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(57) Abstract: An exhaust treatment system arranged for treatment of an exhaust, stream, is presented. According to the present in-
vention, the exhaust treatment system comprises: a first reduction catalyst device arranged for reduction of nitrogen oxides NOx in
said exhaust stream through the use of compounds comprising one or several of carbon monoxide CO and hydrocarbons HC, which
are comprised in said exhaust streamwhen said exhaust stream reaches said first reduction catalyst device; a particulate filter which is
arranged downstream of said first, reduction catalyst device to catch and oxidise soot, particles in said exhaust stream; a second
dosage device arranged downstream of said particulate filter and arranged to supply an additive, which comprises ammonia or a sub-
stance from which ammonia may be extracted and/or released into said exhaust stream; and a second reduction catalyst device, ar-
ranged downstream of said second dosage device and arranged for reduction of nitrogen oxides NOx in said exhaust stream through
the use of said additive.
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EXHAUST TREATMENT SYSTEM AND METHOD FOR TREATMENT OF AN
EXBAUST GAS STREAM

Technical field

‘he rese

t invention relates to an exhaust treatment system

according to the preamble of claim 1 and a method for
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reatment of an exhaust zstream according

The invention also relates tc a computer program and a
computer program product, which implement the method according

o

To the invention.

Background

The following background description constitutes a description

of the kackground to the

r,—<

necesgsariliy constitute prior art,

In connection with increased government interests concerning
poliution and air guality, primarily in urban areas, emission
standards and regulations regarding emissions from combustion

engines have been drafted in many Surisdictions.

Such emission standards often consist ¢f requirements defining

acceptable limits of exhaust emissions from combustion engines
1 for examele wvehiicl For examole amlssion ltaevels o
1N Ioxr eXample velllcles., FPOr exXample, emissidll Llevels O

fala)

oxides NO,, hydrocarbons CiHy, carbon monoxide CO and

particles PM are often regulated by such standards for most

( \)
U)
+

tvpes of vehicles. Vehicles sequipped with combustion engines
typically give rise to such emissions in varving degrees. In
this document, the invention will be described mainl
application in vehicles., However, the inventicon may be used in
substantially all applications where combustion engines are

used, for in vessels such as

aeroplanes/helicopters, wherein regulationa and/«
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ombustion

standards, the

purriicatio

en’\f.l_ut‘

comprise at least one catalyst., There are di

catalysts, where the

sultable depending on for

combustion and/or fuel types

strateglies

vehicles, and/or the typepes of compounds

relation to at least

to be purified. In

L “
nicroagen

{(nitrogen monoxide,

T ')} fack e
EERUNS uCJ\.,LL

oxides NOx, often compris:

dioxide), refer

o

m

bustion engine

1a)

wnich

<l

wherein an additive 1s supplied to the exhaust
resulting from the combustion in the co

order to reduce oxides NO«,

nitrogen

and agueocus vapour. This is described in

of
for

NHa, or a composition from which ammonia ma

generated/formed, as an additive to

oxides NOx in the exhausts.

L “
nicroagen

into the exhaust stream resulting

the catalyst.

The additive

‘}-v

upstream of

2

is adscrbed (stored)} in the catalyst,

-: AT E
~tLd

so that a redox-reac occur

NHj,

NOx in the exhausts and ammonia NH: avail

mo

catalys

reduct

SCR catalysts usua

N7

Y

lablie

mhustion
primarily

)

<

ts

are used

v o use

combustion engine

process,

usual.

in the

stream

engine,

Lo nitrogen

detail below.

are a commonly

mﬁl'l}

ammonia

be

cetween

nitrogen oxzides

3y P T [ T
via the additive.
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3
A modern combustion engine iz a system where there is

cooperation and mutual impact between the engine and the

exhaust Lreatment, Specifically, there is a correlation

£ A TN T - 1 - Ty = R S e - S N . - [T (R IO Rt . P
between the exhaust treatment system’s ability to reduce
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oxides NOx and the fuel efficiency of the combustion

engine. For the combusticn e

3

gine, there is a correlation

wcy/total efficiency and the

it. This correlation specifies

a2 positive connection between
10 nitreogen oxides NOy produced and fuel efficiency, in other
words engine that is permitted to emit more nitrcogen coxides
NOx may be induced by way 0f, for example,
a more optimal selection of the injection timing, which may
vield a higher combuszstion efficiency, Similarly, there is
i5 often a negative correlation between a produced particle mass

PM and the fuel ef cy, meaning that an increased emission

of particlie mass PM n Lhe engine 1g connected with an
- -~ AT e LTy 4 N T S e N S 1o Ehes oy el o1y
increased el consumpticon. This correlatiocn ig the background

Lo the widespread use of exhaust treatment
20 systems comprising an SCR-catalyst, whers the intention is the

T i NN £ -
o '._.J..n. kik,l();x Q1 L

jine regarding fuel consumption and

emiszion of particles, fowards a relatively larger amount of

nitreogen oxides NOy produced. A reduction of these nitrogen

N
&

which thus may comprise an SCR-catalyst., Through an integrated

apprcach in the design of the engine and exhaust treatment

stem, where the engine

L/'
\l

other, a high fuel efficiency

Join

y with low emissions

30 nitrogen oxides NOx
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Brief description of the invention

To gome extent, tLhe performance of the exhaust tLreatment

syvstem may be enhanced by increasing the substrate volumes

u
reduces losses due to uneven distribution of the exhaust flow

through the substrate. AL Lhe same time, a larger substrate
volume provides a greater back pressure, which may counteract

;
N
A'
)

D
~

ey due to the higher conversion degree.

voliumes also entall an increased cost. It is

be able to use the exhaust treatment system

optimally, for example by avoiding over-sgsizing and/or by

m
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limiting the exhaust treatment system’s spre

gize and/or manufacturing cost.

T e . [ R S S R v e Ny ] r S ey N P - SN e
The function and efficiency for catalysts in general, and forx

reduction catalysts in particular, is strongly dependent on

the temperature over the reduction catalyst. The term

44 4. A PR RN - dm Ty B [ P . -] 1 o~ o
temperature over the reduction catalyst” as used herein,

means the temperature in/at/for

the reduction of nitrogen oxides NGOy iz

rt - ~ FNT e - 2 - |- P— I
The NO:/NOx fraction in the exhausts
provides a certaln potential for increasing the catalytic

N

at lower exhaust temperatures., The temperature

and the NOC»/NOx fraction over the reduction catalyst are,
however, generally difficult to control, since they to a great
extent depend on a number of factors, such az how the driver

drives the vehicle., For example, the temperature over the

reduction catalyst depends on the torgue requested by a driver

and/or by a cruise

i

control, on the appearance of the road

f[

section in which the vehicle iz located, and/or the drivin

O

stylie of the driver.
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emsg, such as the system

5 rizing an oxidation catalyst, a
and a reduction catalyst, have
a large thermal mass/inertia of the
catalysts/Tilters and the large thermal mass/inertia of the
rest of the exhaust Lreatment system, comprising for example
10 exhaust pipes, silencers and various connecticons. At for
examplie cold starts, where both the engine and the exhaust
treatment systewm are cold, and at increased power output from
low exhaust temperatures, where is
reguested, for example when easy
is highway driving, or after idling

primarily the diesel particulate
mass/inertia that causes the temperature of the reducticn

catalyst Lo increase only slowly in such prior art exhaust

Z0

@ function of reduction catalyst deteriorates,

S

and accordingly the reduction of nitrogen oxides NO: also
detericrates. This deterioration may result in a poor exhaust

risking unnecessary poliution of the
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reduction catalyst’s function, the risk of not achieving the
regulatory requirements relating to exhaust gurification

increases. Fuel consumption may also be adverse

eriorating functiocon, since fuel energy may then need fo

30 be used in order to increase the temperature and efficiency of

reduction catalyst, via different temperature increasing
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to improve the
purificaticn of exhausts in an exhaust treatment =zystem, while

lmproving the conditions for achieving a higher fuel

system in accordance with the characterising

portion of claim 1. This objective 1s achieved also through

anaen
DLl

achieved through the above ms

computer program product.

ent invention, an exhaust treatment

According to the pre

=7
[ )]

system is provided, arranged for the treatment of an exhaust
stream from a combustion engine. The exhaust treatment system
comprises a first reduction catalyst device, arranged for
reduction of nitrogen oxides NOx in the exhaust stream, through
the use of compounds comprising one or several of carbon
monoxide CO and hydrocarbons HC, which are comprised in the

exhaust stream when exhaust shtream reaches the first

N PO ~oat o e s s T e Ao e1ire
reduction catalyst device. In this docume

~

L, the term

b =

hydrocarbons HC 1s generally used for hydrocarbon compounds

'S

which comprise compounds comprising carbon C and hydrogen

different proportions. Thus, the first reduction of

t dnvention is

according to the press
carried out bhased on compounds, which occur naturally or azrxe
created in / introduced into the exhaust stream from the
engine. Accordingly, the need for supply of additives
comprising ammonia upstream of the first reduction cata
device is eliminated according toe zome embodiments of the
resent invention. This may also ke described az the
ogsibility that the first reducticn of nitrogen oxides NOx in

the first reduction catalyst device may be solelyv exhaust
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hased, wherein nitrogen oxides NOx 1n the exhausts are reduced
with the use of compounds cccurring naturally or being created

in the exhausts already at the combustion engine.

The Treatment system also comprises a particulate

reduction

particles in the

The exhaust Lreatn e

arranged downstream

additive comprising ia

may be extracted and/or released into the exhaust stream,

The exhaust treatment system alsoc comprises a second reduction

catalyst device arranged downstream of the second dosage

device, for reduction of nitrogen oxides NO, in the exhaust
stream with the use of the additive supplied by the second

dosage device.,
With the use of the present invention compounds occurring
naturally or being created in / introduced into the exhaust

stream may thus be used at the reduction of nitrogen oxides NO;

rement relating to a first dosage
device for dosage of additive, such as ammonia cr AdBliue,

ipstream ¢f the first reducticn catalyst device

is eliminated, which reduces the manufacturing costs and
service costz of the vehicle. Additionally, the technical
complexity of the exhaust treatment system is reduced, since

no evaporation and/or mixture of additive is required upstream

ion cats

of the first reduct

device. In other words, when

several embhodimentz of the prezent invention are used, no
irst dosgage device nor are any devices supplying additive to

first dosage device are reqgulired. The exhaust treatment
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stem does not need to comprise a first evaporation device or

-

a first mixer first reduction catalyst device.

reduced

|___|
[

[
(93]

Additionally, the operating cost of the vehic
since of additive, such as AdBlue or an

as the first reductior

v

is performed

with the irst duction catalyst with compounds occurring in

additives.

Further, the reduction of

h
—
=
it
¢t
[
e

<]
(

gen ozides NOx accoerding to the

present invention may continue even if the additive runs out,

since t reduction may be psrformed bassd on compounds

f
[

occourring in the exbaust stream m the engine.
Through the use of the present Iinvention a more temperature

efficient treatment of the exhausts is alsc achieved, since

first reduction catalyst device fitted upstream in the

exhaust treatment system according to invention may, in

some operating modes, operate at wmore favourable temperatures

than the temperatures of the second reduction catalyst device
fitted downstream. ¥or example, at cold starts and increased
power oubtput from low femperatures, the first reduction
catalyst device zooner reaches operating temperatures, at

)

which an efficient reducticn of nitrogen oxides NOx is

Isieks
oA L.

wined, Thus, according to the inventicon the available heat

oo

is used in a mor manner, resulting in an

earliier and/or reduction of nitrogen oxides NOy,
for example at coid starts and at increased power output from
low exhaust temperatures, than what would have been possible

with the above described pricr art exhaust treatment systems.

At certaln other operating mcedes, similarliy, the second

reduction catalyst device fitted downstream may operate at

more favourable ratures than the temperatures of the

first reduction catalyst device fitted upstrean.
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Through the use of the invention different thermal inertias
are obtained for the first and the second reduction catalyst
device, meaning that these first and second reduction catalyst
devices may be optimised differently with respect to activity

and selectivity. Thus, the firzst and second reduction catalyst

devices may be optimised from a system perspective, that is to

vy from a perspsctive relating to the entire exhaust

system’s function, and may therefore be used o

11 more efficient purification of the exhausts

than wha separately optimised cataliysts would have been
avle to provide. 3Such optimisation of first and second

reduction catalyst devices acceording toe the invention may ke

i

used to provide this overall more efficient purification at

o

stantially all vehicle

=~
+
~
—
e
T
oY
9]
>
o))
¢t
)]

sta 1U
ceration, since the temperature— and/cr flow transient

elements often occur alsc at normal vehiclie gperation. As

mentioned above, the ion may alsce be used for exhaust

purification in other than vehicles, such as in

d-: ‘Ffr ~ant tvnes ﬁ,f Tvczqoelq whnora an Ox—ersl? more Qﬂ:f-: o~ ant
R S S e A el O S W L._ypk_u h- el Dy Wi o O il v [ 20 R i P L L

purificaticon of the sexhausts from the unit is cbtalned,

invention uses the thermal inertia/mass of the

particulate filter to the function’s advantage, by ocptimising
function for boeth the first and the second reduction

catalyst devices, bhased on

invention a co

A . )

first reduction catalyst device, which is

cptimised for the first thermal mass and the first temperature
function/temperature process to which it is exposed, and the
second reduction catalyst device, which is optimised for the
gecond thermal mass and the second Lemperature process to

which it is exposed.
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the second reduction

reduction catal
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device may be co

catalviic characteristics

1ty facilitating t
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3 M

[€)

high temperature

O
et

or

O

catalytic characteristics

device, the first reducti

characteristics may

These poss of
device an second

of dri HO moaes, espellic

results in a

which

and downhill slopes. Since

buses that of

for

vehi urban

nzient

important and
which overall reduces the

it is implemented.

invention

istics, for examp

st device.

variab]

thus
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thus ke c¢ptimised base

e catalivtic charas

lyst device and/or the first

]
H
iy

o}

r ezxample, the second

ed so that its

nstruad/select

at low temperatures beccme less

hat its cataivtic characteristics at

optimised. If regard 1s had to these

second reduction

on catalyst device’s catalytic

mised in such a way that it

Lemperatures.

reduction catalyst

e relatively many vehicles, such as

ten stop at bus stops, and/or
traffic or
cpreration, the preszent invention

S T Aam
SILONS Irom

D
,,5
J
/’)

I~
S uses

previously

mass and heat exchange in, primarily, the particulate
filter in the Eurc VI-system as a poszsitive characteristic. The

according to the present inve



n

10

[

Z0

s

[}

WO 2017/034465 PCT/SE2016/050796

bt
fat

( L
-
~4

(ﬂ
(_1_

may, similarly to the Euro VI-system, contribute heat

-

a
fi'yst deﬂfi S, fltted

Q
(_T

2xhaust stream and the reducticn c

(@]

downstream for brisef dragging periods, or other low

temperature operation, if such low temperature operation was
P FN Ny £ A -~ Fa - N ey e - PR - — -
preceded by operatlon with hilgher coperating temperatures. Due

Lo its thermal inertia, the particulate

( D
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the exhaust stream, and accordingly the exh

-y
s
o5}

stream may be heated by the partiliculate filter.

Additionally, this good characteristic is complemented by the

reduction catalyst device placed upstream may,

first reduction catalyst device experiences a higher

temperature afte ncreased power oubtpul, than what the
Sr=Taloloslo E S ac ot »-: M~YY t a1 vat (\'] avira axynar Q e Qe e } o e
second redu On Catalyst deviie exXperlences. sulih nigner

temperature for the first reduction catalyszst device is used by
The present invention in order to improve the NOyx-reduction of
reduction catalyst device. The present invention,

which uses two reduction catalyst devices, may use both these

ot
¢t
~3
+
O
I
=z
&
N

positive characteristics by adding a possibilid

reduction wi a small thermal inertia, that is tc say the
exhaust Lreatment system according to the invention comprises
both a NOs—conversion upstream of a

a NOx—-conversion downstream of a large

xhaust treatment system accor

[6)]

ot
O

may then, in an energy efficient manner, use avallable heat

44

a maximum, meaning that the rapid and “unfiltered” heat
experienced by the reduction catalvst device placed upstream
may aiso be used Lo make the exiaust Lreatment system

according to the inventicon efficient.

Ty o RV B T T o ~ 7 e e - N 7 N LT ) 3
Thie exhaust treatment system according Lo the present

:D
3
1

invention has potential to meet the emissicn reguirements in
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195

the Euro VI emisszion standard. Additionalliy, the exhaust

Treatment system according present invention has

potential to meet tThe emissiocon requirements in several other

existing and/or future emission standards.
The exhaust treatment system according to the gpresgent
invention mayvy be made compact, 1hocomprises, in relation

+

@]
ot
—
=
o]

rerformance/purification degree which it may deliver,
few units in the exhaust treatment system. These relatively

few units need not, for a balanced exhaust treatment system

by the present invention, the exhaust back pressure may also

be iimited, which entails a lower fuel consumption for the

To obtain a certain catalytic purification, catalytic
performance per substrate volume unit may be exchanged for a
swmaller substrate volume. For an exhaust purification device
with a predetermined size, and/or a predetermined external
geomatry, which is often the case in vehicles with limited
space for the exhaust treatment system, a smaller substrate
volume means that a larger volume within the predetermined
size of the exhaust purification may be used for distribution,

mixture and turnings of the exhaust stream within the exhaust

purification device, This means the exhaust back pressure
may be reduced for an exhaust purification device with a

predetermined size and/or a predetermined external geometry,

c1'

if the performance per substrate volume unit is increased.

(9]
&

Thus, the total volume of the exhaust treatment system
according to the invention may be reduced, compared with at

5

ernatively, the exhaust back

®

cast some prior art systems. Al

(?

the use of the present invention.

gas recirculation system (Exhaust Gas Recirculatiocon; EGR) may
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reduced or eliminated. A reductiocn of

em has advant

recirculaticon syst

cthers robustness, exchangs Co

relating to

power cutput.

