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Preferably, the diesel fuel contains less than 0.05% sulfur. In a preferred aspect, the
cerium and/or iron are present at total concentrations of from 0.5 to less than 8 ppm. -

*{0010] In another aspect the invention provides 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 cerfum and/or iron to a diesel fuel to lower the
emissions of particulates, unburned hydrocarbons and carbon monoxide, wherein the
platinum is employed at & level of from 0.05 to 0.5 ppm, e.g., 0.1 to 0.5 ppm, and the
levels of cerium and/or iron being from 5 to 10 ppm; and operating a diesel engiﬁe with

the fuel,

- [0011] From another perspective, the invention can be described as providing 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 jron at total concentrations of from only 0.5 to less than 8 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 & muli-
component combustion catalyst comprising a platinum composition and cerivm and/or
“ron compositions at levels reduced {o as low as 0.0005 ppm for platinum and levels as
low as 0.5 ppm for the cerilum and iron; and combusting fuel with air in the presence of the
catalystina fegimen of treatment that will utilize effective catalyst levels for a time and
under conditions, which will achieve one or more of the noted improvemenis.

[0013] In another aspect of the invention there is provided a process for combusting 2
carbonaceous fuel comprising: mixing with fuel or combustion air a mulﬁ-oomponcnt
combustion catalyst comprising a platinum composition and cerium 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 catelyst levels for a time and
under conditions, which will go}ﬁeve one or more of the noted improvemexits; then, for af
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least & period of time changing the amount of catalyst utilized by mixing with fuel or
combustion air a multi-component combustion catalyst comprising & platinum

corposition 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 ina 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,

[0014] Yet further, the invention provides a process for combusting & carbonaceous fuel
comprising: for at least a part of a treatment regimen utilizing higher catalyst
concentrations, e.g., platinum at 0.5 to 2.0 ppm and cerium at 7.5 to 15 ppm; mixing with fuel a
multi-component combustion catalyst comprising a platinum composition and cerium
and/for iron compositions at levels of 0.0005 to less than 0.15 ppm for platinum and levels
0£0.05 to less then 1.0 ppm for the cerium and iron; and combusting the fuel with airina

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

[0015] Many of the preferred asiaects 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
apparcnt from the following written description, especlally when read in light of the

accompanying drawings whercin:

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

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

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

engine.
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Detailed Description of the Invention

[0020] In addition to the other advantages and improvements of the invention, the use of
Tow and ultra-low individual and combined catalyst levels is significant in several regards,
including the great reduction in catalyst solids which can acoumulate within a system or
are exhausted. The invention can reduce pollutants without the use of after-treatment
devices and can enhance after treatment due fo the rednced production of particulates and
the increased ability to burn off carbon deposits. Cerium and iron levels are reduced to
levels as low as 0.05 ppm and platinum levels are reduced to levels as low as 0.0005 ppm,
A regimen of treatment will utilize effective levels within the low and ultra-low ranges for

a time and under conditions, which will achieve one or more of the noted improvemens.

[0021] As noted above, the invention relates to improving combustion of diesel fuels,
which typically comprise a fossil fuel, such as any of the typical petroleum-derived fuels
inoluding distillate fuels, The diesel fuel can be of any of those formulations disclosed in
the above priority patent applications, which are incorporated by reference herein in their
entireties. A fuel can be one or a blend of fuels selected from the group consisting of
distillate fuels, inciuding diesel fuei, e.g., No. 2 Diesel fuel, No. 1 Dieset fuel, jet fuel, e.g,,
Jet A, or the like which is similar in boiling point and viscos_ity to No. 1 Diesel fuel, ultra
low sulfur diese! fuel (ULSD) and biclogically-derived fusels, such as those comprising a
"mono-alky] ester-based oxygenated fuel", ie., fatty acid esters, preferably methyl esters
of fatty acids derived from triglycerides, ¢.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 term ultra low sulfur diesel fuel (ULSD) means No. 1 or No.
‘9 diesel fuels with & 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 confent ultralow sulfur diesel (LA ULSD) fuel. as used

