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25, 2007 andybd BdeB4p:filed on December 21, 2007 and 61/015,883 filed,on &gg 6%%1 2007.
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emission compliance Withppree peceRENCE TO RELATED APPLICATIONS
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[0001] This application claims the benefit of U.S. Provisional
Appiication Nos. 60/940,123, filed on May 25, 2007 and 61/015,875 filed on
December 21, 2007 and 81/015,883 filed on December 21, 2007. The
disciosures of the above applications are incorporated herein by reference.

10 FIELD

10002] The present disciosure generally relates to after-treatment
devices for diesel and natural-gas engines. More specifically, the present
disclosure relates to the agglomeration, retention and incineration of particulate
matter in a composite wire mesh candle. The present disclosure also more

15 particularly relates 1o incineration through reliable and controlled processes.

INTRODUCTION

[0003] Particulate traps from the exhaust of diesel engines have
received wide acceptance and are used for particulate emission compliance with
20 various governmental regulations for on-road diesel engine appiication. The
retrofiting of diesel engines with particulate traps is also recognized for
improvement of ambient air quality with regard to particulate matter as well as
fine particulate matter currently under USEPA regulations such as PM 10 and
PM 2.5 standards. Pariiculate traps can achieve high particulate reduction that
25  can reach 90% 1o 85%. Conventional particulate traps {e.g., wall-through traps
and wire-mesh particulate traps) must be treated to combust the accumulated
particulate matier and bring the device back 1o the original conditions.
Regeneration is the process of combusting the accumulated soot and brings the
filter, ceramic or wire-mesh, to the original condition to start another soot loading

30 cycle, and so on.
[0004] Commonly assigned U.S. Patent No. 7,266,943 describes an
alternative to the regeneration process referred to as an incineration process.

U.S. Patent No. 7,266,943 is incorporated by reference as if fully set forth herein.



20 various governmental regulations for on-road diesel engine application. The retrofitting of diesel
engines with particulate traps is also recognized for improvement of ambient air quality with regard to
particulate matter as well as fine particulate matter currently under USEPA regulations such as PM 10
and PM 2.5 gianflagdssParticulate traps can achieve high particulate redugfign L@ghean reach 90%
to 95%. Conventional particulate traps (e.g., wall-through traps and wire-mesh particulate traps) must
be treated to combust the accumulated particulate matter and bring the device back to the original
conditions. Regeneration is the process of combusting the accumulated soot and brings the filter,

ceramic or Wiveimash, testherarigisfal condifiemioustan 260 thes seatlording:30cysle andsmon.
[0004]Commonly assigned U.S. Patent No..7,266,943 desc%b s an alternative to the regeneration
process ref;@rg?)?e % fal%s&aﬂrﬁ%x Eﬁ‘é%rier%gtigﬁgtﬁ%gaé[gsm %E ‘PaERT 0%“"7,5%%*6&‘9 & iﬁggFﬁgﬁéfb%wgipreference
as if fully setférthhsrsiainswO 2008/153775PCT/US2008/006659 While the teachings of U.S. Patent
No. 7,266,943 have proven to be successful for the incineration of particulate matter, a need for
continuous improvement in the art remains. 5SUMMARY [0005]A composite wire mesh media collects,
agglomérates, and releases large-size agglomé&rdiéd#fifiditiculates that are filtered on a retaining screen

to form a soot cakegbipgyetainingRgeends wRBNesiad (0.3 fulsedRGPowsESHRRMANdIhg power

supply is engaged when certain soot cake density 10(build-up) is reached as manifested by the
electrical reSREFREPHEHMEsA TR FRERMIRTEE diraifd BiegpsirianT 4 rBliRtRY SBréerelytbrporating
a conventionakdigseh axidationcatalystalpad efitheiconspesite wiremesihumadia, pulydntegrating

catalyzed screens ahead of the composite wire mesh, some portion of NO is converted to NO2. An
incineration Bp&eersngggf . é”:{gg | edp%wer supply 1S ehgaged when cerain sool cake density
10 (buiid-up) is reached as manifesied by the eiecirical resistance between the
retaining screen and an upstream grounded screen. By incorporating a
conventiona! diesel oxidation catalyst ahead of the composite wire mesh media,
or by integrating catalyzed screens ahsad of the composiie wire mesh, some
portion of NO s converted to NCs.  An incineration process is initfated and
15  maintained when the need for incineration is triggered.

[0006] incineration, as used herein, is defined as a slow process for
the oxidation of coliected soot on as needed basis. Sufficient soot should be
maintained on the composiie wire mesh media to ensure high particuiate
reduction efficiency. The resulting oxidation heat is diluted with exhaust gases,

20  and as such no appreciable or detected temperature increase was found in the
exhaust gases. Regeneration, on the other hand, is a process where all
accumulated soot on a filtration media is burned and is usually associated with a
significant iemperature rise that reaches 700°C or higher.

[06C7] The present disclosure relates 0 an effective, sfficient and

25 reliable method for the incineration of agglomerated particulate matters from
diesel exhaust. An incinerator design relies on frapping aggiomerated soot
substances on a retaining screen such as Duich-weave screen, thus forming a
cake on the upstream side. The Duich-screen is attached 1o a puised DC power
supply while the maiing screen is grounded. The gap between the two screens is

30 maintained constant by inserting ceramic-base separaior in the form of a thread
or a net. The space in the gap is maintained at the lowest practical size. Gap
spacing in the order of approximately 0.010 o approximately 0.025 inches {0.25



15maintained when the need for incineration is triggered. [0006]Incineration, as used herein, is defined
as a slow process for the oxidation of collected soot on as needed basis Sufficient soot should be
maintained on the composite wire mesh media to ensure high particulate reduction efficiency. The
resulting oxidgfionagats:diluted with exhaust gases, 20 and as such no r?llgqre(:iable or detected
temperature increase was found in the exhaust gases. Regeneration, on tHeé- 6tHetHEAEE a process
where all accumulated soot on a filtration media is burned and is usually associated with a significant
temperature rise that reaches 700C or higher. [0007]The present disclosure relates to an effective,

efficient and 125ratiaie:methes s theinsingrNion @@&@Wﬁé@%@ﬁ@?@%%@ﬁc@%dme'

exhaust. An incinerfator design relies on trapping agglomerated soot substances on a retaining screen
Y

such as DutchWwedveXErEHeh iR RSNRE 2 B Btk tpsurd rasiiaatine DuitHssstalire® attached

to a pulsed D@ peweirsupply whilssth@hating igeeendsarounged. Fhegaphetweenthgdwe.screens
is 30 maintag}ﬁguci%ngg%r@by igqgiertiR% c%r?mic-baﬁge sep%ator in the form of a thread or a net. The
space in the gap is maintaified ot fhe Towest practcal 888 % Spadingm Wl sradiaseapiiékimately
0.010 to‘appEskihatelpOiBRiipthes (25 INME2ARS/ 1537 70REP WS2008/00665% i8R M) is
desirable, with gaps,| r i r ince.the,si f parti tes to be incinerated
is reduced. gﬁcqmbigglfégﬁogg p%llls'se d%ﬁ%%%ﬁ%ﬁ%réo?%%eégg&v é@%ﬁ%@%@éﬁ?&p&&? in
addition to a fHoderateanibuntet NO Zeuriesa il st is peritiresabaies 200Ckis Willas/base-metal
5 catalyst emhgddeshin,the ingi ete: b ive in.incinera 1./As the
exhaust tem eraturest%ils% t?%(ﬁg%égﬁ%%%%ﬁr%!e?%ﬁg%i(%ﬁﬂipn%\é%é”eégg ﬁgéci@e%ﬁa%gﬁiaﬁd soot
incinerates quftRy S8Blvele 2RRERIaRRIR ERRTNCP HETRIF ROSANEMiEsoveinsredessitan
regenetationpAsiaciesulhanienRessiable iermasseHaRds aserved e e inginesatian .. 10
products, and the maxi Lfm I%%)a#)‘,t erature at the incinerator screen (Dutch-screen) is below 500C.
This is primagrff{/edﬂ% ta %/?‘go grition e gETRIRFY A4S fes o pRisE RiiREl aTagst e 29 xidation
mode and exhastigas bastingetthetwasgenratetttom ineineratien «@nasstheseakesizg i reduced
as aresulto idati lectrical resistance acrqss the incinerator increases 15prompting the
electric powéﬁgﬁée%/gogﬁ%g%%ﬁn Cgﬁolt{ﬁcgp 860 ’??yg? %?Igéeuﬁaj\(geaﬁﬁzf%r‘% TSR IES a result

of soot oxidation, the electrical resistance across the incinerator increases

15 prompting the electric power supply io stop uniil another socot laver builds up
again for a new cycle.

[0008]  Another feaiure of the present disclosure is the integration of
oxidation catalyst with the particulate converter. This is achieved by
incorporating a precious-metal coated screen on the upsiream side of the

20 composite wire mesh media. Such screen contains few wraps around the core of
the device to aliow for high impingement and interaction between the exhaust
gases and the precious-metal sites. The existence of such screen, however, can
produce ceriain sparks or hot spots under certain engine operating conditions
which could ignite the soot nested inside the composite wire mesh. Although

25 such an event is a low-probability event, it can be destructive 1o the wire mesh
media. Therefore, a Dutch stainless-steel screen, employed as a spark-arrestor,
is wrapped around the precious metal screen to prevent the possibility of igniting
soot.

