Office de la Propriete Canadian
il

du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

Intellectuelle Intellectual Property

CA 2671279 C 2015/06/16

(11)(21) 2 671 279

(12 BREVET CANADIEN
CANADIAN PATENT
(13) C

(86) Date de depot PCT/PCT Filing Date: 200//11/30

(87) Date publication PCT/PCT Publication Date: 2008/10/09
(45) Date de delivrance/lssue Date: 2015/06/16

(85) Entree phase nationale/National Entry: 2009/05/29

(86) N° demande PCT/PCT Application No.: US 200//086095
(87) N° publication PCT/PCT Publication No.: 2008/121167

(30) Priorites/Priorities: 2006/12/01 (US60/868,289);
2007/11/29 (US11/947 324

(51) Cl.Int./Int.CI. FOTN 3/00 (2006.01),
B0O1D 53/94 (2006.01

(72) Inventeurs/Inventors:
VOSS, KENNETH E., US;
GOTTBERG, INGEMAR, SE;
TRUESDAIL, STEVE, US;
VAARKAMP, MARIUS, US

(73) Propriéetaire/Owner:
BASF CATALYSTS LLC, US

(74) Agent: SIM & MCBURNEY

(54) Titre : FILTRE A ZONES REVETUES, SYSTEMES ET PROCEDES DE TRAITEMENT DES EMISSIONS
(54) Title: ZONE COATED FILTER, EMISSION TREATMENT SYSTEMS AND METHODS

- A A A A 4 A e A A A A AL

A A A& 4 A

- 4 4 4

A b A A A A s A oe b b A A b e b bAoA hh 4 Ao hhhh AL

PR

Cob-Out Concentration (ppm)

4
4

4 LR R B I L N R L DR DR B DR L DR DL DR L DR DR L DR BE BN
R e e T e e e e e

4 AR L B DR I D L D I DR DR DR DL DR L R DR D B D L B
LR TR DR IR TR LR DR DR DR DL DR L D DR D N

a R E N N TN Y Y Y YN YN
LR R R R NIRRT T R R N

4 AR IR IR I R R LR L R L D R DR R L D L O
LR DR ML B M DR I DR I D DL D I D D D DR DL D B D D B BN

0 NI .. R
LR DRI M B N I I N B N B I D D D DR L D B R D D I

4 AR L B I DR D I D L D I DR DR U DL D L B DR D B D L B
L L L L L N L U R U N L D L N O

- T W W WE T WW WY WY WUSE WY WY WNE Y WW W
LR IR IR N R I T T T I R

4 LR PR L B DL B DR L D I DR DL D DR L DR DL DR L DR L DR BE BN
R T T e e e

4 LRI NI R I NI I TR R
LR DR NE B N B R D B B B R 4 4 4 44 44 44 44

4 4 44 44 1A A 4 b 44 4 4 4 4 44
e Y YW YW WY Y. - - -w ww - .

4 PR B I DR N I D D I DR D DR U L D L D I DR D B B B B
LR DR BL L L DR DA LR UE TR L BE T DR B I

0 OO IO
LT D UE DL B L R I DR B LR DL B DL R D DR N )

4 LR R DR L L N LR L DR L DR T DR DR DL DR L R
LR N L T L R - LR T T T R

£ - Ww W YTeYw W "YW WYY WY YTYW W W
LR DR LR L DR DR - LR LR L U R

4 4 44 44 1A L DR DL D BE B D R L B IR
RN A4 A A AA A s A

4 4 44 44 1A LD D DL R B U I D D B D B B )
LT DU L L DR I DR B LR DL B B B I D B N )

4 LR PR BB LR L DR T DR DL DR DR L DR DL DR L DR DR L DR BE B
R R

4 LR SRR DR DL DR L R 14 58 44 44 4414494440
AR DR L DR DR DR LR DR R DR DR DL D L D DR A

o R R R N E TN Y YNy
AR TR IR IR N R I TR T T R R

4 B A A 44 44 14494 44
4 4 4 44 44 44 44

0 s IO
4 44 44 44 44

4 .« 44 LR DR DR DL DR L R
- 4 A A A A AAd A

4 . 4 4 4 44 44 1A
LT DR L DL L DR 41 44 44 4440

4 4« 4 4 4 4 44 44 4 -« 4 s

0 . h s .

. 4 4 44 LR DR DR DL DR L R
LD R DL R I B B N

4 .« 44 4 4 44 4
-w ww ww -

4 “ 4 4 4 4 “ 4
LUL T L B R B N

' B
L L D DR DR N

4 LS DR DR L DR L IR
4 4 44 e N

- - - T eTw ..
LD D B B IR “ b

4 44 0 44 44 44 14494 %4
S .- .

4 .« 4 4 “ 4
LR L DR DRI

4 L N L I
- e ww ww v

4 LR DR DL I DR L DR R DR DR DL D L R
4 4 4 44 44 44 44

a R N Y Y
- 44 4 44 44 44409

4 LR D DR B B DL B I D B B B I
- LD DR R BE DR L DR T DR AN

0 ORI O
- LR DR RE L U D R I D AR

4 LR L DR L D DR DR DL DR L R
- - s AL AL AL -

4 LR L DR L D DR DR L DR LR
- 4 LR VE R DR DL R L D L R D

4 PR B I DR R I D DL D I D D U DL D L B L DR D B B B B
G .. . . S .

4 4« 44 4 LR B R B B D U T D R L D B B
LR DD L B B R N ) AL DR T N DL BN L D B D U D B I

r EIE R RN TN oy ey
LT DU L L R I R B LE DR T N DL N L DL U B DR D B N

4 - 14 8 44 44 4414494440
L RN LB I L PR DR RE L NE DL L L R DR I

0 . . 0 S . . S
AR IR R IR TR LR D DR DR L D L D DR D N

4 LR B I DR A I D D I DR D DR U DL D L U I D D B B B B
“« 4 4N L N N N L R L L R A

- - . T . .. e WwYeTwT e
“« 4 4 LR DR N B N B R B DR T N B N

4 LR R B I L N R L DR DR B DR L DR DL DR L DR DR L DR BE BN
Rt T . T ..

4 AR L B DR I D L D I DR DR DR DL DR L R DR D B D L B
LR I R IR TR LR D DR DR DL DR L D DR D N

Clean OSF

(57) Abrege/Abstract:

- 4
“ 4
-
“ 4
.

“ 4

L N

L
> >
0

- 4

*
-

*
-

“ 4
.
- 4

> 4
L B 2
a4

*
-

- 4

* >
L R O
- A h A

* LB B B N *
L B R B O I O B O O
AN A A A A4 A e A A A A A

-
“-
- 4
-
-
.
“-

> * L B
LN 2
a4 . A A A

*
> r bl
-

L1 Total NOx -
; B NO2 ‘

A4 44 4 A4 44 44 9A A AT AAS A AN

44 5 44 44 44 14494 4 4 4 9 4 s

. 44 LL R I DR NE DR RE DL L L R I DR L DL B L B IR -
S S . .
.« 44 LR DR DR DR DR DR DL DR L D R L DR DR IR -
LR LB I B N B DL D L U I D DR L DR I 4 4 4 44 4
“« 4 4 L N T N N N L I T L R LI T N N N N L R )
- www T e s YT Y. .. - e ww -y e s ww - -
“« 4 4N LR DR D L DR N D D DR I D D DN D L D L D D N B )
LR PR B A I B DR L D I DO B D DL DR R DR DR R DR B D R O
R PN e e e
. 4 4 44 50 44 44 449 14494 4545 4545490454544
4 4 LR DRI R R I D I DR R DR R DL DR L DR I DR DL R
-« 4 4 44 58 4.4 44 44 1444 4 4 4 4 44 4
-wyw W W W YT WY WW WY WUWYTWEWW W YW L.
.« 44 T4 08 44 44 44 14494 4444149044 440
“« 4 4N L DR D DR N D D DR I D D D D L D L D D N B )
- A . RN Y 4 AN A A AA A
“« 4 4 s L DR T DR LN DL U DL B I B BN LD DR T B B I IR )
. 4 4 44 5 4.4 44 44 14494 4245 45454490 %4% 45400
4 49 LPC L T DR B BN | 4 44 444 4 4
. e R T T .
4 4 LR DR IR DR D DR DR DL DR L D DR L DR R DR R
.« 44 T4 08 44 44 44 14494 4444149044 440
aa s a NN IR ERE Y E TN Y Y Y Y Y
.« 4 4 T4 0 44 44 44 14494 44441449044 440
“« 4 4 LE R T R B B B IR LR JE D NE BN U L N D D B B )
. 4 4 44 50 4.4 44 449 14494 4245 45451490 4%4% 45400
R O e O
“ 4 4 4 4 4 4 . 4 4 . 4 4 4 4 4 4 -
4 49 LR DR T D DL DR DR IR LR TR DR DR DR L D DR LR
- . 4 A A A A A A AA D AAAAAAd A AL AA A
“« 4 4 LR DR D L DR N D D DR I D D DR D L D D D N B )
LR NI RN R R IR I RN
“« 4 4 . 4 4 LR B R B N T B B - -« 4 4 -
. e O R . .
4 4 LR DR IR DR D DR DL DR L D RN L R R ) -
LR L DR I DD D D DL D L R I D DR L DR R 4 4 4 4 -
4 4 - 4 14 4 4 1 4 4 4 -
- ww - - -y wesww -
“« 4 4 s “ 4 4 4 4 “ 4 “ 4 “ 4 “-
.« 4 4 LIL DL L BRI DR DL DL DL DL D DR DL B R IR -
e R . .
.« 44 -
4 4 - -
. 4 4 -
-wyw -
“« 4 4 - 4
“« 4 4 s - “-
.oe e .. .
“« 4 4N 4 4 “-
.« 44 LA R L R . 4
4 44 4 4 4 4 .« 4 49 - 4 -
- ww T e WE "W YTYTw wWw - - .
4 4 1 44 44 4440 - 4 -
.« 4 4 LR L DR I N N B D B U T D D B B IR ) - 4
RS R TN Y Y Y -
.« 44 AR TR DR LR L D DR R L R . 4
“« 4 4N 4 4 4 4 .« 4 4 4 4 -
.« 4 4 L DR L DR DL D DL DL L D DR DR B IR . 4
R O .
. 4 4 AL DR L L DL L U L D I D D B B IR “ 4
4 4 144 44 44 4404440 -
- a A A A A 4 AL LA AAd A Aa - a
4 49 144 44 444404440 -
.« 44 LR DR DR DR L D DR LR R . 4
“« 4 4N 444 44 44 440 44 4401 -
.oe s N .. .
“« 4 4 4 44 44 44 4 4 41 -
4 44 4 q AL DR T L N L U L D D D B B IR “ 4
RS - RN Y Y -
4 44 4 q 44 44 1 4 4 4 4 -
4 49 - 144 44 44 4404440 -
44 4 LIL DL L B L DR DL DL DL DL D DR DL BB I -
R . N T e .
« 44 4 B A4 44 44 14494 44 44144040 -
LR DR B B B I DD D D B U B B DR A 4 41 LR ]
L L T N L T T L T N L L D R T R “ 4 -
W YW A WYY YWY YTYYYEY W - e yw - .-
4 44 44 1A LR L R BE B B I “ 4 -
LT DR L B DR L B I DD DR DR DL DR B DR R D BN - 4 LR
R ey .. . .~
LR DR DR B R L B I DR DR DR D DL D B B I DR A - “ 4 LR}
PR AT IR I NI R I R B R N -

Soot Load CUSF (6.1 gfliter

Exhaust treatment filters, systems, and methods are disclosed. According to one or more embodiments, a particulate filter is zone
coated with an oxidation catalyst and Is used in an emission treatment system or method including a NOx reducing catalyst and an

optional NH3 destruction catalyst.
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(57) Abstract: Exhaust treatment filters, systems, and methods are disclosed. According to one or more embodiments, a particulate
filter is zone coated with an oxidation catalyst and is used in an emission treatment system or method including a NOx reducing
catalyst and an optional NH3 destruction catalyst.
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70NE COATED FILTER, EMISSION TREATMENT SYSTEMS AND METHODGS

[0001]

FIELD OF THE INVENTION
[0002] Embodiments of the invention relate generally to diesel

exhaust treatment filters, systems, and methods. More
particularly, embodiments of the present invention pertain to
diesel exhaust treatment systems and methods that 1nclude zone

coated particulate filters having a zone coated with an

oxidation catalyst.

