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Description

FIELD OF THE INVENTION

[0001] The present invention provides the use of a specific quaternary ammonium salt in diesel fuel compositions,
resulting in a power gain during the operation of an internal combustion engine.

BACKGROUND

[0002] Dwindling petroleum reserves and deterioration in air quality caused by automotive emissions have resulted
in massive efforts to improve internal combustion engine performance. The basic problem is that the internal combustion
engine is inherently inefficient. Only a small fraction of the fuel that it burns is actually converted into useful power. The
remainder is dissipated in the form of heat or vibration, or consumed in overcoming friction between the engine’s many
moving parts. Some of the fuel that enters the combustion chamber is not completely burned, and passes out the tailpipe
as hydrocarbons (HC), carbon monoxide (CO), and other combustion byproducts, many of which are major components
of air pollution or "smog". In view of the millions of automobiles and other fuel-powered vehicles and engines operating
in the world, it is evident that even a miniscule improvement in engine efficiency could result in substantial savings of
petroleum and significant reductions in air pollution.
[0003] US 2008/307698 A1 discloses the use of a quaternary ammonium salt detergent in a fuel composition to reduce
intake valve deposits.
[0004] US 5 254 138 A discloses conductive fuel detergent compositions which minimize unwanted deposits on internal
engine surface, and exhibit anticorrosion characteristics.
[0005] US 4 564 372 A discloses a fuel composition containing 30 to 10,000 ppm of a quaternized polyoxyalkylene
amine salt additive.
[0006] US 2010/024286 A1 discloses a liquid fuel composition comprising one or more poly(hydroxycarboxylic acid)
amide salt derivatives.
[0007] There is therefore a need for improved engine performance. Ideally such improvement could be achieved by
using a specific fuel composition or adding a specific additive or combination of additives to a fuel composition, and then
supplying the fuel composition to an engine. Such an approach would be attractive as it would avoid the need for costly
equipment modifications often needed to improve engine performance.

SUMMARY

[0008] The present invention provides a use of a quaternary ammonium salt comprising the reaction product of: (a)
the reaction product of polyisobutylene succinic anhydride and a compound having an oxygen or nitrogen atom capable
of condensing with said polyisobutylene succinic anhydride and further having a tertiary amino group and (b) a quater-
nizing agent suitable for converting the tertiary amino group to a quaternary nitrogen; to provide a gain in power during
the operation of an internal combustion engine, wherein the quaternary ammonium salt is present at a level of at least
50 ppm in a fuel composition which is supplied to said engine, the fuel composition further comprising a diesel fuel which
is liquid at room temperature. The engine is a direct injection, turbocharged, common rail engine, and said engine
experiences the power gain in the output of the engine, wherein the power gain is relative to the baseline fuel without
the quaternary ammonium salt, and measured using the CEC DW10 diesel fuel injector fouling test with a one hour test
cycle.
[0009] In some embodiments the use of the present invention results in the engine experiencing a power gain of at
least 0.5 kW, measured at maximum engine power.

DETAILED DESCRIPTION

[0010] Various preferred features and embodiments will be described below by way of non-limiting illustration.
[0011] This invention involves the use of a quaternary ammonium salt as defined herein in a diesel fuel at 50 ppm or
higher during operation of an internal combustion engine to provide a power gain as defined herein. The use of the
present invention minimizes, reduces and controls deposit formation in the engine, which reduces fuel consumption,
promotes drivability, vehicle maintenance, and reduces emissions which enables optimal engine operation. The use of
the present invention also results in a power gain in the engines in which they are used.

The Fuel

[0012] The fuel suitable for use in the present invention is a diesel fuel which is liquid at room temperature, e.g., 20
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to 30°C.
[0013] The diesel fuel, may be as defined by ASTM specification D975. In several embodiments of this invention the
liquid fuel can have a sulphur content on a weight basis that is 5000 ppm or less, 1000 ppm or less, 300 ppm or less,
200 ppm or less, 30 ppm or less, or 10 ppm or less.
[0014] The liquid fuel of the invention is present in a fuel composition in a major amount that is generally greater than
95% by weight, and in other embodiments is present at greater than 97% by weight, greater than 99.5% by weight, or
greater than 99.9% by weight.

