CONDUCTIVITY IMPROVING COMBINATION OF CERIUM OXIDE AND
DETERGENTS FOR DIESEL FUELS CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] This application is a
continuation-in-part of US Application 11/533,200 filed on September 19,
2006 and entitled Diesel Fuel Additives Containing Cerium or Manganese
and Detergents. FIELD OF THE DISCLOSURE [0002] The disclosure
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addition of salts of a transition metal, such as manganese, and an )
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emissions. Envirox™ Fuel Bomne Catalyst is a diesel fuel combustion improver which

reduces fuel consumption and also reduces harmful exhaust emissions.

[0e04]  Certain organometaliic compounds have been found effective as combustion
improvers for distillate fuels such as home heating oils and the like. For example, U.S.
Pat. No. 3,112,789 describes the use of cyclopentadienyl manganese tricarbonyls for
this purpose, and the compound methylcyclopentadienyl manganese tricarbonyl (MMT)
has been sold in the form of a solution in a hydrocarbon diluent as a combustion
improver for distillate fuels of this type. Bis (cyclopentadienyl) iron has also been

promoted and sold as a combustion improver for use in such fuels.

[0005] U.S. Pat. Nos. 3,883,320 and 3,891,401 teach the addition of salts of a
transition metal, such as manganese, and an alkaline earth metal, such as calcium, to
jet fuels for reducing deposits and smoke. These patents require a manganese/calcium
weight ratio of about 5/1 and the combined amounts of metals within the range of from
200 to 600 ppm (200 1o 500 ppm in the '401 patent).



weight ratio of about 5/1 and the combined amounts of metals within the
range of from 200 to 600 ppm (200 to 500 ppm in the '401 patent). 1
[00061 However, difficulties can arise in the formulating of diesel fuels
with certain additive packages resulting in haze, precipitates,
insolubilities, inadequate fuel economy, and insufficient smoke reduction,
A need has arisen for a fuel-soluble additive composition for
hydrocarbonaceous fuels that is not only capable of reducing the amount
of soot, smoke and/or carbonaceous products produced on combustion of
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are capable of generating static electricity, particularly when moving
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enhanced fuel economy.

[6007]  Certain middle distillate fue! compositions, patticularly diesel fuels, are capable
of generating static electricity, particularly when moving rapidly, such as when the fuel is
being dispensed into a tanker or other bulk container or vessel. While diesel fuels are
not very volatile, the tankers used to transport diesel fuels are also used to transport
gasoline, kerosene and other more volatile and flammable liquids. Even after the more
volatile fuel is dispensed from the tanker, the vapors may stili be present and pose a
risk of fire or explosion from a spark generated by the discharge of static electricity from

the fuel composition.

[0008] These risks have become more acute in recent years with the increased
popularity and use of low sulfur fuels and even more acute in recent months with the

introduction of ultra-low sulfur diesel fuels. The process used to remove the sulfur from



risk of fire or explosion from a spark generated by the discharge of static
electricity from the fuel composition. [00081 These risks have become
more acute in recent years with the increased popularity and use of low
sulfur fuels and even more acute in recent months with the introduction of
ultra-low, sulfur diesel fuels. The process used to remove the sulfur from 2
the fuels also decreases the concentration of other polar compounds in
the fuel, which in turn reduces the ability of the fuel to dissipate a static
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thus reduces certain of the benefits of using an ultra-low sulfur fuel. In
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components of a typically fuel additive concentrate include
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number improvers and the like.
used with additive concentrates or fuels that contain basic nitrogen. Specifically,

Applicants have observed that the conductivity improvement delivered by the traditional
antistatic agent dissipates very rapidly when used in additive concentrates or fuel
mixtures containing basic nitrogen. This is disadvantageous because it prevents pre-
blending of these antistatic agents into additive concentrates that contain basic nitrogen.
Many components of a typically fuel additive concentrate include nitrogen-containing
compounds, such as dispersants, detergents, cetane number improvers and the like.

As a result, it is often necessary to add the sulfur-containing antistatic agents separately
from the other components of the additive concentrate. Thus, these types of antistatic
agents must be kept in a separate tank at the depot and added separately to the fuel.
Accordingly, these types of antistatic agent, apart from their inherent additional cost,

require additional costs and complexity in terms of storage, handling and dispensing.

[0012] Therefore, there is a need for compositions and methods to address the build-

up and discharge of static electricity in middle distillate fuel compositions.



As a result, it is often necessary to add the sulfur-containing antistatic
agents separately from the other components of the additive concentrate.
Thus, these types of antistatic agents must be kept in a separate tank at
the depot and added separately to the fuel. Accordingly, these types of
antistatic agent, apart from thelr mherent addltlonal cost, require
additional costs and copspiRity jdie | M Shandling and
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diesel fuel additive package containing a source of cerium, such as
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de-activator. [0015] In one embodiment, the additive package containing
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employs alloys of two or more metals as, or comprising, nanoparticies for improved

solubility ordispersibility in the fuel.

[0017]  Another embodiment herein provides a diesel fuel containing the cerium oxide

nanoparticles, cetane improver and a detergent, and a low-phosphorus demulsifier.

[0018] In another embodiment herein is presented a method of improving the
efficiency of a diesel fuel for an internal combustion engine which comprises adding to
the fuel prior to the introduction of the fuel to a vehicle or other apparatus comprising an
internal combustion engine a diese! fuel additive package comprising cerium oxide

nanoparticles, a detergent and a demulsifier.

[0018a] In another embodiment herein is presented a method of dispensing a middle
distillate fuel compoesition comprising the steps of:



nanoparticles, cetane improver and a detergent, and a low-phosphorus
demulsifier. [0018] In another embodiment herein is presented a method

of improving the efficiency of a diesel fuel for an internal combustion

engine which comprises adding to the fuel prior to the introduction of the

fuel to a vehicle or other apparatus comprising an internal combustion
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reducing smoke from combustion in a diesel engine, a method for
improving the solubility of an organometallic fuel additive in a diesel fuel,
a method for reducing the haze in a diesel fuel having diesel fuel
additives, a method for foam reduction in a diesel fuel, and a method for
reducing filter blockage in a diesel fuel filter. [0020] In other embodiment,
the disclosure provides use of an additive concentrate to increase the
conductivity measure in a middle distillate fuel, to at least 500 pS/m after
aging for 7 days at 21C, wherein said additive concentrate comprises a
dispersant and cerium oxide particles. [0021] In yet other embodiments,
the disclosure provides a method of dispensing a middle distillate fuel
comprising the steps of adding to the fuel an antistatic agent comprising,
in combination, cerium oxide particles and a dispersant/detergent
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[0022] In another embodiment, the disclosure provides a method of
reducing the risk of ignition or explosion from static discharge, comprising
the steps of providing a middle distillate fuel, adding a
dispersant/detergent in combination with cerium oxide particles to
improve the conductivity of the fuel and thus reduce the risk of static
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follcawag alsi@iled description are exemplary and explanatory only and are intended to

provide further explanation of the present disclosure, as claimed.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] The present disclosure provides in one embodiment a diesel fuel additive
package comprising cerium oxide particles or nanoparticles that are soluble or
dispersible in diesel fuel. More importantly, the diesel fuel additive package contains in
one embodiment a demulsifier compound to reduce or eliminate the foaming and/or
emuision problems often observed in the pumping, distribution, tank-filling and use of
additized diesel fuels.

[0025] In one embodiment, the demulsifier employed in the present diesel fuel
additive has a phosphorus level of greater than 30 mg/kg of demulsifier. However, it



materials such as but not limited to alkoxylated phenol formaldehyde
polymers, such as those commercially available as "NALCO" (Trade
Mark) 7007 (ex Nalco), and "TOLAD" (Trade Mark) 2683 (ex Petrolite),
alkylated phenols and resins derived therefrom, oxylated alkyiphenolic
resin, and formaldehyde polymer with 4-(1,1- dimethylethyl)phenol,
methyloxirane and oxirane, ethoxylated EO/PO resin, polyglycol ester,
ethylene oxide resin. [0027] Therefore, there is presented herein a diesel
fuel additive package containing cerium oxide nanoparticles generally
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the diesel fuel additive package can contain a demulsifier with reduce
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is the improvement in the performance of the demulsifier in its intended
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ester, ethylene oxide resin.