BACKGROUND

0003] Compression ignition diesel engines have great utility
and advantage as vehicle power trains because of their inherent
fuel economy and high torque at low speed. Diesel engines run
at a high air to fuel (A/F) ratio under very fuel lean
conditions. Because of this, they have very low emissions of
gas phase hydrocarbons and carbon monoxide. However, diesel

exhaust 1is characterized by relatively high emissions of

nitrogen oxides (NOyx) and particulates. Diesel engine exhaust
is a heterogeneous mixture which contains not only gaseous
emissions such as carbon monoxide ("CO"), unburned hydrocarbons
("HC") and nitrogen oxides ("NOs "), but also condensed phase

materials (liquids and solids) which constitute the so-called
particulates or particulate matter. Emissions treatment
systems for diesel engines must treat all of the components of

the exhaust to meet emissions standards set by various

requlatory agencies throughout the world.
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P —

[0004] The total particulate matter emilissions of diesel exhaust

contain three main components. One component 1s the solid, dry,

carbonaceous fraction or soot fraction. This dry carbonaceous

fraction contributes to the visible soot emissions commonly

assoclated with diesel exhaust. A second component of the

particulate matter 1s the soluble organic fraction ("SOF").

The SOF can exist 1n diesel exhaust either as a vapor or as an

P —

aerosol (fine droplets of ligquid condensate) depending on the

o

temperature of the diesel exhaust. It 1s generally present as

condensed ligquids at the standard ©particulate collection

P —

temperature of 52° C in diluted exhaust, as prescribed by a

standard measurement test, such as the U.S. Heavy Duty
Transient Federal Test Procedure. These liquids arise from two
sources: (1) lubricating oil swept from the cylinder walls of

the engine each time the pistons go up and down; and (2)

unburned or partially burned diesel fuel. The third component

P —

of the particulate matter 1s the so-called sulfate fraction,

P — P —
—

which 1s formed from small quantities of sulfur components

present 1n the diesel fuel.
[0005] Catalyst compositions and substrates on which the
composilitions are disposed are typically provided 1n diesel

o —

englne exhaust systems to convert certain or all of these

exhaust components to 1nnocuous components. For 1nstance,

oxldation catalysts, which, 1n diesel engine systems may be

referred to as diesel oxidation catalysts (DOCs), containing

P —
b

platinum group metals, base metals and combinations thereof,

P —

facilitate the treatment of diesel engine exhaust by promoting

P —

the conversion of both unburned hydrocarbons (HC) and carbon

P —

monoxide (CO) gaseous pollutants, and some proportion of the

P —

particulate matter through oxidation of these pollutants to

carbon dioxide and water. Such catalysts have generally been

disposed on wvarious substrates (e.g., honeycomb flow through

P —

monolith substrates), which are placed i1in the exhaust of diesel
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engilnes to treat the exhaust before 1t vents to the atmosphere.

P —

Certalin oxidation catalysts also promote the oxidation of NO to

NO>.

P —

[0006] In addition to the use of oxidation catalysts, diesel

particulate filters are used to achieve high particulate matter

reduction 1n diesel emissions treatment systems. Known fillter

structures that remove particulate matter from diesel exhaust

include honeycomb wall flow filters, wound or packed fiber
filters, open cell foams, sintered metal filters, etc.
However, ceramic wall flow filters, described below, receive
the most attention. These filters are capable of removing over

90% of the particulate material from diesel exhaust.

[0007] Typical ceramic wall flow filter substrates are composed

P —
s

O-

refractory materilials such as cordierite or silicon-carbide.

Wall flow substrates are particularly useful to filter

particulate matter from dilesel engine exhaust gases. A common

construction 1s a multi-passage honeycomb structure having the

P — P —
—

ends of alternate passages on the inlet and outlet sides of the

honeycomb structure plugged. This construction results 1n a
checkerboard-type pattern on either end. Passages plugged on
the 1nlet axial end are open on the outlet axial end. This

permits the exhaust gas with the entrained particulate matter

to enter the open 1nlet passages, flow through the porous

internal walls and exit through the channels having open outlet

axlial ends. The particulate matter 1s thereby filtered on to

P —

the 1nternal walls of the substrate. The gas pressure forces

the exhaust gas through the porous structural walls 1into the

channels c¢losed at the upstream axial end and open at the

downstream axial end. The accumulating particles will 1ncrease

the back pressure from the filter on the engiline. Thus, the

accumulating particles have to be continuously or periodically

burned out of the filter to maintain an acceptable back

pressure.
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[0008] Catalyst compositions deposited along the internal walls

P —

of the wall flow substrate assist 1n the regeneration of the

"

filter substrates Dby promoting the  combustion of  the

accumulated particulate matter. The combustion of the

accumulated particulate matter restores acceptable back

pressures within the exhaust system. Soot combustion can be
passive (e.g., with catalyst on the wall flow filter and
adequately high exhaust temperatures), though for many

applications active soot combustion 1s also required (e.qg.,

P —

production of a high temperature exotherm 1n the exhaust up-

P —

stream of the filter). Both processes utilize an oxidant such

as 0O, or NO, to combust the particulate matter.

[0009] Passive regeneration processes combust the particulate

P —

matter at temperatures within the normal operating range of the

diesel exhaust system. Preferably, the oxidant used 1in the

regeneration process 1s NO, since the soot fraction combusts at

much lower temperatures than those needed when 0, serves as the

oxidant. While 0O, 1s readily available from the atmosphere, NO,
can be generated through the use o0of upstream oxidation
catalysts to oxidize NO 1n the exhaust stream. An example of a

passive regeneration process 1s disclosed 1n United States
Patent Nos. 060,753,294 and /7,097,817
[0010] Active regeneration processes are generally needed to

clear out the accumulated particulate matter, and restore

acceptable back pressures within the filter. The soot fraction

P —

of the particulate matter generally requires temperatures 1n

P —

excess of 500° C to burn under oxygen rich (lean) conditions,

which are higher temperatures than those typically present 1in
diesel exhaust. Active regeneration processes are normally

initiated by altering the engine management to ralse

temperatures 1in front of the filter wup to 500-630° C.

Dependling on driving mode, high exotherms can occur 1nside the

P —

“1clent

filter when the cooling during regeneration 1s not su
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(low speed/low load or idle driving mode). Such exotherms may
exceed 800° C or more within the filter. One common way that

has been developed to accomplish active regeneration 1s the

P —

introduction of a combustible material (e.g., diesel fuel) 1into

the exhaust and burning 1t across a flow-thru diesel oxidation

o

catalyst (DOC) mounted up-stream of the filter. The exotherm

from this auxiliary combustion provides the sensible heat (e.g.

about 500-700° C) needed to burn soot from the filter 1n a

P —

short period of time (e.g. about 2-20 min.).

[0011] An example of a system 1s shown 1n United States patent

no. 6,928,806. The DOC functions during active regeneration

mode to light-off and burn fuel 1njected 1nto the low

temperature (e.g., about 250-300° C) exhaust (directly or via

the englne) and thereby produce an exotherm to heat the exhaust

entering the particulate filter to the temperatures required

(about 500-650° C) to combust accumulated soot from the filter,

thereby regenerating the filter to reduce the operating
pressure drop across the filter associated with the soot
accumulation.

[0012] High material costs associated with platinum group

metal-containing compositions augment the need to slow or

o —

prevent the degradation of catalyst coatings due to active

regeneration events. Catalyst coatings disposed on wall flow

filters often contain platinum group metal components as active

catalyst components to ensure acceptable conversions of the

o —
p—

gaseous emissions (HC, CO) of the diesel exhaust to 1innocuous

o —

components (e.g., CO,, HyO). The loadings of such components

are generally adjusted so that the catalyst substrate meets

emlissions reqgulations even after catalyst aging. Consequently,

P — P —
=

"1cliency and durability of

coating designs that maximize the e

platinum group metal usage along the substrate are desirable.

[0013] Certain conventional coating designs for wall flow

P —

substrates have a homogeneous distribution of catalyst coating
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P —

along the entire axial length of the internal walls. In such

designs the platinum group metal concentrations are typically

adjusted to meet the emissions reguirements under the most

stringent conditions. Most often such conditions refer to the

catalyst's performance after the catalyst has aged. The cost

assoclated with the required platinum group metal concentration

1s often higher than 1s desired.

[0014] As can be appreciated from the above, current

P —

particulate filter systems pose a number of 1ssues concerning

P —
—

preclous metals material costs and degradation of the catalyst

on the particulate filter due to exposure to high temperatures.

Accordingly, 1t would be desirable to provide alternatives

diesel engine 1n exhaust treatment systems and methods that

P —

alleviate one or more of these 1ssues.

SUMMARY

P —

[0015] According to an embodiment of the invention, an emission

treatment system 1s provided which 1ncludes a particulate

filter and a NOx reducing catalyst. In one oOor more

embodiments, the particulate filter i1s provided which comprises

P — P —
—

a substrate having a plurality of passages and elements for

trapping particulate contained 1n an exhaust stream flowing

through the filter, the substrate having an 1inlet end and an

P — P —
=

outlet end, the 1nlet end of the substrate having a quantity of

e
e c—

precious group metal composition disposed thereon to light of:

o

fuel at a temperature of less than about 300° C and to produce

P — P

an exotherm sufficient to burn o trapped particulate 1in the

P |

filter. In one embodiment, the precious group metal 1s present

o P

1in a loading amount of at least about 20 Qwﬁﬁﬁ and extends for

less than about 50% of the axial length of the filter. In

another embodliment, the precilious group metal 1s present 1n a

P —

loading amount of at least about 30 g/ft’ and extends for less

o

than about 50% of the axial length of the filter. In another

embodiment, the precious group metal 1s present 1n a loading
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P —

amount of at least about 40 c_:j/':t3 and extends for less than

about 50% of the axial length of the filter. In a specific
embodiment, the substrate 1s 1n the form of a wall flow
monolith having a plurality of longitudinally extending

passages bounded by longitudinally extending walls, the
passages comprising 1lnlet passages having an open 1nlet end and

a closed outlet end, and outlet passages having a closed 1nlet

end and an open outlet end, the walls having a porosity of at

o

least 40% with an average pore size of at least 5 microns and

preclious group metal composition permeating the walls and

extending from the 1nlet end towards the outlet end to a length

o

that 1s less than the axial length of the walls to provide an

inlet zone.

[0016] In one or more embodiments, the longitudinally extending
walls have a catalytic coating thereon underlying the precious

group metal composition, the catalytic coating extending the

entire axial length of the filter. In one embodliment, the

catalyvtic composition comprises a base metal oxide. The

catalytic composition may comprilise a precilious Jgroup metal

composition in an amount less than or equal to about 20 g/ft°.

[0017] Another embodiment pertalns to an emission treatment

o —

system for treatment of an exhaust stream comprising NOy and

particulate matter, the emission treatment system comprising a

P —

particulate filter having an axial length and elements for

trapping particulate matter contained 1n an exhaust stream

A

flowing through the filter a 1light-o oxldation catalyst

composition extending from the 1nlet end towards the outlet end

to a length that 1s less than the axial length of the walls to

P —
=

provide an 1inlet zone 1in an amount sufficient to light-off at

less than about 300° C and generate an exotherm to burn soot

trapped 1n the filter; and a NOx reducing catalyst located

downstream from the particulate filter.
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o —

[0018] According to an embodiment of the invention, an emission

P —

treatment system for treatment of an exhaust stream comprising

NOx and particulate matter 1s provided. The system comprises a

wall flow monolith disposed within the exhaust stream and

P —

having a plurality of longiltudinally extending passages bounded

by longitudinally extending walls, the passages comprising
inlet passages having an open 1nlet end and a closed outlet

end, and outlet passages having a closed i1nlet end and an open

outlet end, the walls having a porosity of at least 40% with an

P —

average pore size O at least 5 microns. The wall flow

monolith further comprises a 1light-off oxidation catalyst

composlition permeating the walls and extending from the 1nlet

end towards the outlet end to a length that 1s less than the

P —

axial length of the walls to provide an 1nlet zone. The system

further comprises a NOx reducling catalyst located downstream

from the wall flow monolith. In certain embodiments, the

system may 1nclude an NHs destruction catalyst located

downstream from the NOx reducing catalyst.

[0019] In one or more embodiments, the NOx reducing catalyst

comprises a lean NOx catalyst. In embodiments 1including a lean

NOx catalyst, the system may further comprise a reductant

introduction port 1in fluid communilication with a hydrocarbon

reductant, the reductant introduction port located upstream

from the 1lean NOy catalyst. In other embodiments, the NOx

reducing catalyst comprises a lean NOyx trap.

[0020] In one or more embodiments, the NOx reducing catalyst

comprises an SCR catalyst. In embodiments 1including an SCR

catalyst, the system may 1nclude an optional 1ntroduction port

located upstream from the SCR catalyst, the introduction port

in fluid communication with an ammonilia SsSource oOr ammonila

precursor. The system may further 1nclude an 1njector in fluid

communication with the introduction  port, the injector
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configured to periodically meter the ammonla or an ammonia

precursor 1nto the exhaust stream.