{0009] Due to employment of precious-metal catalysts, some SO, is

30 converted to sulfate (pariicutate), and portion of nitrogen monoxide (NO) are
converted to nitrogen dioxides (NO»). Sulfate and NO, are not desirable

pollutants. However, due to system arrangement, low exhaust velocity coupled



[0008]Another feature of the present disclosure is the integration of oxidation catalyst with the
particulate converter. This is achieved by incorporating a precious-metal coated screen on the
upstream side of the 20 composite wire mesh media. Such screen contains few wraps around the core
of the device to allow for high impingement and interaction between the exhaust gases and the
precious-metal sites. The existence of such screen, however, can produce certain sparks or hot spots
under certain engine operating conditions which could ignite the soot nested inside the composite wire

mesh. Althouglwiits deieh baceenicisia lallowrehahiliy Ramsnissamberdesiaigive R theviemesh
media. Therefo utch stainless-steel screen ployed as a spark-arrestor, is wrapped around
the precious mﬁaﬁ%??e‘ﬁho“ﬁ%’énﬁ%e488?5'2‘?%%5%3? i@%ﬁﬁg%aggp [BO681 5 {Ho8mpIGHRENEof
precious-metal\talalysisobopreiBdiatis i3 romerieet teféedfate (Hanttulede)Hand gokigaetnitrogen
monoxide (NO).grg,C itr ioxid . oulfate and NO2 are not desirable
pollutants. Howevgjr, %@ﬁ? gﬁ%é{r}n ﬁrgg‘%g&%%?n&%n%fl%%%%%()ﬁ%%ﬁgﬁgcﬁ?f%ﬁ %dw\%ﬁrmfé%b 3@@
structure allow Y6F4fbATBEHA ke for e exHatisiogasesTheimiglatiwittiestodiseen(@dimated to

average 100 tirgs ¥ fiomha ar@miswallihiauohearticHiale WamhIlsdiet 6ect isviriyglyeduction

of sulfates to sulfur dioxide 5(1 02), incineration of some soot in the composite wire’'mesh, andvirtual

depletion of NOZHIS BndiHrSGEHCHNE MY it 2RiBAIBR e &pARID A GG %odenetsientirermesh

can also resultiznthe rettaklivenatiosn effR2tautof N@iesHENG o R Leduclipyhich:is @slimated to
reach 10-15% . on.temperature. The net effect is an improved emission level of undesirable
sulfate and nitr%ﬁ%%%%@%&e%%’fﬁ%&?%ﬁrb]According to a first aspect, there is provided a system for
the collection and incitété@ibn ofjpariciigtecnatiesitagiean ehdraust piovidiasel epgias, the mystem
comprising: a (ﬂg@g&%tigH@t%gﬁ@lgﬂ%{ @PS)%N@{ housing and at least one candle located in
the housing; a diesel oxidation catalys!t DOC) In 'I[ gege{gh%anuaégépra%ﬁ; S’& aé%s‘?’??w%”%&ﬁﬁuét 5951%9 device
for the control 68XIausiaehiplast e iig Bffe adBinsiepatitsiuiytsteraifoedee (ORMdmngana control

of exhaust gasrisprraiites hasedan piRgRIG:dien ACIASSNIBADG: (RDDESBAANead ol ihe DPC
and engine RP@Q ,icglq%%cordln%_to a second aspect, there is provided a method o N 2
incineration of FARELIRE NG 8alndiRast era disaleheintheImesRofpedhepesingiobroviding
a diesel particuiatexdunwirten(f2iréilfsadng a hastsiagiebsraieanieneierndedacaiathinghshousing;
routing diesel Bﬂi:'?& %>]gheaxthsatuasl{)n%Sa@eexhaugtj)ath extending} from the diesel engine through the
DPC; treating the diesel 6Ngine eXhaust Wih 2 S LPSRAA ERE B BeHRSSotis P fe exhaust
path; and contfeMageiirashens of thpdpRlresddtipinéeBaACk control system through selective
control of an exhaust cooling device as a function of pressure drop across the DPC, temperature
ahead of the DPC and engine RPM. BRIEF DESCRIPTION OF THE DRAWINGS [0012]The drawings
described herein are for illustration purposes only and are not intended to limit the scope of the
present disclosure in any way.



[0013] Fig. 1 is a longitudinal sectional view of a particulate converter for _the incineratipn of particulate
matters from diesel engine exhaust in accordance with the present tea_chlngs, the partlculatg converter
illustrated to include a single candle. [0014]Fig. 2 is a cross-s.ectional view taken along the Ilne 2-2 of
Fig. 1 [0015]Fig. 3 is a detailed cross-sectional view of a portion of an incinerator, of the particulate
converter of the present teachings. [0016]Fig. 4 is a schematic illustration of_a control arranger_nent_for
a DC power supply system of the particulate converter of the present teachings. (0017j Fig.5is a

schematic illustration ¢odtd patseddtg powessuipRlYaoperalifg &y He o fiRarqlaie.cony Ritsr of the

Fig, 1 usrating & aFLCLIas 24 GLRLY H SLEo AAHCE W 4 pb AP, b ATPecplLralty

Fig. 1 illustrating a particulate converter in'ac ‘6?8 ¢ : r _ \
of candles. W Z008FIE3 /TSR TS 2068700685206 L Rig:rikis BRI Ssasatsionabview;takgn along

the line 7-7 of Figi& 002018418 iﬁ:@&i‘é@rﬂ@{i%qj@g%;”Mﬁ“ﬁg%ﬁe&p@% grﬁ%?naebg%a%st along an
exhaust path extending from the diesel engine through the DPC; treating the
diesel engine exhaust with a diesel oxidation catalyst (DOC) disposed in the
exhaust path; and controlling exhaust gas temperatures with a feedback conirol
system through selective conirol of an exhausi cooling device as a function of
pressure drop across the DPC, temperature ahead of the DPC and engine RPM.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The drawings described herein are for illustration purposes only
and are not intended to limit the scope of the present disclosure in any way.
[0013] Fig. 1 is a longitudinal sectional view of a particulate converter
for the incineration of particulate matters from diesel engine exhaust in
accordance with the present teachings, the particulate converter iHlustrated to
include a single candle.

[0014] Fig. 2 is a cross-sectional view taken along the line 2-2 of Fig.

[0015] Fig. 3 is a detailed cross-sectional view of g portion of an
incinerator, of the particulate converter of the present teachings.

[0016] Fig. 4 is a schematic illustration of a control arrangement for a



encountering effective incineration during typical diesel engine operating cycle. 5 [0021] Fig. 9 is a
schematic illustration showing typical results of incineration at 3000-3300C and the corresponding
drop in back-pressure over time. [0022]Fig. 10 is a schematic illustration of an exhaust after treatment
system for a diesel engine, the system showing a diesel particulate operatively 10associated with
diesel engine. DESCRIPTION OF VARIOUS FEATURES [0023]The following description is merely
exemplary in nature and is not intended to limit the present disclosure, application, or uses. It should

be 15 understod@ thavenughpulthendiiirgse tietaspendingteierenserumaraladndigate like or
corresponding parts a?@O turgs, The description ang an ecig examples, while indicatin
embodiments of the presen dijcjg'si?ries; §r€é%#r?gr}1%f!ecd' 8?%f§8s% %8? iﬁﬂgﬁqi%o%‘?yvﬁﬁﬁ%%&ot
intended to limiPRféEEhEsIanls pre sentcisdiosurey Vioreol dnerecitationtobonidipldrembpgjraents
having 70 stategfeatires:isatdntended to exclude other embodiments having additional features, or
other embodiments ing} Q atingg different combinations of the stated features. [0024]With general
reference to the drawi %@ r&i rErét éhlW aivriial Serisgahraarcsiieia dicdog e dpbnelinginarts
throughout severalariawsta Scatieselapairicitatedoeiieh(BRChHadbe: Seerhald FriRigted in
accordance WitBlHP&Ji ﬁg%%eigﬁhings is illustrated and generally identified at reference character 10.
The particulate converter 10 of the present teachings may be utilized for internal combustion engines
having appreciable amount of submicron or nano-size particles such as diesel engines, compressed or
liquid natural gas 30 engines. The particulate converter 10 may include at least one candle 12. Fig. 1,
for example, illustrates a particulate converter 10 having a single candle 12. Fig. 6 illustrates a
particulate converter 10 with a plurality of candles 12. WO 2008/153775PCT/US2008/006659 A.
Candle

5g



[0025]With particular reference to Fig. 1 and Fig. 2, the candle 12 of the particulate converter 10 is
shown mounted in a housing 14 and generally may uniformly allocate the incoming exhaust to inside
core of the candle defined 5 by tubular member 26. Insofar as the present teachings are concerned, it
will be undersgfepgdiiadthe housing 14 and mounting of the candle 12 withig the housing 14 are
conventional to the extent not otherwise described herein. [0026]Fig. 1 illustrates the candle 12
operatively associated with a power supply 16. The system may include a diesel oxidation catalyst
(DOC) in 10 the exhaust path. As shown, the candle 12 may incorporate the DOC. Additionally, the
candle 12 may genggaihsincluge; aspak-aesisseeenml i cempasienirg:gpsd agglenregator 22
and an electrjcal incinerator 24. The DOC is cooperative with engine exhaust temperature profiles to
generate sufficient NO2 for soot incineration on the composite wire mesh agglomerator 22, 15the
incinerator gap 45 gidHié sodtigake an tbelupstridamiieahthgvetating sbeeemsd2bi002¢The
candle 12 may.include . rally tubular member. fining.an.intake port 28 and an outlet 30. Raw
exhaust from%é(g?ggg S% i%%;g ?yéﬂ%a%ﬁ%?ég?iég Fﬁtrgﬂﬁge%st‘g%ﬂ%%ﬁ%d%‘ %Y%hégéé%%{?%%ﬁ%%{e port 28 in
the 20 direction of &@Ri . Thigcahdie &2 srhgbeiisstheiaaionitiszofiongdivwibatorsg2ishefflow
distributor 32mayhemounted yithinspemhena aad.apeiate-o meia!iy direat thedlow.ofraw exhaust
uniformly. The flow distributor 32 may have a generally conical or cylindrical shape. [0028]Tubular
member 26 rififbe perforated along a substantial 95 portion of its length to facilitate exhaust to flow

in the radial directiomgEhis arrepgementalowsfprthairesuatpnsfoxkaush fowneleeitywbieh can be
adjusted through pro%%r selection of the effective perforated candle length. {OOZ%As,perhaps

most particulﬁY@f%ﬁb £ Prseh SNSHRVIER 8?@@'.“ showing a diesel particulale operatively

10 associated with diesel engine.

DESCRIPTION OF VARIOUS FEATURES

[0023] The following description is merely exemplary in nature and is

not iniended to fimit the present disclosure, application, or uses. [t should be

I5  understood that throughout the drawings, corresponding referance numerals

indicate like or corresponding parts and features. The description and any

specific examples, while indicating embodiments of the present disclosure, are

intended for purposes of illustration only and are not intended to limit the scope

of the present disclosure. Moreover, recitation of multiple embodiments having

20  stated features is not intended 10 exclude other embodiments having additional

features, or other embodiments incorporating different combinations of the stated
features.

[0024] With general reference to the drawings wherein reference

numerals designate identical or corresponding parts throughout several views,

]
Ln

diesel particulate converter (DPC) of the system and construcied in accordance
with the present teachings is illustrated and generally identified at reference
character 10. The particulate converter 10 of the present teachings may be
utilized for internal combustion engines having appreciable amount of submicron
or nano-size particles such as diesel engines, compressed or liquid natural gas
30  engines. The particulate converter 10 may include at least one candle 12. Fig.
1, for example, illusirates a particulate converter 10 having a single candle 12.