[0027] Therefore, there is presented herein a diesel fuel additive package containing
cerium oxide nanoparticles generaliy having a size not exceeding one micron and in
one embodiment not exceeding 300 nm, for example 1 {o 300 nm, such as from 1 to
150 nm, in particular 1 to 50 nm, and especially 1 to 20 nm. This diesel fuel additive
package can also contain at least one diesel fuel detergent/dispersant selected from the
group consisting of succinimides, Mannich bases, amides, amines, and

polyetheramines.

[0028] In addition, the diesel fuel additive package can contain a demulsifier with

reduced phosphorus levels of, for example, up to about 24 mg/kg, or about 8 mg/kg to
~ about 24 mg/kg, or from about 0.1 mg/kg to about 8 mg/kg. In this manner is achieved
a diese! fuel additive package able to impart to the diesel fuel supetior haze reduction,

improved additive solubility, increased fuel stability, smoke reduction, combustion



demulsifier has up to about 24 mg/kg, or in a separate example about 8
mg/kg to about 24 mg/kg, or in yet another example from about 0.1 mg/kg
to about 8 mg/kg of phosphorus. (00301 The amounts of cerium oxide
nanoparticles, detergent and demulsifier useful in the embodiments
presently disclosed can vary depending on the desired application, the
nature of the diesel fuel, and other desired components in the additive
package or the finished fuel. [00311 In another embodiment is provided a
diesel fuel composition that comprises a major amount of a diesel fuel
impIndeaaTihand@animrstéshiied grovingramount of an additive composition
comprising: a) one or more fuel-soluble component comprising one or
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one sulphurised alkylphenol; and c) a demulsifier of reduced phosphorus
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able to dissipate a static charge, the fuel is less likely to generate a spark,
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[0031] In another embodiment is provided a diesel fuel composition that comprises a
major amount of a diesel fuel and a minor combustion improving amount of an additive
composition comprising: a) one or more fuel-soluble component comprising one or more
manganese and/or cerium compounds, mixtures or alloys; b) one or more fuel-soluble
alkalt or alkaline earth metaf-containing detergents - e.g., one or more neﬂtrat or basic
atkali or alkaline earth metal saits of at least one sulphonic acid, and/or at least one
carboxylic acid, and/or at least one salicylic acid, and/or at least one alkylphencl, and/or
at least one sulphurised alkylphenol; and c) a demuisifier of reduced phosphorus
content as deﬁn_ed hereinabove, wherein component a) is present in an amount
sufficient to supply from 0.1 to 5 ppm manganese or cerium or both to the fuel and
component b} is present in an amount sufficient {o supply from 5 to 50 ppm alkali and/or
alkaline earth metal to the fuel composition. This embodiment can also contain one or

more alkyl nitrate cetane number-improving agents.



that the combination of cerium oxide nanoparticles and a dispersant/
detergent provide an unexpected and surprising synergistic antistatic
benefit to a middle distillate fuel. The embodiments also provide
conductivity benefits without adding sulfur-containing compounds like the
Stadis(r) antistatic agents to an ultra-low sulfur fuel, and thus provide an
environmental benefit as well. [0034] The embodiments are particularly
suited for middle distillate fuel compositions. Middle distillate fuel
compositions include, but are not limited to, jet fuels, diesel fuels, and
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within the definition of "middle distillate fuel compositions" as that term is
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sulfur kerosene. Ullra-low suifur fuels are generally considered to have no more than
about 15 ppm of sulfur, more preferably no more than 10 ppm of sulfur. The term
“diesel fuel” is generally considered to be a generic term encompassing diesel,
biodiesel, biodiesel-derived fuel, synthetic diesel and mixtures thereof. Although
biodiesel is not technically a distillate fuel, it is nevertheless included within the definition
of “middle distillate fuel compositions” as that term is used throughout this application

and in the claims.

[6035] The present disclosure encompasses jet fuels, although these are
conventionally not regarded as “low-sulfur” or “ulira-low sulfur” fuels since their sulfur
levels can be comparatively quite high. Nevertheless, jet fuels may also benefit from

the conductivity improvement of the embodiments regardless of their sulfur content.

[0036] The terms “combustion system” and “apparatus” used in the disclosure
connote any apparatus, machine or motor that utilize, in whole or in part, a combustibie



systems that may benefit from the present disclosure include all
combustion units, systems, devices, and/or engines that burn fuels. The
term "combustion system" also encompasses internal and external
combustion devices, machines, engines, turbine engines, jet engines,
boilers, incinerators, evaporative burners, plasma burner systems,

plasma arc, stationary burners, and the like which can combust or in
which can be combusted a hydrocarbonaceous fuel. [00371 Cerium oxide
nanoparticles have been used in diesel fuel applications as a catalyst for
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incorporation of the ion within the surface region of the cerium oxide
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metaIIO|d other than a rare earth, RE is a rare earth, y is 1 or 1.5 and each
atg? fy %ewst emissions. Cerium oxide particles have alsd shown benefit of reducing

haze and foam formation in diesel fuels.

[0038]  Although it is possible to use ordinary cerium oxide particles it has been found
1o be beneficial in certain of the present embodiments to use cerium oxide which has
been doped with components that result in additional oxygen vacancies being formed.
This generally means that the dopant will be di- or tri-valent in order to provide oxygen
vacancies. Such dopant ions must be di- or tri-valent ions of an element which is a rare
earth metal, a transition metal or a metal of Group A, lliB, VB, or VIB of the Periodic
Table in order to provide oxygen vacancies. They must also be of a size that allows
incorporation of the ion within the surface region of the cerium oxide nanoparticles.

Accordingly metais with a large ionic radius should not be used.

[0039]  Typically the doped oxides will have the formula Ce, MO, where M is a said
metal or metalloid, in particular Rh, Cu, Ag, Au, Pd, Pt, Sb, Se, Fe, Ga, Mg, Mn, Cr, Be,



which may be the same or different, has a value op to 0.5, preferably up to
0.3, typically 0.01 or 0.1 to 0.2. Further details can be found in our
PCT/GB2002/005013 to which reference should be made. [00401 In
general the cerium oxide particles will have a size not exceeding 1 micron
and in particular embodiments will not exceed 300 nm in size, for example
1 to 300 nm, such as from 1 to 150 rim, in particular 1 to 50 nm,
especially 1 to 20 nm. [0041] In certain embodiments, it is preferred that
the cerium oxide particles are coated to prevent agglomeration. For this

B, borpode. tHeapdiGiales wal arefrofimmanstéetliandrx brgamicialveripif.théypically

0.0RTE&SENA8 052 SOAIRE RARD awm%%z (R@@%“!&m%@@mmd& ¢ HElal or

or a.Lewis base. It has been found at, in this way which involves
mefalloithathethan e s g2t Fi?é%gwﬁ”éamfhnwaoeqrhb%aaﬁﬁ@m gha and k,
whiokideyher thersathe meﬁtffbr@pmwam mm; g, lﬁﬁﬂﬁﬁﬁh} detelsesl typically

0, Oqiﬁ?glﬂﬁ’ig@%ﬂ'@' ms{éﬂsgg-f% eb%%d“fﬁ;%&

is necessary to the coated partic e ore |sper5|n emin a
referparscHiBgA o aYe Thus the cerium OXIde particles can be. dispersible

or soluble in the fuel or another hydrocarbon compatible with the fuel.
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100-300 m2/g. [00431 The coating process involves comminuting the
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and the use of a colloid mill, ultrasonics or ball milling. Ball milling Is
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step. Thus in some coating procedures it is necessary to dry the coated particles before
dispersing them in a hydrocarbon solvent. Thus the cerium oxide particles can be

dispersible or soluble in the fuel or another hydrocarbon compatible with the fuel.

[0042] The particles which are subjected to the process should have as large a
surface area as possible and preferably the particles have a surface area, before
coating, of at least 10 m.sup.2/g and preferably a surface area of at least 50 or 75 m?/g,
for example 80-150 m%g, or 100-300 m%g.