[0021] In one or more embodiments, the system may further

include an NHs destruction catalyst located downstream from the

SCR catalyst. The system may also 1nclude an exotherm-

P —

producing agent 1ntroduction port located upstream of the wall

flow monolith, the exotherm-producling agent 1introduction port

1in fluid communication with an exotherm-producing agent capable

P —
summndl

of generating a temperature su:

P —
p—

ficient to periodically burn

particulate accumulated 1n the wall-flow monolith. The

exotherm-producing agent may comprise a Ifuel such as diesel

fuel.

[0022] Another embodiment of the invention pertains to a method

P —

of treating exhaust stream from a diesel engine comprilising

disposing within the exhaust stream containling particulate

P —
=

matter a wall flow monolith and having a plurality of

longitudinally extending passages bounded by longitudinally
extending walls, the passages comprising 1inlet passages having
an open 1inlet end and a closed outlet end, and outlet passages
having a closed 1nlet end and an open outlet end, the walls

P — P —
b

having a porosity of at least 40% with an average pore size of

at least 5 microns and the wall flow monolith comprising a

light-off oxidation catalyst composition permeating the walls

and extending from the 1inlet end towards the outlet end to a

length that 1s 1less than the axial 1length of the walls to

provide an 1nlet zone. The method may further comprise

P —
b

disposing a NOx reducing catalyst downstream from the wal. OW

monolith and periodically 1ntroducing an exotherm-producing

P —
b

agent upstream of the wall flow monolith to generate an

P —
b

ficient to combust

exotherm 1n the wall flow monolith su:

particulate matter trapped within the wall flow monolith.
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BRIEF DESCRIPTION OF THE DRAWINGS

P —
—

[0023] Figure 1A 1s a schematic 1llustration of an emission

treatment system 1n accordance with an embodiment of the

invention;

P —
—

[0024] Figure 1B 1s a schematic 1llustration of an emission

o —

treatment system 1n accordance with another embodiment of the

invention;

[0025] Figure 2 1s a perspective view of a wall flow filter

substrate;

i

[0026] Figure 3 1s a section view of a wall flow filter

substrate;

o —
——

[0027] Figure 4 shows an embodiment of a system including urea

reservolr and 1njector;

P |

[0028] Figure 5 1s a graph showing particulate filter out

P —

exhaust gas temperature as a function of test run time with

P —
=

supplemental diesel fuel 1njected 1nto the exhaust up stream of

the particulate filter;

[0029] Figure 6 1s a graph showing particulate filter out

o —

exhaust gas temperature as a function of supplemental diesel

o —

fuel 1njected 1into the exhaust up stream of the particulate

filter;

P —
b

[0030] Figure 7 18 a diagram showling  the location of

thermocouples i1nstalled within the particulate filter substrate

P —

for measurement of i1nternal temperatures;

[0031] Figure 8 1s a graph showling internal particulate filter

o —

temperatures as a function of 1location 1n the particulate

P |

filter, plus 1nlet and outlet exhaust gas temperatures, duriling

a fuel light-off test;

[0032] Figure 9 1s a graph showling particulate filter out total

P —

NOx and NO, concentrations measured by FTIR for Yclean” soot

free and soot loaded conditions; and
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[0033] Figure 10 1s a graph showling exhaust temperatures and

Delta P across a particulate filter during an active

regeneration test with soot loaded 1in the particulate filter.

D)

L]

TAILED DESCRIPTION

D)

L]

FINITIONS

[0034] The followling terms shall have the meanings set for

below:

P —

[0035] "Activated alumina" has 1ts usual meaning of a high BET

P —

surface area alumilna, comprising one or more of gamma-, theta-

and delta aluminas.

P —
—

[0036] "BET surface area" has 1ts usual meaning of referring to

the Brunauer, Emmett, Teller method for determining surface

area by N, absorption. Unless otherwilise specifically stated,

all references herein to the surface area of the catalyst

support components or other catalyst components means the BET

surface aresa.

P —
=

[0037] "Bulk form," when used to describe the physical form of

a material (e.g., ceria), means the material 1s present as
discrete particles that can be as small as 1 to 15 microns 1n

diameter or smaller, as opposed to having been dispersed 1n

solution onto another material such as gamma alumina. By way

P — o — P —
b

of example, 1n some embodiments of the 1nvention, particles of

P —
b

cerlia are admixed with particles of gamma alumina so that ceria

1s present 1n bulk form, as opposed to, for example,

P —

impregnating alumina particles with agueous solutions of ceria

precursors which upon calcination are converted to ceria

disposed on the alumina particles.

P —

[0038] "Cerium component” means one or more oxides of cerium

(e.g., C@Og) .

[0039] "Downstream" and "Upstream," when used to describe an

article, catalyst substrate or zone, refer to the relative

P —
.

positions 1n the exhaust system as sensed 1n the direction of

P —

the flow of the exhaust gas stream.
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[0040] "High surface area support" means support materials with

a BET surface area that 1s approximately greater than 10 H@/g,

preferably greater than 150 m?/g.

[004]1] "Platinum group metal component" or "PGM" refers to the

o —
——

5 platinum group metals or oxides thereof. Preferred platinum

group metal components are platinum, palladium, rhodium 1ridium

o —

components, and combinations thereo

[0042] “Diesel oxidation catalyst” or “DOC” refers to a

catalyst promoting oxidation processes 1n diesel exhaust, to

P — P —
—

10 reduce eml1ssions of the organic fraction of diesel

particulates, gas-phase hydrocarbons, and/or carbon monoxide.

o —
——

[0043] “Active regeneration” refers to the 1introduction of a

combustible material (e.g., diesel fuel) 1nto the exhaust and

burning 1t across an oxidation catalyst to generate an exotherm

15 from that provides heat (e.g. about 500-700° C) needed to burn

particulate matter such as soot from the filter

[0044] An ammonia destruction catalyst or AMOX refers to a

catalyst that promotes the oxidation of NH; to 1deally nitrogen

P —

but 1n general to a mixture of nitrogen NOx and N,O.

20 [0045] "Particulate filter" 1s a filter designed to remove

particulate matter from an exhaust gas stream such as soot, and

particulate filters 1include, but are not limited to honeycomb

wall flow filters, partial filtration filter, a wire mesh

filter, wound fiber filters, sintered metal filters; and foam

25 filters.

[0046] Before describing several exemplary embodiments of the

invention, 1t 18 to be understood that the 1nvention 1s not

P —

limited to the details of construction or process steps set

forth 1in the following description. The 1nvention 1s capable

30 of other embodiments and of being practiced or being carried

out 1n various ways.

P —

[00477] According to one or more embodiments of the invention, a

P

oxldation catalyst 1s eliminated

separate, upstream light-o
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from a dilesel engine emission treatment system and i1ncorporated

P —

directly onto a particulate filter 1itself by placing light-

P —
summndl

off/oxidation catalyst components 1in the 1inlet end of the

filter channels extending an adequate length from the i1nlet end

towards the outlet end of the filter. In this way, during

- -

active regeneration, the introduced combustible fuel 1s 1lit-o

P —

and burnt on the 1nlet end of the filter, thus producing the

o —

necessary exotherm at a temperature of about 500-700° C within

the filter to combust accumulated soot 1n the filter.

P —
—

[0048] According to embodiments o©of the i1nvention, active

regeneration can be accomplished by or on the filter alone, and

P

the need for a separate light-o oxldation catalyst 1in the

system 1s eliminated. Eliminating a component from the system

o —

provides a benefit of eliminating a substrate and associated

P o
—

canning of the system. In turn, this elimination of a separate

component reduces overall system volume, and potentially

P —

reduces the amount of expensive precious group metal (PGM)

required for the system. Furthermore, providling an 1ntegrated

light-off/oxidation catalyst on the particulate filter reduces

the overall system back-pressure on the engine, which 1s

assocliated with fuel consumption. In addition, 1n systems that

include a NOx reducing catalyst, for example an SCR catalyst or

e
e c—

lean NOx catalyst downstream from the 1ntegrated 1light-of:

P —

oxlidation/particulate filter provides a greater amount heat for

these downstream devices compared to systems 1n which the

particulate filter and particulate soot filter are provided as

P

separate components. The integrated light-o0

oxidation/particulate filter can be moved closer to the engine.

P —
—

Reducing the size of the system by 1integrating the oxidation

catalyst and soot filter reduces the heat 1loss from the
particulate filtering sub-system, thereby allowlng any
downstream component to operate at higher temperature. Higher

temperatures generally result in higher catalytic activity, and
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therefore, integrating the oxidation catalyst 1n the
particulate filter will likely result 1in better performance of
the NOx removal components downstream of the particulate

filtering sub-system.

[0049] When the NOx reducing catalyst uses NHsz or an NH;

precursor as the reducing agent, a separate 1njector can be

o —

provided upstream of the SCR catalyst. With the fuel addition

P —

point (for filter regeneration) provided downstream of the SCR

catalyst, the nitrogen reducing catalyst 1s not exposed to the

P —
=

extreme temperatures associated with the active regeneration of

o —

the particulate filter. The absence of high temperature

exposure caused by forced filter regenerations allows a smaller

SCR catalyst volume with corresponding cost saving and

P —

packaging advantages. Further, the absence of the high

P —

temperature exposure enables a broader range of materials to be

used for the SCR catalyst composition. For example, wvanadium

P —

materials can be used 1n place of or together with zeolites, to

P —
—

reduce the cost of the SCR catalyst and 1mprove 1ts

P —

effectiveness. In addition, an ammonia destruction catalyst can

P —

be 1ntegrated onto the outlet end of the substrate having the

SCR catalyst, which would eliminate the need for a separate

ammonla destruction catalyst. In a further system optimization,

the NH; destruction catalyst can be 1ntegrated 1nto the soot

filter either as zone or a uniform coating. By dolng so the

over all system volume 1s reduced with a corresponding cost and

packaging advantages.

[0050] Integration of the light-off/oxidation catalyst function

and particulate removal functions 1nto a single catalyst

article 1s accomplished using a wall flow substrate coated with

e

a Jlight-o oxlidation catalyst composition. The light-

P —
—

ficient

off/oxidation catalyst composition contains a @ su:

o

loading of precious group metal composition to achieve light-

P

O at a temperature less than about 300° C (e.qg, from about
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220° C to 300° C).to generate an exotherm to burn soot

collected 1n the filter. Temperatures generated by the

exotherm typically are between about 500° C and 700° C.

P —

Although there may be a number of ways to 1ncorporate the

P —
—

light-off/burning function onto the particulate filter itself,

one method would be to apply this function to the particulate

o —

filter as a zone of catalyst on the up-stream, 1nlet end of the

particulate filter substrate (e.g. honeycomb, wall-flow filter

substrate). This 1nlet catalytic zone which will be exposed to

relatively low exhaust temperatures 220-300° C) and will have

to have a high enough catalytic activity to accomplish the

P —

light-off, plus reasonably complete combustion of the i1njected

fuel to produce the high temperatures, for example, about 500-

e P |

700° C required for filter regeneration. Although there are a

o —

variety of catalyst compositions that can accomplish this, an

P —

exemplary composition would be comprised of precious Jgroup

metals (PGM’s) dispersed on a suitable support and at a loading

- -

level suitable to light-o and burn the 1njected fuel., and 1is

described 1in more detail below. The 1nlet zone will typically

extend at least 103 of the axial length of the filter, and 1in

various embodiments, the inlet zone extends at least about 20%,

25%, 30%, 35%, 403, 453, 50% or up to about 75% of the axial

P —

length of the filter. The 1nlet zone may be directly on the

walls of the filter, or the 1inlet zone may be formed over a

o

catalytic coating that extends the entire axial length of the

filter. The underlying catalytic coating may be a base metal

P —

oxlde such as an oxide of copper, cobalt, chromium, cerium,

etc. Or a precious group metal composition. In embodiments 1in
which the underlvyving coating 1s a precious group metal
composition, the loading 1s typically less than or egqual to 10

P —

g/ft”. Thus, the particulate filter may have a catalytic

o —

coating of platinum or other suiltable precious group metal at a

P —

loading of 10 g/ft® covering the entire axial length of the
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filter at a higher loading sufficient to light-off

and produce the exotherm to burn off soot collected

1in the filter.

