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| MPROVEMENTS | N DI ESEL PARTI CULATE CONTROL BACKGROUND
WOR00THES7TENVENT/ ON [ 0001] The invention rel at esp¢DUS2007/011911

i mprovenents in controlling the em ssion of

particul ates from di esel engi nes and provi des net hods

and apparatus to that end. ,[0002] Diesel engines are

the nost preferred for heavy duty applications and

light- duty trucks due to their high torque and

superior fuel econony. By virtue of their fuel

econony they al so resUDESCRIRENMased CO2 em ssions as

conpared to ot her engines. Unfortunately, diesel

engi nes gl obal

air pollution %&ﬁw{wggggkgﬁ%ﬁ?wEﬁ??ﬁf arly

soot or carbon particulates (PM and NO There is a
BAGKeBOYNPOFITHE BXKENTIOM et ween PM and NO,, - when one is

decreased, the other tends to increase. [0003]
[OomarTheouVattm r(éb@@tt)) improvements|in senteellipg the ¢misgion of and
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In pr um soot nost o
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At UIPes ar e t 0o owfo Initrating
duty:tmd:ksrdueus thieic highl tprpe and stiperiar datli esnnony hBP Xirtye cN’GEelr fuel

coohify b e e YRR 6D s RS WiiPae o st rines

Unfbhmelly, dieselrangires gynmbnm digrifitarolysto ambarsasl globalesi gpljution
i deal . particula repgoval ,unit s I 1.ni m R .

throp HeCerpisP A e G L e AL RO Pt R P Heaf G Thgre is

a re@bgribel Gaioff bétveen PM AR NOhewher oaé icdédatbasell sthBasher tends

the potential of decreasing the soot oxidation
to iREIBASEr at ure sufficiently to provide for passwe trap

eneration. Currentl t wo _ nost
00} A Erateadsad gt PeioUetAS aren GLCh 3nd SeHYsind, passivs, filter
regéﬁ?itloﬁxét%églém are2b&ing JusE@ iR lpy#86e 36 Burd isbéte Thurt ost of the
convert NOto NO2 which in turn, oxidizes sqot

diesgl engine rﬁ>§§@ﬁ°n(R9§|°§nﬁWrFXhE}ai) &AP (RMPIDARULYS| 58 belqyy .3%@ -- 100
lov~/Af81(J) ISI&I g m Yrﬁﬁo P/288bot (%9%1&11wﬁﬂbg©r%{ ek Kimura,

rne cat a[!%sts t hat oxi di ze soot
K, Adiemiap, Twili, egicea8) Hallstrem, KorRAB papar 2(P449110879 sPretroit

20l GBS Ro syl oy ST RO ) i

remBealt urikshdald orinimizd thextymperahge forsiogtinfipusagrtingluced regeneration
ftﬁat al ﬁed soot filters due to the poor contact
of (e P &N at al yst and soot (See J. P. A Neeft, M

ool 55 ot iy oEPEE S IHOERHE S beicuion

tenﬁ@&ﬁlrﬂ:&ﬁﬁ‘&ﬁerﬁ@l’td)ﬁﬂﬁﬁlﬁ’ ot @dgdive trap regeneration. Currently, the two

most popular technologies to decrease the necessary temperature for soot oxidation

are i) catalyzed soot filters that convert NO to NO; which in turn oxidizes soot (See
R. Allensson, Goersmann, Cavenius, Phillips, Uusimak, A.J, A. P. Walker, SAE paper
2004-01-0072, Detroit 2004), and ii) fuel-borne catalysts, that oxidize soot mainly
with O, as well as to some extent with NO (See T. Campenon, P. Wouters, G.
Blanéhard, P. Macaudiere, T. Seguelong, SAE paper 2004-01-0071, Detroit 2004).
Soot oxidation with oxygen is insignificant in catalyzed soot filters due to the poor
contact between catalyst and soot (See J. P. A. Neeft, M. Makkee, J. A. Moulijn,
Chemical Engineering Journal 64 (1996) 295). In the catalyzed soot filter



2 applications, the soot is mainly oxidized by NO2,

where Pt is one of the primary conponents which
w@emenat’exs si gni fi cant amounts of NO2 at | ow PCT/US2007/011911

tenperatures. Unfortunately, catalyzed soot filters

| ack the desired durability, and the presence of SO2

further leads to sulfate fogmation (particul ates) and

deactivation of the catalyzed soot filter. [0005]

Di esel particulate filters (DPFs) can be regenerated
apphyatﬁm%ha{e sdﬁtﬁﬁtmiiﬁlyao)fldﬁledtb}/ N vet@se Pt lig one of the primary

nperature of filter, npl oyi n | one.
cortgenbe ik o e Sieerrgtua, BF 1565, 2L BRF obberres
Unﬂaahﬂﬁel} calaf) 248 lsoaNfIteahclc Bt Bisired Auesbiktyaasd tl&ﬁpiﬂsénce of
the usé of uncatal yzed soot filters tqQ captur
SOpfurdiey ieadp i sulfsap &mqﬁ'gndaamph@tqs}a%é SFaWeﬁwrbaf catalyzed
Soo@ﬁ%st used, soot can be oxidized with 02 or with
(See T. Canpenon, P. Wuters, G Blanchard, P.
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and. cat al ed soot filt tudi,ed so far
coriging: WA o HesnaRrragions oF -G AP dfensd M bilpage point
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dvant ages of using Pt-Ce fuel borne catal %/st s_j ncl ude
Mauhign, G. J. K. Acres, J. Peter-Hoblyn SAE 1999-01-0113). This is the lowest
balance point achieved among the many combinations of fuel additives and catalyzed
soot filters studied so far. The additional benefit by using Pt-Ce fuel borne catalyst is
that, it forrﬁs Pt catalyst coating on the exhaust gas system and on the filter, which is

able to significantly oxidize NO to NO; and therefore further decreasing the balance

point temperature. Further advantages of using Pt-Ce fuel borne catalysts include the
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sul fur poisoning, even using fuel containing 500 ppm
wobkoosusd7ss , the filter did not suffer from fiPeBUS2007/011911

plugging or sulfate formation. (See, S. J. Jelles, R

R Krul, M WMkkee,,J. A Mulijn, Catalysis Today 53

(1999) 623; S. J. Jelles, R3 R. Krul M  Makkee, J.

A. Mulijn, G J. K Acres,”J. D. Pet er - Hobl yn, SAE

1999-01-0113; and B. A A L van Setten, M Makkee,
resnslane‘é to oL gtﬁlsorﬁﬁ% AdvelRRi¢inDCiu efé’tgxtalﬂifag(ﬂ)@%)n 489\)ifur, the filter

f Il b I
did SpetTer die ier AIMEGHE O B formphiot: (Sebot- N PHes, B Redkrul
M. PARE&TS, Ahﬁfo%njxh%aw%s %39@53 @1’999%23%8 dlewaradsxzon Khe, M.

gener ati on over catalysts are sul f

Maldeas]. tAvMO(uairsd} B@ Aeresd. B- zléqﬁertléolSm %Ey1999 01-0113 and
ffici 1.0

B. £ by iy Bt . Wk, J, 8 MiBfhifeD CHBEREDSERE AR 0B001) 489)
Thepgfoje, Pule Hhet rbenmceaalystt wilhba¥e signifivent advantdgeeover catalyzed

cleani.ng cou educed .
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| aﬁ%%&chk%&?@i%\lefsqﬁ%(ﬁﬁ ®Tot e Blgl%lf?r@o?één' e. (! I@ifston R.

her “hand it is shown npor al

Vorarb) Esérgy dfuelpl8d(2008) tIRa3;, ack & Yemarbca. diﬁ}‘?@efn L, B. Jean, D.
Blalilay OFXS%X t acfso% 1(%365? %tr??oﬂ vﬁstf‘augg t%\e’{i}g%r@gx%%cg'tﬁe 'd8creased

soot
the cgmaonl geraperatira byi abiont 0 K lvenfpasdd withrynsatadyzet ysoot pSaation,

_ and?'pﬁu Othlé O%S’szt%gb%;grs' Shle)%a’tcbew('lf%z%k ?’ﬁe é'éa&é bfé/xts?'}i%i ijOm the

dec6ﬁhbakxy16t1 of WeHBQy)i. I@n ket dtheehand/ gean shmwn oyt tempblal sanalysis of

|ncr Si rate of .spot o i.dation nd t
progfetd B, oA, e AL BNPhEd 1 ane it Wi i Shen CeOs
is i tifRScontacERith! Pride-U SY908)hiSh @hn B coimidered #OS nihBOof the fuel
studied with NO+02, over_soot containing fuel Hgorn

borpe patalyshSery st Bueno-lenaz, Ks Ksishagt Mr Makkge.Jydt- Afoeupe] Catal.

| Reatdysts Kiply Y lalvi o
236@0@9}3@??)5@@&30?;2?2%23%6;1 5aS ys1t599 ) 623 aS ‘l}ﬁ@ gen'to soot,

thug indreasing\the raglafeseot gxidationyand; ssiﬁ gay pprsesonyaearill rgplpge the

thu%gkrﬁn%g%):arﬁgﬁes S’tpéeﬁg’)ég\tp'p?hgg' ’Cai];’;ll Sg'?g B G mil, M

[005 smwautﬁ% wds éng&%hle%)mm W@P'o‘%{ chbﬂﬁldlﬂg fét Borne
rocess 1s NO oxl dation NO2, wher elrn

cerx’amaﬁqjﬁsts as well as by externally addmg CeO; to soot (See S J. Jelles R. R.

Krul, M. Makkee, J. A. Moulijn, Catalysis Today 53 (1999) 623; S. J. Jelles, M.

Makkee, J. A. Moulijn, Topics in Catalysis 16 (2001) 269; and A. Setiabudi, J. Chen,

G. Mul, M. Makkee, J. A. Moulijn, Applied Catalysis B: Environmental 51 (2004) 9).

The main reaction in such a process is NO oxidation to NO,, wherein the NO, formed

is a powerful oxidant than O,. However most of these studies are performed in loose



is a powerful oxidant than 02. However nost of these

studies are perfornmed in | oose WO 2007/ 136753
wEFeus2807/ 011911 4 contact node and not w tPCTZEER07/011911

and soot in tight contact and NO+02 as an oxi dant.

Soot oxidation in the presence of Co-K-Ba/CeQ2

catal ysts (in tight contact,with soot) wth feed gas

cont ai ni ng NO has al so shown that surface nitrogen

contai ning species are involved in oxidizing soot at
confACol ©¥Rd nbeWihr @¢0y &id §dvén tightcorvhdttand NOAO; as an oxidant.

Querini, E. E. Mro, . la, J.Catgl. .220 003
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[00(%%“%4: %\iﬂ Bp(fg‘]ﬁlel}(bofﬂ@ lc&Gilysth ar exﬁ’e%&ﬁr&l‘y"ﬁ@é%@ ab?l%ﬁes et al. (See

It has been found bor ne
S. Jcktlt:IS,thR Kmi VeMakksei #eﬂlMouhmoCa@b’%TP@#Y 2htl 998y 623; S.

ho I
o EHQ ! S3ke O AR o ISR 597 4085, K0P 5. .
Jelle R R. ¢al, McmnkgesﬂsAaNEuhm &.dcKi veresf 1.d0. Peser-Hoblyn, SAE
TRV 1 uctlon er'd atal vze
osb by DS PRR 50 Ml FR MR b AL e b i
soot &idu@dr &d)ﬁavkhﬁotvhapwasid)almtabqineambhg thexdatidysto kn@én so far
Jo! 2— he thus for is nore reactive .
e ot e baEpR har fishrte haren e €ab Rt M agtiye ater
an E‘Ntﬁélhﬁﬂﬁfoﬁ, périod &f QQ‘,‘ifall&z’eHetEh]i rmlnng\ms d&xmﬁmse& proposed
over, CeQ2 to form ac}lve h OXIf%é NO
thats plttingr poataier Yallvat thecran SHaysslm RLignNQ TS NO,
Ththad forfHed9e0, tsf;ﬂs.%f RhcthRasivhriRPt-C QYR koipared with Pe-soot and
current need for new insights on nmechanistic_ aspects

-Cu-so0t. Eemlyermogm it isfposeilated thab Ny desomnases @i (€0; to form active
oxy?@’é a"d‘s&ﬁ %se%)d@"emci?rlgtpﬁ Feldi@l CPab Bt seem to catfillyze such’

al y5t 4y yze soot ter systens and to enpl®
ox)tghemahsfedmectgnnspartl culate filters wth inproved
efficiency, and this patent application discloses such
[00il 6 There rie atcsrrentDesidr fab |nyw inkights kmomkeugesticaspertafat viery high

rovi di pg,t Lap [

efﬁ@‘ﬁﬁ?‘é\c?gr?ts{:l czuevyl tblgr% Q‘i\‘igg %ﬂ&%ﬁq{/ \?g Pper fuel bome
catalpsis/emaBded e(btﬂlf'ﬂte@fsysthms ahd Memptdyl themsto dnsighqmrticulate filters
T R TR
Deﬁfabllqﬁitﬁxsl Knoviedgecduld pd n @eovi&i\ﬁglqtl‘a}s?htth mmrove;l regeneration

mechanj st i c ver i e Pt - Ce.
R R T I N R A R
witBbutRBéddvanth@dois shdrifedes invidel e¢dhonBV&ODBF kizel ency.

[0012] It is another object of the invention to

rowd artlculatefllters with inproved efficiency
SUMMARY OFTHEINVENEION at i on characteri sti cs.

[0011] It is an object of this invention to provide new insights on mechanistic aspects
for very high efficiency of Pt-Ce fuel borne catalysts and to employ them in the

design of particulate filters with improved efficiency.