Fig. 6 illustrates a particulate converter 10 with a piurality of candies 12.



2 of a candle 12, the diesel oxidation catalyst may be an integral component of 30 the candle 12 and
may be constructed of one or more layers of filtration screen 18. One suitable filtration screen 18 is
well known in the art as a Dutch-screen. Other screens may be used, however. Throughout the
remainder of ghis;Wéa 2068/153775PCT/US2008/006659 description, it willpe Hogdeisiaesthat any
reference to Dutch-screen may be substituted with other screening material know in the art within the
scope of the present teachings. [0030]The radial layers of Dutch-screen 18 may include openings 5
sized to limit soot build up to a minimum and create a torturous flow path to arrest and cool
high-temperature slag& sngtevent self-ignition in the candle 12. While any number of radially disposed

layers may be usedy,i tai bodiments, the layers, of Dutch-screen may,include, 2 to. 5 wraps. The
screen 18 may be c%déqg@rwit%%i ﬁé&%gaé?n %ﬁé%%(rzﬁptl%ge!ﬁijntag c?%%tr%aﬁag fﬁ%dazﬁmz%r?\ﬁhe gases
and catalytic ¥ite §anithe ke reeny e sdidenainayalsohaiaiwash toatsurh dszaldngaasaimplify the

caralyst suriacg piearIRnaliell. 1he Riesions et ratalvaLan e aplied disallydgiihe metallic

screen by electroplating. The catalyzed Dutc reen 18t y functions as a dieésel oxidation

catalyst.-HowWVBiCHi# merghaedvithinalie sariesaesr t frrfubasrara STmatheedthe witéen may be

sintered, brazegiersraapUfRRHEhBLSKEN & WaY $ARm IR efinsacHaidavire Mesh hetiXusing
[0031]Construction of DOC from rigid wire mesh matrix (knitted wires or shaved wires) provides added

enhancement foieCORAR B PEA SR e A FHIAIRaTUrRRR8RtHERSE RRGER DOC are constructed of
metallic or ceramic {B0agfaigittifiow dhasirelsdhat-canmgrch 208hehannsls pessaHALe iAah of more.

Such small-size flow chan nvert exhaust flaw from turpulent to laminar conditi aminar flow
conditions argor%?re%é%a\yg%? r ggti%’r’is%ﬁéﬁm%’ﬁ twg[gxﬁa%g‘{?%%%]%éﬁg%iﬁ,?@%ﬁttﬁ% éf'hand, the
rigid wild metrenwtiizistreases turbslesitesandraddiocidizéd turbylencespdiaisnmay ifkiEase
catalytic 75 activiti d t io load ngd.impr i ormance.
[0032]The ca%a %‘é%%ﬂféﬁg%%aga%%ééﬁgﬁ E)@O\i/lgg}ggs% rg%%ﬁ@?f%ﬁ%%ﬁ%ﬁ% m%ation of
hardware an8XRERSSGIUNDR dhepRcRISHPIPSRIEY GtRsaRtk apphieatiors. Tiedneseden 248 futher provides

HO and CO poC is cooperative with engine exhaust temperaiure profiles to generate

sufficient NO; for soot incineration on the composite wire mesh aggiomerator 22,

15 the incinerator gap 45 and the soot cake on the upstreamside of the retaining
screens 42,

[0027] The candie 12 may include a generally tubular member 26
defining an intake port 28 and an outlet 3C. Raw exhaust from a diesel engine,
for example, is introduced to the candie 12 through the intake port 28 in the

20 direction of arrow A, The candle 12 may be associated with a flow distributor 32,
The flow distributor 32 may be mounted within member 26 and operate to
radially direct the fiow of raw exhaust uniformly. The flow distributor 32 may
have a generaily conical or cylindricai shape.

[0028] Tubular member 26 may be perioraied aiong a substantial

25 portion of its length to facilitate exhaust to flow in the radial direction. This
arrangement allows for the reduction of exhaust flow velocity which can be
adjusted through proper selection of the effective perforated candle length.

| (00287 As perhaps most pariicularly shown in the sectional view of Hg.
2 of a candie 12, the diesel oxidation catalyst may be an integral component of

30 the candle 12 and may be construcied of one or more layers of filtration screen

18. One suitable filtration screen 18 is well known in the art as a Dutch-screen.

Other screens may be used, however. Throughout the remainder of this



30 reductions, as well as moderate conversion of NO to NO2, dependent on exhaust temperature.
Most undesirable impact of integrating the screen relates to the lowering of exhaust temperatures to
guard against spontaneous ignition of soot WO 2008/153775PCT/US2008/006659 in the candle

which lowerss{he:eéepiiveness of catalytic activities. However, reducing pegkiempgialdres may
extend the durability of the catalysts. [0033]The candle 12 may additionally include a second

radial layer in the form of an intermediate screen 20. The intermediate screen may be inserted 5 after
the Dutch-screen 18 to function as a spark-arrestor. The spark arrest screen 20 may be used
interchangeatibswititiathérmal stabilizesrstbedaresn=2Q meiy lamseleste torhavenideapearnings to

minimize soof (B Ak iorirous foupaih o the RuRese ol cagling,eff any ol spots generated
from catalyticreactions. In'a way; thie spark=arrestor screen 20 may function as a buftéer etween
the precious fietgEcietirgand the composite wire mesh or wire-mesh agglomerator 22, to

substantially reduc Ssibilj -lgniti e osi ; edia 22 may follow
the spark-arrestor %%%is rﬁ%@@%@fggfw %%ﬁ%%ess%%%ﬁd ?gﬁ%ﬁay%f%m%%e%%ﬁ % the

wire-mesh agijf&iheratirs 006084 YRelea dlaiNiH Ry L RIGIERy an@TdEca g idRindPsttekh 36

radially positignee:autsidetheyiadnesanadiaRés e GEvRd seregRiRermansieting ieges openings.
For example,é}\%eﬁgeround screen 36 may comprise a plain 40x40 mesh wrapped around the composite

wire-mesh 2 FMutPBRARFacE dRRIBE IS PHe ENREn B8 dyRalIbiPaggiBnt 4R particles

to pass 20threugindiicprevide adequateyrotindelestical\cpriacks forsseatisappetn Haesinginerator
24. [0035]Th% é:andle ]bzemgga?d itio;t}ial% iniclude 3 ce@rarﬁic-based separator 40 fgllow%d by a
Dutch-screen' 42 1fe iRGINETato ZWEmay ﬁe‘%%ea bynt %né’:?ouif%ms 8eI3 ,?ﬁ s%% &i61%40 and
the DutdB-scizgvden Anbagese2Snmbtaltehtady stidd onalbesermbedded alsednsidethdsindinesator 24.

The function gL e P%Sﬁﬁ@gﬁ%h@ﬂ%ﬁﬁmg iﬁ%%&%ﬁ@%’%&ﬁ?&@%

t 4 efmost
Dutch-screen 42 and the ground screen 40 through the establishment o Sfi\;@%a%ﬁﬁwm%éceramic

separator 40 PRSI Besempleyetidaie iy f6an dPa cvalisié tHicasdhor Ceramicmrialindshesn piovide a
wide opening-meRJBIAAY The catalyzed Dutch-screen 18 thereby functions as a diesel

oxidation catalyst. However, it is integrated within the same candle construction.
15 Further, the screen may be sintered, brazed or manufaciured in such a way s0
as to define a rigid wire mesh mairix.

[0031] Construction of DOC from rigid wire mesh matrix {(knitted wires
or shaved wires) provides added enhancement {o the catalytic reaction and
enhanced performances. Classical DOC are constructed of metallic or ceramic

20  straight flow channels that can reach 200 channeis per square inch or more.
Such small-size flow channels convert exhaust flow from turbuient o laminar
conditions. Laminar flow conditions are not effective for reaction between the
exhaust and calalyst sites. On the other hand, the rigid wire mesh malrix
increases turbulences and add localized turbulences. This may increase catalytic

25  activities, reduce amount of precious metal loading and improve catalyiic
performance.

{0032] The catalyzed screen 18 may advantageously provide cost
reduction through the elimination of hardware and the resolution of space
constraints on some applications. The screen 18 further provides HC and CO

30 reductions, as well as moderate conversion of NO to NO,, dependent on exhaust
temperature, Most undesirable impact of integrating the screen relates to the

iowering of exhaust temperatures 1o guard against spontaneous ignition of soot



30for the build-up of a soot-cake in the incinerator gap 45. The incinerator gap 45 may be defined as
the radial distance between screen 36 and screen 42. WO 2008/1537751CT/US2008/006659
[0036]The size of the gap 45 may be selected to be as small as possible. In this regard, the smallest
size is limitediay Mmanuaeturing dimensional tolerances which could result ja-glectii shod,circuit. A
minimum gap size may be approximately 0.01 inches (0.25mm), although smaller gap could be used

5 should tighter level of manufacturing tolerances is achieved. While an increased gap size may not be
desirable, a gap size up to approximately 0.02 inches (0.5mm) or larger may be acceptable in some
applications, {008 K Blutehtiemwdzmay kefselpeinddo bavesmalt opanings. IMiwstegard, the
openings ma roximately 70 microns openings.for 10 effective capturing of agglomerated
particles and}%%%ﬁlﬁés %3‘?3?2@&%%%‘?5@&& é{o%)fr%%a ié?gs&%ﬁ%ePé@Hé) fr?tﬁ% ‘fﬁga@gﬁﬁposite wire mesh
media 22 may havel§i2églupwargsceh @0 thicrenssoiditirger\Theselargepartidesdianibescaptured
caslly on the wsferar pile RlINRIUED weear R eReriaddRsisdian ansliale ine bl gl soot

cakes reaching over 0.5mm in thickness. Cake build-up'is assisted through Tow ex gas
velocities' in tAEShCABraBICORGBEN Rok BHYiHe e atingPeysias estuilting i vassusassasiust

velocities cansbre sgleptackip RNYERI PRANRREABBHING RliAgoipmAralesspde ferm asaahogke in the

incinerator gap for the majority of the time. Maintaining a minimum cake thickness all the time is

desirable as FfhEFoREISE el NRELIING RGN 86 JPBIFRIRSH SHRE RS YD 8l ASTIHEPES ot cake
continues to bigild panitigraws indppte wittdearapeticake fills thedrRchsratatanpomtheughroot

deposits are peoatéﬁet)%!!ay. in a way, the spark-arresfor screen 20 may function as a buffer

i between the precious metal screen 18 and the composite wire mesh or wire-
mesh agglomerator 22, to substantially reduce the possibility of soot self-ignition.
The composite wire mesh media 22 may follow the spark-arresior 20. in this
regard, the candle 12 includes a third radial layer in the form of the wire-mesh
agglomerator 22.