At new production of

invention may bhe fitted easily at a

. NG T, PR K PR
SIL1NCe the separate 0OX1 Ldation

rate for the oxidaticn catalyst

instalilation of such wnich existed

syvstems, 1is rst reduction

3

accordis

O
ot
=
M
s
=
M
9]
iy
o
—+

; QJ +

Fetrofitting of an exhaust treatment system ac
present invention may also ke carried cout easi

oxidation catalyst DOC, which was 1n px
systems, may also be replaced the first r

T 3o
catalyst device

»roduced vehicles.,

Since compounds comprising

TN

CC and/or hvydrocarbons HC,

}._J

which occur natura

created in / introduced into

the reduction of
invention, no

achieve a sufficient oxida based

oxidation, between

nitrogen

Y F s . o~y he - o~ - o y oo
(NOx/soot-ratio) may according to some

fulfil

invention need to

According to one embodiment of the present

iate filter conzists of a traditional n

particu

particulate filter.

According to another embodiment of the pre
oxidising

wnich in

according to the present inventi

the exhaust streal
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ages, amondg

mplexity and

)

e
DO,

and
in pricr art

catalyst device

© 2
Caroon monoxide

oxides and soot
ents of the
Gl =)

ria.
ention, the
ocn-coated
invention, tThe
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DOC,

may instead at

particulate filter whereat ccnditions

obtained.

may be

R b Al S
cxidsa Thus,

design of the exhaust

iz obtained. Throu

34 o s P 3 v AR s J 2
dioxides NO; may also be obtained. This is due
P R - oy P~ P PR T

deactivation of the catalyvtically

example deactivation caused by phosgphorus,

concentration gradient. This that

relatively orief cal length

o]
\)

shysi nay be

these int stionsg, than catalysts

length. Where for

placed on the

instead of on the

more stable levels of en dioxide NOz may
obtained over time.

According to one embodiment

particulate filter comprises at least partly a

redu coating arranged for

first
partly, upstream oI an

whereli

coating may be comprised

catalyst particulate f£i

or 1n a

~ o e o Yoy e o ] xS o
precious metal, The catalytic

catalyst cevice according tce one

emented in

for a

according

PCT/SE2016/050796

sufficient
a compact

to the

for

axial

. = = BT i -
catalysts with a

more sensitive to

potentially

oxidising coating,

th for example a

the first reduction

To e robust in standing chemical poliscning, which may,
over time, provide a more stable level for the ratio between
nitrogen dioxide and nitrogen oxides NO;/NO, reaching the

second

reduction catalyst device.
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Additionally, an adaptation/calibration of several NOi-zensors

in the exhaust treatment system may =2asily ke carried out in

4 4 iy

system according to the present invention, since the

sensors may be subjected to the same NOx-level, at the same

IO

time as the emissiocn levels may be kept at reasonable levels
during the adaptation/calibration. For the FEuro Vi-system, for
examplie, the adaptation/calibration often entails that the
emigsions become too high during, and also partly after, the

N : P A R P . N
adaprtation/Calllration 1Tgell,

=y R s 3 P =N W .. oG - - -] i S -~ J N N e ey T x g cme b
Az mentioned above, the first and second reduction catalyst

—~

devices may be optimised individualliy, and with consideration
of the entire exhaust treatment szvstem’s function, which may
result in an overall very efficient purification of the

exhausts. This individual

.

cptimisation may also be used to

reduce one or several of the volumes taken up by the first and

R 3 -~ 3 oy d— - - -~ 1 o ~ o~ 3 - o — Y - ey P A .y
second reducticn catalyst devices, so that a2 compact exhaust
. 5 a
treatment system 1s clbtained.

The present invention alszo f ilitates, according to one
embodiment, control of a ratio NOz /N0y », between the amount
¢of nitrogen dioxide NOC:; » and the amount ¢f nitrogen oxides

NOx » for the second reduction step, which means that the

=1

the value is too low, for example if NOz »/NOx »
< 50%. The value for the ratic NOz 2/NOx » may here, for example
through the use of an embodiment of the present invention, be

increased by reducing the level of nitrogen coxides NOx 2. The

assume lower values, for example,

system has aged for some time. The present invention thus
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resulting in values which are tooe low for the ratio NO: 2/NC, »

the level of

Through the use of the pres

e

nitreogen dioxide NO: » may thus be controlled actively, which
is made possible by that the NOx ;-level may bhe adijusted
upstreamn of the catalytically oxidising coating, for example

containing precicus metal, in the oxidation catalyst or in the

particulate filter. This contrcl of the ratio NOz o/NOx » may,
apart from advantages in catalytic performance, such as highe
NOx~conversion, alsc reszult in a possibility of specifically

reducing emissions of nitrogen dioxide NOz, which result in a
very poisonous and strong smelling emission. T
in advantages at a potential future introduction c¢f a separate
regulatory requirement relating to nitrogen dioxide N0z, and

e -~ 4 2
facilii

r‘l‘

-
(@8

(f‘

te a reduction of harmful emissions of nitrogen

o

dicxide NOz. This may be compared with, for example, the Eurc

EEs

fraction of nit

Vi-zystem, in rogen dioxide NO»

o~ RPN 3 oy e - . - Ny =y X 3 S
provided atl tlc 1tion may nobt be impacted in

R S =
the exhaust tread it
In other words, the active contrel of the level of nitrogen

dicxide NOz 2 is facilitated at the use of the present

invention, where the active control may be used Lo increasze

level of nitrogen dioxide NO; » in driving modes for which

ssary. Accordincly, exhaust treatment system
ected/specified, which reguires less precious
is cheaper to manufacture.

Of the total conversion of nitrogen oxides NC., if the fraction

cccurring via a rapid reacticon path - that is te

l'7

o

fast SCR, wherein the reduction cccurs via reaction paths over
both nitrogen coxzide NO and nitrogen diomide NOy — may be
increased through active control of the level of

st volume requirement described
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According to one emboediment of

t device 1n

first reduction catalys

system is active at a

than the oxidation temperature inte

particulate filter DPF. an

e
LI

based soot oxidatiocon in

at temperatures exceeding 27°¢

Ldes NOx in

nitrod gen OXL

not significantiy compete with the

particulate filter DPF, since

partly different temperature inter

well selected and optimised first

in a significant

result

(o] (j
¥

does not

Further, with the use of the pre
emiszions such az emissicns of a:

raducead

conversion level, and/or

a ¢ iven

example an 3C {(Slip ¢

second reduction step 1if the emiss

certain selectivity against, for

which means that the reducticon of
of the additional reduction step

invention also shifts the

N0 downwards. The resulting levels
shifted downwards in a simiiar

invention is used.

a

reduction

nitrocgen dioxide Ptased soot
'delop & ’

particuiate

L4 al:)
reduction
CONVersio

which means

zidation performance, so that

=saent.
monia
in re
NO»—
which
ions for
to ver
example,
The
ac

resulting

manner
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temperature inter

srval Tox, which is required
oxidation in the

the nitrogen dioxide

filter DPF may occur

QL

reduction

"

Lred %’I‘QX .
alyst

cat
n of nitrogen oxides NO«
with the

need to compete

iz achieved.

invention,

NH; and/or nitrous oxide

£ an
C1 LontsLld

to

Q
WO

P.J .
<
)]
3

level.
nay be comprised
certain

low levels, may have a

N»O,

oxide

N1

cording

of
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Through the use ¢f the present invention a better fuel
optimisaticn may be obtained for the vehicle, since there 1is

-

thus potential to control

manner, 50 that a higher efficlency for the engill

g
obtained. Thus, a performance gain and/or a reduced emission

"

of carbon dicxide CO; may be obtained when the present

invention is used.

Brief list of figures

The invention will e illustrated in more detal

-
<
=

-
0
-
O
-3
-

O

O]
O
I
o3

with the encloszsed drawings, where zimilar references are U

for gimilar parts, and where:

Figure 1 shows an example vehicle which may comprise the

present invention,

Figure Z shows a traditional exhaust treatment systen,

Figures 3a-b show an exhaust treatment svstem according to

(JZ

different embodiments ©f the present invention,

[6)]

Figure 4 shows a flow chart for the method for exhaust

treatment according to the preszent invention,

Figure 5 shows a control device according to the present

invention,

(93]

Figure €& schematically shows a multifunctional slip-catalyst

Description of preferred embodiments

Figure 1 schematically shows an example vehicle 100 comprising

an exhaust treatment system 150, which may be an exhaust

Treatment gystem 120 according to ons embodiment of the

praesent invention. The power-traln comprises a combustion

engine 101, which in a customary manner, via an output shaft
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102 on the combusztion engine 103, usually via a

103 via a clutch 106.

The combustion engine 101 1s controlled the

by
4

rstem via a control device 115. Likewil

control

»\/’

e
LI

06 and

gearbox 103 may be controlled by

control system, the help of one or more

control devices (not showrn). The

Thoer

oL another type, such as a type with a

)

also

auvtomatic gearbox, of a type with a hybrid

TN Y TAT O
WS

An output shaft 107 from the gearkox drives

113,

114

1 T T TR PR "
via a final drive 108, such as =2.g. a

differential, and drive shafts 104, 105

R
Ll

final drive 108.

NG
LA

vehicle 100 also comprises an exhaust treat

QN7 QY

system/exhaust purification system 150 for
treatment/purification of exhaust emissions
comcustion in

comoustion engins

cylinders,

Figure Z shows

Wy T 17 g, - - > - T ~p YTT
may 1llustrate nentionad Euro Vi

N
RO

201

is connectad t

202,

engine

wherein the exhausts generated at combusti

indicated
L0 a diesel particula
210,

via a diesel oxidation catalyst (DOC)

combustion in the combustion engine, soot parti
formed, and the particulate filter DPF 220 is us
these goot particles. The exhaust stream 203 is

through a filter structure, wherein soot partic

exhaust stream 203 are caug throuch,

the particulate filte

in

the

appli

conr

PCT/SE2016/050796

flywheel, is

the clutch

[S¥=)
=

vehicle’s

conventional

r— tv"‘L_LLL, atC.

— 7 w7 b
the wheels

customary

wected to said

ment

on,

te filter

and
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The oxidation catalyszst DOC 210 has several functions, and is
normally used primarily in the exhaust purification to oxidise

remaining hydrocarbons CiHp (alsc referred to as HC) and carboen

.
-
C
X
-
o)
[OR
@
\
{2
-
vy
>

monoxide into carbon dio

and water

=
+
A

a large
exhaust stream intc nitrogen dioxide NOz. The oxidation of

nitrogen monoxide NO into nitrogen dioxide NG, i1s important to

the nitrogen dioxide based scot oxidation in the filtexr, and

is alsc advantageous at a potential subsequent reduction of

2

nitrogen oxides NOx. In this respect, the exhaust treatment

PPy DN = ~ e Ty o e J e - PR 3Ty ST ommsd 5 v (Y g o T gt o
svstem 250 further comprises an SCR (Selective Catalvytic

Reduction} catalvst 2320, downstream of the particulate filter
DPF 220. SCR catalysts uze ammenia NHi, or a composition from

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

ve for the readucticn of

aexhaust stream.

and nitrcogen dioxide NO: in the exhaust stream, so that the
reductive reaction is impacted in a positive direction by
pravious oxidation of NO into NO: in the oxidation catalyst
DOC. Thisz applieszs up to a value representing approximately 50%
of the molar ratio NO:;/NOx. For higher fractions of the molar

ratic NO2/NOx, that is to =zay for values exceeding 30%, the

reaction spead

is lmpacted in a strongly negative manner.

7

7 N HL . > e VT +- . IO . 4 PR I L s
As mentioned above, the S5CR-catalyst 230 reguires additives to
+=

reduce the concentration of a compound, such as for examgple

[ . P ] e - - - s o ey ety v e b R e NARS] PP TS - S
nitrogen oxides NOx, in the exhaust stream 203. Such additive

traditionally ammonia and/cr urea based, or consists ¢of a

—u dm s T e \ P S 1 Yy 3 e Ny n e T o - qen = - s -~ ~ ey b oy oz e ey Y
substance from which ammonla may be extracted or released, and



n

10

20

WO 2017/034465 PCT/SE2016/050796

Lo}
may for example consist of AdBlue, which basically consists of

urea mixed with water. Urea forms ammonia at heating

h
O
Q
[0)
o]
)
O
o
w
~

o

ct
o3}
<3
w
}_/ 5
€,

@]
=]
&
o]
O
b
l.;
O
f
'._

N
l.;
=]
O

{(thermolysisz) and at heter
surface {(hvdrolysis}), which surface may, for example, consist
of titanium diocxide Ti0z, within the SCR-catalyst. The exhaust

system may alsc comprise a separate hydrolysis

0
U

Qﬂ

The exhaust treatment system

iz also eguipped with an

ammonia slip catalyst (ASC) 240, which is arranged to oxidise

P

an excess of ammonia that may remain after the SCR-catalyst

230,

T T R P RN 27 e .
The exhaust treatment system 250 is also egulpped with one or

such as one or NOx~ and/or temperature

,\'6’

senscras 261, 262, 263, 264 for the determination of nitrogen

cxides and/or temperatures in the exhaust treatment system.

The prior art exhaust treatment svstem displaved in Figure Z,
that is to say the Eurc Vi-system, has a problem in that
catalysts are efficient heat exchangers, which Jjointly with
the rest of the exhaust system, comprising for example the
exhaust conduit 202, as well aszs material and space for
silencing and varicus connectionsg, has a supstantial thermal

~e e oA - > A + - y ey T ey < N 2
mass/inertla. AL starts where the catalyst temperature 1s

e

below its optimal operating temperaturs, which may for example
bhe approximately 300 °C, and at an increacsed power output from
low exhaust temperatures, which may for example occur when

light city driving transitions into motorway driving, or after

idling and power take-c¢ff, the exhaust t: is filtered

by this large thermal mass. Accordingiy, the function, and
therefore the effiicliency of the reduction, is impacted by for
example nitrogen oxides NOy in the SCR-catalyst 230, which may

entalil that a poor exhaust purification is provided by the



n

10

20

WO 2017/034465

ogen

161,

more Cco

art

risk of precipitates

mong others to

heat/te

L Qo

OX13esS

v o~ S - -] 5 1 < 5
mplex engine and/or a lower

exhaust

1iected amount of reduct

compengate for
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NO. may

compared to if

which

may

Ny
-

also a risk

em there is

treatment syste

ctant cools down the exhaust pipe

downstream of

ant must be

the iimited availability of

‘or example, cold starts and operation

with a low load, a so-called fast SCR may be used, for

controlliing reduction, so

dioxide NO:z.
nitrogen

T an

(
3
Qs

mNe
SU% .
In some conditions
= T 4 -y -~
TLOW, 1., or a
3 o a 1o
s Lilgrre 1S

of nitrogen dioxides

ratio

risk that the

=
T

al problem for
ratic NO»/NOx for the
operating modes,
of nitrogen dioxides
exanmple higher fen
results

—-catalyst, and/or

monoxide NO

optimal

rega

certain

N b)

exhaust

mperatures.

extent
y nitrogen oxide NO and

With a fast 3CR, the reaction uses egual

and nitrogen dioxide NGOy, which

ration NO:/NO, 1s

arding the catalyst temperature

dwell-time in the catalyst {(“Space

a risk that a non-advantageous

NO:» is obtai

ned, Specifically,

'NOx exceeds 30%, which may constitute a

purificat

providing

NO: in other operating modes, at for

Thizs higher fraction of

greater volume regulrement for the

S,
1n a ¢

in a limitation of the amount of
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the engine

e
oxides released from

£ the vehicle
TOoYy Thge venicie

e

that the

in emissions of lauching

advantageous fraction of nitroge
exist due to the system’s agein

NC,/NOx may assume lower values

may entall that a catalyst

spec

high fractions of

compensate for ageing.

N N

7 ~ o ~ 1 o o
A POCr COoNTICL rolustness

amount

cmodiment of

according

system is conneacted Lo a combus

generated

led in an exhaust

catalyst d

eduction

catalyst device 331 iz arranged

in the
comprizing
hydroccarbons HC, which
stream 303 when it re

331,

In more detail, the first

several compounds,
exhausts from a3

¢f the nitrogen coxide

higher fraction of nitrx

. N
gas N2O.

NO;/NOy 1n & n

Ox—COnvarsion

stream 302

L N o~
; and according

T 3 I .
. LI AQGALITLIOn,

des

Y oY
\)b I

Jlk)X
isks

These ri

~

en monoxide NGO,

For example,

A
Wil

ifics

control robu

treat

the present

tion engine 301

at combustion

-~

evice 231. The
reduction
through

of carbon

probiem for the

inv

{indicate
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1y in a poorer

of a non-
arising als

the ratioc

1strness against a

ment
ention, which

via an exhaust

the of

use

monoxide COC

reduction catalyst device 331
which occur naturally or are

combu 211¢

stion

the ex

s NOx in

at the

30y
ne sSUL,

Nyt o b o ey T Y SN ANS]
naust stream 3035.
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o4
According to one emboediment of tThe present invention at leas

the folliowing simplified reactions may, for example, be

carried cut by the first reduction catalyst device 331:

HC + N0« =B Ny + COz; + H0; {(Egquation

.
~—

CO + NOx = Ny + COs. {(Equation 2)

In these simplified reaction formulas HC represents one or

several hydrocarbon compounds Both ecguation 1 and

3 > NN RN - e - N [ T - S AT cor N 5
equation 2 provide a reduction of nitrogen oxzides NOx, wherein

HC and CO, respectively, are used at the reduction.