[0051] An embodiment of the inventive emission
treatment system is shown in FIG. 1A. As can be seen
in FIG. 1A, the exhaust containing gaseous pollutants
(including unburned hydrocarbons, carbon monoxide and
NOx) and particulate matter 1s conveyed from the
engine 15 to a particulate filter 11 comprising wall
elements having a 1light-off oxidation catalyst

composition permeating at least an 1inlet zone of

the walls as will described further below. In the
light-off oxidation catalyst permeating the walls of
the particulate filter 11, unburned gaseous and non-
volatile hydrocarbons (1.e., the SOF) and carbon
monoxide are largely combusted to form carbon
dioxide and water. Removal of substantial proportions
of the VOF using the oxidation catalyst, in particular,
helps prevent deposition of excessive particulate

matter on the particulate filter 11, which could

become clogged by excessive particulate matter. 1In
addition, a substantial proportion of the NO of
the NOx component is oxidized to NOZ2 in the oxidation
catalyst portion of the particulate filter 11. The
particulate matter including the soot fraction and the
VOF are also largely removed (greater than 80%) by the
particulate filter. The particulate matter deposited

on the particulate filter 1s combusted through active

regeneration of the filter, which process is aided

by the presence of the integrated DOC composition.

[0052] Downstream of the particulate filter 11 a
reductant, for example, ammonia, 1s 1njected as a
spray via a nozzle (not shown) 1nto the exhaust
stream. Agqueous urea shown on one line 18 can serve
as the ammonia precursor which can be mixed with air
on another line 19 in an optional mixing station 16. An

introduction port or valve 14 can be used to meter

precise
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P —

amounts of agqueous urea which are converted 1n the exhaust

stream to ammonia. The exhaust stream with the added ammonia
1s conveyed to a NOx-reducing catalyst 12, shown as an SCR
catalyst, which may be coated on an appropriate substrate such
as a honeycomb. On passing through the reducing catalyst 12,

o
—

the NOx component of the exhaust gas stream 1s converted

P —

through the selective catalytic reduction of NOx with ammonia

to nitrogen.

P —

[0053] Depending on the desired level of NOx removal, one oOr

more NOx reducing catalysts can be disposed downstream of the

NOx reducing catalyst 12. For example, the additional SCR
catalyst may be disposed on a monolithic, honeycomb flow
through substrate, a ceramic foam substrate or metallic

P —
s

substrate downstream o:

the NOx reducing catalyst 12.

[0054] An optional configuration 1s shown 1n FIG. 1B where the

emlission treatment system 1s provided with an NHiz-destruction

catalyst such as a slip oxidation catalyst 13 downstream of the

NOx reducing catalyst 12, shown as an SCR catalyst. The slip

o —

oxldation <catalyst <can be coated, for example, with a

P —
b

composition containing base metals and less than 0.5 wt% of

platinum. This provision can be used to oxidilze any excess NHij

before 1t 1s wvented to the atmosphere. According to one or

more embodiments, the NHiz-destruction catalyst may be disposed

on the particulate filter.

WALL FLOW SUBSTRATEDS

[0055] The particulate filter may be embodied 1n many forms.

P [ |

For example, the particulate filters may be 1n the form o:

o —
b

a

honeycomb wall flow filter, a partial filtration filter, a wire

mesh filter, a wound fiber filter, a sintered metal filters and

a foam filter. In specific embodiments, the particulate filter

1s a wall flow filter. Wall flow substrates useful for

supporting the oxidation catalyst compositions have a plurality

P —
—

of fine, substantially parallel gas flow passages extending
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o —

along the longilitudinal axis of the substrate. Typically, each

P —

passage 1s blocked at one end of the substrate body, with

alternate passages blocked at opposite end-faces. such

monolithic carriliers may contain up to about 700 or more flow

P —

passages (or "cells"™) per sgquare 1inch of c¢ross section,

although far fewer may be used. For example, the carrier may

have from about /7 to 600, more usually from about 100 to 400,

cells per sqguare 1nch ("cpsi"). The cells can have Cross
sections that are rectangular, square, circular, oval,
triangular, hexagonal, or are of other polygonal shapes. Wall

flow substrates typically have a wall thickness between 0.00Z

o

and 0.1 1nches. Examples of suitable wall flow substrates have

P —

a wall thickness of between 0.002 and 0.015 i1inches.

[00b6] FIGS. 2 and 3 1llustrate a wall flow filter substrate 30

P —
p—r

which has a plurality of passages 52. The passages are bounded

or enclosed by the 1nternal walls 53 of the filter substrate.

The substrate has an 1nlet end 54 and an outlet end 56.

Alternate passages are plugged at the 1inlet end with 1nlet

plugs 58, and at the outlet end with outlet plugs 60 to form
opposing checkerboard patterns at the inlet 54 and outlet 56.
A gas stream 62 enters through the unplugged channel inlet 64,

P —
p—

1s stopped by outlet plug 60 and diffuses through channel walls

53 (which are porous) to the outlet side 66. The gas cannot

P — P —

pass back to the inlet side of walls because of 1nlet plugs 58.

o —
—

[0057] Suitable wall flow filter substrates are composed of

ceramic-like materials such as cordierite, &-alumlina, silicon

carbide, silicon nitride, zlrconla, mullite, spodumene,
alumina-silica-magnesia, aluminum titanate or Zlrconlium
silicate, or of porous, refractory metal. Wall flow substrates
may also be formed of ceramic fiber composite materials.
Examples of suitable wall flow substrates are formed from

cordierite and silicon carbide. Such materials are able to
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withstand the environment, particularly high temperatures,

encountered 1n treating the exhaust streams.

[0058] Suitable wall flow substrates for use 1n the 1nventive

system 1nclude thin porous walled honeycombs (monolith)s

through which the fluid stream passes without causing too great

an 1ncrease 1n pback pressure or pressure across the article.

o —

According to embodiments of the 1nvention, ceramic wall flow

P —

substrates used 1n the system are formed of a material having a

porosity of at least 40% (e.g., from 50 to 75%) having a mean

P —

pore size of at least 5 microns (e.g., from 5 to 30 microns).

In certain embodiments, the substrates have a porosity of at

o

least 55% and have a mean pore size of at least 10 microns.

When substrates with these porosities and these mean pore sizes

are coated with the techniqgques described below, adeqgquate levels

"

of SCR catalyst compositions can be loaded onto the substrates

P —
—

to achieve excellent NOx conversion efficiliency. These

substrates are still able retain adequate exhaust flow

characteristics, 1.e., acceptable back pressures, despite the

DOC catalyst 1loading. u.sS. Pat. No. 4,329,162 1s herein

P —
b

incorporated by reference with respect to the disclosure of

sultable wall flow substrates. Wall flow substrates can also

be metallic, 1.e. have no porosity, and the pore size 1s

P —

typically lower than of a wall flow filter.

[0059] The DOrous wall flow filter used according to

P o
—

embodiments of the 1nvention 1s catalyzed 1n that the wall of

sald element has thereon or c¢contained therein one or more

catalytic materials. Catalytic materials may be present on the

o —

inlet side of the element wall alone, the outlet side alone,

both the inlet and outlet sides, or the wall 1tself may consist

P —

all, or in part, of the catalytic material. To coat the wall

flow substrates with the DOC catalyst composition, the

o

substrates are 1mmersed vertically 1n a portion of the catalyst

P —

slurry such that the top of the substrate 1s located just above
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the surface of the slurry. In this manner, slurry contacts the

inlet face of each honeycomb wall, but 1s prevented from
contacting the outlet face of each wall. This results 1in a
portion of the walls on the inlet end of the substrate being
coated, forming an inlet zone. The substrate 1s removed from
the slurry, and excess slurry 1s removed from the wall flow
substrate first by allowing 1t to drain from the channels, then
by blowing with compressed air (against the direction of slurry
penetration), and then by pulling a vacuum from the direction
of slurry penetration. By using this technique, the catalyst
slurry permeates the walls of the substrate, yet the pores are
not occluded to the extent that undue back pressure will build
up in the finished substrate. As used herein, the term
"permeate" when used to describe the dispersion of the catalyst
slurry on the substrate, means that the catalyst composition 1is
dispersed throughout the wall of the substrate, and not just on
an outer surface of the wall as a coating layer. The coating
can be applied by any suitable technique, such as by i1mmersing
the substrate into the coating a using a vacuum to draw the
coating up into the channels of the substrate, as described 1in

United States patent nos. 6,478,874; 5,866,210 and 5,963,832,

[0060] After coating with catalyst, the substrates are dried
typically at least about 100° C and calcined at a higher
temperature (e.g., 300 to 450 C). After calcining, the
catalyst loading can determined be through calculation of the
coated and uncoated weights of the substrate. As will be
apparent to those of skill 1n the art, the catalyst, loading
can be modified by altering the solids content of the coating
slurry. Alternatively, repeated immersions of the substrate in
the coating slurry can be conducted, followed by removal of the
excess slurry as described above.

Oxidation Catalyst Compositions
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[0061] The oxidation catalyst formed on the particulate filter
can be formed from any composition that provides effective
combustion of unburned gaseous and non-volatile hydrocarbons
(i.e., the VOF) and carbon monoxide. In addition, the oxidation
catalyst should be effective to convert a substantial
proportion of the NO of the NOx component to NO,. As used
herein, the term "substantial conversion of NO of the NOx
component to NO2" means at least 20%, and preferably between 30
and 60%. Catalyst compositions having these properties are
known 1in the art, and include platinum group metal- and base
metal-based compositions. An example of oxidation catalyst
composition that may be used in the emission treatment system
contains a platinum group component (e.g., platinum, palladium
or rhodium components) dispersed on a high surface area,
refractory oxide support (e.g., vy-alumina). A suitable
platinum group metal component is platinum.
[0062] Platinum group metal-based compositions suitable for use
in forming the oxidation catalyst are also described in U.S.
Pat. No. 5,100,632 (the '632 patent),

The '632 patent describes compositions that have a
mixture of platinum, palladium, rhodium, and ruthenium and an
alkaline earth metal oxide such as magnesium oxide, calcium

oxide, strontium oxide, or barium oxide with an atomic ratio

between the platinum group metal and the alkaline earth metal

of about 1:250 to about 1:1, and preferably about 1:60 to about
1:0.

[0063] Catalyst compositions sultable for the oxidation
catalyst may also be formed using base metals as catalytic

agents. For example, U.S. Pat. No. 5,491,120

discloses

oxidation catalyst compositions that include a catalytic

material having a BET surface area of at least about 10 m‘/g and

consist essentially of a bulk second metal oxide which may be
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one or more of titania, zirconia, <ceria-zirconia, silica,

alumina-silica, and &-alumina.

[0064] Also useful are the catalyst compositions disclosed in

U.S. Pat. No. 5,462,907 (the '907 patent],

The '907 patent
teaches compositions that 1include a catalytic material
containing ceria and alumina each having a surface area of at
least about 10 m?/g, for example, ceria and activated alumina in
a weight ratio of from about 1.5:1 to 1:1.5. Alternatively,
palladium in any desired amount may be included in the

catalytic material. Additional wuseful compositions are

disclosed in U.S. Pat. No.7,078,074,

[0065] The PGM 1loading on the inlet zone can be wvaried to
between about 20 g/ft’ and 200 g/ft>, more specifically between
about 30 g/ft’ and 150 g/ft?, and in a specific embodiment
between about 40 g/ft’ and 100 g/ft®. These amounts can be
incrementally varied in amounts of 5 g/ft’® between these ranges.
In specific embodiments, the PGM is can be chosen from Pt
and/or Pd, both of which are good oxidation catalySts for
hydrocarbons. The current price of platinum 1is much higher
than for palladium, thus the latter offers the advantage of

reduced cost; however, this may change in the future depending

on PGM demand. Platinum 1s very active for hydrocarbon
oxidation reactions and 1is rather resistant to poisoning.

Palladium can be less active and 1is susceptible to poisoning,

e.g. by sulfur. However, under lean exhaust conditions and
temperatures that might exceed 800° C, platinum can experience

thermal sintering and thereby reduction in oxidation activity.

Addition of palladium and its interaction with the platinum
results 1n a substantial reduction in the high temperature
sintering of the platinum and thereby maintenance of its

oxidation activity. If the temperatures of exposure are kept
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low, Pt-only may be a good option to obtain the highest

possible oxidation activity. However, 1n configurations 1in

which high temperatures (e.g. 800° C) are anticipated,

P —

especially 1internal to the filter, inclusion of some Pd 1is

desired. Pt:Pd ratios to obtain acceptable Pt stability with

the highest oxidation activity are between about 10:1 and 4:1;

however, ratios as low as 2:1 and 1:1 are also within the scope

P —

of the 1nvention. Higher Pd contents (e.g., 1:2) are also

P —
p—r

within the scope of the present 1nvention. In certailn

embodiments, Pd with no platinum may be used.