herein means that this component of the fuel 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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ester-based oxygenated fuel”, ie., fatty acid esters, preferably from fatty acids derived
from triglycerides such as soybean oil, Canola oil and/or tallow. As used herein, the term
“fatty acid ester(s)" is infended to include any compound whetein the alcohol portion is
easily removed, including polyols and substituted alcohols, efc., but are preferably esters
of volatile alcohols, e.g., the Cy ~C4 alcohols (preferably methyl), 2-methoxy ethyl and
benzyl esters of fatty acids containing about eight or more (e.g., 8 to 22) carbon atoms,
and mixtures of such esters. Volatile alcohols are highly desirable. Methyl esters arc the
most highly preferred ester reactants, Suitable ester remctants can be prepared by the
reaction of diazoalkanes and fatty acids, or derived by alcoholysis from the faity acids

naturally occurring in 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 fatty acids include caprylic, capric, lauric, myristic, palmitic, stearic, arachidic,
behenic, isomyristic, isomargaric, myristic, caprylic, and anteisoarachadic. Suitable
preferred unsaturated fatty acids include myristoleic, palmifoleic, 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 example,
rapeseed provides a good source for Cy; fatty acids; Cig-Cig fatty acids can be provided by
tallow, soybean oil, or cottonseed oil; and shorter chain fatfy acids can be provided by
coconut, palm kémel, or babassu oils. Lard, olive oil, peanut oil, sesame seed oil, and
sunflower seed oil, are other natural sources of fatfy acids.

[0026] Preferred esters comprised in the biodiesel are lower alkyl esters, €.g., methyl,
ethyl, propyl and butyl, particufarly methy] 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 alky! esters of long chain faity
‘acids derived f}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 diese!
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%
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biodiesel with diesel fuel should be evalnated on a case-by-case basis until further
éxperienoe is available. Bquivalents which have the same essential function and those
varying compositionally by up to 50 %, preferably by less than 20%, can also be
employed. In some cases as little as 2% biodiesel may be used with a blend of 98% diesel
fuel from one of the other sources identified above.

Preperty ASTM Method Limits Units

Flash Point D93 - 130 min. Degrees C

Water & Sediment D2709 0.050 max. - % vol.

Kinematic Viscosity, 40 C D445 1.9-60 mmzlsec.
'Sulfated Ash D874 0.020 max. % mass

Sulfur D5453 15 max. ppm

S 15 Grade 500 max.

S 500 Grade

Copper Strip Corrosion D130 No. 3 max.

Cetane D613 47 min.

Cloud Point D2500 Pref, -2°Cor  Degrees C

Report

Carbon Residue D4530" 0.050 max. % mass

100% sample )

Acid Number D664 © 0.80max. mgXOH/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 Bquivalent ' -

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, Rapesced 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 hmltmg requirements
may be agreed upon between purchaser, seller and manufacturer,



Free dycerin D6584 0.020 max. % mass Total dycerin
D6584 0. 240 max. % mass Phosphorus Content D 4951
0.001 max. % mass Distillation Tenp, D 1160 360 max.

Degrees C At nospheric Equival ent Tenmper at ure,
0
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“contain 11% oxygen by weight. They describe the product as Methy! esters from Lipid
sources, CAS Number 67784-80-9.

