WO 2006/ 078764 PCT/ US2006/ 001815 1 Reduced-Em ssi ons Conbustion Utilizing
Mul ti pl e- Conponent  Metal lic Conbustion Catal yst Description Background of
The Invention [0001] The invention concerns new conpositions and a new
process for #&gpo%jmﬂ‘% the efficiency of fossil fuel conbustion sources.
Utilizing a ontaining a fuel-soluble catalyst cBYT264088 pl ati num
and at | east one additional netal reduces production of pollutants of the
type generated by inconplete conbustion, e.g., particul ates, unburned

hydr ocar bons angeRERaAHRAK CORbuiRAAAIIEIAIFRL GfSodaYe @ nunber of

i mportant advant ages over engines of the Oto type. Anong them are fuel
econony, ease of repair andviewilip Corfieustibn @atalys st andpoi nt of emi ssi ons,
however, they present problens nore severe than their spark-ignition
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hydr ocar b on di | cengj.nes, the NOx em ssions tend to increase. [0003]
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di esel oxidation catalysts (DOCs), have been proposed to reduce the
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bel i eved thyratcarboes and yarben motrixaée this is to enploy fuel borne catalysts
(FBCs); however, they have not been fully effective at the relatively high
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ceri um t h¥phdyiseg them aue fuebeopnayey, prae of regaignd long life. From the standpoint of
emissions, however, they present problems more severe than their spark-ignition

counterparts. Emission problems relate to particulates, nitrogen oxides (NOy), unburned
hydrocarbons (HC) and carbon monoxide (CO). As engine operation modifications are
made to reduce particulates and unburned hydrocarbons on diesel engines, the NOx

emissions tend to increase.

[0003] After treatment devices, such as diesel particulate filters (DPFs) and diesel
oxidation catalysts (IDOCs), have been proposed to reduce the emission of particulates and
gaseous hydrocarbons and carbon monoxide from diesel engines. These devices are
greatly stressed in older engines and are in need of efficiency improvements in newer
‘enjines. In all cases, they are expensive due in significant part to the cost of precious
metals used required to be effective. It would be desirable to reduce the cost of DOC or

DPF devices or eliminate them altogether.

[0004] It has been believed that one way to achieve this is {o employ fuel borne catalysts
(FBCs); however, they have not been fully effective at the relatively high levels employed.
FBCs produce ash and data published under the European VERT program show that at
high FBC dose rates of 20 ppm, or 100 ppm, cerium the number of ultra fine particles
increases dramatically above baseline. However, for a bimetallic used at 0.5/7.5 or 0.25/4

ppm there is no significant increase in the ultra fine particle number. It has been found that




increases dramatically above baseline. However, for a binmetallic used at
0.5/7.5 or 0.25/4 ppmthere is no significant increase in the ultra fine
particle nunber. It has been found that WO 2006/ 078764 PCTI US2006/ 001815 -
.. 2 at lowlevels of FBC there is not a separate ultrafine oxide
particl e pealw®th/are®al oxi des are contained in the s86T/UsN&0BHe entire
particle size distribution. It would be desirable to reduce the
contribution of nmetal ash to overall engine enissions. For "an engine
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invention that inprovenents can be achieved without the wuse of after
treat ment WEVI%%s, such as filters or catalysts, e.g., diesel particulate

filters ( : or. _diesel oxi i t.aly [ case of
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appl i ed tHi reci ous a rove
per f or mancs parfi@fid] HTlhed COdire@ymitonydiaelaogiossdi ng to the invention conprises-
car bonaceous fuel, e.g., fossil fuel, containing lowor ultra |ow | evels

of cat al Y dund B bfﬂg&%‘je}gﬁ& The catalyst netal additives will preferably
be sol ubl e or dispersible 1n the fuel and contain platinum and cerium

and/ or iron conpositions. [0009] In one aspect, the invention provides a
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(DPF's) or diesel oxidation catalysts (DOC's) in the case of diesel engines.

[0007] It is a further advantage of the invention that improvements can be achieved for
engine out emissions from diesel engines to an extent that if after treatment devices, such
as DOCs or DPFs, are applied the devices can use less precious metals with improved

performance.

[0008] The fuel employed according to the invention comprises carbonaceous fuel, e.g.,
fossil fuel, containing low or ulira low levels of catalyst metal additives. The catalyst
metal additives will preferably be soluble or dispersible in the fuel and contain platinum

and cerium and/or iron compositions.

[0009] In one aspect, the invention provides a diesel fuel for powering a diesel engine
with reduced emission of particulates without the need for an after treatment device,
comprising: a base fuel comprising distillate, and a fuel borne catalyst comprising
platinum and cerium and/or iron, wherein the platinum is employed at a level of from 0.05

to 0.5 ppm, e.g., 0.1 to 0.5 ppm, and the levels of cerium or iron being from 5 to 10 ppm. .




conprising: a base fuel conprising distillate, and a fuel home catal yst
conprising platinumand ceriumand/or iron, wherein the platinumis

enpl oyed at a level of from0.05 to 0.5 ppm e.g., 0.1 to 0.5 ppm and the
| evel s of cerium or iron being from5 to 10 ppm WD 2006/ 078764

PCT/ US2006/ 0B P$1%078304pr of er abl'y, the di esel fuel cont aPFRUS2PE818Kan 0. 05%
sulfur. In a preferred aspect, the cériumand/or iron are present at total
concentrations of from0.5 to less than 8 ppm [0010] In another aspect
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| evel s of cerium and/or iron being from5 to 10

0.1 to 0.5 m and
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per spect i ¥@aprishg ﬁieMﬂiiBlé Spedils BEccABR Ghd/Bafbnasa By fidl 1B dowRr eocess  for
i mprovi ng conbusglon pilot fuel in a dual-fuel diesel gﬁglne whi ch

oper at es SIS Op BTGP A5 %W?%Ydﬁﬁgbo‘@éﬁ%ﬁf@nﬁ%om%ﬂl @ pilot fuel, a
mul ti Cat%bﬁiﬁlhl1§@1ﬁ916§édtdt9[ével%9ﬂ&ﬁb$ﬂ5'ﬂgoPbﬁ}ﬁ'efylmla&)O%bﬁﬁﬁ!ﬁdrtﬁé' ons of from

only 0.0005 to |less than O, m_and cerium and/or iron at total -

concent r eV One cetum F‘Eﬁﬁré’i‘ﬂi?e% gortléfq Hkppry; gadhorgralipge dpgbane@iBm yet  anot her
perspectientehe i nvention is seen as providing a process for conbusting a
car bonaceous fuel conprising: mxing with fuel or conbustion air a nulti

conponent stion, cat al onprising a platipum conposition and cerium
and)or 1 P Bt Satbin SR SberEn B s, S ORREAP 008 pprm 1 of
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[ 0013] In anot h&r aspect of the invepntion there is provided a process for

conbust i nifrigm and/or iron at total concentrations of from only 0.5 to less than § ppm.

[0012] From yet another perspective the invention is seen as providing a process for
combusting a carbonaceous fuel comprising: mixing with fuel or combustion air a mulii-
component combustion catalyst comprising a platinum composition and cerium and/or
iron compositions at levels reduced to as low as 0.0005 ppm for platinum and levels as
low as 0.5 ppm for the cerium and iron; and combusting fuel with air in the presence of the
catalystin a re gimen of treatment that will utilize effective catalyst levels for a time and

under conditions, which will achieve one or more of the noted improvements,

[0013] In another aspect of the invention there is provided a process for combusting a
carbonaceous fuel comprising: mixing with fuel or combustion air a mulﬁ-component
combustion catalyst comprising a platinum composition and eerium and/or iron
compositions at levels of from about 0.0005 to 2 ppm for platinum: and levels of from
about 1 to 25 ppm for the cerium and iron; combusting fuel with air in the presence of the
catalyst in a regimen of treatment that will utilize effective catalyst levels for a time and

under conditions, which will achieve one or more of the noted improvements; then, for at




car bonaceous fuel conprising: mxing with fuel or conbustion air a

mul ti-conmponent conbustion catal yst conprising a platinum conposition and
ceriumand/or iron conpositions at |evels of fromabout 0.0005 to 2 ppm
for platinumand |levels of from about 1 to 25 ppmfor the ceriumand iron;
conmbusti ng f YeP2004/47876hi r in the presence of the catal peT/USNM06408EgI nen of =
treatment that will utilize effective tatalyst levels for a tine and under
conditions, which will achieve one or nore of the noted inprovenents; then,
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utilizing F oM IMPIOVEISAS  concentrations, e.g., platinumat 0.5 to 2.0 ppm
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[0015] Many of the preferred aspects of the invention are described below. Equivalent

compositions are contemplated.
Description Of The Drawings

[0016] The invention will be better understood and its advantages will become more
apparent from the following written description, especially when read in light of the
accompanying drawings wherein:

[0017] Fig, 1 is a graph summarizing the data from Example 3, wherein a platinum/cerium
fuel borne catalyst (FBC) at low concentrations was evaluated en several fuels on a diesel
engine,

[0018] Fig. 2 is a graph summarizing the data from Example 6, wherein a platinum/cerium
fuel borne catalyst (FBC) at low concentrations was evaluated on several fuels on a diesel
engine. '

[0019] Fig. 3 is a graph summarizing the data from Example 7, wherein a platinur/cerium
fuel borne catalyst (FBC) at low concentrations was evaluated on several fuels on a diesel

engine,




fuel borne catalyst (FBC) at |ow concentrations was eval uated on several
fuels on a diesel engine. [0018] Fig. 2 is a graph sumrarizing the data
from Exanpl e 6, wherein a platinum cerium fuel borne catalyst (FBC) at |ow
concentrations was eval uated on several fuels on a diesel engine. [0019]
Fig. 3is a graPi*&ftmari zi ng the data from Exanpl e 7,PGHAERWHPPIZS

pl ati nunmicerium fuel borne catalyst (FBC) at | ow concentrations was

eval uated on several fuels on a diesel engine. f WO 2006/ 078764
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| mprovenents. noted above, the invention relates to inproving

conbust i orf wginen efdepinegiwil] viilighelptivejqyple #ithip tedapyepdeltrarlevngages fryel | such
as any of gt i ea%&’ﬂid@?éonﬁﬁ%ﬁs%ﬁfé%}vﬁt cfﬁ&%%}p@ Yhdre of A€ hotdd BghrGledbdtd. | ate fuels.

