

ig well described in prior art

axact method for the injection of additive
described in any further detail herein. Generally, howsever,
the temperature at the point of injection/3CR-catalyszst should

be zbove a lower threshold temperature, tTo avoid

precipitates

and formation of unwanted by-products, such as ammonium

~3

1itrate NHANG:. An example of a value for such a lower

threshelid temperature may be approximately 200 °C. According

73
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-~ vy N = L i — e iRy VY = ~ - o~
to one embodiment of the invention, the zystem 370 for supply

L/'

of additive comprises a dosage control device 374, arranged

control the at least one pump 373, 5o that the additive is

ied to the exhaust stream. The dosage control device 374

comprizes, according toe one embodiment, a first pump control
iy I N

device 378 arrvanged to control the at least cne pump 3273, in

such a manner that a first dosage of the first additive 1s

supplied to the exhaust stream 303, via the first dosage
S e R B Ty o P [ -~ N N NN N T I/ T N e ey
device 371. The dosage coentroel device 374 also comprises z

second pump control device 37%, arranged to control the at
least cone pump 373, so that a second dosage of the second
additive is supplied to the exhaust stream 303, via the second

: e .
dosage device 372.

The firszst and second additives usually consist of the same

type of additive, for example urea. However, according to one

embodiment of the present invention, the first additive and
the second additive may be of different types, for example
urea and ammonia, which means that the dosace to each one of
the first 331 and second 332 reduction catalyst devices, and
accordingly also the function for each of the first 331 and
second 332 reducticon catalyst devices, may be optimised also
with respect to the type of additive., If different typss of
additive are used, the tank 37¢ comprises several sub-tanks,
which contain the different respective tvpes of additive. One
or several pumps 373 may e used to supply the different types
of additive to the first dosage device 271 and the second
dosage device 372. As mentioned above, the one or several

tanks, and the one or several pumps, are adapted according to

the state ¢f the additive, that is to say according to whet

the additive is gasecus or liquid.

The one c¢r several pumps 373 are thus controlied by a dosage

control device 274, which generates control signals for
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NH:
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engine
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passing through an exhaust treatment system (350), and
compriging nitrogen oxides NO,, wherein said NO, compriszes

nitrogen moncxide NO and nitrogen dicxide NO;;

- an oxidation (210} of compcunds comprising one o

nitrogen, carbon and hydrogen in said exhaust stre

wherein saild oxidation (210} iz carried out by at

B R e - 21 2
component (310, il, 2LL 2

-0

oxidising

A%
—

1 - A s - Pl e e
axhaust treatment system (350}

(f}
.

- a reduction (220) of an amount of

®

reaching a reduction catalyst device (330, 331, 33

downstream of said sing component (310, 311,

through a catalytic reaction using an

- a determination (230) of a valiue (NO:/NOx) s for
between an amount of nitrogen dioxide NO; reaching

[ AU ST N 0 TN P 3 N oy
reduction catalyst device (330, 331, 332), and sai

i}
e
it
3
@]
QO
10}
]
>
A
o
.
O

NO, reaching s
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o
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2. Method according to claim 1, wherein the increase of

i

said reduction

j$)}
P.J_
[GR

amount of nitrogen oxide

talyst device (330, 331, said amcunt of

»

o3

}_.J
e

L

nitrogen oxides NOg reaching said reduction catalyst device

n

(330, 331, 232) is greater than an amount of nitrogen oxides

=

o

Y

e = 33
D52/N0Og) ger for sald

NO, comprised in sald determined valus (

ratio.

3. Method according te any of claims 1-2, wherein the

z of gaid amount of nitrogen oxides NOyx reaching said

N S T PR P Er T . ~ oy A
10 on catalyst device (330, 331, 2332) entalls that said
amount of nitrogen ozides NOy reachling sald reduction catalyst

device {330, 331, 33Z) has a higher concentration of nitrogen

does a concentration of

oxides NO, in

nitrogen oxides NO, that corresponds to said determined value

1R { AN . P :
15 {(NO2z/NOg) ger for said ratio.
4. Method according to clasi said active

control of said at least one parameter related tc a combustion
in said combusticn engine (301} is carried out, =o that said
amcunt of nitrcgen oxides NO, reaching said reduction catalyst

armined value

20 device (320, 331, 332} is reduced, if saild
(NO2/NC,) uer for said ratio is smaller or egual te a lower

threshold value (NO,/NOC (NO-/NOLY ger S

-
( NO? PN C\ ) threshold lowe

‘ng to ciaim 4, wherein the reduction of

o
B

—_m
([I
¢t
b

.
Qs
9]
M
[
)
;
]
Y

25 said amount of nitrogen oxides NO. reaching said reduction
catalvst device (230, 331, 332) entails that said amount of

nitrogen oxides NOg reaching said reduction catalyst device
(330, 331, 232) is smallier than an amount of nitrogen oxides

NO, comprised in sald determined value (NOz/NOilaer for said

30 ratio.
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N

oxidising coating in its outlet part, wh

0

rein said slip-
catalyet {(SC) is arranged primariiy for reduction of nitrogen
oxide NOy, and secondarily for oxidation of additive in said

20

exhaust stream {(303).
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