[0012] It is another object of the invention to provide particulate filters with improved

efficiency in terms of regeneration characteristics.
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anot her object of the invention to provide particul ate
wo pdovasesav t h | nproved regeneration charact erPGL/US®P7/011911

whi ch could preferably retain increased | evel s of

ultrafine particles wthout disadvantageous

sacrifices in fuel econony or DPF size. [0014] It is

yet anot her object of the invention to provide

particulate filters with inproved regeneration

[00 Fd] At ACdrRfiet bbfedt ofhe Glivenfibn @Ppfovide pirtitulsie Tl Witﬁainproved
dirfesel fuels containing_as nuch as 500 ppm of

regapgration ehesRisrisfies MNCheR PrEGEABY TPIR ngrrasy levels obitrafine
gtg ]]:\Sfrth&{{% S1ddsntdElous SscriticRs [rled edtmdhtydor DPE ke Or NO

0015] Tt 1s another object of 'the invention

[00#18 1er 9 el %.nhﬂ;@f Qpfidt W the fihQtRAG0OpRRAde Barticulatd &lters with

regeneration characteristics that
lmppewem tegpwamrn ghaxhetenetmsS sitieh @ﬁn \IREFase iwith sapysnéippal diesel

fuelbﬁé t%lynzuééj f g@%@%&?&gmﬁggﬁl h RaleUsplecial SNAMYagR of low

er o Jects are achi eved
and alieaiaiv sglftrofutisas iwelleasttio fuelhhaving bttlewirdessulbfvr.h
i nproved processes and apparatus for reducing
[oom It $$ amstharf ob_]par(tf i thellimmeation to prajiids ghprongd madl, flgw@nd other
Ln.one ec LNV n e
‘i’ué%tg ngtl?% tB e?egf rﬁ%en tr‘gtl Anc g&éﬂﬁﬁ:saﬂmt {ng egugzggcmg the

reSel engrne w

emxesm)fs of alttafie paticles vithbetsdisadviantageaurspracdBees infecla¢dongmy or
€ di esel engine with a fuel containing a fuel borne

Dp éFﬁiyst conprising a fuel soluble or dispersible

100FGL, FiRerat GUraDET. BB BISRo R OpIE: if RS AORoR which

probides UB&H bmpﬁc%‘a%fédéﬁse@f ahd) eappaedtu@nfbrc oeduaing nanibsiohs of
ceri um_oxi nd pl ati num group netal released from
mn¥ﬂ%a$ﬁgpﬂble B&&FY-on, through a diesel particular

filter havin |l east two s}ages. co sed of (a) a .
(00K 5 I g S8RAELi B IMKGIoR PR VIR P B Y oRscs for bpétating a
dieseRleAbiret with ré@ited miSsibhA6E partichifateds, il aérﬁbbi&ls operating a

sectron and (b) a filter section conprised. o

 diesshgngigesvitt » Sel icoutaining a gl dogas ?4@@!?%&0@%59% fuel soluble or
dlS];gll ngﬁ%e?nhﬁ?@{]ﬂ-q%sﬁm@i D sOaBRrAfRERERDI %liﬁhum group metal

usting the fuel in the engine and hol
comm:tmm passingexhaustipredyced by sambystiompetheifelt contammg both

cerlugp 0)9 4& g?@ ﬁ)latﬁgﬁpoéroﬁﬁ Tnetdt! Ikt 2ded Grdf? YR ﬁlepﬂy QJ)rﬁB*ﬁfgf{%through

. CEr um conposi t1 ons
a dmsd pmmmmaﬁltmﬁmvmgaat lem awoestages cogprieschof(aN@xagalybt section

havgrlaﬁt %I%Eﬁ lélH{nn g%)gs (ﬁ(;:e I a¥§l St o%eCt ggulgzhc%g%ﬂxﬁé the %(t)arl%set section

andC@) al fylsér settion aompﬂigedfoﬂ ;taSSagse eff'ecﬂch‘berembye phgicaktdsuirom a
oxi de main a|n di spersion of(LB afnh{n tr .

m°1“i"|t%t Hreamp o4 £ ‘éFﬁ'&“tﬂ?éesc%"ﬂeEﬁ’r? ¥ R § fhefugl 1 the, gpgine

and MRIEHE fﬁh@ﬁx @lﬁerénhe t$ Qemfta teirC lokdation, Bﬁm«tld ethen hﬁﬁmément
soot OX|dat|on at |.ower balantaiF 0|nt .than .cou

compuises WaiZing; le YRl of PIRENYR Z50W B 8S'Hf’%rtqeﬁlﬂm Wltlons,
fuelBARl opfithdl Themital LBhaR@E {0 Yénerite tNIO, 1@ nitrates in the catalyst

section in amounts sufficient to form cerium nitrates on the fuel borne catalyst and in
the filter section whereby the cerium oxide maintains dispersion of the platinum in the
filter section and the cerium nitrates will migrate to the surface of the soot particles to
provide enhanced soot oxidation at a lower balance point than could be achieved

without the provision of the platinum group metal and cerium fuel additive in the two
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Anmong the suitable chem cal enhancers are sol uble or
wolc@pasesdl e al kali  netal and/ or al kal i ne earedm/US2007/011911

conpositions in the fuel in anbunts effective to

enhance the nost active species of surface nitrates,
especially ceriumnitrates. .[0018] |n another aspect

the invention provides DPF apparatus which is used in
advance of a selective catalytic reduction (SCR) unit,

stagbhBh&! Arhdip hRAuaEBle dhehlicdl WnRiRers &@Ciolubls on @ispefsﬂﬂ@lkall
W ll aid in the effectiveness_ of the SCR un

metaband/phglkpling earth cogopositiprisin the fugldn @%Ollnéﬁlﬁﬁ%%‘awe to enhance
the 'n{Us{ 5&4‘Je3§ﬁéae§ O irGED AHEAEN Esp¥iallP Rerithhnl didrgs.1 on of

NO',  in the conversi on of carbon and then

(00PN andthlerd Q%(?%e Vehtioh rerb‘i'd@s O Fﬁﬁ'ﬁfus WHRAEIsEd in

used an additional catal'yst ahead of the SCR to
adveneey enft ar selgrtivenraplytio mdectiqo (§§F)I mnietwhareinndhe reduced

paré‘gtﬁgt%%&@ reséhvcsnée ﬂbgl%m’ me& é#{éc?& eleleelry tﬁg%sctqi unit in

ree ri se a cata
redtmng lrennddw\ng Tdnup,l ﬂmmmsgnedupﬁdmtaillyolatthismqumem by the

ntac surf L, the cata ecli 8
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mbusting the fuel - in th i
33%5?%53&%%&9% in to permit their oxidation,
bed ab d
[003§1) Y sppr axRBe My O era Brav Rt o UBEEOmbBsatt ARG tvee

stagdis€ EGhpaskdas@y h caiyst BectionVieivingd# platindmogioap ahdtsl davdlyst on
performng the proc ed in t

: e Il b e
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The i nvention will "be better understood and its

gengeateth by fostuisting BiecBiek ivrthe engipp apd holdipg tham gherein to permit
the{/a_o%)%ﬁt@%(gg getiald®dd daRct! Rhi OudisRAG! 2 filer 2ok %ﬁﬂble of

acconpanyi ng drawi ngs, wherfein experi ment al
remraving vkrafinepattioles. in Fig. la through Fig. 10, Fig. 11
"is a schematic of a reaction environnment discussed
[0026] Manampreﬁirg:d aspeets tafr baghventipn, ppd sipparagist fasrpasforming the

progﬁ%%g %%%%e Ritel h tl#éqgee&h fi8n wiicH ﬁJl1o‘&WSandFdsQ: I ic. seen in the

ra 0 res soot sanples as I n
drafiggs. | b is a graphical conparison of fresh Pt- Ce soot
and 70% oxi di sed Pt-Ce- soot. 70% oxi di sed Pt- Ce-soot

BR;S:(?&)EP&&H@N%ﬁé&ObEEM% under different instrunment

I ngs I's a graph of experinental results

[O@hfmmtg gn\yé'ﬁth 1Wdl 8@ Pettdd fhdelBSRELALNY fivaRth 0w PRicome more

ron wth
apparent from the followmg detailed description, especially when taken with the

accompanying drawings, wherein experimental results are shown in Fig. 1a through
Fig. 10, Fig. 11 is a schematic of a reaction environment discussed below and Fig-

12a through Fig. 15 show different embodiments of the invention, as follows:

Fig. 1a shows XRD spectra of fresh soot samples as indicated

Fig. 1b is a graphical comparison of fresh Pt-Ce-soot and 70% oxidised Pt-Ce-
soot. 70% oxidised Pt-Ce-soot XRD spectra are collected under different
instrument settings.

Fig. 2a is a graph of experimental results showing weight loss with

temperature during soot oxidation with air.
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of experinental results show ng normalised soot
woziodasd7esn rates. Reaction conditions: reactopeil#R007/011911

feed gas - 100 mM/mn air, heating rate - 10C/ m n.

Fig. 3 is a graph of experinmental results show ng CO

evolution with tenperaturesduring soot oxidation wth

NO+02, with increasing oxidation tenperature.

Reaction conditions: reactor-fixed bed, feed gas - 200

m / m'gn 2bGeQ& grpph NOekferiméritalO2sults, shomang ngrmalised-soot oxidation

csteRs ReAgg goRegont HeaedSy 1A AP Rt 8 o8 RPig o fparine

oxi ghad 1 poPQ/higl. 3) Fig. 4b is a graph of experinental
results showing NO2 at th { aft S00
oxi Hig ﬁdhaﬂfﬁﬂhé’fceéBF’l"Wﬁmaﬁ?é § ~°§"rﬁ’ "lea H@mon with

I eaghMerdtlreeflir@tboot &aGdadi@swith mdﬂ /\ﬁmﬂnﬁ%&sﬁ@mxmtlbﬂ
vol % 02+Ar, heating rate - 1 Cnin, soot-

NQ2
i s temperature. Reaetiqneqonditisms gieaqer-Buee Bel, rf%tq g5 200 ml/min
meagw E&nkﬂ’ohﬁ'ﬁb B%%F'cgm? q?]e'aﬁn ragé a@“C/ﬂ{m %@Qb'}ﬁé‘t al

resu how n actor outl et W t
in CF Egaéa ngja ggmi)e:ff@p(pelemgmﬂ regultsothovang t&iab ﬁhqmepﬁor outlet

?‘i"ég é@]t%gg’dan ; 5§%|s a graph of experinmental
esu

he reactor outlet wth
i ncFigadbrig) atgeammfad}qpbéndmal ragukmﬂtovoug U, a8 theyputtet after soot

El(e}g gglfigé inqe co lg%aﬁ*&#a%ﬁgg dchx 10 S: %m&%gﬁ %:‘157 ?%g\rgas -
hea0m gﬂmh&s&m pb@i NO%IOZIXJT/‘) (DZGAﬂ@l):amgljrSaE&aJ KI261Gn,(s86t-20
xpE Nefia plet o pu et Bhion S ortenions P ey HRIR

pri gL salisSP I‘apﬁ' &’ eﬁiénhﬁmﬁil Gés%ﬂlb sﬂﬁwﬂigl)e{] reeRhé keactor outlet
results shovm n? gen nmass bal ance and 2CQ2+ é
c

oveMithingrgasipg r@mﬁrf%e qhgataﬁephaaﬂdgm WHRiNGT PetP ikl

Of or RRAGH &: QR rinReH! trbS shbRBf RO, dvtRé &@fb tlet
feet!i@éassbg-é 56%/#%%000 ppm NO2 S +Aﬂ{r:gt soot - 20 ' roure

Fi gwith increasiiga pimpsiei gudag aﬁoyétﬂxs@@PnoWFtbaNﬂj‘rQMPt/ﬁlz%
t
N dvez%&n)d %8£&ﬁ8h§’grefalt:t§glg&%é BHE fbd a2 zogeﬂﬁﬁl ifiN600 ppm

lons: reactor feed das -
250Qrpia W%Q#Ah,ehﬁa'ting ratet-el °C/@i Sook 20 sag)tandOPtiyl>03 (80
Fig, élrs a Egt\m ng CO, over Pt-Ce-soot and ‘
pri RERIULES ur| I'sot hermal soot oxidation with
NO2 Fig. G xs&B@ﬁthﬁ‘a@tpenmenmm desuilts showinge@Ok avef Px-€d-soot and
bed, feedU%as - 200 M/ mn 5000 ppm NO2 +10 vol %
02+ mtex

Flg 6b is a graph of experlmental results showing oxygen mass balance (NO
and 2CO,+CO) over Pt-Ce-soot during isothermal soot oxidation with NO; at
350°C. Reaction conditions: reactor-fixed bed, feed gas - 200 ml/min 5000
ppm NO; +Ar, soot-20 mg.

Fig. 7 is a graph showing Catalyst-soot oxidation with NO;, with increasing
temperature with NO,. Reaction conditions: reactor-fixed bed, feed gas - 200
ml/min 2500 ppm NO,+Ar, heating rate — 0.2°C/min, soot-20 mg.

Fig. 8 is a graph showing COy over Pt-Ce-soot and printex-U soot during
isothermal soot oxidation with NO,+O; at 350°C. Reaction conditions:
reactor-fixed bed, feed gas - 200 ml/min 5000 ppm NO; +10 vol% O,+Ar,
soot-20 mg.



soot-20 ng. WD 2007/136753 PCT/US2007/011911 8 Fig.

9a is a graph showwng CO,, and b) NO at the reactor
waloo7ngp7B% - Ce- soot  and printex-U soot oxi dat i por/ws1007/011911

300 ppm NO+02 at 350C. Reaction conditions:

reactor-fixed bed, feed gas - 200 mm n 300 ppm NO2

+10 vol % 02+Ar, soot-20 ng, Fig. 10a is a graph

showi ng M5 anal ysi s of Ce(l\ﬁ)3)3, Fig. 10b is a graph

showi ng Ce(NO3) 3+pri net x-U soot deconposition in He.