The di esel can be of any ose formul ations disclosed in the above
priority patent applications, which are incorporat ed_bygggife @gce herein in
their ent Y98k feaoicdrabqys the dpvegllonolstes fo gumgpdng cyrbustin of derebBelSd from the
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Diesel fuel, No. 1 .Desel fuel, jet fuel, e.a}.@, Jet. A, qr .the like which
s sim | arfncdingdistillai s Fee diral plcenbs ehany of Rigse ruylaoes dederd Myl tra | ow
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conprising a

i %ntireties. A fuel can be one or a blend of fuels selected from the group consisting of

distitlate fuels, including diesel fuel, e.g., No. 2 Diesel fuel, No. 1 Diesel fuel, jet fuel, e.g.,
Jet A, or the like which is similar in boiling point and viscosify to No. 1 Diesel fuel, ultra
low sulfur diesel fuel (ULSD) and biologically-derived fuels, such as those comprising 2
"mono-alkyl ester-based oxygenated fuel", i.e., fatty acid esters, preferably methy% esters

of fatty acids derived from triglycerides, e.g., soybean oil, Canola oil and/or tallow.

[0022] Jet A and Diesel No. 1 are deemed equivalent for applications of the invention, but
are covered by different American Society For Testing and Materials (ASTM)
specifications. The diesel fuels are covered by ASTM D 975, "Standard Specification for
Diesel Fuel Oils". Jet A has the designation of ASTM D 1655, "Standard Specification for
Aviation Turbine Fuels". The tetm ultra low sulfur diesel fuel (ULSD) means No. 1 or No.
2 diesel fuels with a sulfur level no higher than 0.0015 percent by weight (15 ppm) and
some jurisdictions require a low aromatic hydrocarbon content e.g., less than ten percent

by volume.

[0023] The term low aromatic content ultralow sulfur diesel (LA ULSD) fuel. as used
herein means that this component of the foel will have an aromatic content in volume

percent of less than 10%, and preferably of from 1 to 8%, particularly in the range of from
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specifications. The diesel fuels are covered by ASTM D 975, "Standard
Specification for Diesel Fuel Gls". Jet A has the designation of ASTM D
1655, "Standard SeC|f|c n_f tion. Tyr bi . gtermultra
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Jurlsdlctlons reqU|re rogarhon,content e.g., | ess than
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sul fur diesel (LA ULSD) fuel. as used herein neans that this cogponent of
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2006/ 0787 6l—PEFIS20661001 T‘ZL e table b shovvs typi cal
anal yses of2H ®®W> di esel andPbw hro 1%'4(1 it ralb-ow ﬂi"'r)o' Far—ediegel fuel s
LA ULSD, i {Swfidimion to a for®ed2ati on s1081Eond ai ni ng<800H odi esdl
conponent Lé&nykggbw th FBC amf) .720% Bi o-Lj7esel Fuel ®pical LAJULSD LA
ULSD wi th \Ba..u No—2Drgse @évo Bro-Digsel AP G avyl r5y db 36}35-40
35-40 Sul f J(IE) %‘{% .0323 < g@! 0. 0018 Cetigne '\!‘dﬂbC-" 47 >50
Carbon, wt PHRGog8d wB7 <85 Hydl3 dgen| wt %183.16(>13 >13 >1Aromat icd, vol %
29.9 <10 oga&fsl‘;@% vol /0 0.9 oND ND  Saffur at gs, vol %N169.6 ND RD
Vi scosity zélef?ns 0‘157 2323 b\"j’ ND ND

Saturates, vol % 69.6 ND ND

Viscosity at 40C (cs) 2.3 2-3 ND

Flash Point, °F 157.4 >180 ND

IBP, °F 351.1 420-430 430

5%, °F 393.3 ND 449

10%, °F 414.0 >440 459

20%, °F 439.0 ND 478

30%, °F 459.5 ND 493

40%, °F 477.9 ND 509

50%, °F 494.6 >490 526

60%, °F 511.3 ND 544

70%, °F 529.0 ND 567

80%, °F 550.4 ND 592

90%, °F - 580.3 >560 618

95%, °F 606.7 ND 633

EP, °F 641.7 < 640 643

[0024] Biologically-derived fuels are referred to in the art as “biodiesel”. Biodiesel
typically comprises a minor proportion of a diesel fuel blend, typically from about 1 to
35%, e.g., on the order of 15 to 25%. Blends will typically contain about 20% biodiesel,

" wherein this biologically-derived fuel component will be comprised of a “mono-alkyl




Fl ashPoint, F 157.4 >180 ND I1BP, F 351.1 420-430 430 5% F 393.3 ND 449
10% F 414.0 >440 459 20% F 439.0 ND 478 30% F 459.5 ND 493 40% F
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di esel fuel blend, typically fromabout 1 to 35% e.g., on the order of 15
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etc., but are referabl esters volatil e al cohol s the C -C4

al cohol s (e %%?@fa%?%% wnta@q&eaﬂv%ﬂghé?wpreéﬁ&, Sﬁ‘éﬁ%)wafq@ﬁta@i@ of fatty

aci ds contad fideePEOMEn ket tvoRikileMdoBolk ﬁreqngmﬁdés&ab?@m bags aleans, and
m xtures of such esters. Volatile alcohols are ge esirable. Methyl

esters ar @ophBichlgusforidyesiey repeianter Swigble spter rqa‘é‘%}l’f% afm regied by dhsest er

react ant s r&ebolr dMBHRIEH aldy ot 8eidd, %@@&ﬁ»@@ b9fa1cgh&fs§§aﬁ&ﬁ ReStapdifatty acids,
or derived by _alcoholysis fromthe fatty acid

naturally occurring 1n fats and oils,

[0025] Suitable fatty acid esters can be derived from synthetic or natural, saturated or
unsaturated fatty acids and include positional and geometrical isomers. Suitable preferred
saturated faity acids include caprylic, capric, lauric, myristic, palmitic, stearic, arachidic,
behenic, isomyristic, isomargaric, myristic, caprylic, and anteisoarachadic. Suitable
preferred unsaturated fatty acids include myristoleic, palmitoleic, ricinoleic, linoleic, oleic,
elaidic, linolenic, eleasteric, arachidonic, erucic, and erythrogenic acids. Mixtures of fatty
acids derived from soybean oil, palm oil, safflower oil, rapeseed oil, Canola (low erucic
acid), and corn oil are especially preferred for use herein. The fatty acids can be used "as
is," and/or after hydrogenation, and/for isomerization, and/for purification. For exampie,
rapeseed provides a good source for C; fatty acids; Cy6-Cis fatty acids can be provided by
tallow, soybean oil, or cottonseed oil; and shorter chain fatty acids can be provided by
coconut, palm kérnel, or babassu oils. Lard, olive oil, peanut oil, sesame seed oil, and

sunflower seed oil, are other natural sources of fatty acids.

[0026] Preferred esters comprised in the biodiesel are lower alkyl esters, e.g., methyl,
ethyl, propyl and butyl, particularly methyl esters of soybean and or tallow fatty acids. The
following is the specification for biodiesel (B100) set by the National Biodiesel Board, '
December 2001, which is also adopted for the purpose of clarity and definition for the
present invention. Thus, biodiesel is defined as the mono alkyl esters of long chain fatty
acids derived :E;om vegetable oils or animal fats, for use in compression-ignition (diesel)
engines, This specification is for pure (100%) biodiesel prior to use or blending with diesel
fuel. A considerable amount of experience exists in the US with a 20% blend of biodiesel
with 80% diesel fuel (B20). Although biodiesel (B100) can be used, blends of over 20%




naturally occurring in fats and oils, [0025] Suitable fatty acid esters can
be derived fromsynthetic or natural, saturated or unsaturated fatty aci-ds
and include positional and geonetrical isomers. Suitable preferred

saturated fatty acids include caprylic, capric, lauric, nyristic, pahnitic,

 stearic, arad¥lWansisbehenic, isonyristic, isonargaricPCIysSH@NE)s caprylic,

and antei soarachadic. Suitable prefer¥ed unsaturated fatty acids include
nyristoleic palm'toleic ricinol eic, Iinoleic oleic, elaidic, linolenic,

el easten ch ru thr eni_¢c_aci xtures of fatty
aci ds der| alrvﬂilhddg %'t’:\%ﬁ‘ 8&1133 eﬁi‘i‘% ase%? Frower lSl%?furrmapeseed oi l,
Canol a (I Mp&feh&l:@avaﬂa(hldd‘ﬁqm@&hﬂtﬂﬂmfh lﬂwd: thasmeemqamml &lnkyonpné fheser ed f or use

herein. The fatty acid ed - or_ af:t [ hydr ogenati on,
and for 1 oBne iR eds s pereBly e el g Bt M oconed

provi des aengpiuyed. fimsoneeade us 1ER2as284 biydiesel sy, be G- v@thﬁltltaldtow%ldmelcan be
provi ded b taI soybean oi. ottonseed oil; and shorter chain
fatty aci I ng\g%trh%e %féa“fﬁif Ié%gﬁ%ln{??v pal m kernel or babassu oils.
Lard, ollveo — i -1 A ed oil, are
ot her nat ur al _SYWF PR s _conpri sed in
t he bi odi esel EﬁsﬁPbmwer aI kyl estersD93e g., nso ., eDhgfhescpropyl and

butyl, parti Cl’*ﬁ{%ﬂ esters ﬁ)gybean tal bow,fatty acids. The
fol I ow ng ist S catlon for |esel ﬁi set the Nat i onal