[0028] The process of “the invention employs a fuel-soluble, multi-metal catalyst,
preferably comprising fuel-soluble platinum and either cerium or iron or both cerium and
iron. The cerium and/for iron are typically employed at concentrations of from 0.5 to 20
ppm and the platinum from 0.0005 to 2 ppm, with preferred levels of cerium and/or iron
being from 5 to 10 ppm, e.g., 7.5 ppm, and the platinum being employed at a level of from
0.0005 o 0.5 ppm, e.g., less than 0.15 ppm, and in some cases less than 0.1 ppm, say 0.01
t0 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, 8s needed. The cerfum 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, ¢.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 t0 3:1,e.g.,in
the range of from 100:1 to 20,000:1, but more typically will be from 50,000:1 to 5G0:1. 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 platinem with 10 ppm of cerium and 5 ppm of iron is exemplary. Another,
preferted formulation will contain 0.15 ppm platinur 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 ulfra 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
dramafically 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. 1t has been found that at low
 Ievels of FBC there is not a sepatate 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
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[0039] The fuels of the invention, conprising a base
fuel and low | evel s of fuel borne extelysts based on
pl ati num and cerium and/ or iron conpounds, provide
better engine out em ssions than the prior art, yet
further provide unexpectedly good results in terns of
PM 11C, CO NO and NO2 as a percentage of NO when
used with an after treatnment device WO
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plus iron to platinum o about 10,000:1. An alternative exemplary composition will

contain 0.0015 ppm platinum with 10 ppm of iron and 5 ppm of cerium. Another will

contain from 3 to 10 ppm of & combination of Ce and Fe along with 0.1 to 0.5 ppm

platinum, Another fuel of preference wilt 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 whercin 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 diescl fuel. In the preferred forms, the emulsion will be

predominantly of the wﬁtcr—in—oil type and will preferably contain surfactants, Iubricity

additives and/or corrosion inhibitors in addition to 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.
Also, better carbon burn out in open flame combustion sources will lead to lower carbon
deposits on heat transfer surfaces and lower soot oxidation temperatures on downstream

heat recovery devices.

[0039] The fuels of the invention, comprising a base fuel and low levels of fuel borne
catalysts based on platinum and cerium and/or iron compounds, provide better engine out
emissions than the prior art, yet further provide unexpectedly good results in terms of PM,
HC, CO, NO, and NO; as a percentage of NOx when used with an after treatment device



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

0.1 .
ULSGD 0.9 3.7 0.06 .410 @.25 Pt/3.75 Ce Ref erence
WO 2006/078764 PCI/US2006/001815
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such as & diese! oxidation catalyst (DOC) or diesel particulate filter (DPF). Other devices
including particulate reactors, partial filters or NO, adsorbers can also be used and benefit
from reduced engine out emissions of the current invention. The term “diesel particulate
filter" is meant to refer to those devices known in the art as exhaust gas filters that reduce
particulate emissions by trapping & portion of the particulates within & complex internal
structure, They must be regenerated or replaced as deposits will accumulate. They can be
of any suitable construction, for example of ceramic, metal, SiC or wire mesh. The term
"diese] oxidation catalyst" is meant o refer to those devices kmown in the art as exhaust
gas treatment catalysts that reduce particulate, hydrocarbon and carbon monoxide
emissions by causing contact with catalyzed surfaces in lieu of trapping particulates as
done in the diesel particulate filters, See the examples below, for the engine out resulis and
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. NOZ is a strong lung irritant and can be generated in large quantities by traditional
use of heavily catalyzed aftertreatment devices such as DOCs, DPFs or combinations. The
pet result of the limited NO, production due to low platinum concengtrations 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
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 humens.

{0040] The following examples are presented to further explain and illustrate the invention
and are not to be taken as limiting in any regard. Unless otherwise indicated, all parts and

percentages are by weight.
Example 1

[0041] This qxample describes the preparation of a low-emissions diesel fuel according to
a preferred aspect of the mventwn a ﬁJ,eI is blended using the Colonial Pipeline Company
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range of polluting emissions without creating a need for difficult and expensive processing
1o achieve the ultra low sulfur confents now thought to be essential to particulate control.

