TI TLE [0001] Refractory Exhaust Filtering Method and
Devi ce BACKGROUND 1. FI ELD [0002] The present

w0 pwefsi7on rel ates generally to a catal yti c deR€T/ES1006/060567
reduci ng the pollution content of an exhaust gas. 2.
DESCRI PTI ONOF RELATEDART [ 0003] Exhaust systens
perform several functions for a nodern engi ne. For
exanpl e, the exhaust systemis expected to nmanage
heat, reduce pollutants, cqfif@l noise, and sonetines
filter particulate matter. GEneraIIy, t hese i ndi vi dua

un erf d di sti nct
[00011 q%ér@ WeUSt? 8@@@&%@3 %?ust system of a

typi cal gasol i ne engi ne. The engi ne exhaust system may
use a set of heat exchangers or external baffles to
capture and di ssipate heat. A separate nuffler may be

coupl ed to the exhaust gautkeiRGENgeNtrol noi se, while
a catalytic converter assenbly nmay be placed in the

exhaust path to reduce non-particul ate pollutants.
Al t hough today particul ates are not generally the
pol l utants focused upon in the gasoline engine, it is
| 1kel yFHHd? nmore restrictive regul ati ons may soon
apply. [0004] An exhaust systen1for a nodern gasoline

[0002EngiThe presa@@ihEntBh el soh
el i mi naﬁt)e some of the r?on artl ullté\t%gcattée1 Flgiga%\r({c {or SRfucing the

poﬂué&?cgﬁ(@ﬁyég ﬁéﬁ%{?ﬁg%| and therefore mght enploy a

nown em devi ce, such as three-way
catal ytic converter. Such a three-way converter uses
chem cal oxidation and

2. DESCRIPTION OF RELATED ART
[0003]  Exhaust systems perform several functions for a modern engine. For
example, the exhaust system is expected to manage heat, reduce pollutants, control
noise, and sometimes filter particulate matter. Generally, these individual functions are
performed by separate and distinct components. Take, for example, the exhaust system
of a typical gasoline engine. The engine exhaust system may use a set of heat
exchangers or external baffles to capture and dissipate heat. A separate muffler may be
coupled to the exhaust outlet to control noise, while a catalytic converter assembly may
be placed in the exhaust path to reduce non-particulate pollutants. Although today
particulates are not generally the pollutants focused upon in the gasoline engine, it is
likely that more restrictive regulations may soon apply.
[0004]  An exhaust system for a modern gasoline engine is nearly universally

required to remove or eliminate some of the non-particulate pollutants from the exhaust



reducti on processes to renove non-particul ate
pol lutants fromthe exhaust gas stream The known
w@am0aloyt7ic (or metal ) converter holds a cat al yreTUS2006/060567
material that, when sufficiently heated, reacts with
exhaust gassed to |ower the chem cal potential to
react non-particulate pollutants into non-pollutants.
More particularly, the known converter uses a
r q&QﬁH r
gaSSﬁ%?B?ﬁ%ngﬁeg?ﬁ%ﬁﬂ flﬁg%ﬁbﬁﬁbug %%ggéﬁéﬁi?ﬁg%&%ﬁﬁﬁﬁéﬁgghas
conme intqQ contact a cat aI st for conve t| n ng
three-yayREALFEF FORVERIL: | Heb AdbEs Wa¥ CopueTter oS gal oxidation and
non-pol lutants before ultimately flowi ng out into the
reduci@dnpspdesses. toAsmiolve rexhparsicubas pbllatents froou die etterust gas stream.
channels, lamnar flows are created which cause the
The kr‘?&ﬂk}ﬂl&ﬁfalg?égﬁ- théta 'C%Wvgﬁlé@hbi?ﬁ C&ﬁélgﬁ% ripfitfithen
concen |ent and mass-transter e ects cone

i nt o _cont act mnth the cataly si di n th chann
SUiCigRIlY $ioatPRe 1easHHED SRAPHS! SREVEA D tﬂtﬁfﬁ Rateniia o react
di sposed on their surfaces, and as the hot exhaust gas

non-paftdidate pdllueareth imoetorvpbllstantd) e Merel martic elablgatiedkh®vn converter
el evate the catalytic material to the a threshold

uses a deW %P.Iaé%clthed 9\1}}@% gyh:ilpsl% gﬁgsleg: eq'%r{eeeq{a bf)‘{ﬁ% converter, flow

cur. hIS 'S co
ght - of f tenperature leemnse the t| it takes
ﬂlroug}epp{ﬂh parg ligh ehagpmels, cpme it fentast Wéthrae%?éﬁ]é’ﬁt for qepeFing some of
as the 'light-off period. Then, as the exhaust gas

the potlints e shd exHaduengad i&a&ﬂﬁlﬂﬂoﬁdtﬁpﬁﬂﬁfﬂﬁt@beﬂoﬁé aftaahely flowing
with the poIIutants in the exhaust gas to facilitate

ou i ERBUEEL P, AL R O W S50 o

by nodern engl nes equi pped with catalytic converters
are cr@ée@ mehighy cavsg thriexhausfigases topllewstpwin dre elranned audr diae to

is essentially non-operational. In certain vehicle
concentration gradient and mass-transfer effects, come into contact with the catalyst

residing on the channel walls. The channel walls have the catalytic material disposed
on their surfaces, and as the hot exhaust gas contacts the channel walls, the walls are
heated to elevate the catalytic material to the a threshold temperature above which the
catalyzed reactions readily occur. This is colloquially known as the ‘light-off’
temperature. Likewise, the time it takes for the light-off temperature to be reached is
known as the ‘light-off’ period. Then, as the exhaust gas continues to flow, the catalytic
material interacts with the pollutants in the exhaust gas to facilitate the conversion
thereof into non-polluting emissions. About 50% of the pollution generated from and
emitted by modern engines equipped with catalytic converters occurs during this light-

off period when the converter is essentially non-operational. In certain vehicle
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lapplications, such as stop and go traffic and short
trips in cities, the overall useful ness of the
W@ 200al05d71€c converter to reduce pollution is nmPCHYES®A6/060567

since the converter spends a significant anmount of

time at tenperature below catal yst |ight-off or

relating to | ow conversion efficiencies. [0005] The

action of noving the exhaust gas through open channel s
applicatiogls iguehseetdp and pbaraftit lantahbst tripstineittdsatiredverall hsefulness

occurs via a gaseous diffusion nechanism Once the

Al : . . .

o the Y SpV R GIEREL A RS LYFIRe] SRP UL MiberldbSpencs o

. ..transfer fromthe bulk of the gas stream (centey of

significapbameiing of tipgsatiemppratore h@lomaqratglyshkghh@ff@atrsfawgdo low
pol lutant-elimnating reactions occur at the wall-gas

conversibh effidesciésyhere the catalyst is typically located), a
concentration gradient of pollutants is generated in

10005] { SRR 985wk AE M AR TR SE YELARE AN,

oWest ©process urder su i ons,
mass-transfer principles dictate the overall rate of

transparhagrthe pollsiantstathe dhanrebvelle oreirsivéa a gaseaus disiugion
sl ow process, the nunber of open channels is typically

mechariB@Y, @3A&tHe a4l ab&chedlnits AdBiaivsctetdpRrMes,ahk reaction rate
reaction rate. The effect is essentially to reduce the

. i;stance that the S | ecul aye travel fo

i lepefFh A0 P 530 o BB tRn Ry B 2% BETRf Geldif bfeatrtcenter of the
Additionally, the relatively limting bulk diffusion

laminag gepflewy ththevapendatbe citelyzey prikitaat-eliminasingrepsiongoccur at
a honeyconb design or by otherw se increasing the

the wallphe Ghte¥Rcs RN thE catdlyAeStyRiedly Bra®diH éaeatalivn gradient
reduci ng the size of the opén channels and increasing

ot v B P S A ATARR 008 s
being tlc':ug Ql\(l)%ésf Lr(i)crgg; ﬂ\ﬁggf such conditions, mass-transfer principles dictate the
overall rate of the reaction. Since bulk diffusion is a relatively slow process, the number
of open channels is typically increased to compensate, and increase the overall reaction
rate. The effect is essentially to reduce the distance that the gas molecules have to travel
to diffuse from the bulk into the boundary layer. Additionally, the relatively limiting
bulk diffusion step may be compensated for by making the converter in a honeycomb
design or by otherwise increasing the effective catalytic surface area. By simultaneously
reducing the size of the open channels and increasing the number of channels, the bulk
diffusion rate may effectively be increased and the efficiency of the converter improved.

However, making such a “closed-cell” honeycomb design results in a decrease in the

thickness, and thus the strength, of the cell walls and an increase in the backpressure to
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However, making such a "cl osed-cell" honeyconb design

results in a decrease in the thickness, and thus the
wa@reenst’ng of the cell walls and an increase iPCT/II82006/060567

backpressure to 2the engi ne. Thus, the converter is

made nore fragile while the fuel econony of the

vehicle is sinmultaneously decreased. Accordingly /

t her arﬁ?ﬁ?racti cal limts on the mnimum size of the
the enggt?erﬁeﬁﬁa fanviexter is madeimeret firegikbwihileythe éuel economy of the

significantly inprove the bulk transfer rate of

vehicle ts sitiltzoralislyndaiédsbilc AtOBRUBERD tEARVOE beASRARMIR on the
certain point. [0006] Thus, du€e to the inefficiency o

- . r fer progess the converter i.s typicgally
mm%hggleﬁag&hpé oﬁgﬁ gcglarélﬁ S efttrﬁ%trg g}eea’tﬂ&%x,’gp’ si #%n’é}ﬁamprove the
relatively slowto heat to the threshold catalytic
bulk tragistar gatepf tradifienat mosolithip honeysomk evevaiters giaat y tértain point.

converters may be arranged in a sequential order to
[0006] i nDhay,elier thielineficfpicp bf GHHM tral[lsqgtaél}o KR converter is
t hree-way gasoline catalytic converter <§o not fol I ter

. jC tter. ;Recent, studi,es, have shown, t hat
typieall Bdd e BuBF phlis OHSEES e Wi B ARROE Bl terheat to
engi ne) nay be both dangerous to health and generated
the threglo lytit eperatingieynpegatadre.t dypisilyDitvetalicasstytic converters
particulate filter) PM (particulate matter) em ssion
may be hervabed ihs sBYh&MiAY a&stosl-hg%% i {@{ﬁ bot h
Y di esgl and Sggqslol [ nerengi nes w | ?’%ﬁge\{/lgel%%&giﬁ ur ?1Iér

|.f] to reduce PM em ssjons. Sone European )
10007] ZoRhOME e M eRaline el sy T E e Bof BlFbReiculate
asol i ne PM em ssions. [0008] Most, if not all,
matter. &ecanfstidiesyevesbodm that peftfqutatestiom argaeblireICN @hyernal
operate until a threshold operational tenperature is
combusti6AeABthe) By PPN Sangdd ) ' aly
S LY DOLEH dangeh 00 heal R B SR E b A Blies

anmounts Of particul at € po
11t Lpto, t
roughly%h%aﬂg posec—dDi’lg (glese'l%articulate filter) PM (particulate matter) emission

levels. As PM emissions standards are tightened, both diesel and gasoline engines will
have to be further modified to reduce PM emissions. Some European agencies are
already considering the regulation of gasoline PM emissions.