Bi odi esel Boar@“em%@&éﬁ?ﬁ%?’ 4991, wh | s al s]o9 pt ed nirp¥'see.he pur pose of
clarity and definition for the present inventi on. Thus, biodiesel is
defined as thesUadA é}kyl esters of PB&hg cha‘?%of%‘txty %1088 der i ved from
veget abl e oi | Sulftr ani mal fats, for B3I n confdrmessi on-i gppnii on (di esel)

engi nes. This §miaifid' cation is for pure (100%pokkgdi esel prior to use or

blending with ¢ e fuel. A considerable amount of experience exists in
the US with a % of . bi odi eseh with 2&% di esel fuel (B20). Although
bi odi esel (B 1 &H’ 9FeBd, bl enBE3bi ovelo3dFNO 2006/ 078764

PCT/ 1TS2006/ 001815 8 bi odi eseI wth diesel fuel should be evaluated on a

case- by-case Hef8%€ until further eRpE¥ience $5™&vail abl e. Equival ents

whi ch have t he&Clsareiessenti al functhzsi) and PrdseC otar yDagress@hpositional |y

by up to 50 % preferably by I ess than 20% ca&spod SO be enployed. In sone

cases as i ttl&ﬁﬁégﬁ@ odi esel na)f)4lg§01used (y_\bigot}n& bl e”‘%:ﬁ’afss 98% di esel

100% sample _

Acid Number D664 0.80 max. mg KOH/gm
Free Glycerin D6584 0.020 max. % mass
Total Glycerin D6584 0.240 max. % mass
Phosphorus Content D 4951 0.001 max. % mass
Distillation Temp, D 1160 360 max. Degrees C
Atmospheric Equivalent '
Temperature,

90% Recovered |

[0027] One product of this type is available under the trademark BioDiesel by Members of
the National BioDiesel Board and is identified as “Methyl Soyate, Rapeseed Methy] Ester
(RME), Methyl Tallowate”. The manufacturer also refers to the fuel as “a mono-alkyl

. ester-based oxygenated fuel, a fuel made from vegetable oil or animal fats.” It is said to

! To meet special operating conditions, modifications of individual limiting requirements
may be agreed upon between purchaser, seller and manufacturer. T




fuel fromone of the other sources identified above. Property ASTM Met hod
Limts Units Flash Point D93 130 mn. Degrees C Water & Sedi nent D2709
0.050 max. % vol. Kinematic Viscosity, 40 C D445 1.9-6.0 2 nm/sec.

Sul f at ed Ashggg&é'.g 20 max. % mass Sul fur D5453 15 nax. m S 15 G ade
500 naex. ¢ Copper Strip Corrosion D130 No. X HER0AESane D613

47 mn. Coud Point D2500 Pref. -2C or9 Degrees C Report Carbon Residue
D4530" 0. 050 nmax. % nass 100% sanpl e Acid Nunber D664 0.80 nmax. ng KOH gm

Free G ycebntiin DE%%ygn 3 0weipht. TRy deScribd ﬂie@irodﬂcﬁ/@memyi&&%l Ifr&n @ max. %
mass Phosphor nt.en 0.001 max. % mass Distillation Tenp, D
1160 360 ‘ﬁces’gbsrqg‘&be&%'r@ﬁﬁs%herl c Equi val ent Terrperat ure 90% Recover ed
[ 0027] ct _of t e.is aV|IabIeudrt rk Bi oD esel
by werber B e Shdie EREwoR B Tessas dTLNRE FiebE S ~vet hy
Soyat e, R@m@@ﬁﬁdcol@ﬁkiyg fuessadiible ﬁlEtIME)m anﬂlbiﬂhy beriliad drdwato 'both'EEmummﬂuf acturer

al so refers t the I " ester- S n fuel, a
fuel nmade’f 3@(05 Wlar%g?’ﬁﬁf ‘?Yﬁ‘il gt conpen a@"“ﬁ&?%‘?@f to o neet

S peci al opennahd thg plaﬁmd:il FofN&G0005Be 2 bl akittomsfentd lensls vi @riam ahd/od itdnng

requir emarl])t i g from 5 to 10 ppm, e.g., 7.5 ppm, and the platinum being employed at a level of from

0.0005 to 0.5 ppm, e.g., less than 0.15 ppm, and in some cases less than 0.1 ppm, say 0.01
to 0.09 ppm. In some embodiments, the treatment regimen can call for the utilizing higher
catalyst concentrations initially or at defined intervals or as needed--but not for the whole
treatment as has been necessary in the past. In some cases, platinum concentrations can be
as high as 1 ppm or even up to 2 ppm, as needed. The cerium and/or iron are preferred at
levels of cerium and/or iron being from 2 to 10 ppm, e.g., 3-8 ppm, and the platinum being
employed at a level of from 0.05 to 0.5 ppm, e.g., from 0.1 to 0.5ppm, e.g., 0.15 ppm, for
typical operations. The tests below, run at these levels show surprising results in terms of

engine out emissions.

[0029] A preferred ratio of cerium and/or iron to platinum is from 100,000:1 to 3:1, e.g., in
the range of from 100:1 to 20,000:1, but more fypically will be from 50,000:1 to 500:1, A
preferred ratio within the above ranges and shown surprisingly effective by testing will
have a ratio of cerium and/or iron to platinum at from 75:1 to 10:1. A formulation using
0.15 ppm platinum with 10 ppm of cerium and 5 ppm of iron is exemplary. Another,
preferred formulation will contain 0.15 ppm platinum and 7.5 ppm cerium. Another
advantage of low levels of catalyst (about 3 to 15 ppm total), preferably below 12 ppm and
more preferably below 8 ppm, is the reduction in ultra fine particles resulting from metal
oxide emissions. Data published under the European VERT program show that at high
FBC dose rates of 20 ppm, or 100 ppm, cerium the number of ultra fine particles increases
dramatically above baseline, However, for a bimetallic used at 0.5/7.5 or 0.25/4 ppm there
is no significant increase in the ultra ﬁne particle number. It has been found that at low
levels of FBC there is not a separate ultrafine oxide particle peak and metal oxides are
contained in the soot over the entire particle size distribution. A further advantage of the
low dose rates prescribed by the current invention is a reduction in the contribution of

metal ash to overall engine emissions. For an engine meeting 1998 US emission




may be agreed upon between purchaser, seller and manufacturer. WO

2006/ 078764 PCTI US2006/ 001815 9 contain 11% oxygen by wei ght. They
describe the product as Methyl esters fromlipid sources, CAS Nunber
67784-80-9. [0028] The process of the invention enploys a fuel-sol uble,

mul ti-metal &€ H0638764 preferably conprising fuel -sol ubCEUEHIIISLEM and
either ceriumor iron or both ceriumdfd iron. The ceriumand/or iron are
typically enployed at concentrations of from0.5 to 20 ppm and the

plati numfrom0.0005 to 2 ppm wth preferred leyels o riumand/ or iron
bei ng fr orsiasdards, aﬁﬁmﬁbﬁeﬂéﬁs@?@“ﬂ@“ﬁfbﬁ?}lg(&ﬁ@Hgﬂ’@'hﬁroallt%rﬁ'ﬂjrlﬁp 'Ay enpl oyed at a
level of frem rlcQRE%: 360t it ARPMpreSonts a mdtA S&alyd apuilloddingip the eagice i n some
cases less than 0.1 gtpm say 0.01 to O. 03 m Ln so %orquWnent-s, ~the
treat ment of 6410mefrdapf eplior Fayghly A% qf prieats ﬁ%pmr?ieﬁ’??é’f’ns'c FRTYet
concent r atibQRs kst @l Y tRE prédentdBdnficitbilddé BivBpsn aid pacfermblededm-abut not for
the whole treatnent as_ has been necessary jn the a_s{fgﬂl n s_?r cases,

e 0

pl at i num cdrerlic extiwefallic SRCHEL foexppp)r cquriuieonly & 2 ppm as
needed. ThguGeibddiR 3L Bigie’d?0.82T 186% bEHfa8dline shobémisdiane.eThis bds theer i um and/ or
iron being from2 to

