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HERILCSFARY RBE ((C) 294 281 27 261
EMILCSFHOVREE (C) 646 652 657 656
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TC1 PO 1 BE (Q) 463 458 447 431
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AUNE COATED FILTER, EMISSION TREATMENT SYSTEMS AND METHCDS

CROSS EEFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/868,28%, filed on December I,
2006, and alsc claims the benefit of U.S5, Patent Application
Ser, MNo. 11/947,324 filed MNovember 29, 2007, the disclosurss of
which are héereby incorporated by reference in thely entirety.
FIELD OF THE INVENTION

[0002] Embodiments of the inventlon relate generally to diesel
exhaust trastment filters, systemns, and methods. More
particoularly, embodiments of tThs present invention pertain to
diesel exhaust treatment systems and methods that include zone
coated particulate filters having a zone coated with an
oxidation catalvat.

BACKGROUND

[0003] Conmpression ignition diesel engines have great utility
and advantage as vehicle power trains because of their inherent
fuel economy and high torgue at low speed. Diesel engines run
at a high alr to fusl (A/F) ratic under ey fuel lean
conditions. Becsuse of this, they have wvery low emissions of
gas phase hydrocarbons and carbon monoxids. However, diesel
exhaust is characterized by relatively high emissions of
nitrogen oxides (NO,) and particulates. Diesel engine exhaust
is & heterogeneous mixture which contains not onlyv gaseous
emissions such as carbon monoxide ("C0O"), unburned hvdrocarbons
("HC™} and nitrogsn oxides {"NO.", bubt also condensed phass
materials (liguids and s6lids) 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 wvarious

regulatery agencies throughout the world.



(31) JP 2019-143632 A 2019.8.29

[0004] The total particulate matter emissicns of diesel exhaust
contain three main components. One component is the soldd, dry,
carponaceous fraction or scob fraction., This dry carbonacecus
fraction contributes to the visible scot emissicns commonly
assoclated with diesel exhaust. & second component of the
particulate matter is the soluble organic Eraction (ME0FT).
The BOF can exist in diesel sexhaust elther as a vapor or 28 an
geroseol (fine droplets of liguid condensate) depending on the
temperature of the diesel exhaust. It is generally present as
condensed.  liguids at  the standard particulate oollection
temperature of 52° C in diluted exhaust, as prescribed by a
standard measurement fest, such as the U.5. Heavy Dubty
Transient Federal Test Procedure. These liguids arise from two
sources: (1) Iubricating oil swept from the cylinder walls of
the engine each time the pistons go up and downy and (Z)
unburned or partially burned diesel fuel. The third component
of the particulate matter is the so-called sulfate fraction,
which dis formed from small gquantitiss of sulfur components
present in the diesel fuel.

[0005] Catalyst compositions and substrates on  which the

compositions are disgsposed are typleally provided in diesel

enging exhaust systenms to convert certain or all of these
exhaust components Lo lnnoguous componsnis. For instancs,

oxidation catalysts, which, in diesel engine systems may be
referred to as diesel oxidation catalysts (DOCg), containing
platinum group mebals, base metals and combinations thereof,
facilitate the ftreatment of diesel engine exhaust by promoting
the conversion of koth unburned hydrocarbons {(HC)Y and carbon
monoxide {00} gasecus pollutants, and soms proportion of the
particulate matiter through oxidation of these polliutants fo
sarbon dioxride and waber. Buch catalyvsts have generally been
disposad on various substrates {e.g., honeycomk flow through

monoliith substrates), which are placed in the exhaust of diessl
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engines to treat the exhaust before it vents to the atmesphere.
Certain oxidation catalysts also promote the oxidation of NO to
NO..

[O0006] In addition to the use of oxidation catalvets, diesel
particulate filters are used to achileve high particulate matter
reduction in diesel emissions itreatment sysitems. Hoown £iltver
structures that remove. particulate matter from diesel exhaust
include honeyeomb wall flow filters, wound or packed fiber
Filters, open cell  foams, sintered metsl filters, e,
Howsver, oeramic wall Tlow filters, described below, receive
the most attention., These Lilters are capable of removing over
90% of the particulate material from diesel exhaust.

[GO07] Typical ceramic wall flow filter substrates are composed
of refractory materials such as cordierite or silicon-carbide.
Wall flow substrates are particularly useful to filtex
particulate matter from diesel engine exhaust gases. A common
construction is a multi-passage honeyecomb structure having the
ends of alternate passages on the inlet and outliet sides of the
honeyoomb  struchure plugged. This construction results in a
checkerboard-Lype patiern on either end, Fassages plugged on
the inlet axial end are open on the outlet axial end. Thia
permits the exhaust gas with the entrained particulate matter
to. enter the open inlet passages, £flow through the porous
internal walls and exit through the channels having open cutlet
axial ends. The particulate matter i1g thereby filtersd on to
the internal walls of the substrate, The gas pressure forces
the exhaust gas through the porous structural walls into the
channels c¢losed at the upstream axial end and open at the
downstream axial snd. The accumulating particles will increase
the back pressure from the filter on the engine. Thus, the
acoumuilating particles have to be continuously or periodically
burned out  of the filter o maintain an  acceptable back

pregsure,
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[0008] Catalyst compositions deposited along the internal walls
of the wall flow substrate assist in the regeneraticon of the
filter substrates by promoting the combustion of the
accumilated particoulate matter. The combustion of the
accumulated particulate matter restores  acceptable  back
pressureés within the exhaust system. Boot combustion can be
passive {e.g., with catalyst on the wall flow fllter and
adeguately high exhaust temperatures), though  for many
applications active sceeob combustion is also required {e.g.,
production of & high temperature exotherm in the exhaust up-
stream of the [ilter). Both procssses utilize an oxidant such
as Oy or NG; to combust the particulate matter.

[0008] Passive regeneration processes combust the particulate
matter at temperatures within the normal operating range of the
diesel exhaust system.  Preferably, the oxidant wused in the
regenaration process is NO: since the soot fraction combusts at
much lower temperatures than those needed when 0. serves as the
oxidant. While O, ls readily available from Lhe atmosphere, NG,
can  be generated through the wuse of upstream ozxidation
catalysts to oxidize NO in the exhaust stream. An exampls of a
passive regeneration process is disclosed in United States
Patent Nos. &,703,294 ang 7,087,817

[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
of the partlculate matiter generally regulires temperaturss in
excegs of BO00% © to burn under oxygen rich (lean) conditions,
which are higher temperatures than those typleally pressnt in
dilesel exhaust. Active regeneration processes are normally
initiated Thy altering the engine managemsnt to  ralse
temperatures in front of the filter up to S00-830° C.
Depending on driving mode, high exotherms can ogcur inside the

filter when the cooling during regeneration is not sufficient
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{low speed/low load or idle driving mode}. Such exotherms may
exceed 800 C or more within the filter. Onsa common way that
hag been developed to accomplisgh active regeneration is the
introduction of a combustible material (e.qg., dissel fuel} into
the exhaust and burning 1t across & flow-thru diesel oxidation
catalyst (D00} mounted up-stream of the filter. The axotherm
from this asuxiliary combustion provides the sensible heat {(e.g.
about 500-700° ¢) needed to burn soot from the filter in a
short perliod of time {e.g. about 2-20 min.}.

[0011) An example of a system ig shown in United States patent
na. B, 925,806, The DOC functions during active rag@m@rﬁti@m
mode to  light-off and burn  fuel injected inte the low
temperature {e.g., about 250-300° C} exhaust (directly or via
the engine) and thereby produce an exotherm Lo heat the exhaust
entering the particulate filter to the temperabtures reaguired
{about 500-6507 ) to combust accumulated soot from the filter,
thereby regensrating the fiiter to reduge +the operating
pressure drop across  the {illter associated with the soob
acoumulation.

[0012] High material costs associated with platinmum  group
metal~containing compositions .augment the need to slow or
prevent the degradation of catalyst ceoatings duse to active
regeneration events., Catalyst coatings disposed on wall flow
filters often contaln platinum group metal components as achtiwve
catalyst components to ensure acceptable conversions of the
gaseous epissions {(HO, €0y of the diesel exhaust to inopocuous
components (s.g., Cl, Hﬁﬁ. The loadings of such components
are generally adjusted so that the catalyst substrate meets
emissions regulations sven after catalyst aging. Consscguently,
coating deslans that maximize the efflclency and durablility of
platinum group metal usage along the substrate are desirable.
[00313} Certain conventional coating designs for wall flow

substrates have a homogeneous distribution of catalyst coating
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along the entire axial length of the internal walls. In such
designs the platinum group metal concentrations are typlically
adiusted to meet Lhe emissions reguirementes under the most
stringent conditions. Most often such conditions refer to the
catalyst's performance after the catalyst has agsad. The coost
agssociated with the reguired platinum group metal concentration
is often higher than is desired.

[001471 2= Can b appreciatsed From the above, purrent
particulate filter systems poese a number of lssues concerning
preciouvs meials material costs and degradetion of the catalyst
on the particulate filter due to exposure to high temperatures.
Accordingly, it would be desirable to provide alternatives
diesel engine in exhaust treatment systems and methods that
alleviate one or more of these lazuss.

SUMMARY

[B015] According to an embodiment of the invention, an emission
treatment system 1ls provided which includes a particulate
filter and a NOx reducing catalyst. In ong  or more
embbodiments, the particulate filter is provided which comprises
a substrate having a plurality of passages and elements for
trapping particulate contdined in an exhaust stream flowing
through the filter, the substrate having an inlet end and an
outlet end, the inlet end of fthe substrate having a guantity of
precious group metal composition disposed thereon to Light off
fuel at a temperaturs of less than aboub 300% € and to produce
an exotherm sufficient to burn off trapped particulate in the
Filter. In one embodiment, the precious group metal g present
in a leading amount of at least about 20 qﬁfﬁaﬁﬁd extends for
lLess than about 0% of the axial length of the filter. In
another embodiment, the precious group metal is present in a
loading amount of at least about 30 g/ft’ and extends for less
then zbout 0% of ths axial length of the filter. In another

enbodiment, the pregicus group meial is present in a loading
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amount of at least about 40 gfft3 and extends for less than
about 50% of the axial length of the filter, In a specific
empodiment, the substrate is in the form of a wall flow
monoclith  heving a plurality of  longltudinally  extending
passages  bounded by longitudinally extending walls, the
pagsages comprising inlet passages having an open inlet end and
a closed cutlet end, and outlet passages having a closed inlet
engd and an open outlet end, the walls having a porosity of at
least 40% with an average pore size of at least b microns and
precicus group metal composition permeating the walls and
sxtending from the inlet end towards the outlet end to a length
that is less than the axial length of the walls to provide an
irilet zone.