i5 (00341 The candle 12 may additionally include a ground screen 36
radially positioned outside the wire mesh media 22. The ground screen 22 may
define larger openings. For example, the ground screen 36 may comprise a
plain 40x40 mesh wrapped around the composite wire-mesh 22. One or multiple
wraps are acceptable. The screen 36 may allow agglomerated particles to pass

20 through, but provide adequate ground electrical contacts for soot trapped in the
incinerator 24,

10035] The candle 12 may additionally include a ceramic-based
separator 40 followed by a Duich-screen 42. The incinerator 24 may be defined
by the ground screen 36, the separator 40 and the Duich-screen 42. A base-

25 metal catalyst 44 may be embedded also inside the incinerator 24. The funciion
of the ceramic separaicr 40 is to provide electrical isolation between the
outermost Duich-screen 42 and the ground screen 40 through the establishment
of a fixed gap 45. The ceramic separator 40 may be employed in the form of a
ceramic thread or ceramic net, and should provide a wide opening area to allow

30 for the build-up of a soot-cake in the incinerator gap 45. The incinerator gap 45
may be defined as the radial distance between screen 36 and screen 42,



uniform, soot cake density increases with increase in soot build-up. Once soot cake touches the
ground screen 36, electrical resistance between the two mating 95 screens is established. Dependent
on soot packing density, electrical resistance is lowered as soot electrical contacts between the two
mating screenginmkeases. For example, a resistance of one or two Ohms is-teachgg Rhsd.candle 12
eighteen inches long and three inches incinerator diameter. Further, measured electrical resistance for
the same soot cake was found to decrease substantially 30as the exhaust temperature increases, thus
increasing electrical current leading to faster incineration. The wire mesh agglomerator 22, the

incinerator gap and[{885200871837Z6PE TS 280806659 the retmitioy scréensa% Scudpearate to

define a dee r ; jan.havi | i Lt [ ' i i isti
incineration o T oG e B R R O
screen leadirigleasioas sebictoaustigrLidstelperdccanliciiguisiry BHIvIDC aed AGpower supply

and AC was foung to-be-mere effestive ininiipsag,and 5@8%5?@%%@3{@“@%@8&8r%%eﬁéehow

voltage was found to be effective with small incinerator gaps and temperatures over 200C. A primary

goal is to havd HicsHae of Wb &t BaWEF hHERY I8IP BR B ¢ BENBYRtmBHNISEUIBH #%$8mobile 10
applications. Jdnisded terthe develepmait-pidulseskpowes supply. Zhghankeneay supplyvekage is

acceptable, 25%% h voltage in excess of 60 volts could be destructive and, as such, may not be

desirable. [0 B S fﬁ‘l?%%?ea&ﬁ%%g ARicaiGte lrataso according to the present

teachings. The emijaditiént of igBubchnreibdiffers dfyiiomstide prelioushy deseadbashenihgdiment by

incorporatin rality of candle . Like reference characters h been used to denote similar
elements be%lig\/?e%r?5 tﬁlgéaf% oaﬁli‘mecgﬁjg%}ﬁ gh@wx,%%e%épf |cﬁlﬁél\%t€é%/r?\¥e8rtérﬁr§f ﬁa%?ﬁaﬁﬁ t%l?ree
candles 2. _Iefﬁﬁkﬁ%@@ﬁﬁt@t@@c@fl‘i@m@ﬁ Higcarg dgler eriddosmingribenbe chadlesE2atety be
utilized withir fag _&H%@fs{ﬁlﬁrgfﬁﬁfﬁbﬁ%@'%%%EB%i?eO\%@*?ﬁéé% tRnsllessanReardighas itis

needed for large diesel engines, suc _
upwards of 100 microns or larger. These large particles can be captured easily

on the upstream side of the Dutch-screen. Repeated tesis demonsirate the

build-up of soot cakes reaching over 0.5mm in thickness. Cake build-up is
15 assisted through low exhaust gas velocities in the incinerator. On and off-road

engine operating cycles resulting in various exhaust velocities can be selected 10

ensure proper capturing of agglomerated soot 1o form a soot cake in the

incinerator gap for the majority of the time. Maintaining a minimum cake

thickness ali the time is desirable as it functions as a filier resulting in high soot
20 filtiration efficiency.

[0038] As the soot cake continues to build up, it grows in depth uniil
the soot cake filils the incinerator gap. Although soot deposits are not iotally
uniform, soot cake density increases with increase in soot build-up. Once soot
cake touches the ground screen 386, electrical resistance between the two mating

25  screens is estabiished. Dependent on soot packing density, electrical resistance
is lowered as soot elecirical contacts between the two mating screens increases.
For example, a resistance of one or two Ohms is reached on a candle 12
gighteen inches long and three inches incinerator diameter. Further, measured
electrical resistance for the same soot cake was found to decrease substantially
30  as the exhaust temperature increases, thus increasing electrical current leading

to faster incineration. The wire mesh agglomerator 22, the incinerator gap and

10



as diesel generators, locomotives and marine applications. B. Electric Power Supply [0041]Turning to
Figs. 3 and 4, the power supply for the particulate converter 10 may be a DC power supply 16. The DC
power supply 16 may be 75 12V up to 4W DC power. The DC power supply 16 may be is fed to a
chopper 50. Theshoppess50 may be a variable frequency and duty cycle choppesrQdaying an output
that is fed to a high current output 52. The chopper frequency and duty cycle is tuned to the soot
makeup in terms of dry vs. wet soot. The high current output 52 may be electrically communicated to
the incinerator 30Dutch-screen 42. [0042]The particulate converter 10 may additionally include a
passive contritksystaiming ascangement 60dioe coatiollinghihe apphealiarof Rlecitist pewieidoO
20(_)8/153775}133(%%5g%&gﬁ_/ﬁ%%@c?g% %)r |er?0|r_1erat|or?. The control arrangement 16 may include control
logic for continuously monitoring the eléctrical resistance across the incinerator 24. When the
incinerator power istBff3&hothér elgictricawicbit incorporsitinig @ iresistenesimthborder afA@0izo 500
ohms may beengaarein-peies Wit he eineralar ksl Aceauvalent passiue eliods This

circuit may be powered by 12V nd the power consumption may be very s (e.g., approximately

0.1 watts). MSaslrenie A iHigersrosE the Tifditieritor Zoreprisentsitie hatihBratentediStance.
High incineragiesxoltagerepiesentspighinginersios rasistance-and ¥isaiveniag JMheR s glestrical

resistance across the incinerator 10 24 drops below a predetermined value oOr established threshold,

the high-curr&it JOGH IR B Haf BERTTgerRl y FRE &R iitinardforsu abaride DoitBow@als applied
and current asdigh=a8apppeximatabrdseiedoamps: mayde rusheghia the inginerator 24 inginerating
the soot cake. The pawer supply cycles may last for -selected time duration. The pre-selected
time durationgr%lgyc%gfs?ieacﬁ f“%%’){?&r)ée"é%%ﬁ P8 if%%@s‘?ﬂiﬂﬁ?&g@\%ﬁg 5’5‘n%]9§7£ﬁ%?'ﬁe cycle,
the eledtficalapsistaifeesofithis ilkcirer#ter @V opeasiret mgasdancyarhaipibis bélgve theestablished
threshold, a cle NS,k J n n, until tis incinerated as expressed by
increase in trrl%ge%yg?j%\{g ??é%tiﬁ% %?%ﬁ%?%?ﬁé%%ﬁ \égi?é)gov? t%é( cf%%gsﬁlggvg%% X?&Eﬁcﬁ?
resistance is ¥e8ttactive 200 ke SafRolbH the! thecdtriiehialue is dependent on the incinerator surface

area. Large ,-, -: ha\pfgégyv @r%%{}pldfvarmgﬁg@q ‘Qﬁ%tﬁ%rrs%éh%lﬂg{g besaissthaf she soot

cake is maintained-all the time, only a small depth resulting in open circuit threshold is incinerated.

[00431The eRGACHEVE S FHASRY Jeansiraded fOEnRitkneitaied Figs. 6 and 7 differs

15 irom the previously described embodiment by incorporating a plurality of candies

12. Like reference characters have been used to denoie similar slements
between the embodiments. As shown, the particulate converter 10 may include
three candles 12. it will be understood, howeaver, that a greater or lesser number
of candies 12 may be uiilized within the scope of the present teachings. The
20 number of candies can be as high as it is needed for large diesel engines, such
as diesel generators, locomotives and marine applications.
E. Electric Power Supply
[0047] Tuming to Figs. 3 and 4, the power supply for the pariculate
converter 10 may be a DC power supply 16. The DC power supply 16 may be
25 12V up to 48V DC power. The DC power supply 16 may be is fed {0 a chopper
50. The chopper 50 may be a variable frequency and duty cycle chopper 50
having an output that is fed 1o a high current output 52. The chopper frequency
and duty cycle is tuned to the soot makeup in terms of dry vs. wet soot. The
high current ouiput 52 may be electrically communicated to the incineraior
30  Dufch-screen 42,
[0042] The pariculate converter 1C may additionally include a passive

control system or arrangement 80 for controlling the application of electric power

11



25 applications, which is typical for large diesel engines. Fig.5 illustrates the power cycle for a
multiple-candle particulate converter 10 (e.g., as shown in Figs. 6 and 7). The power supply may
engage the candles 12 in sequence for a predetermined time (e.g., 10 minutes), then measure the
electrical resigianegatpne candle 12 and proceed as to whether a new powaisygiamillsiart or not.
30C. Incineration Process and Operation [0044]The incineration process as defined herein is a slow
process in which soot collected and stored on both the composite wire mesh 22, inside the WO
2008/153775PCTIU52008/006659 incinerator gap 45 and on the upstream side of the retaining screen
42 may be oXidizedite teivnlessTsubstantes, anainge GO argl W), Thewrxotbermel hegicgenerated