Example 2

[0045] This example presents results for a platinum and cerium bimetallic FBC used in
commercial ultra low sulfur diese] 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 From a 1998 DDC Series 60 Engine on Various Fuaels

(Replicate Hot FTP Tests)
gr/ohp-hr  1b/hp-hr
HC CO NOx PM BSKC

1998 Standard i3 155 40 010 NS
Base No. 2D 013 10 40 008 413
ULSD +BimetalicFBC 016 09 37 006 .410
@ 0.25 Pt3.75 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 tow 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
Sulfur) showed similar NO; emissions as a percentage of total NOx species at 17 and 18%
of total pitrogen species. Particulates were slightly lower for the ULSD at 0.244 gram/hp-
hr. ' ‘

[0050] Installation in the exhaust of a heavily catalyzed diesel oxidation catalyst
(HCDOC) with 75 g/eu fit loading of PGM and a lightly catalyzed wire mesh filter
(LCWMEF) with 14 g/ou ft loading of platinum group metal (PGM) used with a bimetallic
platinum/cerium FBC at 0.5/7.5 ppm in ULSD fuel produced reduction in particulates of



1.1 ULSD + FBC 5.7 5.0 0.7 12 0.207 0.2 1.0 ULSD + PBC

+ HCDOC + LCWWF 5.5 23 2.2 58 0.104 0.0 0.0 ULSD + PBC
+ LOWWF 5.5 4.1 1.4 25 0.108 0.0 0.2 ULSD + FBC + CWWF
(25 lus) 5.5
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59%, but increased NO; emissions to 58% of total nitrogen oxide species. The cerium
additive was cerium hydroxy propionate oleate and the platinum additive was platinum

COD.

[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 to 0.215 on treated fuel (P/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 NO,
decreased by 15% from 18% to 12%. Thus there are benefits to the use of the FBC alone
or with catalyzed afier 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 Ameunts (gr/hr-hr)
Pollutant Amounts {gr/hr-hr)
Fuel and %

Aftertreatment NOx | NO | NO; | NO:z | Particulates | HC | CO
No. 2D 61 | 501 11 17 0.253 0.3 14
No. 2D + FBC (Pt/Ce @ 0.15/7.5ppm)| 6.0 | 53 | 0.7 | 13 0215 03 | 13
ULsD 56 | 46| 1.0 18 0.244 0.3 ‘1.1
ULSD + FBC 57 | 501 67 12 0.207 0.2 1.0
ULSD + FBC + HCDOC + LCWME 55 23| 22 58 0.104 0.0 0.0
ULSD +FBC + LCWMF 55 |41 ] 14 25 0.108 0.0 0.2
ULSD +FBC + 55 |44 | 11 21 0.094 0.0 0.2
CWMEF (25 hrs)




4.4 1.1 21 0.094 0.0 0.2 WO
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ft PGl14 | oading CWWF = 14 gr/cu ft PGl14 | oadi ng FBC
= 0.5 ppmPt/ 7.5 ppm Ce, unless noted Exanple 4 [0054]
Engi ne Dynanoneter testing was conducted on a Cumm ns
275hp 83 liter diesel engine certified to neet 1991
California and US Environnental Protection Agency
Federal Em ssion standards. The test cycle was the EPA
t reovsicentss t est protocol under the US PEHEFE™ st
Procedure (FTP). [0055] "Thi's transient cycle is
descri bed by nmeans of percent of maximmtorgue
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start” 20 mnute transient cycles. Em ssions were
reported as the average in grans/ hp-hr in the Table
bel ow. Particul ate em ssions were neasured at 0.189
gr/ hp-hr. Operation on ultra | ow sul fur diesel fuel
(ULSD) produced a m nor reduction in particul ate
em ssions to 0.182 ugthp-hr. NO2 em ssions renai ned at
15- 16% of total nitrogen oxide enissions for either
baseline fuel. [0060] Treatnent of the No. 2D with a
bimetallic FBC at 0.15 ppm platinumand 7.5 pprn
cerium produced a particul ate reduction of 13%to
0.164 gr/hp-hr with a reduction in NO2 fromO. 8
gr/hp-hr to 0.6 grfhp-hr. This is in contrast to
traditional approaches for particul ate reduction which