[0016] In one or more embodiments, the longitudinally extending
walls have & catelviic oosting thereon underlving the precious
group metal composition, the catalytic coabting extending the
entire axial length of the filter. In one embodiment, the
catalyvtic ocomposition .comprises a basze metal oxide. The
catalytic composition may Ccomprise a preclious group meatal
composition in an amount less than or equal to about 20 g/ft”.
[0017] Another embodiment pertains to an emission ftreatment
system for treatment of an exhaust stream comprising NO, and
particulate matter, the emlssion treatment system comprising a
particulate filter Having an axial length and elements for
trapping parbiculate matbter contained in an exhaust stream
flowing through the filter a light-off oxidation catalyst
composition extending from the Inlet end towards the outlet end
to @ length that is less than the axial length of the walls to
provide an inlet zone in an atiount suificient to light-off at
less than about 300% ¢ and generate an exotherm to burn soot
trapped in the filter; and a NOx reducing catalyst locatsd

downstream f£rom the particulate filtern.
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[0018] According to an embodiment of the invention, an emission
treatment system for treatment of an exhaust stream comprising
NOx and parbliculate matier iz provided., The system comprises a
wall flow monelith 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 inlet end and a colosed cublet
end, and outlet passages having a closed inlet end and an open
cutlet end, the walls having a porosity of at least 40% with an
average pore size of at least 5 microns. The wall flow
monolith  further comprises a light-off oxidation catalyst
composition permeating the walls and extending from the inlet
end towards the outlet end te a length that 1s less than the
axial length of the walls to provide an inlet zone. The system
further comprises a NOx reducing catalyst located downstream
from the wall flow monolith. In certain embodiments, the
system may inciude an  NH;  destruction catalyst logated
downstrean from the NOx reducing catalyst.

[0018] In one or more esmbodiments, the NOx reducing catalyst
comprises a lean NOx catalyst. In smbodiments including & lean
Kox oatalyst, the system may further comprise a raductant
introduction port in fluid communication with a hydrocarbon
reductant, the redugtant introduction port located upstream
from the lsan NG, catalyst, In other embodiments, the NOx
reducing catalyst comprises a lean NO. trap.

(00201 In one or more embodiments, the NOx reducing catalyst
comprises an SCR catalvst. Iin embodiments including an SCR
catalyst, the syvstem may include an optional introduction port
located upstream from the SCR catalyst, the introduction port
in  fluid communication with an  ammonia scource  or  ammonia
precurscr, The system may further include an indector in fluid

communication with the introduction port, the injector
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configured to _p@ri&di&ally meter the ammonia or an ammonia
precursor into the exhaust stream.

[0021] In one or more smbodiments, the system may further
include an NH: destruction &atalyst.iocaied downstream from the
SCR catalyst. The system may alse include an exotherm-
producing agent introducticn port locatsd upstream of the wall
flow monolith, the exotherm-producing agent introduction port
in. £ivid communication with an exctherm-producing agent capable
of generating a temperature suificient to periodically burn
particulate accumulated din  the wall-flow monolith. The
exotherm-producing agent may comprise a fuel such as diessl
fuel.

[0022] Another embodiment of the inventicon pertains to a method
of treating exhaust stream from a diesel engine gomprising
disposing within the exhaust stream containing particulate
matter a wall flow monolith and having a plurality of
longitudinally extending passages bounded by longitudinally
extending walls, the passages gomprising inlet 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
having a porosity of at least 40% with an average pore size of
at least 5 microns and the wall flow monolith comprising 2
light-off oxidation catalyvst composition permeating the walls
and ewxtending from the inlet end towards the outlet end to a
length that 1is less than the axial length of the walls to
provide an  inlet zone. The method may further comprise
disposing & NOx reducing catalyst downstream from the wall flow
monolith and periodically  introducing an sxotherm-produging
agent upstream of the wall flow monolith to generate 4an
exotherm Iin the wall flow monolith sufficient to combust

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

[0023] Figure IA 13 a schematic illustration of an emission
treatment system in  accordance with an embodiment of the
invention;

[0024] Figure 1B is a sachematic illustration of an emission
treatment syetem in accordance with &nother embodiment of the
inventiong

{00251 Figure 2 iz a perspective view of a wall flow filter
gubstratey

[O026]1 Figure 3 is a sechtion wview of a wall flow filter
substrate;

[0027] Figure 4 shows an embodiment of a system including urea
reservoir and injector;

[0028] Figure

{yi

is a graph showing particulate filter out
axhaust gas tempsrature as a function ©f test run ftime wiih
supplemental diesel fuel iniected into the exhaust wp stream of
the particulate filter;

[0028] Figure & i3 & graph showing particulate filter out

exhaust gas temperature as a function of supplemental diesel

filter;

[O030] Figure 7 ds a diagram showing the location of
thermocouples installed within the particulate filter substrate
for measurement of internal temperatures;

[0031] Figure € is a graph showing internal particulate filter
temperatures as a function of location Iin the particulate
filter, plus inlet and outlet exhaust gas temperatures, during
a fuel light-off test:

{00321 Figure B is a graph showing particulste filter out total
NOx and NOy concentrations measured by FTIR for “clean” soot

fres arnd soot loaded conditions; and
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[0033] Pigure 18 is a graph showing exhaust Lemperaturss and
Delta P across a particulate filter during an active
regeneration test with scoobt loadsd in the particulate filter.
DETAILED DESCHIPTION

DEFINITIONS

[0034] The following terms shall have the meanings set for
pelow:

[0035] TActivated alumina”™ has its usual meaning of a high BET
surface area alumina, comprising one or more of gamma-, theta-
and delta aluminas,

[OG36] "BET surfacs area™ has ilts usual meaning of referring to
the Brunawver, Emmett, Teller method for determining surface
area by N absorpbion. Unless otherwise specifically stated,
all references hersin to the surface area of the catalyst
support components or other catalyst components means the BET
surface area.

[0037] "Bulk form,” when used to describe the physical form of
a material f{e.g., ceria), means the naterial is present as
discrete particies that can be as small as 1 to 15 migrons in
diameter or smaller, as opposed to having been dispersed in
solution onteo ancother material such as gamma alumina. By way
of example, Iin some embodiments of the Invention, particles of
cervia are admixed with particles of gamma alumina so that ceria
iz present in  bulk  form, as  opposed  to, for examnple,
impregpnating alumina particles with aguecus sclutions of ceria
pracursors  which upon galcinagtion are converted to ceria
disposed on the alumina particles.

[0G38] "Cerium component™ means one or more cxides of cerium
{&.g., Celsl.

[0039] "Downstream™ and "Upstream, " when used to describs an
articie, gatalyst substrate or zone, refer to the relative
positions in the exhaust system as sensed in the direction of

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 iz sdApproxinmately gresater than 10 ﬁf{g,
preferably greater than 150 m'/g.

[0041) "Platinum group metal compenent” or "PGM" refers to the
platinum group metals or oxides thereof, Preferred platinum
group metal components are platinum, palladivm, rhodium iridium
components, and combinations thereof,

[00642]1 *Diesel oxidation catalyst” or »DOCY  refers to a
catalyst promoting oxidstion processes in digsel exhaust, o
reducs emissions of the organic fraction of diegel
particulates, gas-phase hydrocarbons, and/or carbon monoxide.
[0043] “Active regensration” refers to the introduction of a
combustible material (.., diesel fuel) into the exhaust and
Burning it scross an oxidetion catalyst to generate an exotherm
from that provides heat (e.g. about 500-700° €) needed to burn
particulate matter such as socot from the filter

[0044] An ammonia destruction catalyvst or AMOX refers to a
catalyst that promotes the oxidation of NHy; to ideally nitrogen
but in general Lo a mixture of nitrogen NOx and N0,

[0045] "Particulate filter" is a filter designed to remove
particulate matter from an exhaust gas stream such as soot, and
particulate filters include, but are not limited to honevcomb
wall flow filters, partial filtration filter, a wire mesh
Filter, wound fiber filters, sintered metal filters; and foam
filters,

[0046] Before describing several szxemplary embodiments of the
invention, 1t is toe bhe understood that the Znvention is not
timited to the details of construction or process steps setb
forth in the feollowling descriptlon. The invention is capable
ol other enbodiments and of being practiced or being carried
out in various ways.

[0047] According fo one or more embodiments of thes invention, a

separate, upstream light-off oxidation catalyst is sliminated
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from a diesel engine emission breabtment systenm and incorporated
directly conto a particulate filter itself by placing light-
off/oxidation catalyst components in the inlet end of the
filter channels extending an adequate length from the inlet end
towards the outlet end of ths filter. in this way, during
active regeneration, the introduced combustible fuel is lit-off
and burnt on the inlet end of the filter, thus producing the
necessary exotherm at a temperature of about 500-700° C© within
the filter fo combust accumilated soot in the filter,

[0048] According to  embodiments of the invention, active
regeneration can be accomplished by or on the filter alone, and
the need for a separate light-off oxidation catalyst in the
system ls sliminated. Eliminating a component Ffrom the syvstem
provides a benefit of eliminating a substrate and associated
canning of the system. In turn, this elimination of a separate
component reduces  overall esystem wolume, and potentially
reduces  the amount of expensive precicus group metal {(PGM)
reguired for the system. Furthermore, providing an integrated
light-off/oxidation catalyst on the particulate filter reduces
the verall system back-pressure on the engine, which is
assoclated with fuel consumption. In addition, in systems that
inglude a N, reducing catalyst, for example an BCR catalyst or
lean N0z catalyst downsbream from the integrated light-off
oridation/particdlate filter provides a greater amount heat for
these downstream devices compared toe systems in which the
particulste filter and particulate soot filter are provided as
separate components. The imtegrated light-off
ceidation/particulate filter can be moved closer to the sngine.
Reducing the size of the system by integrating the oxidation
catalyst and soot filter reduces the heat loss from the
particulate filtering sub-syetemn, therepy  allowing any
downstream component bto operate at higher temperature. Higher

temperatures generally result in higher catalybtic activity, and
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therefore, inteqgrating the oxidation catalyst in the
particulate filter will likely result in better performance of
the HNOx removal components downstream of the particulate
filtering sub-svsten.