[0043] - The coating process involves cemmin_uting the particles so as to prevent any
agglomerates from forming. Technigues which can be used for this purpose include
high-speed stirring or tumbling and the use of a colloid mill, ultrasonics or ball milling.
Ball milling is preferred. Further details of such coatings can be found in
PCT/GB02/02312.
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exceeding 300 nm, for example 1 to 300 nm, such as from 1 to 150 nm, in
particular 1 to 50 nm, and especially 1 to 20 nm. [0045] It has been found
that the cerium oxide particles can be stabilized in the fuel or fuel additive
package by the presence of a detergent/dispersant. As noted, a
synergistic antistatic effect is seen when the cerium oxide particles and/or
doped cerium oxide particles are combined with a dispersant/detergent.
Particular detergents which can be used in the present invention include

a basic nitrogen-containing detergent. Suitable ashless
{O(Héiergfémmlimb@smmemfca;ﬁqe afailda amidteeis, thelgetii@ramiles from 0.1 to
10Mapaichnressend SucaRigldepIMAGare REsfelRtn %&ta%%%hopamczes

met?l- onfaining detergents are also effective herein. [0046] These
9eRRIBO ISR & d8 SR B AR RO TR ANSp AR QNBALMREING as
excigitnge30fd nms éomelubmicient oBopasHicnshing tloel LgeliBchydracaEbtular 1

to gﬁﬁ?bgﬁoaér%epﬁﬁp p&\)sgﬂpﬁq . Ashless dispersants leave little or no

metal-containing residue on co_mbustion. They generally contain iny
O R B e R S SR SRR o e
fu%ukqditiue lpenkag@\mmﬁ:ptadgmegmh aﬁtéewﬂmpamm}ﬂdeﬁe'ﬁgﬁéﬂ,mrein is
syfGENEE SRl AEEPR Mor AR R ARDR R U IR DA corium
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maleic anhydride reacted a polyamine to achieve a leve
OXige RAFHEER AL E Wi FedianasatsiatesaenticRatipas ket sapnss mibieh
camrmeWmd@ieqnme_ ' @hﬂﬂf/@t?ﬁamﬂciQ&dﬁﬁﬁ%&éﬁﬁé@ﬁ-@?ﬁaining dhetergent.
tergent/dispersant can be used in uel gdditive. packages, herejn at
L R N s R
Mapicheapge anid suetivimdesdehiainish besemedalithoeobimatdbasnt@ining

defdiERERLAIYNS BREIRIaRHE, The succinimide is preferably aliphatic and
may be saturated or unsaturated, especially ethylenically unsaturated,

e S L A P SRR gy =
addjtiveariopHsgrdinidbiicaTd eprypesitiare iiighsiipyse indidmsattignduels has also
be@PBEARIBEINIXEHESSANENSBARY RIAREIANAS 188 Sh3RIERARMM RSIBSE on
combustion. They generally contain only carbon, hydrogen, oxygen and in most cases
nitrogen, but sometimes contain in addition other non-metallic elements such as
phosphorus, sulfur or boron. A particularly useful ashless dispersant/detergent herein is
derived from “high reactive” polyisobutylene (HR-PIB) substituted on a maleic anhydride
reacted with a polyamine to achieve a level of about 5.4 % nitrogen o achieve
enhanced dispersancy. Such a material is available from Afton Chemical Corporation
as HITEC® 4007. The detergent/dispersant can be used in the fuel additive packages

herein at levels of from about 5 to about 20% by weight.

[0047] In one embodiment, the detergent is a succinimide, which has an average of
at least 3 nitrogen atoms per molecule. The succinimide is preferably aliphatic and may
be saturated or unsaturated, especially ethylenically unsaturated, e.g. an alkyl or alkenyl
succinimide. Typically the detergent is formed from an alkyl or alkenyt succinic
acylating agent, generally having at least 35 carbon atoms in the alkyl or alkenyl group,
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molecule. In another embodiment the polyamine has 4 to 6 nitrogen atoms
per molecule. Preferably it can be formed from a polyisobutenyl succinic
acylating agent derived from polyisobutene having a number average
molecular weight of 500 to 10,000 and an ethylene polyamine which can
include cyclic and acyclic parts, having an average composition from
triethylene tetramine to pentaethylene hexamine. Thus the chain will
typically have a molecular weight from 500 to 2500, especially 750 to
1500 with those having molecular weights around 900 and 1300 being
anpamiattgdycusafiamadthoighra savdonimidecvdte af atliphatis ﬁina'gjewﬁtbﬁrs per
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contains one or more aliphatic substituents to impart hydrocarbon
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of the for orn salic Iates (o%?n referred tp as %erbas
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or gualts eﬁM@memﬂhmwhdmmﬂm sldfiniityathinddsiceakO00argrbbihe

for8lBMg Moy arAysrd-RBasRIRASHRBEIS RdRIeaNB!s caslianaliBiofifznates or

"overbased sulphurised phenates"); lithium sulfonates, sodium sulfonates, potassium
suifonates, calcium sulfonates, and magnesium sulfonates wherein each sulphonic acid
moiety is attached to an aromatic nucleus which in turn usually contains one or more
aliphatic substituents to impart hydrocarbon solubility; the basic salts of any of the
foregoing sulfonates {(often referred to as "overbased sulfonates™; lithium salicylates,
sodium salicylates, potassium salicylates, calcium salicylates, and magnesium
salicylates wherein the aromatic moiety is usually substituted by one or more aliphaﬁc
substituents to impart hydrocarbon solubility; the basic salts of any of the foregoing
salicylates (often referred to as "overbased salicylates"); the lithium, sodium, potassium,
calcium and magnesium salts of hydrolysed phosphosulphurised olefins having 10 to
2000 carbon atoms or of hydrolysed phosphosulphurised alcohols and/or aliphatic-
substituted phenolic compounds having 10 to 2000 carbon atoms; lithium, sodium,
potassium, calcium and magnesium salts of aliphatic carboxylic acids and aliphatic-
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substituted phenolic compounds having 10 to 2000 carbon atoms; lithium,
sodium, potassium, calcium and magnesium salts of aliphatic carboxylic
acids and aliphatic 12 substituted cycloaliphatic carboxylic acids; the basic
salts of the foregoing carboxylic acids (often referred to as "overbased
carboxylates" and many other similar alkali and alkaline earth metal salts
of oil-soluble organic acids. [0049) Mixtures of salts of two or more
different alkali and/or alkaline earth metals can be used. Likewise, salts of
mixtures of two or more different acids or two or more different types of
sulztitlse@ ayslompioxtin oacbeaidio acpbeﬁmtbas&dthaﬁaefdhmﬂuegrﬂ@wbcxyﬁc

oc RGBS IR SRS PR S ORI

are feasible, their expense renders them |mpract|ca or most uses
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nanoparticles are added to diesel fuel at an early stage by being
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0 a complete shut down, One example is the redu f interaction
B S o L R0 P Sacpartcles
in faetoy ditoniog teeprersentadidel s orereciutiyipeddur if$itotdsio dikég . akhieved by
reducing the cerium removal fram the fuel by sediment formation thereby keeping more

of the cerium atoms available for combustion catalysis and emission reduction or other
benefits.