[0061] Further testing showed the benefits of a
binmetallic FBC at a ratio of 0.5 ppmPt and 7.5 ppm Ce
were mai ntained in a ULSD fuel. PMreductions of 12%
wer e achi eved versus baseline ULSD whil e maintaining

| oner NO2 em ssions. [0062] Engi ne Qut Data for a
Binetallic DIG on a 1991 Certified Em ssions Cunm ns
8.3 Liter (Average of Triplicate Hot Tests) Fuel HC CO
NO NO NO2 % NO2 PM Baseline No. 2D 0.4 1.1 4.9 4.1
8.@0%%8@4 189 Baseline ULSD 0.4 1.1 4T7"X¥YF 159%
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benefits, including particulate reduction, of the FBC in standard or ultra low sulfir fuels.
The results are summarized in Fig, 1.

Example 5

[0059] In another test on & 1990 model year Cummins 8.3 liter engine manufactured to
1991 Federal Emission Standards, with a different baseline than in Example 4, the engine
was operated on baseline No. 2D fuel over iriplicate “hot start” 20 minute transient cycles.
Emissions 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 ppim
cerium produced a particulate reduction of 13% to 0.164 gr/hp-hr with & 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 bcﬁcﬁts 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 baseline ULSD while maintaining lower NO; emissions.

[0062] Engine Out Data for a Bimetallic FBC on a 1991

Certified Emissions Cammins 8.3 Liter
(Average of Triplicate Hot Tests)

Fuel HC | CO | NOx | NO NO; | %NO;} PM
Baseline No. 2D 0.4 1.1 4.9 4.1 0.8 16% | 0.189
Baseline ULSD 0.4 1.1 4.7 4.0 0.7 15% | 0.182
Baseline No.2D + 0.3 1.0 | 50 44 0.6 12% | 0.164
0.15/7.5
ULSD +0.5/7.5 0.3 1.0 | 48 4.2 0.6 13% | 0160




Baseline No.2D + 0.15/7.5 0.3 1.0 5.0 4.4 0.6 12%
0.164 ULSD + 0.5/7.5 0.3 1.0 4.8 4.2 0.6 13%0.160 WO
2006/ 078764PCT/ 1382006/ 001815 19 Exanple 6 2[ 0063]
Simlar replicate 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 FBC in
the No. 2D fuel at a O.5ppm Prl1l7.5ppm Ce treat rate
and a 15% reduction for an untreated ULSD fuel. \Wen
acwedesvwrst he ULSD fuel , the FBC |ncre5§§ﬁ”%ﬁ*WFculate
Suction to 28% versus the basel i ne on untreated No. 21)
fuel . [0064] These results again confirmthe ability
of the FBC to reduce engi ne out em ssions, including
PM when added to No.21) or ULSD fuels. The results
are sunmmari zed in FiExamplefxanpl e 7 [0065] Testing on a

. 19 Lnt ernati onal -+ Biodel Lhgl.ae showed
{?oéﬁ %B’“tﬂf""d?? h%ﬁ’{/a ?gg%euz Rﬁ odd 15 i[;% reated with
WW@BMZ@C‘ f(b“fé’:l??“"éﬁﬁ'f‘ﬁ“t“ ‘"‘“f'af{"fé’r ari son, a
D@ € 5pah PAILSHID Mvitkdtrat andR BT prugtian de eh 1B ducti on.
fy Wherlif2a BUH) 'UH‘aIpiﬁel @Ie FE'B BorEBE pir@ulle S cidh 128%5/ 7. Sppm