[0048] When the NOx reducing catalyst uses NH: or an  NH
precursor as the reducing agent, a separate indector can be
provided upstream of the SCR catalyst. With the fuel addition
point (for filter regeneration) provided downstream of the 3CR
catalyst, the nitrogen reducing catalyst is not expoged Lo the
sxtreme tempsratures assoclated with the active regeneration of
the particulate filter. The absence of high temperature
exposure caused by forced filter regenerations allows a smaller
SCR catalvet volume with corresponding cost  saving  and
packaging advantages. Further, the absence of the high
tenperature exposure snables a broader range of materials to be
used for the SCR catalyst composition, For example, wvanadium
materials can be used in place of or together with zeolites, to
reduce  the oost of the SCR catalyst  and dmprove its
aeffectiveness. In addition, an ammonis destruction catalyst can
e integrated onte the outlst end of the substrate having the
SCR gatalyst, which would sliminate the need for a separate
ammoniasa destruction catalvst. In & further system optimization,
the WH: destruction catalyst can be integrated into the soot
filter either as zone or a uniform coabling. By doing so the
oyver ail system wvolume is reduced with a corresponding cost and
packayging advantages.

{QGS&} Integration of the light-off/oxidation catalyst function
and particulate removal functions into a single catalyst
article is accomplished using a wall flow substrate coated with
a light-off oxidation catalyst composition. The  light-
off/oxidation catalyet composition contains a sufficient
loading of precious group metal composition to achieve light-

off at a temperature less than about 300° C  le.g, from about
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220%  C to 3087 Cy.to generate an exotherm to burn  soot
collected In the filter. Temperatures generated by the
exotherm typically are between about 5007 C and 708° C.
Although thers may be a number of ways o incorporats the
light-off/burning function onto the particulate filter itself,
one method would be to apply this function fo the particulate
filter as a zone of catalyst on the up~stream, inlet end of The
particulate filter substrate {e.y. honeyoomb, wall-flow filter
subsirate). This inlet catalytic zone which will be exposzed Lo
relatively low exhaust temperatures 220-300° C€) and will have
to have a high enough catalytic activity to accomplish the
light-off, plus reasonably codplete combustion of the injected
fuel to produce the high temperatures, for examples, about 500~
TOO0T C reguired for filter regensration. Although there are a
variety of catalyvst compositions that can saccomplish this, an
exemplary composition would be comprised of precicus group
metale {PCM" 5} di&p%rﬁed on a sultable support and at a loading
level suitaeble to light-off and burn the injscted fuel., and is
degcriped in more detsil below., The inlet zone will typlcally
extend at least 10% of the axial length of the filter, and in
various embodiments, the inlet zone extends at least about 20%,
Z5%, 30%, 35%, 40%, 45%, 50% or up to about 75% of the axial
length of the filter. The inlet zone may be directlv on the
walls of the filter, or the inlet zone may be formed over a
catalybic coating thal extends the entire axial length of the
filter. The underlving catalytic cceating may be a base metal
cxide such as an oxide of ocopper, oobalt, chromium, csriun,
eto, or a pracious group metal composition.  In embodiments in
which the wunderiving ooating is a precious froup metal
composition, the loading is typically less than or egqual to 10
g/ft, Thus, the particulate filter may have a catalytic
coating of platinum or other suitable preciocus group metal &t a

loading of 10 g/ftY covering the entire axial length of fthe
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[OUBL] An embodiment of the inventilve emission treatment syshen
ig shown in FIG. 1A. As can be seen in FIG., 1A, the sxhaust
contalming gaseous pollutants (including unburned hvdrocarbons,
marbon mohoxide and NOx) and particulate mattsry ls conveyed
from the engine 15 to a particulate filter 11 comprising wall
elements having a light-off oxidation catalyvst composition
permeating at least an inlet zone of the walls as will
described further below. In the light-off oxidation catalyst
permeating the walls of the particulate filter 13, unburned
gaseous and neon-volatile hydrocarbons. (i.e., the S0F} and
carbon monoxide are largely combusted to form carbon dioxide
and water, [Femoval of substantial proporticns of the VOF using
the oxidation catalyst, in particular, helps prevent deposition
of excesgsive particulate matter on the particulate filter 11,
which could bhecome clogged by excessive particulate matter. In
addition, a subgstantial proportion of the NGO of the Hix
component is oxidized to NGy in the oxidation catalyst portion
of the particulate filter 11. The particulate matter including
the soot fraction and the VOF are alsoc largely removed (greater
than 803 by the perticulate filier, The particulate matier
deposited on the particulate filter is combusted through active
regeneration of the filter, which process is aided by the
presence of the integrated DOC composition.

[00B2] Downstream of the particulsate filter 11 a reductant, for
example, ammonia, is injected as a spray via a nozgzle {(not
shown} into the exhaust stream. Aguecus urea shown on one line
18 can serve as the ammonia precursor which can be mizsd with
alr on another line 1% in an opticnal mixing station 16, An

introduction port or wvalve 14 can be used to meter precise
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amounts of aguecus urea which are converted In the sexhaust
stream to ammdénia. The exhaust stream with the added ammonila
iz gonveyed o a NOx-reducing catalyst 12, shown as an BCR
catalyst, which may be coated on an appropriate substrate such
as a honeycomb. On passing through the reducing catalyst 12,
the NOx component ¢f the exhaust gas stream 1z convertsd
through the selective gatalviic reductlon of NOx with ammonla
to nitrogen,

[0053] Depending on the desired level of NOx removal, one or
more HNOx reducing catalysts can be disposed downstream of the
NOx reducing catalyst 1Z. For example, the additional 8CR
catalyst may be disposed on a monolithic, honeveomb flow
throvgh substrate, a ceramic foam substrate or metallic
substrate downstream of the NOx reducing catalyst 12.

[00G54] Arn opticonal configuration is shown in FIG. 1B where the
emission Lreatment system 1s provided with an NH.~destruction
catalyst such as a siip oxidation catalyst 13 downstream of the
NOx reducing catalyst 12, shown as an SCR catalyst. The slip
oridation <datalyst can Dbe coated, for example, with a
compesition containing base metals and less than 0.5 wti: of
platinum. This provision can be used to oxidize any sxcess NH;
before it is wvented to the atmosphere. Bogording to ong or
more embodiments, the NHy-destruction catalyst may be ﬁiﬁpaaﬁd
on the pariicoulate filter.

WALL FLOW SBUBSTRATES

[00B5] The particulate filter may be embodied in many forms.
For example, the particulate filters may be in the form of a
honeyoomt wall flow fiiter, & partisl filtration filter, a wire
mash filter, a wound fiber filted, & sintered metal filters and
a foam filter. In specific embodiments, the partleulate filter
i a wall flow filter, Wall fiow substrates useful for
supporting the oxidation catalyst compositions have a plurality

of fine, substantially wparallel gas flow passages extending
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along the longitudinal axis of the substrate. Typilcally, each
passage 1z blocked at one end of the substrate body, with
alternate passages Dblocked at oppesite end-faces. Such
monolithic carriers may contain up to about 700 or more flow
passages {(or Tcelle"} per  sguare inch of coross  section,
although far fewsr mayv be used. For example, the carrier may
have from about 7 to 600, more usually from about 100 to 400,
cells per sguare inch {"cpsi”). The cells can have Cross
sastions that ars recgtangular, sguars, circular, oval,
triangular, hexagmnal,_or-axe of other polvgonal shapes. Wall
flow substrates typically have a wall thickness between 0.002
and 0.1 inches. Examples of sultable wall flow substrates have
a wall thickneszss of between 0,002 and 0.015 inches.

[BOBE] FIGHE. 2 and 3 illustrate a wall flow filter substrate 230
which has a plurality of passages 5Z. The passages are boundsd
or enclosed by the internal walls 53 of the filiter asubstrate.
The substrate has an inlet end 54 and an outlet end 56,
Alternate passages are plugged at the inlet end with inlet
plugs 58, and at the outlet end with outlet plugs &0 to form
opposing checkerboard patterns at the inlet 54 and outlet 5o,
A gas stream 62 enters through the unplugged channel inlet 64,
i stopped by outlet plug 60 and diffuses through channel walls
53 (which are porous) to the outlet szide 6b. The gas cannot
pass back to the inlet side of walls because of Inlst plugs 58,

[0057] Suitable wall Zflow filter substrates are composed of
ceramic~like materials such as cordlerite, &-alumina, sgilicon
carbide, silicon nitride, zirconia, mullite, spodumene,
alumina-silica-magnesia, aluminum ritanate i riroonium
stlicate, or of porous, refractory metal. Wall flow substrates
may alse be formed of ceramic fiber composite materials.
Examples of suitable wall flow substrates are formed from

cordierite and silicon carbide. Such materials azre ables to
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withstand the environment, particularly high temperatures,
encountered in treating the exhaust streams.

[O05B8] Sultable wall flow substrates for use in the inventive
eystem include  thin porous walled honevoombs {monclithis
through which the fluid stream passes without causing too great
an increase in back pressure or pressure doross the arbicle.
Aoocording to embodiments of the invention, ceramic wall flow
substrates uvsed In the system are formed 0f a material having a
porosity of at lesst 40% (e.g., from 50 to 75%) having & mean
pore asize of at least 5 microns (e.g., from 5 to 20 microns).
In certain embodiments, the substrates have a porosity of at
least 50% and have 2 mean pore size of at least 10 microns.
When substrates with these porosities and these mean pore siges
are coated with the technigues described below, adeguats levels
of SCR catalyst compositions can be loaded onto the substrates
to  achieve excellent NOx conversion efficiency. These
substrates are still akle retain adeqguate exhaust flow
characteristics, i.e., acceptable back pressures, despite the
DOC catalyst loading. U.5. Pat., No. 4,325,162 is herein
incorporated by reference with respect to the disclosurs of
sultable wall flow substrates. Wall flow substrates gan also
be metallic, i.e. have no porosity, and the wpore size is
typlecally lower than of a wall flow filter.

{QQSQB The POrous wall flow filter usacd acoording Lo
empodiments of the invention is catalyzed in that the wall of
said =slement has thereon or contained therein one or more
catalviieo materials. Catalyvtic materials may be present on the
inlet side of the element wall alone, the outlst side slons,
oth the inlet and outlet =sides, or the wall ltself may consist
all, or in part, of the catalytic material. To ceoat the wall
flow substrates with the DOC  catalyst composition, the
substrates are immersed vertically in a portion of the catalyst

slurry such that the top ¢f the substrate is located just above
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the surface of the slurrv. In this manner, slurry contacts the
inlet facve of each honeyecomb wall, but iz prevented from
contacting the outlet face of each wall. Thig results in a
portion of the walls on the dnlet end of the substrate being
coated, forming an inlel sons. The substrate 1z removed from
the slurry, and szcess slurry is removed from the wall £flow
substrate first by allowing it to dralin from the channels, then
by blowing with compreazzed alr {(against the direction of slurry
penetrationd, and then by pulling a wvacuum from the direction
of siurry penetration. By wusing this technigque, ithe catalvyst
glurry permeates the walls of the substrate, vet the pores are
not occluded to the extent that undue back pressure will build
up in the finished substrate. Az used herein, the term
"permeate™ when used to describe the dispersion of the catalyst
slurry on the substrate, means that the catalyst composition is
dispersed throwghiout the wall of the substrate, and not just on
an cuter surfzce of the wall as a cgoating laver. The coating
can pe applied by any suitable technigue, such as by immersing
the substrate into the coating a using a& wvacuum to draw the
coating up inte the channels of the substrate, as described in
United States patent nos. 6,478,874; 5,866,210 and 5,963,832,
the entire of each patent incorporated hérein by refersnce.
[O060] After coating with catalyst, the substrates are dried
typloally at least about 100° € and caloined at a higher
temperature {s.g., 300 to 450° C). After caloining, the
catalvst loading can determined be through calculation of the
coated and unceated welghts of the substrate. Az will be
apparent to thosse of skill in the art, the catalvst, loading
can be modified by altering the solids content of the coating
siurry. Alternatively, repeated immersions of the substrate in
the ooating slurry can be condugted, followed by removal of the
excess sturry as described above.