Re fﬁ;l 08 iCPRAbh sROWing /GO bAd bPRIC-t the kdactR Ut PdCedsoot

MS, feed gas - 20 rﬁig/m'n He, Ce(N03)3+sqat, were .

gr cudcprintexrUnisrot axidatipnywith 30D ppm BIRHQarpt 3P0 A nkeaction

sc 2&%{&091 ! RAGhH-AReEBYA, | t_ 200 @l/fhirk 800 ppm NO, +10 vol%

unders

andi ng the experinental section. Fig. 12a is a
s ¢ h@pigAi, sodf2(mBPF according to the invention Fig. 12b

i's vari at : i ' 12a, show ng
medie 104 4 Sitp8 nd e SIS MTREpeROTOR: 2% oo d
r egBige1@biiomn; griply shdging CeANSH peprinetx-dfsoohdeqomyfositiondn He.
DPF_conbi nati,on of the | ion; . Fig 14 is a
SCHRFAFIR SHAlFRen SF oL elp R b Slprormshiss s, M, fepd s - 20
I NValkiif Me, CRAAOD,Gsool etesgroundiin atdostar.of t he

" enbodi nent to Fig. 14, show ng neans for introducing
f uekigangll ok g aglakgtstoft onai sdhégin aeadtionn eavidorirhent to aid in

DETANCER AR s PERPER St MEIDRVENT] N [ 0052] The

i ntion, id [ ts i trol.li th

e Bt 42 it schspepe of ALY 3CPfies IREF BYRIARS. 11 does
test.i tli i.n t bel

ancliR oy Rt RAGFBTHEAE 19 BRCOS TR R o PRt Hieans fo

fil fngfodhisiak fdéldintlioy @ataletdl didtdgensratibf023] The
invention 1s based on discoveries nost easily

obspig/abli€a WHeadtioWf ot btsferréPDPEHonibikdtivn offtles @&ention;
they are effectively utilized in all fuels suitable

f or peli, 8384 a Y8R maticVfla6thBOprefefed DPF BompiratiofboOtHe invention;
500ppm sul fur. The term "fuel"” is thus intended to

i nchde all of those fuels effective for operating
di esel engines. The fuel can contajn dsj]tger,gent (ef g.,
50- B 184 varigin ef thy embadymeng tq Kigy 14, showing meggs fo5

PP M@tk 1 andfiflichiahRBio A8 rélRPkfaBien alPOB IRt lter
PCT/ US20077011911 !

for ultrafine particles.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The invention provides improvements in controlling the emission of
particulates form diesel engines. It does so based on testing outlined in the Examples
below and with the implementation of new diesel particulate filter/fuel additive

_combinations.

[0023] The invention is based on discoveries most easily observable with low sulfur
content fuels, whereas they are effectively utilized in all fuels suitable for diesel use,
including those with up to about 500ppm sulfur. The term “fuel” is thus intended to
include all of those fuels effective for operating diesel engines. The fuel can contain
detergent (e.g., 50-300 ppm), lubricity additive (e.g., 25 to about 500 ppm) and other

additives, as desired.



9 [0024] Anpbng the fuels suitable for use in the
i nvention are those which typically conprise a fossil
wo pl13esxch as any of the typical petrol eum depdwes2007/011911
fuels including distillate fuels. A fuel can be one
or a blend of fuels selected fromthe group
consisting of. distillate fu§l s, including diesel
fuel, e.g., No. 2 Diesel fue No. 1 Diesel fuel, jet
fuel, e.g., Jet A or the like whichis simlar in

[ob24] Aﬂﬂ)nEQhE‘tfuélE‘ GuityB1é F85 use/ ui the\Nvehtidd 8&ethobd!hich typically
ultra ow sul fur diesel fuel (ULSD); liquid fuels

cogmriseiasfassi! fyelr seddy #omry b the, b@ical prirglsumdrrived @6!5. igcluding
dieti Bl fu@8d AP} OGin® szldhe ge%a ¥Rfdf sekls %Hl‘é@teasfri)ﬂloﬁfé group

conprising a "nono-al kyl ester-based oxygenat ed fuel
consigting fofit dgstnbleuedfuebt éncludipg efieschifgl, mest.hio- @r Deasply fuel, No. 1
e ty_ac e [
DIESQ 8y 3ot BN Lol efn O IO R 1< LG 3 fing point and
vi§dGay tto Noqul DaaéSel‘ fiedl s ultche low exthlfur aliess] duels@JLSR);uliquid fuels

o oS P8 Bp ) L, T -
defmvemﬂads ,Sduich a3 ttRodeUmintprisinig a " pwhoailled rﬁster-b%bd)xygenated fuel",
e uel., di esel var
 dhlofty S5 Sl PEEAEHO FE A BV SRR ol et dspived from
tnglylceﬂﬁest r&%ﬁ es@lﬁdﬂﬂ ®ilS qaneRasit nbor tthitow dois t'Ghs-ad-Lijuidy®” fuels
petr etrol pum fr alctl ons. and resi dﬁgs. Th,%
g] a‘\"% e 597! Ar PeFrOleUFLIpIICSSe hRG tqrp "hydrocarbon

fuanisuelrﬁ:aai ho thma@sal rmt ﬂ‘bbs’i'fﬁelﬁ e;geis&le@Sﬁoxaf "cﬁ@llxllllaft@ fuels" or
ormal ly included with he neani ng, of

"Pieﬁe\el:lm"n&%%?"ed&l? sl ﬁ’éﬁsélr ifugls and cygaioys é%%er 61rstlllate fuels are
m%’l'uﬁ@cp]s"fﬁ’e tdrPA b di8i [faté %QV %@stf L0 Ve i RS brotiU@tksprepared by the

Jet.- A and Di esel No. are deened equi val ent
distilatigpsifipetipleomsorafetnofraim frﬁvfecm apd regiduesarlhedone r'priralgum” is

%ﬂtg ﬂguﬁqgrlﬂqu nn&?cfe' @Léf {gﬁ ﬁ%&%ﬂa&%@&ﬁle‘é’?h? gd@l&é%?rmally

cati ons. uel sTare covere
m@lSiml Dlm‘mSthe rﬁtmn@pﬂtheSpen,l ihcbldtngdrydﬂmaﬂﬁbremterﬁlﬁe kegardless

| cat i Ion d f%ti on Turbine Fuels”
ULSD
[0@5] 1( ?g,g] ﬁﬁér 1eaeq\gls\]z)}'l ue? de%ﬁ}%ﬁ eéul’lls+lf:r(t %(?r )ang?c%?%ns of the

inhergioar buhare cdvefiilby ddferentt Aingrivai §btietylBorpPentingratd Materials

RN P cBiptonsodBe il ol i EaRtr S P, BT B R affandare

SpEatfidaciom fofliTes B‘ueeldilsmeamA kssthel desighafioelof" ASTM D 1655,

wd.ncl udi ng .di esel el s. ting _t TMdeflnltlon

SHat] Sehibe o Avring CubURF iR, € fqrmuitadoyifur diesel

fush@ULSD) e@émrslw@dl of NU. st dleselt Rislsanith GAsulARMBYdIS® higher than
al cohol s, ethers, organo-nitro conpounds and the Iﬁ(

0.0Q1 %y percgat by nightetlfaprsm) apd é?muuaf%wmnréﬂhw aglopy, promatic
hyRlr&&rbo ¢t TR AR than ﬁ\.ln%}ré@nt By Roluae. scope of this

invention, are enulsions and |iquid fuels derived from

[Owﬂfl'ﬁé) 't&mo“dxégel‘ Pt nR@HE O&StiAHE Tudls" FRIMin2l{edd)f Rels meeting
coal. These fuels nay also contain other

the STM, égﬁm@mfor lieseh fuels |qr| ptbgrs; pvanhthoygh they, @rg dioh gvholly
comfitsed G d%lates and can comprise alcohols, ethers, organo-nitro compounds

and the like (e.g., methanol, ethanol, diethyl ether, methyl ethyl ether, nitromethane).
Also within the scope of this invention, are emulsions and liquid fuels derived from
vegetable or mineral sources such as corn, alfalfa, shale; and coal. These fuels may

also contain other additives known to those skilled in the art, including dyes, cetane
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anti - oxi dants such as

wWQ2@7dsers®rti ary- but yl - 4- met hyl phenol , corr osiPeI/US2007/011911
inhibitors, rust inhibitors such as al kyl ated succinic
aci ds and anhydrides, bacteriostatic agents, gum
i nhibitors, netal deactlvatOﬂf upper cylinder
| ubricants, antiicing agents and the |ike. [0027] The
process of the invention enploys a fuel-sol uble,

im{Pbidrs, MahflloxGdingd Ystich hs €2,6- dlaelﬁiug} blgl-Aeméetayhysadl, corrosion
-sql ubl e, or

FBO) , preferably co isin
“élbé‘ﬁ& s Tt o INRAPILATS 1 S r??upag'ﬁg?‘ﬁ SBYPRS| @Fi9 2Rd gnhydrides,
bdchglosasit Li&leﬁ‘tso guf HIEHiErs) ekl rdeHéﬁva@&ﬂpgﬁ;betrl GMinddRibricants,
cerlun1conp03|t|on S preferably enpl oye
antisging Ages ashihe likef ecti ve to provide from0.5 to 20
m cerium The platinumgroup netal conposition is

[09523} Eheyprogessrfi thy inveation srpioisraafuchpaluble; multi-metal gatalyst, ie.,
a feél%ﬁi.g éa[tgmt gFI{!))i?pSprte?ergb@pEBr%%hg%émﬁﬁJble or dispersible

pre erred evel cerium.are from to 10 cEJm nore
platimyrowigroupr anetal t@na)q@pmn a@ng. a fug-seprhle Ao, dispessihigr @erium

co?ﬁp;?cfsﬁ[orne% e"c@hﬁ m%hgébﬂ Uil B{e?erﬁﬁlggkgﬁgo%gﬁ Lt chcr%ntratlons

effdmaverwalplmnde rfegnrrﬁrﬁ aanZQabpmfcnnwme ’Iﬂlel blannmy group metal

t al trat '
Hier” M erioiapl” Sty sl dine el “Pisflivhee prayie from
0.00@RtdTR Nipm [pﬂ)eﬁﬁﬁ}n Aﬂo&d]ﬁ&férﬁ@ble@élsldﬂ/\tehﬁmﬁh& frbm 2 to 10 ppm,

w55 BATCIRDY & e PRRasisy B Bn ol s TR Preieblevels of

plagaluf tateOffoin0.0003 @ 0.5 ppm, pagr tlesd thsn oezs%ﬁm ng sBﬁﬁrembodlmems
car bonaceous soot and nﬁﬁ OXIde en1SS|ons is
A the it

an
t 5&&?&%% egimepcan ical) & ine higher 3! !Sé\?epgenéqatwns iitially

orCldefin&d mﬁ!’r@&lh‘ 6fad Asced St tnhﬂﬂ)rtﬂ'i@ﬁ'ﬁolettbbﬁhﬁéﬁt
commerci al |levels, and several enbodi nents are

[O@ﬁﬁﬁﬁﬂ%vﬁ@taéé bt ¢sw QeNeld BE chtaliBt %a%ﬁgt 8ltbraf [b;ﬁﬁ 5 Dlg preferably
out sacrificing significant tfuel econony F

balowdl2 pryn20f mers mgeierabls pelowt ahout 8rnpgm ig ébﬁpt%imﬂil@hm ultra fine
pﬂ’ﬁ@le?1 GELUIHR 'ed from GRS MaBERIOLYt Band Gfekl u&thé Iemlssuc)ins It is an

napt henat e, cerium octoate, cerium ol eat
adyahtege ©6 &lp;esmsrgmipraélat tedamalewels 06 salatyshpradace lass ash Hen those

tygf%af 9011(;’31%1":%1% % Canﬁcslegg'ral ?rgg?cilnu%n J?g gﬂ@pdaé tgfﬁl{esJ %ut the fine
um conp oun ’are ‘trival en Sounds —meet

arfdoultrafioe PEbw(tmtR)i&lﬁMg s@nrﬁdanhﬁx&t exmohyner IpPE{seeabl y
C2 to C22, and including aliphatic, alicyclic, aryl

[oaaa] Almopigathel spdéifsf €eesbiny compesitiens ara: icsar'mupdlli acletmlscetonate

h X [Q at 0 X o.ceri

. Ca[r)y m\/\g#P 'ﬁ%ﬁ)%eg‘ra %'a cer |eglrlﬁprbc %’g e %Tﬁ'&) @gﬂ%u m(dégt e So?ﬁ Jsuch as

sté’dreﬂeenec&técmmad and rother @yatodC 4 hadkdnoiveacidy) dndfth& lika Many of the

e. In altern tive enbodi nents, .the,ce b .

PR PR 3 E St Fompo R asynl e, forii nCe (OOCR),
wﬁélenER&hydl‘obah'Boxﬁ,Cﬁrﬂferﬂfly faiab @ddirid ineludiig ﬂﬁﬂﬁﬁ&ﬁﬁ@alc aryl
and al{( qolzreger%bly, the cerium is supplied as cerium hydroxy oleate propionate

complex (40% cerium by weight) or a cerium octoate (12% cerium by weight).
Preferred levels are toward the lower end of this range. In alternative embodiments,
the cerium can be substituted partially or in whole by a rare earth element in the form

of fuel additive.



11 [0030] Any of the platinum group netal

conpositions, e.g., 1,5-cyclooctadiene platinum
wale@hasers3 (pl ati num COD), described in U S. PapCT/B82007/011911

4,891,050 to Bowers, et al., US Pat. No. 5,034,020

to Epperly, et al., and U S. Pat. No. 5,266,083 to

Peter- Hoblyn, et at., can kg enployed as the platinum

group nmetal source. Other suitable platinum group

nmetal catal yst conpositions include

[0030TBNYi &f Ithe Pplatihah| groop maml [cpmpoygitiohes ezed 1 5-aicldutradiene

il o G CTIS el BE LS B F° T3 855% mowers,
et ANSUS Pat. N G,6525020 ROESpAZ] &sal., Rh@U.S.UPatgNe L 268,083 to Peter-
di benzyl i dene acetonates, and fatty acid soaps of