According to one embodiment of the present invention, the

comboustion engine 301 may be controlled, within one or sever

elected operating areas, to burn the fuel injected intc the

engine in such a manner, that cvatad levels of compounds

comprising one or several of carbon monoxide CO and

hydrocarbons HC cccur in the exhaust stream 303, here SUC
elevated levelg of the compounds may be used at the first

according to the present
invention comprises a particulate filter 320 downstream of t

first reduction catalyst device 331, which filter iz arrange

o catch and oxidise goot particles. The exhaust stream 303
here led e

filter, wh:

and a

structure

stored and oxidised in the particulate filter.

oy oy gy . -~ N S e “ ~ N o 10 o g 5l ey
exhaust treatment system 350 comprises a first oxidation

re
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( D}
_1‘

catalyst 311 arranged upstream of the first reduction catalys

]

331, In this case, the first oxidaticon catalyst 311 is

0]

arrangad to carry out a first oxildation and/cr a

disintecration of compounds comprising one or several of
N Ny 7 - T o N T e Pl A
nitrogen, carbon and hydrogen in the exhaust stream 303,

[$)]

t
)
N

first exhaust treatment system component reached by the
exhaust stream 303, after it has passed the first reduction
catalyst device 331. In other words, the particulate filter
320 according to the embodiment is connected downstream of the
reduction catalyst device 331, without any intermediate

gy e

exhaust system components, except gotential conduit

)
et

=

cr

connections bhetween the reduction catalyst device 231 and

§

particulate filter 320,

e
o
I

4

According to another embodiment of the present invention, tr
exhaust treatment system 350

catalyst 312, arranged downstream of the first reduction

catalyst device 3321 and upstream of the particulate filter 320

- P S - L A I - - 3 en 4 m b e s o e ey o~
to carry out a second oxidation and/or a disintegration of
compounds comprising one or several of nitrogen, carbon and

"2

hvdrogen in zaid exhaust stream 303, and/or to create an

U

excthermic reaction.

heocording to one embodiment of the present invention, the

R o A e A T e 1 o~ T p 2EN oy P e P - 3 5 B PN
exhaust treatment system 350 comprises a third oxidation
catalyst 312, arrvanged downstream of the particulate filter
20 - - 4 oy A v oy oy Ty 4= i ~ S o~ N U v R N = -] -. PRy
320 and upstream of the second reduction catalyst device 332

to carry out a third ozidation and/or a disintegration of

compounds comprising one or several of nitrogen, carbon and
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hvdrogen in =zaid exhaust stream 303, and/or to create ¢

[$)]
—
0]

excthermic reaction.

Y

As described in more detaill below, according to one embodiment
he first reduction catalyst device 3321 may comprise a first

catalviic reduction catalvst CR:, a first catalivtic reduction

P
0
—~
48]
S
2
b

catalyst CR: downstream followed by a first slip

a first siip-catalivst SCidownstream following by a first

catalytic reduction catalyst device CRy,

(@]
s
O
3
Q!
th
i..) .
[
]
(s
6]
’._.l
i,.‘l

o]

|

QY.

\,avul\’ st 5Cs,

According to one embodiment of the present invention, the
particulate filter DPF 320 is & traditional non-coated
particulate filter, that is to say a particulate filter DPF

without any catalvitically oxidising coating.

According to another of the present invention, the

particulate filter 328 is at partly ig coated with a

catalytically oxidising coating, wherein such oxidising

at least one precious metal. That is to

il

=

say, the pa 320 may at least partly be coated

with one or several precious metals, for example platinum.

heocording to one embodiment of the present invention, the

coating ¢f the filter is arranged in the first part of the
filter, that is to say, in connection with the inflow of the
filter. This may also be expressed as the coating, for example
comprising one or several precious metals, being placed at

that end of the filter, where the exhaust zstream flows into
the filter. The particulate filter cDPF 320, comprising the
oxidising coating, has several advantages compared to a
cilassic particulate filter DPF, without an ozidising coating.
The particulate filter ¢DPF 320, comprising the oxidising
coating, leads to an improved NO:-based regeneration of the

filter, that is to say to an improved NO;-based soot oxidation,
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filter. The particuiate
oxidising coating, also results 1n more stable conditions for

the nitrogen dioxide level NO:» at the second reduction catalyst

J 4 T S P R SN T T . L gy e S e T oy P R
device 332, Additicnally, the use ¢f the particulate filter

cDPE 320, comprising the oxidising ceating, means that the

—
{

cio NOy/NOx, that is to

valus

avel of NO»,

may be

The particulate filter 320, which at ileast partly ccomprises a

catalytically oxidising coating, may also oxidise soot

particles and cne or several incom

=
T
@
lu
0
<
o)
e
e
@)
i
[47]
O
Q
]
E.‘l .
+
e
L)
O
0
0
=

and/or carbon compounds more efficiently, thanks to the

oxidising coating.

According to one embodiment of the prezent invention, the
ig at least partliy coated with a
catalytically reducing coating arranged for reduction of

nitrogen oxides NO,

embodiment of

The system according to

invention relates to cleaning the filter

1

bazed passive regeneration. However, the present invention may
also advantageocusly be used in connection with active
regeneraticon of the filter, which i1s to say when the
regeneration is Initiated by an inijection of fuel upstream of

the filter, for example through the use of an injector. AL an

5

active regeneration, the exhaust treatment system according to

the invention has one advantage in that the first reduction

o P T 7 7 e TS 1 @ Ea N s PR = o e Ha YT P S
catalyst device may itself cope with a certain NO.—conversion

during the time when

reduction catalyst device, arranged downstream of the filter,

o
jal}
6]
Q.
P.J
Hh
b
i,.‘l
@]
o
;._.l
-
P.J
m
3]

experiences such a high temperature that it

in achieving a high conversion level,
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At the use of the engir

of the particulate

catalyst device will at

according to the prese

Downstream of the

generated/formed/relea

one embodiment of the

be arranged in

-

hyvdreiysis catal

N

invention, a

adequate
connection with
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63}

injection

least partly

AdBlus,

in

se

increase the spead of the dec
and/cr to mix the additive with the e

the additive.

dosa ge

device 232 is arranged
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DPE/CcDPE, the first reduction
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with the second

catalyst may consist of

Bl

coating. The

cond dosage device 372,

omposition of urea

whi

s e - ~J r
IS arranged aowns

PR, N VSN N
and/cr Lo

second

Lream

ce 372. The s 13 reduction catalyst
to reduce nitrogen oxides NCx in the

mixer may

and // o
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emitted from the combustion engine 301. This desired amount of
compounds comprising one or several of carbon monoxide CO and
.

hydrocarbons HC may thus bs controllied in such a manner that

the compounds may be used by the first reduction catalyst

n

device 231 at the first reduction of nitrogen oxides NOx.

According to a couple of embodiments of

— e oy e o = e 3 e P
The actlive Cconitroi O Tn

(D

combustion engine 301 comprises a
selection of at least c¢ne injection strategy for the

combustion engine.

N

i0 According to one embpodiment of the present invention, the

Timing of injections of fuel into the respective cylinder in

combustion engine may be controlled in such a manner that

red amcount of compounds comprising one or several of
~

- 3 N e N ot r ey o~ - p o 4 -~ gy - 2 5 N
carbon moncexide CO and hyvdrocarbonzs HC is present in the

15 exhaust stream 303 emitted from the combustion engine 30

According to one embodiment ¢of the present invention, fthe

injection pressure for injecticons c¢f fuel into the respective

cylinder in

combustion engine may
manner that a desired amcunt of compounds comprising one or
20 several of carbon monoxide CO and hydrocarbons HCT is present

in the exhaust stream 303 emitted from the combustion engine

According to one embodiment of

injection phasing for injection

5 cylinder may be controlled in such a manner that a desired
amount of compounds comprising one or several of carbon
monoxide CO and hyvdrocarbons HC 1s present in the exhaust
stream 303 emitted from the combustion engine 301. Injection
prhasing, as the term is used herein, means how the injection

30 changes over time, for example how the pressure for the

injection changes over time. A representation (measure) of
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indection phasing may for example be a time derivative for the

N

cyvlinder pressure.
¥

heocording to one embodiment of the present invention, the
active contrel of the combustion engine 301 comprises control

{EGR)} . Combustion

fas recirculs

or a3 \—L\./\,J—-ka\./

enyg: ines are

5

air at an inlet, to achieve a gas
mixture which is suitable for combustion, together with f
that 1z aliso supplied to the engine. The combustion takes
place in the engine’s cylinders, wherein the gas mixture is

bhurned. The combustion generates exhausts, which leave the

engine at an outlet. The exhaust recirculation conduilt is

arranged from the engine’s outlet to its inlet, and leads back
a part of the exhausts from the outlet to the inlet. Thus, the
suction losses at air intake may be reduced and the amount of

compounds comprising one or several of carbon monoxide CC and

hydrocarbons HC from the engine may be adijusted.

According Lo one embodiment of the present invention, the
exhaust treatment syatem 350
of additive, which comprises at least one pump 373 arranged Lo

the second 372 dosage devices with additive, that is to

say for example ammonia or urea.

The system 370 suppliies, according to one embodiment, the
second 372 dosage device with additive in liguid form.
Additive in liguid form wmay be filled up at many
filiing/petrol stations where fuel is provided, ensuring that
the additive may be refillied, and accordingly ensuring an
optimised use of the exhaust treatment system. Today, there

are thus already

additives, ensuring the availability of additive where the

vehicle is driven.
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filling/petrol stations whers

additive may be refilled,

ised

use

According to

- 1 J T 3 ~ o . o R o~
second 372 dosage device

According to one

upstream of the second reducti

s N LD
and
303, 1s suppilil
conduits 27

via

one pump

realised here that the additi

descriped

Jasecus Lorm,

pump 373 18

gaseocus form, the pump 373 is
several tanks 376 are gas tan

additives

A

{

at lea=zt one

and at least

additive.

function ¢f the

art techno

with

Hy and/or ammonia gas NH

T @

additive from

d above.

are used, several tar

and accordin

Lreatment sysic

add:

- .
370 for supply
. .

a, whers

Sa

isting of a do

mixes such add

L
ed with

additive

ast one pump 3
ve may be

P H

a liguid pumpe,

and pumps

one pump are
one tank and

additive system

the

allc

additive

several tanks 32

one
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P e B i N P N N, P A P TR
device 331 may be carried out based on compounds of carbon

L

monoxide and/or hydrocarbons HC cccurring naturally or created

in / introduced into the exhaust stream 303.

Figure 3b schematically shows an exhaust treatment system 350

according to one of the present invention, which
treats exhausts generated at combustion in the combustion

engine 301. Figure 3b haz a large number of components in

common with the exhaust treatment system illiu

@)
@)

trated in Figure
Ja and describsd above. These common components in Figure 3b
have corresponding functions as described above in relation Lo

Figure 3a, and accordingly they are not deszscribed in detail in

relation to Figure 3b.
The exhaust treatment system according to mbodiments

e - - ~ de Yy s
ures for the

in i 3b thus comprise the

istrate

f[)
O,

19

ur

]

embodiments illustrated in Figure 3a. Additionally, the
exhaust treatment system comprises, according to the
embodiment illiustrated in Figure 3b, a system 370 for supply
of additive, which system compriszes at least one pump 373
arranged to supply the first dosage device 371 with compounds
comprising carbon monoxide CO and/or hydrocarbons HC, and o

supply the second dosage device 372 with additive, that is to

say for eXanp.Le amnon ia or urea.

The system 370 supplies, according to one smbodiment, at least
one of the first 371 and the szecond 372 dosage devices with

; - . - .
carbon meonexide CO and/or hvdrocarbons HC and addi

._L
M
/l
4
@

respectively, 1n liquid form.

Additive in liguid form may be filled up at many

fililing/petrol stations where fu
filling of additive may be ensured. The compounds comprising

carbon monoxide CO and/or hydrocarbons HC may a

H
=
3
r—J
e
=
T
[t
;

ing/petrol st

r‘l

ations, for example in the forn
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]

of die

@

sel, natural g

a
compounds are avalilable basically everywhere.

This means that an optimal use of hoth the first and the
second dcesage device may be reliably provided in different

use is then, for example,

starts. Today, there are thus already existing distribution
networks for liguid additives and compounds, ensuring the

avallability of additive and compounds where the vehicle is

The total exhaust tTreatment system’s secondary emigsion of,

for exzample, ammonia NHi:, nitrogen dioxides NO:, and/or
lauching gas N;O at ordinary copreration of the combustion
5 g g Y X

-

engine, that i1z to say not only at ccld starts, may be reduced
through the use ¢f one emibodiment of the present invention, by
way of carbon monoxide CO and/or hydrocarbons HC being

- N FSENAN - d- Ty o ek 27 AN oy ey Ty Jdoner - P -~ S - PR e I T S
administered at the first 371 dosage device and the additive

presumes, however, that 1t is possible to provide a
lly continuous dosags at the use of the embodiment.

By using additive and compounds in liguid form, the additive

J.

lasts longer without interruption for zervice, since additive
4 5

and compounds in liguid form are available for purchase at
ordinary petrol stations. Accordingly, substantially
continuous bo first 371 and the second 372

P

dosage device may be made during the entire normal service

a

L
¢

intervals for a vehicle.

The posgibllity of continuous dosage with both
T ] N [ RN S S I TN TG I S . T
the first 371 and second 272 dosage device means that the

oxhaust treatment svastem av be used to i1its full otential
2XNaust Treathiwent Systelnl may De used LO 1Tg Iull potentiadl.

+

Thus, may be controlled in such a manner that
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robust and very

T2 . ] < -
opTalined Oover

additive

for running cut of

secured avai

control of t©

carried cut, that is to =zay

intervai.

According to another embodim

least one of the first 371 &
with CO/HC-compounds and add

form. According to one embod]

ogen gas He: and/ocr am

such a

Y v
wre

example of

comprises the first
device
and upstream ©
often

unds and

Com lJ‘r_:) O

LTV ol o
WL

the exhaust stream 303,

and additive

additive, v

37650

Where the ¢

described akove.

in liguid

: - N RPN
WO Cr Imere Ta

C —Compa unds

lability of additis

congisting of dos

and addit

PCT/SE2016/050796

NOx—C0

(
@
1o
C

nverszicon may be

f
the system having to compensate

and/or CO/HC-compounds. The
. P . -
noasg a

ve and/or ¢ ompou

T 3

he NOz-level NO:/NOx may alwavs be
during the entire service

ent, the system 370 supplies at
nd the second 37Z dosage devices
itive, respectively, in gaseous

N . e Ty A e PRt Ty . S S PR - L.
iment, this additive wmay consist

nonla gas NHa.

additive is

the first reduction

£ the second
and second dosage devices 3
nozzles administering
o, and mixing thesse

"4
CO/HC~compounds

by the at least one pump 373, via

obtains

[

, respectively, from two or more

ia two

the

CO/HC-compounds and additive,

iid form and/or gase
O/HC-compounds
form, the pump 273 is a

nks 376a-b are liguid tanks. Where
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form, the pump 373 iz a gas pump, and the two or more tanks

376a-b are gas tanks. If both gasecus and liguid CC/HC-

compounds and additives,

and pumps are arrancged,
are set up to supply liguid CO/HC-compounda and additiwve,

respectively, and at least one tank and cne pump are set up to

suppely gaseous CO/HC-compounds and additive, respectivel

According to the embodiment, i1lliustrated in Figure 3b, there

ars compounds comprising carbon monoxide CO and/or

hydrocarbons HC in the exhaust stream 303 when this reaches
the first reduction catalyst device 331, having been partly
released by the combustion engine 301 and partly supplied to

the exhaust stream by the first dosage device 371, The first

device 331 1z, as described abkove, arranged

,\
[43]
-
&

}_l
.
.
0

I

reduction ceé
to carry out a reduction of nitrogen oxides NOx in the exhaust
stream 203 with the use o©of thesze compounds comprising carbon
monoxide CO and/cr hydrocarpons HC, present in the exhaust

Stream.

According to one embodiment of the invention, the at least one

mp 273 comprises a Joint pump, which feeds both the first

371 and the second 372 dosage device with the CO/HC-compounds
and additive, respectively. According to another embodiment of
the invention, the at least one pump comprises a first and a
second pump, which feed the first 371 and the second 372

dosage device, respectively, with CO/HC-compounds and

J
i

The specific function of the additive system 370 1is well

.

lescribed in epricr art technology, and the exact method for
the injection of additive is therefore not described in any
further detail herein. Generally, however, the temperature at

N S e e g N ATt PR . . 33 1 -
point of injection/SCR-catalyst should be above a lower
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threshold temperature to avold precipitates and formation of

A

unwanted by-products, such as ammonium nitrate NH4NO3., An

examg
bhe approximately 200 °C. According to one embodiment of the

A

invention, the system 370 for szupply of additive comprises a
dosage control device 374, arranged to control the at least

one pump 3732 in such a the CO/HC-compounds and

additive, respectively, are supplied to the exhaust strean.
The dosage control device 374 cor e according to one
Lie Oosade Controli dGevlice oS /4 Ccompriges, according TO one

embodiment, a first pump control device 378 arranged to

control the at least one pump 373, in such a manner that a

first dosage of CO/HC-compounds 1s suppllied to the exhaust
e e S de Ty e T ] e oy ey D7 aal - N - oo
stream 303, via the firsit dosage device 371. The dosage

379, arranged to control the at least one pump 3

o A e oy e} WIS T R, 3 3w e = - J o DT
exhaust stream 303, via the second dosacge device 372.

control device 374, which generates control signa
control of supply of CO/HC-compounds and additive,
respectively, so that a dezgired amcunt is injected into the
exhaust stream 303 with the help of the first 371 and the
bl

second 372 dosage device, respectively, upstream cf the

t~
W

Lion catalyst device,

the first pump control device
378 is arranged to control either a jolnt pump, or a pump

dedicated to the first dosage device 371, so that the first

he one or several pumps 373 are thus controlled by a dosage

¢f & value for such a lower threshold temperature may

that a second dosage ¢f the additive is supplied to the

dosage is controlled to be suppiied to the exhaust stream 203
via the first dosage device 371. The second pump control
device 379 is arranged to control either a joint pump, or a

pump dedicated to the second dosage device 272, sc that the
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-~ ~ I on e o N T T e | e R [ N N E v 4
second dosage 1s controlled to be supplied Lo the exhaust

stream 303 via the second dosage device 3

device 374 mav also be connected to the

control device 360, which 1s arranged tTo provide control

= Teyrnalae FAar T N ST TP R S s X2l Tt @ - - -y 1
D signals for the combustion engine 301. Thus, the control
] L A A Ny =y X - - de Ty e N 4 2 N - - - -
device 360 may base the creation of th control signals alsco
X e

de Yy
sy 20 that

and additive,

respectively, at the engine 301, and

10 vice versa.