0

se ra ates were reduced by 18% used
VP Fhe Bpsq 5"\/9”5?“’8‘1%%?{ %Ei the FBC produced Suction in,
0B trh ke RBaintbnfid 06 ab-ﬁt}&ftﬁﬁﬂlﬂtﬁ sdueyeegigonmmisioad i n
J r be
u&clu%&l;?\% W, nam tgﬁfg%}%qgg&l fué?k %résﬁéar@gmnh&%ﬁnh\ﬁ

on a vistar 7.6 liter engine
installed on a transggnpt,.engi ne dynarmrreter
Triplicate hot test cyc es were run for a baseline on
iddes) ARikgtak 1900 BRAatpRMHS)istantlitergne fowededudiors in Fvhr ee
ifferent 580t ket Phtel Bo PPm 5). [0067]
og\icféol r.a% 22\&\?%&39%&&3’1%%&1%@ SPp T

tive |vered 5/ 4 Bt 4 Cellies, Addi tive B
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[0067] Additive A delivered 0.15/4/4 ppm Pt/Ce/Fe; Additive B delivered 0.15 ppm/7.5
ppm Pt/Ce; and Additive C delivered 0.15/5.6/2:4 ppm Pt/Ce/Fe. All additives contained
the same commercial detergent package to assist with stability of the catalyst. Results
show similar reductions for all three additives in HC, CO, NOx and NO;, Particulate
reductions for bimetallic Additive B appear slightly better at 32% versus baseline No. 2D
while Additives A and C both delivered PM reduction of 25%. In all cases the blend of
additive with the ULSD provided unexpectedly good reduction in NOx and NO,,



WD 2006/ 078764Per/ 11S2006/ 001815 20 [0068] In certain
applications the use of a trinetallie my present cost
advant ages versus a binmetallic or may be preferred for
use in regeneration of exhaust aftertreatnent devices
such as DOCs, DPFs, wire nesh filters or conbined
systens. [0069] Engine Qut Data for Binetallic and
Trinmetallic Additives ' on a 1995 Navi star DT466 7.6
liter Engine (Average of Triplicate Hot Test Results
in fn./hp-firs) Fuel/Additive HC CO NOx NO NO2 % NC2
PM Baseline No. 2D 0.2 1.2 4.7 33 1.4 30%0.106 USD +
Additive A 0.1 1.0 4.1 3.7
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[0068] In certain applications the use of a trimetallic may present cost advantages versus a
bimetallic or may be preferred for use in regeneration of exhaust aftertreatment devices
such as DOCs, DPFs, wire mesh filters or combined systems.

{0069] Engine Out Data for Bimetallic and Trimetallic Additives

* ona 1995 Navistar DT466 7.6 liter Engine
(Average of Triplicate Hot Test Results in gr/hp-hrs)

Fuel/Additive IHC | CO | NOx | NO NO; | %NO;| PM
Baseline No, 2D 02 | 12§ 47 33 14 30% | 0.106
ULSD + Additive A 0.1 1.0 | 41 3.7 04 10% | 0079

-1 ULSD + Additive B 0.1 1.0 | 42 3.6 0.6 14% | 0072
ULSD + Additive C 0.1 1.0 | 42 3.7 0.6 14% | 0.078

Notes: A =10.15/4/4 Pi/Ce
B =0.15/7.5 Pt/Ce
C=0.15/5.6/2.4 Pt/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 ali 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.



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%
0.078 Notes: A =0.15/4/4 Pt/Ce B = 0.15/7.5 Pt/Ce C

0.15/5.6/ 2.4 Pt/ Ce [0070] The above description is
intended to enable the person skilled in the art to
practice the invention. It is not intended to detai

all of the possible nodificafions and variations which
wi || becone apparent to the skilled worker upon
readi ng the description. It is intended, however, that
all such nodifications and variations be included
within the scope of the inye é} n which is seen in the
above description and othgxﬂ? épdefined by the

follomnnglclalns The clains are neant to cover
L i ndi dawcbirefamenesngandicselapsinevignipdased anjesemer Rﬂmcvlatcs

t he objectives
withSEHERER 0L herreBlh bl LOmBShe] 0% ot oxt
specbiafd faal doynprmmgcrhitﬂmtd, he contrary. 21 CLAIMS 1. A
di es for powerin i esel |neW| h reduced.
ent ?%‘fg?msaw@f)ém%? i IO ERLRGUERY i S the
ratiol Jr@elifBRhd B8 Hbh fo plaRARA aBHB&: 75:1 to 10:1, the platinum is employed at a

level of from 0.05 to 0.5 ppm and the levels of cerium and/or iron are from 0.5 to 10 ppm.