Hoblyn. #ihahe can 2ei smimeyet at theopiplimwa rour mytal sogrGeq Athgr suitable

pldtirfiind g%b%aar &ataly S0 pobitfons HRIAYEB e RiallylSvailable or easily-
Invention is based on the discovery that various o

syhthesigeds platinhinzgneyp [nestal aceplagstonatasy incliding shstityted (e.g., alkyl,

o Do . : oo . I
7ip SHOAH' i) Wl DAL SeoylabtiEh S Klathl Yhp metal

dibenzylidencaicywnates candi fatty acidsrapseidetsarhineplainum metad complexes,
cerium nitr pn.the filter section whereby the

e’%é{elhﬁrrnn"})exﬁ;laé}'lléozglesaéédci ated with and mai ntains _

i rsion of t l.ati. J Bl te [ d._ . .
(0 3Pl bRl oF (B iFoR i Yaskh e, ARERRY Bk Ivarious
factocs wiilizing léveds o6 platinpar grazipemetab cpmpusition eodrams edmpositions,

oot ,oxj.dati on at,a , educed bal anc oint.. Th .
gl 7 PPURTE! Shrmital Entiangers Spn icreae e seopTation $fNQy ina catalyst
se¥dorCin z&ﬁ@urft@ ﬁtﬁl@igli@lt hﬁf(ﬁ'nhéc?hlny I:afﬂtés\fla thé et leectt)ilobGﬁli’eEéby the
Anpng .t he sui t.abl.e chemical enhapncers are_sol uble or
eflglp%flé? 5 asSaipted with pag maiptains ISPErSI Plthe iatgnum in the filter

seSBIPaRd the0B&ium diftftel Wall beaviiilbR! & BE fs@fthte/ nd Within the soot
enhance the nost active species of surface nitrates,

pagtiglesstoqrpyide enhaneed isppt-axddation at g rediiesd balagcepgint. Jéhe invention
- b FolhRidiBt BRGhORitfts! WRicHARR o b i
R o SohRu B oA Chiel ISP, K oBb0R gy s
spa¢gies.any of the known fuel borne catalysts of are
barium .calcium strontium zirconiumand potassium
[093-dsAamepatlas suitablescheimigalenbancenpdre\sethbleromdispersiblmalkali metal
fielient 110 o) b . 0
it U SRl SUBLXICP BN o iyt O hpance e
most attiree peeies ofimuatfadehrdtraten, espeapdllypdeziunmuitratpsoSychnathahcers may

to eriymwm]l _be wirhin . the r of fr.am gbout Q.01.
oe, aef S U ! po e ' iR s AR T g1 A B Shinabie
metial cahpositionsaire any ofithedemoswvpiuel boinasatalysasssif are daritm, calcium,

make it.part of,the catalyst section as factured. .
suogham 2ot M blfrihe et fatnostiass sopR b Employed in an
angduf@Isufficidn|to angpll fraini ARDUEBIT tb alSARTIOS bf itled Svefdhit tofhe noted

as, enhancer s afre the. atglc h I/g}tééesh sufonatg}ié,
mefat 19-1F RECBRLRISEI AP 6 5, And. dhe agpRiaf Rlptinughetoye metal to
cefLAU i BRSivithin theOfangt &Y R6@Sabo@ 001t & 8Bout! RS ByESveight. An

tal |l ates, napthanates, other fatty acid soaps, and

enhpngeq f@rscesiun pidragh formation ran he smployed as a wash coat to make it part

of the catalyst section as manufactured.

ce

[0033] Among the suitable catalytic forms of the alkali metal and alkaline earth
compositions suitable as enhancers are the alcoholates, sufonates, beta-diketonates
and soaps, e.g., selected from the group consisting of stearates, palmitates, laurates,

tallates, napthanates, other fatty acid soaps, and mixtures of two or more of these.
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conpositions are organonetallic conpounds and
weophawses as well as the salts of sodi um w tPCT/US2007/011911
sui t abl e organi ¢ conpounds such as al cohols or acids,
e.g., aliphatic, alicyclic and aromatic al cohols and
acids. Exenplary of particulgr salts are the sodi um
salts of tertiary butyl al cohol and m xtures of these.
O her sodium organic salts are avail able and suitable
AinBhg YBE sbdiuhh Eor@pbdsinénst frat orghhﬁ)maémcf ¢thpamds ahe co&ﬁﬂexes as
n sol ut.ion. | e not red, inor

are stab refe
wlly B 3ali of 970 Vo TipRls GrBant hePRRutn soFh s ARRRYS of acids,
e.& aﬂ:ﬂ}ﬁnef 1S CRE bhd ardinfpie rmolsrmid%ldsu Bkemplagy ofFartiBuldr salts

st ab emulsion or otherwi se. ng.the specific

are; a%i senpRitnefsteatiasry hugd algehal aé‘id maxfpres pft thgse. Other sodium

org ¢ 9&1?5! HeNSaildNE aR SRIEe it T R EQLAUNRSIHES ARAR]-soluble
val | abl e as Sodi um Petronate from Cronpton

andarpaiableiin solurian3WHe nrepiiefgrred. noyganiaisafisgar lso begmplayed to

théS % ?enlgytg% ﬁﬁeé/b&{ﬁeséwéfﬂggiegﬁi%nﬁergea My fife Cﬁ[cho%z )n a stable

odi Um a e sodi um t - but oxi
enpilkion éruetheraskuimong Mex spwsfi¢ Nadikm wompeindsRaies thcn salts of

su?tjgn%ﬁ a)Etgoczar% gm t%rt O 22 OrsoHQ.m? r\pe%ro?e%nic' Sals ogatgoql %rl'gxble as

om sa eni c acl
So‘dimm Mﬁinateafroﬂ:ndrq]ﬂﬁlbﬂ|(é¢rﬁ)>rat18nr‘(iNaﬂ3 SR Redlkgs arf'l talyalkyl,

ther nmeials, are useful as,avajl abl 003
angd R 35 e Thal Bprng st bAY Thusd tatins) Spfitam Alcoholates, for
exafipfNiddiimWiiutoige B btheS AR Wkﬂﬂe vikewkids @Nael{b dhefih R is an
seve al re r Sentatlve Conf| %t|0
allge, f o ctro 3 1 23,00 OB GO Andsso %.r@ngﬁgﬁr:&o%@nsalts of

na%ﬂfenﬂf 2544 @drR@athem coMant drfdipetioleun®R SIMAASRD ¢ bedhe other
erein, the diesel particulate filters include at

mF‘é‘é@Fetlk?/ﬁf“'staag’éga %orrprl sed of (a) a catal yst section
havi ng a pl ati num group netal catal gwt on contact

[Og%ﬁ]f g gnhgncpmgnis Ha &P?@Ewgélf?ﬁ"éﬁd cthe nventiop) widk be best

seSf W viedvdd0 AP Tent il in REVGAD fsprédechemilk V& nigulfidRY ©f DPF
particulates froma noving stream of conbustion gases

deyines (Bige 428 fhreugib Hig. i1A) wlh@h flepdet mpan fos peaggicing thaénvention. In
ea@ﬂlc%@ Qegcpx% tﬂéferlff' fheldefRf) glﬂcul&t Q'il{erso Mcgﬁ%e ﬁnleas-{r{g/o stages

yst an ter SeCtIO S may I ntegra
cogipriged ofe@i aonatafyst seaione i haying aeplatmmnagl}mpdnaau catalyst on

co?g g aurzﬁc%l yv%ﬁlgi cg{af'ys Ctl%d Vq?nlglt fbﬁeoﬁgeny se%?HH 312 cq(ma%nsed of

ces wi ["'so “pr éfer ab
paksdgee effédtivet 1o neniolve (pbrtfdulaaesafmkn dlriovingf streanpaﬁ d:omlinsson gases

Active, regenerati Qn strateqi es.i ncl uel ect
eenfiteCiy Ortuis B Sl B B Sl ipd BB ey 1ectin 48 permit
theip ok ifakion. Tﬁlelwalw andd fideei skesiohs ﬁra@ra&adtagadlab wsdingl@€ection of

i]ter qperatin enper at ur Xi dati on
th; leb e, £ B ¢ AHALTEr S ot e, GRers. Ty HitRatageously be used.
Thed@ntdsowill e @éiﬁriﬂl? indlidd Hahir@akdape fiedrad p2sto B8O Fine and

actlvators to the fuel provide |nprqoved _ em ssions

ulira g pagticles- aﬁ&“]"%\ﬁ‘?&eéﬁ‘ﬁ@?%tsﬁ?f@g&eé g%ﬂgﬁieafqeb gnjection upstream of

thée&@lydt MDsdnlol-AQivalRCIRMLDAE TES ﬁ{ddeqﬂoneéseinerealé@catanyst and
catal’yst section can be integral with
filter operating temperature for oxidation of particulate matter and hydrocarbons In

this invention, the addition of fuel-borne catalyst and/or activators to the fuel provide
improved emissions performance and low temperature regeneration, according to the
mechanisms described herein. The catalyst section can be integral with the filter

section, but is shown here as separate.



section, but is shown here as separate. WD 2007/136753

PCT/ US2007/ 011911 13 [0035] Reference is nade to Fig.
wd2w;y/18d155h shows a representative device uti | PEi/mg007/011911

the i nprovenents of the invention. An interna

combustion engine, e.g., a Diesel engine 11 is

operated on fuel containing f:\SfueI additive as

descri bed to produce an exhaust gas 1, which contains

car bon di oxi de (CO2), water vapor (H20), carbon
[Oﬂ@l\%PRbti?erfcg(@ mald¥ 46 Qﬁ?rm wHikh shdWd 4 PR Bsepidt@device utilizing

, carbon partic , etc. An exhaust pipe
thz '"IPT?Yﬁm‘tqtﬁs owﬁf‘aa@tengag An @t?%w%feauwome%%mg a Diesel
rﬁgfl PBpétateA VP hilet %@nﬁfnlﬁ%t al e hdditPe §§ ﬁg&?rbea to produce an

at al yst SeCtIOH 5 and er section

ex,hdvsirgaégbowbw}l cartains waehon; diexisleoGs “aterimpo\(bln@ht carbon

AL B SRR AR SN SR AU .

etcaaleybauss pin'ei )13 fon theroxiust gas ¥ us:pmvtdeﬁownﬂoannaleirsjtagn DPF 4
nitra eSIF& fllter sect

cofiarsga gf ol JPAL hes pReT o SN eSGHER, 5 HG: - Fe Section 12
Advdritgfeoasig} thannva'rtiimt pevides ianniniprovahan whdrémm@ﬁatﬁt but low

to the syrface of the soot rtche t rovi de
 apqtn L PRI Errun e ae Bikasdetn thy ik 4 mspeate NGy in the
ca@ﬂyétdsebﬁomhla@vaﬂn%ﬁmwnt tth eforrﬂré&‘iuﬁi @ftrAAés ighe ﬁlter section
Iatlnum group netal  and cenumfugf addi.tive in th

wheEPY gy eerfym oxide maintging dispsEehehthe platinym inge iifer ection

arilt @ Ecelriuld Altralds?wilh nSigRIte X6 Ghe shifadenyitel ot pRFRNEIRS provide
radically decreased particulates in all size ranges

enkiapcqdssogb pridatign Ak 4@ Wefgbalance\payint thé%vc't"éﬁﬂl@r%bm"éé without the
rt)bﬁldnymhgﬁﬁﬁmﬁfn%lﬂ Tﬁ%&al%ﬁ%ﬁhﬁf R\gl AqHifFRDI e two stage filter.

operatlon e catalyst section 5 has as its
Inpmep@ybocilmnt: arhersini the cbird e$tggeo filter 182 is cemnyalpyedhithe hinvention

pf\(xﬁtd@% Hdi &tqﬂ,e&%nveéq F%eﬁﬂ&%ﬂ dllﬂs&é g\paﬁd ?jéeilf %#Eneratmg at

un1an
veagy bowp temeahmrdsrof dhd typk nipest ﬁeqmattkyl epsountened Gt tndblﬂetoberatlon
formati on of surface nitrates on ceri um oxi de
[0p36]) The walgstc&éu@@ds has)as ttdnpurﬂxm thiecatatyticcanaéngim of NO to NO,

COHbUStl ne 11. s catal yst . .
whidh! % SORE A bF tbon IO vl righth S "EARRR e invention
em;blbgmgmeammﬂum plavinpmRictip inBials &l & fuelthtirme adtahist, result in the
cat al d runni ng the engi.ne on,the fuel
rofRbdon 6 Surt¥ ritaE: B soBtus S0 pafitidsatiEd G fuel bome
catd)ystaddringecstiblstioh et thieCerfpiieally z thtsh&télyhsidcﬁbﬁ 5 is preferably
n. SonNe cases, .as ' 12b, fueF

| oyed shown i
cafalfzagewith PIABER Proter RlaUBHE &r@ueﬂféﬁgfm@&t buzgandye catalyzed
b}l ﬁﬁ‘mmr?gafl@' Shinecdbul R fidel bbRle SRAYHtAASNtidhed AbSFe hl8oses listed or
enperature w thin the catal%st and filter sections

hlslpertf% g iecwfigisat q cptalyzg theriubstrte employegdodngome cases, as
sh%%ah]\/ Fg%aﬂi{ %eneemrse %Jecﬁsdg into ¥k& eﬁEﬂ\éﬁe)&Sﬂﬁoﬁﬁsu@:]m of the

whi ch. can be pressure and/ or tenperature
caéaéygcﬁf@/oraﬁ,ltﬂe%s@wq to crasecthei tempergiuret withinothercatalystznd filter

segf% thé devitd& WSt I'E?mtc%q%% | %opr(e catt{lgstfahwo? ﬂﬁ‘aﬂger Fig.
cat al yst secti ons, e back pressure in rough t
IMoWnsdfre S k2. a.nd 53, which can be pressure and/or temperature sensors
as needed to determine important operational parameters such as the temperature of
the filter and catalyst sections, the back pressure in through the DPF, and the like.
When the back pressure is determined to be too high, fuel from tank 40 and line 41

with or without a fuel borne catalyst can be introduced, such as with an injector 42 of



When the back pressure is determined to be too high,

fuel fromtank 40 and line 41 wth or without a fuel
whooonasess al yst can be introduced, such as w tPCEIS2007/011911

i njector 42 of WD 2007/136753 PCT/US2007/011911 14

the type which has a return line 42 for cooling as

described in U S. Patent Ng, 5,976,475 or U S.