[0051] Another benefit of the present disclosure is reduced filter blockage of fuel
filters because of the reduction in or elimination of sediment, precipitation and/or haze
caused by, for example, interactions between the cerium atoms or particles and fuel
additive components and/or contaminants. Malfunctioning fuel filters can lead to
difficulties in engine operation and finally to a complete shut down. One exampfe'is the
- reduced interaction between phosphorus and the cerium oxide particles or
nanoparticles according to the present disclosure to reduce fuel filter blockage. A
measure of this benefit is observable from IP 387 Filtration Test. Thus, there is
provided herein a method to reduce filter blockage of fuel filters in a vehicle or other
apparatus employing a diesel engine combusting a diesel! fuel and having a fuel filter,
said method comprising adding to the diesel fuel prior to the introduction of the fuel to a
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measure of this benefit is observable from IP 387 Filtration Test. Thus,
there is provided herein a method to reduce filter blockage of fuel filters in
a vehicle or other apparatus employing a diesel engine combusting a
diesel fuel and having a fuel filter, said method comprising adding to the
diesel fuel prior to the introduction of the fuel to a 13 vehicle or other
apparatus a diesel fuel additive package comprising cerium oxide
nanoparticles, a detergent and a demulsifier. [0052] Accordingly, the
present disclosure provides a method of improving the efficiency of a fuel
veligianrinteen abporaipe stidieeh§inbagtitbre caciEisesaddisigdatherfuetide

naﬁéi%@;g&?é@é?&ﬂ%ﬁ?ghefé*&%é&{ﬁéﬁ%@ vehicle or other apparatus

comprising an internal combustion engine a fuel soluble metallic material
taining ceriym.oxide and/ar g manganese source, and .a detergent
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agent. [0054] Typically the concentration of cerium oxide particles or
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additive co sitigns of the present disclosure can.incorporate one or.
b B R PR (BTSSR Lo, AT fpostor
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detergent, a demulsifier, and optionally one of more of the components
[oosgjectagdiceiny he gsacenaansistingealieetaiR particles or nanoparticles in the

diesel fuel additive will be from 0.1 to 10%, generally 0.5 {o 5%, by weight.

[0055]  Typically the fuel additives which are incorporated at a refinery may include
cetane number improvers, cold flow improvers, antioxidants, and metal deactivators.
Accordingly the fuel additive compositions of the present disclosure can incorporate one
or more of these. Thus, the present disclosure provides fuel additive compositions
comprising cerium oxide nanoparticies and/or colloids, a detergent, a demulsifier, and
optionally one of more of the components selected from the group consisting of cetane
number improvers (also called ignition improvers)(such as alkyl nitrates), cold flow
improvers (such as polyesters), and antioxidants (such as phenolics eg. 2,6-di-tert-
butylphenol, or phenylenediamines such as N,N-di-sec-butyl-p-phenylenediamine), and
metal deactivators such as salicylic acid derivatives, e.g. N, N-disalicylidene-1,2-
propane diamine,
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number improvers (also called ignition improvers)(such as alkyl nitrates),
cold flow improvers (such as polyesters), and antioxidants (such as
phenolics eg. 2,6-di-tert- butylphenol, or phenylenediamines such as
N,N'-di-sec-butyl-p-phenylenediamine), and metal deactivators such as
salicylic acid derivatives, e.g. N, N-disalicylidene-1,2- propane diamine. 14
[00561 Lubricity additive, anti-rust agents and antifoamants are also
useful in the diesel fuel additive packages of the present disclosure.
100571 In another embodiment of the present disclosure, the fuel additive
[0086Im pdsitideitcadibrtiaintianmbagenihientaddogpoantd afeaxisdl oy timarar
dicSAPIEEIaRPBLR RS raR HiSOR" SR AN demulsifier with up to
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anqihes srasdimanh A deroripfian asdsele shanhidgmelkee naincospatie or
exaPiBRUESRI SUSIY/AG RUARRR iiiedily, Bahybcyslianantagisny raanERNess

icarbonyl, available from Afton Chemical Corporation as M ‘H%) and .
o R SR PR b TR SR st e
carciyeldpeexadipley s described hereinabove. These metal-containing combustion
catalysts can be cerium oxide particles or nanoparticles, manganese sources, such as
methylcyclopentadienyl manganese tricarbonyl, and iron sources, such as solubilized

fron oxide and ferrocene.

[0059] By “manganese” herein is meant any manganese or manganese-containing
material, compound or precursor, such as but not limited to methyl cyclopentadieny!
manganese tricarbonyl, available from Afton Chemical Corporation as MMT®, and
manganese sulfonate, manganese phenate, manganese salicylate, cyclopentadienyl
manganese tricarbonyl, alkyl cyclopentadienyl manganese tricarbonyl, organic
manganese tricarbonyli derivatives, alkyl cyclopentadienyl manganese derivatives, bis-
cyclopentadienyl manganese, bis-alkyl cyclopentandienyl manganese, neutral and
overbased manganese salicylates, neutral and overbased manganese phenates,
neutral and overbased manganese sulfonates, manganese carboxylates, manganese

oxide and combinations and mixtures thereof.
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manganese tricarbonyl, alkyl cyclopentadienyl manganese tricarbonyl,
organic manganese tricarbonyl derivatives, alkyl cyclopentadienyl
manganese derivatives, bis- cyclopentadienyl manganese, bis-alkyl
cyclopentandienyl manganese, neutral and overbased manganese
salicylates, neutral and overbased manganese phenates, neutral and
overbased manganese sulfonates, manganese carboxylates, manganese
oxide and combinations and mixtures thereof. 15 [0060] Therefore, a
cerium/manggnese mixture or alloy can be used herein; a

[0Q88HumIRRRERR SRTOMMANgRN Bt egrPhallays@mbreised befaitmAron
cenuixiiat Er@ﬁar&l@w@@rhbg(%éeﬂ ﬁlﬁfﬁ&ﬁrﬂb@dﬁ@d ; %@%&,%i?aﬁimiggumaﬁll@%r
n e rein.. 1] There is,.provi erein a fuel additive whic
2 el R WS S 0 B i
demulsifier with phosphorus content of up to about 24 mg/kg. In a
["Oéébara‘EEe&é%%&Vf% heB LR Srelanfiie s srepisan seR e g Aayaed a
maaigautSel soorby, odéteygira mitier esaofiedioin phospHbLc@ieroctpub
abgufag/ &Fp Wg%%%te[%g(g%)'l: rﬁlnegw&%&&reglfm&xgge%%ﬁg}gﬁs gl";out )
nanoparticies can be combined wit ef rro eneL(an ifOR SoUrce) Th tha

madre b Al 4 Badfa. sadiet esptirrstemplethiem sbevbiisingaikg to about 8
mdteiesiégisnaEsant and a demulsifier. Thus, for example, a fuel additive
composition is provided comprising cerium oxide (e.g. EnviroxTM from

0 Rl SRS R B IR oF RIS can pa combined vith
fergeenRi AP SRHES0 WiRe Rhepaaion ki fuatindiitineerampesitignofurther

comi;mg#idgmi%t@?@ﬁtﬂi@éfaiii%g@ bx%kéﬁk)ﬁsmgwéwiﬁ@@gmliag%& ggditive
leve a_ Tinal ontent of about 6.0% n emuginer olad

co O B B e O B B i e
ferepomneywidehazeiatpedcipitareinigide detatdantidibpetiontdHil EGRasGRT froed
ARSECHIMEAOOGFL IR T aRPasieaF 8RR IMALSR SRR AL ERYRSRS! than

gmbodiments are capable of providing a conductivity to a fuel of af least
0%V IIAF AT R &Y AR BB o FRRAIGE it RiSBARIRG Rt Rieve @
fingNfimeterticonebet 820360 oakd denuBdN\(Tolad 9357 from Baker Petrolite)

which will have excellent combustion improver activity, no haze or precipitate, good

smoke reduction, and enhanced fuel economy.