Onidation Catalyst Compositions
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[O00611 The oxidation catalyst formed on the particulate filter
can be formed from any coomposition that provides effective
combustion of unburned gasecus and non-volatile hydrocarbons
{1.e., the VOF) and carbon monoxide. In addition, the oxidatlon
catalyst should be effective to convert a substantial
proportion of the NO of the NOx component to NOs. As used
Herein, the term "substantial conversion of NO of the NOx
component to NOR" means at least 20%, and preferably betwsen 30
and  BO%. Catalyst compositions having these properties are
known in 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, palladiam
or  rhodium  components) dispersed on a high surface area,
refractory oxide support  {e.g., y-alumina). A sultable
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. Mo, 5,100,632 ({the '83Z patent) hereby incorporated by
reference. The 6322 patent describes c&mpwﬂitians that have a
mizxture of platinum, palladium, rhodiuvm, and ruthenium and an
alkaline earth metal oxide such as magnssium oxide, calcium
oride, strontium oxide, or bkarium oxide with an atomic ratio
between the platinum group metal and the alkaline earth metal
of about 1:250 to about 1:r1l, and preferably about 1:60 to aboutb
16,

[00863] Catalvst compositions sultable for the oxidation
catalyst may also be formed using base metals as catalytic
agents. For example, U.5. Pat. MHo. 5,481,120 ({the disclosure
of  which Iz  hereby incorporated by refsrence) dlscloses
oxidation catalyst compositions thet include a catalytic
material having a BET surface area of at least about 10 wi/g and

consist essentiaily 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] Alsc useful are the <atalyst compositions discleosed in
U.5. Pat. No. 5,462,907 {(the 807 patent, the disclosure of
which is hereby incorporated by reference). The "7 patent
teaches ocompositions  that include & catalviic material
containing ceria and alumina sach having a surface aresa of at
least ahout 10 ﬁﬁfg, for example, ceria and activated alumina in
a welght ratio of from about 1.5:1 feo 1:1.5. Alternatively,
palladivm in any desired amcunt may be ingluded in  ths
catalviic material. dditional useful compositlions  are
disclosed in U.S., Pat., No.7,078,074, the entire content of
which is incorporated herein by reference.

[0068] The PGM loading on the inlet zone can be waried 1o
between about 20 gﬁftB and 200 g/ft?, more specifically between
about 30 qfﬁtﬁ and 150 gfft%, and Iin a specific embodiment
between about 40 g/ft® and 100 g/ft . These amounts can be
incrementally varied in amounts of 5 g/ft® betwesn these ranges.
In specific embodiments, the PGM 1s can be chosen from Ft
and/or Pd, both of which are good oxidation catalysts for
hydrocarbons. The current price of platinum is 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 I8 wvery active for hydrocarbon
pxidation reactions and is rather resistant to polzoning.
Palladium can be less active and is susceptible to poisoning,
e.g. by sulfur. However, under lsan exhavst conditlions and
temperatures that might exceed BOO® C, platinum can experience
thermal sintering and thereby reduction in oxidation activity.
dddition of palladiuvm and its Interaction with the platinum
results in a substantial reduction in the high temperature
sintering of the platinum and thereby maintenance of 1iis

oxidation activity. If the temperatures of exposure are kept
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low, Fih-only may be a good option to obtain the nighest
possible oxidation activity. However, in configurations in
which  high temperatures {e.g. BO0O® €y  are anticipated,
gapecially internal to the filter, inclusion of some Pd is
desired. Ft:Pd ratios to obtain acceptable Pt stability with
the highest oxidation activity are betwesn about 10:1 and 4:1;
however, ratlos as low as 2:1 and 1:1 are alsoe within the scope
of the inventicon. Higher Pd contents {e.g., 1:2Z} are alsc
within the scope of the present invention. In oeriain
empodiments, P4 with no platinum may be used.

[0068] The PGM is dispersed on a sultable support material such
as a refractory oxide with high surface area and good thermal
atability =much as a high surface area aluminum oxide. High
surface arsa aluminas are suitable supports for PGM and 5Ba~150
{8as0l HNorth America) with surfsce area of 138-158 mgfg and pors
volume of 0,44-0.55 ijfq {(N:} is an example of & sultable
alumina support. Alsc aluminas stabilized with a second oxide
are sultable supports. Lanthana stebllization of zlumina
provides a suitable support for PGM. For example GA-Z200L {4
wi, % Lax0:z) stabilized alumina (Engelhard, Port Allen, LA) with
surface area of 190-250 m’/g and pore volume of 0.5 om’/g (Ns)
i & suitable stabllized aluming. Alzso mixtures of alumings
are suitable supports, for example 50:50 wit. SBa-150 plus GA-
2005, Other aluminas that are doped or treated with oxides
such as 510y, Zr0:, Ti0:, etc.) o provide stabilization or
improved surface chemistries can also be utilized, Cther
sultable support materials, include, but are not limited bto Zri:
and TiQ, can be used. In addition to the POM support oxides
discussed above it might wprdve useful to  include other
catalvtically functional oxidezs to incorporate into the
catalyvtic zone. Exanples of these include Celp, Prgl, Vi0s,
and Mnd. and combinations thereof and sgolid solution oxide

mixtures, ebto. These oxides can contribute to burning of
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hydrocarbons, es@ecially heavy fuel derived hvydrocarbons, and
deposited coke/soot derived from disproportination (i.e.,
dehydrogenation or oxidative dehydrogenationy of the injechted
fuel and in this way give additional combustion activity to the
catalytic zone, wlus prevent deactivation of the PGH by the
deposition hydrocarbon derived coke.

{ﬂﬂﬁ?} The loading of the oxidation gatalyst in the zone on the
filter substrate is  typicalily limited to control the
sontribution of the rhysical wvolume of the catalvst coating
filling the pore wvolume of the filter substrate and thereby
afversely affecting the flow resistance through the filter wall
and thus the back-pressure, On the other hand, with high
loadings of PGM on the support oxide we have to provide
sufficient surface area for good PEM dispersion, As  an
axanple, & PGM loading on the inlet zone of about &0 g#its, a
dry gain {(DG) of 0.5 g/in’ in the zone is acceptable. The DG
can bhe adjusted taking into consideration the optimum PGM
logding, salumina to other (denser) oxide welght ratlo, and
other factors.

[006B] The ratio of the zone lengtb/volume to total filltex
lengthi/volume can wvary between about 0,20 to 0.9, for sxample,
this wvalue can be 0,25, 0.5 or 0.75. Thus for example, an
11.25"  diasmster = 14.07 long {filter substrate a zone
length/depth of ca. 3.07 could be used or a ravio of 0.21 of
total length/velume of the Illiter. However, determination of
the most effective zone length/volume ratio will be part of
catalvead filter optimization for a particular exhaust emission
contrdl system design.

[O068] The inlet catalviic rzone {length/volume ratic can vany)
for light-off and combusticon of the indected fuel. The non-
zoned portion of the filter can be blank and uncatalyzed or
catalyzed., This is accomplished by application of a coating to

the full length of Ithe filter substrale. Trhis can be done
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priocr to the application of oxidaticon catalvet zone coating,
bBut this iz not necessary and the main body coat can be applisd
after the zones coal. The main body coat will tvpically {but
not necessarilvi have a lowsr PGM loading and slurry washooat
DG than the inlet zone coat. The lower PGM affords lower cost
and the lower DG affords lower pressure~drop across the filter,
It is possible to apply this coating as a separate, outlet zone
coat. This can be accomplished by espplying the dinlet fuel
combustion zone coat to the desired length/depth to one end of
the filter substrate and then applying the outlet goat to the
cpposite end of the substrate to the desirved length/depth.
This catalyst coating is applied into the pore structure of the
filter wall and does not ococour as a discrete coating on the
filter wall. The composition of the main body or outlet zone
coating can be varied. Typically, the catalvbic voating is
comprised of POEM on siuminalsy. An example catalyst has a
coating comprised of 10g/ft® Pe-Pd (10:1 ratic} supperted on
[ERa-150 + GA-Z00L aluminas {50:50 wt ratico) and applied to the
full length of the filter support at a DG = 0.28%g/in’., The main
pody coating contributes to further combustion of any injected
fuel that 1z not completely combusted on the inlet zone coat.
This ensures that all the hydrocarbon and any possible partial
oxidation products such a3 carbon monoxide are fully oxidized
mefore they esxit the filter,

HNOx Reducing Catalysts

[O070] For most US heavy duty diesel applications starting in
2007 engine design and callbration will be sufficient to mest
the NOx =standard. Howsver, in the United States, particularly
starting in 2010, =stricter NoOx emissions standards are nob
expected to be met by engine design and calibration measures
alone and a NOx reduction after breatment ocatslyst will be
regquired. The NOz reducling caitalvst according to one or more

empodiments of the invention can comprise a selective catalytic
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reduction {(SCR) catalyst, a lean NOx catalvst, a lean NOx trap
{LNT}, or & combination of these. This could also be applied
o light duty diesel applications.

[O07%1] It should be noted that the engine-out NOx is mainly in
the form of NO with low levels of NO: and that the PGM loadings
and ratios smployved in the zone and body of the zoned
particulate filter can be tallored fto control the level of
filter-out NQ: versus NO, The oxidation reactlon, represented
by NO o+ ¥ Oy -~ NGOy, can bs controlled by the POM function.
The effectiveness of the down-stream SCR or LNT can be enhanced
by control of the NG:/NO ratio.