[0066] The PGM 1s dispersed on a suitable support material such

as a refractory oxide with high surface area and good thermal

stability such as a high surface area aluminum oxide. High

surface area aluminas are sulitable supports for PGM and SBa-150

o

(Sasol North America) with surface area of 138-158 m“/g and pore

P — P —

volume of 0.44-0.55 cm’/g (N,) 1is an example of a suitable

alumlina support. Also aluminas stabilized with a second oxide

P —

are sultable supports. Lanthana stabililization of alumina

provides a sultable support for PGM. For example GA-200L (4

o\

wtC.

La»03) stabilized alumina (Engelhard, Port Allen, LA) with

P —

surface area of 190-250 m?/g and pore volume of 0.5 cm’/g (N,)

P —

1s a sultable stabilized alumina. Also mixtures of aluminas

are suilitable supports, for example 50:50 wt. SBa-150 plus GA-
200L. Other aluminas that are doped or treated with oxides

such as S510,, Z2r0,, Ti10,, etc.) to provide stabilization or

improved surface chemistries can also be utilized. Other

sultable support materials, 1nclude, but are not limited to Zr0;

and T10, can be used. In addition to the PGM support oxides

discussed above 1t might prove useful to 1nclude other

catalytically functional oxides to 1i1ncorporate 1into  the

P —

catalytic zone. Examples of these 1nclude Ce0O,, Pr¢0;;, V05,

o —

and MnO, and comblinations thereof and solid solution oxide

P —
b

mixtures, etc. These oxides can contribute to burning of
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o —

hydrocarbons, especially heavy fuel derived hydrocarbons, and

deposited coke/soot derived from disproportination (i.e.,

dehydrogenation or oxidative dehydrogenation) of the 1njected

fuel and 1n this way give additional combustion activity to the

P —

catalytic zone, plus prevent deactivation of the PGM by the

deposition hydrocarbon derived coke.

[0067] The loading of the oxidation catalyst i1n the zone on the

filter substrate 1s typically limited to control  the

o P

contribution of the physical wvolume of the catalyst coating

P —

filling the pore volume of the filter substrate and thereby

P —
—

adversely affecting the flow resistance through the filter wall

and thus the back-pressure. On the other hand, with high

P —
b

loadings of PGM on the support oxide we have to provide

P — o — P —

sufficient surface area for good PGM dispersion. As an

P —

example, a PGM loading on the inlet zone of about 60 g/ft’, a

dry gain (DG) of 0.5 g/in3 1n the zone 1s acceptable. The DG
can be adjusted taking 1nto consideration the optimum PGM

loading, alumina to other (denser) oxide weight ratio, and

other factors.

[0068] The ratio of the =zone length/volume to total filter

length/volume can vary between about 0.20 to 0.9, for example,

this wvalue can be 0.25, 0.5 or O0.75. Thus for example, an

11.25" diameter X 14.0" long filter substrate a zone

i

length/depth of ca. 3.0” could be used or a ratio of 0.21 of

o —

total length/volume of the filter. However, determination of

0

o —

"

the most effective zone length/volume ratio will be part of

P |

catalyzed filter optimization for a particular exhaust emission

control system design.

[0069] The inlet catalytic zone (length/volume ratio can vary)

e P —

and combustion of the 1injected fuel. The non-

for light-o

o —

zoned portion of the filter can be blank and uncatalyzed or

o —

catalyzed. This 1s accomplished by application of a coating to

the full length of the filter substrate. This can be done




10

15

20)

25

30

CA 02671279 2009-05-29
WO 2008/121167 PCT/US2007/086095

25

P —

prior to the application of oxidation catalyst zone coating,

but this 1s not necessary and the main body coat can be applied

after the zone coat. The main body coat will typically (but

not necessarily) have a lower PGM loading and slurry washcoat

DG than the 1nlet zone coat. The lower PGM affords lower cost

o
—

and the lower DG a:

fords lower pressure-drop across the filter.

It 1s possible to apply thilis coating as a separate, outlet zone

coat. This can be accomplished by applying the 1inlet fuel

P —
p—

combustion zone coat to the desired length/depth to one end of

the filter substrate and then applyving the outlet coat to the

P —

opposite end of the substrate to the desired length/depth.

P —

This catalyst coating 1s applied 1nto the pore structure of the

filter wall and does not occur as a discrete coating on the

filter wall. The composition of the main body or outlet =zone
coating can be wvaried. Typically, the catalytic coating 1is
comprised of PGM on alumina(s). An example catalyst has a

coating comprised of 10g/ft° Pt-Pd (10:1 ratio) supported on

[SBa-150 + GA-200L aluminas (50:50 wt ratio) and applied to the

P —

full length of the filter support at a DG = 0.25g/in°. The main

P —
b

body coating contributes to further combustion of any 1injected

fuel that 1s not completely combusted on the 1inlet zone coat.

This ensures that all the hydrocarbon and any possible partial

oxldation products such as carbon monoxide are fully oxidized

before they exit the filter.

NOx Reducing Catalysts
[0070] For most US heavy duty diesel applications starting 1n

P —

"1clent to meet

2007 engine design and calibration will be su

the NOx standard. However, 1n the United States, particularly
starting 1in 2010, stricter NOx emilssions standards are not

expected to be met by engine design and calibration measures

alone and a NOx reduction after treatment catalyst will be

requlred. The NOx reducing catalyst according to one or more

P —

embodiments of the 1nvention can comprise a selective catalytic
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reduction (SCR) catalyst, a lean NOx catalyst, a lean NOx trap

o

(LNT), or a combination of these. This could also be applied

to light duty diesel applications.
[0071] It should be noted that the engine-out NOx 1s mailinly 1n

the form of NO with low levels of NO; and that the PGM loadings

o
—

and ratios employed 1n the =zone and body of the zoned

P —
b

particulate filter can be tailored to control the level of

filter-out NO, versus NO. The oxidation reaction, represented

by NO + *» 0, —--> NO,, can be controlled by the PGM function.

P —

The effectiveness of the down-stream SCR or LNT can be enhanced

by control of the NO,/NO ratio.
[0072] For an SCR reaction, there are three reaction conditions

can be considered depending on the NO,/NO ratio:

(1) Standard

4 NHs 4 NO oF —-—> 4 N> o H-»O
(2) “Fast”:

4 NH, + 2 NO + 2 NO, --> 4 N, + 6 H»O
(3) “Slow”:
4 NH: + 3 NO, --> 3.5 N, + 6 H,0.

[0073] From the above three conditions, 1t can be seen that the

desired “fast” or more efficient SCR reaction occurs 1f the NO,

to NO ratio 1s 1:1 and relative to engine-out 1t 1s expected to

requlire an oxidation function to 1ncrease the relative amount

P —

of NO». According to embodiments of the i1nvention, the PGM on

the zoned particulate filter can contribute to this function

and tailoring the PGM loadling and ratio can be used to achieve

this. It 1s believed that the 1:1 ratio will give the best
down-stream SCR reaction. Higher levels of NO, are detrimental
1n that 1t gives a slower SCR reaction. For the LNT operation,

1t 1s necessary to oxidize englne-out NO as fully as possible
to NO, as LNT’s absorb NOx principally as nitrates. Tailoring

the zoned-CSF’s PGM loading and ratio would achilieve this. LNT
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operation would be expected to require higher loading levels of
PGM with most 1f not all the PGM in the form of Pt.
[0074] Suitable SCR catalyst compositions for use in the system

g~

are able to effectively catalyze the reduction of the NOx

component at temperatures below 600° C., so that adequate NOx
levels can be treated even under conditions of low load which
typically are associated with lower exhaust temperatures.
Preferably, the catalyst article 1is capable of converting at
least 50% of the NOx component to N;, depending on the amount of
reductant added to the system. Another desirable attribute for
the composition 1is that it possesses the ability to catalyze
the reaction of 0, with any excess NHi; to N; and H,O0, so that NH;
1s not emitted to the atmosphere. Useful SCR catalyst
compositions used 1in the inventive system also have should
resist degradation upon exposure to sulfur components, which
are often present in diesel exhaust gas compositions.

[0075] Suitable SCR catalyst compositions are described, for
instance, 1in U.S. Pat. Nos. 4,961,917 (the '917 patent) and
5,516,497,

Compositions disclosed 1in the '917 patent
include one or both of an iron and a copper promoter present in
a zeolite in an amount of from about 0.1 to 30 percent by
welight, preferably from about 1 to 5 percent by weight, of the
total weight of promoter plus =zeolite. In addition to their
ability to catalyze the reduction of NOx with NHs; to N,, the
disclosed compositions can also promote the oxidation of excess
NH; with O;, especially for those compositions having higher
promoter concentrations. Another suitable SCR catalyst
composition comprises vanadia-titania.

[0076] Zeolites used 1in such compositions are resistant to
sulfur poisoning, sustain a high level of activity for the SCR
process. These zeolites have a pore size large enough to

permlit adequate movement of the reactant molecules NO and NH; in
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to, and the product molecules N, and H;O out of, the pore system

o

1n the presence of sulfur oxide molecules resulting from short

term sulfur poisoning, and/or sulfate deposits resulting from

P —

long term sulfur poisoning. The pore system of suitable size

1s 1nterconnected 1n all three c¢rystallographic dimensions. AsS

1s well known to the those skilled i1in the =zeolite art, the

P —

crystalline structure of zeolites exhibits a complex pore

structure having more or less regularly recurring connections,

intersections and the 1like. Pores having a particular

characteristic, such as a gilven dimension diameter oOr Cross-

P —
—

sectional configuration, are said to be one dimensional 1%

those pores do not 1ntersect with other 1like pores. If the

pores 1ntersect only within a given plane with other 1like

P —

pores, the pores of that characteristic are said to be

interconnected 1n two (crystallographic) dimensions. If the

pores 1ntersect with other like pores 1lyving both 1n the same
plane and 1n other planes, such 1like pores are said to be

interconnected 1n three dimensions, 1.e., to be "three

dimensional”". It has been found that zeolites which are highly

P —

resistant to sulfate poisoning and provide good activity for

o —
p—

both the SCR process and the oxidation of ammonla with oxygen,

and which retain good activity even when subject to high

temperatures, hydrothermal conditions and sulfate poisons, are

zeolltes which have pores which exhiblt a pore diliameter of at

least about /7 Angstroms and are 1nterconnected 1n three

P —

dimensions. While embodiments of the present 1nvention are not

to be bound by any specific theory, 1t 1s believed that the

P — P —

interconnection of pores of at least 7 Angstroms dilameter 1n

P — P —
—

three dimensions provides for good mobility of

sulfate

molecules throughout the =zeolite structure, thereby permitting

the sulfate molecules to be released from the catalyst to free

P —

a large number of the available adsorbent sites for reactant

NOx and NH; molecules and reactant NHs; and 0O, molecules. Anvy
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zeolites meeting the foregoing criteria are suitable for use in
the practices of the present invention; specific zeolites which
meet these criteria are USY, Beta and ZSM-20. Other zeolites
may also satisfy the aforementioned criteria.

[0077] The NOx reducing catalyst may comprise a lean NOX
catalyst. Lean NOx catalysts are typically classified as
elther a low temperature NOx catalyst or a high temperature NOX
catalyst. The low temperature lean NOx catalyst 1is platinum
based (Pt-based) and does not have to have a zeolite present to
be active, but Pt/zeolite catalysts appear to have better
selectivity against formation of N,O as a by-product than other
éatalysts, such as Pt/alumina catalysts. Generally, a low
temperature lean NOx catalyst has catalytically active
temperature ranges of about 180 to 350° C with highest
efficiencies at a temperature of about 250° C. High
temperature lean NOx catalysts have base metal/zeolite
compositions, for example Cu/ZSM-5. High temperature NOx
catalysts have a lower temperature range of about 300-350° C
with highest efficiency occurring around 400° C. Different
embodiments of the present invention use either high or 1low
temperature lean NOxXx catalysts with an HC reductant.

[0078] The NOx reducing catalyst may comprise a lean NOX trap.
Lean NOx traps are disclosed in U.S. Patent Nos. 5,875,057 and
6,471,924,

In general, a lean NOx trap containing a
combination of a NOx sorbent and an oxidation catalyst, which
sorbs NOx onto the trap member during selected periods of time,
e.g., when the temperature of the gaseous stream is not suited
for catalytic lean NOx abatement. During other periods of
time, e.g., when the temperature of the gaseous stream being
treated 1s suitable for catalytic lean NOx abatement, the
combustible component on the trap is oxidized to thermally

desorb the NOx from the trap member. A lean NOx trap typically
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comprises a catalytic metal component such as one or more
platinum group metals and/or a base metal catalytic metal
component such as oxides of one or more of copper, cobalt,
vanadium, 1ron, manganese, etc.