Patent No. 6,279,603, the disclosures of which are

hereby incorporated by reference. A simlar
thélty s e@iidinhad & RAAWNind14Zifgr cdSlind @9 Héeribed BUDSIS: Fatent No.

for catalyst section 5 jcal cat
4Tty o U 5 Prnt Neurars-603.oinel Bislbpues ol Which are hereby
s&mﬁédtumf&m @.551ﬁﬁ’l%.€*hﬁ£ﬂgfeﬁ1en§is| sheRn i FLI1Ge, gl ass

or nmetal fibers, porous glass, ceramc or netal

[O§mmaﬁ®%na@n@r ch@u,lsk keotiohN® cPBE a HPRAPEAEBE sEMRPRFHL e.g , of

material will be a ceramc filter, such as _Silicon
al@ging; @esmomblmm% cCoFpesition| %wlasasmcsﬁ@rmoﬁwgrm gxbjjes glass or

_ a I hyst
OB SRR, LR ARRDR, bl HBRGIEE f QENEE e, mos

prefieoeg soppert saatmag will epp pmﬁéﬂey s§oh gmSili@nanbfde, which is
av%ﬁ&lﬂg YA pist pﬁ'rog‘n {1&{@3&/? Bas %o %lat‘,é}g%% (ﬁ'ﬁgifhe supported

nano- struc ure hose avai
catalysnt@picall y contaiss| ﬁmmoatx)ut Bﬂdo 9q:) gmm dplaanumegnmsptmetals eg.,

d |
aobfimblohy 50 B¢ Y of eled SUbieif vl BRSePiafleraypts gna nano-
stdtuadd 8dtal ysis dsucht 3l msﬁe Wlabk&aﬁ&mﬁetal&hs Golhtttdnlsﬂhlc. provide a

al kal i tal 0 alk net al tlvator
meiss'e %ﬁ‘ngy%ﬁf”éb'l%“f‘ “’t 8e H%)‘Eﬁ“t‘f%’n%? alingmy ﬁ'ES’é’Q metals. The

foRRLI6E 6L tHel sp1iAcatal yhetand cabd it vt hedaty maf afkaGhclday hikek metal
has |ntroducedasstem whi ch utilizes heavi | y
orclkgingeagthpetal acmtﬁrsw These SiF Wbl §t g inventioh as are those

ma&g&@sﬁ@t pRSVided - A- manMfhdtuiRk F R dRiRE Ha@aiﬂtrﬁa&ed a system
pl ati num group netals) reportedly 90 to 12

wlgxﬁh fltt*"zﬁ%ﬁé\FéYﬂY catadyzed JABF g help vitheloy” epapargturq Eﬁasneranon
%l %ﬂh%@%nb&@mewsbﬁm%seé} L Pl@ﬂnumaé?eﬁg n&l%ﬁe%&&edl?" 90 to 120

t1 num group net al ng, e.
gm/A¥ 1 bawsver cthese lopdings reuvery Gosghy. ver elagmumabedmgs of ess than

F S P oINS 85 gy e

thaw apauti Hbgnt/ft, teaog. aaboid 3 (t@ﬁcgmt adre ovnﬂn:(l[tﬁe&ajmteﬁmlatmn of the
nown i.

infitioge byb ol PebEeidie i R i IeRTs im okatien 4 gl NO

condéntratignait | east a portion of the particul ates
produced by a diesel engine. Anong these are wall flow
[0038D[Fiiltd? sdetiorc @3 cah beyfiy oftihise deoakndvan hemasai ab useful for

r,particulate trap rreshfllters . S .
DRBebs it e a8 el e’ Sl eh dsast B Horkorh ok RS particulates
preaﬁdeudgdanﬁésausnglmw A@foripUthBsed areawall | fRIw enérfoqu dbies of type

sintered netal . filt such as

and Cornin r fs
 dexieging b*fnem?qe éu&mame'&ﬁﬁﬁmewrﬁ&f‘é flfers. ¢r&; asfifgeribed in
EP N2 42 661 ahdE#R)s, ThAudiRki exrabied Pbrods HedeBs khéH &4 avalidble from

can be any_ of those known in the art for
NGK and Corning, Inc., sintered metal filters such as available from PUREM,

corrugated metal filters, and the like.

[0039] The optional third stage filter 112 can be any of those known in the art for
removing fine and ultrafine particles, e.g., less than 50nm and preferably less than
30nm. Those made of silicon carbide can be effective as can others, which can be

selected. They can be catalyzed for the oxidation of residual carbon or to convert



removing fine and ultrafine particles, e.g., less than

50nm and preferably less than 30nm Those nade of
wadorasd1sxar bi de can be effective as can ot herB¢T/vbi001011911

can be selected. They can be catal yzed for the

oxi dation of residual carbon or to convert WO

2007/ 136753 PCT/ US2007/01193% 15 remaining NO to NO2

for further NO,, reduction by SCRin a |later stage.

Uncat al yzed devices or devices with catal ysts having

reMal; o N;tha NOD Eb ﬁﬂtgeﬂNnge@f@ﬂolﬁy@CSCRhﬁ a lhtaf §tape. b_ﬁidagilyzed
use ere it is esire to el mnat
depices, osé’.swce@ ith sptalysts having am“rq% ooy ¢ ?@f‘s ﬁ@ﬁ@ﬁd the

latid! Bénﬁg” Reh WhGGeTERt dddided ol &l‘ilﬁfda&eN@{ aRhich laa have been
I n anot her aspect the invention prOV|des

geaprpmd]ahqy aopytibized. FigidScehows apartisider We@émewwétraﬁncs trap
1eatal ytic reduction (SCR) unit, wherein the reduced
particul ates, and presence of I\I02 will aid in the
t et sy SWiidR!;
ORI kAAES oy Re1 SRR illen ERSpARGE A s used i
ademm;dqueat sélgctivee catalytid zaduationo(SERYeunit, twteerm then reduced
S 0 ng .t.ne il .
q{l§8{1 na?}dh#rggeen%% 361(16 it %grg %ﬁ ézﬂm%rg:ag Igg tI?eC§CR unit in
reamg resivhial ND.aThses, thhm xsfredlhucdSﬁFﬂallydn cthils\emliodlment by the
04 The inmpr ve S .
utlllnzav eox% og r%n{}ler %GCQIGIBZ lerg&v\n olee rsi0n. otrélp gegﬁl%e daﬁ._l,'n._ 1n f the SCR
uriite ¥n dds ehﬂmdngemi themamby 1bmxsa:h dn yaddﬁﬁhalb:bayalgit dhead bf the SCR

. three sta Cc y be separately configured or

1o CBRYSTHTE g%@l’?p%gaan i ntegrated apparatus. To aid
' nder st andi n resen ative stru ver al

(opBy, HReC Rodrp P omedst dheraneatan are Tealigd pilb aResiAE A eneg DPF

desltds Fha@mglét lédze toonaid pedfeblyotat Wbdse thansthgds| avhitlenay be
desc | f EP 262 641, h di.scl osure of which . .

SeP%“"‘?e '&fgg%ff’gd’rh fenredn as tpérte F‘?éPS‘Fgr appgspiug. g aid in

urﬂ@ﬁs%'aﬂ@ YepreSentfRd Wirh&turesC AP trepRSédtRAved chfbodfHeRs are

etc. contained in the passihg exhaust gas |
1"?%5%‘%1 wi Big- 4% and Fig 14; thercopstryctionaf yghigh garpfollow the description

of P '11 P AQ b gldsﬂreagg{nﬂéﬂnl’s ih 83& Heki Sﬁﬁ&@ﬁ[{ﬁtg The

cat al yzes NO oxi1 di zation to nitro I OXI
DPF |4 a3 detachably previded wahb@wamymssrme@ PVia sauseu €6 HE, erc.

cohfiidd fn ﬁg?ﬁ.ﬂ%ﬁé@%ﬁfe ﬁasai‘% g»tl?tﬁzeo \f béfh %Ek‘ile&“kﬁu& g and/or

car bon par ofit al ne pasdsi ng “ex
eliya'sating tlhaem eby additivui tigz aathyet sexition ﬁaaataigzes h¥Oc exidization to
ta vert IS .
‘ mg%%ent FUet ed as zﬁ'sc{;:ﬁ | "] tff;zg?(gb%%/reon [Péﬁiféis IE-ll\'Ig.l s ﬁused to
captupe\and ad:dlm'(ulsbepincbuheﬂ thdlrzeca:mlﬂmrﬂ eheacmrbm pamicks PM contamed

inithe pSShezpaty 29 g efiey relhcitie BHPE chilfreliig 1S GArbor Partictes

PMICThetdtallytic cbeveitet Bas chtriucret @s dE’Mrifbea i tHetdbowe.t he
exhaust gas 1 to oxidize and burn the carbon

[0p4]t Figl a8 SHihwisCfilted (BectiorfNR/t6 Icofipridt bk Gort MBreCAIESN3 having a
wfl)'ea rrrtlelsﬁls?r%ctﬁ;% a;r ﬂescrlbecli] in EP 1 262 641, which are caused to capture and
accumulate the carbon particles PM from within the exhaust gas 1 to oxidize and burn
the carbon particles PM to reduce and/or eliminate the carbon particles PM. Thus, the
reducing filter section 12 is essentially continuously regenerated during use which
supplies effective balance point temperatures as can be reduced by the invention. The
individual filters 13 can be of a wire mesh structure in which extra fine metal wires

are vertically and laterally meshed in a fine and dense net form. The filters 13 are



reducing filter section 12 is essentially continuously

regenerated during use which supplies effective
whadoans@spoi nt tenperatures as can be reduced bgT/UB®07/011911

invention. The individual filters 13 can be of a wire

mesh structure in which extra fine netal wires are

vertically and laterally rreslged in a fine and dense

net form The filters 13 are WD 2007/ 136753

PCT/ US2007/ 011911 16 typically forned from netal such
typiealBy) firie8 Fon® hiRedl sublvihs BBINIES steRl,MBA nity B foirhed b§layfibrously

Wwoven aggregate or a punched aggregate [0043] The
Wwepﬁég@g&@%fal’(“ﬁ@h“rde?ﬂ%%?& apparatus 12 can be forrred

as describe in EP 1 262 641 or as ot herW| se known

(09433 Ehetfiltqrs 33 of Ahesrsgiiging apparaths; 13 casy bg farmgd as fissq*réaedn EP 1
26’2"6’4“'& ds PR QWAL kefor 3 hE GfY n%qmo% D¥ludalfty b@leuteg-yls held

providing a space 22 between [ters 13 and t
within ghe euten pindoeal cesiog R4 byia holderdpepionigdinga space 22 between the

filfel: ;"gyg!n? ghb Q)?&ér St:lyll’#\%{llgﬁ Q:aglﬂgtﬂe &!? %351;?%1% 9ok MnfHunication is

f our ters 13 are
fomtbnmelmb pmtmbrﬂeﬁmn mﬁleeth fdige 13ndn Bige 14ufayr (4) filters 13 are

COBI r?%t mn co Q’Rehrav di ~a ca utglpm%te ﬁldaﬁc}ﬁ)t EQQ(Y lo%eq spaces

tWeen e ou casi ng
22fark tpens\adéd%betaeen fthd omer cylindrivel casig lepand tlanfikerdd 3d Qs filter

e the co cation o
o B R TP B op e 1t B 98 Yol BhTTiInf 24 Fo¥hca ana
the Feaitg thiréeh(Bfilegpe 1B nage 2dspeotively provided atittngn Wiptthing 24 for

one anot her.. These ni cati on o 24 are

coRRuTIERItTS Bith CBR IR eL sy CHmATGRRan penr s 24 ars, arppged to

coﬁﬁe«mﬁt &a%t@&ﬂilﬁhﬂ@xhaﬁ@f Fipe m@h EHe @5 vahstréam su:iles Eia‘erteﬁée h8m@ral 25
ate for si ng.one. end on e

in b%tll“e‘aﬁﬂsﬂtﬁgo ql‘gﬁm?nq ¢nd %@beg@e %@nﬁ he Wpstrenm st9se

apparatus . is used in advance of a selective
[O%ﬁ]aIF‘y ecepbadiment hesein) the DPY gpearatus ispusedotiy, adypnce of a
selRefivd Cata RS reditionP( CF?WQﬁntOfwﬁ@m\Mtﬁé r3fked NpadiGulates, and

ef fectiveness of the SCR unit in reducing residual
pregencerfiNOz wall ed in the effertiveness fft thg JGR jupit g geducing residual
NEEs REINGYis rgguééh 'dnltx%ﬁ;' iR ﬂnﬁgm%gﬁﬁne& by ttﬁ@umanoh 'df some

fHe cohversion of carbon and en agaln 1n
of uthi tNO rintth sconuerssiodi ofe parbon fandethenyagsin uséhf: §|¢R unit. In this

P A e B BB B S o comer

retlﬁﬁ’ﬁmgN@rwfI‘é@abl y placed upstream of the SCR unit.
This has at |east three advantages: (1) the exhaust in
[0041.‘e] Itnrtap; ¢mb¢dimeat then DPraisgueferalye piacad iuvpstrezas iof the SR unit.

Thé % It1 eas (t]l-nerg% egll mdgtegeﬂ]éatthglé;(%gusqhgﬁﬁg it allic'ot%er and makes

v eaner erature of
regdmrdlmn easm,uqzo ahd exliamst didering dhec tatalyst dfhmbec dl@busﬂeanar and

1 exitin ectipn 112 ar t hen t
CET Tpteiiare PR GueRe: i ShimBer, i Bl &Y' §P-gisaiecn. The
cofrfbiuistion @ates Rtexitirigesgeeibat Li2eaef theat doneacte Mtﬂus &uithisle NO, -
| evel of NO in the conbus @hl on

re%lllﬁ% Fl%en‘s,ysugh as &m&;% el atgaatseg‘lspexaarggre perfpectlve to reduce the

level of NO, in the combustion gases and produce ammonia by the decomposition of

=t

the NOy -reducing agent. The preferred temperatures for reaction between the NOy -
reducing composition and NOy in the combustion gases, falls within the range of from
about 1600° to 2000° F. Urea is an effective chemical for NO, reduction at high
temperature and/or high pressure, but can be replaced with one or more of its

hydrolysis products. Various NH-containing compositions, in their pure and typical



the NO,, -reducing agent. The preferred tenperatures

for reaction between the NO, - reducing conposition
w@nah7ME4753 i n t he conmbusti on gases, falls w thiPCt/82007/011911

range of from about 1600 to 2000 F. Uea is an

effective chem cal for NO, reduction at high

t enperature and/ or high preg sure, but can be repl aced

with one or nore of its rolysis products. Various

NH- cont ai ni ng conpositions, in their pure and typical
col{mheORT / fbaAY, 53/11?%%&52@&??&&\1&9 khs-phdseC agarts qeal, fher Amidozine

wll generate effective s-.phas ents (e.qg.,,the
ragihl0 IR AnITQdHgERL 4T 3945UR SOIHTPR AR iPIoqecigURlENRd temperatures.
sol ution and subjected to el evated tenperatures.