[0063] The compositions and methods of certain of the present embodiments are
capable of providing a conductivity to a fuel of at least 25 pS/m at the time and
temperature of delivery. This conductivity is sufficient to meet the proposed new ASTM
standard for conductivity in diesel fuels (ASTM D975 and amendments and appendices
~ thereto) measured according to any appropriate test procedure, including but not limited
to ASTM D2622 and ASTM D4851. The conductivity is obtained by the addition of the
cerium oxide particles and the detergent alone, thus obviating the need to add
conventional antistatic agents such as the Stadis® compounds. The conductivity
beneﬁt provided by the embodiments has been shown fo bé sustained for at least 7
days after the detergent and cerium oxide particles are combined together. An
additional benefit of the present embodiments is that an antistatic effect is obtained
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standard for conductivity in diesel fuels (ASTM D975 and amendments
and appendices thereto) measured according to any appropriate test
procedure, including but not limited to ASTM D2622 and ASTM D4951.
The conductivity is obtained by the addition of the cerium oxide particles
and the detergent alone, thus obviating the need to add conventional
antistatic agents such as the Stadis(r) compounds. The conductivity
benefit provided by the embodiments has been shown to be sustained for
at least 7 days after the detergent and cerium oxide particles are
witbowh biftboitogettessAry audiditiorthbeslefitropdistipne Fantearhpdinients is
oA A B S IREL 5 RIRR S ol BohY LIS HPBSC BSRAMN Y W more

to the fuel composition. For example, Ination of cerium oxide
thag et &-4Aa B%FH&H’UHEB&P%JH%WHBG{@‘H@ preveriRgthedwmefits of
usifgl3bplm siffuela the fuel composition, thus preserving the benefits of
using ultra-low sulfur fuels. EXAMPLES [0064] Model Mixed Metal
Systems [0065] The following exgipplgs further illustrate aspects of the
present disclos'ure but do not limit the present disclosure. [0066] Example

| Cerj i irgx from Oxonica) 1-200 ppm Ferrocene
[{)O%V\}id |M&]eq ket Detergent/dispersant (HiTEC(r) 4007

Afton Chemical) 5- 15 weight % Demulsifier (Tolad(r) 9357 from Baker
(9083 o 1ikBS fOHBIRIGRETIPRFSHIERRT JSiEHamRests it Regsestgtsaaryre but
do So{00@ thélpresa() disdbsiesel Fuel Additive (Afton Chemical

Corporation) is based on about 50% by weight of 2-ethyl hexyl nitrate
[gog@an@mgpyqr and 15 % by Welght of a HR- PIB succmlmlde

deterge

availab “WHFH %{%‘ﬁ @ﬁemgPéorBBP& e .'Fﬁi’EC(r) 4656 wad gg%ﬁﬂﬁ’éd

with 238eppoent drddelicavellatdapm oxide particles in aliphatic SGyeatight %

deliver B ARMRl/dispersant (HITEC® 4007 Afion Chemical) 5-15 weight %
Demulsifier (Tolad® 9357 from Baker Petrolite) © 1-10 weight %
Aromatic and/or aliphatic solvent(s) _ 45-89 weight %

{0067] HITEC® 4656 Diesel Fuel Additive {(Afton Chemical Corporation) is based on
about 50% by weight of 2-ethyl hexyl nitrate cetane improver and 15 % by weight of a
HR-PIB succinimide detergent/dispersant with about 6.0 weight % nitrogen (HITEC®
4007 available from Afton Chemical Corporation). HiITEC® 4656 was combined with
250 ppm of a source of cerium oxide particles in aliphatic solvent to deliver 5 ppm of
cerium oxide particles (Envirox™ available from Oxonica). This combination can be
used directly in a diesel fuel or diluted in aliphatic or aromatic solvent to prepare a diesel
 fuel additive.
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cerium oxide particles (EnviroxTM available from Oxonica). This
combination can be used directly in a diesel fuel or diluted in aliphatic or
aromatic solvent to prepare a diesel fuel additive. 17 [0068] Example 2.
Cerium/manganese alloy 1-200 ppm Ferrocene (widely available) 5-30
weight % Detergent/dispersant (HITEC(r) 4007 Afton Chemical) 5-15
weight % Demulsifier (Tolad(r) 9357 from Baker Petrolite) 1-10 weight %
Aromatic and/or aliphatic solvent(s) 45-89 weight % [00691 To improve
the fuel stability of the product of Example 1, it was combined with 2.27 %
[Oﬁﬁﬁélghﬁmﬂdemulsmer (Tolad(r) 9338, a blend of Iong cham
p0|yg Y& St i e allo 7 - By
ts of glycol ep OXIe polymers in aliphatic alcohols and an aromatic
hydrcFa‘FHBﬁeé’&\Q\@’Fﬁeia\?é’?é!B@ef}om Baker Petrollte) Tolad(r) B3%aveigh%

Q
o
Q.
c

hich t irtually all Co
app..fa'rﬁg*gv AR efsh%?%% neecé g il ool el %

lﬂﬂmter?GWW?'W fU@ﬁTﬁ@@)(ﬁ@Wp%ﬁllM@ﬁ@%ﬁﬁ%)&ﬂﬁ W@ég:i&ﬁ%med with
mulsi To B t % A ma iC
2.2 r?d or {1 éa'[IC so(fven‘{(ss Vc\ijﬁé% /ﬁ(g’(g?)ﬂlq}o? rové1 ll?‘lo y C%F‘T"ty
oxyghalfied ﬁtmnt;fqﬁeqbi@miﬁ c&smmnplexymted mmhsts withhz:oiepolige

poxw%%l&pﬁ k%n@oﬂamamf@ﬁ Slalafithe8RRaRbRItGH, Alkyihenalic
resréjn WI I%? horus content of 7.85 mg/kg). The fuel stability was

ol HEVR A%, ?e*aq?ca&*cga@e&raww&a 0620 eme/gind irever.
theﬁxmpd@@hbiﬂgmem‘ hatedehizeddorddiianlaracadftatiappidatidasyirtually

all éﬁﬁ%@t‘ﬂ%%p%%%ﬂbegﬁ m&sﬁglf life needed and/or the type of diesel fuel

involved. When filtered, sediment of 1.39 grams per 1 kg was obtained.

[0070] Example 3.

Cerium/manganesefiron alloy 1-200 ppm
Detergent/dispersant (HITEC® 4007 Afton Chemical) 5-15 weight %
Demuisifier (Tolad® 9357 from Baker Petrolite) 1-10 weight %
Aromatic and/or aliphatic solvent(s) 45-89 weight %

(0071}  To improve the solubility and fuel stability the product of Example 1 was
combined with 2.27 % by weight percent of a demulsifier (Tolad® 2898, an oxylated
alkylphenolic resin with lower phosphorus content of 7.85 mg/kg). The fuel stability was
improved and the haze reduced (see below) relative to the results for Example 2, but

- were not idealized for all fuels or alt fuel applications. When filtered, sediment of 0.35
grams per 1 kg of additive product was obtained.

[0672] Example 4. The product of Example 1 was combined with 2.27 % by weight
percent of another demulsifier (Tolad® 9357, formaldehyde polymer with 4-(1,1-
dimethylethyl}phenol, methyloxirane and oxirane in an aromatic solvent) which had a
phosphorus content of 0.199 mg/kg. This fuel additive package had excellent clarity,
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grams per 1 kg of additive product was obtained. [00721 Example 4. The

product of Example | was combined with 2.27 % by weight percent of

another demulsifier (Tolad(r) 9357, formaldehyde polymer with 4-(1,1-

dimethylethyl)phenol, methyloxirane and oxirane in an aromatic solvent)

which had a phosphorus content of 0.199 mg/kg. This fuel additive

package had excellent clarity, 18 very low haze, and no appreciable

precipitate (only 0.15 grams of sediment per 1 kg of fuel additive

package). This resulting diesel fuel additive package was combined with
vegidow|ars, @trd tre aprateiebE3seqiptatedsultity it grece eftédihstahibty] kg of

fudlQRIRCP ARG Wfﬂn@?@&lﬁﬂé*&%&@%@%%%'ith&'p%ﬁ&ﬁBt\%E S?ﬁ%med with

oxide content was 0.37 weight % ﬁ m), and th osphorus level is
q

digpRl iRl BT %%@fér%%HP"TF?e?H Qd'ib%FeH‘?@F Bﬂ@bﬂéﬁkﬁé{sno precipitate
andmasmeedremﬁaat mmmmmmmew@dyﬁumiw esaBaMEdee7 weight

oo7 A
A R R B D S R TR 9B
fU%WQ@@féwﬁ&mmdﬁé@dmmgwy rwwanfoﬁm@mmmm eranoniyetle!

stabyility By Mhesripra @adde Anspsyticles the resulting fuel additive
product produced a sediment of 1.39 grams per 1 kg of additive. When

[O%Tfo%é%)ﬁsﬁeg%eéﬂ E@%A%geé'r\]yﬁelg%le %rﬁbxe? ﬁ[ﬁdﬁ‘ NIVFOX l?.nﬁel Fuel
Adééwar{ﬁﬂsxid@rﬁ%%aw% [REERME bYaduEela RSBt eamuisiisswas mixed

wit8"EMGoREF deKGr@barkitid@ohERRiIlE! tﬁg%ﬁllﬁﬁ eerkdveelbaiditivoduced a
s R ARt ch bR ol %ﬁ@@%ﬁ%ﬁ“‘gfﬁmﬁdnwe
(aligd nitriatp @awmmqeommmrémamwﬁ SBBBAkditiNG Brewas saixed with
EnﬁFMTU)&é'nl%Fr‘? oRUBYUL YGRS FRPIRRREPISAREN LAt 3P 038 BN
per 1kg of additive. When HITEC® 4656 Diesel Fuel Additive (alkyl nitrate cetane
number improver) with Tolad 9357 demulsifier was mixed with Enivrox™ the product
produced a sediment of 0.15 grams per 1kg of additive.