The Quaternary Ammonium Salt

[0015] The quaternary salt comprises the reaction product of (a) the reaction product of a polyisobutylene succinic
anhydride and a compound having an oxygen or nitrogen atom capable of condensing with said polyisobutylene succinic
anhydride and further having a tertiary amino group and (b) a quaternizing agent suitable for converting the tertiary
amino group of compound (a) to a quaternary nitrogen. In some embodiments the quaternizing agent includes dialkyl
sulfates, benzyl halides, hydrocarbyl substituted carbonates; hydrocarbyl epoxides or mixtures thereof. In some embod-
iments the quaternizing agent is used in combination with an acid, for example, in some embodiments the hydrocarbyl
epoxide is used in combination with an acid.
[0016] The compound having an oxygen or nitrogen atom capable of condensing with the polyisobutylene succinic
anhydride and further having a tertiary amino group can be represented by the following formulas:

wherein X is a alkylene group containing about 1 to about 4 carbon atoms; and wherein each R6 is independently a
hydrocarbyl group, and R6’ can be hydrogen or a hydrocarbyl group.

wherein X is a alkylene group containing about 1 to about 4 carbon atoms; and wherein each R7 is independently a
hydrocarbyl group.
[0017] Examples of the nitrogen or oxygen contain compounds capable of condensing with the polyisobutylene succinic
anhydride and further having a tertiary amino group can include but are not limited to: dimethylaminopropylamine, N,N-
dimethyl-aminopropylamine, N,N-diethyl-aminopropylamine, N,N-dimethylaminoethylamine or mixtures thereof. In ad-
dition, nitrogen or oxygen contain compounds which may be alkylated to contain a tertiary amino group may also used.
Examples of the nitrogen or oxygen contain compounds capable of condensing with the polyisobutylene succinic anhy-
dride after being alkylated to having a tertiary amino group can include but are not limited to: ethylenediamine, 1,2-
propylenediamine, 1,3-propylene diamine, the isomeric butylenediamines, pentanediamines, hexanediamines, heptane-
diamines, diethylenetriamine, dipropylenetriamine, dibutylenetriamine, triethylenetetraamine, tetraethylenepentaamine,
pentaethylenehexaamine, hexamethylenetetramine, and bis(hexamethylene) triamine, the diaminobenzenes, the diami-
nopyridines or mixtures thereof.
[0018] The nitrogen or oxygen containing compounds capable of condensing with the polyisobutylene succinic anhy-
dride and further having a tertiary amino group can further include aminoalkyl substituted heterocyclic compounds such
as 1-(3-aminopropyl)imidazole and 4-(3-aminopropyl)morpholine, 1-(2-aminoethyl)piperidine, 3,3-diamino-N-methyld-
ipropylamine, 3’3-aminobis (N,N-dimethylpropylamine). Another type of nitrogen or oxygen containing compounds ca-
pable of condensing with the polyisobutylene succinic anhydride and having a tertiary amino group include alkanolamines
including but not limited to triethanolamine, N,N-dimethylaminopropanol, N,N-diethylaminopropanol, N,N-diethylaminob-
utanol, N,N,N-tris(hydroxyethyl)amine, or mixtures thereof.
[0019] In some embodiments the condensation product (reaction product) of the polyisobutylene succinic anhydride
and the compound having an oxygen or nitrogen atom capable of condensing with said polyisobutylene succinic anhy-
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drideis the condensation product of polyisobutylene succinic anhydride and a polyamine, and more specifically an
alkylene polyamine. Suitable polyamines include any of those described above including dimethylaminopropylamine.
[0020] The quaternary ammonium salt used in the present invention is prepared from a quaternizing agent suitable