A robustness against errors in administered doses of CCO/HC-
compounds may be achieved by way of an embodiment of the
invention, wherein an NOy-sensor 2363 1s placed between the two
i PR T

T
i

’...\
(@}
o]
o))
s
—+
FJ
@]
-
)
T
D
Fh
FJ
F_J
ot
o
]
(%]
[AN]
(@)

the exhaust treatment s
way of the second dosage

downstream of the first reduction device 371 and/ocr the

20 particulate filter 320.

This placement of the NOyx-sensor 363 between the two dosage

devices 371, 372 and, preferably, between the particulate

= S - 0 ey -, - T E e N Nt - > - 3 q T o
filter cDPF 320 and second dosage device 372, also makes
it pesgsible to correct the amount of additive administered by
R N B S P [ e T Ky T = SV - NP P P
25 the second dosage device 372 for nitrogen oxides NOx, which,

according to one embodiment, may be created over the

&3}
F..J
o
FJ
@]

particulate filter cDPF 320 with cat: coating, from

~

+

excess residues of CO/HC-compounds from the dosage cary

by the first dosage device 371.
o kN T . YA ey ey Fag - - e o de e Ty me b
30 The NOx—: 364 downstream of second reduction catalyst

N L e N ! P o~ N -~ S I [ S
device 2372 may ke used at feedhack of dosage of additive.



n

A

)

LU

po-d

(@]

Z0

s

[}

WO 2017/034465 PCT/SE2016/050796

Through the use of the exhaust treatment system 350 displavecd

0]
t
=2

d
in Figures 3a-b, b first reduction catalyst device 331
and the second reduction catalyst device 332 may be optimised
yith respect to a selection of catalyst characteristics for

the reduction of nitrogen oxides NOy, and/or with respect to

volumes for the first 331 and second 332 reduction catalvst

devices, respectively. With invention, the

particulate filter 320 is used to the advantage of the
function, by having regard to how itz thermal mass impacts the

Ttemperature of the second reduction catalyst 332. For thoze

embodiments where the particulate filter has a catalytic
coating cDPF, the function of the particulate filter cDPF may
ailso be used as an advantage by having regard to how its

N IE T T T R - 3o P g i v AN, 7 ANTE A e o 2Ty N s Ay T o~ 1
catalvitic coating affects the NO/NO«-fraction upstream of the

second reducticon catalyst 332 at exhaust purification,

second reducticn catalyst device 33
ocptimised with respect to the specific temperature function
each will experience. Since, according toe the present

invention, the optimised first 231 and second 332 reduction

catalyst devices are set up to purify the exhausts in

.
+

cooperation, the exhaust treatment system 350 may be made

w

compact. Since the space allocated to the exhaust treatment
system 350 for example in ed, it is a great
advantage to provide a compac xhau reatment system,

through a high usage level 0f the sts used according to

the present invention. 3Such high usage level and the

accordingly also
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S
i._.\

The present invention provides for an exhaust treatment syst
0, which efficiently reduces the amount of nitrogen oxides
NOyx in the exhaust stream in substantially all driving modes
comprising especialliy cold starts and increased power output

that i3 to say increased requested torgue, from a low exhaus

sted torque. Thus, the exhaust treatment system 3500

ding to the present invention is sultable in

substantially all driving modes, which give rise to =z

transient temperature evolution in the exhaust treatment. Cne

O]

¢f such a driving mode may consist of city driving

starts and decelierations.

cComprising

The problems with prior art technology, which are related to a

TOOo

least partly with ihs

reduction catalyst devices 371, 372 are comprised in the

exhaust treatment system 350. The prcilem may be resocived by

way of combining the present inwvs

amount of nitrogen oxides NOx controls how large a fraction
of nitrogen dioxides NO; is obtained downstream of & filter
and/or substrate a catalytic oxidising coating,
that is to say that amount of nitrogen oxides NOx may be

fraction of nitrogen dicxides NOz, may be resolved at

tion with the knowledge that

used to control the valus of the ratio NO:/NOx. By reducing the

NOy over the first reduction catalyst device

~

-
0]

371 during operation at low temperatures, a requirement

F

regarding a given ratic between nitrogen dioxide and nitrogen

e NP WANS) 4 T ot = T L = = AL o - N -
cxldes NOy/NOx in the exhausts reachlng the second reduction

catalvst device 372 may bhe fulfilied with a smaller, and

accordingly less costly, amount of oxidising coating.
The pregent invention has an advantage in that the added

manufacturing cost as a consequence of the invention may be

kept at a low level, since the oxidaticn catalyst DOC Z10,
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available in prior art systems at manufacture, according to

be replaced by the first

T
O
h
¢t
)
D
I,J
o]
/I
(D
3
st
i_l
O
3
=

)

one embodimen
reduction catalyst device 331 according to the present
invention. According to one embodiment of the present
invention, a first dosage device i3 not reguired either, =zince

the first reduction in the first reducticon catalvst device 331

takes place through reactions carbon monoxide CO and/or

hydrocarbons HC, which occur naturally or are created in /

operation, comprising assembly of the oxidation

210, may easily be replaced with another manui
operation, comprising assembly of the first reduction catalyst

device 331 according invention. This results in

,_,
9]
{
o
S
o

e
£
0]
i
®
o}

"

a minimal added cost to the assembly and/or manufacturing.

Since t oxidation catalyst DOC 210, which was present in

QJ

{“\

prior art svstems, may be replaced with the first reduction
catalyst device 331 according to the present invention,
retrofitting on already manufactured units, comprising exhaust

systems according to the Euro Vi-specificat

For certain embodiments of the present invention a first
dosage device 371 is used, as described above, for
administration of carbon monoxide CO and/or hvdrocarbons HC.
Here, compcounds comprisgsing carbon monoxide CJ and/or
hydrocarbons HC, emitted from the engine and/or added with the
first dosage device 371, are used at the reduction in the

: PR e Iy \ N " R P I e P
reduction catalyst device, For these embodiments, an

dosage device is regulred to be fitted in the

exhaust treatment system.

The first reduction catalyst device 331 in the exhaust

; P ; o X DEN o p - - . SR, I - [
Creatment vstem 350 is, according to one embodiment, active
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at a lower reduction temperature interval Treqa, at least partly

differing from the oxidaticn temperature interval

nitrogen dioxide based scot oxidation of incompletely
oxidised carbon compounds in the particulate fi
active, For example, The reduction temperature interval Tred
may be lcwer than the oxidation temperature interval Tox,
wherein the temperature for a so-called “light-off” for socot
idation in the particulate fiilter 320 may be higher than

“Light-off” for the reduction of nitrogen oxides NOx in the

h

irst reduction catalyst device 331. Accordingly, the
reduction of nitrogen oxides NOx in the first reduction
cataly device 331 does not necessarily compete with the soot

idation in the particulate filter 320, since they are active
within at least partly different temperature intervals; Tres #

T OX o«

The exhaust tr

fD

atment system sometimes requests, by way of
control signals generated in the control device 360, that the

engine generate heat for the exhaust treatment system to be

able to achieve a sufficlent efficiency with respect to
exhaust purificaticon. This heat generation 1s then achieved at

the expense of the
conzumption, which decreases. One advantagecus characteristic
of the exhaust treatment system according to the present
invention, is that the filrst reduction catalvst device

Filter
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stream of e
generated heat, than what would have been possible for example
with the Eurc VIi-system. Therefore, less fuel is consumed

overall with the use of the present ilnvention.

According to one

D

of the present invention, the

oy oh . N Tl I ~ dn hm ey A L o3 v e 3 oy A W A -
engine is controlled so that 1t generates such heat with a

gcope making the first reduction talyst device reach a

ficient
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exhaust puri

reduction catalyst device may opera
temperature, while

unnecessary

is avolided.

ineffic:

A= moeaac s Fha artieue
Az opposad to Lhe above

mentioned p

reduction catal

invention does not need to be clo

\
b
N
>
053
N

and/or the turbo. The

device 331 according to the present

further away from and/or

located in

longer mixing

I
and/or

betwsen the 2ngine;

catalyst device 3321. This means

is obtained for the first reduction

Meanwhile,
mentioned in this doc

reduction of nitrogen oxides NOx

of the therms

According to different

the first reduction catalyst

reduce nitrogen oxides NOx though the

comprising one or several of carhbon

hyvdreocarbons HC, consists of
first catalviic reduction catal

first catalytic reduction catal

by a first

r‘l‘

[9p]

slip-catalyst

Ci1, where

is arranged to oxidisge and/or

Comp¢ ounds \,Oﬂl;,/_‘[_uiﬂ(},’ one or several

hydrocarbons HC, to assist CR, with

ozides NOx in

nitrogen

an exothermic

fication may o0& cortalined

Lhat

thanks to the present invention

inertial filter cDPF

PCT/SE2016/050796

art sclutions,

rior

according to

the present

Ly connected to the engine

h

irst reducticon catalyst

invention may be fitted

the and for

TUurdo,

an advantage in that a
t

QJ

an _Ll‘”pn oved

catalvst device 331.

upstream and downstream

are achieved.

invention,

which 13 arranged to
monoxiade CO
vst

CRq;

vat CE:, followed downstream

atalyst SC
of carbon moncxide CC and
duction of

+~

¢t
@]
~
@
S
t
:D

stream 303 and/

1)
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slip-catalyst SC; downstream folliowing by a first
catalytic reduction catalyst CR:, where the first slip-catalyst

SC1 is arrvangad to oxidise compounds compriging one or several

of carbon monoxide CO and hydrocarbons HC and/or to assist the
5 first catalytic reduction catalyst CR; with a reduction of

nitrogen oxides NOx in the exhaust stream 303; and

- a first slip-catalilyst SCi, primarily arranged for reduction

of nitrogen oxides NOx, and secondarily for oxidation of a

residue of compounds comprising one or several of carbon

10 monoxide CO and hydrocarbons HC.
Jay ~OV T T ™ e NI hak S AT NS nent s "h ) c\;:ﬂr«,-(\fi ra l ,r-oL" - l ;
ACCOXrG1ing TO vVarlious elipodlimnents the second a2ducticon cata Vi

device 3232, which carries cut a reduction of nitrogen oxides

>
>
N

consists at least partly, by way of usgse of an additive, of

e of:

'®)

i5 - a second selective catalvtic reduction catalyst SCRy; and

- a second selective catalytic reduction catalyst SCRy,

$2 T T S 3 - - <7 - v o 1A oy ey b ey Y - el P N o $e
followed downstream by a gecond sllip-catalyst 5C;, where G

U

second slip-cataly

t 5C; is arranged to oxidize a residue of

¢
[ )]

additive, wheres such residue may congist, for example, of

Z20Q urea, ammonia NH; or isocyvanic acid HNCO, and/or to assist SCRy

exhaust

with a further reduction of

atream 303,

In this document, the term first slip-catalyst SC: 1s used to

25 refer generally to a first catalyst arranged to oxidise and/or
disintegrate CO- and/or HC-compounds in exhaust stream
303, and/or which is arranged to be able to reduce residues of
nitreogen oxides NOy in the exhaust stream 303 with the use of
CO- and/or HC-compounds in the exhaust stream. According to

30 one embodiment of the invention, such a first slip-

catalyat 8C. is arvanged primarily to reduce nitrogen oxides
NOx, and secondarily to oxidise and/or disintegrate the

compounds, that i1z to say that the first slip-catalyst 8C; iz a
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multifunctional zslip-cate
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multifunctional first slip-cataliyst 5C; may take care of slip-
residuss of compounds and/or may take care of slip-residues of

nitrogen oxides NOx. This may also be described as the slip-

]

catalyst SCi bheing an exztended ammonia siip-catalyst ASC, which
is also get up toe oxidise and/or decompose CO- and/cr HC-
compounds and Lo reduce nitrogen oxides NOx in the exhaust
stream 303, so that a general/multifunctional first slip-
catalyst SC: 1s obtained, which takes care of several types of
slip, meaning it takes care of bkoth nitrogen oxides NOx and/or

‘ o N oS TA I N .
residues of CO- and/cr HC-compounds.

According to one emboediment of fThe present invention, at least
the folliowing reactions may be carried out in a first

multifunctional sglilip-catalyst S5Ci, comprised in the first
iy 2 L
reduction catalyst device 331, which reduces nitrogen oxides

NO, and/or oxidises compounds:

o
jus
=
@

+
—
AN

N

o

20 + COz (Equaticn 3)

HC+ NOx =2 Nz + COsz; {Egquation 4)
and/or
OO + NOx = NO, + CO». {Equation 5)

In these simplified reactic

several hydrocarbon compou

the reaction
according to eguation 3 results in an oxidation of

hydrocarbons HC. The reactions accord

ing te eguations 4 and b

provide a reduction of nitrogen cxides NOyx, wherein

regpectively, are used at the reduction.

. ; e Co . , o

n order toe obtain these characteristics, that is to szay to
- P - = ~ - L ~ e Y - - Qe - - ) 4

chtaln a first functional slip-catalyst 8Ci, the zlip-
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catalyst may, according to one embodiment, comprise one or
several substances comprised in platinum metals (PGM; Platinum
Group Metals), that 1s to say one or several of iridium,
ozmium, palladium, platinum, rhodium and ruthenium. The slip-
catalyst SC: may also comprise one or several other substances,
which give the slip-catalyst similar characteristics as
platinum group metals. The slip-catalyst may also comprise an

NOy-reducing coating, where the coating may for example

with an active metal, such as for example copper {(Cu} or iron

slip-catalyst SCi may also comprise siliver Ag.,

.

For the first 331 reduction catalyst device, its catalvtic

characteristics may be selected based on the environment to

O
N
D
(@R
pu—
¢
@]
B
e
2
L
oL
-
[
FJ
|
e
]
o
F.J
FA
n<:
-
o+
o
0]

which it is exposed, or will be

catalviic characteristics for first 331 and second 332
reduction catalyst device may be adapted, =zo that they may be

aillowed to operate in symbilosis with each other. The first 331

reduction catalyst device may also comprise one or several
materials, providing the catalytic characteristic. For
example, transition metals such as vanadium and/or tungsten
may be used, for example in a catalyst comprising V:05/W0:/Tils.

Metals such as iron and/or copper may also be comprised in the

j$3]
N
0]
O
}_.J
-
o+
D
|

331 reduction catalyst device, for example in

based catalyst. Silver Ag and/or platinum metals PGM may also

be mprised in first reduction catalyst, azs mentioned

In thiz document, the term second =zlilip-catalyst

)
generally to dencte a catalyst, which is arranged to oxidise

and/or disintegrate add:i 303, and/ox
which is so that it is able to reduce residual

nitrogen

may, as mentioned akove, comprise cone or several of urea,
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ammonia NH: and isocyanic acid HNC heccecording to one
embodiment of the present invention, such a second slip
am

catalyst S5C:; 1s arrvanged primarily to reduce nitrogen oxides

NOx, and secondarily to oxidise and/or disintegrate a residue

1)

of additive, th

S

2t 1s to say tha
is a multifuncticonal slip-catalyst. In other words, the second
multifunctional siip-catalyst SC; may take care of slip-

N oy oy N e 2 PPN S, B - 3/ e~ - T oy g Ny ~ 7 o~y n ] ~ PR
residues of additive and/or may take care of slip-residues of

nitrogen ozides NOx. This may also be described as the second
3 ¥
silp-catalyst SC: being an extended ammonla slip-catalyst ASC,

Lo reduce nitrogen oxides and/or decompose

=

reduce nitrogen oxides NOx in the exhaust stream

Rl

e Irat Nk - . ey b L P S -~ 1 4 P I - [alal
333, so that a general/mu. functional sgecond slip-catalyst 3C;

-

is obtained, which takes care of several tvpes of slip,

meaning it takes care of nitrogen coxides NOx and/or residues of

acdi

According nt of the present invention, at

least, for oliowing reactions may be carried out
in a second mualtifunctional siip-cataiyst SCz, comprised in the
second reducticn catalyst device 232, which reduces nitrogen

NHy + Oz =» Ny {(Equation &)

and/cr

NOyx + NHa =¥ Nz + Hy0. {Equation 7)
Here, the reaction according to equaticon © results in an

oxidation of additive, for example residues of additive
comprising ammonia. The reaction according to eguation 7
results in a reduction of nitrogen oxides NOx. Accordin

g
additive, such azs residue of ammonia NH:, iszocyanic acid HNCO,
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urea or similar, may be oxidised. These residues of additive,
that is to say ammcnia NHiz, HNCO, urea or similar, may here

also ke usad to reduce nitrogen oxides NOx.