[0086}48InoABTRAE PriiRinthe NMLBhtaliing @BirpoBikiogs @xfamﬁﬁetsvemﬁzd from
are those selected frgm the group consistin

the, BHOHA SONTTIDE, OF ARANIHRCHE—OHE2 RIFESHd Pfﬁayglf olysis products,
prodRI4 6} Seactibh @F WedsS with H#RUCS! StRePEorHpEsitids Relhied Wompekitions,
ot her conpositions, related conpositjons, and
angi spishuses ot tthesse. Amengg theses sO@BMn@se aMBMQRHEM| cArbonate,
aﬁﬂBmw&mate&mHn% %ﬂtﬁmm' fﬁj&'a&ﬁlﬂ&%um oxalate, other
ammoni um acef at e, anmoni um oxal ate, ot anmoni um
ansrabtl@n( salty gamg@n@nmcb ogganic)) pasteulardyilofrdrgani¢ agidgapimgnonium
hy%%xnae %ﬁHR&H Uy ngﬁl%(és %ua}ﬁ?cfnh% %ugrruﬂgle c%FBo%S b1 uanide,
guani di ne, guani |ne car bo guany a
guauylﬂmiaesulfml, amlml,neddrcyannmlej ealcomh cyartmu;larvg{mmm aCld biuret,

1 E)Ié%?gb aCL bl u{{lyur ealjircé'1 ﬁén? tﬂlflf r{ggal.-glreda, rrecllll;ll\élh%’ll urea,

hdxmﬂﬁl&myteaaﬁﬁﬁd (T, @Mﬁe)uuamf tthEI Remorsfeﬂébﬁe&eto reduce
eact.aors. effective to,reduce NO, utilizing
Nﬁy&?fﬂ%‘&% B‘éﬁﬂ@%ﬁ&"@“%f‘%ec?l%?ﬂ”éﬂﬁ!’lé{egd [0047] The
foll ow ng experinental section is presented to further
[Oex'p]l dihe folidwing | experinieatal mecnmeltpmmemdj tar furthet eixplain and

n [

‘“E?Z‘b"’é? hﬁéﬂi’%twf‘@ﬁﬂ@feg Rf&ttt83’| é?l?“ ‘I‘fglgé‘bﬁ'&f regatd- on

[ 0050] Ce (50 ppm, Pt (50 ppm, Pt Ce-soot (2 ppm Pt
(0648 Biperpriekia), Cu- soot (100 ppm) and Fe (44 ppm

contai ning soot is generated fromthe respective fuel
[Obde9 M ataxtisls uad chddidterizatigrconcent rati on given in

parenthesis is added to the fuel) in a real diesel
[066¢] Ce.(50 ppm)j BE €30 ppgi)ﬁEt—(Ieedotf (5& ppacPt aral Be gipino ﬁ:e;grtdu-soot

| t ti P du
(1Bl A, £ BEtp BPrEEons gt dh s RGP ciepiitive fuel
botid eitalleDARIItivRA coRdentratiby gkl ih @drentitdiswe adaedl kP fiRdfuel) in a

* regldigredentin it el aaeirsed 7o) salscyonand Bl ek s plasion was

a fvl?kf @jvlmeﬂllPV\ﬁi Prédiuced by’ [EisterPetier, TR TfHéQingmwé& ihjected;
25 k‘?rléh and showed no signifi cant ange duri ng

W{“ﬁ’éc‘@éﬁ%iﬂi‘ aueallypspgedrand s qaivipsd wi P§t d genegator. The
el&t a1 PYier %eﬁaﬁted%ﬂglhemlm a?tﬁ'%albgd)Ewgsg glsgffﬁ{ea rthrough an

summer” speci fication and Shell V-Power
electrical resnstor The fuel consumptlon was 1.25 kg/h and showed no significant

change during the experimental program. The diesel fuels that were used during the
program were standard EN590 fuels, summer specification and Shell V-Power Diesel.
The fuel sulfur content was in general 500 ppm (0 ppm for Shell V-Power diesel). The

metal fuel additives used in the project are listed in Table 1.



The fuel sulfur content was in general 500 ppm (0 ppm
for Shell V-Power diesel). The netal fuel additives
wQ@Is®d/ 134153 he project are listed in Table 1. WPCT/US2007/011911
2007/ 136753 PCT/ US2007/011911 18 Table 1: Fuel borne
catalysts and its source. Metal Additive Pt Platinum
Plus 3100 Ce Rhone-PouIenclgEXQ Cu Lubrizol OS-96401
Fe Aldrich Ferrocene [0051] en the fuel conposition
was changed, the fuel filter was al so changed and the
engi ne was conditioned on the new fuel over night.
Soot sanples are collected by passing the ful
exhaust gas st rl%leihr&tmhrae édthlysts ardDit séwved. i N a
filter hol der—until —the back pressine—eached 0.5
bar. The bg&&dpressur&dmﬁsethen nalntalned at 0.5 bar

using a sI StTEeantv ers used were Cel man
Sci ences E 265 nn1 ted by paper
filters to event Iter due to
~exhaust ga l'pulsatlo ‘erHé SS sanples wer e taken

with a neMEfuEL_LﬂnnQéEkLBﬁL.ﬂﬂELengLne_exhausl plpe
and filter holder were cleaned after the engi ne

[0P§H Whenthe fie! semppsition vassbangadp the fug} filtor pigs H’ée wéanged and
th@fehéhe WS bHEHiohBRBH She ddve ANPEVEHERN S | 's%pleg atd&llected by

ust gas I's not neasured and during soot
passing ¢lot fulhexhavet gassitegainf theeueh aafilieracopingdgp a filter holder, until

thg S n_gl?h}egghre rgg&gﬁl@é ler 2[315 b% E)ré% NWas thefrnaintained at 0.5 bar

tTons, I's expect e col cted soot was
usmg aphplstwbm mlvé |Theeﬁltta'n dsesi woredGelman SciaBgs tE68vmm filters,

E deta | .
ooy Sk s, R it o L 0 CEE 48 aion
_ WI}{BH :sbptma.mpﬂlgt ﬁrbgeSt:akeril' wdh)akxﬁtﬁv ﬁfb@@@bpﬁ%?ormﬁhe%ngﬂxe exhaust pipe
e es, . . u ee . u
g i Holder e, Clebined phon i SRt oy i B et omposiion
fok @052 hdirk Aftexthe) fuél chang0 The méﬁncéﬂ@mcﬁf@uhs axrtﬁxuéc gas is not
arl son o oxXl gdatl on

is used as a, nodel t for 0
meaues apd stufing, e9tagolisstiomyissalf 21N TcaRta popnt gt ool Oxidation,

s%g&ﬁﬂyn ¢k £6& MaviHIP-08 @ nfBiRhat isGkpedted: The collected soot was
6H20 is used as a catalyst to_study soot

scoanedaa |tbn filtes andgtievedotitthiar 234 v gigved Hurtheriseggilar arumgfal-soot
ccmeéh&gcﬁﬁ b %lﬁldsiﬁ(}E{ (S@e% TOSei1gs, R, R'WKIIQ&% J. A. Moulijn,

connect soot sa es ar
Conbi s oty 5o 1BIIE Aok galls, $£5Is;ulsw@shee,ai AoMoulijn,
4 t tudi ed
G} e A0 OB HGMy BARIA I L ° et rer

Tol edo), fromRT up to 8OOC with 10C/ mn heating rate.
[0052] Prmtex-U a carbon pigment from Degussa S.A, is used as a model soot for

comparison of oxidation rates. 2.5 wt% Pt/Al,O3; (PUVAL,O3) catalyst is obtained from
Engelhard Corporation, USA. Ce(NOs)3.6H,O is used as a catalyst to study soot
oxidation, in tight contact with catalyst (prepared by mixing nitrate-soot in a mortar),
in DRIFT cell connected to MS. Selected soot samples are characterized by XRD

. analysis.

[0053] Soot oxidation

[0054] Soot oxidation in 100 ml/min air is studied in thermo-gravimetric analyzer
(TGA/SDTAB851°¢, Mettler Toledo), from RT up to 800°C with 10°C/min heating rate.



e WO 2007/ 136753 PCT/US2007/ 011911 19 The soot sanple
was diluted in order to minimze heat and oxygen mass
wo e@nases3 i nfl uences on oxidation rates. [ 005B¢T/BS2007/011911
| oose contact m xture of 80 ng of Pt/A1203 (when used)
and 20 ng of soot (with and wth out fuel borne
catalyst), mxed with a spatya and diluted w th 400
ng of SiCis packed between two quartz wool plugs in
a tubular quartz reactor. Soot oxidation is studied
Th¥ sdbt 2athpi Masndiitedl th \oeder HoORirnimiddOkeat dhd sXygefoMassi ransfer
(the centration of NOis nentioned in the
mﬂ%‘ﬂ&ﬁﬂ%f”‘t‘ﬁ@?%ﬁ%ct i ve experiments). NDIR analyzer

d to nonitaqr the acta duct gas C02,
(0b$51'& osecsontaes micturs 6F B i ohPy A RivBem Bredl g 20 B o soot
(WA drdl With dadfRYbbRE c@&memﬂxﬁéd Giith. a $gaRAH hndR@duted with 400 mg
f[0057] Fig. la shows X-ray ffractograns of diesel

%ﬁé rbeteenr (e qggit:h éNOOé Plugsy i a tubplan anagly egstor. Soot
bﬂ&%o‘ﬁqgﬁﬁfd%d&%tﬂ Qb@hﬁnnéd S vol B4 Q)zmrcmmarm vol % O, in Ar (the

diffraction. peak around 25 is due tot he diffraction
copegriration of NQ ksemegmwﬁu in ¢heslegendsof] the sespectiveamxperments). NDIR

anpf358: & usBA 05 HhicoindWEKERUHoqlls (AL EE,, €, and NO, MO, is

akalﬂmecéﬁroshdwmi@ffmmd ofrN@anletiamboutisit chndentrations. t he
diffraction peak slightly shifted to higher 20 val ue

[0856] Resiltsnt ensity of the diffraction peaks is higher.
The fuel borne catal yst-soot sanples have shown

[0as7¥ FigctliaoshqomxsraYCdiﬂfr&smmSn@f digse¢lhengine igemmyated fuel borne

f . .
ca?a"i)f/isq é()?x{alﬁlgﬁ gg{ L oé‘:%g%xjgﬁil ﬁifél? a 6t éo?)?.oﬁ]ﬁgg?orgg%eﬁ diffraction
peakichrbmmiaZS‘émﬂdﬁe mmntlﬁmdiﬁ‘racmorc ﬁmraltlm sigckeslugaphite shdetsvin soot

oD (8 4 SR P SRR GRICH B2 B psne, . P,

Cqgboe mat(edoi)r DT813. AHnsobt saﬁﬂplpp ahﬁeecaeli@hﬁar\featmfers Oowith Pt-soot the

aiftmion Fank ShdhRAmacs B Babeisy 4L ARl e ergisbiel 3% iffaction

pe@Rs i£hipBBH I THE fuel 6661 @Eaﬁyﬁl/sbdﬁéﬁmpl& ﬂaﬁo@%dmanfﬁacnon peaks
corresponding tQ Pt are not ohserved in Pt-Ce-s

copesgendinghio the fiuslibamecssgialyst spaddifighiahe diffragtion b@e@pf graphite

shedts APt-@&o@%QrﬁratE@ $ER 30 ?pﬁh?f‘ Q8&itiELC Hhd 15N Ifllel! A& containing
soot and borne cata struct Ure due to

sulpthyigy éh%ws/ éhgmotilff;eetmm gealfsoe%qswn@mgl t9 PHovindiesting large Pt
pasjﬁ {1& 3&%%@%8“ gZ&{%(tQ&'ﬁ%rﬁ ezd;éﬁ% ﬁes(‘ﬁ gﬁfn cE2aiiveakbh a fuel

ffracti on I nclu
comaﬁmnacftqoomntShH‘ur, aremyieot m@acmw phdcsocrqmmdnm to Cex(SOa)s

veakpeak8'c ?n@%@%ﬁﬁ% tgrq(% Carf %&&)ﬁk cllb Fchtf%.ts %ﬂ?%}%‘mdmg to Pt

he 1 nt ensi raction pea S0
arg oonebsented|iy ft—(]emmeel’s@b ghot it axidized @S0 pp INQ; + 10 vol% O,

inT R SOBe oBadabon Bl 50k o BTSN BBE caralys
structure due to progresswe soot burning.
[0058] Fig. 1b shows the diffractogram of 70% oxidized Pt-Ce-soot. Essentially all
diffraction peaks, including graphitic diffractions that are observed in the original Pt-
Ce-soot, are present in the 70% oxidized Pt-Ce-soot. The intensity of the diffraction
peaks of the fuel borne catalyst increased due to increased amount in 70% oxidized
soot. Oxidation of soot did not change the Ce;(SO4); phase as observed by Retailleau

et al.(See L. Retailleau, R. Vonarb, V. Perrichon, E. Jean, D. Bianchi, Energy Fuels



et al.(See L. Retailleau, R Vonarb, V. Perrichon, E
Jean, D. Bianchi, Energy Fuels WO 2007/ 136753

wEehus2807/ 011911 20 18 (2004) 872). The i nppet/ast007/011911
observation is that even in 70% oxi di zed soot
significant diffractions due to graphitic sheets are
observed. This indicates thay,the soot burning is
first taking place. on anorp ous mass i nsi de the soot
particle, followed by the consunption of the

19r@pdd)t i8(12)5|’TEIGH Smp\ﬁhhﬁth obesGativing wslhai é\ha&lt it % oxidized soot
oxJ dat i not fO|bOM/ShrI

sigRitiat SRS e ouBaRNS UG FEH OBy e, Wi mifges that the
sdof BuRfisiets ﬁ}fst @Kin%éilh&%d/\hﬁlbrﬁh%@ﬁﬁﬁs ifn§1d§Qli>é sd&z@nﬁ:e Rollowed
St annore, J. i 1 hag Glot, Carbon 39 (2001
bm@cowmmonms@s rgsaphifc sheetssWhich also syggasts ¢ t:éheoawdaﬂon
( [ I f Wilich BONRGal
ol 0ol | GRind s Ry e, By e b
detompiaitigsthe eudehof pkidatien mﬂbmsm&.taaaqoo eSeavB; &- |$t9maf>re J. F.
t apd
Bmh%c’n? Fﬂog ég&}ﬁ&? g@ t| on ﬁ?{ﬁ?&&erh& rl;g?&zl%rdu POSCh]
Cm%4|4r(200® 30dpove tenperat ur e region. Al fuel borne
catal ysts have shown a significant increase in soot
[Qﬁ»ﬁpﬁ &ig. @rehawesifucliboroorgalystdsaob oxadatert &l 10 eel YpO2nn e 1yTGA in
[ r .
SRS bl IR AP VAP PP e GBF LAFeen a0
toeSﬂ)S@t awd hqote)mlg}ttsloi;srdlﬁ tosixddagionrwigtoaitr is hionnealized ttdn éOO% in the

amount of n be ected to be a
G0y tEmperapire sption, ADRE KiRe sRaBiDRRkSholf 1 FighlftgR increase
i'Sebt dxiditigd aflivigr ¥ohipatdd @6 ai-eatalyked tmimek-Uf zZ@ot oxidation.
soot soot . showed sim | ar, activit

n s_that. of. .
Generafiy Pt g%ﬁﬂ%@*&lﬂﬁé%@ﬁ%% gyote Yy a@@w&&ﬁﬁi!tﬁ size, which
eSSentPABY eXiOfs rml P 8t X dadt. Hdbwevet ehd iinBunt2dP Pt T Pt-soot can be