[0079] The NOx reducing catalyst compositions can be coated
onto honeycomb flow-through monolith substrates formed of
refractory metallic or ceramic (e.g., cordierite) materials.
Alternatively, oxidation catalysts may be formed on to metallic
or ceramic foam substrates which are well-known in the art.
These oxidation catalysts, by virtue of the substrate on which
they are coated (e.g., open cell ceramic foam), and/or by
virtue of their intrinsic oxidation catalytic activity provide
some level of particulate removal.

[0080] According to one or more embodiments of the invention, a
reductant dosing system 1s ©provided upstream of the NOx
reducing catalyst and downstream of the particulate to inject a
NOx reductant 1into the exhaust stream. As disclosed in U.S.
Pat. No. 4,963, 332, NOx upstream and downstream of the
catalytic converter can be sensed, and a pulsed dosing valve
can be controlled by the upstream and downstream signals. In
alternative configurations, the systems disclosed in U.S. Pat.
No. 5,522,218, where the pulse width of the reductant injector
is controlled from maps of exhaust gas temperature and engine
operating conditions such as engine rpm, transmission gear and
engine speed. Reference 1s also made to the discussion of

reductant pulse metering systems in U.S. Pat. No. 6,415,602,

[008l] In the embodiment of FIG. 4, an aqueous urea reservoir
22 stores a urea/water solution aboard the vehicle which is
pumped through a pump 21 1including a filter and pressure
regulator to a urea injector 16. Urea injector 16 is a mixing
chamber which receives pressure requlated air on line 19 which

1s pulsed by a control valve to urea injector 16. An atomized
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urea/water/air solution results, which 1s ©pulsed 1injected

P —
p—

through a nozzle 23 1nto exhaust pipe 24 downstream of

o

particulate filter 11 and upstream of the NOx reducing catalyst

P —

12, which 1s upstream of optional NHs destruction catalyst 13.

[0082] This 1invention 1s not limited to the agueous urea

metering arrangement shown in FIG. 4. It 1s contemplated that a
gaseous nitrogen based reagent will be utilized. For example, a
urea or cyanuric acid prill injector can meter solid pellets of

urea to a chamber heated by the exhaust gas to gasify the solid

P —

reductant (sublimation temperature range of about 300 to 400°

C) . Cyanuric acid will gasify to 1socyanic acid (HNCO) and

urea will gasify to ammonia and HNCO. With either reductant, a

hydrolysis catalyst can be provided 1n the chamber and a slip

P —

stream of the exhaust gas metered 1into the chamber (the exhaust

P —
summndl

gas contains sufficient water wvapor) to hydrolyze (temperatures

of about 150 to 350° C) HNCO to produce ammonia.

[0083] In addition to urea and cyanuric acid, other nitrogen

P —

based reducing reagents or reductants especially suitable for

P —

use 1n the control system of the present 1nvention 1ncludes

ammelide, ammellne, ammonilium cyanate, biuret, c¢yanuric acid,

o —
p—

ammonium carbamate, melamine, tricyanourea, and mixtures of any

P —

number of these. However, the 1invention 1n a broader sense 1s

not limited to nitrogen based reductants but can include any

reductant contalning hydrocarbons such as distillate fuels

including alcohols, ethers, organo-nitro compounds and the like

(e.g., methanol, ethanol, diethyl ether, etc.) and wvarious

amines and their salts (especially their carbonates), 1ncluding

guanidine, methyl amine carbonate, hexamethylamine, etc.

NHs-Destruction Catalyst Compositions

[0084] In one or more embodiments, the NH; destruction catalyst

o —

1s composed of a platinum group metal component dispersed on a

refractory 1norganic oxide support. When the NH; destruction

catalyst 1s deposited on the monolith carrier, the platinum
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group metal component 1is typically present at from 0.1 to 40

g/ft3, and preferably, from 0.5 to 10 g/ft3. At these
concentrations the platinum group metal component 1is effective
for the oxidation of ammonia to form N,, but has a diminished
propensity to cause oxidation of ammonia to form NOx. As
described above, higher concentrations of platinum 1in the
composition are 1liable to promote the conversion of excess
ammonia to NOx and not to Nj. Moreover, lower levels of
platinum group metal components are desired to minimize the
formation of sulfates that contribute to the mass of the
particulate matter that is discharged to the atmosphere.

[0085] Suitable platinum group metal components include
platinum, palladium, rhodium and iridium components. Platinum
is especially suitable. In embodiments of the invention, where
platinum is used in the NH3; destruction catalyst, the platinum
component can be sulfated to further moderate the catalytic
activity of the platinum component and control NOx formation.
The sulfation can be performed by treatment of the composition
with sulfuric acid, or alternatively, by subjecting the final
coated composition to an exhaust stream derived from an
internal combustion engine that uses fuel that contains higher
levels of sulfur component (e.qg.,>350 ppm) .

[0086] An exemplary NHs destruction catalyst material 1is

composed of platinum dispersed on one or both of bulk ceria and
activated alumina. Such compositions are similar to those

described in U.S. Pat. No. 5,4.62,907,

The catalytic material
can be prepared in the form of an aqueous slurry of ceria and
alumina particles, the particles being impregnated with the a
water—-dispersible or water-soluble platinum precursor. The
slurry can then applied to the carrier, dried and calcined to
form a catalytic material coating ("washcoat") thereon.

Typically, the ceria and alumina particles are mixed with water
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and an acidifier such as acetic acid, nitric acid or sulfuric

acid, and ball milled to a desired particle size. Alternatively

the slurry can be dried and calcined before being coated on the

carrier.

[0087] The platinum catalytic metal component 1s preferably
incorporated 1nto the ceria particles or 1nto the ceria and

alumina particles. The ceria-alumina acts not only as a

catalyst but also as a support for the platinum catalytic metal

component. Such 1i1ncorporation with the platinum precursor can

also be conducted after the ceria-alumilina catalvyvtic material 1s

coated as a washcoat onto a suitable carrier, by 1impregnating

P —

the coated carrier with a solution of a suitable platinum

precursor, followed by drying and calcination. However,

preferably, the ceria particles or both the ceria and alumina

particles are 1mpregnated with a sultable platinum precursor

P —

before a coating of the ceria-alumina catalytic material 1s

applied to the carrilier. In elther case, the platinum metal 1s

added to the ceria-alumina catalytic material as, e.g., a

o

solution of a soluble platinum compound, the solution serving

to 1mpregnate the ceria and alumina particles (or the ceria-

alumina coating on the carrier), which may then be dried and

the platinum fixed thereon. FFixing can be carried out by

calclnation or by treatment with hydrogen sulfide or by other

known means, to render the metal 1n water-insoluble form.

[0088] Generally, the slurry of ceria and activated alumina

particles, with the platinum solution, will be deposited upon

the carrier substrate and dried and calcined to adhere the

catalytic material to the carrier and, to revert the platinum

compound to the elemental metal or 1ts oxide. Suiltable

platinum precursors for use 1n the foregolng process 1nclude
potassium platinum chloride, ammonium platinum thiocyanate,

amine-solubilized platinum hydroxide and chloroplatinic acid,

as 1s well-known 1n the art. During calcination, or at least
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o —
b

during the 1nitial phase o: use of the catalyst, such

P —

compounds, 1f present, are converted 1nto the catalytically

active elemental platinum metal or 1ts oxide.
[0089] When the catalytic material 1s applied as a thin coating

to a suiltable carrier, such as described above, the proportions

P — P
.

of 1ngredients are conventionally expressed as weight of

P —

material per gross unit volume of catalyst, as this measure

accommodates the presence of different cell densities, wall

thicknesses, gas flow passages, etc. Grams per cubic 1inch

P —

("g/in”") units are used to express the quantity of relatively

plentiful components such as the ceria-alumina catalytic

material, and grams per cubic foot ("g/ft ") units are used to

o —

express the guantity of the sparsely used i1ngredients, such as

the platinum metal. For typical diesel exhaust applications,

the cerla-alumlina catalytic material generally may comprise

from about 0.25 to about 4.0 g/in3, preferably from about 0.25

P —

to about 3.0 g/in3 of the coated carrier substrate, and from

about 0.1 to 10 g/ft’ of platinum.
Optional Components
[0090] Generally, other 1ngredients may be added to the

catalyst composition such as conventional thermal stabilizers

for the alumina, e.g., rare earth metal oxides such as ceria.

P —

Thermal stabilization of high surface area ceria and alumina to

o —
——

fective low

prevent phase conversion to less catalytically e:

surface area forms 1s well-known 1n the art. Such thermal

stabilizers may be 1incorporated into the bulk ceria or into the

bulk activated alumina, by 1mpregnating the ceria (or alumina)

o — P —

particles with, e.g., a solution of a soluble compound of the

stabillizer metal, for example, an aluminum nitrate solution 1n

P —

the case of stabilizing bulk ceria. Such 1mpregnation 1s then

followed by dryving and calcining the 1mpregnated ceria
particles to convert the aluminum nitrate 1mpregnated therein

into alumina.
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In addition, the catalyst compositions may contailn other

catalytic 1ngredients such as other base metal promoters or the

li1ke. However, 1n one embodiment, the catalyst composition of

P —
b

P —

the present 1nvention consists essentially only of the high

surface area ceria and high surface area alumina, preferably

present

in

o —

a weilght proportion of 1.5:1 to 1:1.5, with or

without thermal stabilizers i1impregnated therein, and, from 0.1

to 10 g/ft”

EXAMPLES

[0092] The

invention,

P —

of platinum.

following examples further 1llustrate the present

but of course, should not be construed as 1n any way

limiting 1ts scope.

EXAMPLE

FILTER SAMPLE

1

1

- PREPARATION OF ZONE COAT.

L]

D CATALYZ!

L]

D PARTICULAT.

L]

[0093] A zoned catalyzed soot filter (CSF) consistent with this

invention was prepared as follows:

[0094] A cordierite wall-flow filter substrate (Corning CO)

having a round cross section with dimensions of 10.5” dia. X

12.0” long and having a cell spacing o

P —

200 cps1 with a filter

o — P —

wall thickness of 0.0127” was used. The coating of this

P —
s

substrate consisted of:

[0095] a.

polymer

4

"

An optional first coating of fugitive water soluble

Rhoplex P-376 (Rohm & Haas) applied to the entire

substrate that after drying resulted 1n a DG = O.25g/in3. One

purpose

POres

P —

OL

1in

P —
.

this polymer coating 1s to f11ll the smallest of

the cordierite filter porosity, thereby allowing

P —

better distribution of the subseqgquent catalytic coating 1n the

P —

wall of

the

filter substrate.

[0096] b. A first catalytic coating applied to the full length

of the wall flow filter substrate. This coating was comprised

of platinum and palladium 1mpregnated onto a 50:50 wt mixture

of lanthanum stabilized alumina, GA-200L (Engelhard),

containing 4% La,0s and alumina, SBa-150 (Sasol North America).
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Platinum was first 1impregnated onto the mixture o:

P —

P —
b

aluminas as

an agueous solution of monoethanol-amine stabilized Pt (IV)

hydroxide and then with palladium as an aqueous solution of Pd

P —

(IT) nitrate. The resulting PGM 1impregnated alumlina mixture

with Pt to Pd ratio of 10:]1 was milled 1n water to achieve a

particle size distribution with 90% less than /7 microns,

P —

and solids for coating. The first catalytic

P —

followling which the resultant slurry was adjusted for

pH = 4

coatlng was

applied to the full length of the wall flow filter substrate 1n

one pass to achieve a DG = O.26g/in3 and having a total Pt + Pd

loading of 10g/ft’ with a Pt to Pd ratio of 10:1.

[0097] ¢. A second, zone catalytic coat was then applied to the

o —

inlet end of the wall flow filter substrate to a length

o —
p—

of 37. This coating was comprised o1

o —

(depth)

platinum and palladium

impregnated onto a 50:50 wt. mixture of lanthanum stabilized

alumina, GA-200L (Engelhard), containing 4% La»0s

P —

onto the mixture of aluminas as an agueous

and alumina,

solution of

SBa-150 (Sasol North America). Platinum was first impregnated

P —
—

monoethanol-amine stabilized Pt (IV) hydroxide and then with

palladium as an aqueous solution of Pd (IT)

nitrate. The

resulting PGM 1impregnated alumlina mixture with Pt to Pd ratio

P —

of 10:1 was milled 1n water to achilieve a

particle size

distribution with 90% less than 7 microns, following which the

P —

resultant slurry was adjusted for pH = 4 and

P —

solids for

coating. The second, zone catalytic coating was applied to the

inlet 3” of the wall flow filter substrate 1n one pass to

achieve a DG = 0.53g/in” within the zone and having a total Pt +

Pd loading of 60g/ft’ with a Pt to Pd ratio of 10:1.