10 ppm_ e.g., 3-8 m_and the plati bei ng
enpl oyed advantageolapduged metalpsipernissiong a@i@g‘%ﬁ%ﬂ‘e @na-{b}lmfrfoéﬁ?e(ﬁﬂfﬂoo 0. 5ppm
e. 9., 0.15,PRfbarkiGiate ¥R emBbioMARP IGHHInG BEmetdiAch th A6 #strbah emissioniconatdl t hese
| evel s show surprising results in ternms of engine out em ssions. [0029] A

preferred d#e¢%0 of ceriumand/or iron to platinumis from 100,000:1 to 3:1,
e.g., in the range of from100:1 to 000:1,. but te typically wll be
f r om 50, 00893P] T Bel ganyconigin gsfezgent (¢ &y 5&3% Q?nwjliﬂ?ﬂcﬁy P‘??ébtwgtg%é'é%r:tﬁnges and |
shown sur plostis0@hpm)Edthe GlidiNes, ind habie Agl-vilible cabiysemetalicatpasitvhs,cer i um and/ or
iron to platinumat from75:1 to 10: 1. fornul ati on usin D%‘r15 ppm

pl at i num vi-&+9-rdrpsp frebielubleniaiingn EpuB OFROFING & B PIRYERLF RPN Anot her

preferred f4:iMlay1R8oMit kndfd? RLdiphmGusl Solitepliator Hoeandsifon egpm ceri um
Anot her advantage of |ow | evel s of, cat aulgﬁst %a{)out 3.to iL5 ppm total ),
pr ef er abl yceHuR gy soubjssATaREd oRBEREIS PR CERWHIP 5 ICHRFB SRS ¥He reduct i on

inultra fineeRad b GkeThs ol biRdfis embiRéddithoarhedeeit saiddorsthebat a
publ i shed under the European VERT program Shoﬁg}i‘g%“eﬁéfgéj‘%ﬁ FBC dose rates
|

of 20 ppm tregtmertdyvispraltheigh thascans yieasesciely fop W es increases

diesels.

[0031] A combination of platinum with iron and/or cerium at low concenirations in fuels
is as effective as much higher concentrations of cerium, iron or other metals without
platinum in reducing carbon or soot deposits or emissions, Concentrations of a few ppm

‘metals in combination are as effective as 30-100 ppm of iron and/or cerium used alone. -

[0032] In one aspect, the process of the invention will comprise: mixing with fuel or
combustion air a multi-component combustion catalyst comprising a platinum

composition and cerium and/or iton compositions at levels reduced to as low as 0.0005
ppm for platinum and levels as low as 0.5 ppm for the cerium and iron; and combusting
fuel with air in the presence of the catalyst in a regimen of treatment that will utilize
effective catalyst levels for a time and under conditions, which will achieve one or more of
the noted improvements. In one aspect, low catalyst levels can be employed for at least a
portion of a treatment regimen, which can also include employing a higher initial dose

and/or intermittently using higher catalyst levels.




dramatically above baseline. However, for a binetallic used at 0.5/7.5 or
0.25/4 ppmthere is no significant increase in the ultra fine particle
nunber. It has been found that at low levels of FBC there is not a
separate ultrafine oxide particle peak and netal oxides are contained in

t he soot over the entire particle size distribution. A further advantage of
the |ow dose rates prescribed by the current invention is a reduction in
the contribution of netal ash to overall engine em ssions. For an engine
meeting 1998 US emni ssion WO 2006/ 078764 PCT/ US2006/ 001815 10 standards,
particul ate em ssions are limted to 100,000 g/ hp-hr (0.1 gram hp-hr). A
cerium FBC used at 30 ppmin fuel represents a netal catal yst input |oading
to the engine of 6000 g/ hp-hr of netal or roughly 6% of untreated engine
em ssions. Therefore, low |evels of catalyst used in the present invention
of less tha d preferably 4 ppmas a binetalljc or trinetallic FBC
will, for eggﬁﬁﬁgghgghtribute only 80Q, - 1600 pg/hp-hrpgymn%ﬁ?%f?st | oadi ng
to the engine or 0.8 - 1.6% of baseline soot em ssions. This has the

advant age of reduced netal ash em ssions and reduces the contribution of
the FBC t o039V Riedhieniiy dldo bt RinficARMbEnditiabek Rhe Aba ifQaslMI dRfelmet al ash to
downstream em ssi on control devices. [0030] The fuel can contain detergent
(e.qg., 50<mEEsoigh althopshithayoperatg aringirally prngjiral gas; utilize aguBe$MeG0 ppny, ot her
addi tives proﬁﬂ(gngsﬁﬂott 8Bl Siclf 46bsuBP R Riel & Rk ShsedM SarfPbRRSHbIARS, €. 9.,
0.1-2 ppm fuel sol uble platinumgroup netal conposition, e.qg. | at i num COD
or  pl ati Besevdingde fiedeeniémenebetheirbsve-potelopsatelyidgvels frableast & apt ot or i ron
CONMPOSi t i QBatmEntJegimert Hith PiAliASn GnSAHRINS o CATROMP 6065 8 HSPBASH.09, cerium
octoate, ferrocene, iron oleate, iron octoate and the |like. The fuel as
defined, &€ lsnihes?-bapw ant eriumand/osiserat fqtel conserations offrpmonlyid et nent

devices albOpUIRENAN ERLRE, iH5AbeeSAAGH Bl IOl | @i pishsugl contr ol

on diesels. [0031] A conbination of platinumwth iron ‘and/ or cerium at

| ow concefntaialcptalisf lgvel gfless than § gpras ef f ecti ve as nuch hi gher concentrations
of cerium iron or other netals without platinumin reducing carbon or
soot depogigss n{eseedﬂuﬁtﬁﬂi@ﬁk{ﬁltri&@ﬂamegla’fiﬁhﬁ Sohshirion afeOmPRIBle WRE al s 1N

conbination are as effective as 30-100 ppm of iron and/ oy cerium used
standard additive components for distillate and residual fuels such as pour point reducers,

al one.
antioxidant, corrosion inthibitors and the iike.

[0035] Among the specific cerium compounds are: cerium III acetylacetonate, cerium I
napthenate, and cerium octoate, cerium oleate and other soaps such as stearate,
neodecanoate, and other Cg 10 Cy4 alkanoic acids, and the like. Many of the cerium
compounds are trivalent compounds meeting the formula: Ce (OOCR); wherein
R=hydrocarbon, preferably C; to Cy,, and including aliphatic, alicyclic, aryl and alkylaryl.
The cerium is preferred at concentrations of 1 to 15 ppm cerium w/v of fuel, e.g., 4 to 15
ppm. Preferably, 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.

! [0036] Among the specific iron compounds are; ferrocene, ferric and ferrous acetyl-
acetonates, iron soaps like octoate and stearate (commercially available as Fe(III)

compounds, usually), iron napthenate, iron tallate and other Cg to Cat alcanoic acids, iron

PV [N B o JP e Vo L UG B0 % I F.1 2N




[0032] In one aspect, the process of the invention will conprise: m xing
with fuel or conbustion air a nmulti-conponent conbustion catal yst
conprising a platinum conposition and cerium and/or iron conpositions at

| evel s reduced to as low as 0.0005 ppmfor platinumand |evels as | ow as
0.5 ppmfor the ceriumand iron; and conbusting fuel wth air in the
presence of the catalyst in a reginen of treatnent that will utilize
effective catalyst levels for a tine and under conditions, which wll
achieve one or nore of the noted inprovenents. In one aspect, |ow catal yst
| evel s can be enployed for at least a portion of a treatnent reginen,

whi ch can al so include enploying a higher initial dose and/or
intermttently using higher catalyst |evels. W 2006/ 078764

PCT/ US2006/ 001815 11 [0033] The invention al so has significant beneficial
use in the area of dual-fuel diesel engines, which although they operate
principally & WU#&t gas, utilize a nore snoke- prodBETHIPSPIBES f uel such
as regul ar diesel fuel. In sone cases i*he catal yst concentrations
according to the invention can be the above-noted Iom1cata|yst | evel s for

at |least a [ | C ations of
fromonly ngﬁ%g£§E%P%sg%%haﬁa%n%ﬁ%hgggmwMﬁ+es (f% et n %@%l nd cerium
and/ or i r owidzbaps of aﬁmmnﬂpbmmratmtdmsmﬁﬁxefs re(gntﬁrahgne@)leﬁrnmn olebesBet han 8 ppm
In sone ca Is i Lze | ess t | ati num and
2 orar oo prdbinta ot aBlingbPo 18 2 b plsBaRy Mihe del MR BERM, 01 L0
bi et al | i ceglvatté #hont COpgm. rPa&f'emdéeva]sere(tquhﬂm lﬂuerwdtdﬂthlsmdagd additive
conponent s, resi.du suc reducers,
ant i oxi dantfﬁ &Hgg%&ﬁ% tthglpgef%Tngfcf E’f%]gf X?T@%‘ Fhe specific
cerlun1coﬁﬁnlnumuam@nanﬂrmuﬁybmpbﬂmatghamHMnmatﬂuow&Hﬁwnm5td25mmmthenate
and ceriu ea d ot her. uc S stearate,
neodecanoargtf %%trr%ﬁa{lj%dttﬁegélh%mnto%onéﬁoﬁq%a n?@“glé)f% ?‘lvﬁﬂtoﬁ‘éequfnkoé Many of the
\(,l\lﬁl‘l um ccmpg?;jmgiﬁoraﬁéo 16 pprgleant?. S@nipmldmhbqalmemlbmgg bﬂnﬂloj‘/adrawleael Oﬁﬁ §OOCR) 3
erein n era an ncl u atic
alicycli c%:ary 8 o‘%%f I?;fﬁ Oqgﬁ’}.’m Afﬁ‘&%@éfaa?noﬁz nE)'P@‘?‘g q%l?[ t&%‘ﬁ’c ntrations
of 1to 153ropp1r@0;_090 1 eomOnd, \«z_goﬁomlfeJODO.etog”zOD 14Atf@mihlitlorp]mmg oRes prabl y, the
cerrumis p?a%gl%ll {Nl lﬁllsypng %fc':e%’ilr.lnm%&i g 8p 0 ll‘O%aISt eexe llz}lo Rﬁ g. ?atl%% eln?n)](a

plus iron to platinum of about 10,000:1. An alternative exemplary composition will

contain 0.0015 ppm platinum with 10 ppm of iton and 5 ppm of cerium. Anather will
contain from 3 to 10 ppm of a combination of Ce and Fe along with 0.1 to 0.5 ppm
platinum. Another fuel of preference will contain from 0.05 to 0.5 ppm platinum and the
levels of cerium and/or iron of from 0.5 to 10 ppm, especially wherein the cerium and/or
iron are present at total concentrations of from 3 to 8 ppm.