2. A diesel fuel according to claim 1, wherein the diesel fuel contains less than 15ppm
sulfur.
3. A diesel fuel according to claim 1, wherein the iron is 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 fow 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 ratio of
cerium and/or iron to platinum at from 75:1 to 10:1, the platinum is employed at a level of
from 0.05 to 0.5 ppm and the levels of cerium and/or iron is from 3 to 10 ppm; and

operating a diesel engine with the fuel.

6. The method according to claim 5, wherein the diesel fuel contains less than 15ppm
sulfur.



a base fuel conprising distillate, and a fue
borne catal yst conprising platinumand cerium and/ or
iron, wherein the ratio of ceriumand/or iron to
platinumat from75:1 to 10:1, the platinumis
enpl oyed at a level of from0.05 to 0.5 ppm and the
| evel s of ceriumand/or iron are fromO0.5 to 10 ppm
2. A diesel fuel according o claim1l, wherein the
di esel fuel contains | ess than 15ppm sul fur.
di m1l wherein the
7. o S e i heds Afih e BRI e Presaltegffﬂfal
concémrﬁl&ﬂs%ﬁbmtdwlto RECARAIBRHPnL 0 claim 1, which conprises
a base fuel selected fromthe group consi sting of

ultra | ow sul fur diesel fuel, .1 diesel, fuel 2
8. di dbemethpdiaccordingftpglaim; mhérgirbtap dieseleompaiges a/ase et sélected
[ rd,.veq . f
fron} tﬂg‘g du?ecpgs Ee@gtan aﬁt% %ﬁéﬁ%@?g S8 V\%é/logo n{)?i'e&eg ffuc*flhig(s).e% diesel fuel,
jet fitel, b@olﬁgichld)ﬁidé@u‘edrfedsl,moﬁg)rtshxg femy aad ostersaikrived from triglycerides
partlculates hydr.ocar bons and carbon nonoxi de from a
and H%@%@FOEHG?W@” e f ¢ out of the engine prior to
contact with an oxidizer or particulate trap
9. COMRE itk according RAAIRDS,Avhd#Eih-cXAAULD FiBnPbrAtiiEThE IRMB! engine
nmetal conposition and at | east one ot her catal ytic
is pasgsdiplengh s dregelipsitmylafteiBliesol ubl e conpounds of cerium
to a diesel fuel to | ower the em ssions of
a t.e r s
10. ﬁolrﬂdé( ?ng 1 Va%(é?réﬂl Y45 {%ﬂg%ﬁ%%‘é‘é?{ %%Qgsr% ‘31 ﬁl% cﬁf%@lt engine is passed
throwgdhod dlemﬁidatﬁdsmmtaﬁstl to 10:1, the pl at | num i's
enpl oyed at a level of from0.05 to 0.5 ppm and the
| evel s of ceriumand/or ironis from3 to 10 ppm and
operating a diesel engine with the fuel. 6. The
nmet hod according to claimb5, wherein the diesel fue
contains | ess than 15ppin sulfur. 22 7. The nethod
according to claim5 wherein, wherein iron are present
at total concentrations of fromO0.5 to less than 8
ppm 8. The nethod according to claimb5, wherein the
di esel conprises a base fuel selected fromthe group
consisting of ultra I ow sul fur diesel fuel, No. 1
di esel fuel, No. 2 diesel fuel, jet fuel,
bi ol ogi cal | y-derived fuels, conprising fatty acid
esters derived fromtriglycerides 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 diesel particulate filter. 10. The
met hod according to claimb5, wherein exhaust fromthe
di esel engine is passed through a diesel oxidation
cat al yst.