[0072] For an BCR reaction, there are three reactlon conditions
can be considsred depending on the NO./N0 ratio:

{1y Standard

4 MHy, + 4 HO o+ O ==z 4 My + & H0

{2} “Fast™:

4 MHy + 2 NQ + 2 N0 -=» 4 Ny + & H,O

{3} “Slow”:

4. HNH. + 3 NGO, ~=> 3.5 Ny + & H.0,

[O073] From the above three conditions, it can be ssen thet the
desired “fast” or more effiglent BCR reaction ooours if the N0y
o HO ratico des 111 and relative to engine-out it ls expected Lo
reguire an ozxidation function to increase the relative amount
of N(h.  Bocording to embBodiments of the iﬂV@ﬁﬁi@ﬁ{ the PGEM. on
the zoned particulete Iilter can contripute to this function
and taitloring the PGM loading and ratio can be used Lo achleve
this. It is believed that the 1:1 ratio will give the best
down-strean SCR reaction. Higher levels of NO: are detrimental
in that 1b gives & slower S3CR peactioh. For the LNT cperation,
it is pecessary Lo oxidize engine-out NO as fully as possible
Lo NOs, as ILNT's absordb NOx principally as nitrates. Tailoring

the zonped-CS8F s PEM loading and ratio would achieve this. LNT
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operatlon would be @xpﬁctﬁd to require higher loading levels of
PGM with most if not all the PGM in the form of PL.

[C074] suitrable 3CR catalyst compositions for use in the system
are able to effectively catalyze the reduction of the NOx
component at temperatures below 600° €., sc that adegquate NOx
levels can be treated even under conditions of low load which
typically are associated with lower exhaust temperatures.
Freferably, the catalyvst article is capable of converting at
least 50% of the NOx componsnt to Ny, depending on the amouni of
reductant. added to the system. Another desirable attribute for
the composition is that 1t possesses the ability to catalyze
the reaction of O with any excess WH: to N and Hx0, so that HH.
is mot emitted o the atmosphers. Useful SCR catalyst
compozitions used in the inventive system also have sghould
resist degradation upon exposure to sulfur components, which
are often present in diesel sxhasust gas compositions.

[0075] suitable SCR catalyst compositions are described, for
instance, in U.5., Pat. Nos. 4,961,%17 {(the '%17 patent) and
5,516,497, which are both hereby incorporated by reference in
their entirety. Compositions disclosed in the 7917 patent
incliude one or both of an iron and & copper promoter present in
a =zeolite in an amount of from sbout 0.1 to 30 percent by
weight, preferably from about 1 to 5 percent by weight, of the
total welght of promoter plus zeolite. In addition to their
abpility To catalyze the reduction of HOx with NH: to Nz, the
disclosed compositions can also promote the oxidatlion of excess
WHs with Oy, especially for those compositions having higher
promoter concentrations. Another sultable 3CR catalyst
composition comprises vanadia-titanis.

[G078] Zeclites wused in  such compositions are resistant to
sulfur poisoning, sustain a high level of activity for ths SCR
DEOCHsS., These zeolites have a pors size large snough Lo

permit adegquate movement of the reactant molecules NO and NH; in
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to, and the product molecules Hp; ang HxO out of, the pore system
in the presence of sulfur oxide molecules resulting from short
term sulfur poisconing, and/or sulfate deposits resulting from
long term sulfur poisoning. The poere system of suitable size
iz interconnected in all three crvstalleooraphic dimensions. As
ite well known to the those skilled in the zeclite art, the
crystalline structure of zeclites exhibits & complex pore
astructure having more or less regularly recurring connections,
intersections and the like. Pores having a particular
characteristic, such as a given dimension diameter or cross-
sectional configuration, are said to be one dimensional if
those pores do not intersect with other like pores. If the
pores intersect only within a glven plane with other like
pores, the pores of that characteristic are sald to be
interconnected in two {crystallographic) dimensions. 1£ the
pores intersect with other like pores lying koth in the same
plane and in other planes, such like pores are sald to be
interconnected  in thres dimensions, i.2., o be "rhree
dimensional™. It has been found that zeolites which are highly
resistant to sulfate poisoning and provide good activity for
both the SCR process and the oxidation of ammonia with oxygen,
ared  which retain good activiity aven when subject to high
temperatures, hydrothermal conditions and sulfate poisons, are
zeolites which have pores which exhibit a pore diameter of at
least  about 7 Angstroms and are interconnected in  fhree
dimensions, While embodiments of the present invention are not
to be bound by any specific theory, 1t is believed that the
interconnection of pores of at least 7 Angstroms diameter In
three dimensions  provides for good mobility  of  sulfate
molecules throuvghoul the zeollte structure, thereby permitting
the sulfate molecules to be released from the catalivet to frees
a large number of the aveilable adsorbent sites for reactant

NOox and NH; molecules and reactant NH: and O molecules. Any
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zeolites meeting the foregoing criteria are suitabnle for use in

the practices of the present invention; specific zepliftes which

meet these criteria are USY, Beta and Z8M-20. Other zeolites
may also satisfy the aforementiloned criteria.

[0677] The MOz reducing catalyst may comprise & lean NOx
catalyat, Lean NOx catalysts are typically clazsified ag
sither a low temperature NOx catalvst or a high temperature NOx
catalysi. The low temperature lean NOx catalyst is platinum
bhased (Pt-based) and does not have to have a zeolite present to
he active, but Ft/zeolite catalysts appear  to have better
selectivity against formation of N0 as a by-product than other
catalyets, such as Po/alumina gaialysts. Generally, & low
temperature lesn NOx  catalyst has catalvibically active
remperature ranges of about 180 to  330°% C  with highest
efficiencies at a temperature of about 250% . High
temperature lean NOx catalysts have base metal/zeolite
compositions, for example Cu/48M-5. High temperature NOx
catalysts have a lower temperature range of about 300-350° C
with highest efficilency occurring around 400° C. Different
embodiments of the present invention use either high or low
temperature lean NOx catalysts with an HC reductant.

[0G78] The NOx reducing catalyst may comprise a lean NOx trap.
Lean NOx traps are disclosed in U.S. Patent Nos. 5,875,057 and
0,471,824, thse entire content of each patent incorporated

P

herein by reference. In general, a lean NOx trap containing a
combyination of a NOx sorbent and an oxidation catalyst, which
sorlks NOx onte the trap member during sslected pericds of tims,
e.d., when the temperature of the gaseocus stream is not sulted
for catalytic Iean NOx abkatement. During other periods of
fime, e.g., when the temperature of the gaseous stream being
treated is suitable for catalyvtic lean NOx abatement, the
combustible component on the trap 1s oxidized to thermally

desorp the MNOx from the Lrap member. A lean NOx trap tvplcally
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comprises a catalytic metal component such as one or more
platinum group metais andlor a bass mebtal catalytic metal
component  such as oxides of one or more of copper, ocobalt,
vanadiam, iron, manganese, ebo,

[0079] The HNOx reducing catalyst compositions can be coated
onto  honevoomb  flow-through monolith substrates formed of
refractory metallic or ceramlic {e.g., cordiesrite) materials.
Alternatively, oxidation catalysts mayv be formed on to metallic
or ceramic foam substrates which are well-known in the art.
These oxidation catalysis, by wvirtue of the substrate on which
they are coated (e.g., open cell ceramic foam}, and/or by
virtue of their intrinsgic oxidation catalytic activity provide
some tevel of particulats removal.

[0080] According to one or more embodiments of the invention, a
reductant dosing system is  provided upstream of the NOx
raeducing catalyst and downstream of the particulate to indect a
NOx reductant into the exhaust stream, Az disclosed in U.5.
Pat., HNo. 4,963,334, HNOx upstream sand downstream of the
catalvtic converter can be sensed, and a pulsed dosing valve
can be controlled by the upstream and downstream signals. In
alternative configurations, the systems disclesed in U.S. Pat.
Mo, 5,524,218, where the pulse widith of the reductant injector
is controlled from naps of exhaust gas temperabure and englne
operating conditions such &5 engine rpm, Lransmission gear and
engine speed, Reference iz also made to the discussion of
recductant pulse metering systems in U.8. Pat. Ho. 8,415,802,
the dizcussion of which is hereby incorporated by refersnce.
[O0BL] In the embodiment of FIG. 4, an agueous vrea IeServolr
22 stores a ures/water esclution aboard the wvehicle which is
punped through & pump 21 including & filter and pressure
regulator to a urea injector 16. Urea injector 16 is a miwing
chamber which receives pressure regulated air on line 1% which

iz pulsed by a control wvalve to urea injector 1H.  An atomized
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urea/water/alr solution results, which 1s pulsed injected
through & nozzie 23 intoe exhaust pipe 24 downstreasm of
particulate filter 11 and upstream of the NOx reducing catalyst
12, which is upstresm of opbilonal NHy destruction catalvst 13.
{00B2] This invention is not limited Lo the aquecus urea
metering arrvangspent shown in FIG, 4. It is contemplatesd that a
agaseous nitrogen based reagent will be utilized. Tor exanple, a
urea or cyanuric acid prill injector can meter solid pellets of
urea Lo s chamber heated by the exhaust gas to gasify the solid
reductant (sublimation temperature range of about 300 to 400°
8 N Cyanuric acid will gasify to isccyanic acid (HNCO) and
urea will gasify to ammonia and ENCO. With either reductant, a
hydrolvels catalvst can be provided in the chamber and & #lip
stream of the exhaust gas meitered into the chamber (the exhaust
gas contains sufficient water wapor) to hydrolyze (tenperatures
of about 150 to 350° C) HNCO to produce ammonia.

{0083] In addition to urea and cyanuric acidd, other nitrogen
based reducing reagents or reductants especlally suitable for
use in the control system of the present invention includes
ammelide, ammelineg, ammonium oyvanate, biluret, covapuric acid,
ammonium carbamate, melamine, tricyanourea, and mizhures of any
number of these. However, the invention in & broader sense 1z
not limited to nitrogen based reductants bub can include any
reductant  gontaining hydrocarbeons  such as  distillate fusls
including alcohols, ethers, crganc-nitro compounds and the like
{e.g., methancl, ethanol, diethyl ether, setc.} and wvarious
amines and thelr salts {especilally thelr carbonatesg), including
guanidine, methyvl amine carbonate, hexamsthylamine, gtc.
MHz~Destruction Catalvst Compositions

[0084] In one or more embodiments, the NHy destruction catalyst
is composed of a platinum group metal component dispersed on a
refractory inorganic oxide support. When the NH; destruction

catalyst is deposited on the monclith carrvier, the platinum
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group metal component is typically present at from (.1 to 40
g/ft®, and preferably, from 0.5 to 10 ggfﬁg* At these
concentrations the platinum group metal gomponent 1is sffective
for the oxidation of ammoniaza to form N, but has a diminished
propensity to cause oxidation of ammonia to form NOx, Ag
described above, higher concentrations of gplatinum in the
composition are liable to promote the converslion of excess
ammonia to HOx and not to Na. Moreover, Jlower levels of
platinum group metal components are desired fo minimize the
formation of sulfates that contribute to the mass of the
partivulate matter that is discharged to the atmosphere.