[0038} The combustion according to the invention can be of an emulsion with water,
wherein an oil phase is emulsified with water, the water comprising from 1 to 30% water
based on the weight of the diesel fuel. In the preferred forms, the emulsion will be
predominanﬂy of the water-injoil type and will preferably contain surfactants, lubricity
addiftives and/or corrosion inhibitors in addition io the other components mentioned above.
A discussion of suitable emulsion forms and additives is found in U.S. Pat. No. 5,743,922,
Combustion can improve combustion efficiency and reduce particulates without the use of

oxidation catalysts or particulate filters for enhanced emissions control on diesel engines.




(40% cerium by weight) or a ceriumoctoate (12% cerium by wei ght).

Preferred levels are toward the | ower end of this range. [0036] Anobng the
specific iron conpounds are: ferrocene, ferric and ferrous acetyl -
acetonates, iron soaps |i ke octoate and stearate (comrercially avail able as
Fe(l11) conpounds, usually), iron napthenate, iron tallate and other C6 to
C24 al canoic acids, iron WD 2006/ 078764 PCT/ US2006/ 001815 12 unsubstituted
acetyl acetonates, platinumgroup netal dibenzylidene acetonates, and fatty
acid soaps of tetram ne platinumnetal conplexes, e.g, tetram ne platinum
oleate. The platinumis preferred at concentrations of 0.05-2.0 ppm
platinumwyv (ng per liter) of fuel, e.g, up to about 1.0 ppm Preferred

| evel s are toward the | ower end of this range, e.g., 0.15-0.5 ppm
Platinum COD is the preferred formof platinumfor addition to the fuel.
The ceriumog iron are typically enployed at concentrations to provide from
0.5 to 25 pp quﬁmfﬁﬁ metal and the plati num from 0. 00B&I/¥B Y with
preferred levels of ¢ceriumor iron bé?ng from5 to 10 ppm e.g., 7.5 ppm
and the platinun1being enpl oyed at a level of fromO0.1to 0.5 ppm e.g.,

0.15 ppm A f { d/ar ] | S from
100, 000: 1 ¥4 Eg’gda %‘ aﬁ%@@é&&@eﬁpgu%@f‘%ﬁ%rggmupﬁ{e{ﬁég%a ng 0.0015
pp{n pl ?t |1mludmg|pwuclilﬂe manbm{ pm@dﬁhmaﬂwx?dwmum‘anbls@a?%d @)déamﬂfﬁéltary, }[Nlth a
ratio o S|ron 0 m ernative
xerp! ary BBt iegie oihidsoof bt A G ARE e P Wsdpaluly (CLOT
iron and Eilqmﬂmmefamde refmma thasoddvees kmwthaalexhaﬁmt@as Bltdrs)that(i)edpm of a

Anot her fuel
1al

conbi nat i qQn_,.of
of o of er RGP FPa0ES PRl 1E rifas PRI p BB S 1 o] o
cerium andtmuture They mfist be mgm(erdiedtomre@ﬁsqdpnﬁepesp@nllad;dumuwaeﬂ‘mymanm cerium
and/ or n_ar res at .t ot al ncentra fr 3 ppm [0038]
The conbus ?Igﬁu%@@é’f)ﬁ m{nofotr ﬁ’éan}phe\fgﬁ?mngﬁ meg e o girlln%egB nu}l‘gsﬁgrgn with water,
wher ei n aridiedel oxidatiaecaitdyse'is heardt koovdfero thvsavdeviees kiolva m\meert acahpsi sing from1
to 30% wat er ased on th ight. of th dlesel the preferred
forms, t hegasetFﬁﬂE% stlmagé%%e?pé’ﬁgﬁftﬁ’%%’y an aflﬁgar\sv% nel?qofﬂrﬁl oil type and
wi || pref emissibys t@'@mhsaigmosﬂaﬁtfvamtoaﬂatysads{nwnes ia litwof teaghpling pmﬁ&llmdé or corrosion
' nh b1 tor 0%, BSOS B! 25 e SOTRRIBIS, B LORRLAREY Sana

7 the benefits of the FBC with catalyzed after treatment devices to reduce NO; and

particulate emissions. While not wishing to be bound by any theory, the unexpectedly

good results with after treatment devices as well as for engine out emissions, this may be
because the platinum is not present in amounts sufficient to produce excessive amounts of
NO, and yet produces some NO; or other chemical species which is sufficient to foster
oxidation of the carbon in the particulates in the presence of low levels of cerium and/or
iron, NOZ2 is a strong lung irritant and can be generated in large quantities by traditional
use of heavily catalyzed aftertreaiment devices such as DOCs, DPFs or combinations. The
net result of the limited NO, production due to low platinum concentrations and the -
cerium and/or iron being present in low but sufficient amounts to produce greater than

expected reductions in particulates (as well as other species resulting from incomplete

o

* oxidation) and at the same time control the amount of NO, generated and released. Unlike
the prior art, then, the invention has found that high NO, production rates are not

necessary and, indeed, has found a way to provide emissions less irritating to humans.




A di scussion of suitable enmulsion fornms and additives is found in U S. Pat.
No. 5,743,922. Conbustion can inprove conbustion efficiency and reduce
particul ates without the use of oxidation catalysts or particulate filters
for enhanced em ssions control on diesel engines. WO 2006/ 078764

PCTI US2006/ 001815 13 such as a diesel oxidation catalyst (DOC) or diesel
particulate filter (DPF). OQher devices including particulate reactors,
partial filters or NO adsorbers can al so be used and benefit fromreduced
engi ne out em ssions of the current invention. The term "diesel particulate
filter” is nmeant to refer to those devices known in the art as exhaust gas
filters that reduce particulate em ssions by trapping a portion of the
particulates within a conplex internal structure. They nust be regenerated
or replaced as deposits will accumul ate. They can be of any suitable
construction, for exanple of ceramc, netal, SiC or wire nesh. The term

"di esel oxi dW?HA/CESA| yst" is neant to refer to thosePdBUSBEHIRHown in t he
art as exhaust gas treatnent catal yst’d that reduce particul ate,

hydr ocar bon and carbon nonoxi de em ssions by causing contact with

~catal yzed . 1 I I Iek {n the diesel
parti cul at @é&@%@?@dﬂq@gg&? e %igaan’%%g&ggﬁéﬁtﬁggrﬁ%tﬁﬁgﬁgnb& ngg%dut results and
t he benef i viscosify to e. FBEsel) with additiviey (160Ipraf ofshe THA 419 detetewit.2@5pr r educe
NO2 and pagd U THAY i S by any

t heory, thgf%én%%ggéetﬁaggm&ﬁaég%gmf su??gﬂﬁoﬁcg%gﬁ%ge‘%?@% 'esvi ces as wel |
as for engpmeplatimumenprisd avplatinum GOrand Bepprbedam seoplipdagyedth hydiodys not
present in : f Gl ; Tof-¥8 | Vs and yet
P oduces s aruriidh Sl lrpll Ml oRLAMERYCHARADY KRB MBIy BT P0G, &
oxi dat i on ©¥$, aghieweightisd mefahintohgpep sivltine ofl faal gxliters Thhelvasaeedce a skt dfow | evel s

of cerium } : L\Jg)lgs - e e generated
in |arge q%ggr%t%ﬁqce%&%g} Dtlra |e%]?' Sbézoél%d@s%gg%#j&%ggéﬁd;&g%{(%?@?% tertreat nent
devi ces sumsiliags O@Bered PREsferncaomrtiiimay Nodora TABB IHAD ((ditdmia fr the |inited
NO2 pr oducﬁésglﬂcé;%agd%h%rmvgg@h{r -&Igﬁlglcentrati ons and the cerium and/or

n Tow bu urtl

i ron being present | S I'ent amounts to produce greater than
expect ed r@eMgrLORS, | b I ! sul ting
From i ncorl oo a i uBBhtded AL Biok R bl ndin L MRl oS e B B L EEN N of 2

gener at ed tansientedomposiit. resuitg drk given foethp viripps fels testehen, the i nvention has
found that high NO2 production rates are not ‘