In order to cktain these characteristics, that is to say to

unctional slip-catalyst, the second slip-

catalyst 5C: may according to one embodil
several substances comprised in platinum metals (PGM; Platinum
s}, that is to =ay cne or several cof iridium,

ladium, platinum, rhodium and ruthenium. The slip-

i

csmium, pa
catalyst may also comprise one or several other substances,
which give the slip-catalyst similar characteristics asg

platinum group

NOyx~reducing

comprise zeolli

with an active

(Fe

P

°

d o~ dm Ty ~ o ] T -~ ] iy e + N S iy IS . 33 ~ oy A em g o
For the second 332 reduction catalyst device, these catalytic

“naracteristics mayv bhe selected bhased on the environment to

(?
L/)

'®)

which it is exposed, or will be exposed to. Additionally, the
catalytic characteristics for the first 331 and second 33

reduction catalyst device may be adapted zo that they may be

allowed to operate in symblosis with each other. The second
332 reduction catalyst device may alzo comprise one or zeveral

materialis, providing the catalytic characterisztic. For

transition metals such as vanadium and/or tungsten

may be used, for example in a catalyst comprising Vy0s5/WO:/Ti0:.
Metals such as iron and/or copper may also be comprised in the

first 331 and/or second 332 reduction catalyst device, for

example in a zeoli

The exhaust treatment gystem 350

illustrated in Figures 3a-b, may according to different
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embodiments accordingly have a number of different
structures/configurations, which may be summarised as below,
and where the respective units CRi:, SCE;, DPF, cDPF, SCi., S5C;
have the respective characteristics described in this entire
document. A traditional particulate filter, that is to say an

-

te filter, is here referred tc as DPEF. The

uncoated part

particuilate filter 320 with

oxidising coating ig here referred o aszs cDPF. The

hand, and to oxidise incomple

other. Incompletely oxidiszed carbon compounds may for

consist of fuel residus created through the engine’s

According to one configuration according to the invention, the
exhaust tTreatment system comprises the structure CR-cDPEF-ECEH;.
That is to say, the exhaust treatment system 350 comprises a

first catalytic reduction catalyst CR:, followed downstream by

Q

catalytically oxidising coating, focllowed downstream by
second selective catalytic reducticn catalyst SCRz. A symbiotic
reduction catalyst CR; and the
second selectively catalytic reduction catalyst SCR; in the

)

may facliitate the omission of a

second slip-catal Co in the exzhaust treatment

for certai example at limited NOy-levels,
which result in limited conversion level requirements.

an advantage, for comparad with the above mentilioned

Furo VI-syszstem, in which a slip-catalyst iz, in practice,

[6)]

reguired. Since an SCR-catalyst is typicalily chezaper than an

SC-catalyst, thanks to this embodiment of the inventiocn, the
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HC in the exhaust stream, which facilitates

phur contaminated components, such as

ic reduction catalyvast CRB1 and/or

componants

of the latter. AT

stream

components, the

in the components 18 18 to say in
of the first catalytic reduction catalyst CR; and

e e P N e T - e~ - (o e
e particulate filter cDPF 320

Ting results in an improved NCG:z-hased

. more stab conditicons for the nitrogen dioxide

catalyst device 332 and/or a

C/u.uk, L0

the value for the NGC»/NOx ratioc.

one configuratiocon according to the invention, the

comprises the structure CR1~-3C1-CcDPE-

ezhaust tLreatment system 350

reduction

catalyst CR-,

toll

owad downstream by

filter cDPF

oxldising coating,

use of both the first catalvtic
selective catalytic

reagtment

of a second slip-catalyst SCz in

sScine

applications, which reduces the

renicle. The use of the first
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Nyt
According

first redu

siip-catal

reduces ni

comprising

hydrocarbo

residu

reduction

decomposit

silp-catalyst

characteris

first catalvyvtic reduction cataiyst CRi,

to one embodiment of the preszent invention, the

ction catalyst device 331 here compris

muitifunctional, and

by using re of compounds
one or several of carbon monoxide CO and
ns HC, and which alsc oxidises and/or disintegrates

the compounds (as described above). This

number of advantacges

with the first reduction catalyst CRi, so that the
f the first glilip-cataiyst S5Ci, with respect to

of nitrogen oxides NOx, and oxidation and/oxr

ion of residues of the compounds, as well as the
‘3 301 deposltion characteristics for the
constitute a complement to the function of the
Juction catalyst CR:. The combination of thesze
stics for first reduction catalyst device 231,
the first reduction cataliyst CR; and the first =slip-

comprising
catalyst S

~ainad o

f‘.‘.

O /‘\
AL

v St ey
a.\id_'. Lol y

reduction

possible t«

COmuuuﬂuu

reduction

The first
Q+L0—pdt&

heat, for

contaminate

Ci, means that a higher conversion level may be
ver the first reduction catalyst device 331. In
the use ¢of the first slip-catalyvst SC: in the first

catalyst device 331 results in conditions making it

tive oxidation
cocurs in components placed downstream of the first

catalvst device 331 in the exhaust treatment system.

catalytic reduction catalyst CR:, and/or the first

yst SCi, may be used wi the obijsctive of generating

example by oxidation of hydrocarbons H

. .

ream, which facilitates regeneration of sulphur

m

i components, such as the first catalytic reduction
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components, tLhe amount of sulphur
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components 13 reduced, that iz Lo
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of the latter.
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filter
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oxldising coating results in

k;\)__ki_._ g,_E.

stable

of the filter, more

level NO, at

To one configuratic:

reatment system

a first catalytic reduction catalys
by a particulate filter cDPF with

catalytically oxidiging

zecond selective calta

iyvtic reducti

J o I - i - 3w e
oxildes NOy close Lo zero, since
(al 5 - Irs ) ] = o~
SCRz may Take a heavy lcad, for exa

additive, since 1t iz followed dow

cataly S3C;. The use of the

in additionally improvad

additional he taken care

slip may

The catalviic reduction cata

&L

obiective of generating heat, for

hydrocarbons HC in the exhaust str

a
c

regeneration of sulphur contaminat

nents arranged

sulphur

an improved ?

tion cata

the second re

second

performanc
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contaminated
which is deposited in the
say in at least one of the

CR: and

components arranged

~TY

cDPF 320 comprisin

ot

NOz-based regener
ons

for the nitrogen dioxidse

yst device

the NG

inventicn, the

cartly

i e ) - -
downstream by a

o

on catalyvst SCRz, followed

slip-catalyst S5Cz. This exhaus
facilitates emission levels for nitroge

duction catalyst

mple Dy increased dosage of

nstream by the second slip-
slip-catalyst 5
e for the system, since

of by the slip-

lyvst CRs

may be
eam, which

ad components, the



L

~

2

n

10

20

30

WO 2017/034465 PCT/SE2016/050796

g MR .
Fir
IS R B S -

Q)

talytic reduction catalyst CR: and/or components

ﬁ
ot
)
®

arranged doewnstream of the latter. At regeneration o

sulphur contaminated components, The amount of sulphur which

is deposited in the components iz reduced, that is o say in
at least one of the first catalytic reduction catalyst CRy and

anged downstream of the latter.

w0

The use of the particulate filter chPF 320 comprising the

ot

":/‘)'r\
e LML

oxldising coating results in an improved NO:z-based regener
of the fiiter, more stable conditions for the nitrogen dioxide
yvst device 332, and/or a

level NO, at tion cata

value for the NO:/NOx ratio.

According to one configuraticn according to the inventicn, the

haust treatment system comprises the structure CR:-SC1-CcDPF-

comprises a first cat reduction catalyst CR., followed

'l

downstream by a first glip-catalyst SCy, followed downstream by

!-

a particulate filter cDPF with an at least partly

catalytically oxidising coating, focllowed downstream by &
second selective catalytic reducticn catalyst SCRy, followed

downgtream by a second slip-catalyst SC:. This exhaust
reatment system 350 facilitates emission levels for nitrogen

NO, close to zero, since the second reduction catalyst

oxides

X

SCRy may be made to work hard, for example by increased dosage

of additive, since it is fcolilowed downstream by the second

siip-cataliyst SCy;. The use of the second sliip-catalyst SC:
results in additiconally improved performance for the system,

‘l

a
—
=

3
o
Qs
I

dditional slip may be taken care of by the sgecond slip-

itates a reduction of the starting temperature (the
light-off”-temperature) for the NOsx-reduction, and may also
result in a greater load, and thus an improved utilisation of

the second selective catalytic reduction catalyst SCR:.
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According to one embodiment ¢f the present invention, fthe

h

irst reduction catalyst device 331 here comprises a first

slip-catalyst SCi, which 1s multifunctioconal, and therefore

[69]

reduces nitrogen oxides NOx by using residues of compounds

carbon monoxide CC and
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and which also oxidises and/or disintegrates

of the compounds (as described above). This
entalls a number of advantages for the exhaust tLreatment

system. The first siip-catalyst SCi1 may here be used in

10 symiblosis with the first reduction cataiyst CRi, =0 that the
activity of siip—-catalyst SCi, with respect to
reduction of nitrogen oxides NOx, and oxidatiocn and/or
decomposition of residues of the CO/HC-compounds, as well as

ysition characteristics for the
i5 a complement to the function of

rst reduction catalyst CR;. The ccombinaticn of these

characteristics for the first reduction catalyst device 331,
comprizing the first reducticn catalyst CR1 and the first slip-

catalyst SCi, means that a higher conversion level may be

20 obtained over the first reduction catalyst device 331, In

acddition, the use of the first in the first

N TR oyt oo ] vy e NI, N R : 43 ey Al s ey 4+
reduction catalyst device 331 in conditions making it
possible to avoid that a non-s of CO/HC-
compounds occurs in components placed downstream of the first

N
&

reduction catalyst device 3321 in the exhaust treatment system.

The first catalytic reduction catalyst CR:, and/or the first

K

slip-catalyst SCi, may be used with the obijective ¢f generating
heat, for example by oxidation of hydrocarbons HC in the

exhaust stream, which facilitates regeneration of sulphur

O
iy

30 contaminated components, such as the first catalytic reduction
catalyvst CR: and/or components arranged downstream of the

latter. AL

-

regeneration of the sulphur contaminated
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components, the amount of sulphur which i1s deposited in th
components is reduced, that is to say in at least one of the
first catalviic reduction catalyst CR: and components arranged

downstream of the latter.

5 The use of the particulate filter cbDPF

b

320 comprising the

oxidi

sing coating results in an improved NO:z-based rege

of the filter, mo:x

level NO: at the

possibility of controlling the value for the NO:/NOx ratic.

10 According to one configuraticn according to the invention, the

exhaust treatment system comprises the structure SC—-cDPF-SCRs.

That 1s to say, the system 350 comgprises a

H1 3 o+ NS oty o 4 - - 3 ~ = P S B
first silp-catalyst SCy, followed downstream by a particulate

h

ilter cDPF wi an at 1

catalytically oxidising

ib coating, followed downstream by a second selective catalytic
reduction catalyst 3CR;. Here as well, because of the use of
both the first slip-catalyst 5C:, and the second selective
catalytic reduction catalyst SCRz, the szecond slip-catalyst SC;
may be omitted from the exhaust treatment system 350 for

20 certain applications.

.
on, th

o

According to one embodiment c¢f the present invent

-
C

h

irst reduction catalyst device 331 here comprisezs only a

slip-catalyst SCi, which is multifuncticonal and both reduces

sing one

[

nitrogen oxides NOx through the use of compounds compr

o . o ~en - T . . . L] o~ - I 3 1 I - -
Fae] Cr several oI Carlion moniéxXide O andg hydrocarbons HC, and also

cxidises and/or disintegrates the compounds (as described

above} . This entails a number ¢f advantages for the exhaust

The first sliip-catalyst SC1 may be used with the objective of
i gt s ey A= S N e ey s Sy T Es ] 3 a4 ey 4 R C T B oy e b o
30 generating heat, Lfor example by oxidation of hvdrocarbons HC

in the exzhaust stream, which alsc may facilitate regeneration
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58
or several of carbon monexide CO and hydrocarbons HC, and also
o) He R EeT=N= d tfegratreg thne o~ mATING S < dc::q*‘w-w“'b:_\d
OX1218esS Or 13 ¢1’1‘,\.,L_51C‘\,Lv.> Ll \Jon‘lj‘_w\.«'urlx.{u as CoCl LD

above}. This entails a number of advantages for the exhaust

treatment system. The first sliip-catalyst 3C may be used with

the cbiective of generating heat, for example by oxidation of

in the exhaust stream, which also facilitates

regeneraticn of sulphur contaminated components, such as the
catalyst and/or components arranged downstream of the latter.
At the regeneration of the sulphur contaminated components,

the amount of sulphur intercalated in the components is

The use of the particulate filter chPF 320 comprising the

oxldising coating results in an improved NOz-based regeneration

of the fiiter, more stable conditions for the nitrogen dioxide
e T e ~ PR ~ J R S . N S R DTy e NN I A -
level NO, at second reduction catalyst device 332, and/or a

pogsibility of contrelling the wvalue for the NC;/NO: ratio.

Accoording to one configuration according to the inventiocon, the

¥ o . G e o e o 1A i~ e . N = - 5 ] st
comprises a first slilip-catalyst 8Ci, followed downstream by a

h

irst catalytic reduction catalyst CR., followed downstream by

a particulate filter cDPF with an at least partly

catalytically oxidising coating, focllowed downstream by &
second selective catalytic reducticn catalyst SCR:z. As

mentioned above, the use of both the first catalvtic reduction
.

catalyvst CR:, and the second selective catalvitic reductiocon

P 7 " T L R PR e " TR - R T I Y
catalyst SCR:; in the exhaust treatment system 350, facilitates

jny
®
bed
o
j$)}
o
wm
o+

nd slip-catalyst 5C; in €

o
35C¢ for soms applications, which reduces the

manufacturing cost for the vehicle. The use of the first slip-
catalyst SCifacilitates a greater lcad, and therefore a better

Ty

use of the first catalvytic reduction catalyst CRi.
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According to one embodiment ¢f the present invention, fthe
first reduction catalyst device 331 here ccmprises only a
slip-catalyst SCi, which is multifuncticonal and both reduces

nitrogen oxides NOx through the use of compounds comprising one

- o o~y —~ hE - . - 5 3 e - 3 P 3 ) - - -
cr several of carpbon monoxide CC and hydrocarbons HC and also
Y 14

cxidises and/or disintegrates the compounds (as described

above}, which entalls a number of advantages for the exhaust

g
O
[
o
o
@
o
-
.
9]
Qo
®)
@

system. The first siip-catalyst SCy may

in symbiosis with the first reduction catalyst CRi:, so that the

e T - Ty - + afal LA} .y p p
of the first sliip-cataiyst 501, with respect to

reduction of nitrogen oxides NO., and oxidation of additive, as
well as the slip-catalyst’s SCi deposition characteristics for

the CO/HC-compounds, constitubte a complement to the function

of the first reduction catalyst CR;. The combination of these

N

characteristics for th

h
i..) .

r

(6]

T reduction catalyst device 331,

&

comprising the first reducticn catalyst CRy and the first slip-

that

catalvst SCi,

conversion level may be

1 1In the first

reduction catalyst device 3321 results in conditions making it

coszible to avoid that a non-selective oxidation of CO/H

B U T R g N4 TN A T N TN oo - o~ J rNTer vy Y ~em o ~F S e v
compounds occurs in components placed downstream of the first

reduction catalyst device 3321 in the exhaust treatment system,

and/or the fi

slip-catalyst 3C1, may bhe used with the objective of generating
heat, for example through c¢xidation of hydrocarbons HC in the
exhaust stream, which facilitates regeneration of sulphur
contaminated components, such as the catalyst and/c
components arranged downstream of the latter. At the
regeneration of the sulphur contaminated components, the
amount of sulphur intercalated in the components is reduced.

The use of the first slip-catalyst SC., upstream of the first
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catalytic reduction catalyst in good possibilities

The use of the particulate filter ¢DPF 220 comprising the

oxidising coating results in an improved NOs-based regener

o
ot
’._l
O
]

of the filter, more stable condi

ions for the nitrogen dioxide

level NO» at the second reduction catalvst device

possibility of controlling the value for the NO/NO, ratio.

According to one configuration according to the invention, the

exhaust treatment zystem comprises the structure 1 -CRy—-CcDPE -~

2 exhaust

comprises a first glip-catalyst 5Ci, followed downstream by a

first catalviic reduction catalyst CR:, followed downstream by

a particulate filter ¢DPF with an at least partly
catalytically oxidising coating, followed downstream by a
5 C!/*q

second selective catalyitic reducticon catalyst SCR;, focllowed
downstream by a second slip-catalyst SCz. This exhaust
treatment system 350 faciliitates emission levels for nitrogen
oxides NOy close to zero, since the second reduction catalyst
SCR:; may be made Lo work hard, for example by increased dosage
of additive, since it is followed downstream by the second

I

SC, also

,
o

slip-catalyst SCz. The usge of the second silp-catalys
facilitates a reduction ¢f the starting temperature (the
“light-off"-temperature} for the NOy-reduction, and may alsoc
result in a greater load, and thus an improved utilisation of

e

second catalytic reducticon catalyst SCR;.

of the second results in additionally

improved perfor

7stem, since additional slip may

be taken care

)

According to one embodiment ¢f the present invention, fthe

first reduction catalyst device 331 here mprises only a

slip-catalyst SCi, which is multifuncticonal and both reduces
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nitrogen oxides NOx through the use of compounds comprising one
or several of carbon monoxide and hydrocarbons HCZ, and alszso
oxidises and/or disintegrates the compounds {as described

PR P} I . p ety o e e R N ~ T - - R
above), which entails a number of advantages for the exhaust

Tirst silp-cataliyst SC) may here be used

h

irst reduction catalyst CR., so that the

activy vy of the first slip-cataiyst 5Ci, wi

reduction of nitrogen oxides NOx, and oxidation and/or

decomposition of residuez of the CO/HC-compounds, as well as
the slip-catalyst’s S5C, deposition characteristics for the
CO/HC-compounds, constitute a complement to the function of

e first

reduction catalyst CR:. The combination of these

characteristics for the

reduction catalyst device 231,
comprising the first reduction catalilyst CR; and the first slip-
catalyst 35C., means that a higher conversion level may be

reduction catalyst device 331. In

the first slip-catalyst SC: in the first

vice 331 results in conditions making it
rossikble to aveid that a non-selective oxidation of CO/HC-
compounds ¢ccurs in components placed downstream of the first

reduction catalyst device 331 in the exhaust treatment system.

The first catalvitic reduction catalyst CR:, and/or the first

slip-catalyst SCi, may be used with the objective of generating

heat, for example through oxidation of hvdrocarbons HC in the

exhaust stream, which

£
contaminated components, such as the catalyst and/or
componants arranged downstream of the latter. At the

regeneration of the sulphur contaminated components, the

amount of zsulphur intercalated in the components 1s reduced.

The use ¢of the first slip-catalyst 5C., upstream of the first

l../
ot
'..

O
98]

catalviic reduction catalyst CRi:, rvesults in good possibili

i

or creating this heat.
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In the configuraticns listed above accordin

to

(1‘

the

19

Ik w)

embodiments, the first reducticn catalyst CR; and the first

L<q

giip-catalyst SCi) may consist of an integrated unit, comprisin

bhoth CR: and 35C:, or may consist of separate units for CR; and

SCq.

€3]

ilariy, the first mion catalvst device 3
particulate filter cDPF with an at least partly catalyticall
oxldising coating may consist ¢f an integrated unit,
comprising both the first reduction catalyst device 231 and

10 the particulate filter cDPF, or may consist of separate units

for the first reduction catalyst device 331 and the filter

Similariy, the second reduction catalvst SCR:; and the second

5

slip-catalyst SC»; may either consist of an integrated unit,

is comprising both SCR: and 38Cz, ¢or may consist of separate units

)

£

for SCR; and SC:.