[00B5] Buitable platinum group metal components  include
platinum, palladium, rhodiuvm and iridium components. Platinum
is especially suitable. In embodiments of the inventilon, where
platinum is used in the NH; destruction cetalyst, the platinum
comnponent 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 sublecting the final
coated composition to an  exhaust stream derived from  an
internal combustion engine that uses fuel that contains bigher
levels of sulfur component {&.g.,>350 ppm).A

[00B6] An  exemplary NH: destruction catalyst material is
composed of platinum dispersed on one or both of bulk gerlas and
activated glumina. Such compositions are simllar fo  those
described in U.5. Pab. Ho. 5,462,907, the disclosure of which
iz hereby incorporated by reference, The catalyvbic material
can be prepared in the form of an agueous sliurry of ceria and
alumina particles, the particles being imprégnated with the a
water-dispersible or water-soluble platinum precursor. The
slurry «an then applied to the carrier, dried and calcined to
form & catalyviilo material oopating {"washooat") thereon,

Typically, the ceria and alumina particles are mixed with water
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and an acidifisr such as agetic acid, nitric acid or sulfuric
acid, and ball milied to a desired particle size. Alternatively
the silurry can be dried and dalcined before being coated on the
carrier.

{00B7] The wplatinum catalytic metal component is preferably
incorporated into the ceria particles or into the ceria and
alumina particles. The ceria-alumina acts not only as a
catalver but also as a support for the platinum catalytic metal
component. Such ingorporation with the platinum precursor can
also be conducted after the ceris-alumina catalviic material is
coated as & washcooat onto s sultaeble carrvier, by lmpregnating
the coated carrvier with a solution of & sgultable platinum
precursor, followed by drving sand calcination. Howevear,
preferably, the ceria particles or both the ceria and alumina
particles are impregnated with a suitable platinum precursox
before & coating of the ceria-alumina catalytic material is
applled to the garrier., In either g¢ase, the platinum metal is
added to the ceris-azlumine catalytic material as, e.g., &
solution of a scoluble platinum compound, the sclution serving
to impregnate the ceria and alumina particles {(or the ceria-
alumina coating on the carrier}, which may then be dried and
the platinum fixed thereon. Fizing can be carvisd out by
calolnation or by treatment with hydrogen sulfide or by other
known means, to render the metal in water-inscoluble form,

{0088] Generally, the slurry of c¢eria and activated alumina
particles, wiith the platima soelution, wiil be deposited upon
the carrier substrate and dried and caloined to adhere the
catalyitic materisl o the carrier and, to revert the platinum
compound  to  the elemental metal or its oxide. Sultable
platinum precurscrs for use 1in the foregoing process include
potassium platinum chloride, ammonium platinum thiocyanate,
amine-~zolubilized platinum hydroxide and chloroplatinlce acid,

as is well-known in the art. During calcination, or at least
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during the initial rphase of use of the catalyst, such
compounds, 1f prasent, are converted into the gatalytically
active elemental platinom metal or lts oxide.

(00881 When the catalvtic material is aspplied as a thin coating
to a suitable carrier, such as described above, the proporbions
of ingredients are conventiconally expressed as welight of
material per gross unit volume of catalyst, as this measure
accompodates the presence of different cell densities, wall
thickneszes, gas flow passages, ebo,  Grams per ouble inch
("g/in’") units are used to express the quantity of relatively
plentiful componerits such as  the ceria-zlumina catalviic
material, and grams per cublc foot {“gfftBW} units are used to
axpress the guantity of the sparsely used ingredients, such as
the platinum metal. For typical diesel exhaust applications,
the ceria-slumina catalytic material generally may comprise
from about 0.25 to about 4.0 gfﬁms, preferably from about 0.25
to about 3.0 g/in® of the coated carrier substrate, and Ffrom
about 0.1 to 10 g/ft® of platinum.

Optional Components

[R090] Generally, other ingredients may be added to the
catalyst composition such as conventional thermal stabilizers
for the alumina, e.g., rare earth metal oxides such as ceria.
Thermal stabilization of high surface area ceria and alumina to

prevent phase conversion to less catalyvbically sffective low

{3

surface area forms 1s well-known in the art. Swch thermal
stabilizers may be incorporated into the bulk ceria or into the
pulk activated alumina, @y impregnating the ceria (or slumina)
particles with, e.g., 2 solulion of a scluble compound of the
stabllizer metal, for ezample, an aluminum nitrate solution in
the case of stabilizing bulk ceria. Such impregnation is. then
followed by drying and calcining the impregnated ceria
particles to convert the aluminum nitrate impregnated therein

into alumina.
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[0081] In addition, the catalvst compositions may contain other
catalytic ingredients such as other base meial promoters or the
like. However, in one embodiment, the catalyst composition of
the present invention consists @@ﬁ@ﬁti&iiy‘ orly of the high
surface area ceria and high surface area alumina, preferably
prasent in a welght proporticn of 1.5:1 to 1:1.5, with or
without thermal stabillizers Impregnated therein, and, from 0.1
to 10 g/ft’ of platinunm.

EXAMPLES

[0092] The following examples further illustrate the present
invention, but of course, should not be construed as in any way
limiting its acope.

EXAMPLE 1 -~ PREPARATION OF ZONE COATED CATALYZED PARTICULATE
FILTER SAMPLE

FO093] A zoned catalvzed soobt filter (C3F) consistent with this
invention was prepared as follows:

{QGQ&} A cordierite wall-flow filter substrate {Corning €O}
having a round cross section with dimensions of 10.57 dia., X
12,07 leong and having a cell spacing of 200 c¢psi with & filter
wall thickness of 9.0127 was used. The coating of this
substrate consisted of:

[B095] a. Arn coptional first coating of fugitive water scluble
polymer, Rhoplex P-376 (Robhm & Hass) applisd to the entire
substrate that after drving resulfted in a DG = 0.25%g/in’. One
purpose of this polymer coating 1is toe fill the smallest of
pores in the cordierite filter porosity, thereby allowing
metter distribution of the subseguent catalviilo coating in the
wall of the filter substrate.

[0086] b, A first catalyvile coating applisd to the full length
of the wall flow filter substrate. This coating was comprised
of platinum and paliasdiuvm impregnated onto a S0:50 wb piixbure
of Lanthanum stabilized aluminsa, GA-Z00L {(Engelhandl,

containing 4% La;0: and alumina, SBa-150 (Sascl HNeorth Americal.
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Platinum was first impregnated onto the mixture of alumines as
an agueocus solution of monosthanol-amine stabilized PL (IV)
hydroxide and then with palladium as an agueous solution of Pd
{IIY nitrate. The resulting PGM impregnated alumine mizxture
with Pt to Pd ratio of 10:1 was milled in water to achieve a

particie size distribution with 20% less than 7 microns,

following which the resultant Siufry was adijusted for pH = 4
and solids for coating. The first catalviic coating was

gpplied to the full length of the wall flow filter substrate in
one pass to achieve a DG = 0.26g/in’ and having a total Pt + Pd
Loading of 10g/ft” with & Pt to Pd ratio of 10:1.

[0087] . & second, zone catalvyiic coat was then applied to the
inlet end of the wall flow filter supstrate to a length {depth)
of 37, This coating was comprised of platinum and palladium
impregnated onkto a 050 wit. mixture of lanthanum stabilized
alumina, GA-Z00L ({(Bngelhard}, containing 4% La:0s and alumina,
SBa-150 {(Sasol North Americal., Platinum was first impregnated
onte  the nmixture of azluwminas as  an aguecus  sclution  of
monoethanol—amine stabilized Pt (IV) hydrozide and then with
palladium as an agueous solution of PFd {11y nitrate. The
resulting PCM impregnated alumina mizxtures with Pt to Pd ratio
of 10:1 was milled in water to achieve a particle size
distripution with 5%0% less than 7 microns, following which the
resultant slurry was adiusted for pH = 4 and solids for
coating. The second, zone catalytic coating was applied toe the
inlet 37 of the wall flow fillter substrate in one pass Lo
achieve a DG = 0,53g/in” within the zone and having a total Pt +
Pd loading of 60g/ft” with a Pt to Pd ratic of 10:1.

[O0088] This resulted in a zoned catalvzed soob filter (O5F)
having an overall total Pt + Pd loading level of 25.0g/ft’ with
overall Pt to Pd ratio of 10:1,

EXBMPLE 2 - Fuel Light~0ff Over Zoned CSF
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(00881 In order to denonstrate active regeneration caepsblility
of the zoned C5F & fuel light-off test in the engine ezt cell
was conducted.  This testing was run using & turbocharged 7.6
liter, 225 HP diesel engine installed in an engine fest cell
and connected fto a dynamomster, The testing was conducted
uging the zoned catalvzed soot £ilter ({CSE} described in
Example 1, above.

[01G0] For the light-off testing the zoned catalvzed soot
filter (CEP) was mounted in the sexhaust line of the engine in a
position 10 £t. down stream of {he engine's turbocharger, The
exhaust line was equipped with a fuel injector through which
supplemental diesel Ffuél could be introduced into the exhaust
streamn. Thiz fuel iInjector was a standard tvpe used for
gasoline engines and it was mounted fust down stream of the
engine’s turbocharger. Between the diesel fuel injector and
Ehe zoned catalvzed soobt filter {CSFY was wmounted an inline
mizer to assist mixing of the stomized, injected fuel with the
exhaust stream. all tests were conducted wusing ultra low
gulfur (< 15 ppm 5) diesel fuel both for englne operation and
supplemental fuel injected into the exhsust.

(031017 For the test the engine was operated at a speed of
15%0 frpm and a torgue of 745 MNm which resulted in a total
exhaust flow of 740 std. m'/hr with an exhaust temperature at
the inlet of the zoned catalyzed soot filter (C3F) of 300°% as
measured by a thermocouple mounted just up stream of the face
of the CBF, 5 thermogouple was also mounted Sust down stream
of the CBF outlet face to measurse the exhaust temperature at
that location.