[0008]  Most, if not all, catalytic systems do not efficiently or effectively operate until
a threshold operational temperature is reached. During this “light-off” period,
substantial amounts of particulate and non-particulate pollution are emitted into the
atmosphere. Accordingly, it is often desirable to place a catalytic device as close as
possible to the engine manifold, where exhaust gasses are hottest and thus light-off time
is shortest. In this way, the catalyst may more quickly extract sufficient heat from the

engine exhaust gasses to reach its operational temperature. However, materials, design

3



at nosphere. Accordingly, it is often desirable to
pl ace a catal ytic device as close as possible to the
wepgrnss7mani f ol d, where exhaust gasses are hot PEBUSBENE060567

thus light-off tine is shortest. In this way, the
catal yst may nore quickly extract sufficient heat from
t he engi ne exhaust gasses to reach its operational
tenperature. However, materials, design 3and/ or

and/ orssffety ycovsimsintsinaysimiypladerhéntpiabe nelalytif cdriverter to a position
catal ytic converter to a position spaced away fromthe

spaced f 2bsh thdhaEni&Ig, 9heh ¥E% ﬁat‘é@ﬂ%éecrotn%ﬁe?sr %e%?)ggég?jway from

fromthe mani fold, |1 time Is I nc

n I oIIuta hus ust ed |n 0 the
the mala{}g](g? g t{ar@@ crﬁqxée Fﬂe]a@@ ’@ﬁtq: Fe t us exhausted
catal ytic converters is currently the nmonolithic
into théatmegspdwebe.wher ei n the nonolithic material is
cordierite and silicon carbide. In order to be

[0009] | NARARH { {éi]g[\{ ??] 5a@§1 'ﬁ@ Ic ggﬂélls 1% cﬁfreflﬁﬁ the monolithic

cordlerlt oney eS|
t he i ndij V|du chan wal | s

sed b in
honeYCPm W relRdhe r@éﬁbﬁgﬂ@ﬂ%@la i5iA08 leeslfte éﬁaﬁﬁlﬂo@ Gaebidgnilp order

area. However, the strength of the walls (and, thus,

to be irichensingip leffettive, doavet tegitydefcthe apedievitd hldimltlﬁaﬁoﬁgycomb
wal | thickness while the backpressure increases (and

design 3199 b6 RlctdfLE 'T)Sfymﬂﬂﬂlggﬂq% ?ﬁc@ﬁfllc‘[f&ge Bﬁ@%ﬁé ¥hmner and

ecreases) wth’incre
tical t for_increasing converter eff|C|enc
mcreasesg smgﬁber é? derpplsPesyndt #eni fgwearotha Hirength ﬁ’é{hﬁ walls
and a maxi mum al | owabl e backpressure provided by the

(and, thus, the Mioablittic appvertah decreaselwihi digréasige@alltBlckness while the:
stringent em ssion standards is to utilize known

backpré@ﬁ?&q@as?éggha QA %te%h&tehéggﬁagﬁﬁéae%e rﬁo?fes Rggg}&lf decreases)

son

of rrultlial e pollutants.
with increasing cell density; thus, a practical limit for increasing converter efficiency

exists and is defined by a minimal monolith strength and a maximum allowable
backpressure provided by the unit. Another approach to addressing increasingly
stringent emission standards is to utilize known three-way gasoline catalytic converters
arranged in multiple stages to obtain reasonable emission control of multiple pollutants.
However, this approach also adds to cost, weight, fuel penalty and engineering
complexity. Thus, in an increasingly stringent emissions regulatory environment, there
is a need to find an effective way to reduce harmful emissions from a typical ICE.
[00010] Thus, air pollution standards, particularly in regard to vehicle exhaust gasses,
are coming under increased pressure from governments and environmental

organizations. The consequence of continued emissions is well recognized, and
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However, this approach also adds to cost, weight, fue
penal ty and engi neering conplexity. Thus, in an

w0 p@reseingl y stringent em ssions regul atory PCT/US2006/060567
environnent, there is a need to find an effective way
to reduce harnful em ssions froma typical |CE
[ 00010] Thus, air pollution standards, particularly in
regard to vehicl e exhaust gasses, are com ng under

addmbl'{'&lrr%gﬁfﬁ‘iﬁo% %?él%% g A IRIBAOUBE Eﬁ‘%ﬁhg gﬁ?@laﬁﬂﬁé 51&!‘9@1{1% &hore

or gan atl ons e -consequence O nued em ssi

is well zed ditional r ons are,
aggressETaiy hiRred M@V@%rsa}wf PRGRALRS %ﬁﬁrg%ﬂr %@8?@1 fBtiesion

aggressively enforced. However, reduced em ssions and
regulationg rsdy hages shertitesh aeghtige ir&padftm theyoveaakt eeonomy, as

short-term negative inpact on the overall econony, as

s R0 RSl SRR LR M grpmens e
beenr%%@&%ég g%? t tlg E eQU|atloﬂ%ﬁﬁ%k%ﬁ&%fﬁgggft[tI%%nﬁc

effective and effective catal ytic device may ease the

consedui@ites.! heBotdinglych easrercosbeftetiveianbloaffecsivb shiby tiadevice may
etrinmental economc effects. In particular, it would

ease ﬂaeg trang Laf)%bco% ctié)arf%'i' Wct)rﬂ? veitﬁ&g ﬁs&%&&%‘éﬁﬁ%{gﬁk&i%’ omlc effects.

vice renovin
and non- partlculatebgPllutants from an exhaust stream
In partingtar; i§ weigdbledesirabledp nravida 3 east sifephve expbitieglevice for
smal |l engines, and in industrial exhaust stacks. It

removiAY Mtl@Féﬂld%@até epllugditanher suthoa-pievitelatd poldetadly feom an
to cata yze chemcally inportant reactions that my

exhauéﬁ ﬁ%ﬁ}lﬁ g%r%aj)q% ap S%) grruquéa{ﬂ%ﬁ r 222 eﬁ%%lgsc' Lé%lPalf"ec’lrlgmes, and in

synt heS| s etc. The present invention addr esses this
industrid @xsumsisxcks. It would also be desirable for such a device to be able to

catalyze chemically important reactions that may not be considered as pollution control,
such as chemical synthesis, bioreactor reactions, gas synthesis etc. The present invention

addresses this need.



[00011] Briefly, the present invention provides an

i nternal conbustion engi ne exhaust system for
w@an0aloyd7ical | y converting carbon nonoxi de, ni tPOUES2006/060567

oxi de, and hydrocarbon pol |l utant species into

non- pol | ut ant speci es (such as carbon di oxi de,

nmol ecul ar nitrogen, and water) and for trapping

particulate matter. In general the device is capable

of separating condensed gEehvaviatyfroma fluid stream

and at the same tinme supporting reactive agents (such

S VA . hobj ¢ terials, .. .
ooor ) Bl RE S Y DRPE O P gfon i exous
enhance reaction rates of constituents in the fluid
systerq foreatalytral g RONYRItiBg caEhan mengaide, aitrows exidal and hydrocarbon
conbusti on engi ne exhaust (such as from a gasoline,

pollutdhesgciesrintd hen-polletartRgesieg (stkhGatatdn 8ik@My ehblefular
having a housing, an inlet port formed in the housing

oo WA RADEEL S R 5y BB 20

connected to the atnosphere. The catal ytic converter
capablg ef sepaatingerrslepsed mateyjaldtoinrg Buidstzenrelandiat thérsame time
housing, a plurality of outlet channels arranged

suppodtlhgeedttive gehts %ﬁ&l@hs aleah@hss, @IME@WO%O&C materials,
substantial I'y fibrous non-woven “pot ous I'ls
ratj he, i nl et nnel s fromthe outl et . .
hydroB R RIS, S8R e PR SR ar a0 o Phqustituents in
porous walls, a first reactive agent or catalyst
the fluid strepal. Thie spginessysten freclpdeurs ivtatriad coaristion engire exhaust
reacti ve agent or catalyst material disposed on the

(such ROfrOHSa BabItne, HAXEIE] othBr RudlRES R ELESthiy HR@IRERer hi¥fing a

catal ytic device itself is constridcted das a having a

roust b e AR M B 80l ngin
fi brous non-woven porous wall between respective
exhaustdjret@mputlet port formed in the housing and fluidically connected to the
atmosphere. The catalytic converter also includes a plurality of inlet channels in the
housing, a plurality of outlet channels arranged adjacent to the inlet channels, a
plurality of substantially fibrous non-woven porous walls separating the inlet channels
from the outlet channels, and typically a waschoat disposed on the porous walls, a first
reactive agent or catalyst material disposed on the porous walls, and a second reactive
agent or catalyst material disposed on the porous walls.
[00012] In a more specific example, the catalytic device itself is constructed as a
having a plurality of inlet channels and outlet channels arranged in an alternating

pattern, a substantially fibrous non-woven porous wall between respective adjacent

inlet and outlet channels, a surface area enhancing washcoat with stabilizers and
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inlet and outlet channels, a surface area enhanci ng
washcoat with stabilizers and 6additives di sposed on

W b@705dJer s constituting the substantially fi bPOIIES2006/060567
non-woven porous walls, a catalyst portion disposed on
t he substantially fibrous non-woven porous walls, an
inlet port coupled to the inlet channels, an outl et
port coupled to the outlet channels, an inlet block in

additie¢s dispesedsonmthofibéiseonstikiting erabsiantal} fibtbes nbh96sven
positioned in respective inlet channels and between

N ; | et, por a ap, out | et
porous Il EAeaf offeh B8 pRenBibse Rl RaRL epcpyoven
outl et block positioned in respective outlet channels
poroug hepllscanEdat pews crapled tpdhe inlgtichannelsehatutiet port daupled to the
anot her specific exanple, the catalytic device is

outlet charsriels)Gineicklet bl ock DN 1bddl s 6rRUTWAY Bl e SRS R, batH Ynlet block
fibrous block having an inlet end and an outlet end.