R B BB B O e e e o e

success of the incineration process. These  elements may Inc
temperaturesVMipge fiegatioprafebificiedamdtnttf NO@BY emwymenimﬁ%mmwa@st in the

incinerator og; 3 A) puised G:puliaay powen The-combination st sipied our gleryepts may

contribute to a statistically high probability of achieving efficient |nC|n lon at a most a
driving/operafiflj (it GBIt <l emgrisnt RasRére roefed: id BishidmHl eprlancwbersddry collected

and incinerateghs0a3. Mh@r@@m%@ﬁsmﬁwpﬁg@w%@y%;%cgsscﬁy)%ﬁﬁ&wgfaﬂﬂéaﬂon are

not desirable. It %II beé;\é)é)reuated that the present teachings may be employed in various systems

that do not intftléfd-all16aF WigMERts At YRS A rESEs %@’v é@%@t%c rafBFPERES plake but at a

much slowerinatecAtite mpetaitres cledgh 1na 350G comﬁg@ iRgingsatien isigecamplishes through
NO2 and the Eéestance of gase -metal c sts When st te%ﬁatures a roach 350C there is

no need for elé 8n'ght SE{HE AT AN UH 2 His is

fical incineration’ an as a res;tﬁl? eéc F%?{S
effectivélin rédu@mgﬁliaipmlwadmr‘rmem mmmmmmmmapmmmmmmg frequent

exhaust tempek ?{Hrgé %gé Qgﬁ%% Qeat itgee %g}%%rt r '“&%ﬂh@%‘%@ A%E{WO;':JQPS tréeﬁ,lectnc power supply

may provide sufficient heat to maintain incineratio elow ex aust tempera ures g approxmately
100C), rendepkemh GIREraHERVeRp i maagmmt@u@@éﬂ&%@@@&wmmﬂh@@mdmons

for example Q:tehaRdiRiEs DAV RIPRARIENL G5 221RCCHHERC S MsIBRITaylack argf%%ta've
Cc

incineration due to extensive low exhaust temperatures can result in an increase of back-pressure

across the caPldfe Piesteie skl fmﬁsdé‘r@ﬁb?&onha?d REPrRBICTIRYe BBt PHRKIES TBANRE i§EWErator are
releasert autéunadieathptbroughriherngieratorfhiigiy seando danatmpspheradelioving, sgpe of the

excessive baéié&‘?r[%% urrees'is gggéeg?a%eed incineraior 24 is measured again and, when it is
below the established threshold, another power cycle begins immediately and so
on, until soot is incinerated as expressed by increase in the electrical resistance
of the incinarator 24 above the threshold value. A typical resistance is 0.5 to 1.0
20 Ohm, although the threshold value is dependent on the incinerator surface area.
Large surface areas have low threshoid values and vice versa. 1t should be
noted that the soot cake is maintained all the time, only a small depth resulting in
open circuit threshold is incinerated.
[0643] The electric power supply may be upgraded for multiple candles
25  appiications, which is typical for large diese! engines. Fig.5 illustrates the power
cycle for a multiple-candle particulate converter 10 {e.g., as shown in Figs. 6 and
7). The power supply may engage the candles 12 in seguence for a
predetermined time (e.g., 10 minuies), then measure the electrical resistance at
one candle 12 and proceed as o whether a new power cycie will start or not.
30 C. Incineration Process and Operation
[0044] The incineration process as defined herein is a slow process in
which soot collected and stored on both the composite wire mesh 22, inside the

iz



30 particles are large in size and are outside the definition of PM 10 and PM 2.5, as such they do not
constitute particulate pollution by definition. Further, the particulate converter will not interfere with
engine operation in such low- WO 2008/153775PCT/US2008/006659 probability events, or cause a
plug-up as isheeasesyh most particulate filtration media. [0046]The parfigylate stosage.capacity of
the composite wire mesh media 22 as well as the incinerator 24 is very high in comparison to
wall-through traps. This renders the impact of excessive abnormal engine operating conditions, such
as extensive idling or low engine loads, less severe on engine performance when compared with
ceramic trapsnCiogettiogso4ioamndl drackeprgssmararside cdniptishéairingesenginei adingtis
increased and guhaste RGeS IR0 CHBIRIPELONNN TRty be Alisea fha fs, plectric
power consumption in the form of pulse IS'used exc us?\/elgl to liéat soot, and n The présence of
02 and NO2, ewigées thermacisialion rfeetanisnsiistiviendiM bt veralet tisdrsat Tossesamay be
encountered {BrpugBriy exhast doweraling affect and 2 localitissandhaidneineralor, whete electrical

resistance is relatively higher, the 15 resulting electric current is low and in turn, incineration is slowed
down. By moRISHRG &R iHBFAtEReId iRl FEgIStaPtrabfta BHMRIEIIE Badls, penssatisswer is
engaged autemaicaiy ahaimpeaabilitg b insiperatiendsygashegial hislinilsigle@rical-Rower
consumption to very | wim wit ﬁt%estimate fuel penalty of about 0.1% in most mobile
applications. #ffe 8090 enPiiiRMe LRV 366 [PBRTEECH it SittRe (Bherter
inlet, which isstyjpieaitin mestomoite:ap plicatinags soatoxidatiorowibiMO 2isisuféciegtadicpntinuously
clean accumulatedﬁ?%ot witho tth% naeﬁed of.electricaliﬁower assist,. NO2 fgom diesel gnd%ine is normally
S - (i

about 10% of totar NOX. The additior of {ég\r@%}%@ cary Yﬁ:bef%acs% ﬁf%s’fra%%gfg’% §

i
dependent
on températugdelb ¥ hisigaypigabplealisiatktHat suintamiperkdres:800:375CG e encbufteied 10-

20% of the g ik ng CYplesREIo 309 sl paeL Rl assiatih e logfperation as

the need arise automatically. [0048]The base-metal catalysts are employed in the form of wires or

screens and E8fERRoY SitihRERIRETRBIREANR fith Peoppelr ISApROEAMT3Y RalBRICHRshifesium, or

a Combi”aﬂo'ﬂ}éhét%o&yﬁ@rﬁa{ﬁ&%%% brindbalorm @s@%ﬂ%%@&@&%%ﬁ%@n
wrapped upstream of the ceramic wire or net (not shown). In selecting a base-metal catalyst, it can be

oxidized rapidi§fP WO GHER I ERFIATE S0 SR slower rate. At temperaiures close

15 to 350°C, complete incineration is accomplished through NO» and the presence
of base-metal catalysts. When exhaust temperatures appreach 350°C there is
no need for electrical incineration and, as a result, the power chopper is
automatically off. This is effective in reducing fuel penalty 1o low levels,
estimated at 0.1% on some applications having frequent exhaust temperaiures

20 reading 350°C at the converter inlet.

[0045]  Although the electric power supply may provide sufficient heat
io maintain incineration, the low exhaust temperatures (e.g., approximately
100°C), render the incineration very slow and inefficient. Such exiensive engine
operating conditions, for example 30 o 50 hours, have low probability of

25 occurrences. In real life, lack of effective incineration due o extensive iow
exhaust temperatures can result in an increase of back-pressure across the
candle. If such conditions are prolonged further, large soot particles on the
incinerator are released automatically through the incinerator Duich-screen to
the atmosphere relieving some of the excessive back-pressure. Such released

30 particles are large in size and are outside the definition of PM 10 and PM 2.5, as
such they do not constitute particulate poliution by definition. Further, the

particulate converter will not interfere with engine operation in such low-
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in such operating environment. Therefore, the thickness of the catalyst screen should be very small to
keep the total incinerator gap thickness small. This criterion renders metallic catalyst to be most
preferably about 0.005 inches (0.1mm) in thickness. Base-metal catalysts are effective in lowering soot
ignition Stempesalses:sthys greatly extending the range of effective incinefatioDe,qq j(g%(gg@] Turning to
the schematic diagram of Figure 10, illustrated is an after treatment system 100 tor a diesel engine in
construction with the present teachings. The system 100 is shown operatively associated with a diesel
engine 102, The diesel engine 102 may be of any type, but may particularly comprise a 10diesel
engine havingfigahdithaast tes) perataresprafilphid0§5QIDigsehenging: exlaushirayhesiniiaguced to
the system 1%&!’%’9@9%@00%9 pipe 103. The radiant cooling pipe 103 may be designed to limit the
maximum temperature to an intermediate level. In this regard, an exhaust temperature of about

700-750C may be ré@é8l to approxiieitelye] 510068, fapexdmnple (fR05blEngaies tiat experience a

transient mogg Lf;9perati i icatio \n,INCO 2 thermal stabilizer having
high thermal inertiia. in thiﬁ%%%%%ﬁftﬁé%?ﬁ%@?ggﬁ%r%ﬁ Qj;‘/@eég%%?é%) o%oa\wzaffgté%iﬁauﬁg exhaust
temperature fi@@Bationts. SEEAYStAbRzéNeaRbotorstrrAVE frehn @D sintereirknittattraéitallic wire
having sufficieahasigh to.prowsieRsibermahineriBwigtyRemeakilide lowerpressure drop and
good thermal co ductivit%, to reduce temperature fluctuations. Knitted wires can exchangé heat quickly
with the exhal2t GHRBEHINETsARERAG AN b S MG KaRsult HiesliansntantriasiBatkxhaust
temperature peslsuanddews:erereyriedanshavemgade Thisd2k resulfsindnere gdesirable:gxhaust
temperature Per%files f,(or inciner?gigg s&gge gfé%l,( emperatures could lead to uncontrolled incineration
and low tempera?l?rgéasuégsnib%apc | % indthafation. The thermal stabilizer 104 will be understood to be

conventidnal insofaf &E¥idt othenilise dederitbthheteinciRO62]besysterm oStmay-inchderat least

one cooling 4aVifBseq DC is used exclusively to heat soot, and in the presence of O, and