[0043] Emissions
(z/bhp-hr)
Fuel Sulfur HC co NOx PM

BSFC

(ppm) (Ibs/hp-
hr)
1998 Standard <500 13 155 4.0 0.10 NS
2D 450 015 113 405 0.075
0.398
CARB ULSD 50 008 09  3.72 0.063
0.392

CARBULSD +FBC 50 .10 0.85 3.78 - 0.053




necessary and, indeed, has, found a way to provide em ssions |ess
irritating to humans. WD 2006/ 078764 PCT/ US2006/ 001815 14 fungi bl e

avi ati on kerosene grade 55 anal yzed above (Jet A, and simlar in boiling
and viscosity to No. | Diesel), wth additives (100 ppm of the TFA 4690-C
detergent, 225 ppm of the noted Texaco lubricity additive) and a fuel hone
catal yst (FBC) containing 0.15 ppm platinum supplied as plati num COD and
7.5 ppm cerium supplied as cerium hydroxy ol eate propionate conpl ex
(solution containing 40% cerium by weight). These ppmvalues are, again
wei ght of netal in ng per volunme of fuel in liters The fuel was used in a
test of a 1998 DDC Detroit Diesel Series 60, 400 hp engi ne and showed
remar kably inproved results as conpared to a reference on highway No 2 or
a CARE ULSD (California Air Resources Board Utra Low Sul fur Diesel) fuel

[ 0042] Test ﬁ@tﬁﬁj$ summarized in the following table, wherein the test
results of tHe PP ansi ent--conposite results are &R Re various
fuels tested. [0043] Emi ssions (g/bhp-hr) Fuel Sulfur HC CO NOx PM BSFC
(PPM (I bs/hp- hr) 1998 Standard < 500 1.-3 15.5 4.0 0.10 NS 2D 450 0.15
1.13 4. 05 rkhgfd oQutﬁ%&nﬂs%Mr@éﬁngaQ&d%r%ﬁ:ﬁé’iﬂt?&dQxﬁéﬁﬁve RocdSingCARB ULSD +
FBC 50 0.10 095 3.79 0.053 WO 2006/ 078764 PCT/US2006/ 001815 15 range of
pol | ut i ng RANSE; B Bigiavneyifir copisals newy theught nderessentil fofmarlignlete SpTdx pensi ve

rocessin
P 9 Example 2

[0045] This example presents results for a platinum and cerium bimetallic FBC used in
commercial ultra low sulfur diesel at a total of 4 ppm metal versus normal sulfur fuel and a
reference ULSD and tested on a 1998 DDC Series 60 Engine. The results are summarized
in the table below:

[0046] Emissions Results ¥rom a 1998 DDC Series 60 Engine on Various Fuels

(Replicate Hot FTP Tests)
gr/bhp-br __ Ib/hp-hr
HC CO NOx PM BSFC

1998 Standard 13 155 40 010 NS
Base No. 2D 013 1.0 40 008 413
ULSD + Bimetallic FBC ~ 0.16 09 37 006 .410
@ 0.25 Pt/3.75 Ce '
Reference ULSD 035 09 39 008 416

[0047] The above table shows improvements for the FBC treated fuel in HC (54%), NOx
(5%), PM (25%) and fuel economy (1.4%) for a treated ultra low sulfur diesel (ULSD)
fuel against a reference ULSD without the additive.

Example 3

[0048] Testing was conducted on a 1990 DTA-466 International 7.6 liter engine over three
twenty minute hot transient test cycles. Average emissions for NO,, NO and NO, and

particulates were measured in grams/hp-hr are presented in the table below.

- [0049] Baseline emissions on commercial No. 2D (>300ppm Sulfur) and ULSD (<15ppm




to achieve the ultra | ow sul fur contents now t hought to be essential to
particulate control. Exanple 2 [0045] This exanple presents results for a
pl ati numand ceriumbinetallic FBC used in comercial ultra | ow sul fur
diesel at a total of 4 ppmnetal versus normal sulfur fuel and a reference
ULSD and tested on a 1998 DDC Series 60 Engine. The results are sunmmari zed
in the table below. [0046] Em ssions Results Froma 1998 DDC Series 60

Engi ne on Various Fuels (Replicate Hot FTP Tests) er/bhn-hr | b/hp-hr HC
CO NOx PM BSFC 1998 Standard 1.3 15.5 4.0 0.10 NS Base No. 2D 0.13 1.0
4.0 0.08 .413 ULSD + Binetallic FBC 0.16 0.9 3.7 0.06 .410 @0.25 Pt13.75
Ce Reference ULSD 0.35 0.9 3.9 0.08 .416 [0047] The above table shows

i mprovenents for the FBC treated fuel in HC (54%, NOXx (5%, PM (25% and
fuel econony (1.4% for a treated ultra |ow sulfur diesel (ULSD) fuel

agai nst a reference ULSD without the additive. Exanple 3 [0048] Testing was
conduct ed on W0 DGBESTHITA- 466 I nternational 7.6 |iter enBCTEs20080918t5hr ee
twenty mnute hot transient test cyclds. Average enissions for NON, NO and
N2 and r -1.particul ates were neasured in grans/hp-hr are presented in the

tabl e belo 0049 line.ems i al >300ppm

Sul fur) an O/EJE lé'f%%g %S%&W%ﬁﬁ@%%ﬁ%épﬁg e 59% but

i ncreased MMoRivewhsetionhydroxbitpiafaie ddatelandhibt platem akiitte wapgleiisn The cerium
addi tive \A@@Bceri um hydr oxy propionate ol eate and the platinum additive was

pl ati num
[0051] When the DOC was removed, particulate reduction efficiency decreased slightly to

57% but NO, was only 25% of total nitrogen oxide species. After a further 25 hours of
operation on treated fuel both particulates and NO; were further unexpectedly reduced.

[0052] One unexpected positive result observed in the testing was the reduction in both
particulate emissions and percentage NO, when the FBC was added to either baseline No.
2D or ULSD without the installation of any after treatment devices. For No. 2D, the
particulates were reduced by 15% from 0.253 t0 0.215 oﬂ treated fuel (Pt/Ce at 0.15/7.5
ppm) and NO, decreased from 17% to 13%. For the ULSD, the particulates decreased
from 0.244 to 0.207 with the addition of FBC (Pt/Ce at 0.5/7.5 ppm) to the fuel while ng
decreased by 15% from 18% to 12%. Thus there are benefits to the use of the FBC alone
or with catalyzed after treatment devices to reduce particulates and other emissions.
Highly catalyzed DOCs, advocated by the prior art as important aids in particulate
reduction due to their generation of NO;, are shown here to be no more effective than the
right FBC for particulate reduction and can adversely affect NO, emission. This has not
been disclosed in the prior art.

{0053] Comparisen of Emissions from 1990 International 7.6 Liter DTA-466 Engine

(Average of Triplicate Hot-Start Tests)
Pollutant Amounts (gr/hr-hr)

Pollutant Amounts (gr/hr-hr)

%
NO,

Fuel and
Aftertreatment NOx

NO,

Particulates ' HC l co




[ 0051] When the DOC was renoved, particul ate reduction efficiency decreased
slightly to 57% but NO2 was only 25% of total nitrogen oxide species.
After a further 25 hours of operation on treated fuel both particul ates
and NO2 were further unexpectedly reduced. [0052] One unexpected positive
result observed in the testing was the reduction in both particulate

em ssions and percentage NO2 when the FBC was added to either baseline No.
2D or ULSD without the installation of any after treatnment devices. For No.
2D, the particulates were reduced by 15% from 0. 253 to 0.215 on treated
fuel (Pt/Ce at 0.15/7.5 ppm and NO2 decreased from17%to 13% For the
ULSD, the particul ates decreased from0.244 to 0.207 with the addition of
FBC (Pt/Ce at 0.5/7.5 ppn) to the fuel while NO2 decreased by 15% from 18%
to 12% Thus there are benefits to the use of the FBC alone or wth

catal yzed after treatment devices to reduce particulates and ot her

erm ssions. Y3784t al yzed DOCs, adyocated by the pr PEYUSAH6/0HBIS| mpor t ant
aids in particulate reduction due toltheir generation of NO2, are shown
here to be no nore effective than the right FBC for partlculate reducti on
and can adyersety—afttect—NE2entrssi-on—Thi-s—has—not—een—dirsctosed—j n the
prior art. N@%H}O@ﬁ@mwméioaﬁm ssions from 1990 International 7.6 Liter
DTA-466 Engi ne Fé@é“/@fﬂf’ﬁl\ibﬂﬂ@ate Hot St art Tests) Pol I utant Anpunts
(gr/hr-hr) ‘.‘ it 0- 7P 7 S PPIA 8. Mplesp and 9% e en NOx NO
NO2 NO2 Particul ates HC CO WD 2006/ 078764 PCT/ U82006/ 001815 17 Notes: DOC
= 75 gr/cu ft PGM | oadi ng CWF = JE-kaﬁlE(eqU ft PGMIloading FBC = 0.5 mPt1l7.5
m Ce, unless noted Exanple 4 [0054] Engi ne Dynanoneter testing was

conduct ed [g034 PEAGSHID yAGmERStBkesting whi doﬁauctéﬂeﬁ@bumaﬂgmenm ﬁﬂelfdl@e! to meet

1991 Callfornla and US Envi ronnent al tection en
engine certified to meet 1991 Coaﬂforrga and Ué’é) v%onmentalf’\ tec1(::1 gency Igedcral

Emission standards. The test cycle was the EPA transient test protocol under the US
Federal Test Procedure (FTP).