- appearance of plateau neans, the oxidation rate is
exnesicadeibsgront b me Bimsesoresulting & 9 bigieryswllita sizeaSech a large
PP?&E}%ﬁhe?&JeV}ﬁﬁé‘td’f)xﬁﬁéséo%k | dnld9%-36 slﬁﬁ@éd sinfifar cti@BMAL that of

sinterin A relatlve ar er
Cersppto Ve piateau between 6@&16%‘%@ tnobsgrved feaﬂtﬁ@otmvw oxidation

ra%/ %f?%gexfbu SI‘i’ngtap aﬁ[:cf ?? éﬁ?&ggu n?e%ﬂp hﬁgo%l at%n agg lis qg&easmg

SO0t . ences 1n serve
beWsteen |609 -628PRiolikeby ddé te didrgased contact between Pheryatablites and soot,

e of$gm,;-%atalyst or its dispersion in the
aﬁggﬁgc §B5%g3anples Fron1XRD it is clearly

(DA Fead VRl PTG Ront R SGRr R MacBBTRES S b8 cgerved over,

Fepetr artdyPGCe-tsbet fcomlpatedr mePtesaioa lagd tprmtbpress;entTlas differences in

trabsBived acTtionet B rply Fortetsied odBE amounk FERE| horge catalyst

oil::?lts fﬁ@ pérsion Mgzaeggegsm Eoot s&nﬁl&a]‘\mnDXRB') &risgiearcl)ﬁeefdeut that, as
ue ave shown that ar Qun
SQIRG © ftb"e‘F 96t ﬁ%ﬂelgf ar generpigd fpm SOx.eAnalpiog ‘gdﬁl Aisgtially the

nﬁﬁiﬂtgw R ARIBBAR Scatdlydrad %Seﬁtldé%ulmas@nlyrhﬁfrabﬁbn of the added
capabl e of soot oxidation (See L. Retailleau, R
cepimigraseset apEePp-dheatllepu et al. (See L. Retailleau, R. Vonarb, V. Perrichon,

E. Jean, D. Bianchi, Energy Fuels 18 (2004) 872), have shown that around 50% of the

fuel borne catalyst ends up as sulfate, which on heating decomposes to Ce,0,S like
phase that is capable of soot oxidation (See L. Retailleau, R. Vonarb, V. Perrichon, E.
Jean, D. Bianchi, Energy Fuels 18 (2004) 872; D. Bianchi, E. Jean, A. Ristori, R.
Vonarb, Energy Fuels 19 (2005) 1453; and R. Vonarb, A. Hachimi, E. Jean, D.



Jean, D. Bianchi, Energy Fuels 18 (2004) 872; D.

Bi anchi, E. Jean, A Ristori, R Vonarb, Energy Fuels
wd 072805 1453; and R Vonarb, A Hachim, E pdrus200m011911

WO 2007/ 136753 PCT/ US2007/ 011911 21 Bi anchi, Energy

Fuel s 19 (2005) 35). However from XRD no such

transformati on was evident 4,n the present study and

majority of fuel borne catalyst ended up as cerium

sul fate, even after 70% soot conversion in the

BiRh&S ERAErs9f FNIR 19120093 $)1¢lovieres FEim IERDNAS such transformation
characterized by XRD, considering 500 ppm sul fur

wasr ewdent innihenerepers | studjc and fepogenet &l pree catalyst epded up as
ceg‘gﬁ Qe rweh ed%e} hdbs, E@ottéans&%n%ttﬁ@tpr@eﬁ& spm Though the

ate. 'Further nore Fe bei ng ow atom c V\Elg
Feagomtranas nonqhqmmwﬁmjl bya¥ B icomsidgring 500:ppm splfur present in the fuel

usga 404 f&?’* Jah% Fal s% hﬁrpﬂ tg 9&5&)%@4 i sb Fta&erftw@ forms
art r| or activit

sutfate berthert mpreuFe uemg lom asoma:t wexghOdnpane dl4t ppnCéue] @dditive will
esen oot ve dat on

e oy PG BEbe i SRR i RO Fndl F R g pare of the

supbitor dctioftyl of Hetdootlear basttrdittatta nhlst mtio. Compared to Ce-soot alone,

Fe- soo >Pt - Ce- soot >Pt - soot >=Ce- ot
PIPGORS P .o oL HORE A SsPRAUa s 0% 10 GradipR dpTepmed the
folltived JtHeh @reén@)TP@ItAL Héd@easimgiTichgity,N RehdoprIasCéscotoPt-&5d>=Ce-
m NO+10 vol % 02 in Ar. Fromthe COx evol ution
SOBF&‘N“E“ Yr¥®%hor nal i sed soot conver3| onit is clearly
evident that all fuel borne catal y %U decr easeqd soot

10821 it oh SheMe fug! uberme; tnlystesent |<37(1 }A9a Q¥ENE othe lgmperature

7 1h8 PreseRAG of 600 Ppthi NO+1WBBA G.NAR Ai€lor Qﬁeﬂ@Ox evolution
catal ysts, the oxidation activij g%bdecreased in

prefilsgndgrormelisesroopeonyersiep itiegle Pwdﬁmctaﬁtaqu&ebb%eeatalysts
de?ﬁéeag?o(e 58 -oxidation tef @faﬁﬁ&'si@uﬁ&ntl QUofnpand toP{heslﬁlQBtaly%ed soot

he lTeast active so In th presence of 02 alon
oxidatisax ednong fhe figd- lmo@ camhetSe the oxidatign ﬁcgmtfudﬁawmsqd in the

ordtPSf i>9£q[ﬂ't9m§-68- %&é@%‘é&‘ﬂn—éﬂ%{% d"soot and&ﬁggaﬂtis interesting to

résponsi ecreasin t oxl
ndteMn&rPMsuotensahe leaRt acgivetsopsin Mresgecﬁeoﬁ()e alanegcomRpared to Pt-

stallites, .[0Q0 t he .case
SRS Fhere it e By P B SRS preyae e, TRRfgin oxidant
rels;tvodsB)lé Cﬁoxathéuctd‘créasﬁfgetheeédoe fkidandn Sempedtyre @ver Pt-soot is, NO,
erf%‘r red with Pt soot. Fig. 4a shows the
geﬁi@‘?‘ ?Wr 6?1'%?83? Gt OXI datl on shown in Fi g 3.

TS T ARSI SORY S —

NEesPRGE @6l atfath Bss@ecﬁélﬁtanal’hﬂlo@%ds;mi‘ petforhandesimipaéd with Pt

oxi dation rates, the .ge erated i s coppl et el
sagt Figr 43 shawss Hisi NE?@ i Aering ?ﬁ?'somafa%a WP dBnkigh3- Pt-soot

génlaeateé sighificaat aﬁsuﬁlo@m@a i rwn%aeedsm PSCE%bSH #RACe-soot. It
there is a sudden junp (around 5000),

canchg ﬁrmt%téxaﬁé’&ﬁ?am% aeq 190 F%m '@v'@iwePtN@él@%tO“ rates, the
%%téd N@Z s rc%ﬁ%leﬂeﬂ/ L6718, 65 §56C0:AbatRA0 trhid & 4199 GidEfeby the

-soot Ce- soot >Ce- soot >un-
fact that as soon as complete soot is oxidized there is a sudden jump in NO; signal

(around 500°C), reaching thermodynamic equilibrium over Pt-Ce-soot. NO; slip
trend, in the presence of soot, followed the order Pt-soot>Pt-Ce-soot>Ce-soot>un-
catalyzed soot. From NO; slip comparison it can also be said that Pt-Ce-soot and Ce-
soot are less active than Pt-soot in NO oxidation to NO; but the generated NO; is

more efficiently utilized in soot oxidation over the former catalysts. The observed



catal yzed soot. From NO2 slip conparison it can also
be said that Pt-Ce-soot and Ce- soot are |less active
wao b@m/18t75300t i n NO oxi dation to NO2 but the geeiEFUS100T011911
N2 is nore efficiently utilized in soot oxidation
over the forner catalysts. The observed WO 2007/ 136753
PCT/ US2007/ 011911 22 extent,,0f NO conversion to NO2
is al so expected to be influenced by the presence of
Ce2(SM4) 3 phase, which decreased the oxidation
‘extdtitlofNO chbAO&ESibn tBNOLBI alhﬂémciedab deyinflaenved dyakp psadnce of

to_ 650C duri ot o ati o rlment bef ore NO
Ces($Qas PB#Fey WP‘NM% tgﬁf’x\ﬂggo t)éd out over fuel

borne catalysts du ing the cooli fter
[0peHip Ehey el bemep |°ﬁij‘iyé$§p(¥¥‘?r?re‘i¥tp° ?ff %530@8 %aea% Rt (gypdation
expetifeht; 'H&foré@)!O' dxid@fonCPR O, ¥id. hﬂf) Wis ¥drtikd Rat B0éEfuel borne

active for conversion to NO2 in the absence

of
catadyts @é‘ﬁ'ﬁar'@ﬁ qagling estagceafieic emperattts: rampRipg (eyperiment (Fig. 3).
Ba%e?mnef\ﬁ) S (13@6% W?]Ilpwas APURYE thdet PVGSI Ib%%o&caétwé for NO

ow 400C (‘abo thermodynam cs will strongly
cogwerqmstot N@z dritheabsence ©f iseot gompared o the pWeeﬁcacqf soot (before

cotén[hE}%ﬂe sooltj eAxnng{o x?fln &%‘i QF g}g‘?}so‘/g@% K gf? *B@téég@io@‘&’ (al%(hve which

ases, cou crease
théi@xcmymm@sl will Stnomm govbmms dhd: alkidation sacneit)a)t Despige thesfact that,
Pt - soQt

fugf hig\/%hgﬁ gg gtg)\é\ia\éy' é{()rt] J}%&s rim\;p Ft?l\faete é)lhaf_;rts, ayehufh Pulla potentially

debfrase tieaND yoiheersion ab Q@L,ythblcghtbrst tid a¢1aﬂ1‘hﬂy lesk dd6Re compared
sl i the respective catalysts.jnt sence o

wifh of0: i e o5t i eSSt e NO LAY g Rise e

baii®vatalygRdiis cleaiy hiphiefl tahARatEING] §lip orfihé respebe@statalysts in the

active_anong the fuel borne catal ysts studied. All
pressaee BEFRY:- cat al yst s have shown significantly |ess

tiyvity than ther.nod ui i brium The obseryed
[OREF e alaneoss ¢ sl dorgg Sataly bﬁ%%@%ﬁgp \cpat Rriatin activity
ar! {s' et RevE Anidif ﬁl@cﬁuet Bérne dabiyst@RRINMd. N ! bdps r&ﬁtalysts

catal yst left after conplete soot oxidation, fromthe
hayie shoyva seﬁmﬁtzeelﬂwdessw@rwvfsbmﬁ@ thexmagdysamigequi ibriumy Tl observed

N? ﬁguhétl&?{r)én Elefa&‘?x@ Rafi rﬁ%islcé}gi)? a ﬁﬁﬁt@&%@ thE fat QHat the

ow anount , rmodynam ¢ equl riumwas neve
amewrd Ivéduelbb;dmwca@b@ lefiaftdrarompiete SPot ertidateong fromy ghe mlxture of

n t
2 By the By LSEL B BOOLY Y 8RS s TBLRIER PR me).
Bedaase o£80¢h aSlbwbarhoumd tl'i%t t}ermsd)aiahuc eguiliBriutrhwastrieeer reached
o AR Blor 9 oo B 813 A o vty e
camjgigte Ssoaad d)d’ndatmhhas i un-fsuppdrtedl;l eofnp@e:dcmtpohte@é where CeO,

stlhiliced PO toitess RPE SUeEBand S§ PRInEa Alosol Roggery active for

NOXb)diahh&D to [MIOS5Basel on 51@ hmzvxmemsﬂmlwis Qlfggfebleh th& R main
cat al y - soot san‘gl es ter addi tiap

wt %
e FHNRAEN P‘bgé €508t 15905t fry%'rt% d‘Zh‘Ph mainly
co?i"vertér N@ foUNOE ir@u1tfg improved soot oxidation.

[0065] Fig. S shows oxidation of fuel borne catalyst-soot samples after addition of 2.5
wt% PVAI,Os, in the presence of 600 ppm NO+10 vol% O, in Ar. The function of
PVAL,O; is to oxidize NO to NO; during the soot oxidation temperature ramping. A
completely different trend of soot oxidation activity is observed compared to
oxidation in the presence of NO+O; or O,. Because Pt/Al,O5 is mixed (loose contact)

with fuel borne catalyst-soot (both fine powders) in a single bed, a continuous supply



Pt/ Al203 is to oxidize NOto NO2 during the soot
oxi dation tenperature ranping. A conpletely different

WO e@nd3as3 soot oxi dation activity is observed eponpsroeno11911
to oxidation in the presence of NO+02 or 02. Because
Pt/Al 203 is m xed (|l oose contact) wth fuel bone
catal yst-soot (both fine po rs) in a single bed, a
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[0067] Fig. 8 shows soot oxidation with 5000 ppm NO,+10 vol% O, at 350°C over

Pt-Ce-soot and Printex-U soot. The COy concentration at the reactor out let increased
over both soot samples compared with oxidation using NO, alone. This is consistent
with literature reports that oxygen is able to react with soot, in the presence of NO;
(See F. Jacquot, V. Logie, J. F. Brilhac, P. Gilot, Carbon 40 (2002) 335; and A.
Setiabudi, M. Makkee, J. A. Moulijn, Applied Catalysis B-Environmental 50 (2004)
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different feed gas conditions used, apart from the known gas phase species the

formation of surface nitrates on ceria is taking place, and nitrate is a very powerful

oxidant in soot oxidation. Because ceria is in tight contact with soot, the transfer of

these surface nitrates to soot surface should be efficient leading to very efficient

system, such as Pt-Ce fuel borne catalyst.
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Allensson, Goersmann, Cavenius, Phillips, Uusimak, A.J, A. P. Walker, SAE paper
2004-01-0072, Detroit 2004). The main disadvantages of catalyzed soot traps arise
from their durability and resistance to SO3; poisoning, especially when used in heavy-
duty applications (which demands very long durability under the conditions of

significant amounts of SO,).
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accounted carbon mass balance could be due to the fuel borne catalyst and oxygen of
SOCs, indicate that the nature of soot did not change significantly on storage. In the
present study, soot containing different fuel borne catalysts (Pt, Ce, Pt-Ce, Fe and Cu)

are investigated and the reasons for the possible superior activity of Pt-Ce-soot
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exposed and could potentially increase the oxidation rate.