NO,, it renders the incineration mechanism efficient. However, electric heat
iosses may be encountered through 1) exhaust fiow cooling effect and 2)
localities on the incinerator, where electrical resistance is relatively higher, the
15 resulting electric current is low and in turn, incineration is slowed down. By
monitoring the incinerator electrical resistance on a continuous basis, pulsed
power is engaged automatically when probability of incineration is reached. This
limits electrical power consumption o very low level with an estimated fuel
penalty of about 0.1% in most mobile applications. When the exhaust
20 temperatures reach 300" up to 375°C maximum at the converter inlet, which is
typical in most mobile applications, soot oxidation with NO, is sufficient o
continuously clean accumulated soot without the need of electrical power assist.
NO; from diesei engine is normally about 10% of total NOx. The addition of
certain DOC’s can increase NO; ratio to 30-50% dependent on temperature.
25 This is typical provided that such temperatures 300-375°C are encouniered 10-
20% of the time. At driving cycles below 300°C, electric power supply will assist

with the incineration as the need arise automatically. _
[0048] The base-metal catalysts are employed in the form of wires or
screens and can employ single elements such as iron, copper, vanadium,
30 calcium, magnesium, or a combination thereof. The catalysts can be in the form
of wound wires, or in the form of screen wrapped upstream of the ceramic wire

or net (not shown). In selecting a base-metal catalyst, it can be oxidized rapidiy
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30 selected from a group including a blower for injection of ambient air into the exhaust, a pump for
injection of water into the exhaust, and an exhaust/outside air heat exchanger operating with a
modulated air fan. In this regard, a blower WO 2008/153775PCT/US2008/006659 105 may be
provided to injagbaudside,gooling air ahead of a diesel oxidation catalyst 1Q/rFhe hloyyer.J05 may be
controlled in a manner discussed below to maintain high soot retention in the converter above
threshold values and to avoid spontaneous incineration. Briefly, the blower 105 may be activated by an
5 electronic control module 106 as needed when a soot build-up cycle is desired. As will be discussed,
the blower 106 mashbepcoatidiexhbydheietectitrictontrochmaduland 6 as mdunstuinniqpessure
across the di riicu c r an intake temperature of. the converter ..
[0053]Some %fé%lué?l@e% [ nl‘zé'sﬁ(ar%@%%aﬁg)rcf%%%@g Ré% %%%ﬁ‘g”ﬁiaﬁi%% t%%?pe?é’%%?ee %?(hsﬁngi%];gtﬁ’l%s that
when couple@fi@ttctigriy@etiverditdl oxddaitioh tatblyst(E0 O)efaraplyvigenahigiiy e fedtive
continuous b i i ANCl an..E I idatior ide NO to

(8 InigriteRkiRnRSIatian. b pramplRfedalnaadaton ARSI S PIaNIHS,

NO2 conversion efficiency of 25% at exhaust temperatures of ersion

efficiency calSSrGAtR HEEgliute drembranrndta Baigikeeshatisttvmfruriaeiaiéothe conversion is
higher and the incingretign ratesmigher ifexeersivRiRCINSEEIRN SaBiIRAY 1 aitiep Meerliegtion

efficiency. Therefore, it is desirable to&rovide means to control the mcinerationiﬁrocess to ensure that

soot collectiof EHiliERALY HHa SR ULhILH BlRFHFEEOHERIB ARIEREA LV MREP EsiRiitions for
engines operatingr:atrarkientasonel @s R0steady iatecenditions:ii00aajis desriiked insystem
100 may inclk‘gg% a%%eed Ea%}éicgrptggl sg/ éenrg for thefcontr%)l of:'}g( aust %?as t%%%sratures. The feedback
control system"fiay ihclude closdd To gcon%?/o?%é’icaé%’sé’@% MREMAG TR Y ROBPRESE!8 at an
optimunidleveligtai givgmehgivie RiMivh antt a cotvenerdnlet Rtdesperature. In this regard, the
feedback control sysigmmay I S e 0 rs including pressure
ergﬁg}ééghe cﬁ (%f t%%ﬁ%égg}gggﬁ e%égiﬁxﬁ %&%%glgéjﬁ% %Qeedé cs:h‘"é%n%r% system

i
drop across the DPC, te

may be operdBias 8 rAorMOINEKREES{ePn pdizgurediaid provite coptintdih regpdrseiesigrediiermined
conditions. Theiingas Wedkipressuisiapal qyeR3thendinegre atin condijpns sHehasn

temperature ahead of the converter and engine RPM need to be correlated to specific pressure drop

and compared*ag4ifisISRIepEAMES s réPYalzSHchrtdPEncattead e ariyaamately

15 400° C, for example.

[0051] Engines that experience a transient mode of operation, such as
mobile applications, can incorporate a thermal stabilizer having high thermal
inertia. In this regard, a thermal stabilizer 104 may be provided for averaging of
exhaust temperature fluctuations. Such a stabilizer can be constructed from

20 sintered knitted metallic wire having sufficient weight to provide high thermal
inertia, high permeability to lower pressure drop and good thermal conductivity to
reduce temperature fluctuations. Knitied wires can exchange heat quickly with
the exhaust gases two ways heating and cooling. As a result, fluciuation and
transient exhaust temperature peaks and lows are leveled and averaged. This

25 results in more desirable exhaust temperature profiles for incineration since peak
temperatures could lead to uncontrolied incineration and low temperatures do
not provide incineration. The thermal stabilizer 104 will be understood 10 be
conventional insofar as not otherwise described herein.

[0052] The system 100 may include at least one coocling device

30 selected from a group including a blower for injection of ambient air into the
‘exhaust, a pump for injection of water inlo the exhaust, and an exhaust/outside
air heat exchanger operating with a modulated air fan. In this regard, a blower

15



WO 2008/153775PCT/U52008/006659 be provided in a look-up table at certain temperatures and
engine RPM'S. For evaluation purposes, the specific pressure drop is compared to the equivalent
pressure drop at reference conditions. [0055]Optimum converter conditions are based on best soot

reduction 5 efficiengysand reasonable pressure drop, which may be establishegthrough mapping.
Several alternatives for the control of exhaust cooling may be acceptable. For example, injection of

cold fluid such as outside air or water may be effective. Alternatively, exhaust/outside air heat
exchanger operating with modulated air fan that provide convection cooling of the exhaust is also
effective. 10 {0856]ehbd Cidvidédmayiopetatetsiconitolithe hloweesdd5fos thiriradudsitisnof cooling
air in responsg o . fisional, Ke, st sional may be generaied I response to a predetermpined
pressure. This pressure is measured across a diesel particu ale convertar fBLby Bitferantial
pressure senSet 189 THih diestrpanisitate ibervenarinay besithilastoithat descabddabove. Should

15 the back pissaURRs oweABAR e argeLanenbe lissel %EC%%R; fNEIGLIER e 0

accumulate soot. This is accomplished by limiting incineration throu ctivation of cooling mode. On

the othePharffeRRBIB RN Y SENE S Higharxmastas! taioRt Graostreuitkiie fam is dr6WRS until the
back pressurgsepmhes Heciarast brek RrsuUi BREORINGeRealiRg IO dss Slustidation s 20

correlated back Eressure from targeted back pressure up to 10-20% is allowed. In a way, such a

control proceS¥ i 85 & B8:af PEREBITACIBREIATS e P A RA o HITE sUject

control functiandssacicoanglisheddiyaliowingdnaingeationitoitake place or curbing/limiting incineration to
the minimum. This i chieved by cooling the exhaust gases to the lowest level for soot
accumulation. Alterrigégg , tt%ge@%alﬁg?ﬁ%fse%r{%ﬁ%%ra‘fﬁé?es%?éaéifg%?fy:o %ﬁcr@ggg% g}ggvhiae
maximulf indiereratieniu kn effieetisl, sindde nietiodviseto injeableutsidie aihwithythechlewvefid @8 into the
exhaust ahe %fa' D . The-irjected ai n.be mo d im >ffectiveness. Where
a thermal st;%(%ﬂze%us%%??g blé@%ges%)%%sg #r?@ %egg)rﬁg%ﬁﬁss;ﬁﬁ%ggsin%%%ggﬁgggt %%rﬁperatures
fluctuations dréaediicsd. MABSinkRMt of ijctamale iscasaallcrifaismot ahel vsth e/t difowdcally less

than 10%, fongxamlR NGR8>S aBc/ (bp2208/0060a% (A05EH e BySiem 4094Raydnclude

safety feature for measuring the exhaust temperature ahead of the DPC 110 to ensure the maximum

exhaust temperatufe at BHGTeRRECEHarai 8o SAUISYiBPREBEHRI - RalReration. At

15 higher exhaust temperatures, the conversion is higher and the incineration rate
is higher. Excessive incineration can lead fo a drop in coliection efficiency.
Therefore, it is desirable to provide means (o controi the incineration process 1o
ensure that soot collection efficiency and the associated back pressure are
maintained at optimum conditions for engines operating at transient as well as

20  steady-state conditions.

[0054] As described, the system 100 may include a feedback control
system for the control of exhausi gas temperaiures. The feedback control
system may include closed loop control logic based on maintaining the back
pressure at an optimum level at a given engine RPM and a converter injst

25 temperature. In this regard, the feedback control sysiem may control exhaust
gas temperatures based on factors including pressure drop across the DPC,
temperature ahead of the DPC and engine RPM. The feedback controf system
may be operative i¢ monitor exhaust temperaiure and provide cooling in
response to predetermined conditions. The measured pressure drop at a given

30 engine operation conditions such as temperature ahead of the converter and
engine RPM need to be correlated to specific pressure drop and compared
against reference pressure drop data. Such reference pressure drop data may

18



threshold level that could result in uncontrolled incineration. in this regard, the 5 temperature ahead of
the converter is monitored and compared to a predetermined set temperature. The signal may be
generated by a temperature sensor 108 positioned in the intake of the DPC 110 in response to a

predeterminegdnigisiespperature. When the exhaust temperature is high, the-gftectmay potentially
lead to accelerated or uncontrolled incineration (equivalent 10 to uncontrolled regeneration). When

such temperature conditions arise, regardless of the back pressure across the converter 110,
maximum air injection by the blower is applied to lower the temperature until the safe exhaust
temperature thegshoidied éaddbtiegpnysrentldfrisinerehpdr40089) krapenatian Rirfeedback control

system may , 5,.provide effective.incineration by monitoring pressure, drop across the DPC,
monitoring te%?;%é%’?iﬁ%]gf‘éﬁgﬁsaehéat K ﬁ%ﬂ%ﬁ@rgﬁ uéﬁg@r%%ﬁ?’ﬁl\?f?ﬁ%e%@@ﬁa c§ﬁ%’l%%iem may
compute the Bptifitcpiesgrerdieieata giveliiongine operating condition and compare it to threshold
data. Threshold datgygigy be BKRLIIRM.A100KUP BRI plamrmlecndhipdeoat fasilrpdhack 9O

control system i.S operative to control an exhaust coollng function when a monitore SpPecIfc pressure

drop is beiowPH pididfetefithsaassEHep RISSSHERIBIRrand e I ifitsrel@ bEtisst atieugabove a

predeterminegldpmpgratusediesholdaimaintain eREveralaPtiRabREEoEMaRERSJORRR)IKarious
examples the present teachings provide a DPC that 25 is a passive device free of active components,