I y I nd.outl et chanpel.s,are arr ed in
positicha it etV bt e R P oL R P por AL Gl port
posi tioned between adjacent inlet and outl et channels.
and arrpigtiethlek inat loeatisomeoftha elutletralyanmels, packablidet block gokitioned

ot her, perpendicular to each other or in sone other

in resprofilé gutiat cleihnels £&al Bétiden the %Pﬁ%ﬁdarﬂltﬂe%&%@ %gls

wal I's, such that the walls of the pores Insi

or wmal |l contajn catalyst .for reaction with gases
In an ol WBe M exaliBi. B e o R vire o soBE b Gdiasismonen e
in each respective inlet channel and positioned at the
nonwqyig| ssibstandialfiifihyoun bk hetving ac knlesend ehd decbutteteadh The inlet
respective outl et channel and positioned at the inlet

chann@Bénd Difleb bRl fCarhhed Maﬁéﬁ%ﬁﬂgﬁﬁ%m th 1block with a

substantially fibrous non-woven porous actory
porou%%tgg{p&%iﬁ@e%@geﬁ%ﬁ?&%ﬁ%ﬁ&%gd 01t1tr1]§t c%%tngle sF T ediglvelt gﬁd outlet
channels may run parallel to each other, perpendicular to each other or in some other
configuration. A catalyst is disposed on the porous walls, such that the walls of the
pores inside the porous wall contain catalyst for reaction with gases and solid
particulates, and an inlet block is included in each respective inlet channel and
positioned at the outlet end while an outlet block is included in each respective outlet
channel and positioned at the inlet end. The blocks force the fluid stream through the
substantially fibrous non-woven porous refractory material.
[00013] Advantageously, the catalytic device provides a method for removing
particulate matter and carbon monoxide, nitrous oxide, and hydrocarbon pollutants
and for trapping particulate matter from the exhaust stream of an engine. This is done

by directing an exhaust gas stream from an engine through a substantially fibrous
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particul ate matter and carbon nonoxi de, nitrous oxide,
and hydrocarbon pollutants and for trapping

w@2nviosaThat e matter fromthe exhaust stream of PERUS2006/060567
engine. This is done by directing an exhaust gas
stream from an engi ne through a substantially fibrous
7nonwoven filter, catal yzing the conversion of
hydr ocarbon pollutants into carbon di oxi de and water,

nonwotéi flt¥z icagljdifg ehevensirsionaf oairbearbonpmtiudents itio carbon
carbon di oxi de, catalyzing the conversion of nitrogen

. .2 0XI i, Nt ' L0 f .
ot ST R 0R Do BERE Bon cioude
filtration. The particulate matter npy |ater be burnt ,
catalyzisfgf theonmgrsieyehritngenrmpio tie meleculas niregumges, ghd extracting
absence of catal ysts, heaters and other devices.

particul 26 @detler Fhte ehaethAi i gas bRaknmr #a fidfratibe. Thepanticulate matter
invention will beconme apparent froma readi ng of the

f ol | ow S .

may lafeh e T O E IS e a g AR Do Saner orfaappe o
poi nted out in the appended cl ai ms. DESCRI PTI ON OF THE

catalysBRAVUIRGfdodEE devives.dr awi ngs constitute a part of

this specification and include exenplary enbodi nents

[00014]07 TH¥Be hAY ShdrdBatuitdd 6htHEBYrebontERNPORtiGtiwill béasine upparent from
fornms. It is to be understood that in some instances

vari.ous ects, of .the inventiqn may b hown
a readifi b S0 TIOR3 err i Uiy A PRY IS FALELRY AP £1%ii ng
of the invention. [00016] FIG 1 is a diagramof a )
instrungentalities andiemnbindtionaquoticelaty peinted: tet iprthe eppended claims.
invention. [00017] FIG 2 is a diagramof a catalytic
device in accordance with the present

DESCRIPTION OF THE DRAWINGS
[00015] The drawings constitute a part of this specification and include exemplary
embodiments of the invention, which may be embodied in various forms. It is to be
understood that in some instances various aspects of the invention may be shown
exaggerated or enlarged to facilitate an understanding of the invention.
[00016] FIG. 1is a diagram of a catalytic device in accordance with the present
invention.
[00017] FIG 2is a diagram of a catalytic device in accordance with the present
invention.
[00018] FIG. 3is a diagram of a catalytic device in accordance with the present

invention.



invention. [00018] FIG 3 is a diagramof a catalytic
devi ce in accordance with the present
w0 poogfosé7om. [ 00019] FI GS. 4A 4B, 4C, and 4D ar ePCITER1086/060567
showi ng light-off tine reductions due to use of a
catal ytic device in accordance with the present
i nvention. [00020] FIG 5A is an end view of a
catal ytic device having a nonolithic substrate in

[00019?C ¢ PI@@%@ 48, utr, Lhe 4@)’ S8 Mards %ﬁeng 'Iiéhi B802ZhE Bl &R due to

s an en argéd partial end view of [ 00022]
S @ Gross section md vi Wof the catalytlc
use of geal 40 HEwReL aggQgdange Wﬂf}bféﬂcza“rsqa an
el ongated cut-away view of adjacent channel s of the
[00020]at Bl 54 iglavené vidw\ufi aicatdti e dévice ha0h4d ntar@lithiE siubstrate in
a plan cut-away view of adjacent channels of the

accordeftcahVikh, h, %ﬁ}@ls SheMeoAN Fig. 5A [00025] FIG SF is
|

a schenatl ustratiron of the device of FIG 5A as
|oned|n nehaust stream f| froma
[0002]8as b g erlatss l%@&?&’@fgﬁ FI GS. 6A

and 6B is a diagram of a catalytic exhaust systemin
[00022]c c FI@AFC ¢s avcidss sérgiqnabsddtviewwd thée oatalyftk0dRi¢e sHd®n Tn Fig. SA.
is a diagram of a replacenent catal ytic device in

[OOOZCﬁC ¢ 95% 51565 Y teibngagecp&ﬁsfp%zvb%\éf Bf a?ﬁcergf%gaﬁlﬂs Bt bhe gatalytic

lagram o Cross evi ce

accordance with the present invention.
device shown in Fig. SA.

[00024] FIG. 5E is a plan cut-away view of adjacent channels of the catalytic device
shown in Fig. 5A.

[00025] FIG. 5F is a schematic illustration of the device of FIG. 5A as positioned in an
exhaust stream flowing from a gasoline engine to the atmosphere.

[00026] FIGS. 6A and 6B is a diagram of a catalytic exhaust system in accordance with
the present invention.

[00027] FIG. 7 is a diagram of a replacement catalytic device in accordance with the
present invention.

[00028] FIG. 8 is a diagram of a cross-flow catalytic device in accordance with the
present invention.

[00029] FIG. 9is a diagram of a catalytic device in accordance with the present
invention.

[00030] FIG. 10 is a diagram of a catalytic device in accordance with the present

invention.



[00029] FIG 9 is a diagramof a catalytic device in
accordance with the present invention. [00030] FIG 10

WO 200a/08ki7agr am of a catal ytic device in accor danCBEUSE0061060567
the present invention.[00031] FIG 11 is a cross
sectional diagram of channels for a catalytic device
in accordance with the present invention. 10DETAI LED
DESCRI PTI ON [ 00032] Detail ed descriptions of exanples

[0003K]f FIE. 1Néendroensetionhl @bAaH JIRh8hRels kér 4 SathBtReevice in
under st ood, however, that 'the present invention may be

lifi.ed in various forns. Therefore, the specific
mron%%?gﬁrghgw%grﬁggﬁﬂwgpﬁpﬂ-are not to be interpreted as
limting, but rather as a representative basis for
teaching one skilled in the art how to enploy the
present invention in virtually any detail ed system
structure, or manner. [00033] The drawi ng figures
herein illustrate and refer to an exhaust system
pat hway that is specifically described as a conponent
of an internal conbustion engi ne exhaust system
However, it shoul d be appreciated that the exhaust
pat hway may be used with other types of exhaust
systens. For exanple, the exhaust system pat hway nay
be used in petrochemcal, air-filtration, hot-gas
filtration, chem cal synthesis, bionedical, chem ca
processi ng, painting shops, |aundromat, industria
exhaust, generation plant, or comrercial Kkitchen
exhaust applications. [00034] Cenerally, a catalytic
converting device consists of a host or a structura
substrate support, and a catalyst that at |east
partially coats the support. Oten the

10



cat al yst conponents reside on a washcoat that includes

surface area enhancers, surface nodifiers, stabilizers
wW@pe705%7gen st orage conponents. A catal ytic deRCTES2006/060567

contains the appropriate type and nmass of support and

catalyst so that it can fulfill a precise catalytic

function under the desired operating conditions and

envi ronnent. For exanple, the catal ytic device nay

facilitate a chempprATPRPEDESCRIFGUONas that of a
first gaseous speC|es into a second gaseous species, a

C|es into oth i d species
r000a3]; ¢ HetpiliceeiBRRRS S5 ety aburdps arist o S RO Feg herein. It s
Typically, the chem cal conversion 1llreaction or set
to be widerstmotl) howenen thia the eresent amdeniisin mdg fhiersxdniplifiddein various
context of a particular application, e.g. sinmultaneous

forms CPHéi%fo?b Ofhe BbeNE¢ ddHGls ABAEL hBkeh M néZO) beaiﬁ@er%ed as
he conversi on of MIBE to CO2 and steam th

e f t d
lmmrga%@ﬁﬁt BF 5 SO ARIALTS PaSdgY tear BT %@M%&W how to

devi ce 10 capable of facili tatl ng nultiple catal yzed
emplayethetpresent asvemtidn iasviciaallplamyadethiléd systay, spauttucel atreanner.
or condensed matter froma fluid stream Catal ytic

[0003339\’ ThHE &%@?@ﬂ@ﬁf&' WeikAllBabid ™ tdik thatfbt gps‘%%m pathway

Ut| et p For conveni ence, cata tl C evi c

pbe_described i n connecti W|tha gasol i ne
that is SRegiRaly SEHOUR B @@Pﬁ@enfbefn an ntsig CoROUBHPR Enainggxhaust

that it nmay be used in other types of engines and in
systerhnBlstevie) it shouldebeappreciated sitdraexladuse phdusty may be used with
applicati ons Catal ytic device 10 features a wall 25

other Jc;{}nelg U %%(HQ«]}] g\fﬂal For e%én‘?f@ lthi@ Iel(P{aLEscﬂr irn g%ﬂjww fhay be used

cal yer ytic nat e
posed on jts surface. The p03|t| oni ng of wall
in pet%e@i Eilﬁlf]éﬁra‘é%rh@rgafdﬂﬁfé}ﬂ%e?he%a]o%’tﬂﬂé?ﬂ%tbé‘h‘ﬁ‘éfilcal
21. V\hen
chemical processing, painting shops, laundromat, industrial exhaust, generation plant,

or commercial kitchen exhaust applications.