[o1e2] Btarting with a relatively olean, soot Iree zoned
catalyzed soob  filtsr (CHTY the syebtem was allowed $o
sguilibrate and stabilize for temperature. Following this (ca.
127 minutes runtime) diesel f{usl was introduced at varving

levels into the exhaust via the fuel injector described above
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and the exhaust temperatures a2t the inlet and cutlet of the CHF
were monitored, The resulits are shown in Figure 5. Initdally
the CSF in and C3F out exhaust femperatures were the sane
{300°CYy, but as increasing amounts of fuel were idndjected into
the up stream exhaust the C8F outlet temperature increased.
For one segment {ca. 130-135% minutes runtime) with 1.2 g/sec
diesel fuel injected into the exhaust the C8F outlet exhaust
gas temperabture was 545°C which was an increase of 245°C above
the inlet exhaust gas temperature. This exhaust temperature is
in the range sufficient to give soot combustion in the filter
under active regeneration  conditions. Measurement of the
exhaust gas total hydrocarbon content during this segment
showed ca. 13,000 ppm C1 at the CBF inlet Iocation, but only
2.7 ppm €1 at the C8F cutlet indicating essentially complete
combustion of the supplemsntal injected diesel fuel in the CEF.

[0103] Figure & shows the inlet vz, cutlet  exhaust
temperature data for the iight-off test above as a funcotion of
the rate of injsotion of diesel fuel into the exhaush up stream
of the zoned catelyzed scob filier (CSFy. This shows a regular
increase  in  CEF out  exhsust temperature with inorease  In
injected diesel fuel and that temperatures of 680°C can be
attained for imjection rates of 1.5 g/sec. At some injection
rate levels the exhaust temperature data appears as bar or
range whith reflects the temperature-time heat up responss on
changing from one injection rate to the next higher one.

EXAMPLE 3~  Fusl  Light-0ff Testing with Temperature
Measurements in the Zoned Catalvzed Scot Filter {(CSF) Bed

[0104] The test in BXAMPLE 2 above measured the effect of
Light-off of injected fuel on exhaust gas temperatures under
one  engine speed and lead condition. CEF out esxhaust
temperatures as high as 600° were attained which are in a good
range for achieving reasonablvy rapid combustion of seoot 1in the

CEF for active regeneralion,
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01051 The test of BXAMPLE 2 extended investlgation to
include measurement of femperatures within the zoned gatalyzed
filter, These measurements allowed characterization of both
axial and radial distribution of temperatures within the C8F to
demonztrate how the light-off of injected fuel developed and
its uhiformity. Further, the temperatures within the USF wers
more representative of local temperatures in the same regilons
where the soot combustion was taking place during active
ragenaration.

(010867 In addition the tests of BYAMPLE 32 were conducted at
different engine speeds that gave different exbaust flows, plus
different torgus levels were employed at these speeds to glve
Lower C5F dnlet exhaust temperatures than were run for BXAMPLE
2.

(0107} For these tests the same engine and test set up were
used as in EXAMPLE 2, except that the zoned catalyvzed sool
filtter (CBF)Y was fitted with intexnal thermocouples Lo measurs
the internal filter remperatures. Ten (10} thermocouples weors
installed in the filter in a configuration shown in FPigure 7,
This configuration consisted of five (5} thermocouples
installed down the centerline of the filter to measurs the
tenparaturss dn the wvery middle of the filitsr body. These
thermocouples were positioned at 17 from the inlet face {TCL),
3 from the inlet face and at the rear of the inlet zone (TC2),
67 from the inlet face and at the filter axial nmid-point (TC3},
3% From the inlet face (T04) and 117 from the inlet face {TLHY,
In addition five (&} thermocouples were installed In a lins
that was located 17 radially from the outer edge of the zoned
catalyzed soot filter and were at corresponding positions from
the d4nlet face of the Ffilter of 17 {TCIiLly, 37 (TCLZy, &7
(TCL3y, 97 (PC14) and 117 {IC15).

[0108] The thermocouples wsed in EHAMPLE 2 Lo measurs

exhaust gas temperatures near the inlet and outlet faces of the
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CS5F were also in place for exhaust gas femperature measursment
in this test.

[0108] The testing consisted of running light-off tests with
injected fuel at three characteristic engine speeds: A-speed =
1580 rpm, B-speed = 1840 rpm and C-gpeed = 2680 rpm. The
injected fuel rabte was held gonstant at sach speed condition
and the engine torgue was varied to give different inlet
exhaust gas temperatures between 350 and 250°C. Stabilized
remperatures were recorded for inlet and outlet exhaust gas and
for the internal thermocouples installed in the C5F,

[G110] The results for the A-szpeed tests are given in TARBLE
I, below:

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

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

Test Point 1 2 3 4
Exhaust Flow (std. m3/hr) 739 720 700 882
Zoned C8F-In Gas Temp (C) 305 285 268 256
Zomed CSF-OGt Gas Temi {C) 658 629 804 607
Filier Internal Temperatures:

TC1 Centarting 17 in Temp.(C) 448 454 433 419
TC2 Centerfline 3" in Temp (C)y 537 499 470 465
TCH Centerling 8" in Temp (C) 598 B85 533 532
TC4 Centerline 9" in Temp {C) 663 534 604 608
TCs Centerline 117 In Temp(C) 700 869. 835. 841
TG11 Edge 1" in Temp {0} 488 446 408 351
TC12 Edge 3" in Temp.{C) 528 488 465 455
TC13 Edge 6" in Temp.{C}) 508 565 533 531
TC14 Edge 97 in Temp:{C) 653 815 589 592
TC16 Edge 11" in Temp.(C) 700 £69 §35 841 |
[0111] With a diesel fuel injection rate of 1.66 g/sec and

for inlet exhaust temperatures in the rpange of 3205°C to Z56°C
and exhaust flews in the range of 739 - 682 std. m'/hr it was
possible to achieve C8F outlet exhaust temperatures in the
range of 658°C to 607°C which give a good range for reasonably

rapid socot combustion in & filtex.
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[0112] Furthermore, high internal temperatures > 500°C within
the filter could be attained over much of the length of the
filter which are sufficient to give reascnably rapid soot
combustion from the Iilter. The internal temperatures down the
centerline of the filter and 17 from the ocuter edge of the
filter showed good radial uniformity of temperature in the
filter during the light-off test. The internal temperatures
measured at the positicon 17 in from the inlet face of the
filter were lower than those measured further in from the inlet
face, but thisz is understandable in that Light-off of the
injected fuel was belng initiated in this region. Still the
internal temperatures 17 in from the inlet face of the CEF were
163°C to 193°C higher than the inlet exhaust gas temperature.
[0113] The exhaust gas and internal substrate tempsratures
for A-speed test point 1 (305°C inlet gas temperature) are shown
graphically in Figure &, It c¢an be seen that there was
essentially a lingar increase in internal substrate temperabure
down the length of the CSF with temperaturss > 500°C over most
of the length of the C5F to fagilitate reasonably rapld soot
combustion in the filter for active regeneration. Furthermors,
the C8F internal temperatures at the centerline of the filter
and 17 from the outer edge of the filter were nearly identical
which showsd good uniformity of light-off and active fuel
buarning.

[0114] The results for the B-speed tests are glven in TABLE
17, below:
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TABLE I - B-Speed Data for Fuel Light-Off

B-Spesd = 1840 rpm

Fusl Injection Rate = 2 25g/ser

Test Point 1 2 3 4
Exhaust Flow {std. m3/hr) 979 968 835 928
Zonad CBF-In Gas Temp.(C} 294 281 271 261
Zoned CSF-Out Gas Temp.(C) 6485 652 657 656
Filter Infernal Termperatures:

TG Centarling 1" In Temp.{C) 4683 458 447 431
TCZ Centerline 3" in Temp{C) 498 497 489 482
TCS Centeriine 8" in Temp.{C) 551 560 556 556
TC4 Centerling 8" in Temp (G} 631 645 845 638
TCS Cetterling 11" in Temp{C) 679 696 698 608
TC11 Edge 1% in Temp(C) 447 423 378 326
TC12 Edge 3" in Temp.(C) 494 480 480 487
TC13 Edge 68" in Temp C) 554 587 549 543
TCH4 Edge 9° in Temp(C) 510 621 621 618
TC15 Edge 11" in Temp.(C) 673 591 691 691
[0115] These resulls were gimilary but for a higher sxhaust

voelumetric flow condition and thus shorter contact time than
for the A-speed tests. CSF cultlet exhaust gas temperatures and
internal filter temperatures in the range of 500°C to ca. 700°C
should were attained which would give reasonably rapid
combustion  of  soot from  the filter under these  agtive

reganeration conditions.,
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[9116] The results from the C-speed tests are given in TARLE
ITI, bhelow:

TABLE 1 « C-Speed Data for Fuel Light-Off

C-Speed = 2680 rom
iFusl Infection Rale = 1 80g/sec

Tast Point 1 2 3 4 5 3] 7
Exhaust Flow (sid. mdfhr) 958 17 874 830 T 123 713
Zoned CEFn Gas Temp (0) 351 330 317 3ot 281 262 281
Zoned CEF-0u Bas Temp (G} 545 650 851 551 [t &a8 #78.
Filter Internal Tomparaturas:

TC1 Centerline 1" in Temp.(C} 518 503 409 492 479 460 448
TC2 Centerline 3 in Temp.(C) 546 535 531 527 524 505 511
TCF Centerling 67 in Temp.iC). 590 584 582 581 585 586 587
TG4 Centarling 9% in Temp.(C) 349 850 &1 53 g8 870 588
TCE Centedine 110 Temp (£} 478 585 8886 BRY e iz 730
TO11 Edge 1 in Temp.(0) 513 503 498 401 478 457 448
TC12 Edge 37 b Temp L) 540 532 527 B2k 519 504 §03
T3 Bdge 8 in Temp (L} 587 582 579 578 584 588 B&7
TC14 Edge 8" in Temp ) 534 833 £33 54 548 B53 BE5
TS Edge 117 i Tamp () 573 &78 G82 682 87 12 730
[0117] The results for these tests were similar and showed

good light-off of injscted fuel that gave high enough £8P
outlet gas temperatures and internal filter temperatures Lo
give reasonably rapid soot combustion from the £ilter under
active regenerstion,

EXAMPLE 4 ~ Effect of Diesel Particulate (Soot) Accumalation
on foned CHEF Out HO:/NOx Ratlo for Downstream SCR

o118l A zoned catalyzed soot filter (CSF}) mounted up stream
in the exhaust of & NOx reduction catalyst function ({(e.g. SCR)
wlave a role of removing scot and converting hvdrocarbons from
the exhaust which could have an effect on interfering with the
catalybic sites on the SCR catalyst for the NOx reduction
raaction. In addition; the CS8F can act to oxidize engine out
NO to NO: which can be advantageous in promoting the so called
*fast” SCR reaction discussed above. Thils reaction requires an
HO Lo NO: ratio of 1:l or an NGy te total MOz ratio of 0.30 to
get the best results. Thug it was important to evaluate the
performance of the zoned C8F with respect to itz outlet NO,/ROR

ratio. Furthermore, the NO, produced in the CHF can reacht with
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soot in the C8F and it was important to determine the C8F out
NO:/NO% ratico with the acoumulation of soot in the filter,