[6074] Haze measurements

Additive Demulse Envirox Haze

(NTU)
nfa nfa Y 335
H4656 T9338 N .74
H4656 T2898 N 5.61
H4656 T9357 N 5.18
H4656 T9338 Y 1552
H4656 T28498 Y 880
H4656 T9357 Y 175
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H4656 T9357 N 5.18 H4656 T9338 Y 1552 H4656 T2898 Y 880 H4656
T9357 Y 175 19 [00751 Clearly the unexpected improvement is the
reduction in haze when combining the cetane number improver, the
cerium oxide nanoparticles, and a low phosphorus- containing demulsifier.
"NTU" is a unit of measure known in the industry as "non- arbitrary units."
[00761 Defoaming Experiments [00771 In addition, applicants carried out
antifoam testing on the fuel additive products produced containing the
alkyl nitrate cetane number improver and the cerium oxide nanoparticles
[00With sGipadinyeersitsettotimphsemedttisdbénedeartiom ioxideshaisem combining
theRQRNEHBP RIS I o BB WY MR AR AHINIO M PIORYHRIMN S us-

the fuel foam decay time was halved, but when used in conjunction with a
conigining Semdaiepebibding untabmsrserdnnende hadnivsteed ‘Bejond
arbitrerpaosingl HITECO 4656 foam performance. Thus, an unexpected

benefit is obtained in diesel fuel foam reduction when combining cerium

[oofegide paRRRAHICISSaRdaRsalkylnitrate cetane number improver. Day 0

Treat Decay Foam Fuel Additive Rate Envirox Time Height (ppm) (ppm)
o) R iR B TR0 D e
progacesbrentazing galkyldtiesestnng namkedseapvienanst He sedumdexide
nartfBracileamithaloRising results. It was observed that the cerium oxide has a
positive influence on foam reduction. With the Envirox'™ product alone, the fuel foam
decay time was halved, but when used in conjunction with a HITEC® 4656 type product,
the foam performance was improved beyond the normal HITEC® 4656 foam
performance. Thus, an unexpected henefit is obtained in diesel fuel foam reduction
when combining cerium oxide nanoparticles and an aikylnitrate cetane number

improver.

Day 0
Treat Decay Foam
Fuel Additive Rate Envirox Time Height
(ppm)  (ppm)  {sacs) (mols)

RF93-T-95 nfa n/a nfa 45 100
RF93-T-95 nfa n/a 250 21.2 100
RF93-T-95 H4656 1100 n/a 6.9 80
RFO3-T-95 H4656 1100 250 2.8 55

{0078} ‘Base reference diesel fuel has a decay time of 45 seconds, with a foam height
of 100 mis. Diesel fuel treated with 250 ppm Envirox™ has a decay time of 21.2
seconds and a foam height of 100 mis; diesel fuel treated with 1100 ppm HITEC® 4656
has a decay time of 6.9 seconds and a foam height of 80 mis; and diesel treated with

© 250 ppm Envirox™ plus 1100ppm HITEC® 4656 has a decay time of 2.8 seconds and a
foam height of 55 mis. Clearly, there is an unexpected excellent improvement in foam
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of 100 mis. Diesel fuel treated with 250 ppm EnviroxTM has a decay time
of 21.2 seconds and a foam height of 100 mis; diesel fuel treated with
1100 ppm HITECO 4656 has a decay time of 6.9 seconds and a foam
height of 80 mis; and diesel treated with 250 ppm EnviroxTM plus
1100ppm HITECO 4656 has a decay time of 2.8 seconds and a foam
height of 55 mis. Clearly, there is an unexpected excellent improvement in
foam 20 reduction achieved by combining the cerium oxide nanoparticles °
and the alkyl nitrate cetane number improver in the diesel fuel. Thus,
redieienigghrigvivcelserahiningiégmoerion fsiie netoraciclis antidbe il hijrate

cetBRVIfINBLPItRS VS @ fHebrdditiRIPaGKRY & 6AMP iRNRIES HeMiRE Wethod for

nanopatrticles and an alkyl nitrate cetane number improver additive.
foofB S PR B R FUGHEILRIGH BrHE BReCdRE dHelp Aipbarive ArRTbess
cordprbes cesigmificiid imppaticientmihanedtybnitatd esigneangninethopis ofr
addlfg.are provided. In one embodiment herein is provided an emissions
control system for the after-treatment of a diesel fuel combustion process

t ising; h { [ r th f f
100 e B T T R B RS A LTI P iseon of
sigaiﬁﬁgsﬁﬁpeiympmrt&hlgtediﬂeicsétﬁﬂ‘gd. munirmbmgniemﬁ mmsj‘etb'rg\.dﬂed. In
onE BTSN FRUSHL B JES INAAM ﬁé%nﬁs%vﬁé?nf%ﬂhé gf’%%ﬁ_ea ent

particulate filter, and a catalyzed diesel particulate filter, locate in the

of 2diesaLishecrbERian ARross Sy th LnEceenPEXAgLaR Sreawst wherein

pasbayiiedas me pasitive @ﬁ@ﬁf@ﬁaﬂ%@ﬁ@@@dﬁiﬁaiﬁm@@m&@fﬁtﬁwmm
comprising cerium oxide and/or. manganpese, a_detergent, an alkyl nitrate

e A D Lt i SRy A el Gure 150y (8 OB SRy of

cortfrupHpiiciHacadiainistesinain@adissal arititulate ditedia siesalnsriisilhte fitter,
an@8riaipddiddisaravants Meragalasaiaionel e e ynseXitivay and

articles which WOUHZI otherwise reduce the iﬂ;[eraction of cerium oxide

adspifef irecaniagt G SrAUR IRy HAEFATR RS iR bR aruRgslitus-gpskace
introdticed mmie ﬁwﬁdtﬁ&@mﬂcﬁgg mmamumsmﬂwﬁwedumﬂnebe, a
o N RS B0 S U oy v
opgiafipsheidhedanticulate filter is enhanced by maximizing the dispersancy of the
cerium oxide. This prevents the agglomeration of the cerium oxide particles which
would otherwise reduce the interaction of cerium oxide with the exhaust particulates.
Furthermore, improved dispersing of the cerium oxide particles according to the present
disclosure reduces their agglomeration and minimizes or eliminates the potential for fuel
filter plugging. In addition, a method of use is provided for improving the performance of
a diesel particulate filter by reducing the negative impact on the surface of the filter

present in the absence of the use of the fuel additive packages described herein.