[00034] Generally, a catalytic converting device consists of a host or a structural
substrate support, and a catalyst that at least partially coats the support. Often the
catalyst components reside on a washcoat that includes surface area enhancers, surface
modifiers, stabilizers and oxygen storage components. A catalytic device contains the
appropriate type and mass of support and catalyst so that it can fulfill a precise catalytic
function under the desired operating conditions and environment. For example, the
catalytic device may facilitate a chemical conversion, such as that of a first gaseous
species into a second gaseous species, a first liquid species into another liquid species, a

liquid species into a gaseous species, or the like. Typically, the chemical conversion
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exhaust gas (i.e., a gas having a relatively high

pol l utant content) from an exhaust gas source (i.e., a
WwW@2®ol05a1e0 engi ne or the like) enters inlet porPCLUS20061660567

gas is received in inlet channel 19, and at |east sone

of the gas is noved through porous wall 25. The

exhaust gas is typically a product of gasoline

conmbustion and as such is typically relatively hot. In

reactidi Beset @A $8%otiohl Qrdaslib@tdahe webed &Fh&Kieme %bh&’extt %f a particular
bring the catalysts to operating tenperatures.

haust thus first heat
pplicg PR S TR e P aonAL NGt el iy ArS O g NaHi, and O
the activation tenperature has been reached,
the copwetsicraeft MTBE toHeO2 rhdisteamatheaoavetséon ofsaityo GRR hyd steam,
reacted upon contact with the catal yst |ayer 26. Mre
and thedfdd, cul arly, the non-particul ate gases interact with
the catalyst 26 via a pore diffusion 1230 nmechani sm

mthe, fl ow asthrou vvaII i.nc .
1000357, Fighite POy et ar Pt te R BHGR e s 1 Canalye of faciltating
bulk-flow limtation to the reaction is renpoved and
multiplacatghzedamattians asavell as cgpablaof filtetingipaeticidyte drecondensed
di ffusion of the gas in the pores which is a nuch

mattelsﬁ'afrl £Hufl sh&nae I’t‘ﬁg it ey fatBiLh fsil{%q?z %?Fﬁ § krﬁet P?rt 14 and

he exhaust gas may so experlence
ominlet chann 1 tlet chan 21 and
outlet Pﬁriﬁe BidoBr e EkaRmERELc Skt 1 arle A4rDped i comeection with

outl et channel 21 lead to a bulk diffusion process 32,
a gasolin ¢htefnal tcherbusdon\eegims bup érwilbhé appreenitéd tizttismalyrbe used in
some constructlons the wall's of the housing 12 may

other f%/g)%k BEEnSRY EQHﬁ L'fgﬂ'lgf glnn\?\%rc{e{q (#iﬂr %‘ﬁehhgpéﬁ{au@c applications.

and cat a yst ayer roves
conversion effici en and thus allows for reductl on,

Catalygie deyise Ul fatuss 7 YAl 23 Y AUSIRG AndY albdd isgypiqallyrasgus, and

for multiple filters/converters arrayed in series in
more typiteilyttmssiityécofemltly tic enatedalzd dishasdd sP@6is@sface. The

positioning of wall 25 arranges inlet channel 19 adjacent to outlet channel 21. When
exhaust gas (i.e., a gas having a relatively high pollutant content) from an exhaust gas
source (i.e., a gasoline engine or the like) enters inlet port 14, the gas is received in inlet
channel 19, and at least some of the gas is moved through porous wall 25. The exhaust
gas is typically a product of gasoline combustion and as such is typically relatively hot.
In other cases, the gas could be heated externally to bring the catalysts to operating
temperatures. The exhaust gas thus first heats porous wall 25 sufficiently to activate the
catalyst 26, and, after the activation temperature has been reached, pollutants in the
exhaust gas are then catalytically reacted upon contact with the catalyst layer 26. More

particularly, the non-particulate gases interact with the catalyst 26 via a pore diffusion
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from an exhaust gas stream [00036] Some constructions
may have gap 29 between inlet channel 19 and outl et
webannsd7121. The gap 29 enabl es a fl ow t hr oughPERI82086/060567

path frominlet port 14 to outlet port 16.
Accordingly, catalytic device 10 may use a conbi nation
of wall-flow (i.e., the gas passes through a porous
wal,l ) and flowthrough (i.e., the gas interacts with

30 mecharisiarising froge the fhow of ges thtemgbrwial 85h Pinpedbe exbaustgas is
provide catalytic effect. The size and pl acenent of

forced thnyuglathe2@alig)thbdusietlodcki@Hog tb hd AHRHAIS HBoved ama the gas
requirenents, filtration efficiency required, expecte

. , equi rad i on | evels. [00037], T
escone 4 a0 o R B SRS B BOOS T

trap particulate matter and to catalyze particular
much spalex distancethen thediametpopbidietpanpeiseThtexmumhgas may also
pore-size distribution my al so depend on the washcoat

experiertedaitifacAbnl 355t (18R bRl inRe CAANMI 89 tbQulRECRANAI®1 and in the
wal | s of the substantially fibrous non-woven porous

outte AEURSA kel 11 g AL LB 8% ZTIRL MRS, & iucion

nature of the wall(s) 25, 27 allow for the device 10
process g, Whidhdgetharapmeveandnipegticelnte peliutahes. gnisomeatdnstructions,
converters and allow for faster heating and 'light

the wallefof theheudingantangtRiudehb hDek -
wal | s 25, 217gfurt£h]‘%r cont i%ﬁ{sgk%ﬂé%%gﬁfﬂoug neggagp{#%éd%)

I 5 7, [ them able to w t hstand
and a cafiys 12226 SR A Beh i PTies cobtiem et tRissey angdbus allows
the engine. This conbination of properties allows the
for a redpsiiopeon everosuhstaruiilly totd dlichinationt of theeeed doneudhiple
known converter devices, such that the device 10 may

s MR Pt IR o SR A0 £ R
from an exhaust gas stream.

[00036] Some constructions may have gap 29 between inlet channel 19 and outlet
channel 21. The gap 29 enables a flow-through exhaust path from inlet port 14 to outlet
port 16. Accordingly, catalytic device 10 may use a combination of wall-flow (ie., the
gas passes through a porous wall) and flow-through (i.e., the gas interacts with the wall
but does not pass therethrough) processes to provide catalytic effect. The size and
placement of any gap 29 may be set according to backpressure requirements, filtration
efficiency required, expected gas flows, and required conversion levels,

[00037] The pore size in wall 25 and wall 27 may be selected to trap particulate matter

and to catalyze particular reactions. The overall porosity, pore-shape and pore-size

distribution may also depend on the washcoat and the catalyst material being used to
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sooner with |less pollutants passing therethrough

unconverted during its light off phase. [00038] The
wais®7ose7por e di ffusion wall flow dramatical |y PCDDSRS€660567

the efficiency of the catal ytic device 10,

particularly during light off. As a result of the wal

flow deisgn, the exhaust gas is forced to go through

the wall and hence the bulk diffusional limtation is

coat theewell 2o/ theatibs eohtially {foroti Borxhewst paasisaeitAciPe $atbAal. The
diffuse in the pores to reach the catal yst residing on

jstange. is much,shorter,
el 2 e PR brad b ThE WA ok S kg hature of
' r.,1he efficiency is further enhanced due to the .
the Wﬁqfé%%g’%f i éﬁ?r‘éﬂ fortiaesdeyice A tobg madermmaller and lightes thavthe prior
enabling themto be heated nore quickly. The increased

art corafetiees and yllawdfol dxwer hdeingedndramht SRADTRe ‘iﬁl@rtﬁﬁ%@d)/rtelﬁ%ctory
device to be nmade smaller, or to have | ess catalytic

: j ikl Latain effective catalytic
fibers ARLRIL B (ROH-Th 2 o7 AR Oy i%ﬁfbeltﬁo&ﬁﬁgé%%f tbpaalls 25,27,
terial, and_cost, while significantly reducing
makmg%‘%@i 3¢ W}%‘ﬁhﬂ@‘legh@@aﬂ}bhwbmediﬁd@h sudf 4s those close to
del ays. Additionally, the emttance/em ssivity of the

the enginte Thid carabinaeionldf ¢refertibd aUetvsate Wel frelld8o be positioned closer
application of emttance agents, such as to affect the

[.O fficien nd/ or for, thernal, agenent . )
o the BRENERSPDn S 638 00T L Rl Baisteto
to catalytic device 10, except that the inlet channel
‘light off tempeitiye miose Kuirkhy by ithe eugineaass@5nd thusfiiegimayfunction
the only exhaust path frominlet 54 to outlet 56 is

soonertyit D U HROK@ASs WaksinG IhieBudulbBl undonPWhie® bt fif HSLOO phase.
gﬁ Fthe p1 ligs®or

mechani sm 70. The | ength and porosity o . .
[00038f|egﬁ}|@r @%E%éo%rei(ﬁ%fug%?l V\ggﬂ ﬁ%%veéfa%gt?calﬁ?f%}lcﬁggés] &%telff(i)giency of
the catalytic device 10, particularly during light off. As a result of the wall flow deisgn,
the exhaust gas is forced to go through the wall and hence the bulk diffusional
limitation is severely reduced. Thus, the exhaust gas only needs to diffuse in the pores
to reach the catalyst residing on the walls of the pores. That distance is much shorter,
and hence the overall conversion efficiency is much higher. The efficiency is further
enhanced due to the lower thermal mass of the highly porous walls 25, 27 enabling
them to be heated more quickly. The increased efficiency and lower thermal mass
enable the catalytic device to be made smaller, or to have less catalytic material and still
maintain effective catalytic processes. Such a size and mass reduction saves space,

material, and cost, while significantly reducing emission of pollutants due to shorter

light off delays. Additionally, the emittance/emissivity of the material can be altered,
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[ 00040] Figure 3 shows a catalytic device 75 simlar
to catalytic device 10, except that nultiple porous
wowRie588) 84, 85, 86 are positioned between tPET/U81086/060567

channel 79 and the outlet channel 81. [00041] Figure 4
is a chart 100 which conpares a typical known
catal ytic converter, such as is discussed in the above
background section, to a catalytic device such as

such aswiththe appligaficseofmmitiancejagenisesuahcis totadtadt theatontviesion
chart may not be to scale, and may show certain

efficieney hady or for thuagglemahegerhenin t o ease expl anation. Chart
100 has a y axis 108 showi ng "% conversion”, while the

X ' 0] ows_.tine. . Li -off. time is defined, as
(000351, Bipke 2 oM Sare R datactiy diyiek S Bl doe 16 except that
. . conversion efficiency of a defined val ue (exanple 50%
the inlep chaygug 59 i fvéb’nlalp'pk@%( y fibeuwakli65. fo6hisayay bk callyexhaust
tenperature of the exhausted outlet gas. Mre

path frqaitihlet 54 & bittlet 36 LhBrARILPSRRIWAKES VDA Nhﬁaﬂé]vgg}[)mieﬁcéiffusion

el ements, the initial exhaust gas is used to

yid erter to.ful oper ati pnal .t enper at ures.
mecharfih oy e SRR bl ok e vithe Heape RBRkneniy sl can Be atered
needed to raise the tenperature of the catalysts to

to meettappplisptéeateqijremaeifs. As the catal ytic converter
reaches full operational tenperature, a steady state