sensors and BREGREH BomBoREHP Pot AISSHRET opRFhHBI MUy bRSCB PeteR) iR MR SRR Y rom
engine Op?ratﬁ@refgmwmeﬂnmﬁmﬁ@m mmjg??ggwgﬁaMB@wmd' ilﬁf égy@mimgmﬂfmd
non-particles reaching 95 .10 99%. The majority of these agglomerated particles are incinerated to
harmless byprot l&jci:?t% TR daEEPIEM |‘%hC g Ciﬁ%%wﬁ%%gf {ﬁeﬂ%ﬁﬁfﬁ? o% Cpafticié€escape to
the tail pipe. Such pdiigts arétardgeln) sié andydopetagenstittte ipalrtitelatewelutioh ivcases where
their size ex mic PM.10.s it Si .
2008/15377&%%%%%%0@?&%@% @%&gggg%géﬁ%%c?ggasvﬁg L%%‘stﬁg\;\{r}?g. R LA e
converter ha§8Rersées it paspailae red itaoR EMtiopdinse srEisUrBdigHHssaWwR BtHIsBHEEed
particles) andygesognizad efficienry (e aseskess 1795 hariples weioRN: J00RT e systsens

described herein may further comprise an exhaust 5 gas recirculation (EGR) system fluidly connecting

exhaust leavin@eeE® BFE AR SONVRGREEAY Be/aITE'es RIBE Ry Iibed 8RRYEst §38H8m the
DPC to EGRipgsieitkyhietinrh e xbaustiias iiectegdn dhe erginacisinakrbasdeemsukgooled

d substantially,cl f fuqitj ticles.. Addi h tem is referred t -
EGR syetom! SR RrAVHPAD S0Rerol HertorRaneE SR Acip ARl 18 AR BLR e EOA

systems sincénthegovegiressore & GRodystenvpeovidestble artirey aaddulbdbelingaf thesgassas before

injection in t i Irgnta ' ot.he lish ith, hi S S The EGR
cytem may HO A S e e e B Y e U,
Patent No. 7 /266193 sidaraehpacicor esetereianstoasimtuiliesepdng meem. Fluctuation in

20 correlated back pressure from targeted back pressure up to 10-20% is allowed.

In a way, such a control process is similar fo a thermostat contro! function in &
heating system.

[0057] The subject control function is accomplished by aliowing

incineration 1o take place or curbing/limiting incineration to the minimum. Thisis

25  achieved by cooling the exhaust gases to the lowest level for scot accumulation.

Alternatively, the exhaust gases temperaiures are allowed to increase 1o provide

maximum incineration. An effective, simple method is to inject outside air with

the biower 105 into the exhaust ahead of the DOC 107. The injected air can be

modulated for maximum effectiveness. Where a thermal stabilizer is used,

- 30 blower response time becomes less critical since exhaust temperatures

fluctuations are reduced. The amount of injecied air is a small fraction of the
exhaust air, typically less than 10%, for example.
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[0062]While specific examples have been described in the specification and illustrated in the drawings,
it will be understood by those skilled in the art that various changes may be made and equivalence
may be substituted for elements thereof without departing from the scope of the present 20 teachings
as defined in ¢ giginss=urthermore, the mixing and matching of featuresﬂ;e}%gg Eﬁoﬂ&%or functions
between various examples may be expressly contemplated herein so that one skilled in the art would
appreciate from the present teachings that features, elements and/or functions of one example may be
incorporated into another example as appropriate, unless described 25 otherwise above. Moreover,

m.akr:y m(cj)dificqtionfs DS ;15 made %y@@mtwpaﬁ@}ulmcﬁm;@tm% rfg%@ni@l f@rdth;bghmmhg teachings
without departing from the essential scope thereo erefore, it ma intended that the present
teachings not be ﬁ‘%lt?e}%i?g %%?t%ﬁaert%u?a% e ?eé) ﬁ@stﬁ@é@b? ?ﬁg}/@rgﬁ)ﬁn‘é?é‘ﬁfﬁi%s%’fi}?g@%n the
srﬁ)eci:lication mnerbmwmgoy pmﬁyfo_mut&mmlammmr@mg/im@liompr@emmhings but
that the scop r C e ogli following. within.t regoing
description a%%%@sgﬁgggggﬁlé%hﬂﬁ %Eggé%?fg%@ﬁg@gf ﬂﬁg%?g%%%@ g%wgt is
claimed f5: 1 j&&pstaiiier tiesasiiesfiongndipoussiatios of partisukide Anttectocletrrsdrhaust of a
diesel engine@@mﬁ#ﬁﬁw%m@%ra@@e%@@w»@ﬁa@p%e@e@%@ YIRghRAMIAY and at
ati S

least one candle located in the housing; a diesel oxidation catalyst (DOC) in the exhaust path;

at least one SHERt cOSIiNCFEREEfor the M ntiéRer ehaliy DPC 1107 in response o a

predetermined intet temperature. When the exhaust temperaiure is high, the

effect may potentially lead to accelerated or uncontrolled incineration {(equivalent
10 to unconirolied regeneration). When such iemperature conditions arise,
regardless of the back pressure across the converter 110, maximum air injection
by the blower is applied to lower the temperature uniii the safe exhaust
temperature threshoid ahead of the converter 110 is reached.
[0059] in operation, the feedback conirol system may operate to
15 provide effective incineration by monitoring pressure drop across the DPC,
monitoring temperature signal ahead of the DPC and engine RPM. The
feadback control system may compute the speciHic pressure drop at a given
engine operating condition and compare t {o thresheld data. Threshold data
may be taken from a lookup table, for example. In this regard, the feedback
20 conirol systern is operative to conirol an exhaust cooling function when a
monitored specific pressure drop is below a predetermined specific pressure
drop; and when a monitored temperature is above a predetermined temperature
threshold to mainiain converter optimal performances.
10060]  In various examples the present ieachings provide a DPC that
25 18 a passive device free of active components, sensors and electrical
components. Total system operation may be compietely independent from
engine operation. The system may have very high agglomeration efficiency for
submicron and non-particles reaching 95 10 29%. The majority of these
agglomerated particles are incinerated to harmiess byproduct. As is the case
30  with comparable devices in this field, some particles escape to the tail pipe. Such
paﬁictes are large in size and do not constitute particulate pollution in cases
where their size exceeds 10 microns for PM 10 standards and where their size

18



10temperature; and a feedback control system for the conditioning and control of exhaust gas
temperatures based on pressure drop across the DPC, temperature ahead of the DPC and engine
RPM. 152.The system of claim 1, wherein the candle includes: at least one first radial layer of wire
mesh, approximaifky@s2-#ches to approximately 0.5 inches in thickness, defin IRk D, site wire
mesh agglomerator; and at least one retaining screen radially conflgure around the exterior of
the 20wire mesh agglomerator for trapping and retention of agglomerated soot. 3. The system of
claim 1, wherein the candle includes a wire mesh agglomerator and a plurality of retaining screens,
and further whereetthe D @Gccoopdativies wahmg:md@xrma temperaigredediies tagengsate
sufficient NO f ratlon n.the osite wire mesh lomerator and the retajning
screens: g??l% g{f/s E% Hﬁ%alm %%?elﬁ KEBGE i LGRS % n&sﬁfér@%l?é?ﬁggd matrix to
provide low d?@é%@i@h%}ﬁi WWW@MQBMMM|M 30inthe exhasistsadbiying for low
precious metal loadipgs: O%QQ%@%@&%E B@é%&@%—ﬁg{? %%H% si}/&%e& fg!ggn 2 Whereln the
operate ee

composite wire mest a gglomerator and the retaining screens c Lbed for soot
collectioR ha¥if§ G Festent G s eypH sty cﬁ%?ﬁﬁﬁ@@vﬁéﬁ"@!ﬁﬁth@%’m&?@k &‘Hﬁo‘lisystem is

operative  the diesel engine and a valve to selectively divert exhaust gas from the DPC io

EGR system wherein the exhaust gas injected in the engine air intake has been
subcooled and substantially cleaned of any fugitive particles. Adding such a
sysiem is referred to as low-pressure EGR system. Such system provides
16 superior performance when compared to high-pressure EGR systems since the
low-pressure EGR system provides cleaning and subcooling of the gasses
before injection in the engine air intake, which cannot be accomplished with
high-pressure sysitems. The EGR system may be substaniially similar to the
ERG systern described in U.S. Patent No. 7,266,943, U.S. Patent No. 7,266,943
I5  is incorporated by reference as if fully set forth herein.

[00627 While specific examples have been described in the
specification and illusirated in the drawings, it will be understood by those skilled
in the art that various changes may be made and equivalence may be
substituted for elements thereof without departing from the scope of the present

20 teachings as defined in the claims. Furthermore, the mixing and maiching of
features, elements and/or functions between various examples may be expressly
contemplated herein so that one skilled in the art would appreciate from the
present ieachings that features, elements and/or functions of one example may
be incorporated into another example as appropriate, uniess described

25 otherwise above. Moreover, many modifications may be made to adapt a
particular situation or material 10 the present teachings without departing from
the essential scope thereof. Therefore, it may be intended that the present
teachings not be limited to the particular examples lllustrated by the drawings
and described in the specification as the best mode of presentiy contemplated

30 for carrying out the preseni teachings but that the scope of the present
disclosure will include any embodiments following within the foregoing

description and any appended claims.
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to monitor exhaust temperature and provide cooling in response to predetermined conditions, the
system further comprising at least one cooling device selected from a group including a blower for
injection of ambient air into the exhaust path; a pump for injection of water into the exhaust path; and

an 10exhaustqutsiga aif-Beat exchanger operating with a modulated air fapef hhg sysiem of claim 1,
further comprising a thermal stabilizer in the exhaust path to be located ahead of the DOC to reduce

temperatures below 400 degrees Celsius and increase the frequency of NO2 incineration. 15 8. The
system of claim 7, wherein the thermal stabilizer comprises wire mesh having high thermal
conductivity, high thermal inertia and high permeahiliggs209.The system of claim 8, wherein the wire
mesh is a rigid wire mesh matrix. 10.The system of claim 1, wherein the candle includes: at least one
first radial layer including the DOC; at least one second radial layer defining a spark arrest screen;
25at least one third Vel fagedrdefining a composite wire mesh agglomerator; and at least one

retaining scren racjallyconfign sl 2ot xterion L Ne-Wis mesih ARIoMERAIC 91 g rapping

of agglomerated soot. 3011 T e system o ereln t control system'IS operative
to provide effégtifesheimeritsnl WWH@‘IWQ?%@BWQFWQ%I across the DPC, monitoring

temperature signal aheadipkie,RRG.ANE ePRIRGEAMPC) having a housing and at least one
candie located in the housing;
a diesel oxidation catalyst (DOC) in the exhaust path;
at least one exhaust cooling device for the control of exhaust
10 temperature; and
a feedback control system for the conditioning and control of exhaust
gas temperatures based on pressure drop across the DPC, temperature ahead
of the DPC and engine RPM.