[0076] Using O as an oxidant, the soot oxidation activity decreased in the following
 trend, Fe-soot<Pt-Ce-soot<Pt-soot<Ce-soot (Fig. 2). Considering, majority of the fuel
borne catalyst is present as cerium sulfate, it can be said that Pt is significantly less

active compared with ceria-soot samples. On the other hand in the presence of
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activated soot and supported platinum catalyst are important elements of the low
temperature soot oxidation system and the suggested explanation of observed results
is that, NO, formed on the supported platinum catalyst, will decompose to give NO
and adsorbed ‘O’ on Pt-Ce catalyst, and such an oxygen is responsible for the high
soot oxidation activity (See S. J. Jelles, R. R. Krul, M. Makkee, J. A. Moulijn,



[0079] The enhanced soot oxidation over Pt-Ce-soot

therefore should be either due to different nature of
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proposed that Pt/Ce activated soot and supported
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further improved for example by decreasing the sulfur content of Cerla so that most of

the ceria could be utilized for soot oxidation through nitrate route, or a variety of new
materials that can efficiently form nitrates such as Ba and K in combination with Pt

-and Ce components improves the soot oxidation activity further.



the ultimately formed Pt-Ce residue is stabilized, no

Pt sintering, and with ageing of the trap the
waewmansd7at ed Pt-Ce residue is expected to i npreeEUND07/011911

conversion to NO2 significantly and further

contribute to soot oxidation. The soot oxidation

activity is further inproveg, for exanple by

decreasing the sul fur content of Ceria so that nobst of

the ceria could be utilized for soot oxidation through
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i ndi cates the contrary. WO 2007/ 136753

PCT/ US2007/ 011911 31 CLAIMS 1. A nethod for reducing
em ssions of particulates from di esel engines, which
conprises: operating a diesel engine with a fue
containing a fuel borne catalyst conprising a fue
sol ubl e or dispersible ceriumconposition and a fue
sol ubl e or



di spersible platinumgroup netal conposition; passing
exhaust produced by conbustion of the fuel and
w@omnrasqishg bot h ceri um oxi de and pl ati num gr oR@I/DE20a7/011911
rel eased fromthe fuel by conbustion, through a diese
particular filter having at least two stages
conprised of (a) a catal yst ipct|on havi ng a pl ati num
group netal catalyst and/or base netal catalyst on
contact surfaces within the catal yst section and (b) a
filter section conprised of passages effective to
renove particulates from a noving stream of
fgnbustion gasgshgﬁgeratfﬁHDM?gsnbysting the_{u?L in
e engi ne an ol di ng emtherein to perm eir
1.0xi dat xinemodv(me&aiutlﬁgﬂ&nimewrpamcmamﬂo&ealewi driginedg which
R e -
[ r
cInfprisie " REP sditBlel 6 HRBersMId ¥ Shim S@Sthpdiitidn aldAURES soluble or
sufficient to formceriumnitrates in the filter
dlsmsslblm Riptinuapy growp  @estaly pompogidions passing; gkbapst preduced by
sBBh Frahd Fuel %a%almﬁ%%tﬁ Bé&rilth i Fhd ?laglgﬁm group metal

ter section, and the cériumnitrates wl

[
releaséd fipmethatfuelhy enmipustien.thrpughtandiasel partisylar fter hpipg gt least
m;oost%eg\éi gﬁnggg ced soot oxidation at a | ower bal ance

could be achi eved wi thout the provision of
the I
c (DTSR pAlf T el coBfiSt bhA/Er bille meta
catalmtmnlcmt surfaceh avithirethe calal ysh bestionrasdar e sol ubI e or
di spersible al kali nmetal and/or al kaline earth
conp@iatfiltarse¢tipnt ¢ranprised of passagesraffectisé feramans pagticulates from
h the v
51% _ sﬁ&ecesgﬁgoié% ¥ g;%lﬁ é%e% %fxlar%?edogy mﬁ&%@s? '%é %.%ﬁ %?the engine
arerlivdding tsera tiersial to germpit Hedr alidation, net al and/ or
al kaline earth netal conpositions in the device
cat abv}ne:tem gecimprovément congprizes utibzihgllewdls sf ptaitmnm( gr))up metal
rocess accordi to.claima3 wherein the.c
QSRS SRy, P R SR R  Ghbacers to
getn@ra’lb MO, ih Be Qfatdlm séticahin ﬁﬁodﬂﬁ@stﬁﬁbidﬂﬂle ¥¥Pm cerium nitrates in
g§/136753 P 82007/011911 ée ..
the - HBEG iSRG, e&? et H? racfs yith; apd jrgaintains
disparbiom esF tiRf i)ﬂﬁfhh#ﬁ ut Qhé Eﬂm:veseﬁh&e an thkl: tceAuil ARrates will be
parti cul at es. Pv@rocess according to claiml

a%ﬂé'?‘é. # the §u_~qf@@t withig) thej soot ¢led fo (Repde gfiapced soot

oixﬁatﬂfr%'ang'eg guaAdd S Bhn E&ﬂd(ye%‘éﬁiev&?ﬁtﬂhﬁm thk $rovision of the
filter. rocess according to claim®6 wherein a

platipum gzeun @eﬁf o erripng Sugh addigixeinthe muld stpeediter.
partlculate filter to oxidize NOto NO2 to aid in the
2.of f eAtRroesss ascasdingie chum 1 whierein they gwemical gnhangegi e soluble or

dlgg_?)slble alkali metal and/or alkaline earth compositions in the fuel in amounts

effective to enhance the most active species of surface nitrates.

3. A process according to claim 1 wherein the chemical enhancers are solid
P
phase alkali metal and/or alkaline earth metal compositions in the device catalyst

section (a), and/or the filter section (b).

4. A process according to claim 3 wherein the chemical enhancer is employed in

an amount of from about 0.1 to about 1.0 of the weight of the cerium.



8. A process according to claim1 wherein the catal yst
section of (a) conprises a substrate selected from

w0 b@7g8oep consi sting of alumna, a silica-al uPdTES2007/011911
conposition such as cordierite, silicon carbide,
gl ass or nmetal fibers, porous glass, ceramc and
nmetal substrates. 9. A procgiﬁ according to claim1l
wherein the filter section of" (b) conprises device
selected fromthe group consisting of wall flow

5.MONOAI bfbceQY hEREdiaf oy Baim JE WiikeihN@WRirl Ostiie HHef 4§ employed
for particulate traps and wire nmesh filters. 10. A

. e%@&%&rmérfmer@dt%“% fige prticYlatsSe t he cat al yst
sectlon is integral with the filter section.
6.pr 0CASRIOSRSE GEERTHINE 19 o thxﬁaraewaecms|ca}abﬂmeéeftw (SCR)

ulif) §CpioVRIcBMIWISIEN BE Ble ditRE h&%@ﬁh@ fikdte catal yst (a)

tdo raise the tenperature wthin the catal yst and

7filtg Oproée%ﬁ tabé’&alr&ftoté?ﬁnijé\ﬂllfe?em Weatdlyfi1i9 pEiided downstream of
accor to claim1 wherein a fuel containing fu

el
thp diesel mnqtlytgtﬁltes to pxidizetN(@ to NQ» toigid wrthe ﬁﬁfe‘éme%stof the SCR
ﬁpﬂﬂé&?dﬂﬂlgfe kﬂ&ﬁ@j alyst and filter sections of the

evi ce rocéss according to claim?2 wherein a

g fuel A%géék '&bé&ﬁfn‘é% BRI whifedh Yl catd{d ssapﬁrkgﬁa) tSmprises a

i njected Thto the engine exhaust upstream o
substratk pelectgd drdm theegroup wonsisting off alumanag @\silina-aluminascomposition

oce r el | aj L 3
S%ea%ec?oﬁdlt%ﬁg sﬂhc&%t éa?bl(c‘le, kl@%s&é{ ﬁe\}\ﬂe@%@ %oggusc %ﬁséﬂ c]ei)’amw and
meh$utistrates. fuel borne catal yst or enhancer, is
control |l ed based upon tenperature or backpressure
9.sensAr pmcgssad@ouiisg e xhaimf 1 twkereiat ﬁnleyfsltterf sectiem ofi€b) cemprises
wh.thin th evi ge, and/ or .downs re of the Vi
adtic" 0o T A0 B8 B, BN BE M8l BORGfiE s of oe
dewmixerl@iowrato tenizafid dor papticulate tiapsmand Mmtrﬂeéhcﬂltms.l on is
enpl oyed as part of the catal yst section as
10ranuAagmrboess ciccdinio /14ia6 T SehdrCTHdUSRAPNY etti@il s inBgral Gvith the
fﬁn ﬁ? aratus for reducing em ssions of particul ates
" ofrdfisel engines, which conprises: means for

uppl.y fuel to a t he, C risin ‘
P iaarofess hecorta o CltR o whPEi feL st g sp G R engind Shaust
upihemr 6f tHeecaiglvbil(a) ot theavmpefatde Widkih $heldakdlgstind filter
di_spersi bl.e plati num group netal conposition; means

sectipns,Rfths ﬁ@‘”"%xhaust produced by combustion of the
fuel and containjn

both ceriumo e and at | num .

131 ouft RrEtess apeardingdy cfaign whsr%%?uegy%fsméﬁ Lhome catalyst is

m{é&fé?luﬁﬁo dhéleRSink exﬁéﬁétltﬁid{rédm fdtl the cabdyst HAd SfiltdreRetions of the
wo stages conpri sed (a) a catal yst section having

deyi¢s at i num gr oup met aI cat al yst and/ or base net al
13. A process according to claim 2 wherein a fuel containing fuel borne catalyst
and enhancer is injected into the engine exhaust upstream of the catalyst and filter

sections of the device.

14, A process according to claim 11, claim 12, or claim 13 wherein the injection
of fuel, whether or not containing fuel borne catalyst or enhancer, is controlled based
upon temperature or backpressure sensor signals upstream of the catalyst filter device,

within the device, and/or downstream of the device.

15. A process according to any of the previous claims wherein an enhancer for

cerium nitrate formation is employed as part of the catalyst section as manufactured.



catal yst on contact surfaces within the catal yst

section and (b) a filter section conprised of passages
webdoeasi7se to renove particulates from a novi PQI/EE700M1911

of conbustion gases generated by conbusting the fue

in the engine and holding themtherein to permt

their oxidation, wherein the,levels of platinum group

nmet al conposition, Ceriun1co%%ositions, fuel s and/ or

opti onal chem cal enhancers to generate NO2 in the

16.at alays bpS@stul AOr | rBdudin® Whhissiohd fof ChRfitulhtes fasi giesdl Ushgines,
nitrates in the filter section V\,herebl)S/ the ceri_um

whighqeomprisgs'spenst fon swprlKingniehia mdigsplsenging dhe fugh cgmprising a
el someaéatwcb&ghéﬁgfa hkﬁsolﬁsretdrcaﬂsperm@ cEHﬁmC&fn'l;&UBtlon and a

nitrates avai |l abl e at the surface and with
fuchesobiblr opalispersible plotingmogiogp matahFEBWOSHON; m@adatfpb passing

e)a%atuﬁt hr%ﬁ?é dbﬁ %8&%u§%?dx{‘§)f El%aﬁxe? ngi ‘ioﬁ&uﬂﬁ% 'bgi‘r?gerfum oaude and

ovision o ati num group mneta
plagnummefanpl meeddi taltwsed nfrbmethemﬂutll byt cogebufstibnetthroggh a diesel
fourt her conprising

pﬂﬁw?ka}%%ﬁé% ﬁg‘g %ﬂ?ﬁ% ‘?ﬂi‘r&n?r%sgﬁ Sf fuel borne

cat al yst ure or bac A

o one AT asH O RS 2R Sopp PR EOIL ndBY Rie metal
cdthlg st editact amdddes vﬁﬂﬂmﬁidc&miyﬂfsecttdm&rﬂew ce 18. An
apparatus according to claim 16, further conprising a

sel e¢h) a/Blteraseatior camprisdusfipassagésSeRictivaitd rémbveoparticulates from

the. nul ti e filter, wherein duce art | gt.e )
a S B HEF R BECRERUoR Easr el L PR b e b€ U it By engine
af{hblditgt them th&ginab g sheltiaxidafal. 19. An apparat us
according to claim 17, further conprising, an

addl Wherah tAktadly of pla&h&.&cgreiﬁp hieal SEMpbSitioA, degiuin NQn;B(Ssmons
20. An apparatus according to clajm 17, further

f‘%?éﬁrﬁ?‘?’%’i Btional cheigical sprnsRrspaaReEnte Oz i Gyt section in
ambhABfuPciBAT bl folScerium nitrates in the filter section whereby the cerium

oxide is associated with and maintains dispersion of the platinum in the filter section,
and the cerium nitrates will be available at the surface and within the soot particles to
provide enhanced soot oxidation at a lower balance point than could be achieved
without the provision of the platinum group metal and cerium fuel additive in the

multi stage filter.

17. An apparatus according to claim 16, further comprising means for controlling
introduction of fuel borne catalyst based upon temperature or backpressure sensor
signals upstream of the catalyst filter device, within the device, and/or downstream of

the device.

18. An apparatus according to claim 16, further comprising a selective catalytic
reduction (SCR) unit following the multi stage filter, wherein reduced particulates,
and generated NO; will aid in the effectiveness of the SCR unit in reducing residual
NOx.

19. An apparatus according to claim 17, further comprising an additional catalyst
ahead of the SCR to convert NO to NO,.

20. An apparatus according to claim 17, further comprising a filter section capable

of removing ultrafine particles.