[00040]t eFReEABEhBwWsS: @f%‘a‘ﬂiy@i% %Iévm%iﬁm? F%%tg&t&‘é@é?%é;i@ kBt that

systemis equival ent to the heat

. stem_ | r ions occurring in the catalytic
multipl§ (8GR wills b4, B8 He A1 Dodfiaied o uech B riat rgLg? and the
be hi gher than the tenperature of the inlet gas. For

outlet chanwdl $lency of explanation. Figure 4 will described
wth reference to tine. [00042] Referring to Figure 4A

[00041] ;plé%%lr@ll 288 cRirt1108 voilieh Lol WhAALA%ndvh @atfai};tﬁ:tconverter,
such as is discussed in the above background section, to a catalytic device such as
catalytic device 50. It will be understood that the chart may not be to scale, and may
show certain effects in exaggerated form to ease explanation. Chart 100 has a y axis 108
showing “% conversion”, while the x axis 106 shows time. Light-off time is defined as
the time it takes for the catalysts to reach a conversion efficiency of a defined value
(example 50% or 90%). Alternatively, the x axis 106 may indicate temperature of the
exhausted outlet gas. More particularly, in the absence of external heating elements, the
initial exhaust gas is used to heat the catalytic converter to fully operational
temperatures. In other cases, external heating elements may be needed to raise the
temperature of the catalysts to the operating range. As the catalytic converter reaches

full operational temperature, a steady state temperature is achieved where the heat flow
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101, the conversion rate is nostly a function of the
characteristics of the catalyst 66, particularly its

W@earest7ion t enperature. O course, the ther malPCT/US2006/060567
properties (thermal mass, thermal conductivity, heat
capacity and the like) of the substrate 65 also play a
part, as it will take longer to heat a |arger thernal
mass so that the deposited catal yst 66 reaches

into ﬂggstjs &h iiéj&%ﬁi%mé% & Hethedt Mo ?ﬁj ke sﬁﬁe‘iﬁeﬁ%@ tttions

eats the catal yst 66, po t ant ecul es
contacting the catal yst 66 hegin to undergo convyersi on
OCCUrIIng ﬁ&ﬁ@%ﬂé{?& CHBK%%‘I YELAOEHEEF 8¢ OS%SF gﬂqll?efi%‘&%\}'&f‘}’ be
such conversion is quite inefficient belowthe
highet thgint the ftemn@epetied of thetihlet ghalkbr cAasistenicexdfiauplangtien, Figure 4
conti nues to heat the substrate 65, the conversion

will déﬁ%?g@ﬁ%@gerﬁgqg%&i mted by pore diffusion in

xhaust gas is pushed into the pores of

he_substrat e 65, re pollutants are braought int .
[00047§on83§ B FiEweA atsgs ohHe et aeBdisptqcheln a first area
catal yzed reactions increases. As nore of the

101, tissdasiviedion 0atel is niveslyedfurichien @f dheslsaraotetistivesf the catalyst 66,
becone nore efficient. As the substrate 65 becones

parﬁc{lﬂrﬁ}%/ 1&%&%&%&{&%@%}}%&%&a@f c60LES btg@nﬁépélicﬁjzeb‘g?é: Gﬂgﬁnal mass,

usionin area
gasses flow through the typical catalytic device 50,

thermp} cqngusdivityrbeatiaPpgity aad the biek ¢f thgisppstesiedialso play a part, as it

equilibrium Over tine, sufficient concentration

will teledGhgat 1® [afae aderper diethalihal sadhat thepldposped katadyit 66 reaches
nol ecul es into contact with the channel walls 65, 67.

s UESGRBIBHE A6y AR 1P B g it

so have a | ower concentration of pollutants than gas
molecisecontantingbie catalvst 66fbegiietaundergo onaarson repgtions into non-
concentration gradient creates an effective urging

pollutvﬁmﬁ’f ﬁ@gﬁ&?bv@ﬁﬂ?ﬁo%@elf) Qlth eAnwirsiohds gastelifeffildRnE BBIRY the light-
off temperature threshold. As the exhaust gas continues to heat the substrate 65, the
conversion reaction rates become limited by pore diffusion in area 103. As exhaust gas
is pushed into the pores of the substrate 65, more pollutants are brought into contact
with the catalyst 66, and the rate of the catalyzed reactions increases. As more of the
substrate 65 is heated, the process continues to become more efficient. As the substrate
65 becomes fully heated, the pollutant conversion process becomes limited by bulk
diffusion in area 105. As exhaust gasses flow through the typical catalytic device 50, it
takes time for laminar flow to fully come to equilibrium. Over time, sufficient
concentration gradients are generated which act to pull pollutant molecules into contact

with the channel walls 65, 67. Stated somewhat differently, exhaust gas near the walls
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hi gher pol lutant concentration toward the | ower
pol l utant concentration wall area. This bul k diffusion
we@tdogose7in | ami nar flow conditions takes tinme POI/USA061060567
a steady state, so the curve gradually approaches its
conversion limt. [00043] Figure 4A conpares the tine
it takes a typical prior art catalytic converter to
reach a fully operational tinme 110 to the tine it
65, 67 hpuk ecackedt atittl fhel aatalpsti GearDsd baveeabdwer darldeptration of pollutants
operational tinme 111. The difference is shown as tine
than gab SYYEHQP ﬂ%é?entépgpﬂ'é]exﬁhﬂw aABeC OB L6 R drifath I{T%ra]a}e?nt
It takes to first activate the catalyst 1 n a typica
pri art converter_to the tine 116 it takes to first
creates aete?{?s%e prangdeweyhat meventhe penrtionef the gag in theseenter,with a
difference is shown as tine reduction 118. The reduced
higher polietahi Boncentiratioartoivard the fwvéopoltutant é@aientatiohavall area. This
reduced thermal mass of the porous wall substrate in
bulk diﬁﬁgi%hﬂf{e%% LGRarfo n‘?ﬂﬁ@ﬁ% 2% hﬁﬁe &Akaky %!s'{?eady state, so the
materi a to nore efficiently reach activation
te 25 ature. ]%00_045] After the catalyst first
Curvegé%{rlirl) aprogchen s qanverdenidniter goes through a period
of tinme where the rate of the catal yzed reaction is
[00043]1 | BFigied 4pY commphtes thy titnheit pokked LOiyiplidis peidr RIHOERSEER cohferter to
ot her words, once the tenperature threshold of the
' ' . | S..f.e . 2 rate of
reach a FRf bpBAfichBF ofle HUoRAL BnfSh el $E5E e dsiioe B Bfacn
gas heating_ the catal yst may be transported to the
fully opegaiional fgne alh yEre aiffesenqeris gheway asdimg redaciaylithe
pores and how fast the gaseous species to be reacted

[00044] at FighgedBt drek HietifrRcld 7qaakee 16 figftskavhRthe RERUEH in a
the porous walls thereto. The pore diffusion effect

s
typical égﬂg g%)s ] S{?Iét%p g% flgela&yr%llfa qﬁggﬂ%ggﬁpot f.ill*st ggtfiéailt% itﬁen Eat%ﬁ%? gé na
catalytic device 50. The difference is shown as time reduction 118. The reduced time
118 is primarily a function or effect of the reduced thermal mass of the porous wall
substrate in catalytic device 50, which allows the catalytic material 66 to more efficiently
reach activation temperature.

[00045] After the catalyst first activates, a catalytic converter goes through a period of
time where the rate of the catalyzed reaction is limited primarily by the pore diffusion
processes. In other words, once the temperature threshold of the first portion of the
catalyst is reached, the rate of the catalyzed reaction is now limited by how fast the gas
heating the catalyst may be transported to the remaining catalyst after it has already

entered the pores and how fast the gaseous species to be reacted at the catalyst interface

can be transported through the porous walls thereto. The pore diffusion effect
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heated; at this tinme, bulk diffusion of the pollutant
species to the catalyst on the surface of the

waeaiwsosaie becomes the dominant and |initing pPODESH6/060567
Figure 4C conpares the time 125 when bul k diffusion
dom nates in a typical converter to the time 131 when
pore diffusion domnates in catalytic device 50. The
difference is shown as tine reduction 132. The reduced

domirtatesethk3Badttorpratevmtil yutierert aniditte vh auiSdtray &t&@@%sl%jbeen

t hrough the porous wall. In catalytic device 50, a

. ' : ired.to S hr ough rous wal |
heate ERBYS Hndle hulR EIIOR B8 e BTt AP e PG G Biione surface
are coated with catalyst 66, the reaction rate is
of the subytainbegpmgs the-demirantanddimitingiptocepe cFigara4€ compares the
transported therethrough via pore diffusion. Further,

time 125 Adeen e kwiiflison dSmia8d th LA coRPE-+HAR) %eltﬁi% 131 when
thermal mass, it is nore quickl'y heated to the

p ivati t erature.. ] 00046] Wien .
pore ool HoufitiolothicAl) faPRH R4 P0G The diietens brsasn antime
the catalytic device 50 has its bulk transfer
reductiem it ¢ saduseddnt 432 is prhatilyriltie totheesiast path enabled
efficiency. However, the inpact of bulk transfer rate
througtstHeyiireab Walll SinycaddBlit dePicBG6, A1NExH R gaé iCRALAIEHE pass
converter has a relatively large thermaP mass,” it
conver si on

oSN 84 B ARG Bl NS Gl e come
thermal nass and a nore effective pore diffusion
with cpfiabiest 66, thelveactiorerat 8 & aubstappialigdhcrensed anpbllatny epedieare
efficiency is shorter. The difference is shown as time
. : . . i
o R e M AR ATy porns
and hapya G B B o ot 6K THhadtrg te g catalyst activation

temperature.

[00046] When sufficient substrate material 65, 67 has been heated, the catalytic device
50 has its bulk transfer characteristics dominate and limit conversion efficiency.
However, the impact of bulk transfer rate is typically very small. Since the typical
catalytic converter has a relatively large thermal mass, it takes time 141 to approach its
final conversion efficiency. Since catalytic device 50 has a lower thermal mass and a
more effective pore diffusion process, the time 139 to approach its final conversion
efficiency is shorter. The difference is shown as time reduction 149. The total time
reduction 115 (Figure 4A) is a summation of time reduction 118 (Figure 4B), time
reduction 132 (Figure 4C), and time reduction 149 (Figure 4D). This reduction in time to

reach maximum conversion efficiency results in significant pollution prevention, and
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reach maxi mum conversion efficiency results in

significant pollution prevention, and 18allows the
we@pi03eseom control engi neers to design snal |l er BOMUR®8&060567

expensi ve devices to nmeet em ssions regul ations.