for converting the tertiary amino group to a quaternary nitrogen wherein the quaternizing agent is selected from the
group consisting of dialkyl sulfates, alkyl halides, hydrocarbyl substituted carbonates; hydrocarbyl epoxides and mixtures
thereof. The quaternizing agents may be used in combination with an acid, for example, the hydrocarbyl epoxides may
be used in combination with an acid.
[0021] In one embodiment the quaternizing agent can include halides, such as chloride, iodide or bromide; hydroxides;
sulphonates; alkyl sulphates, such as dimethyl sulphate; sultones; phosphates; CI-12 alkylphosphates; di CI-12 alkyl-
phosphates; borates; C1-12 alkylborates; nitrites; nitrates; carbonates; bicarbonates; alkanoates; O,O-di-C1-12
alkyldithiophosphates; or mixtures thereof.
[0022] In one embodiment, alkylation of primary amines and secondary amines or mixtures with tertiary amines may
be exhaustively or partially alkylated to a tertiary amine and further alkylated to a quaternary salt all in one step. In this
one step, it is necessary to properly account for the hydrogens on the nitrogens and provide base or acid as required
(e.g., alkylation up to the tertiary amine requires removal (neutralization) of the hydrogen (proton) from the product of
the alkylation). With alkylating agents, such as, alkyl halides or dialkyl sulfates, the product of alkylation of a primary or
secondary amine is a protonated salt and needs a source of base to free the amine and to proceed to the quaternary
salt with these such agents requires alkylation of the tertiary amine, and the product is the quaternary ammonium halide
or monomethyl sulfate. In contrast, epoxides as alkylating agents do both the alkylation and the neutralization such that
the intermediate alkylation product is already the free amine. To proceed to the quaternary salt with epoxides it is generally
necessary to provide an equivalent of an acid to provide a proton for the hydroxy group and a counter anion for the salt
[0023] In one embodiment the quaternizing agent may be derived from dialkyl sulphates such as dimethyl sulphate,
N-oxides, sultones such as propane and butane sultone; alkyl, acyl or aralkyl halides such as methyl and ethyl chloride,
bromide or iodide or benzyl chloride, and a hydrocarbyl (or alkyl) substituted carbonates. If the acyl halide is benzyl
chloride, the aromatic ring is optionally further substituted with alkyl or alkenyl groups.
[0024] The hydrocarbyl (or alkyl) groups of the hydrocarbyl substituted carbonates may contain 1 to 50, 1 to 20, 1 to
10 or 1 to 5 carbon atoms per group. In one embodiment the hydrocarbyl substituted carbonates contain two hydrocarbyl
groups that may be the same or different. Examples of suitable hydrocarbyl substituted carbonates include dimethyl or
diethyl carbonate.
[0025] In another embodiment the quaternizing agent can be a hydrocarbyl epoxide, as represented by the following
formula, and may optionally be used in combination with an acid:

wherein each R9 is independently H or a C1-50 hydrocarbyl group. Examples of hydrocarbyl epoxides can include,
styrene oxide, ethylene oxide, propylene oxide, butylene oxide, stilbene oxide and C2-50 epoxide.
[0026] Suitable acids for use with the quaternizing agents described above, particularly the hydrocarbyl epoxides, are
not overly limited. The acid is generally an organic acid and may have the formula R-C(O)OH where R is a hydrocarbyl
group. Examples of suitable acids include formic acid, acetic acid, propionic acid, butyric acid, pentanoic acid and
combinations thereof.
[0027] The quaternary salt is present in the fuel composition at a level of 50 ppm or higher or even 100 ppm or higher.
In some embodiments the quaternary salt is present from 0.005 to 5 percent by weight (%wt).