[0080] In certain engine designs, the injector nozzle holes are non-cylindrical but are
flared outwardly with increasing diameter toward the combustion chamber with the
intent to keep the injector hole dry after each injection of fuel. These designs are found
to be extremely prone to coking which negatively impacts fuel flow, uniformity of
combustion, and promotes deposit build-up because the fuel dynamic flow cannot
sweep the surfaces of the injector holes clean. Therefore a need exists to protect the
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a diesel particulate filter by reducing the negative impact on the surface of
the filter present in the absence of the use of the fuel additive packages
described herein. [0080] In certain engine designs, the injector nozzle
holes are non-cylindrical but are flared outwardly with increasing diameter
toward the combustion chamber with the intent to keep the injector hole
dry after each injection of fuel. These designs are found to be extremely
prone to coking which negatively impacts fuel flow, uniformity of
combustion, and promotes deposit build-up because the fuel dynamic flow

injegigiiszambels iheisurracssespasermiedisr ¢y slioartiPndreforsesndeioh will

nove RIS PPN IR Qe NOFZSIBE I8aPYCIB BV EXRABHIAIQ IS ire,
combustlofg ch_amberg%%? > which will now in¢lude t de cerium ﬁtoms and

the G4 BRHECHHMAY CHERL AT AR GBI A dEMAYPARE cerium
carbsideqgarscdegosin iscané aoaridithe andkehudeye Thescarpavaimebiusrein a
mefifR0BI B4 A UG RIBRAE RRlec IS RS A BB A A 1 D Ok
or use In a diesel engine having hon-cylindrical injector nozzle oles of &
fuelpslsiiva RAGIHIR GO PRERBGSVHNPANIRR BdislprosRiflispersant, and a
deﬁﬁr@ﬁgﬁnﬂai’ﬁi:%@@ﬂm@ad ﬁlgﬂ@'\&lﬂl @hﬁ@bh@r}dﬁgﬂea%épaa?]%dmﬁﬂl éf?_ﬁhe
sphorus. In, a separate example, the sphqrus in the demulsifier is
ndap R i e aSTEGS RS ik o2 e SRR, 2nne
exapplentyicg abeidut 8 alkgikg ebpidspigse of [gesthawsductivity Examples
[0082] Controll [0083] A sample of RF93-T-95 diesel fuel, which is a
[ooseferegoaducheritainingds0-500 ppm of sulfur, was measured for
conductivity according to IP 274 (ASTM D2624). The fuel was then
[0082]hje&teBtERldn aging test in either a cold environment (@ 21 C) or a hot
environment (@ 50 C). Two cold samples were used. After 7 days, the
(008 Tn R RATP L BhE Imedtrehiuphd BIshdB &RlGreRtRdYR CaaiRBIag R 500
pprmefasufed wire othasuteaf fdhecadenti@n ecoldisgriplP Aas(ABTMeD2651).aThe
¢ : . . it whi
el ARSI B PR SO S
enViEFBETAtER Bhi). Two cold samples were used. After 7 days, the conductivity

was again measured. The conductivity of the hot sample was measured directly out of

the oven. One cold sample was alfowed to sit at room temperature for 1 hour prior fo
measuring the conductivity, while the other cold sample was merely shaken after
removing it from the refrigeration unit.

{0084] Control 2

[0085] Control 1 was repeated, except that 250 ppm (volume) of cerium oxide
nanoparticles (Envirox™, average particle size = 12 nm) were also added to the diesel

fuel.

- [0086] Example C1

‘[60687] Control 1 was repeated, except that 1100 ppm {volume) of a fuel additive
concentrate HITEC® 4656 (Afton Chemical) was added to the diesel fuel.
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[0084] Control 2 [0085] Control | was repeated, except that 250 ppm
(volume) of cerium oxide nanoparticles (EnviroxTM', average particle size
=12 nm) were also added to the diesel fuel. [0086] Example C1 [0087]
Control | was repeated, except that 1100 ppm (volume) of a fuel additive
concentrate HTEC(r) 4656 (Afton Chemical) was added to the diesel fuel.
22 [0088] Example C2 [0089] The procedure for Example 1 was repeated,
except that 250 ppm (volume) of cerium oxide nanopatrticles (EnviroxTM,
average particle size = 12 nm) was also added to the diesel fuel before
[008BE adskgmmnisnEéentrate was added. [0090] Example C3 [0091] The
rocedure for Example | was repeated except that, instead of the fuel

1005 ditivee SRR BEERO dﬁ?é)r%?%af%ﬁmtéﬁﬁfs%éﬁ@aﬁb@wmme) of

ceridr Iaﬁ(ré aédélpﬁameBeﬁw Betrotite)rwaspadilte sedhediene) furl 802 ed

to tﬁ%ﬁ{“ fue‘}@, H'glg ggggrrlgejn xample 3 was repeated except

ppm ume) 'Cerium oxi e par es Fas in Example 2) was
also added to the diesel fuel. [0094] Example C5 [0095] The procedure for
10098} a mEXRBRIB S Pe peated except that, instead of T3514, 5 ppm (volume)

anather tradl istati ent Stad 450 Inn
oo e A BB e R
addifive edorerisaiExamipie (Solaela edrediiong ptrtﬂmtzsﬁgpptﬂvmng from

BalS BUBSMYG RaYIRIE] (3t de@malgs 2 and 4) was also added to the
diesel fuel. [0098] Controls 3-4 [0099] Controls 1-2 were repeated, except

[00§9f‘t aExlg}‘Elaigo&/tlsulfur diesel fuel

[0693] The procedure for Example 3 was repeated except that 250 ppm {volume) of
cerium oxide particles (as in Example 2) was also added to the diesel fuel.

[0094] Example C5

[0095]  The procedure for Example 3 was repeated except that, instead of 73514, 5
ppm (volume) of another traditional antistatic agent (Stadis® 450 from Innospec Fuel
Specialties) was added to the diesel fuel.

[0096] Example C6

[0097] The procedure for Example 5 was repeated except that 250 ppm (volume) of
cerium oxide _particies (as in Examples 2 and 4) was also added to the diesel fuel.

[6098] Controls 3-4

[0699] Controls 1-2 were repeated, except that an ultra-low suifur diesel fuel
containing 30 ppm of sulfur was used in place of the RF93-T-85 diesel fuel.

[60106] Examples C7-C12

[00101] Examples 1-6 were repeated using the uitra-low sulfur dieset fuel from
Controls 3-4.

[00102] Resuits from the conductivity examples are reported in Table 1.
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containing 30 ppm of sulfur was used in place of the RF93-T-95 diesel
fuel. [00100] Examples C7-C12 [00101] Examples 1-6 were repeated
using the ultra-low sulfur diesel fuel from Controls 3-4. [00102] Results
from the conductivity examples are reported in Table 1. 23U ON)NNO'r
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The data demonstrate a synergistic effect that the cerium oxide and
detergent combination have on conductivity in diesel fuels. Moreover, the
cerium oxide particles and detergent combination show higher initial
conductivity and comparable or better aged conductivity as compared to

traditiopal antistati ts. Thus, th bodi t id
0 PR A SO B (8 9 apd ceteroent
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specification and practice of the disclosure disclosed herein. As used
aggerEorHSTY e 8 SEEIREEROIP AT LR S HiRtalid B R i THeS: ffeprbagifeents
prodfid® @l edifA-eAg. HénteR sc0innesis M aithted Hadl miud e erie dperssingtistatic
gqu#%ntities of ingredients, properties such as molecular weight, percent,
atio, reaction conditions, and so forth used in the specification and

claims are to be understood as being modified in )
[00104] Other embodiments of the present disclosure will be apparent to those skilled

in the art from consideration of the specification and practice of the disclosure disclosed
herein. As used throughout the specification and claims, “a” and/or “an” may refer to
‘one or more than one. Unless otherwise indicated, all numbers expressing quantities of
ingredients, properties such as molecular weight, percent, ratio, reaction conditions, and
so forth used in the specification and claims are to be understood as being modified in
all instances by the term "about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the specification and claims are approximations that
may vary depending upon the desired properties sought to be obtained by the present
disclosure. At the very least, and not as an attempt to limit the application of the
doctrine of equivalents to the scope of the claims, each numerical parameter should at
teast be construed in light of the number of reported significant digits and by applying
ordinary rounding techniques. Notwithstanding that the numerical ranges and
parameters setting forth the broad scope of the disclosure are approximations, the
numerical values set forth in the specific examples are reported as precisely as
possible. Any numerical value, however, inherently contains certain errors necessarily
resulting from the standard deviation found in their respective testing measurements. it
is intended that the specification and examples be considered as exemplary only, with a

trie scope and spirit of the disclosure being indicated by the following claims.
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all instances by the term "about." Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the specification and
claims are approximations that may vary depending upon the desired
properties sought to be obtained by the present disclosure. At the very
least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should
at least be construed in light of the number of reported significant digits
We damd by applying ordinary rounding techniques. Notwithstanding that the
numerical ranges and parameters setting forth the broad scope of the

disclosure are approximations, the numerical valyes set forth in the .
(Y e e SR el s SR R
distillatg dlebstropmsitin inbigreddijiorranesitalsipnarieinon e cispeiAgnt mxLitgigm oxide
particlefO0m the standard deviation found in their respective testing

measurements. It is intended that the specification and examples be

sider e Wi r pirit of the
2 S ST ciam: 2. Use of

an additive concentrate to increase the conductivity measure of a middle
o TRee RO BB i AT COrE LR EC R R AG Aap e U 125
ppm ofdigh#rsant and cerium oxide particles. 2. The use of claim 1, wherein said

fuel comprises a diesel fuel. 3. The use of claim 1, wherein said additive
4. JoRCeBY ateiePnthiRGsreimbedam1ide napioied sotfiprisetndinpasielef.

claim 1, wherein the cerium oxide particles comprise nanoparticles. 5.