15 2 The system of claim 1, wherein the candle includes:
at least one first radial layer of wire mesh, approximately 0.2 inches to
approximately 0.5 inches in thickness, defining a composite wire mesh
agglomerator; and
at least one retaining screen radially configured around the exterior of the

20 wire mesh agglomerator for trapping and retention of agglomerated soot.

3. The system of claim 1, wherein the candle includes a wire mesh
agglomerator and a piurality of retaining screens, and further wherein the DOC
cooperatives with engine exhaust temperature profiies to generate sufficient NO,

25  for soot incineration on the composite wire mesh agglomerator and the retaining
screens.

4. The system of claim 3, wherein the DOC is constructed of a sintered wire

mesh matrix {0 provide low pressure drop, high mixing and turbulent conditions

30 in the exhaust allowing for low precious metal loadings.

20



WO 2008/153775PCT/US2008/006659 computing the specific pressure drop at a given engine
operating condition and comparing the specific pressure drop to threshold data. 12. The system of
claim 6, wherein the feedback control system is operative 5to control an exhaust cooling function in

response to afteasizane ef the following conditions: when a monitoredmggﬁ(l@%%gwe drop is
below the predetermined specific pressure drop; and when a monitored temperature is above

the predetermined temperature 10threshold. 13. The system of claim 1, wherein the particulate
converter is a passive device free of active components, sensors, and electric components in proximity

to an engine éxhaustisystestertbofl 4iatie Bysireraf cdaimdnmpberginaperaten efdbesystant is
completely in ent.from engine operation. 15, The system of claim 1, wherein the system has
very high agg §§%§$§u6ﬁ%’8‘gﬁi&g§ﬁc@yﬂ #(J)F %88%%&%&%@80 o?ﬁ%@%g FESTHngAR! ﬂﬂﬁﬁ%&g%scaping
from the systbfviodoeergesinasizéirsech that they do not constitute particulate pollution in cases where
their size exceeds 10 microns for PM 10 standards and where their size exceeds 2.5 microns for PM
2.5 standards. 2516.The system of claim 1, further comprising an exhaust gas re-circulation (EGR)

system, fluidI§-connéEngyeigiauah fdaiving thé petic thatdeasibasierasitng elistareginewica valve to
selectively divert eudaest g0 the Padisulale CORYETISHIRECA SYRIGM Whepsin dhg exhgust gas
injected in the engine air intake has been sub-cooled and substantially cleaned of any fugitive
30contaminaRf€determined conditions, the system further comprising at least one cooling

device selected from a group including a blower for injection of ambient air into

the exhaust path; a pump for injection of waler into the exhaust path; and an

10 exhaust/outside air heat exchanger operating with a modulated air fan.

7. The system of claim 1, further comprising a thermal stabilizer in the
exhaust path to be located ahead of the DOC to reduce temperatures below 400
degrees Ceilsius and increase the frequency of NO; incineration,

15
8. The system of claim 7, wherein the thermal stabilizer comprises wire
mesh having high thermal conductivity, high thermal inertia and high
permeability.
20 8. The system of claim 8, wherein the wire mesh is a rigid wire mesh matrix.
10.  The system of claim 1, wherein the candle includes:
al least one first radial layer including the DOC;
at {east one second radial layer defining a spark arrest screen;
25 at least one third radial layer defining a composite wire mesh

agglomeraior; and
at least one retaining screen radially configured arcund the exterior of the
wire mesh agglomerator for the trapping of agglomeraied soot.

30 11, The system of claim 8, wherein the feaedback contro! system is operative

to provide effective incineration by monitoring pressure drop signal across the
DPC, monitoring temperature signal ahead of the DPC and engine RPM,
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WO 2008/153775PCT/1JS2008/006659 17.The system of claim 5, wherein the deep bed creates
sufficient contacts and high residence time to allow for the conversion of NO2 to N2 and CO2, thus™
reducing NOx emission by an order of 10-15%. 518.A method of NO2 incineration of particulate matter

to clean exhayst ff,adiesel engine, the method comprising: providing &que&%&%&%%ate
converter (DPC) having a housing and at least one candle located in the housing

diesel engine exhaust along an exhaust path extending from the 10diesel engine through the DPC
treating the diesel engine exhaust with a diesel oxidation Catalyst (DOC) disposed in the exhaust path;

and coratmﬂmgéﬂgha@%g%ﬁﬂ@rpﬁ%ﬁﬁ%e@mﬁﬂaﬁéegd@ﬁ@@mﬁér@b%@tﬁt@ tuayaselastive
control of an exhaust co% ,%d%ce as a func |on gresshﬁe 15 drop across the DPC, temperature
ahead of the TPE3HE% S BB PISTHEAE R S7E8H eﬁ;?t‘ther comprising trapping of

agglomerated soot within the candle. 2020.The method of claim 19, further comprising generating

sufficient NOjé/gr(t)ttl L!?f #&é% é)f%%r%t %It r%%%rgﬂﬁ ine eé(%&gg&}te eg&t%%%ai%rsgtxﬂles to mgmerate the

agglomerate e me erein the contr ng e
to control an exhaust cooling function in response o at least one of the following

conditions:
when a monitored specific pressure drop is below the predsiermined
specific pressure drop; and
when a monitored temperature is above the predetermined temperature
10 threshold,

13. The system of claim 1, wherein the particulate converter is a passive
device free of aclive components, sensors, and electric components in proximity
to an engine exhaust systern.

15
14.  The system of claim 1, wherein operation of the system is completely
independent from engine operation.

15.  The system of claim 1, wherein the system has very high agglomeration
20 efficiency for submicron and nano-particles resulting in particles escaping from
the system to be large in size such that they do not constitule particulate
poliution in cases where their size exceeds 10 microns for PM 10 standards and

where their size exceeds 2.5 microns for PM 2.5 standards.

25 16, The system of claim 1, further comprising an exhaust gas re-circulation
(EGR) system, fluidly connecting exhaust leaving the particulate converter to the
diesel engine and a valve 1o selectively divert exhaust gas irom the particulate
converter to EGR system wherein the exhaust gas injected in the engine air
intake has been sub-cooled and substantially cleaned of any f{ugitive

30 contaminants.
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25temperatures with the feedback control system includes monitoring exhaust temperature and
providing cooling in response to predetermined conditions. 22. The method of claim 18, further
comprising providing a cooling device selected from a group including a blower for injection of ambient

air into the 3@exhasisifaaih, a pump for injection of water into the exhaust pathy angan gxhaust/outside
air heat exchanger operating with a modulated air fan. 23.The method of claim 18, wherein the
controlling exhaust gas temperatures with the feedback control system includes monitoring pressure
drop across the DPC, monitoring temperature ahead of the DPC and monitoring engine RPM. 5 24.
The method df/claini 28, ayhEreircthdaonGpllihg exhabst gaspteraperatates witfidleferdhaciks control

comparing the o S B F P A B S e A W e e
controlling exifgusigad! tempaiatiradwih teléeedbackEéntrol system includes controlling exhaust

cooling in response to pressure drop below a predetermined specific pressure drop and temperature
above aggredetermined temperature threshold. 15 26. The method of claim 18, further comprising

providing a thiétmal AtERRIZEFiPHEedrsing paT aPeBar iF WD et ik Gladte pideragires of the

exhaust and m@g@a@@@;ﬁ@qu@ﬁﬁmggw%m@@@tion. 27. The method of claim 18, further comprising
defining a wire mesh a%#éomerator with at Ie&st one radial Iagler of wire mesh of the candle. 28. The

method of claim 27 FHEP 8ot PSRy RAHBHIB G rfPPYEiIThG REGIbMRIIE PsBGERINS 21928t one
retaining scresmsitheatieaticdoestetainitg2hsesaen radially surrounding the wire mesh agglomerator.

reuting diesel engine exhaust along an exhaust path extending from the
10 diesel engine through the DPC;
treating the diesel engine exhaust with a diese! oxidation éatalyst (DOC)
disposed in the exhaust path; and 7
controlling exhaust gas temperatures with a feedback control system
through selective conirol of an exhaust cooling device as a function of pressure
15  arop across the DPC, temperature ahead of the DPC and engine RPM.

19.  The method of claim 18, further comprising trapping of agglomerated soot

within the candie.

26 20. The method of claim 19, further comprising generating sufficient NO; with
the DOC in cooperation with engine exhaust temperature profiles to incinerate

the agglomerated soot.

21.  The method of claim 18, wherein the controlling exhaust gas
25 temperatures with the feedback control system includes monitoring exhaust

temperature and providing cooling in response {o predetermined conditions.

22.  The method of claim 18, further comprising providing a cooling device
selected from a group including a blower for injection of ambient air into the
30 exhaust path, a pump for injection of water into the exhaust path, and an

exhaust/outside air heat exchanger operating with a modulated air fan.
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23, The method of claim 18, wherein the controliing exhaust gas
temperatures with the feedback conirol system includes monitoring pressure
drop across the DPC, monitoring temperature ahead of the DPC and monitoring
engine RPM.

24. The method of claim 23, wherein the conbrolling exhaust gas
temperatures with the feedback control system includes computing a specific
pressure drop at a given engine operating condition and comparing the specific

pressure drop o threshold data.

25,  The method of claim 18, wherein the controling exhaust gas
temperatures with the feedback control system includes controliing exhaust
cooling in response to pressure drop below a predetermined specific pressure

drop and termperaiure above a predetermined femperature threshoid.

26. The method of claim 18, further comprising providing a thermal stabilizer
in the exhaust path ahead of the DOC 1o reduce temperatures of the exhaust

and increase a frequency of NO2 incineration.

27. The method of claim 18, further comprising defining a wire mesh

agglomerator with at least one radial layer of wire mesh of the candle.
28. The method of claim 27, further comprising trapping and retaining

agglomerated soot with at least one retaining screen, the at least one retaining

screen radially surrounding the wire mesh agglomerator.
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