[0098] This resulted 1n a zoned catalyzed soot

P —

having an overall total Pt + Pd loading level o:

overall Pt to Pd ratio of 10:1.

EXAMPLE 2 - Fuel Light-0ff Over Zoned CSF

filter (CSF)

+3 with

25.0qg/:
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[0099] In order to demonstrate active regeneration capabilility

of the zoned CSF a fuel light-of

P —

f test 1n the engine test cell

was conducted. This testing was run using a turbocharged 7.6

liter, 225 HP diesel engine 1installed 1n an englne test cell

and connected to a dynamometer.

The testing was conducted

using the zoned catalyzed soot filter (CSF) described 1in

Example 1, above.

[0100] For the 1light-off testing the =zoned catalyzed soot

P —

P —

filter (CSF) was mounted 1n the exhaust line of the engine 1n a

position 10 ft. down stream of the engine’s turbocharger. The

exhaust 1line was equilipped with a fuel 1i1injector through which

supplemental diesel fuel could be introduced 1nto the exhaust

P —

stream. This fuel 1njector was a standard type wused for

gasoline engines and 1t was mounted just down stream of the

englne’s turbocharger. Between

the =zoned catalyzed soot filter

P —

the diesel fuel 1njector and

(CSF) was mounted an 1nline

mixer to assilist mixing of the atomized, 1injected fuel with the

exhaust stream. All tests were conducted using ultra low

P —

sulfur (< 15 ppm S) diesel fuel

both for engine operation and

supplemental fuel 1njected 1nto the exhaust.

[0101] For the test the engine was operated at a speed of

o

P —
b

1570 rpm and a torque of 745 Nm which resulted 1n a total

P —

exhaust flow of 740 std. m’/hr with an exhaust temperature at

P —
—

the inlet of the zoned catalyzed soot filter (CSF) of 300°C as

o

measured by a thermocouple mounted just up stream of the face

P —

of the CSF. A thermocouple was

P —

also mounted just down stream

of the CSF outlet face to measure the exhaust temperature at

that location.

[0102] Starting with a relatively c¢lean, soot free zoned

catalyzed soot filter (CSE')

the system was allowed to

equllibrate and stabilize for temperature. Following this (ca.

122 minutes runtime) diesel fuel was 1ntroduced at wvarving

levels 1nto the exhaust wvia the

fuel 1njector described above
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and the exhaust temperatures at the inlet and outlet of the CSF

were monitored. The results are shown 1n Figure O. Initially

the CSF 1n and CSF out exhaust temperatures were the same

P —
b

(300°C), but as 1increasing amounts of fuel were 1injected 1into

the up stream exhaust the CSF outlet temperature 1ncreased.

For one segment (ca. 130-135 minutes runtime) with 1.2 g/sec

diesel fuel 1njected 1nto the exhaust the CSF outlet exhaust

o —

gas temperature was 545°C which was an increase of 245°C above

the 1nlet exhaust gas temperature. This exhaust temperature 1s
1in the range sufficient to give soot combustion 1n the filter
under actilive regeneration conditions. Measurement of the

exhaust gas total hydrocarbon content during this segment

showed ca. 13,000 ppm Cl1 at the CSF 1inlet 1location, but only

2.7 ppm Cl at the CSF outlet 1indicating essentially complete

P —

combustion of the supplemental i1injected diesel fuel 1in the CSF.

[0103] Fligure 6 shows the inlet vs. outlet exhaust

e P —
= =

f test above as a function of

temperature data for the light-o:

o — P —

the rate of injection of diesel fuel 1nto the exhaust up stream

P —
e

of the zoned catalyzed soot filter (CSF). This shows a regular

increase 1n CSEF out exhaust temperature with 1ncrease 1n

injected diesel fuel and that temperatures of 600°C can be

P —

attained for injection rates of 1.5 g/sec. At some injection

rate levels the exhaust temperature data appears as bar or

range which reflects the temperature-time heat up response on

changing from one 1njection rate to the next higher one.

EXAMPLE 3 — Fuel Light-0Off Testing with Temperature

Measurements 1n the Zoned Catalyzed Soot Filter (CSFEF) Bed

[0104] The test 1n EXAMPLE 2 above measured the effect of
light-off of 1njected fuel on exhaust gas temperatures under
one englne speed and load condition. CSE out exhaust

temperatures as high as 600°C were attained which are in a good

o

range for achieving reasonably rapid combustion of soot 1n the

CSEF for active regeneration.
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[0105] The test of EXAMPLE 3 extended 1investiligation to

P —

include measurement of temperatures withlin the zoned catalyzed

o —

filter. These measurements allowed characterization of both

P —

axial and radial distribution of temperatures within the CSF to

A P —

demonstrate how the light-o of 1njected fuel developed and

1ts uniformity. Further, the temperatures within the CSF were

P —

more representative of local temperatures 1n the same regions

where the soot combustion was taking place during active

regeneration.

[0106] In addition the tests of EXAMPLE 3 were conducted at

P —

different engine speeds that gave different exhaust flows, plus

different torque levels were employed at these speeds to give

lower CSF 1nlet exhaust temperatures than were run for EXAMPLE

2 .

[0107] For these tests the same englne and test set up were

used as 1n EXAMPLE 2, except that the =zoned catalyzed soot

filter (CSF) was fitted with 1internal thermocouples to measure

the 1nternal filter temperatures. Ten (10) thermocouples were

installed 1n the filter 1n a configuration shown 1n Filigure 7.

o —
e

This configuration consisted of five (9) thermocouples

installed down the centerline of the filter to measure the

P —

temperatures 1n the wvery middle of the filter body. These

thermocouples were positioned at 1”7 from the inlet face (TC1l),

P —

3”7 from the 1nlet face and at the rear of the i1nlet zone (TCZ),

6” from the inlet face and at the filter axial mid-point (TC3),

97 from the i1nlet face (TC4) and 11”7 from the i1nlet face (TCH).

In addition five (5) thermocouples were 1nstalled 1n a 1line

o

that was located 1”7 radially from the outer edge of the zoned

catalyzed soot filter and were at corresponding positions from

the 1nlet face o0of the filter of 17 (TC1l1), 37 (TCl2), ©o©”
(TC13), 97”7 (TC1l4) and 117”7 (TC1lbH).
[0108] The thermocouples used 1n EXAMPLE 2 to measure

P —

exhaust gas temperatures near the 1nlet and outlet faces of the
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CSEF were also 1n place

1n this test.

[0109]

injected

15380

rpom, B-speed =

1njected

and the engine torgue

exhaust gas temperatures between 350°C and 250°C.

The testing consisted of

Wdas

temperatures were recorded

[0110]

The results

I, below:

4()

P —

TABLE | - A-Speed Data for Fuel Light-Off

A-Speed = 1580 rpm
Fuel Injection Rate = 1.66g/sec

Test Point
Exhaust Flow (std. m3/hr)

Zoned CSF-In Gas Temp.(C)
Zoned CSF-Out Gas Temp.(C)

Filter Internal Temperatures:
TC1 Centerline 1" in Temp.(C)
TC2 Centerline 3" in Temp.(C)
TC3 Centerline 6" In Temp.(C)
TC4 Centerline 9" in Temp.(C)
TCS Centerline 11" in Temp.(C)

TC11 Edge 1" In Temp.
TC12 Edge 3" In Temp.
TC13 Edge 6" In Temp.
TC14 Edge 9" In Temp.
TC15 Edge 11" In Temp.(C

[0111] With a diesel

and exhaust

possible to

P —

range of

rapid soot combustion 1n a

achieve CSF

1
739

305
058

498
537
599
063
700

489
528
598
053
700

flows 1n the range o

outlet exhaust temperatures 1n

2
720

285
029

454
499
565
034
069

446
488
565
015
069

o —

"1lter.

1940 rpm and C-speed

varied to

3
700

208
004

433
470
533
004
035

408
465
533
589
035

glve

fuel 1njection rate of
for 1nlet exhaust temperatures 1n the range of

139

PCT/US2007/086093

fuel at three characteristic engine speeds:

2060

for the A-speed tests are given 1n TABL

A4
682

256
007

419
4065
532
008
041

351
455
531
592
041

o —

P —

658°C to 607°C which give a good range

for exhaust gas temperature measurement

running light-off tests with

A-speed =

rom. The

fuel rate was held constant at each speed condition

d3

N

"erent 1nlet

Stabilized

for 1inlet and outlet exhaust gas and

for the 1nternal thermocouples i1nstalled in the CSF.

1]

1.66 g/sec and
305°C to 256°C
682 std.

m>/hr it was

the

for reasonably
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[0112]

the

Furthermore,

combustion

centerline of the

measured at the position

face,

injected

internal temperatures

filter

which

filter

showed good radial uni:

but this

are

from the

filter during the 1light-o

CA 02671279 2009-05-29
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filter could be attained over much o

P —
—

ficient to

S U

filter.

filter and 17”7

A

test.

17 1n

filter were lower than those measured

1s understandable

17 1n

high interna.

"ormity of

o

glive

o

The

from the

1in

from the inlet

reasonably

temperature

inlet

further 1n

‘uel was belng 1nitiated 1n this region.

PCT/US2007/086093

the length of

rapid

face o

from the

that light-off o

Stil

temperatures > 500°C within

the

SO0OL

The 1nternal temperatures down the

from the outer edge of the
in the

internal temperatures

f the

inlet

f the

1 the

face of the CSF were

163°C to 193°C higher than the inlet exhaust gas temperature.

[0113]

graphically

The exhaust gas and 1nterna.

in

for A-speed test point 1
Figure 8. Tt

can be

(305°C inlet gas temperature)

SCCll

are

that tThere

substrate temperatures

shown

WasS

essentlally a linear increase 1n 1nternal substrate temperature

down the length of

of the length o:

o

combustion 1n the

the CSF 1nternal temperatures at the centerline of the

and 1”7

which

showed good wuniformity

burning.

[0114]

The results

I, below:

o —

the CSFEF to

filter

from the outer edge of the

P —

OL

for the

light-o0

for active regeneration.

the CSF with temperatures > 500°C over most
facilitate reasonably rapid soot
Furthermore,

filter

P —

P —

and active

B-speed tests are given 1n TABRL

filter were nearly 1identical

fuel

1]
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TABLE Il - B-Speed Data for Fuel Light-Off

B-Speed = 1940 rpm
Fuel Injection Rate = 2.25g/sec

Test Point 1 2 3 4

Exhaust Flow (std. m3/hr) 979 968 935 928
Zoned CSF-In Gas Temp.(C) 294 281 271 261
Zoned CSF-Out Gas Temp.(C) 646 652 657 656

Filter Internal Temperatures:

TC1 Centerline 1" in Temp.(C) 463 458 447 431
TC2 Centerline 3" in Temp.(C) 498 497 489 482
TC3 Centerline 6" in Temp.(C) 551 560 556 556
TC4 Centerline 9" in Temp.(C) 0631 645 645 638
TCS5 Centerline 11" Iin Temp.(C) 679 696 698 698
TC11 Edge 1" in Temp.(C) 447 423 375 326
TC12 Edge 3" in Temp.(C) 491 490 480 467
TC13 Edge 6" in Temp.(C) 550 557 549 543
TC14 Edge 9" in Temp.(C) 610 621 621 616
TC15 Edge 11" in Temp.(C 673 691 691 691
[0115] These results were similar but for a higher exhaust

volumetric flow condition and thus shorter contact time than

for the A-speed tests. CSF outlet exhaust gas temperatures and

o

internal filter temperatures in the range of 500°C to ca. 700°C

should were attained which would give reasonably rapid

P —

combustion of SOO0L from the filter under these active

regeneration conditions.



10

15

20

WO 2008/121167

[0116]

IT,below:

TABLE lll - C-Speed Data for Fuel Light-Off

C-Speed = 2680 rpm
Fuel Injection Rate = 1.80g/sec

Test Point
Exhaust Flow (std. m3/hr)

Zoned CSF-In Gas Temp.(C)
Zoned CSF-Out Gas Temp.(C)

Filter Internal Temperatures:
TC1 Centerline 1" in Temp.(C)
TC2 Centerline 3" in Temp.(C)
TC3 Centerline 6" in Temp.(C)
TC4 Centerline 9" in Temp.(C)
TCS5 Centerline 11" in Temp.(C)

TC11 Edge 1" In Temp.(
TC12 Edge 3" In Temp.(
TC13 Edge 6" In Temp.(
TC14 Edge 9" in Temp.(

The resu.