5. The U3e of gl LuwbeiRinspitdisnsrsaRhGRARRIISESAISHAG IR s ant.
dispersant. 6. The use of claim 5, wherein said succinimide dispersant is

o PHneAIGIRraelyons penaming. fietheuRe g d: IRl afilene
conductivity measure Is increased without the use of conventiona

pentamifgistatic agents. 8. The use of claim 1, wherein the improvement in
conductivity measure is sustained for at

7. The use of claim 1, wherein said conductivity measure is increased without the use of

conventional antistatic agenis.

8. The use of claim 1, wherein the improvement in conductivity measure is sustained for at
least 7 days.
9. A middie distiliate fuel composition having improved conductivity, said fuel comprising an

antistatic agent, said antistatic agent comprising, in combination, a dispersant and cerium oxide

particles, wherein said fuel has a conductivity of at least 500 pS/m after 7 days of aging at 21°C.
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10.

11.

least 7 days. 9. A middle distillate fuel composition having improved
conductivity, said fuel comprising an antistatic agent, said antistatic agent
comprising, in combination, a dispersant and cerium oxide patrticles,
wherein said fuel has a conductivity of at least 500 pS/m after 7 days of
aging at 21C. 26 10. Use of the fuel of claim 9 in a combustion apparatus.
11. Use of an additive concentrate to increase the conductivity measure in
a middle distillate fuel to at least 500 pS/m after aging for 7 days at 21 C,
wherein said additive concentrate comprises a dispersant and cerium
oxide particles. 12. A method of dispensing a middle distillate fuel
cnpbYisdHat ehfirislfyrrrecsrepysiPn apadiatig to a middle distillate fuel
composition an antistatic agent comprising, in combination, a dispersant
aree of snmdditide qoartclestentaimcasasel fiissubhciertivity imesesase ithe middle distillate

fuel to SPRALCEYH, SAsaste-gfRaAid Bigk,and £)-fispRDRING-SRId SR EUTRQSItion

into a bulk container prior to the conductivity of said fuel composition

compriges SRR BERNAY PEIHT L59eRaHRR0d of claim 12, wherein said

12.

13.

dispersant and said cerium oxide particles are pre-blended in an additive
conesdimraté gisiesengorlmohlp dstitetadliel goMhesitetheounofisiagrtihe Bieps of.
wherein said fuel comprises a diesel fuel. 15. The method of claim 12,
whedigin said=aitisiatia ageaechstility teenomprstithaaDahi5 app ey oft

sulfur to the { OSIt] L6, . The mg | [ id_ .
cerium oxide&f:l'))?a‘]pﬁréP e b@r#%??ééﬁ%#déﬁ%%%%%&ﬁ%ﬁgﬁggg %E 3 <51(|£rp|ﬁS nan
12, wherein $¢WERGEIRESPRRES 168 CARfviEw M ctesgRie of saifiee!: and
method of claim 17, wherein said succinimide dispersant is formed from
tetrdethyleneipertamgeaid Tuebcomprsitiod iofaedudingpataiskrafrigritidreor
explosion frogiatie Ajssharas.smmrisigbing oHisRg BhiBiPYIsiRgR

middle distillate fuel composition; adding a combination of a dispersant

aﬂ% 85%'&‘ ﬁ)ggﬁaofggﬂﬁéré?nss%iﬁ steﬁj)eciggﬁ? 8%5‘89&5%&'??@&%@ particles are

conductivity In sa composition;

pre-biended in an additive concentrate prior to addition to said fuel.

14,

15.

The method of claim 12, wherein said fuel comprises a diesel fuel.

The method of claim 12, wherein said antistatic agent contributes no more than 0.135

ppm of sulfur to the fuel composition.

16.

17.

18.

The method of claim 12, wherein said cerium oxide particles comprise nanoparticles.
The method of claim 12, wherein said detergent comprises a succinimide detergent.

The method of claim 17, wherein said succinimide dispersant is formed from

tetraethylene pentamine.
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thereby reducing the risk of static discharge in said fuel composition. 20.
The method of claim 19, further comprising the step of dispensing the fuel
composition. 21. The method of claim 20, wherein said dispensing step
comprises dispensing said fuel composition into a bulk container. 22. The
method of claim 20, wherein the conductivity in said fuel composition is at
least 50 pS/m at the time and temperature of delivery. 23. The method of
claim 19, wherein dispersant and said cerium oxide particles are pre-
blended in an additive concentrate prior to being added to said fuel
composition. 24. The method of claim 19, wherein said fuel composition
19, AOMpHed LHreRusEI ISk g mBtIfsaI Ot enlitem Staih ithregtd GofeRileing the
steps ofisttladenfue mgislebsisindial iy éreeropesiteiiurdeoni ainrgrtanduciiatispersant and
cerium’ xﬂggYﬁFﬁagsg&&m%gp&ﬁp‘c‘b@{@nj’g'i g\?@%é%&%@'ﬂaﬂ?@@& composition;

Ispersant and cerium oxide particles add no more than 0.135 ppm of
therebsiagyciaaie iR eoHPESRRaEE TisaitfuflGaBPERHiAT-19, wherein the
cerium oxide particles comprise nanoparticles. 28. The method of claim
20.  Thewiwireih dai@iisiPefodhecernprisagdhsusemphitiepdisen samfuep gomhesition.
method of claim 28, wherein said succinimide dispersant is formed from
21. (Ehaetbylenefpantafineh28ic @NDIKGIMVRES IMMRBOMING dispensing said fuel
compoGRMRINABIRN QP GERIUM OXIDE AND DETERGENTS FOR DIESEL
FUELS ABSTRACT The disclosure provides conductivity improving
ncentrates and methods for improving. conductiyity and reducing risks
2. R AR R aTL e BAIERE R SRRSLR R o sast 5
pS/m agdmpositemsigapaniiae pidiekediuels. The conductivity improvement is
provided with the combination of cerium oxide nanoparticles and
23.  dispenséniddstegentantakong sagesh conttlshidetam paiadatic’s are pre-

blenaell'SNSY L3AR03GLRIAINRLNIN SBaYRNIARA ANUIAIE RARHSsifch.

24, The method of claim 19, wherein said fuel composition comprises a diesel fuel.

25, The method of claim 19, wherein said middle distiliate fuel is substantially free of a

sulfur-containing conductivity improver.

26. The method of claim 19, wherein the combination of dispersant and cerium oxide
particles add no more than 0.135 ppm of sulfur to the fuel composition.

27. The method of claim 19, wherein the cerium oxide particles comprise nanoparticles.
28. The method of claim 19, wherein said dispersant comprises a succinimide dispersani.

29 The method of claim 28, wherein said succinimide dispersant is formed from
tetraethylene pentamine.



CONDUCTIVITY IMPROVING COMBINATION OF
CERTUM OXIDE AND DETERGENTS FOR DIESEL FUELS

ABSTRACT
The disclosure provides conductivity improving concentrates and methods for
improving conductivity and reducing risks associated with static discharge in middle
distillate fuel composition compositions, particularly diesel fuels. The conductivity
improvement is provided with the combination of cerium oxide nanoparticles and
dispersant/detergent and shows aged conductivity comparable to or higher than that

obtained with conventional antistatic agents.
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