[00047] FIGs. 5A and 5B show a catalytic device 150

i ncorporating fibrous nonolithic honeyconb 155 in

housi ng 151. The honeyconb 155 has a set of inlet

allowSHRERisSiohTOn&l eAbirlets AR $mAhS Md fé@ﬁ gﬁpéﬁbi@é‘ devices to

alternating pattern. In this enbodi ment, t

¢ alternati nl?i Ea}ltern is a checkerboard pattern,
mee Wﬁlgﬁﬁﬁe% AEP&mbodi nent s may i ncor porate other
atterns. Each respective channel 157, 159 defines an

P
[00047d pe kl@en dAamaid aB shppos cetalyticieposti) incogiedtingdibrdhemonolithic
bl ocked ends each include a respective bl ocki ng nenber

honey@brmip) BBKn IfistHeSPS ehd H&‘i(%icﬁrﬁlpléﬁ‘ﬂ?ﬁdéséthﬁ iHeP%:ﬁ{téels 157 and

gas therethrough. Figure 5A shows the inlet side 15

ot Sl SRR AL S deuter 10 ) A0S B LS. ORER.

side, the other channels 159 are bl ocked with a
alternbting katigrmiataettieakerdboatdh phttemn, akthaugh offasr empodimhetts may
fromthe inlet side. At the outlet 154 side, the inlet

incorﬁidg%rlﬁhér %%Ee.erﬁ%e (]%QEI% iéé‘s?%cti% Ehrdel QSﬂﬁ%geéefﬁ{éQ?Eg}p%n end and

9 are o OWs I n greater et al

channel s 157 5 nd th Ils 161 separating and )
an oppesehy AFPeRed blechngesds e bleged endamashinslyciaeppegtive
163 di sposed in the ends of the outlet channels 159,
blockiaganeinbef obblouk 1h6déspaabd tidteirgtolippdde thedbdw bbgas therethrough.
Typically, the bl ock 155 and bl ocking material 163 are

: . ant lal | y=nf ithn
Figurd A3 SRyl 081540 R SUISLEIA L0, Ry, e opencls
.material 163 have substantially the sane conposition

functip gg rlet changely BV Qnsheidetside ithe gthaichanagls 153 are blocked with

a blocking material so that no exhaust gas may enter from the inlet side. At the outlet
154 side, the inlet channels 157 are blocked, while the outlet channels 159 are open. FIG.
5B shows in greater detail the channels 157, 159 and the walls 161 separating and
defining the channels 157, 159, the blocking material 163 disposed in the ends of the
outlet channels 159, and the fibrous material making up the block 155. Typically, the
block 155 and blocking material 163 are both made up of non-woven substantially
fibrous material; more typically, the block 155 and blocking material 163 have
substantially the same composition. However, the block 155 and blocking material 163
may have different compositions and/or even substantially different structures.

[00048] TFigure 5C shows a cross section at a point between the inlet side 153 and the

outlet side 154. Here, inlet channels 157 are arranged adjacent to outlet channels 159,
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may have different conpositions and/ or even
substantially different structures. [00048] Figure 5C

WG b@A®5@1€r o0ss section at a point between the PeIl/882006/060567
side 153 and the outlet side 154. Here, inlet channels
157 are arranged adjacent to outlet channels 159,
19wi th porous walls 160 di sposed therebetween. In this
way, gas fromthe inlet channels 157 is urged through

with piabhSwh ?156 tﬁg &‘Eﬁél‘eFQMéeﬁ Ih 'W% (%t%%forﬁ'lﬂem%f‘channels

transpor e out ort Figure 5
shows _t hat_ i nl hannel s 167 68 are._s rate
157 is H%eé%ﬂﬁ?ught"}’%lfs ]&%’éﬁ%‘}i a‘ieFU oui 1‘3}{3%1“&?6? t?@n transported

173A-E. Al so, the inlet channels 167, 168 are bl ocked
out thabutlbepernttiser side 154 by blocks 175, 177, while the
outl et channels 170, 171 are bl ocked at the i nl et side

00 RBte b Y Bes B o VLR iy n
jacent outl et channel 170, 171 for substantially th
outlet éh@madm hgi7H bt peneastyalisolis Astoddsagbe inlgbemnets Ly 268 are

5E shows that lamnar flow is established inside of

blockezhathelon kb fide B8 bl Mlocks 175, 07F,achilé thad @utitldhannels 170, 171 are
dlfoSI on, while wall flow or pore diffusion is

e SELARAFRRSSURGDELRPP) 3 Or iR AL DR o o move

t he cat alytic device 150 may be designed in maﬁé
from preppretive Jaﬂertaﬂwgeﬁelr&@, 160 an adiecent outiai ghannelafinkf1 for

density, blocking pattern, blocking material, bl ocking

substaTiadlyi thk eBliae RABH of &Rl flbasiuk GloEd ¥55. al , cat al yst
pl acenent, wal l por05|ty, por e-si ze, pore- shape and

1000517 it ST e R (L e iR Bk SRl hets 167

af fect conversion rate,
168,170, 171 to facilitate bulk diffusion, while wall flow or pore diffusion is established

between channels to facilitate higher reaction rates.
[00051] It will be appreciated that the catalytic device 150 may be designed in many
physical arrangements. The diameter, length, channel density, blocking pattern,
blocking material, blocking material placement, catalytic material, catalyst placement,
wall porosity, pore-size, pore-shape, and wall thickness may all be adjusted for
application specific needs. Each of these characteristics may affect conversion rate,
backpressure, and light off time. The effect of each of these propertied is generally
discussed below.
a. In catalytic device 150, improved wall flow enables significant
decrease in light-off time by increasing the efficiency and dependence of overall

reaction rate on pore diffusion rate. Accordingly, the properties of the channel
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backpressure, and light off time. The effect of each
of these propertied is generally discussed bel ow. a.
wo poocasehyti ¢ devi ce 150, inproved wall flow eP@Uem06/060567
significant decrease in light-off tine by increasing
the efficiency and dependence of overall reaction rate
on pore diffusion rate. Accordingly, the properties of
t he channel 20walls 160 are selected to facilitate a
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as been toun at aust gas is nore effectively
catal yzed en it takes from about a few.m croseconds .
EoABl o oG R ot AN BT gt Pty inigaan When it
the channel walls 160. In a typically gasoline engine

extbaBdm st BEywihtorosicoatio td al@E Tsdronds éext theexhaust gas to
m nute. Accordingly, if the channel wall 160 is forned

¢ . b . .
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a thickness of about 20m |, then it w lg;g take on flhe
snatetlovt atrahaus 480 snbis feeipermairgde. Asc gglyhﬁéﬁﬁﬁ. arggel wall

course, it will be understood that many factors are
16034 fighrd ofn seistamidiiyniibroak ndnwelemasateril bavisg avmbtosity of
porosity, perneability, backpressure |imtations,

AN LGRS Aol oo O NEL B RSk e, then
the converter 10 and the tortuosity of the gasse as :
hibtalse o8 threrderpiouiiowsrpilndor 819 srs toduss through. Of course, it

~probability of a pollutant species comng into contact
Wrilllbd Brdemteddyiat by faotbrs httscdisidyed ¢h detdredning wal

non- pol | utant speci es. However, excessive tortuosity

Q:k%leg’s? SIi:lc ChERRT Igcl)ql si%‘;‘,cpke?fr%%%ﬂ{tﬁ backpressure limitations, required
conversion rate, and overall length. The longer residence time of the gasses
passing through the converter 10 and the tortuosity of the gasses as they pass
therethrough combine to increase the probability of a pollutant species coming
into contact with the catalyst 166, and thus being converted into a non-pollutant

species. However, excessive tortuosity can also increase the backpressure

substantially.

b. The porosity and permeability of the walls 160 is selected to accommodate
backpressure limitations, as well as to provided a sufficiently tortuous path so
that exhaust gas is urged into contact with catalyst 166. In practice, a porosity of
between about 60% and about 90% has provided effective conversion rates, while

still enabling sufficiently low backpressure characteristics. This porosity range
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substantially. b. The porosity and perneability of the
walls 160 is selected to accommobdat e backpressure

wo eowrost7ions, as well as to provided a suffi ciBCi/Uy2006/060567
tortuous path so that exhaust gas is urged into
contact with catalyst 166. In practice, a porosity of
bet ween about 60% and about 90% has provi ded effective
conversion rates, while still enabling sufficiently

| 090 baretabuessSiol Lreldivaf (N ithés S maky, viRek ashith dAEButes to
2 lalso contributes to a relatively [ow t hermal nmass,
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other porosities may be selected to support specific
HerRpities suryebasrleded ve supportspacific daekpessure afttecarm@sion
pore size and pore size distribution is selected to
aquﬁﬁﬁ@ahg requi red backpressure limtations, as well

as to capture particulate pollutants of specific,
predeterm ned sizes, if desired. Typically the

washcoat and catal ysts are placed inside the pores,

and nmore typically such that they do not block the

sor es. Themgas pete size andrmire vizeidistribtionpis seledicdrtaecommodate
is selected to optim ze the capture of particulate

G tiRed Bhcl@prebAfeIRAN 2GS b Wl £ totéé]@mlfe&%ﬁggﬁ%}%%oﬂutants of

gasol i ne engi ne exhaust, which typic

about. 5 nanonet.ers to abqut, 1 nmjcro dditionally,
tsﬁscﬁr‘éalﬁr ‘%ﬁ‘?eé “Plaﬁé ?We?'sl? §F§6€da %Mgﬂly ﬁ?ﬁ Wesheant andgatalysts are
the ability of the porous substrate 155, 161 to

@predripsisierthe puires, endenhoer typicadlygiuchrthsi they dédnedieck the pores.
the pore size distribution may be mani pul ated to

T84 dPeéBiclddBistruction, the pore diameter is selected to optimize the capture of
particulate matter of a size characteristic of that found in a gasoline engine
exhaust, which typically range from about 5 nanometers to about 1 micron.
Additionally, the mean pore length is also a factor in determining the ability of
the porous substrate 155, 161 to capture particulate matter of a given size.
Moreover, the pore size distribution may be manipulated to maximize the
capture of particles of different sizes. For example, if an exhaust gas contains
particle populations characterized by two discrete mean particle sizes, the pore
size distribution may be manipulated such that two populations of pores are
present, each sized to optimize the capture of a particles of a respective mean

size. Such a pore structure could lead to a more efficient depth filter where the

particles are captured inside the wall of the substrate and not just on the wall of
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capture of particles of different sizes. For exanple,

i f an exhaust gas contains particle popul ati ons
w@ehbarasd7er i zed by two discrete nmean particl e sPZEES20061650567

pore size distribution may be mani pul ated such that

two popul ations of pores are present, each sized to

optim ze the capture of a particles of a respective

mean size. Such a pore structure could lead to a nore
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captured 1 nside the wal ubstrate and not jus

on th [l of 22the substrate. Typical pore-sizes
rtﬁﬂﬁéﬁy:ﬁ@ﬁéolm}ﬁre?%n to 100 microns, and nmore typically
20-50 m crons. The particles filtered fromthe exhaust

st r earfilveopdrdicles éitetred from dxeddust siredhevbuld weed fo. e removed
the filter would need to be regenerated) at periodic
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, an conversion efficiency

cases, 'active or, 'passiye. regeneration strategjes .
darkesR t@ﬁ%ﬁts%‘aam ifs pRigasablity SRR 115 fonygfsion elficiency high.
particul ates captured are burnt of periodically in the
dnesehceassf ‘actiee’ axi’ ghgsivg regdradryion afratdgtest campisy @hplded. In
go higher than the soot burning point. In active
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soot sufficiently to burn off into primarily CO2 and
Heresensetqf fae prigéFng satadystas dbe tampperpsures o ghawthan the soot

catal ysts and nechani cal devices, such as heat traps,

uassiy poindl leactivel iegehératio@s, dase haé tepbe bipplied essidiad catalytic
have been captured using depth filtration, the
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primarily CO2 and H2O. Active regeneration also employs fuel-borne catalysts
and mechanical devices, such as heat traps, pressure valves, etc. In the case of
particulates that have been captured using depth filtration, the efficient contact
between the particulates, catalyst and the incoming gas allows for fast, efficient
and more complete burn off of particulates and regeneration.