Similariy, the first slip-catalyst SC: and the particulate

filter cDPF 320 wi

at least partly catalytically oxidisinc

2

\l

coating may constitute at least partly integrated units, or

([l
65
0]
@]
[$)]
=
Q
s
10
o
=
it
ot
[6)]

20 COmMpPrise

invention described above

The conficurations according to

l sloha

may, accor

ling to 1t embodiments of the present

invention, al:

'J‘

3o comprise a first oxidation catalyst DOC, 311,

arranged upstream of the first reduction catalyst 331 to carry

No
%

out a first oxidation of compounds comprising one or more of
nitrogen, carbon and hydrogen in said exhaust stream 303, as
described above. The configuratiocns may then be described
briefly as: DOC:—-CR1—-cDPF-3CR;, DOC1-CR:i—CDPF-8SCRy;-3C;, DOC.-CR.-
SC1—CcDPEF-5CR;, DOC1—-CR1—SC1-CcDFPF-83CR;—-3Cz, DOC.—-SC1—-cDPF-8CRz,

30 DOCi~ 8C1~CDPF-SCRz~S5C2, DOC1-8Ci~CRy~CcDPF~8CRz, DOC1~SC:~CRy~
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The configurations accerding to the invention described above
may, according to different embodiments of the present

invention, alsoc comprise a second oxidation catalyst 312

-

arranged downstream of the first reduction catalyst 331 and

;j‘
[6)]
pars
=
O
Q
2>
h
8k
3
o
o}
ﬂ
\
L
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+
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o
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J.v
ot
0]
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i
+
D
&
o
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ri]
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ct
O
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D
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b

cut a second oxidatiocon of compounds comprising one or more of
stream 303, as

nitrodgen, Ccarpon anac

described above. The

be briefly
described as: CR1-DOC;-DPF-SCRy, CR1-DOC,-DP
DOC:~-DPF-SCRy, CR:-8C1-DOC,~DPF-SCR;-8C2, S8C.-DOC:-DPF-3CRz, SCi-—

DOC,—DPF-SCR;—-S5Cz, SC1—-CR:-DOC-DFF-SCRy, SCi—CR1-DOC,-DPF-5CRy—

- R N T ey o~ e ar -
SCyrr and DOCi—-CR1-DOC,-DPF-3CR,, DOCi- —5CR,—-5Cz, DGCCi-
~ o e QO N TN TV - QT ol OV Ia
CR1-5C~-DOC,~DPF~SCRz, DOC1-CR1-SC1-DOC-DPF~-5CR,-5Cy, DOC1~-SCqi—

DOCy~-DPEF-3CRz, DOC1-5C:;-~-DOC;~-DPEF-3CR:~5Cz, DOC:;-5C1~CR;-DOC:-DREF-

Y AT TN Y fara rath TN N AN farath:
SCRz, DOCI—-5C:~-CR1-DOC,-DPF-5CR

The configurations according toe the invention described above

3

may, acccerding to different embodiments c¢f the present

invention, also comprise a tvet 313,
arranged downstream of a coated cDPF or non-coated particulate
filter DPF 320 and upstream of the second reduction catalyst

device 332 to carry out a second oxidation of compounds
comprising one or several of nitrogen, carbon and hydrogen in

sald exhaust stream 303, as described above. The

conficurations may then be described briefly as CR1-cDPF-DOCz-

SCRy, CRi-CDPF-! CDPF-DOC:-SCR,, CR:-SCi-

cDPF-D0C—-SCRy— SC1—-cDPF-DOC:-SCR:-5Cy,
SC1-CR1—cDPF-DOC—-3CRy, SC1—-CRi—cDPEF-DOC:-3CRy—-5Cy; and DOC—CRy—
CDFY-DOCs—-5CRy, DOCi—-CR1—-cDPF-DOC3-8CRy—~5Cy, DOCi—CR1-5Ci~-CcDPE-
DOCs—~8CRy, DOC1-CR1—-3C1-cDPF-DOC3—3SCE2-~-8C:, DOC-SC1—-cDRPF-D0OC>-
SCRz, DOC1—-8Ci—cDPF-DOC:-SCRy,-5C,, DOC1-5C:—CR1—-cDPF-DOCs—-SCRy,
DOC:i—SC1-CR1—cDPF-DOC:—-5CR,—-8Cy; and CRi-DOC,;—-DPF-DOC3—-SCRy, CRi-

DOC,~-DPF-DOC:—3CR,~-8C,, CR1-5C:~-DOC,-DPE-DOC3;-SCRy, CR:-SC1-DCCy—
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emitted by a cowbustion engine 301. This method is described

herein with the help of

the method steps

follow the flow ¢of the exhaust stream through the exhaust

treatment system 350.

In a first step 410 of the method, a reduction of nitrogen

oxides NOx in the exhaust stream 18 car

of compounds comprising one or several of carbon monoxide CO
and hydrocarbons HC present in the exhaust stream 303, in a
first reduction catalyst device 3321. The first reduction
catalyst device 331 may according to different embodiments

COmpri

e a firast catalytic reduction catalyst CRi, and/or a

[6)]

4

g ORI S R P R [~ SR R
first slip-catalyst SCy. The first slip-

arranged to oxidise and/or disintegrate CO/HC-compounds,

/

L

oy N T =] N R | | ~ ~ - 4= - ~ ;T W oy e 3
and/cr gilves an additional reduction of nitrogen oxides NOx in

the exhaust stream 303. It should be noted that the reductio

xides NOy with the first reduction catal

of nitroger

H
O
ct

ys

331 in

ot

his document may comprise partial oxidation, as long
az the total reaction constitutes a reduction of nitrcgen

- arr
oxides NOx.

In a s=scond step 420 of the method, the exhaust stream 1is
filtered, so that sool particles are caught up and oxidised
- N N RO iy PRI i J N T R R i,
a particulate filter 3Z0. According to various embodiments,

5
-

the particulate filter 320 may consiszst of a traditional non-

coated pa or a particulate filter cDPF,

wnich at

comprigses catalytically oxidiging
coabing, wherein such catalytically oxidising coating oxidis

the caught scot particles, and one or szeveral incompletely

[ )]

cxidised nitrogen and/or carbon compounds.,

In a third step 430 of the method, a supply of an additive t

n

device

the exhaust stream 303 is controllied with the use of a second

dosage device 372.
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In a fourth =step 440 of the method, a reduction of the

nitrogen oxides NOx in the exhaust stream 203 is carried out,

through the use of at additive in a second reduction

i < b AR, PR tt NI o g A e - S, R
catalyst device 332, which may comprise a second se

O

atalytic reduction catalyst SCR:, and in scme configurations a
second slip-catalyst SC», arranged downstream of the second
dosage device 371. The reduction in the second reduction
catalyst 332 is here impacted by the suppily of additive in the
third step 430. The zecond slip-catalyst SC; here oxidises a
surplus of additive, such as ammonia, and/or provides an

Iale
[ \)b

NOx in the

acdditicnal reduction of nit

stream 303, It should be noted that the reduction of nitrogen
yxwides NOx with the second reduction catalyst device 332 in

this document may comprisze

L oxidation, as long as the
X

otal reaction constitutes a recduction of nitrogen o

It may be ed that a first temperature T1l, which the first
31y

(o8

reduction catalyst device 331 is expcsed to, and a second

second reduction catalyst device 332

cemperature TZ,

1s exposed to, is very silonificant to the function of the

control these temperatures T1, T2, since they to a great

i

tent depend on how the dri

")

or drives the vehicle, that is to
say that the first Tl and second T2 tempsratures depsend on the

current cpreration of the vehicle, and

>lerator pedal in the wvehicle,

for exhaust Ltreatment, and

derably more eif

94
E_J.
@]

Ry 3 - NG,
vatem . itself, become cons Y

]C_
traditional szystem {as displayed in Figure 2) by way of the

first temperaturs T1 for the first reducticn catalyst device

331 reaching, at for example starting processes, higher values

ot
@]
w
o
o)
ot
i
M
o
o
D
-
@
h
o
e
'y
@
\
o)
o
e
o
o
N
o
=
Q
ni)

st temperature T1 faster, and

higher efficiency at the reducticon of nitrogen oxides WOy,
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through the

cordingly,

is obtained,
cutput from low exhaust temperatures, resulting in a smaller

o 1 : . : b 4 i g oy 1
ae L C‘f‘r.bmmu\,leﬂ in such dri V"l’lk» modes. In other

r
it
<
b
2
:
-
3
o
O
[6)]
([I
-
2
1

words, the present invention utilises the first T1 and =zecond

i

eratures, which are difficult to control, to its

advantage, so that they contribute to increasing the overall

~

RN P N S S R
efficiency of the exhaust purifical

¢t
)
e}
]
w
<
453
¢t
o
=

10 The above mentioned advantaces for the
syatem 350 are also obtained for the method according to the

present invention.

P\L,\,O}“’\J“g Lo one embodime of the rresent invent LLon, an

emission 401 of compounds comprising one or several of carbon

i5 monoxide CO and hydrccarbons into the exhaust stream 303,
is controlled from the combustion engine 301. For this
embodiment, the reduction 410 of nitrogen oxides NC: in the
exhaust stream 303 with the use of the first reduction

; L Jpp— .20 oy . " et ey
catalyst device 331, uses these compounds comprising one or

20 several ¢f carbon monoxide CO and hydrocarbons HC released

into the exhaust stream 303, According to this embodiment of
the present invention, e or several control signals are

LR P - ] o - N [ | £ Yo e~y o e
provided, which may be used at the control of the combustion

engine 301, in order for a desired amount of compounds

25 comprising one or more of carbon moncxide CO and hydrocarbons

to the exhaust stream 303 from the

HC te be r
combustion engine 301. Thuszs, no doszage device 1s reguired
upstream of the first reduction catalyst device to achieve a

reduction in the first reductiocn catalyst device.

30 According to one embodiment of the present invention, one or

several control si are also provided, which may be used
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. ~ P 3
TO Ccontrodl

the co

heat for heating

created Lo such a
device 331 reache
its function.

According to one

402 of compounds
and hydreocarbons
with the use of a
of the combustion
reduction catalys
reduction of nitr

o v1ied
ciese Supp 20

B

EEpE T B

reducti

supplied compounds

hydrocarbons HC.

treatment system

iy

Oy o ~ v Y Y O
Vilte oYX nmore

contr

N NN P - .
supply of carbon

According to one

control sigr

more

n Mig
misg

control bhott

(?
M
=3

first dosage devi
comprising one or

the exhau

HC into
combustion engine
one or

comprising

HC to exhaust

first dosage devic

fP

ngine 301 and ups
1

33

compounds in the first

1als are
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N
Co

uch A manner that

mbuzstion

)]

engine 301 in

the first

reducticn catalyst device

|~<

o Firar
> IIr3T

that t reduction catalyst

n extent,

g a predetermined temperature suitable fox
embodiment of the present invention, & supply

exhaust stream 303 is controlled

first dosage device 371, arranged downstream

engine 301 upstream of the first

and

t device 331. embodiment the

ogen oxides NO, in

on catalyst 331 uses one or more of The

comprising car bon monoxide CO and/ox

this embodiment, the exhaust

350 thus comprises a first device 371.

ol signals, control the

which may bes usad to

monoxide and/or hydrocarbon with

compounds

are p ided here.

device 371,

embodiment of the present inventiocon, one or

prrovided, which

sions from the engine 301 and

ce 371, Thus, an emission 401 of compounds

PR P RN RN 3o el
carpon moncxide CO

more of

st gtream 303 is controlled from the

301, Alsc, a supply 402 of compounds

more of monoxide CO

~= .
caroon

stream 303 is controlisd with

arranged downstream of the combustion

of the first reduction catalyst device
exhaust

oxides NOx in the
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stream 303 with the first reduct catalyst device 331 occurs

with the use of one or more of thesze supplied compounds and

emitted compounds. The supplied compounds and the

emitted compounds here compris as described above, one or
5 more of carbon monoxide CO and hyvdrocarbons HC,
According to the embodiments of
402 1is provided by one or more
be used to control the combustion
engine 301 in order to obtain a desired emitted amount of
10 compounds comprising carbon monoxide CO and/or hydrocarbons HC
in the exhaust stream, or to obtain heat for heating of the
first reduc rice. Theze one or more control
signals may by the contrcl device 360 and
provided to as 1llustrated in Figures 3a-bL.
i5 imilarly, the contrcl device 360 may create the above
mentioned
supply of
hydrocarbonsg HC to the exhaust stream, and Lo provide them to
the dosage contreol device 374, as i1ilustrated in Figure 3b.
20 hs mentioned above, according to one embodiment of the present

invention, the first slip-catalyst SCimay be a multifunctioconal
silip-catalyst, which pboth reduces nitrogen oxides NOx, and
cxldises residues of CO/HC-compounds, for example by way of

reducing nitrogen oxides NOx, and secondarily

25 oxidising residues of CO/HC-compounds. To obtain these

N

ics, the fist slip-catalyst S$SCi1 accerding to the

@]
)
)]
I~
W
@]
ot
®
[
l ]
9]
ot
I,J

embodiment may comprise one or more comprised in

etal group and/or silver Ag.

Such a multifunctional first slip-catalyst SCi, comprised in
30 the first reduction catalyst device 331, may, according to one

embhodiment of the invention, constitute the first reduction
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ot
Cat

1 1

O

7t device 321 on its own, meaning that the first

L/'

reduction catalyst device 331 consists onliy of the

multifunctional siip-catalilyst SCi.

Such a muitifunctional first slip-catalyst SC: comprised in the
first reduction catalyst device 331, may, according toe ancther

embodiment of the invention, constitute reduction

catalyst device 331 in combination with reduction
catalyst CR., meaning that the first reduction catalyst device
331 consists of the first reduction catalyst CR:, and the

multifunctional first siip-cat

As menticoned above, according to one embodiment of the present
invention, the second slip-catalyst SC; may ke a

multifunctional slip-catalvst, which both reduces nitrogen

ﬂJ
wn
@]
h

o}
b
E_J.
o}
D

NOy, and oxidizes residus ive, for example by

way of primarily reducing nitrogen oxides NOyx, and secondarily

oxidising residuss of additive,

In order to obtain these characteristics, the second slip-

o e eop o e o] P P T ~ s e A Id Ty e A e an RUR PR, B S N
several substances comprilsed in platinum metals, and/or one or
several other substances that provide the slip-catalyst with

similar characteristics as the platinum metal group.

For the second slip-catalyst SC; in the second reduction
catalyat device 332, often substantially only oxidation of
residues of additive having passed through the second

- At ot QO 4 + ) 3 v T e 1 asre ] o~
reduction catalyst 3CRy is cobtained, since only low levels of

nitrogen oxides NOy are ava in the exhaust stream 303 at

The multifunctional second slip-catalvst SC; 600, according to

Q

one ewbodiment, compriszes at least two active lavers/strat

arranged on at least one stabilising layer/stratum ©01, which
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SCyr. A mult

in a number

catalyst S5Cz. Accordingly, a numb

vy o
one ¢

reduction ¢f nit

multifunctional

2

The first laver

second s

(63}

lip-cata
in the platinum

which provide

jah)
o}
o}
O
[6)]

cxidation of
reducing
vanadium. Zeolit
as for example C
direc

18 nere 1n

sugh

According to one

reduction

LT T + e
siip-catalyst S5C
thus be used for

monozide CO, whic

into

exhaus

from the combust
extra injections

ot
D

the particula

ifunctional second sli

PN
Ee N ¥ N T aya
hieved by the

the plati
amm

coating,

the
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-1

fat

|_|
lui
[47]
=
9]
Ci
Zl
o3
@
3
Q
t
D
Q.

in Figure &,

ed in Figure 6 cnly 1s an example

of a multifunctional second slip-catalyst

ip-catalyst SC; may be adapted

C Y ~
cl othe

multifunctional second slip-

tifunctional second slip-
of additive

rogen oxides NOx, may be used for the

second slip-catalyst SC».

602 of

compe ised

FE= [T LN ol -
lyst 8SC; cne or

metals, or several other substances,

tip-catalyst with gimilar characteristics

etal

Group, tha

P T ro K
onla. The second laver &

for ample comprising Cu- or

e 1s here activated with

opper (Cu}
t contact wi

exhaust

cataly

1, and/ocr the first reduction catalyst CRq,

g o] em e S pEN N T 5 7 o~ o ™ ~1 /7
oxidation of hydrocarbons HC and/or

h ooccur naturalily or

the exhaust stream. For example,

T stream 303

ion in the combustion

R i
oL fTuel

regeneration

filter DPF/CDPF.
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The oxidation of hvdrocarbons HC in the first reduction

catalyst device 331 may also comprise at least one exothermic
reactiocon, that is to say a reaction which generates heat, sc
that a temperature Iincrease ensues for the first reduction

b " R 20 . i/ I . L}
catalyst device 331, and/or for components followir

downstream, such as the particulate f£il DPF/cDPF 320 and/or

ot
®
]

a silencer, 1n the exhaust treatment system 350. Such

0

~

temperature increase may be used at soolt oxidation in the

-

particulate filter DPF/cDPF 320, and/or to clean the silencer

of by-products, such asg for example urea. Through this at

least one excothermic reaction, oxidation of hydrocarbons HC is

also facilitated in reduction catalyst device 331.