Additional Additives

[0028] The fuel compositions described above may optionally comprise one or more additional performance additives.
These performance additives include metal deactivators, detergents, dispersants, viscosity modifiers, friction modifiers,
dispersant viscosity modifiers, extreme pressure agents, antiwear agents, antioxidants, corrosion inhibitors, foam inhib-
itors, demulsifiers, pour point depressants, seal swelling agents, wax control polymers, scale inhibitors, gas-hydrate
inhibitors and mixtures thereof.
[0029] The total combined amount of the additional performance additive compounds present on an oil free basis
ranges from 0 or 0.001 to 25 %wt or from 0.01 to 20 %wt of the composition. Although one or more of the other performance
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additives may be present, it is common for the other performance additives to be present in different amounts relative
to each other. Each individual performance additive may be present from 0 or 0.001 to 25 or 20 %wt or from 0.001 to
10 or 5 %wt of the composition.
[0030] Antioxidants include molybdenum dithiocarbamates, sulphurised olefins, hindered phenols, diphenylamines;
detergents include neutral or overbased, Newtonian or non-Newtonian, basic salts of alkali, alkaline earth and transition
metals with one or more of phenates, sulphurised phenates, sulphonates, carboxylic acids, phosphorus acids, mono-
and/or di- thiophosphoric acids, saligenins, an alkylsalicylates, salixarates. Dispersants include N-substituted long chain
alkenyl succinimide as well as posted treated version thereof, post-treated dispersants include those by reaction with
urea, thiourea, dimercaptothiadiazoles, carbon disulphide, aldehydes, ketones, carboxylic acids, hydrocarbon-substi-
tuted succinic anhydrides, nitriles, epoxides, boron compounds, and phosphorus compounds.
[0031] Antiwear agents include compounds such as metal thiophosphates, especially zinc dialkyldithiophosphates;
phosphoric acid esters or salt thereof; phosphites; and phosphorus-containing carboxylic esters, ethers, and amides.
Antiscuffing agents including organic sulphides and polysulphides, such as benzyldisulphide, bis-(chlorobenzyl) disul-
phide, dibutyl tetrasulphide, di-tertiary butyl polysulphide, di-tert-butylsulphide, sulphurised Diels-Alder adducts or alkyl
sulphenyl N’N-dialkyl dithiocarbamates. Extreme Pressure (EP) agents including chlorinated wax, organic sulphides
and polysulphides, such as benzyldisulphide, bis-(chlorobenzyl) disulphide, dibutyl tetrasulphide, sulphurised methyl
ester of oleic acid, sulphurised alkylphenol, sulphurised dipentene, sulphurised terpene, and sulphurised Diels-Alder
adducts; phosphosulphurised hydrocarbons, metal thiocarbamates, such as zinc dioctyldithiocarbamate and barium
heptylphenol diacid.
[0032] Friction modifiers include fatty amines, esters such as borated glycerol esters, partial esters of glycerol such
as glycerol monooleate, fatty phosphites, fatty acid amides, fatty epoxides, borated fatty epoxides, alkoxylated fatty
amines, borated alkoxylated fatty amines, metal salts of fatty acids, fatty imidazolines, condensation products of carboxylic
acids and polyalkylene-polyamines, amine salts of alkylphosphoric acids. Viscosity modifiers include hydrogenated
copolymers of styrene-butadiene, ethylene-propylene polymers, polyisobutenes, hydrogenated styrene-isoprene poly-
mers, hydrogenated isoprene polymers, polymethacrylate esters, polyacrylate esters, poly(alkylstyrenes), alkenyl aryl
conjugated diene copolymers, polyolefins, polyalkylmethacrylates and esters of maleic anhydride-styrene copolymers.
Dispersant viscosity modifiers (often referred to as DVM) include functionalised polyolefins, for example, ethylene-