In one configuration, the catalytic device 150 is fluidically connected to the
exhaust stream coming from a gasoline engine 190 and also to a fuel injection
port 152 that, from time to time, is used to inject fuel into the catalytic
honeycomb monolith 155. (See FIG. 5F). The injected fuel immediately burns
and heats the catalytic device 150 sufficiently to substantially oxidize/burn off

collected particulate matter. This regeneration process may be done periodically,

or may be initiated response to a measured parameter, such as a threshold
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and nore conpl ete burn off of particul ates and

regeneration. In one configuration, the catalytic
wa@lewi7os7160 is fluidically connected to the exPEIIES2006/060567

stream com ng froma gasoline engine 190 and also to a

fuel injection port 152 that, fromtinme to tine, is

used to inject fuel into the catalytic honeyconb

nmonolith 155. (See FIG 5F). The injected fuel
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sufficiently tok%ubst antially oxidi zleg}ﬁ%urn of f ©
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response to a nmeasured paranmeter, such as a threshold
Jequepd regenesaiionsy thadougbuesscandrhighly cefeagery natugh o e
contributed by the tangled fibrous nature of the

Hweycombd MmonolitH 155%haterRl allbak (hRBlacERhESE Y Eevice 150 closer
frequent regenerations; the toughness and highly

r.ef natur e, of, the honeyconb nol.i.,th 155

(G HhEEhBig (1580 R s ehgra B oo iar PORAOHE, R Byt stpeaun or
to the engine (and in a higher-tenperature portion of
tweerelprges thenmnal shods toler mateaiagenayt be expdctad)dbin otherwise
the material may be expected) than otherw se woul d be

ResElidIbep Ydsible KWARNERUR e e HBY| LES - T@g@b@@ (Vo) f%%c%r light-

a faster lightoff tinme for the device 1 and thus

' I, N _.em d [ lTution. d. The bl [ .
Sif BEToL A ruel b ena Pehe et -Serutiionaevired ngtlegion.
t he physical arrangenent of the catal ytic device 150,

as well as backpressure and conversion requirenments
dictated by its operating environment. By adjusting

F;FJ’I“—‘S?‘E{,%E,% b Fagﬁlg;aeﬂ&ofol?ﬁg%s{%rp%is%i&%d Eording to the
physical arrangement of the catalytic device 150, as well as backpressure and
conversion requirements dictated by its operating environment. By adjusting the
blocking pattern or the blocking position, the relative volume or shape of the
input or output channels 157, 159 may be adjusted. For example, by making
more inlet channel volume available, backpressure may be reduced. In another
example, the blocks 156 may be arranged to adjust how much area is used for
wall flow, and how much area is used for channel flow. This allows the device
designer to adjust the relative level of pore diffusion as compared to bulk
diffusion. In this regard, the designer may, for example, position blocks 156 in
an arrangement that provides more channel flow and less wall flow. This

provides for more laminar flow (bulk diffusions), with less wall flow (pore

diffusion), but may decrease backpressure. Similarly, the channel can have a
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I nput or output channels 157, 159 may be adjusted. For
exanpl e, by making nore inlet channel vol une
w@r@rlosdihe, backpressure may be reduced. | n anPtTE82006/060567
exanpl e, the bl ocks 156 may be arranged to adjust how
much area is used for wall flow, and how nuch area is
used for channel flow This allows the device designer
to adjust the relative level of pore diffusion as
E el o thi ’ .

T B sl A i B PSR B aied) A gf zenctions, and
arrangenent that  provides nore channel flow and | ess

£ Rsh pagerraRacHy d\eeded: for nmore | aminar flow (bul k
diffusions), with less wall flow (pore diffusion), but
may decrease backpressure. Simlarly, the channel can
have a 24variety of size and shapes, dependi ng on

R R B B8 88 G e nd ch

selected tg maxi m ze exhaust gas passage and such that
| that lamingr Hamt iransnsst of pellyant spegies ‘@ng@icé’éﬂ&’% ipfegtace is
catalyst interface is optim zed while back pressure

| sjirateesvhile batloprasget indfeaséd equmindted.€Thé fibhgus nature of
nmonolith material (i.e., tangled, interconnected

fi it . OF. ot.herwi;s i i
RSl R AR OB B 8L sk i
al lows for an exceptionally strong and tough substrate

nsledaat mast Hdos sulastantislly gl refdheddgiessecgionmaipis) aljows for an
(at | east about 50 percent porous, and nore typically

haicupeonABostkotdaie tE@IH siradd auited] RBA6L AltreREIVeliShich degree
whi | e sinmul taneously renaining |ightweight and

g&gﬁgb%}?% Eatlﬁcga!ssg%%g% ) %)gr\évertlthﬁ(grr(r)elllls, AR 'org%gﬁally between about
60 percent and about 90 percent porous) while simultaneously remaining
lightweight and defining a relatively low thermal mass. These properties result
in a tough and relatively non-brittle material having sufficient inherent porosity
and permeability so as to not contribute as significantly to backpressure as
traditional sintered cordierite substrates, especially if the wall flow varieties of
cordierite substrates were employed). Likewise, the lengths of the channels may
be relatively short, since the combination of wall-flow and high porosity make
exposure to catalyst more likely. Thus, relatively short channels 157, 159 may be
formed in the present material at a relatively high channel density (i.e., many

channels of smaller cross-sectional areas) without substantially increasing

backpressure to an engine fluidically connected thereto. Likewise, less channel

25



in a tough and relatively non-brittle material having

sufficient inherent porosity and perneability so as to
WmRG0708T10 | bute as significantly to backpressuPEr/as2006/060567

traditional sintered cordierite substrates, especially

if the wall flow varieties of cordierite substrates

were enpl oyed). Likew se, the |engths of the channels

may be relatively short, since the conbination of
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cross-sectional areas) w thout substantially
i ncreasi ng backpressure to an engine fluidically
connected thereto. Likew se, |ess channel 25density
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be constructed for |ncrea5|ng resi dence |ne
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reacti ons of pollutant species into non-poll utant
shiavitally, der ind¢raal eesnpuslighenginesipplichidons, ehqrersyledies are nitrogen
Typically, for internal conbustion engine

aRRdé n '
boi@n%%o%f’g‘sﬂ%c%;&ﬁﬁﬁ G ?%ﬁ:%foé‘gqﬁ’aféons B (7S bresent in
pres i n.ga 8&?{&% t her st stream

PF/O 1 BPSteraiscr éﬂpéc v §Rwnbgy g5 diseratg catalysts
equal to the nunber of pollutants desired to be

gitesdntas egudlrtothe hendehal pollstareadesiatd tobgbliminatsé from the
catal yst can function to catalyze the reactions of two
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cat al ysts rmy e require or exa

c;fwrrbl nati on ? | at i num and, r hodi um nay be pr esent
o or more pollutants into non-pollutants, a lower number of catalysts may be

required. For example, a combination of platinum and rhodium may be present
on the substrate surface and/or pore walls to catalyze the reaction of NOy into Na
and Oz, to catalyze the reaction of CO into CO;, and to catalyze the reaction of
HCs into COz and H20. More complex catalysts that include perovskite
structures, precious metals, base-metal oxides, rare-earths, and the like may also
be used. For other reactions, the catalysts may even consist of biological
molecules such as enzymes. The catalysts may be applied as discrete and spaced
coatings, as a physical mixture, as discrete stripes or strips, or in any convenient
way that results in catalytic interfaces present on wall and pore surfaces. Thus,
particular channels or channel portions may be coated with one type of catalyst,

while other channels or channel portions may be coated with another type of
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on the substrate surface and/ or pore walls to
catal yze the reaction of NOx into N2 and O, to

W@ 200al0yz7¢0 t he reaction of COinto CO2, and to PGI/HE0A€060567
the reaction of HCs into CO2 and H2O. Mre conpl ex
catal ysts that include perovskite structures, precious
nmetal s, base-netal oxides, rare-earths, and the I|ike
may al so be used. For other reactions, the catal ysts

watalpstefhe onshadat ahdithe lcagilpat m sobBsicABEDe af osed onto
enzymes. The catal ysts may be applied as di scretg
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stripes or st

ults in catal ytic interfaces present on wall and
Bgslée ®s. Thus, particular channels or channel
portions nmay be coated with one type of catalyst,
whi | e ot her channels or channel portions nay be coated
wi th anot her type of 26catal yst. The washcoat and the
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individuals fibers in the wall of the substrate. g. It
REPYidgordys py 2 setrfgeneraliguirelingss ilywil betlmdeastdodttha;tsadny
in a-f above is provide only as a set of general
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and conprom ses are typicall y rrade duri
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specific constructions. [00052] FIGs. A and 6B show an
Wﬂecnggg@omer ationally coupled to a

catal ytic device 202 that operates as descri bed above.
Exhaust gas is generated by

[00052] FIGs.6A and 6B show an exhaust system 200 operationally coupled to a
catalytic device 202 that operates as described above. Exhaust gas is generated by
engine 201 and urged through exhaust gas pathway 203 and through catalytic device
202, which is fluidically connected as part of the pathway 203. Exhaust gas inlet 204
and exhaust gas outlet 205 are defined by housing 206. Exhaust gas enters the catalytic
device 202 via exhaust gas inlet 204, interacts with fibrous walls 207 therein, and exits
through exhaust gas outlet 205.