LS

CA 02671279 2009-05-29

1
969

351
645

515
546
590
649
679

513
540
587
634
673

2
917

330
650

503
535
584
650
685

503
532
582
633
678

43

3
874

317
651

499
531
582
651
686

498
527
579
633
682

4
830

301
651

492
527
581
653
689

491
525
578
634
682

9
770

281
659

479
524
585
665
702

478
519
584
648
697

6
723

262
668

460
505
586
670
712

457
504
586
653
712

PCT/US2007/086093

from the C-speed tests are given 1n TA

/
713

251
678

448
511
587
6385
730

446
503
587
665
730

=1

]

TC15 Edge 11" in Temp.(C)

[0117] The results
good light-off of 1njected
outlet gas temperatures and 1nternal £

give reasonably rapid soot combustion

active regeneration.

P —
—

4 — FEffect of

EXAMPLE

Diesel Particulate

fuel that gave high

P [ |

on Zoned CSF Out NO,/NOx Ratio for

[0118]

A zoned catalyzed soot £f1

Downstream SCR

lter (CSF)

P —

1n the exhaust of a NOx reduction

o

plays a role of

and

removing soot

P —

catalyst

converting hydrocarbons

the exhaust which could have an e

ter temperatures

from tThe

(Soot)

function

for these tests were similar and showed

enough CSF
Lo

filter under

Accumulation

mounted up stream

(e.g. SCR)

from

"ect on 1nter:

catalytic sites on the

reaction. In addition,

SCR catalyst

the

for

"ering with the

NOx reduction

the CSF can act to oxidize engine out

NO to NO, which can be advantageous 1n promoting the so called

1\

fast” SCR

P —
b

NO to NO, ratio o: or an NO

get the best results.

reaction discussed above.

to total

This reaction regquires an

NOx ratio of 0.50 to

Thus 1t was 1mportant to evaluate the

performance of the zoned CSF with respect to its outlet NO,/NOX

ratio. Furthermore,

the NO, produced 1n the CSF can react with
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soot 1n the CSF and 1t was 1mportant to determine the CSFEF out

P —

NO->/NOx ratio with the accumulation of soot in the filter.

[0119] This was done using the same zoned catalyzed soot

actively regenerated as above and subsequently burned free of

filter (CSF)

from EXAMPLES 1-3 above. The zoned CSF was

P —
—

residual soot in a furnace at 600°C in air to achieve a “clean”

filter and obtain a Yclean” tare filter weight. The Y“clean”

P —

CSF was mounted 1n the exhaust stream of a 6.6 liter 330 HP

engine and eqgquipped with an FTIR with sampling point down

P —

stream of the CSF to measure total NOx and NO, levels 1n the

exhaust stream.

o —

P —

The engine was run at a speed of 3200 rpm and

P —

torque of 125 Nm with a CSF in exhaust temperature of ca. 260°C

and an engine out particulate emission level which resulted 1in

accumulation of 6.

P —

g/liter particulate (soot) in the zoned CSF

over the period of 3 hrs. The CSF out total NOx and NO, levels

measured by FTIR

run (“clean” CSF)

P —

exhiblted little change from the start of the

to the end of the run (Soot Loaded CSF) as

shown in Figure 9. Further, the NO,/NOx ratio over the run was

0.52 at the beglinning and 0.44 at the end which was 1n the

o —

range of the desired ratio for down stream

W2\

fast” SCR reaction

P —

and showed that accumulation of soot 1n the filter had 1little

c

the result

P —

ffect on the CSF out NO;/NOx ratio. This is considered to be

of having the catalyst coatings 1n the zoned CSF

P —

deposited within the filter wall and thereby down stream of the

accumulating soot cake i1in the filter.

EXAMPLE 5

Active Regeneration of Zoned Catalyzed Soot

Filter with Soot Loading in the Filter

[0120] The same zoned catalyzed soot filter (CSF) used for

testing 1n

EXAMPL!

S 1-4 was loaded with soot on a 6.6 liter 330

P — P —

HP engine at a speed of 3200 rpm and torque of 125 Nm. The

soot loaded

o

filter (2.8 g/liter soot) was placed in the exhaust

line of the 7.6 liter 225 HP engine employed 1in EXAMPLES 2-3

and which was equipped with the same supplemental diesel fuel
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injector used for active regeneration. The engine was adjusted

o

P —

to a speed of 1566 rpm and torgque of 680 Nm to achieve a CSF

- -

inlet exhaust gas temperature of 303°C with exhaust flow of 705

std. m°/hr. Once stabilized the pressure drop (Delta P) across

the filter under these conditions was measured as 8.57 KPa.

Supplemental diesel

fuel 1njection 1nto the exhaust (1.62

g/sec) was established to initiate an active regeneration which

P —

was continued for ca. 25 min. The results of this active

regeneration are shown 1n Figure 10. It can be seen that the

CSEF out exhaust gas temperature 1ncreased with supplemental

P —

fuel injection to a level of 656°C suitable for active soot

combustion. The level of Delta P also i1ncreased with 1ncrease

1n exhaust temperature but reached a peak of ca. 11.5 KPa after

P —

o —

ca. 2 min. of runtime, following which Delta P was reduced and

at the end of the
temperature at 656°C
P. The supplemental
CSEF out exhaust gas

run was ca. 9.3 KPa with outlet exhaust

P —

for a reduction of 2.2 KPa from peak Delta

fuel 1njection was then terminated and the

temperature returned to the same level as

the CSF in exhaust gas temperature (303°C). The level of Delta

P across the filter

P —

at this polint was measured as 5.87 KPa for

a reduction of 2.70 KPa relative to the level before the active

P —
p—r

regeneration. Welghing of the filter after the active

P —

regeneration showed a 60% reduction 1n the level of soot in the

filter. This was not considered to be an optimlized process or

test, but 1t clearly demonstrated active regeneration with the

zoned catalyzed filter (CSF) for reduction of filter Delta P

and soot loading.

[0121] While the

present 1nvention,

o

foregoing 1s directed to embodiments of the

P —
—

other and further embodiments of the

invention may be devised without departing from the basic scope

P —

P —

thereof, and the scope thereof 1s determined by the claims that

follow.
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What is claimed 1is:

1. An emlssion treatment system for treatment of an
exhaust stream comprising NO, and particulate matter,
the emission treatment system comprising:

a substrate having a plurality of passages and
elements for trapping particulate contained in an exhaust
stream flowing through the filter, the substrate having
an 1nlet end and an outlet end, the 1inlet end of the
substrate having a loading amount of at least about 20
g/ft3 of precious group metal composition disposed thereon
to light off fuel at a temperature of less than about
300 C and to produce an exotherm sufficient to burn off
trapped particulate 1n the filter, said precious group
metal composition extends for less than about 50% of the
axial length of the filter; and

a NOy reducing catalyst located downstream

trom the particulate filter.

2. The emission treatment system of claim 1, wherein
the precious group metal 1s present in a loading amount of
at least about 30 g/ft’ and extends for less than about 50%
of the axial length of the filter.

3. The emission treatment system of claim 1, wherein
the precious group metal 1s present in a loading amount of
at least about 40 g/ft3 and extends for less than about 50%
of the axial length of the filter.

4 . The emission treatment system of claim 3, wherein

the substrate 1s 1n the form of a wall flow monolith
having a plurality of longitudinalLy extending
passages bounded by longitudinally extending walls, the
passages comprising 1nlet passages having an open inlet
end and a closed outlet end, and outlet passages having

a closed inlet end and an open outlet end, the walls
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gr—

having a porosity of at least 40% with an average

pore size of at least 5 microns and precious group
metal composition permeating the walls and extending

from the 1inlet end towards the outlet end to a length

that 1s 1less than the axial length of the walls to

provide an 1nlet zone.

5. The emission treatment system of claim 4, wherein the
longitudinally extending walls have a catalytic coating
thereon underlying the precious group metal composition,
the catalytic coating extending the entire axial length of

the filter.

o . The emission treatment system of claim 5, wherein

the catalytic composition comprises a base metal oxide.

7. The emission treatment system of claim 5, wherein
the catalytic composition comprises a precious

group metal composition 1n an amount less than or equal

to about 20 g/ft”>.

8 . An emission treatment system for treatment of an
exhaust stream comprising NO, and particulate matter,
the emission treatment system comprising:

a particulate filter having an axial 1length and
elements for trapping particulate matter contained 1n an
exhaust stream flowing through the filter a 1light-
off oxidation catalyst composition extending from the
inlet end towards the outlet end to a length that 1s less
than the axial length of the walls to provide an 1inlet
zone 1n an amount sufficient to light-off at 1less than

about 300 C and generate an exotherm to burn soot trapped

in the filter; and

a NO, reducing catalyst located downstream from

the particulate filter.
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9. The emission treatment system of claim 8, wherein
the particulate filter comprises a wall flow monolith
disposed within the exhaust stream and having a
plurality of longitudinally extending passages
bounded by longitudinally extending walls, the passages
comprising inlet passages having an open 1inlet end and a
closed outlet end, and outlet passages having a closed
inlet end and an open outlet end, the walls having a
porosity of at least 40% with an average pore size of at
least 5 microns and the wall flow monolith comprising

a light-off oxidation catalyst composition permeating the

walls.

10. The emission treatment system of claim 9,

further comprising an NH; destruction catalyst 1located

downstream from the NOy reducing catalyst.

11. The emission treatment system of claim 9, wherein the

NO, reducing catalyst comprises a lean NOy catalyst.

12. The emission treatment system of c¢claim 11,
further comprising a reductant introduction port 1in
fluid communication with a hydrocarbon reductant, the

reductant introduction port located upstream from the lean

NOy catalyst.

13. The emission treatment system of c¢laim 11, wherein

the NO, reducing catalyst comprises a lean NO, trap.

14. The emission treatment system of c¢claim 11,

wherein the NO, reducing catalyst comprises an SCR

catalyst.

15. The emission treatment system of c¢claim 14,
further comprising an 1ntroduction port located upstream

from the SCR catalyst, the 1ntroduction port 1in fluid
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communication with an ammonzia source or ammonia
precursor.
16. The emission treatment system of «c¢claim 15,
further comprising an injector 1n fluid
communication wlth the introduction port, the

injector configured to periodically meter the ammonila

or an ammonia precursor 1nto the exhaust stream.

17: The emission treatment system of <c¢claim 16,

further comprising an NH3 destruction catalyst located

downstream from the SCR catalyst.

18. The emission treatment system of claim 9,
further comprising an exotherm-producing agent
introduction port located upstream of the wall flow
monolith, the exotherm-producing agent 1ntroduction
port in fluid communication with an exotherm-producing
agent capable of generating a temperature sufficient to

periodically burn particulate accumulated i1n the wall-flow

monolith.

19. The emission treatment system of claim 18,

wherein the exotherm-producing agent comprises diesel

fuel.

20. An emission treatment system for treatment of an
exhaust stream comprising NO, and particulate matter,
the emission treatment system comprising:

a wall flow monolith disposed within the exhaust
stream and having a pluralaity of longitudinally
extending passages bounded by longitudinally
extending walls, the passages comprising inle{:
passages having an open 1nlet end and a closed outlet end,
and outlet passages having a closed 1inlet end and an

open outlet end, the walls having a porosity of at least
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40% with an average pore size of at least 5 microns and
the wall flow monolith comprising a light-off
oxldation catalyst composition permeating the walls
and extending from the inlet end towards the outlet end
to a length that 1s less than the axial length of the

walls to provide an 1inlet zone;

an SCR catalyst located downstream from the wall
fiow monolith; and
an 1njector for 1njecting ammonia or ammonia

precursor 1nto the exhaust gas stream upstream of the SCR

catalyst.

21. The emission treatment system of c¢claim 20,

further comprising an NH; destruction catalyst located

downstream from the SCR catalyst.

22. The emission treatment system of claim 21, comprising

an exotherm-producing agent injector located upstream of

the wall-flow monolith.

23. A method of treating exhaust stream from a diesel
engine comprising:

disposing within the exhaust stream containing
particulate matter a wall flow monolith and
having a plurality of longitudinally extending
passages Dbounded by 1longitudinally extending walls,
the passages comprising inlet passages having an open
inlet end and a closed outlet end, and outlet passages
having a closed 1nlet end and an open outlet end, the
walls having a porosity of at least 40% with an average
pore size of at 1least 5 microns and the wall flow
monolith comprising a 1light-off oxidation catalyst

composition permeating the walls and extending from the

inlet end towards the outlet end to a length that 1is

less than the axial length of the walls to provide an
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1nlet zone;

disposing a NOx reducing catalyst downstream from the

wall flow monolith; and

periodically 1ntroducing an exotherm-producing
agent upstream of the wall flow monolith to generate an
exotherm 1n the wall flow monolith sufficient to combust

particulate matter trapped within the wall flow monolith.
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