propylene copolymers that have been functionalized with the reaction product of maleic anhydride and an amine, a
polymethacrylate functionalised with an amine, or styrene-maleic anhydride copolymers reacted with an amine.
[0033] Corrosion inhibitors include octylamine octanoate, condensation products of dodecenyl succinic acid or anhy-
dride and a fatty acid such as oleic acid with a polyamine.
[0034] Metal deactivators include derivatives of benzotriazoles, 1,2,4-triazoles, benzimidazoles, 2-alkyldithiobenzim-
idazoles or 2-alkyldithiobenzothiazoles.
[0035] Foam inhibitors include copolymers of ethyl acrylate and 2-ethylhexyl acrylate and optionally vinyl acetate.
[0036] Demulsifiers include polyethylene glycols, polyethylene oxides, polypropylene oxides and (ethylene oxide-
propylene oxide) polymers; pour point depressants including esters of maleic anhydride-styrene copolymers, polymeth-
acrylates, polyacrylates or polyacrylamides.
[0037] Seal swell agents include Exxon Necton-37™ (FN 1380) and Exxon Mineral Seal Oil.
[0038] The compositions may also include a hydrocarbon substituted with at least two carboxy functionalities in the
form of acids or at least one carboxy functionality in the form an anhydride. In some embodiments the additive is a
hydrocarbon substituted with at least two carboxy functionalities in the form of acids or anhydrides. In other embodiments
the additive is a hydrocarbyl-substituted succinic acylating agent. In other embodiments the substituted hydrocarbon
additive is a dimer acid compound. In still other embodiments the substituted hydrocarbon additive of the present invention
includes a combination of two or more of the additives described in this section.
[0039] The substituted hydrocarbon additives include succinic acids, halides, anhydrides and combination thereof. In
some embodiments the agents are acids or anhydrides, and in other embodiments the agents are anhydrides, and in
still other embodiments the agents are hydrolyzed anhydrides. The hydrocarbon of the substituted hydrocarbon additive
and/or the primary hydrocarbyl group of the hydrocarbyl-substituted succinic acylating agent generally contains an
average of at least about 8, or about 30, or about 35 up to about 350, or to about 200, or to about 100 carbon atoms. In
one embodiment, the hydrocarbyl group is derived from polyisobutylene. The polyisobutylene can have a number average
molecular weight (Mn) from 300 to 5000 and in other embodiments from 500 or 900 up to 2000 or 1500.
[0040] The substituted hydrocarbon additives can be prepared by reacting a hydrocarbon, such as polyisobutylene,
with an excess of maleic anhydride to provide substituted succinic acylating agents wherein the number of succinic
groups for each equivalent weight of substituent group is at least 1.3, or to about 1.5, or to about 1.7, or to about 1.8.
The maximum number generally will not exceed 4.5, or to about 2.5, or to about 2.1, or to about 2.0.
[0041] In some embodiments the substituted hydrocarbon additives and/or hydrocarbyl substituted succinic acylating
agents suitable for use in the present invention contain di-acid functionality. In other embodiments, which may be used
alone or in combination with the embodiments described above, the hydrocarbyl group of the hydrocarbyl substituted
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succinic acylating agent is derived from polyisobutylene and the di-acid functionality of the agent is provided by a
carboxylic acid group, for example a hydrocarbyl substituted succinic acid. In some embodiments the hydrocarbyl sub-
stituted acylating agent comprises one or more hydrocarbyl substituted succinic anhydride groups. In some embodiments
the hydrocarbyl substituted acylating agent comprises one or more hydrolyzed hydrocarbyl substituted succinic anhydride
groups.