.7 4 5 — < N sy e AR - T e ey T v o e 1 P
Additionally, the CR-laver in the first slilp-catalyst SC may

i
"t
(T
; 2
CU
rf'
il'
ot
10}
@]
>
b
([I
=
1
o
=3
=
[0
B}
<
=t
@]
=
10}
A
53]
=3

T
2
0}
)]
jon
e
put
=
<

-
3

s
=
-

9]
e
=
[
)]
v
¢ <

that a heat generating exothermic reaction may be needed, 1in
order to sacure tLhe function of SC

through a regeneration. Simila
exothermic reaction may be used in order to secure the

function of a first reduction catalyst CR: through a

regeneration. As mentionsd above, the regeneration reduces the

amount of sulphur in the catalyst/component which is

The characteristics listed above and the advantages specified

for a first multifunctional slip-catalyst SC in the first
reduction catalyst device 3G may ke made to function very
well for an exhaust treatment system 350 as described zbove,

that is to say with a first reduction st device 331,

followed downstream by a particulate

according to one embodiment mavy

Q

catalytic coating, foilowed down

TO

tream Ry a second reduction

catalvst device 33Z.
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According to one empodiment

T

reduct

33

invention, the

reduction catalyst
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i Nes)

icn is controllied with the first

1, 3¢ that it occurs within a

reduction temperature interval Treq, which at least partly
differs from an oxidation temperature interval Tox, within

significant
occurs, Treqd #
NOy in the first reduction

the

WIT

significantliy

in the

nent
is

catalyst device 331

characteri

®

cat

reduction

duction catalyvst de

characteristics, such as cat

331 and/or the second

These possibilities

device, and/or the second re

ot
M
N,
53
"
9]
ot

efficien

f‘/ﬂ_m_dﬂ AT

ey

second 33Z reducticon
catalivtic characteristi

332

more

second reduction catalys

and/or the second

interval, within

anda

Tox, SC that

cat

optim

of optimi

ove mentioned characteri

catalyst

reducticn catalvyst

ammonic dy respeCilv

Ea )

in the particulate filter

duction of nitrogen oxides

the re

device doecs

w
~3
:
-
=
:
A
\
‘
-
=
G,
]
b
:
[0}

alyst

dioxide based soot

of the method, the

ised based

T T - Nl 3 4 - 4= Ty o
alyst device, Additionally, the

R, TR vy} s L . R
vice 332 may be optimised based on

it
O
w
~
“~
]
-
b}
¢t
o
>

ailytic characteristi

322 reduction catalyst device.

PN :
SR ST

sing t fi reduction catalyst

duction catalyst device, result in

which betterx

ot

2xhaust treatment

related to one or

aN
Tha

/or the

T device, a catalyst type for the

N

332 reduction catalyst device, a

the

which

T device is active, and a coverage
tively, for the first 331 and/or
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According to one embodiment ¢of the present invention, fthe
first reduction catalyst device 331, and the zecond reduction
catalyst device 3322, respectively, are optimised based on

operating conditions for the first 331 and the second 232

o

conditions may be related to a temperature, that is to =zay a
static temperature, for the first 331 and the second 332
reduction catalyst device, respectively, and/or to a

teny

73

rerature trend, that is to say to a change of the
temperature, for the first 231 and the second 332 reducticn

catalyst device,

According to one embodiment of the method according to the

present invention, an active contrcl is carried out of the

(

reduction img ented by the first reductiocon catalyst device
331, based on a relationship between the amount of nitrogen
dioxide NOz 2 and the amount of nitrogen oxides NO, 2 that reach

the zecond recuction catalyst device 332. In other words, the

ratio NOz iz controlled, so that it has a suitab

for the reduction in the second reduction catalyst device 332,
throuch which a more efficient reduction may be cobtained. In
further detail, herein the first reduction catalyst device 331
thus carries out a first reduction of a first amount of
nitrogen oxides NOx 1, which reaches the first reducticn
catalyst device 331. At the second reduction catalyst device
322, a second reduction of a second amount of nitrogen oxides
{0y » iz carried out, reaching the second reduction catalyst

device 33Z, wherein an adaptation is carried out of the ratic

NO2 2/NOx 2, between the amount of nitrogen dioxide N0y » and the
second amount of nitrogen oxides NOx 2, reaching the second
reduction catalyst device 33Z. This adaptation is carried out

herein with the use of an active contrcel of the first

reduction, based on a determined value (NOz /N0y 2}der for the
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[P 1. LA VA S . hE 2 Ty oy A [P R PR AT
catio NOy 2/NOy 2, the intention being that the ratio NOz 2/NOy 2

hould have a value making the second reduction more

93]
Q

The value {(NCz »/NOx s)aee for the ratio NO: 2/NOx » may

0

eff

k")

- o L -y Feg ~ - P I I R ey b oy Y S e
herein consist of a measured value, a modelled value and/or a

N

predicted value. A predicted value may here be determined

i)

based on a t a rcad section ahead of the

D“

(/)

vehicle., Thi may be based, for example, on

cositioning information, such as GPS-informatiocn, and map

data.

According to one embodiment of the method according to the
present invention, a first oxidatiocn of compounds comprising
one or more of nitrogen, carbon and hydrogen is carried out in
the exhaust stream 303. This first oxidaticn ig then carried
cut by a first oxidation cataliyst 311, arranged upstream of
RS
D

the first reduction catalyst 3.

.

According to one empodiment of the method according to the
present invention, a sscond oxidation of compounds cowmprisin
one or more of nitrogen, carbon and hydrogen is carried out in
the exhaust stream 303. This second oxidation 1s then carried

b= < 7 - o Y e e e = o SRS oy +
cut by a second coxidation catalyst 312, arranged downstream of

“
4

the first reduction catalyst 332 and upstream of the
particulate filter 320, which mayv in this case be a non-coated

particulate filter DPF.

According to one embodiment of the method accor

F\
-~
O
-
-
-
-
@]
~
g
=

present invention, a third oxzidatiocn of compounds comprising
cne or more of nitrogen, carbon and hydrogen is carried out in

stream 303, This third oxidaticon is then carried

out by a third oxidation catal 313, arrvanged downstream of

AN

the particulate filter 320 and upstream of fthe second

i

reduction catalyst device.

Y
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According to one embodiment ¢of the present invention, fthe

particulate filter 320 comprises at least partly =2

catalytically oxidising coating, arranged to oxidise one or

more of nitrogen monoxide NO and incompletely oxidised carbon

compound is 1in the exhaust stream.

According Lo one embodiment of the present invention, the

reduction 4310 is controliled with the first reduction catalyst
device 3231 in such a manner, that a siip HC/CUs1ip of compounds
containing carbon monoxide CO and/or hydrocarbons HC from the

reduction catalyst device 331 is lower than or egua

Sji i',_O»-thl_"w_‘hold HC //COslj,p”thfesho],d; HC’ ,//C'C’Slj,p < HC //(“:_/‘) p threshold » Tklj, s

slip threshold value HC/COs1is thresnola may for example have a
value c¢f 500 ppm, 100 pem, 50 ppm, or 10 ppm of the compounds

comprising carbon monoxide CO and/or hydrocarbons HC., The slip

4 A - -y N e o 3 o~ N g - N
HC/COs1ip ©of compounds may here equal of ither of

PR P N I Y R B L P e 3 o A

carbon moncexide CO and hyvdrocarbonzs HC emitted from the

reduction catalyst device 331, or the total amount of carbon

monoxide CO and hydrocarbons HC.

~

To ke akle to control the reduction 410 with the first

N B P e e P N e P T4 e P
reduction cataly device 331, so¢ that the slip HC/COgi:p oFf
carbon monoxide CO and/or hydrocarbons HC is limited, entaills

advantages for components arranged downstream of the first
reduction catalyst device 331 in the ezhaust treatment system.
If, for example, a wparticulate filter DPF 320 and 2 second
reduction catalyst device 33Z are arranged downstream of the
first reduction catalyvst device 331, there iz a risk that the

slip HC/COs1ip may pass straight through the particulate filter

320 and reach the second reductiocon catalyst device 332. The

T I - oY oy I el v A A o~ T 4 cx b e Ny W <
functicon of t second reduction catalyst device 332 may then

be negatively impacted by this slip HC/COs

efficient reduction of nitrogen oxides NOx in the second

reduction catalyst device 3322 may be provided by this
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embodiment

of

limited.

If, for

partly ccomprising

to oxidise one or more of
incompletely oxidised
is arranged downstream of the £

331, there is a risk that the sl
cxidation in the filter cbP¥F, be

oxidising the slip

R e T N T TN e T - o -
nitrooen meonoxide NC:. Thus, an

provided by this

the slip HC/CO.

hccording to one embodiment of t
reduction 410 is controlled with
device 3231 in such a manner, tha
from the first reduction catalyst

thresho

L1e-

equal to an ammonia s

NH375lipithreshold . ammonia Sllf)

may here for example have a valu

e - p o . I 5 Y 3 e
LU ppm, > ppm cr U ammenia N

rem
the first reducti

of ammonia NH3

reduction ¢f nitrogen cxides NOx

rocarbons HC. limit

By

the first iuction

’f,.‘\
LT

device instead

catalyst
ab least pariliy comprising a
arranged to oxidilise one

incompletely oxidise

carbon Ccon npoun ds in

;ip lS

threshold

cat:

compounds in
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at least

1
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=
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o]
e
Cat
N
~
[$)]

coating arranged

o

oxidising

1 T

N N a L I a = 7
moncxide VU

and

the exhaust streamnm,

reduction catalyst device
ilimit the soot

:L'ii:: //COsila I“a.:[

cause the filtexr
HC/COsip instead of
in the

iimited.

he present

invention, the
the first
T a siip NHz ¢1:p of

t device 331 is lower than

p_thresholdy

valiue NHs

w
bos
el

e of 100 ppm, 50 ppm, 20
Hz., Under certain

PN
O

as a bi-

with carbon

ing

slip
N SR - ] Pan T - SR
catalyst device 331, a more

u
a particulate filter

iytically oxidising coating

nitrogen monoxide

The

Loi

exhaust stream,
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is arranged downstream of the

331, there is a ammonia

converted into one or unwanted

more

lavching gas, and/or that 1t may lead to

recreation of nitroegen moncexide NOx in

control of

the reduction 410, which

partly with the obiective cof

HC/COs11p, NHz «11p of various types,

may

emission 401 of

n
-~

compounds

~omprising

hydrocarbons HC into the exhaust stream

of the

arranced upsitream

device 331. The control of

I i 1. . ) . LI 7~ . i/
supply of carbon monexide CO and/or

rirst

dogage device 371 1is

reduction
siip

Compo

1s done at

comprise a

carbon

the combustion

hydroca

controllied

PCT/SE2016/050796

NHa2 .

}
i

2 ul’l()o r

an unwanted

the filtexr ¢DPE.

limiting the above mentioned slip

03 from the

and/or hvdrocarbons HC
- o
use of a first dosage

first reduction catalvst
Y

engine 3

o

siip HC/COs1ip, NHz g1ip emitted n catalvyst
device is lower than the respective threshold value

HC h" ip_thresholdy \]H" slip_thresholids

A person skilled in the art will realise that a method for
Treatment of an exhaust stream accerding te the present

invention may alszo ke implemented in a

when

executed computer will

computer usually

program

computer program product 503,

product comprizges a

/ persistent / durable storage dium on

stored. Zfaid non-

volatile/permanent/persistent/durabl

cause the co

NorL -y
DOV

computer
ROM

EPROM (Erasab

computer program, which

forms a part of a

veiatile / permanent

the computer

readable medium

{Rezd-~-0Only Memorv),

A

frt

e PROM),
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Fiash, EE

device,

e.g. a c
Processo
functicn
calculat
installe

device 5

in the m

Further,

,,,,, 0

Lol

out

S@n(ilﬁ(“

several

it e
put Si

ntially a suitablie

lrcult for dicgital
r, DSP), or a

{Application Spec
lon unit 501 is

d in the contro

0L with e.g.

the calculation

up Lo store

emory unit 502.

the control device

shapes,
as information by
of input sicnals,
De processed by
512, 514 for

calcul

output

of a cable; a data

shows a
calculation unit
type of processor or

slonal

con:
ol device 500, providing

the sto:

calculiations.

interim

pulses,
the
and
the
provided to
sending
ation result

transfer Lo

bus,

PCT/SE2016/050796

@3
i
@3]

o

hard

nected to a memory unit 502,

red prograr

device 501 needs in order to be

The calculation unit 5

N

or final results of

500 is eoulpped with devices °

(92

H

,...\
™~

and sending of input and output

input and

or other attrikbutes, which may be

may be converted into signals
calculation unit 501. These

the calculation

output

(@3]
O
}...

from

other

parts of the

the component(s) for which

STale / T .
such as a CAN (Controllerx
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Network) bus, a MOST (Media Oriented Svystems Transport) bus,

or any other or of a wireless connection.

realizse that the above

p
&
8}
I__J
@]
o
QL)
o+
i,.‘l .
O
]
o
]
}_l
o+
o
<
i._.\
e

consist of the memory

unit 50Z.

~F

enerally, control systems in modern wvehicles consist of a

communications bus system, consisting of one or several

¢t

communications buses toe connect a number of electronic control

_— £TTANT N - o o 5 . — L . .
devices (ECUs}, or controlilers, and different components

}_l
O
o
[83)
}_l
i.)
)]
@
.
Q
3
ot
jny
6]
<
o)
)
i_l
@]
I__J
6]
w0
C

\5)
Q
3
ot
-
O
l 5
€]
~<3
()]
(

d

ystem may comprise a
large number of control devices, and the responsibility for a

specific function may be distributed among more than one

i

-

control device. Vehicl

{ D
4]
0]
¢t

)

the type shown thus often comprise
ignificantly more control devices than what is shown in
Figure 5, which 1s well known to a person skilled in the art

within the technology area.

As a person sgkilled in the art will realise, the control

device 500 in Figure 5 may comprise one or more of the control

devices 11

S5 and 160 in Figure 1, the control device 2
o

Figure 2, the control device 260 in Figures 3a-b and the

control device 274 in Figures 3a-bD.

+

The present invention, in e emnbodiment displaved, is
implemented in the control device 300. The invention may,

however, alsc be implemented wholly

everal c¢ther control devices, alrea

vehicle, or in a control device de

invention.

In this document, devices, such as ccontrcel devices, are often
described as being arrvanged To carry oubt steps in the method

=

according to the invention. This also comprises that the
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o
et

devices arve adapted and/or set up to carry out these method
steps. For example, these units may correspond to different

groups of instructions, wise in the form of program

code, which ig fed into, and used by a processor, when the

exhaust treatment system may be modified according to the

different embodiments of the method according to the

invention. In addition, the invention relates to the motor
vehicle 180, for example a car, a truck or a bus, or another

unit comprising at least one exhausht treatment system

vessel ©

)]
[
j$)}

{

according to the invention, such as for example

voltage/current—-generator.,

Fh

The present invention is not limited to the embodiments of the

o3
'._.J
,_1

invention described above, but relates to and comprises
embodiments within the szscope of the enclosed independent

claims.
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Amended claims

1. Exhaust fTreatment system (3350) arranged for the
treatment of an exhaust stream (303} resulting from a

combustion in a combustion engine (301), characterisaed in that
- a first reduction catalyst device {331}, arranged for
reduction of nitrogen oxides NOy in said exhaust stream (303)
through the use of compounds ceomprising one or more of carbon

monoxide CC and hydroccarbons HC, which are comprised in said

exhaust stream {303} when said exhaust stream (303) reaches

said first reduction catalyst device (331});
a particulate filter (320}, arranged downstream of said
first reduction catalyst device (3231) to catch and oxidise

soct particies in s=aid exhaust stream {(203):
- a second dosage device {372}, arranged downstream of =zaid
particulate filter (320} and arrvanged to supply an additive,

be extracted and/or released intce sald exhaust stream (303)

~y

and

- a second reduction cats
downstream of said second dosage device (372

reduction c¢f nitrogen cxides NOx in said exhaust stream {303}

through the use ¢f said additive.,
2. Exhaust treatment system (330} according to claim 1,

(s
O
O

=
o
@)

- sald internal combustion engine (301) 1is arranged

compounds comprising one or more of carbon monoxide CO and

hyvdrocarbons HC into said exhaust stream (303); and
said first reduction catalyszst device (331) is arranged for

reduction of nitrogen oxides NO, in said exhaust stream (303},

through the use of a3t least said emitted compounds comprisin




o
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po-d
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_,
03]
o

one or more of carbon monoxide CO and hydrocarbons HC in

=3

axhaust stream {(303).