[0119] This was done using the same zoned catalyzed soot
Filter (CEF)Y from EXAMPLES 1-3 abhove. The zoned C5F was
actively regenerated as above and subseguently burned free of
residual soot in a furnace at 600°C in air to achieve a “clean”
Filter and obitain a “clean” tare filbter weight. The “olean”
C5F was wmounted in the exhaust stream of a 6.6 liter 330 BP
engine and ecguipped with an FTIR with sampling point down
stream of *the C48F to measure total N0z and NU» levels in the
exhaust stream. The engins was run at a speed of 3200 rpm and
torgue of 125 Nm with a C85F in exhaust tempsrature of ca. 280°C
and an engine oub particuelate emission level which resulted in
agcumulation of 6.1 g/liter particulate {(soot) In the zoned CSF
over the period of 3 hrs. The CSF out toital NOx and NGy levels
meazured by FTIR sxhibited iittle changs from the start of the
run {Mclean” C2FY to the end of the run (Scot Loaded C8F) as
shown in Figure %. Further, the NO,/NOx ratlo over the run was
0.52 at the beglnning and 0.44 at the end which was in the
rangs ©f the desirved ratio for down stream “fast” SCR reactlion
and showed that accumulation of soot in the filter had little
effect on the CSF out NG/NOx ratio, This is considered to be
the result of having the catalvst ceatings in fhe zoned C8F
deposited within the filter wall and thereby down stream of the
accumuelating soot gake in the filter.

EXAMFLE 5§ - Aotive Regsneration of Zoned Catelyzed Soot
Filter with Soot Loading in the Filter

[O0120] The same zoned catalvzed scoob filter (C5F) used forxr
teating in EXAMPLES 1-4 was loaded with scot on a 6.6 liter 330
HP engine at a speed of 3200 rpm and torque of 1Z5 Nm. The
soot loaded filter (2.8 g/liter svot) was placed in the exhaust
Ling of the 7.6 liter 2ZZ5 HP engine employed in EXAMPLES 2-3

and which was squipped with the same supplemental diesel fuel
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indector used for active regeneratlion. The engine was adiusted
to a sgpesd of 1586 rpm and torgus of 580 Nm to achieve a C8F
inlet exhaust gas temperaturs of 303°C with exhaust flow of 705
atd., m'/hr. Once stabilized the preassure drop {(Delta F) across
the filter under these conditions was measured asg 8.57 KbPa.
Supplemental diesel fusl indection dnoto  the exhaust  (1.6Z2
g/ses) wag established to initiate an active regeneration which
was continved for ca. 25 min, The results of this active
regeneration are shown in Figure 10. It can be seen that the
C8F out exhaust gas temperature increased with supplemental
fuel injection to a level of 656°C suitable for active soot
oombustion, The level of Delis P also increased with increase
in exbauvst tempesratuze but reached a peak of ca. 11.9 KPa alter
ca. 2 min, of runtime, following which Delta P was reduced and
at the end of the run was ca. 9,3 KPa with outlet exhaust
temperature at 656°C for a reduction of 2.2 KPa from peak Delta
P. The supplemental fuel injection was then ferminated and the
CEF out ekhaust gas temperature returned to the same level as
the CBF in exhaust gas temperature (303°C). The level of Delta
P across the filter at this point was measured as 5.87 ¥ra for
a reduction of 2.70 KPa relative to the level before the active
regeneration. Weighing of the filter after the active
regeneration showed a 0% reductlion in the level of soot in the
filter. This was not considersd to be an optimized process or
test, but it clearly demonstrated active regeneration with the
zoned catalyzed filter (C8F) for reduction of filter Delita P
and soot loading.

[0121] While the foregoing is direscted to embodiments of the
present  invention, other and further embodiments of the
invention may be devised without departing from the basic scope
therecf, and the scope thereof ilsg determined by the claims that

follow.
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CLAIMS
What is claimed is:
1. An emission treatment svstem for treatment of an exhaust

stream comprising NO, and particulate matter, the emission
treatment system comprising:

a substrate having a plurallity of passages and elements
for trapping particulate contained in an exhaust stream flowing
through the filter, the substrate having an inlet end and an

outlet end, rhe inlet end of the substrete having a guantity of

fuel at a temperature of less than about 300° € and to produce
an exobtherm sufficlent fo burn <off trapped partioulate in the
filter; and

a NOx reducling catalyst lcocated downstream from  the

particulate filter.

Z. The emission treatment system of claim 1, wherein the
precious group metal 1s present in a loading amount of at least
about 20 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 is present in a loading amount of at least
apout 30 gffﬁﬁand extends for less than about 50% of the axial

length of the filter.

4, The emission treatment system of c¢laim 1, wherein the

precicus group metal is present in a loading amount of at least

length of the filter.
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5. The emisslon treatment system of claim 4, whersein the
substrate is in the form of a wall flow monolith having a
plurality of longitudinally extending passages Dbounded by
longitudinally extending walls, the passages Q@mpziﬁigg inlet
rassages having an open inlet end and a clesed outlet end, and
outlet passages having a closed inlet end and an open putlet
end, the walls having a porosity of at least 40% with an
average pore size of at least 5 microns and precicus group
metal compositlion permeating the walls and extending from the
inlet end towards the outlet end to a length that is less than

the axial length of the walls bo provide an inlet. zone.

&, The emiasion treabtment system of claim 5%, wherein the
longitudinally extending walle have a catalytic coating thereon
underlying the precicus group metal composition, the catalytic

coating extending the entire axial length of the filter.

7. The emission treatment system of claim &, wherein the

catalviic composition comprises a pase metal oxide,

2. The emission treatment aystem of cilaim &, wherein the
catalytic composition  comprises & precious group metal

composition in an amount less than or equal to about Z0 gﬁft?

9. An emission treatment system for treatment of an exhaust
gtream comprising WNO: and particulate matier, the emission
Lrestment sysbem comprising:

a particulate filter having an axial length and elements
for trapping particulate metter contained in an sexhaust stream
flowing through the filter a light-off oxidation catalyst
compoeition extending from the inlet end towards the cutlet end
Lo a length that is less than the azial length of the walls to

provide an inlet zone in an awmount sufficient to light-off atb
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less than about 300° ¢ and generate an exotherm to burn soob
trapped in the filter; and
g NOx reducing catalyst located downstream from the

particulate filter.

i, Ths emizsion treatment system of colaim 2, wherein the
particulate filter comprises a wall flow monolith disposed
within the exhsust stream and heving a pluralicy of
longitudinally esxtending passages bounded by longitudinally
extending walls, the passages comprising inlet passages having
an open inlet end and a closed outlet end, and cutlet passages
having a cloged 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 monoglith comprising a

light-off oxidation catalyst composition permeating the walls.

11. The emission treatment system of o¢laim 10, further
comprising an NH: destruction catalyst located downstrsam from

the NO, reducing catalyst.

12. The emission treatment system of claim 10, wherein the NO.

reducing catalyst comprises a lgan NO, catalyst.

13, The emission treatment system of colaim 12, further
comprising a reductant introduction port in fluld communication
with & bhydrocarbon reductant, the reductant introduction port

located upstream from the lean HNOx catalvst.

14. The emission treatment system of ¢laim 12, whereln the RO,

reducing catalyst comprises a lean NOx trap.

1%, The emission treatment system of claim 12, wherein the NO,

reducing catalvslt comprises an SCR catalysh.



(78) JP 2019-143632 A 2019.8.29

49

16. The emission treatment system of claim 15, further
comprising an introduction port located upstream from the SCR
catalyst, the introduction port in fluld communication with an

ammonia source Or ANMmMONnla Precursor.,

17. The emission fLreatment system of oclaim 15, further
gomprising  an Indjector  in  Fluid  communicasion  with  the
introduction port, the injector configured +to pericdically
meter the ammenia or an ammenia precurscor into the exhsust

straam.

18, The emisalon treatment system of claim 17, further
comprising an NH: destruction catalyst logated downsiream from

the SCR catalyst.

18. The emission treatment system of «<¢laim 10, further
comprising  an  exotherm-producing agent  introduction port
located upstream of the wail flow meonolith, the exotherm-
producing agent introduction port in fluld communication with
an sxctherm-producing agent capable of generating a temperaiure
sufficlient to periodically burn particulate accumalated in the

wall-flow monolith,

20. The emission treatment system of claim 18, wherein the

exotherm-producing agent comprises diesel fuel,

21, An emission treatment system for treatment of an exhaust
stream comprising HOy and particulate matter, the emission
tresiment system comprising:

a wall flow mornolith disposed within the exhaust stream
and having a plurality of Jlongitudinally extending passages

bounded by longitudinally  extending walls, the passages
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comprising inlet passages having an open inlet end and a closed
outlet snd, 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 monclith  comprising a light-off oxidation catalyst
composition permedting the walls and extending from the inlet
ernd towards the outlet end to a length that is less than the
axial length of the walls to provide an inlet zone;

an  SCR catalvst located downstream from the wall flow
monolith; and

an  indector for dinjecting ammonia or Aammonis precurscr

i

into the exhaust gas stream upstream of the SCR catalyst.

Z2. The emission treatment system of claim 21, further
comprising an MNH; destruction catalvst located downstream from

the SCR catalvyst.

23, The emlission treatment system of claim 22, comprising an
exctherm~-producing agent injector located upstream of the wall-

flhow monolith,

24, A method of treating exhaust stream from a diesel engine
comprising:

disposing within the exhaust stream containing particulate
matter & wall flow wmonelith and having & plurality of
longitudinally extending passages bounded by longltudinally
extending walls, the passages comprising inlet passages having
an open inlet end and & closed outlet end, and outlel passages
having a ¢losed 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 moncolith comprising a
llight-off oxidation catalyst composition permeating the walls

and extending from the inlet end towards the outlet end to =&
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length that is less than the axial lenagth of the walls to
provide an inlet zone;

disposing a NOx reducing catalyst downstream from the wall
flow monolith; and

periodically introducing an  exotherm-producing agent
upstream of the wall flow monoclith to generate an exotherm in
the wall flow monclith sufficient to combust particulsbe matter

trapped within the wall f£low monolith.

0 Exhaust treatment filters, systems, and methods are disclosed. According to on
e or more embodiments, a particulate filter is zone coated with an oxidation cat
alyst and is used in an emission treatment system or method including a NOXx redu
cing catalyst and an optional NH3 destruction catalyst.
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