[0055] This transient cycle is described by means of percent of maximum forque and
percent of rated speed for each one-second interval over a test cycle of 1199 second
duration. The first five minutes of the cycle is designated as the New York Non-Freeway
(NYNF) portion of the test and represents city operation with extensive idle time. The
second five minutes is called the Los Angeles Non Freeway (LANF) portion, This part of
the test also represents city operation, but without extensive idle time. The third five
minute section of the test is called the Los Angeles Freeway (LAF) portion. This is
representative of high speed freeway operation. The final five minutes is a repeat of the
NYNF portion.

[0056] These four parts give the 20 minute EPA transient cycle. Results represent the
mean of triplicate "hot-start” repeat tests for each fuel.

[0057] Results are presented graphically for reduction in emissions of hydrocarbons (HC),
. carbon monoxide (CO), nitrogen oxides (NOy) and particulates (PM) for each fuel tested
L _,ﬁ relative to emissions from a standard No. 2 on-highway reference fuel containing 386ppm

sulfur,

TANERT A Aditinanm Af o himafallic nlatinnim/narinnm faal '!-\nrnp ratatvet AR at a




Em ssion standards. The test cycle was the EPA transient test protocol

under the US Federal Test Procedure (FTP). [0055] This transient cycle is
descri bed by nmeans of percent of maxi numtorque and percent of rated speed
for each one-second interval over a test cycle of 1199 second duration.
The first five mnutes of the cycle is designated as the New York

Non- Freeway (NYNF) portion of the test and represents city operation with
extensive idle time. The second five mnutes is called the Los Angel es Non
Freeway (LANF) portion. This part of the test also represents city
operation, but w thout extensive idle time. The third five mnute section
of the test is called the Los Angel es Freeway (LAF) portion. This is
representative of high speed freeway operation. The final five mnutes is a
repeat of the NYNF portion. [0056] These four parts give the 20 m nute EPA
transient cycle. Results represent the nean of triplicate "hot-start™
repeat testswvwio@aghks fuel. [0057] Results are presentedr/gsaphiesl |y for
reduction in em ssions of hydrocarbongs(HC), carbon nonoxide (CO,

ni trogen oxides (NO, ) and particulates (PM for each fuel tested relative

"to emi ssions from a, standard .. 2 an-high reference fuel .containing
386ppm s uPHEHS, g p ate Fﬁw‘?"uaﬁ ogﬂ'f%,%,n\?ﬂgqu@% e aﬁ?‘%ﬂl{ rhro fi, Al
hnrna r.t. {he8bsultfheb Smmdrizet MPig2 @06/ 078764 PCT/ US2006/ 001815 '.. 18
benefits, including particulate reduction, of the FBC in standard or ultra
| ow sul fur fuels. The results are summarized in Fig. 1. Exanple 5 [0059]
In another test on a 1990 nodel year Cunmins 8.3 liter engine manufactured
to 1991 Federal Em ssion Standar dBxanyiléhh a di fferent baseline than in
Exanpl e 4, the engine was operated on baseline No. 2D fuel over triplicate
"hot st ar t[0039) Imdnathertest oa ad P Wrmodel eheCummiEng. $ Ylevengingapaguioetpisd foed as t he

average | - he. | Ta . rd i e BMhSkbRRs were
measur ed 2¥@B?%%%@§?¥ﬁﬁéﬁ?@ﬂgﬁégg%ﬁ%ﬁg%ﬁwﬁeﬁ@%_%@%ﬁ%%ﬁ%%w.é?e§e| fue
(ULSD) pr othsopetated ori brogline 2idul? fughoviertriplaatei “botlsartd 2@ i tansient oydes182
g_g/ hp-hr. P&Qgsions were reported as the average in grams/hp-hr in the Table below. Particulate

emissions were measured at 0,189 gr/hp-hr. Operation on ultra low sulfur diesel fuel

(ULSD) produced a minor reduction in particulate emissions to 0.182 pg/hp-hr. NO;

emissions remained at 15 — 16% of total nitrogen oxide emissions for either baseline fuel.

[0060] Treatment of the No. 2D with a bimetallic FBC at 0.15 ppm platinum and 7.5 ppm
cerium produced a particulate reduction of 13% to 0.164 gr/hp-hr with a reduction in NO,
from 0.8 gr/hp-hr to 0.6 gr/hp-hr. This is in contrast to traditional approaches for
particulate reduction which use heavily catalyzed devices to convert NO to NO; and can
also convert sulfur to sulfate particulate emissions on No. 2 fuel. A 13% PM reduction is
surprising for a low level FBC and significant given the minor PM reduction achieved
from ULSD alone.

[0061] Further testing showed the benefits of é bimetallic FBC at a ratio of 0.5 ppm Pt and
7.5 ppm Ce were maintained in a ULSD fuel, PM reductions of 12% were achieved
versus baseling ULSD while maintaining lower NO; emissions.

s
7 \w_
B ‘_‘__/J‘

[0062] Engine Out Data for a Bimetallic FBC on a 1991
Certified Emissions Commins 8.3 Liter
(Average of Triplicate Hot Tests)




em ssions remained at 15 - 16% of total nitrogen oxide em ssions for either
baseline fuel. [0060] Treatnent of the No. 2D with a binmetallic FBC at

0. 15 ppmplatinumand 7.5 ppm cerium produced a particul ate reduction of
13%to 0.164 gr/hp-hr with a reduction in NO2 from0.8 gr/hp-hr to 0.6
gr/hp-hr. This is in contrast to traditional approaches for particulate
reduction which use heavily catal yzed devices to convert NOto NO2 and can
al so convert sulfur to sulfate particulate em ssions on No. 2 fuel. A 13%
PMreduction is surprising for a low |l evel FBC and significant given the
m nor PM reduction achieved from ULSD alone. [0061 | Further testing
showed the benefits of a binetallic FBC at a ratio of 0.5 ppmPt and 7.5
ppm Ce were maintained in a ULSD fuel. PMreductions of 12% were achi eved
versus baseline ULSD while maintaining | ower NO2 em ssions. [0062] Engine
Qut Data for a Binetallic FBC on a 1991 Certified Em ssions Cunmns 8.3
Liter (Aver¥8a"8P78%%i plicate Hot Tests) WD 2006/ 078762 BENMI#HNO61001815
‘... 19 Exanple 6 [0063] Simlar repH cate testing conducted on a 1998
Detroit Diesel 12.7 liter engine is Presented in Gaph 2 and showed an 11
% reduction in particulates for the FBCin the No. 2D fuel at a 0.5ppm
Pt/7.5ppm Ce treat rate and a 15% reduction for an untreated ULSD fuel.
When added to the ULSD fuel, the EBC increased particulate reduction to 28%
versus the baseline on untreated M¥ampleuel . [0064] These results again

confirmthe ability of the FBC to reduce erégrl ne_ out ﬁgg ssigns, including
PM when #96aSimgdaieplisge tssting cgpsiueise paa 199§ Defrait Dieped 127 it 6R81RE zed in Fig. 2.

Exanpl e 7P£e9éﬁ€e§]m@€a§£maﬂd%w@déq9ﬁ%ﬂeﬂ&cﬁém Gﬂﬁteﬂ'i@fﬂ&b?B@ﬁn%e@ollter engi ne
showed reductions in PM 15% for a f uel treatedeg\wdh the FBC at a

0. 15/ 7. Spphfesl a#0- Mmé’t/’f’ﬁ@lam C@éfﬁﬁé%’ﬂ?%‘ﬁ 158 fé‘éﬂ’?ﬁ%"r@lfﬁ}mlgﬁ ¥ no FBC
pr ovi ded 334 R¥lh Gal4E td MO ULYH AL ttﬁﬁa@ﬁk@ﬂeaswmula&md&ﬁ&l {o@8¢d SD at

.15/ 7. 5ppmdose rate, the particulates were reduced
versus the baseline on untreated No.2D fuel.

[0064] These results again confirm the ability of the FBC to reduce engine out emissions,
including PM, when added to No.2D or ULSD fuels. The results are summarized in Fig.2.

Example 7

[0065] Testing on a 1990 International Harvister 7.6 liter engine showed reductions in PM
of 15% for a No. 20 fuel treated with the FBC at a 0.15/7.5ppm treat rate. For
comparison, a commercial ULSD with no FBC provided 3% PM reduction. With the
addition of the FBC to ULSD at 0.15/7.5ppm dose rate, the particulates were reduced by
18%; used with a low aromatic ULSD, the FBC produced reduction in particulates of

29%. The results are summarized in Fig. 3.

Example 8

[0066] A series of tests were conducted on a 1995 Navistar 7.6 liter engine installed on a
transient engine dynamometer. Triplicate hot test cycles were run for a baseline on No.2D
- fuel (> 300 ppm S) and then for each of three different FBC additives used in ULSD (< 15
ppm S).