3. Exhaust tTreatment system (3350) according to any of
claims 1-2, wherein:
- a first do=zage device (3271) 1s arranged downstream of said
compoustion engins (201) and upstream of said first reductic
catalyst device (331), and is arranged to supply compounds

hvdrocarbo

!
¥
L

~

comprising one or more of carbon monexide CO an

o

HC to said exhaust stream (303);: and

[

- said first reduction catalyst device (331) is arranged for

reduction of nitrogen oxides NOx 1in said

through the use of at least said supplied compounds CoOmprisil

f]
T
@)
[ .
0]
[67]
[$)]

one or more of carbon monoxide CO and hydrocarborns

axhaust stream {(303).

e . ~ 7o A fograt oy e e o] . LN e N
4. tment system (330} according to any of

-

claims 1-3, wherein:

- sald internal combusticon engine (301

I,J
[97)
03
[
=
j$)}
]
( e
O
Q.
@)
O
®
=
’_.l
-

compounds comprising one or more of carbon monoxide CO and

AR

hydrocarbons HC into said exhaust stream {3032)

a first dozage device (371) 1s arranged downstream of =aid

-

comibustion engine (3201) and upstream of sald first reductio:
catalyst device (331), and is arranged to supply compounds
comprising one or more of carbon monoxide CO and hydrocarbo
HC to saild exhaust stream (303); and

. ;o

n

stream (203},

said first reduction catalyst device (331) is arranged for

reduction cof nitrogen coxides NOx in said exhaust stream {303},

through 2 use of one or more of said supplied compounds an

sald emitted compounds, wherein salid supplied compounds and
sald emitted compounds comprise one or more of carbon monoxide

)

CO and hydrocarboens HC.
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Exhaust treatment system (350) according to any of

n
.

claims 1-4, comprising:
- a control device {360}, arranged to provide one or several
control signals, which may be used to control said combustion

N \

engine (301} in such a manner that a desired amount of said

hydrocarbons HC 1s emitted from said internal combustion

6. Exhaust treatment system (350} according to any o

N
w
|3
H

RN 1 [ 5 . T =k 5 AT Tovr ot T o7 v o
claims 1-5H, wherein said first reduction catalyst device

comprises ¢ne from among the group of:

- a first catalvitic reduction catalyst {(CRq1);

+

a first catalytic reduction catalyazst {(CR;) followed

O

i

[
el

downstream bty a first sliip-catalyst (3SC.}, wherein said first

slip-catalyst (3C:} is arrangsad to oxidise and/or disintegrate

sald compounds, to assist said iyvtic
T ke Tak] 4+ - T e N T T N RN 5 NS
catalyst (CRy) with a further reduction of nitrogen oxides NOy

in said exhaust stream {303), and/or to create an exothermic

reacticon;

slip-catalyst (5C:) followed downstream by a fLirst

catalytic reduction catalyst (CR1), wherein said first slip-

catalyst (SC1) is arranged to oxidisgse and/or disintegrate said
compounds, to assist said first catalytic reduction catalyst
(CR1} with a further reduction of nitrogen oxides NO. in said
exhaust stream (303}, and/or to create an excothermic reaction;
and

- a first slip-catalyst (5C:}, arranged to oxidise and/or
disintegrate said compounds, to providse a reduction of
nitrogen oxides NOx in sald exhaust stream (303), and/or to

o~
Cr

0]

ate an exothermic reaction.
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7. Exhaust treatment system (350) accordir
claims 1-9, wherein sald seceond reduction catal

(332) comprisges one from among the group of:
- a second selective catalvtic reduction cataly

catal

yvtic reduction

o 7 b 3 - ¢ A o N - ¢ - M L —_~ T '
followed downstream by a second glip-catalyst (
- . ekl 3 e E s

sald second slilp-catalyst (5Cz) is arranged Lo

residue of additive, and/or to assist saild

with an ad

~

¢ reduction cate

Qs

11lyst (3CRz)

nitrogen cxides NOx in said exhaus

U)

treatment system (330} acc

wherein sald exiniaust

claims 1-7,

comprises a zsystem {370} for supply of one

(ﬂ

COMPOouUnds comprising one or more of carbon mono

TN

hydrocarbons HC and said additive,

comprises at least one pump (373), =l Lo
S 3T vl e o ey A QY I N 7. P
first (371) and second {372} dosage devices wit

ordi
treatment syst

QOr m

wherein said

PCT/SE2016/050796

3 ~ N
yst device

and

SCz, wherein

ditional

T stream (303).

ng to any

S
St

ore of saic

~
(U ’

vxide

9. Exhaust

treatment system (350)

wherein (370) for suppely of

sald system

compounds comprising one or more

hydrocarbons HC and said additive comprises a

device (374}, arranged to control said at

Exha

ust Treatment

,\1..3"“" X 1'1

- Ay e e e ~
gaid system (270) for supply of cne or

compounds comprising one or more

hydrocarbons HC and said additive comprises

device (374} comprising:

ing to claim

Of Ccargoon monoxide

a dosage contro!

.

(&
-
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control
Cros

First pump

ieast one pump (373)

ounds comprisi

hydrocarbons HC is

at

said additive is suppli

of said =zecond
11,

1-18, wherein said firs

arranged for

reduct

Jati

Ticulate

oxidised

comprising:

oxidation

C

reduction catalvyst

decomposition of compou

carpon and hydrogen 1in
create an excothermic re

Exhaust

1-12,

whereiln Saldc

comprises a catalyvticall

Titar Ty 1 o e A ooy Ay oy v e
Exhaust tLreatment

Treatment

treatment sy

PCT/SE2016/050796

, \ ot
control said

ct
o
9]

(378), arrvanged f

. wherein a first administraticn of

one or more of carbon monoxide COC

ng

sm with

xhaust stresa

Q

(371); anc
to
acministration

ed to said exhaust stream with the

system according to any

t reduction catalyst

ion of said

nitrogen <

interval Tresq, which at least partly
on temperature interval T.x, within

filter (328) is arranged for oxidation

d carbon

to any of claims

system according
of =aid
a first oxi and/or

oG O
LIS UL

nds comprising more

said exhaust stream {3032}, and/cor to

action.

stem

filter (320) at least

]
Y
iS5
=
ot
|___|

iculate

vy oxidising coating, arranged to

nitrogen oxide NO and incompletely

cxidised carbon compounds.

14. Exhaust treatment system according to any of claims

Hh
}_l
i. ¥
¢t
D
I
(@]
N
j$)}
ot
;...l
O
o))
6]
+
o]
&3]
[
(s
P..J
3

contrel said
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comprises

( n
jah)
9]
o))
¢t
o))
i
he?
)
¢t
1
9]
o))
s
he?
S
O
b
i
@]
it
i
i
]
G
9!
@]
8k
ot
i
]
G
-
)]
H
=
Q
]
WO
()
o,
—h
9
-
)

reduction ¢of nitrogen cxides NOx.

RSN Exhaust treatment system according to any of claims

1-14, also comprising a second oxidation catalyst (312),

arranged of said first reduction catalyst device

(331) and upstream of sald

320, in order

@]
9]
Qr
-
3
i
bt
@]
=
o
t
-
g
1977
>

econd oxidation and/or decomposition of
cCompounds comprising one or more of nitrogen, carbon and
hydrogen in said exhaust stream (303), and/or to create an

exothermic reaction.

(o)}

16, Exhaust treatment system according to any ¢of claims
1-15, also comprising a third oxidation catalyst (313},
arranged downstream of said particulate filter {(320) and

upstream of saild second reduction catalyst device

crder to carry out a third oxidation and/or deccomposgition of
compounds comprising one or more of nitrogen, carbon and
hydrogen in said exhaust stream (303), and/or to create an

exothermic reaction.

17. Exhaust tTreatment system (3350) according to any of
claims 1-16, also comprising:
- a control device {360}, arranged Lo provide one or severa

control signals, e used to control =said reduction

(410) wi

first reduction catalyst device {331}, in such
- - . . = oy - o 1S Iy 7 | el ~ oy oy o e o T - T e
a manner that a siip HC/COs1ie of sald compounds emitted from

sald reductior o P R (SN (37271Y 3 e T Arrer e ~ 7 p——_— 4
saild reduction catalyst device (331} iz lower than or egual to

R A B T N -
a slip threshold value HC/COsiip rhresnold; HC/COsiip &

HC/ /C Jii _thresholds

lg. Exhaust treatment system (350} according to claim 17

-7 . '41 S 3 a '41 - \ 4.__'4, A N
wherein sald contrel of saild reduction {410} comprises a

O
g
-
A—y
e
-
0]
e
A—y
[
=
=
o
=
D
@)
-
oe

control
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an emizsion (401) of compounds comprising one or more of
caricon meoncexide CO and hydrocarbons HC intce said exhaust
stream (303} from said combustion engine {(301}); and

- a supply {402} of compounds comprising one or more of carbon

{203), with the use cof a first dosage device (371} arranged

downstream of sald combustion engine {301} and upstream of

sald first reduction cats

19. Exhaust treatment system (350} according to any of
claims 17-18, said slip threshold value HC/COsiip thresncld
has a wvalue in the group of:
-~ 500 ppm of said compounds;
100 pem of sald compounds;
- 50 ppm of sald compounds; and
- 10 ppm of said compounds.
20. Exhaust treatment system (330) according to any of

ciaims 1-19, alsc comprising:

- a control device {360}, arranged to provide one or several

control signs which may be used to control sald reduction

a manner that a siip NH: s1:p of ammonia emitted from said

reduction catalyst device (331) 1is

ammonia sliip threshold value NHs &

JL 4
NI 13 _slivo_thresholds

21, Exhaust treatment system (320} according to claim 20,
wherein said contreol of said reduction (410} comprises a

L
h
20

control of one or more
an emission (401) of ceompounds comprising one or more of
carbon monoxide CO and hydrocarbons HC into said exhaust

stream {303} from said combustion engine (301).



n

A

)

LU

-
(@]

N
&

WO 2017/034465 PCT/SE2016/050796

a supply {402} of compounds comprising one or more of carb
monoxide CO and hydrocarbons HC into said exhaust stream
(303), with the use of a first dosage device (371} arranged

N E T T s ~ oy S " H e - 3 P SV
downstream of said combustion engine (301} and upstream of

98]
93]
[
@]
[
.
o
B
o
(o3
o
2
¢t
)
e}
]
-
A4
Q)
ot
&
ot
-
4]
¢t
[@N
([l
]
~4
J
9]
([l
P
(O8]
Cat
—
.

227 . Exhaust treatment system (350) according to any of
ciaims 2Z20-21, wherein sald ammonia slip threshold value
NHz2 s1ip threshold Nas a valiue in the group of:

- 100 ppm ammonia

50 cpm ammonia
- 20 ppm ammonia NHs;

- 10 ppm ammonia NHa;

&)
T
e

=3

=

ammonia NHz; and

I ppm ammonia NHs.

[

of an exhaust stream (303)
rezulting from a combusztion in a combusztion engine (301},
characterised in

- a reduction {410} of nitrogen oxides NUOx in said exhaust

stream through the use 0f a reduction catalyst device
{331), wherein saild reduction (410) is carried out with the

use of compounds comprising one or more of carbon monoxide CO

7

and hydrocarbons HC, which are comprised in sgaid exhaust

stream {303} when said exhaust stream (303) reaches said first

reduction catalyst device (331); and

catching and oxidiszing (420} of soot particles in said
exhaust stream (303} with the use ¢of a particulate filterxr
(320), which is arranged downstream of said first reduction

-~

o wr e 3 WO el . 3
catalyst device (331); and

b a

a control (430) of supply of an additive compriszsing ammonia

released into said exhaust stream (203), with the use of a
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(Se
(@]

arranged downstream of said

particulate filter (320}, wherein said supply of said additive
impacts a reduction (440) of nitrogen oxides NOx in said
exhaust stream (303} through the use of said additive in a
second reduction catalyst device {332}, arranged downstream of
said second dosage device (372).
24. Method according to claim 23, wherein:

an emizsion (401) of compounds comprising one or more of
caricon meoncexide CO and hydrocarbons HC is made into said
exhaust stream {303} from said combustion {(301); and
- sald readuction {410} of NOx in said exhaust

1T he

stream {303}, through the

device {331}, uses said

n

more of caribon monoxide CO
stream {(303).

25, Method according
- a zupply (402} of compou
monoxide CO and hydrocarbo

with

is carried out

stream (303}, throucgh

el

device {33

b, uses said

T o~ he . o N L sl
more oI Carpon menoxXxide o

2G. Method according
- an emission (401) of
carbon monoxide CO and

stream {303} is made from

use of a first dosage device

supplied compounds

O

cCompoun ads

pa—] o~ - 3 o
hydrocarbons

.,
and fl‘l/’" rocarbonsg

claims Z3-24, wherein:

N

Eg]

nds comprising one or more of carbon
ns HC to saild exhaust stream (303)

use ¢of said first reduction cate

comprisin

- I 3 T . ~s
anc nycrocariocns oo i

Tl

to any of claims

comprising

HC

sald combustion engine

said exhaus
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a supply {402} of compounds comprizing oOne or mo:

o)
monoxide CO and hydrocarbons HC to said exhaust stream (303)

is carried out
arranged downstream of said combustion engine (301} and
upstream of said first reduction catalyst device (331); and
- a reducticn {410} f nitrocgen oxides NOx in =said exhaust
stream {303} takes place through the use of said first

reduction catalyst device (331), with the use of one or more

.
623
Q
it
.
10}
jat
ot
1
([I
.

of said supplied compounds and

sald supplied compounds and sald emitted compounds comprize

el
J

S T L
compounds, wherein

ong oy more ¢f carbon monoxide CO and hydrocarbons HC,
27. Method according to any of claims 23-26, comprising:
supply (402} of one cr several control signals, which may be

used to control said combustion 2ngine (301} in such a manner

that a desired amount of sald compounds comprising one or mor

T
=

of carbon monoxide CO and hydrocarbons HC will be emitted from

sald internal combustiocon engine (301).
28, Method according to any of claims 23-27, wherein sail

combustion engine (301

heating of said first device (331, to such
an extent that said first reduction catalyst device (331)
reaches a predetermined Temperature.

29. Method according to any of claims 23-28, wherein said

reduction (410) by way of gaid first reduction catalyvst devic

(331) 1is controlled to occur within a reduction temperature

interval Treq, which at least partly differs from an oxidation
temperature interval Tox, within which said coxidation of
incompletely oxidised carbon compounds by way of said

~
{

particulate filter (320} occurs; Treqa ¥ Tox.
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catalyst type for =zald second reduction catalyst device

a temperature interval within which said first reduction
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catalyvst device (331) is active;
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a temperature interval within which

- LV =] ~ > 3 {2729 1 - 1RO .
catalyst device (232) 1is active;

- T T e RPN - Ry P B A P 7 Fp
— a coverade Level 0L Carpon monoxide and/or hydrocarbon for

sald first reduction catalyst device (331}); and

~

a

¢

overage level of ammonia for saild secend reduction

catalyest device (332).

35, Method according to of claims 23-24, wherein -

sald first reduction cats ot device (331} carries out a first

reduction (410) of a first amount of said nitrogen oxides NO« -
reaching szid first reduction catalyst device

- sald second (440) reduction catalyst device

oul a second reduction of a second amount of saixd

oxides NOx »; reaching said second reduction catal

e .
(332): and

- an adaptation 1s carried out of a ratioc NOz 2/NO: », between

an amount of nitrogen dioxide NO; » and said second amount of
nitrogen ozides NOx » reaching said second reduction catalyst
device {(33Z), wherein an active control of said first

reduction (410)

iz carried out,

NOz 2/NOx 2.

36, Method according to claim 35, wherein said value

BN ANTS 3 B | P T N ANTE . Ny Oy e oy AT £

(NO2 2/NOx 2} aer for sald ratio NOz 2/NOx » consigts ¢f one from
Jrougo:

- a modelled value;

- a predicted value.
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which is carried out by

arranged ream of
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Upst
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38.

WA o~ - Y 3 - o~ Sy - £
Method according to any of
COMPrising:

- a second oxidation

of compounds

nitrogen, carbon and

which is carried out by a second

arranged id first

a
upstream of sald particulate

39

- X

e
=
I

wod according Lo any of

- a third

R Method according to any of ¢

oxidation of compounds comprising
en in said
cxidation catalyst

said first reduc

claims

hydrogen in said exhaust

oxida

PCT/SE2016/050796

laims 2Z3-36, further

tion catalyst (331).

2337,

comprising one or more of

stream (203},

at 1T

LS

catalyst (312},

catalyst (3231)

nitrogen, carbon and hydrogen in said exhaust stream (203},

] ~J = ~ oy s - Ty = + l o e T s T 1 vat 2R

which ig carried out by a third oxidation catalyst (213),
arranged downstream of said particulate filter (320) and
upstreamn of said second reduction catalyst device (332).

44, Method according to any of claims 23-39, wherein said

particulate filter at least par

ically oxidising coating,

ct

T 1 7
wooea

k!

Fh

nitrogen oxide NO

more o and incompl

compounds 1in said exhaust stream.
41, Method accord:

particuilate filter (320
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<
(@)
)]
[
[
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@]
ju
ot

arranged to

ling to any of claims 23-40,

tly comprises a
oxidise one orx

etely oxidised carbon
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-

NOx with the use of an at least partly catalytically

coating arranged 1in said particulate filter (320},

42. Method according to any of claims 23-41, wherein said
reduction (410) with said first reduction catalyst device

(231) is controlled in such a manner, that a slip HC/COus1ip of

sald compounds emitted from said reduction catalyst device

is lower than or egual to a slip thresghold wvalue

3.

ip thresholdy ML/ C 5]10 =oonll/Ulglie thresholds

4 - g ~ 5 4 7 o > . P P | - . 3 - 4T
43. Method according to claim 42, wherein said control of
o= ~ oy ~ P 11T N - N e o~ N - ~ - ~ —~ - e
sald reduction {410} comprises a control of one or more of:

- an emission (401) of compounds comprizing one or more of

hE . N . LA el p 3 ) 3 : ey 2 D .-
carbon monexide CO and hydrocarboens HC intoe zald exhaust

stream {303} from =aid combustion engine {(301).
- a supply (402} of compounds comprising one or more of carbon

rocarbons HC to said exhaust stream (303},

combustion 2ngine (30

sald first reductiocon catalyst device (331}.
i/l [V N T 14 e - e T a4 s A AN ~en T
44. Method according to any of claims 42-43, wherein said

glip threshold value HC/CUOsiip raresnola RAS 2 valilue in the group
of:

- 500 pem c¢f said compounds;

-~ 100 ppm of said compounds;

50 ppm of za2id cowmpounds; and

- 10 ppm of sald compounds.

]

o
-
(@R

e

45, Method according to any of claims 23-44, wherein

reduction (410) with said first reduction c¢af avice

/

('f
Q
i
k<:
92}
ot
O
:D

{331) 1s contrelled in such a manner, that a slip N

ammonia emitted from zaid reduction catalyst device (331} is



WO 2017/034465 PCT/SE2016/050796

AN - ~1 - - R N g o by Ty e 5 — e Y Ned
46, Method according to c¢laim 45, wherein said control of
[y P . 3 T I AR o e A o 3 = . " . s
S sald reduction (410) comprises a control of cone or more of:

- an emigsion (401) of compounds comprising cone or more of
carpon moncxide CO and hydrocarbons HC into sald exhaust
stream {303} from saild combustion engine {(301)

a L

O}

{402} of compounds comprizing one or more of carbon

UL

]
[®]
k!
~

A

10 monoxide CC and hydroccarbons HC to said exhaust stream (303},
with the use of a first dosage device (371) arranged

downstream of said combustion en

yine {301} and upstream of

sald first reduction cats device (331}).

15 47, Method according to any of claims 45-46, wherein =zai

ammonia sliip threshold vaiue NHi siip threshola Ras a value in the

-2
~
>
o
O
i
X3

gro
100 ppm ammonia NHs;
50 ppm ammonia NHa;
20 - 20 ppm ammonla NH:;
- 10 ppm ammonia NHsz;

5 ppm ammonia b

Ha; and

-~ 0 ppm ammonia NHs.

N

(@3]
IS
X

18, Computer program comprising a grogram code which,

when said program code is executed in a computer, achieves

:at said computer carries out the method according to any of

TS

claims 23—

30 49, A computer program product comprising a computer-

N

readable medium and a computer program according to claim 48,
sald computer program being comprised in said computer-

2

readable medium.
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