[00053] Figure 7 shows a catalytic device 225 configured for application as an
aftermarket or repair device. The device 225 includes an inner fibrous wall 227 confined
within a housing 228. The housing 228 defines an exhaust inlet 231 and an exhaust
outlet 233. The housing 228 further defines an inlet coupler 235 and an outlet coupler

237 that are configured to connect to an existing exhaust system. The couplers 235, 237
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engi ne 201 and urged through exhaust gas pat hway 203

and through catal ytic device 202, which is fluidically
w@eomnesi’edl as part of the pathway 203. ExhaustPQHBS2006/060567

inlet 204 and exhaust gas outlet 205 are defined by

housi ng 206. Exhaust gas enters the catal ytic device

202 via exhaust gas inlet 204, interacts with fibrous

wal I s 207 therein, and exits through exhaust gas
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225 configure or application as an aftermarket or

f
s e paj i ny vice 225 includes an inner
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housi ng 228 defi nes an exhaust inlet 231 and an
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254 anda@itief dhapeelsd6@etre cohsiyerisdnitvmuparoussabsiinsial§ Fibraus material
set of inlet channels 254 receives a liquid or gas
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e an A+ B). The vvz}a’I | s bet ween t%gﬁ%lﬁpg?%ggig\gﬁéeg@z 4su§>r§aanceBm

out | et annel s 262 are constructed from porous
to a %e%spgﬂ% aPEiep Brilss s%’tﬂg?]i‘%ﬂus PI5FESC 6&‘?%@“% t'h therethrough

catalyst to facilitate the separation of or reaction
substaptially wichangedi n this avayewt leash sBrepefcthesB mdtetial is removed from
si mul t aneously passi ng substance A therethrough
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It will be understood that additional B material may be removed (i.e., the concentration
of B may be still further reduced) by increasing the length of the filter, by increasing the
number of channels, or by increasing the amount of reactive coating.

[00055] Figure 9 shows a catalytic device 275 similar to catalytic device 10, except that
the inlet channels and outlet channels are randomly provided. More particularly, a
fibrous block 285 has been positioned within a housing 277 and is characterized by a
high porosity, thereby enabling a random flow of gas through the block 285. The
housing 277 may optionally feature a fibrous wall 279 (of the same or different
composition as the block 285) connected to the housing interior. The block 285 typically

has a porosity gradient to encourage a longer or more tumultuous gas flow path.
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has a | ower concentration of the B species and a

hi gher concentration of the A species. It wll be
wap@ensd7ood t hat additional B material may be PENUS®A6/060567
(i.e., the concentration of B may be still further

reduced) by increasing the length of the filter, by
i ncreasi ng the nunber of channels, or by increasing
t he amount of reactive coating. [00055] Figure 9 shows
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277 may optionally feature a fibrous wall 279 (of the

that tifaifitet @hafthélf 31068 1ar6 MRS thi QRS A AVhdIBIEKERBRINg 302 includes an
connected to the housing interior. The bl ock 28§

. ypically has a rosity gradient, enco e a

inner {§RYESVSN g 2BRHRT dblo® SR suleBatl culsBtus ago A8 that
further includes as inlet port 281 and a spaced gas

furthep define theendpeiats Ql@%iergaa dlovhpagndpoiigh shefevibe 3g@sncluding
fl ow path through the bl ock 285. [00056] Figure 10

throug Esf il oeBbAd1V 815 pHaYibARE] 8RS, M '
ou%ﬂvi ccle 10 except ?hat the i nlet;dt r%%}c‘%ﬁﬁégf%u%%fg@yﬁﬁei%éggd by

.t.han t he outl et .channel .~ Housi n 02 j ncl ydes an
providifBi e P dne AP L inelp St SOROPeSRI AShe SpHeeahannels 311,
inlet and outlet ports 306, 308 that further define
[00057] heFigvap dil rehovasf a chinlyiés déviee 3patshmilar toightalytic device @50, except
300, including through the fibrous wall 315 positioned

blocksltm 8B -fo%%sﬁ%@lﬂ'\fee olB¥t B%Ifrfs?:?s“gﬁﬂ 6340 a?%‘g);fﬂ.rsgfgl}ﬁeg %R]aé:ed away

arger, or nore, iInlet channe 310 as co
ure 11 shows a

from ik SEHIEL e/ Ssh QR DA {GHEBReF 7 Sof i eands @71 are still
define?ixlfye S\}alls 373 and fluidically connected between exhaust inlet 353 and exhaust
outlet 354. However, by positioning blocks 379, 381 spaced away from the channel
ends, additional capacity is provided in adjacent inlet channels 367, 368, thus allowing
for a reduction in backpressure. Also, the area provided for laminar flow and bulk
diffusion is increased.

[00058] In addition to the faster light-off time and more efficient conversion of
pollutants to nonpollutants afforded by the fibrous and porous nature of the catalyst
support substrate materials used herein, the fibrous and porous nature of the devices

described hereinabove also tend to dampen and attenuate sound and noise generated

by the associated engine and gas flow. Thus, the devices are additionally attractive as
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bl ocks 379, 381 for the respective outlet channels
371, 370 are positioned spaced away fromthe channe
wepadhswhaust outl et 354. Channel s 367, 368, 3FOI/ESIH06/060567
371 are still defined by walls 373 and fluidically
connect ed between exhaust inlet 353 and exhaust outl et
354. However, by positioning blocks 379, 381 spaced
away fromthe channel ends, additional capacity is
their ﬁ§@‘féﬂh%d to Fe@Ht@@MinithSk HRAAAK] FoB@kiradbSus tsB{flﬁd muffling or
lowing for a reduction in backpressure. Al so,
. rovided for |am nar fIOM/and bul k dlffu5|on |s
baﬁhﬁ%@k@&?@d [00058] In addition to the faster |ight-off
time and nore efficient conversion of pollutants to
nonpol I utants afforded by the fibrous and porous

WhilenBé ifieer@fon e KerhallMstraedRRQY desttibed iR detdibiahedlriwings and
used herein, the fibrous and porous nature of the

ces. des bed her above,a t, nd. . .
foreg ¢ GRS HRTE e SEna 61 RECH TS an 2 el < BP fBffictive in
engi ne and gas flow. Thus, the devices are
characiei It isoaadergtand that theremhed oemisihave een shawntamd depgtibed in the
or minimze the need for extraneous sound nmuffling or

foregdiﬁ%fs béAfcAIH FmtisIbA JfiRe bEMENbHO AN RPaBREkENt requirements. It
ustrat ed and described in detail in the draw ngs

is und@slod SIS RGP el i A8 rf Ry Al 3 pigh-infinite

character. It is understood that the enbodi nents have
numbgeehinshbstantialdhdages ihd dnodifichidoriptoctheiatgve-described

specification in satisfaction of the best npde and
embo&fadite ERAth4SE walﬁa%tlﬁ}prb&uda% £ Qéi@ﬁfiit 8 aeéd%?ae ANgu

ordinary skill in the art could readily mak e a
mnboﬁg@%ﬁk%%@%bhgu?ﬂﬂ?ﬁ%s%% |ns oS Sﬂ%g§£o§ an ulsundenﬁoodthat

all changes and modifications that come within the spirit of the invention are desired to

be protected.
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enbodi nents and that it would be inpractical to _
attenpt to describe all such enbodi ment variations in
w0 b@7ppseasent specification. Accordingly, it iSPCT/US2006/060567
understood that all changes and nodifications that
come within the spirit of the invention are desired to
be protected. 30What is clained is: 1. A catalytic
converting device for renoving gaseous pollutants and
What iotlatrhéppi: ng particul ate matter fromthe exhaust
stream of a conbustion process, the device conprising:
a set of inlet channels positioned to receive the
exhaust stream a set of outlet channels adjacent to

1. aAcasllyes eavertandidelideter §@1§109f ﬁ ﬁo%uﬂﬁﬂﬁfalrﬁs and for trapping
{cAlkitb Alduder i doh HE ex an L OF a; coq %m 1 &B%OCCFF% the device

|ng respective |n e
ou %i%%]nﬁannels and constructed so that the exhaust

st setamintet dhareeegodifioned ke rdclval e ARG Sreaflf;0ugh
the substantially fibrous, nonwoven porous wall’s to

t%%&f o5 grtletchanne smlm@ent taAddi aitemmm wiith e sehaﬁnﬂzéts:hannels,

tﬂb\{,guggh ROS ed on us A alet
Msé&n%ﬁg‘@ C s er g %‘n‘é égsm%g&ﬁﬁiexhauﬁ
‘?Ft%d é‘l%% ﬂéﬁﬂtﬂl@ dhanpelsattireligh éspeahstartially fibrous, non-

pwevem poro. wiletcabpipptiiculaenvette, agdded £f Aetaclhffels; and
to cI |m1 ere| the inlet chapnels and outl et
ga%¢1g ROTOUB ISt i al |y per pendi cul ar

reI atlve pOSItI on.

2. The catalytic converting device according to claim 1, wherein the inlet channels
and outlet channels are oriented in a substantially parallel respective position.

3. The catalytic converting device according to claim 1, wherein the inlet channels
and outlet channels are oriented in a substantially perpendicular relative
position.

4, The catalytic converting device according to any of claims 1 - 3, wherein the

reactive agent is adapted to catalyze the reduction of nitrogen oxide pollutants.

5. The catalytic converting device according to claim 4, wherein the reactive agent
is adapted to catalyze the oxidation of carbon monoxide into carbon dioxide.

6. The catalytic converting device according to claim 5, wherein the reactive agent
is adapted to catalyze the oxidation of unburned hydrocarbons into carbon
dioxide and water.

7. The catalytic converting device according to claim 6, wherein the reactive agent
comprises a first and a second catalyst that are physically spaced from one
another.
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10.

4. The catalytic converting device according to any of
clains 1 - 3, wherein the reactive agent is adapted to

W@ a60al05z7¢0 t he reduction of nitrogen oxi de pol | BCEOSHNG6/060567

5. The catalytic converting device according to claim
4, wherein the reactive agent is adapted to catal yze
t he oxi dati on of carbon nonoxide into carbon dioxide.
6. The catal ytic converting device according to claim

Therduealgtio _cbh&erl’cﬁaﬂ:év:i&’@a@@@@hg* & chdaPs adhéRiS Ml kétve agent is
Qﬁﬁxﬁédqﬂﬁhﬁﬂﬂﬁﬁmﬂ%@ﬂ&ﬂﬂgfﬂ%gﬁ,QQﬁpRQ®ehgk?oﬁ95g@Qxvﬁhout
45865§§gﬂﬁgﬂ--ter' /. The catal’ytic converting device
accor g to <€laim®6, wherein the reactive agent
conprises a first and a second catal yst that are

ysic%ILy spaced fromone another. 3 18. The
E@Féla;% yHC senveitergievies accordivgdediain ¢,ovbereimtle: trapped
Wwesteilate matter edrimmedagehy airegehespticr prodashi n t he
substantially fibrous, non-woven porous walls w thout
reduci ng porosity. 9. The catal ytic converter device

ﬂtl'%;tfa@él?ﬁc E@nﬁér&éﬂf}?icé’ﬁt%B@&iﬁgtta %Ie{iﬁ\a% Hﬁ%@ggéﬁ‘ﬁ #la housing
TR T T

u ér conprising a housing having an inlet port and
an outlet port, coupled to a gasoline interna
conmbustion engi ne. 32
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