[0067] Additive A delivered 0.15/4/4 ppm Pt/Ce/Fe; Additive B delivered 0.15 ppm/7.5




18% used with a |ow aromatic ULSD, the FBC produced reduction in, :
particul ates of 29% The results are summarized in Fig. 3. | Exanple 8 |
[ 0066] A series of tests were conducted on a 1995 Navistar 7.6 liter engine f
installed on a transient engine dynanoneter. Triplicate hot test cycles
were run for a baseline on No.2D fuel (> 300 ppm S) and then for each of
three different FBC additives used in ULSD (< 15 ppmS). [0067] Additive A
delivered 0.15/4/4 ppm Pt/ Ce/ Fe; Additive B delivered 0.15 ppm 7.5 WO

2006/ 078764 PCT/ US2006/ 001815 20 [0068] In certain applications the use of
atrinietallic my present cost advantages versus a binetallic or may be
preferred for use in regeneration of exhaust aftertreatnent devices such
as DOCs, DPFs, wire nmesh filters or conbi ned systens. [0069] Engi ne Cut
Data for Binetallic and Trinetallic Additives on a 1995 Navistar DT466 7.6
liter Engine (Average of Triplicate Hot Test Results in gr/hp-hrs)

Fuel / Addi t i véVHBIEBPMOx NO N2 % NO2 PM  Basel i ne No. Z2OU/@SBoNOBIY 7 3.3
1.4 30%0.106 ULSD + Additive A 0.1 200 4.1 3.7 0.4 10%0.079 ULSD +
Additive B 0.1 1.0 4.2 3. 6 0.6 14%0.072 ULSD + Additive C0.1 1.0 4.2 3.7

0.6 14% 0. 514/ 1

0.15/5. 6/ Zﬁi%&gli\%gg’%@é t?]mof’ﬁ %he eocéét hg{éé‘@rlc?%%y %reseétlscoftr? en %‘g% Vt%;fguseanabl e the

per son sk|b1tnetdlhcnrmﬂein@réfemﬂfmmehuregnerattmofmhemstaﬂ.antreahnenmevwcet intended to

detail all_qf_t d |cat variations which will becone

appar ent to&ﬁ? ﬁgoﬁ?%ﬁmv\ﬁﬂnq}ﬁleﬁs T "ge ﬁg?r?ise description. It is

i nt ended, ver d tions be included
1?&%%@] Gl Datl fo} BIREY ﬁm 24 TRRS AR Ad’tﬁ{]\'/eg

wi t hin the s ‘i i@g Pt DT ’féhf%?ﬁﬂg;h@ e above description
and otherw se def i ned (Ryer ge%f Triplicate Hot Test Results in gr/hp-hrs)

Fuel/Additive HC | CO | NOx | NO NO; | % NO; | PM
Baseline No. 2D 02 | 12 | 47 3.3 1.4 30% | 0.106
ULSD + Additive A 0.1 1.0 | 4.1 3.7 0.4 10% | 0.079

1 ULSD + Additive B 0.1 1.0 | 42 3.6 0.6 14% | 0.072
ULSD + Additive C 0.1 1.0 | 4.2 3.7 0.6 14% | 0.078

Notes: A =0.15/4/4 Pt/Ce
B=0.15/7.5 Pt/Ce
C=0.15/5.6/2.4 Pi/Ce

[0070] The above description is intended to enable the person skilled in the art to practice
the invention. It is not intended to detail all of the possible modifications and variations
which will become apparent to the skilled worker upon reading the description. It is
intended, however, that all such modifications and variations be included within the scope
of the invention which is seen in the above description and otherwise defined by the
following claims, The claims are meant to cover the indicated elements and steps in any
arrangement or sequence which is effective to meet the objectives intended for the

invention, unless the context specifically indicates the contrary.




following clains. The clains are neant to cover the indicated el ements and
steps in any arrangenent or sequence which is effective to neet the
objectives intended for the invention, unless the context specifically

i ndi cates the contrary. WD 2006/ 078764 PCT/ US2006/ 001815 21 CLAIMS 1. A
di esel fuel for powering a diesel engine with reduced em ssion of

particul ates wthout the need for an after treatnent device, conprising. a
base fuel conprising distillate, and a fuel borne catal yst conprising

pl ati num and cerium and/or iron, wherein the platinumis enployed at a

| evel of fromO0.05 to 0.5 ppmand the |evels of ceriumand/or iron being
from0.5 to 10 ppm 2. A diesel fuel according to claiml, wherein the

di esel fuel contains less than |5ppmsulfur. 3. A diesel fuel according to
claiml1, wherein the ceriumand/or iron are present at total

concentrati o m3 to 8 ppm 4. A diesel fuel according to claiml1,
whi ch conprigﬁgﬂ%mﬁgg% fuel selected f,yomthe group c§ﬁ¥W¥W§ﬂﬂsgf ultra

| ow sul fur diesel fugl, No. | diesel fuel, No. 2 diesel fuel, jet fuel,

bi ol ogi cal | y-derived fuels, conprising fatty acid esters derived from
triglycerides and mxtures of two or nore of these. 5. A nethod for
reduci ng the em ssions of particul@tgsgs hydrocarbons and carbon nonoxi de
froma diesel engine directly out of the engine prior to contact with an
oxi di zer 10r padibdeCibiaberowcAl £OE%I dnginbGith Al 8mBsibi6f pasiRlidiel € pl ati num
group netal conposition and at | east one other catalytic conmpound

conpr i si n§ttayethe agsd o312 atteisamepisicyse. expRtisigt 0 a di esel fuel to lower the

en ssions of pakdeifGdlkahfing@iausgied hydrocarbons and carbon nonoxi de,
wherein the platinumis enployed at a level of from0.05 to 0.5 ppm and
the |evel s of 28%8 UGHCHIFEFGHS\AEIPOTIE RIS A0PeTiyIndobiae Yhagn tp)

platinum is employed at a level of from 0.05 to 0.5 ppm and the levels of cerium and/or

iron being from 0.5 to 10 ppm.

2, A diesel fuel according to claim 1, wherein the diesel fuel contains less than
15ppm sulfur.

3. . Adiesel fuel according to claim 1, wherein the cerium and/or iron are present at

total concentrations of from 3 to 8 ppm.

4. A diesel fuel according to claim 1, which comprises a base fuel selected from the
group consisting of ultra low sulfur diesel fuel, No. 1 diesel fuel, No. 2 diesel fuel, jet fuel,
biologically-derived fuels, comprising fatty acid esters derived from triglycerides and
mixtures of two or more of these.

5. A method for reducing the emissions of particulates, hydrocarbons and carbon
monoxide from a diesel engine directly out of the engine prior to contact with an oxidizer
or particulate trap comprising:

adding a fuel-soluble platinum group metal composition and at least one other
catalytic compound comprising fuel-soluble compounds of cerium to a diesel fuel to lower
the emissions of particulates, unburned hydrocarbons and carbon monoxide, wherein the

platinum is employed at a level of from 0.05 to 0.5 ppm and the levels of cerium and/or




Y 8. The nmethod according to claimb5, wherein the diesel conprises a base
fuel selected fromthe group consisting of ultra | ow sul fur diesel fuel,
No. 1 diesel fuel, No. 2 diesel fuel, jet fuel, biologically-derived
fuels, conprising fatty acid esters derived from triglycerides and

m xtures of two or nore of these. 9. The nmethod according to claimb5,
wher ei n exhaust from operating the diesel engine is passed through a

di esel particulate filter. 10. The nmethod according to claimb5, wherein
exhaust fromthe diesel engine is passed through a diesel oxidation
catalyst. 11. A process for inproving conbustion of pilot fuel in a

dual -fuel diesel engine, which operates principally on natural gas,
conprising: adding to a pilot fuel, a nulti catalyst conposition
conprising platinumat concentrations of fromonly 0.0005 to |less than
0.15 ppmand ceriumand/or iron at total concentrations of fromonly 0.5 to
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through a diesel oxidation catalyst.

11. A process for improving combustion of pilot fuel in a dual-fuel diesel engine,
which operates principally on natural gas, comprising: adding to a pilot fuel, a multi
catalyst composition comprising platinum at concentrations of from only 0.0005 to less
than 0.15 ppm and cerium and/or iron at total concentrations of from only 0.5 to less than

8 ppm.

12, A process for combusting a carbonaceous fuel comprising: mixing with fuel or
combustion air a multi-component combustion catalyst comprising a platinum
composition and cerium and/or iron compositions at levels reduced to as low as 0.0005
ppm for platinum and levels as low as 0.5 ppm for the cerium and iron; and combusting
fuel with air in the presence of the catalyst in a regimen of treatment that will utilize
effective catalyst levels for a time and under conditions, which wiﬂ achieve one or more of

the noted improvements.

13. A process for combusting a carbonaceous fuel comprising: mixing with fuel or

combustion air a multi-component combustion catalyst comprising a platinum




treatment reginmen utilizing higher catalyst concentrations, mxing with
fuel a multi- conmponent conbustion catalyst conprising a platinum
conposition and ceriumand/or iron conpositions at |levels of 0.0005 to

| ess than 0.15 ppmfor platinumand levels of 0.05 to less than 1.0 ppm
for the ceriumand iron; and conbusting the fuel with air in a reginmen of
treatnent that will achieve one or nore of the noted inprovenents. fi {
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and combusting fuel with air in the presence of the catalyst in a regimen of treatment that

will utilize effective catalyst levels for a time and under conditions, which will achieve

one or more of the noted improvements.

14. A process for combusting a carbonaceous fuel comprising: for at least a part ofa
treatment regimen utilizing higher catalyst concentrations, mixing with fuel a multi-
component combustion catalyst comprising a platinum composition and cerium and/or
iron compositions at levels of 0.0005 to less than 0.15 ppm for platinum and levels of 0.05
to less than 1.0 ppm for the cerium and iron; and combusting the fuel with air in a regimen

of treatment that will achieve one or more of the noted improvements.