Use of the Invention

[0042] The invention is useful in a liquid fuel for an internal combustion engine. The internal combustion engine is a
direct injection, turbocharged, common rail engine. The engine may be part of integrated emissions systems incorporating
such elements as; EGR systems; aftertreatment including three-way catalyst, oxidation catalyst, NOx absorbers and
catalysts, catalyzed and non-catalyzed particulate traps optionally employing fuel-borne catalyst; variable valve timing;
and injection timing and rate shaping.
[0043] The quaternary ammonium salt described above is supplied to an engine in a diesel fuel composition, resulting
in a power gain in the output of the engine. This resulting power gain is relative to the baseline fuel without the quaternary
ammonium salt.
[0044] The term high pressure as used herein with regards to the engine refers to the fuel injector pressure of the
engine. In some embodiments a high pressure engine means the fuel injectors operate at pressures of 20 MPa or higher,
30 MPa and higher, 34 MPa and higher, 40 MPa or higher, or even 50 MPa and higher, wherein these minimum pressure
values may with regards to idle pressure or maximum pressure.
[0045] As used herein, the term "hydrocarbyl substituent" or "hydrocarbyl group" is used in its ordinary sense, which
is well-known to those skilled in the art. Specifically, it refers to a group having a carbon atom directly attached to the
remainder of the molecule and having predominantly hydrocarbon character. Examples of hydrocarbyl groups include:
hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents,
and aromatic-, aliphatic-, and alicyclic-substituted aromatic substituents, as well as cyclic substituents wherein the ring
is completed through another portion of the molecule (e.g., two substituents together form a ring); substituted hydrocarbon
substituents, that is, substituents containing non-hydrocarbon groups which, in the context of this invention, do not alter
the predominantly hydrocarbon nature of the substituent (e.g., halo (especially chloro and fluoro), hydroxy, alkoxy,
mercapto, alkylmercapto, nitro, nitroso, and sulfoxy); hetero substituents, that is, substituents which, while having a
predominantly hydrocarbon character, in the context of this invention, contain other than carbon in a ring or chain
otherwise composed of carbon atoms. Heteroatoms include sulfur, oxygen, nitrogen, and encompass substituents as
pyridyl, furyl, thienyl and imidazolyl. In general, no more than two, preferably no more than one, non-hydrocarbon
substituent will be present for every ten carbon atoms in the hydrocarbyl group; typically, there will be no non-hydrocarbon
substituents in the hydrocarbyl group.
[0046] All percent values, part by weight values and similar figures provided above are on a weight basis unless
otherwise noted. The end points of the various ranges provided above may be combined with one another and applied
to any of the other components described above.
[0047] It is known that some of the materials described above may interact with one another when present in a
composition, so that the components of the composition may be different from those that are initially added. For instance,
metal ions (of, e.g., a detergent) can migrate to other acidic or anionic sites of other molecules.

Specific Embodiment

[0048] The invention will be further illustrated by the following examples, which sets forth particularly advantageous
embodiments. While the examples are provided to illustrate the invention, they are not intended to limit it.

Example Set 1.

[0049] A set of examples is prepared and tested in the CEC DW10 diesel fuel injector fouling test, designated SG-F-
098. The test uses a 2.0 L, 4-cylinder Peugeot DW10 direct injection turbocharged, common rail engine. A standard test
procedure is followed except that each sample is run for four one hour test cycles, and then four one hour test cycles
are completed with the baseline fuel. The results are then compared to show the power gain, if any, the example gives
over the baseline (non-additized) fuel. The power output of the engine (measured in kW) is measured each test cycle
completed.
[0050] All of the examples are prepared in the same sulfur free diesel fuel and each additive tested is added to the
fuel at a level of 500 ppm. The additive tested in each example and the power output results are summarized in the table
below.
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[0051] The results show that Examples 1-E, 1-F and 1-G each provide a significant power gain compared to the
baseline fuel results while Examples 1-A, 1-B, 1-C and 1-D each show a slight power gain or even a slight power loss.
These results demonstrate that the use of the present invention allows for an unexpected power gain in the operation
of an engine compared to other additives that may otherwise be used.
[0052] Unless otherwise indicated, all percent values listed herein are on a weight basis. Unless otherwise indicated,
each chemical or composition referred to herein should be interpreted as being a commercial grade material which may
contain the isomers, by-products, derivatives, and other such materials which are normally understood to be present in
the commercial grade. However, the amount of each chemical component is presented exclusive of any solvent or
diluent, which may be customarily present in the commercial material, unless otherwise indicated. It is to be understood
that the upper and lower amount, range, and ratio limits set forth herein may be independently combined. Similarly, the
ranges and amounts for each element of the invention can be used together with ranges or amounts for any of the other
elements. As used herein, the expression "consisting essentially of" permits the inclusion of substances that do not
materially affect the basic and novel characteristics of the composition under consideration.
[0053] In addition, all the embodiments described above have been contemplated as to their use, both alone and in
combination, with all of the other embodiments described above, and these combinations are considered to be part of
the invention.

Claims

1. Use of a quaternary ammonium salt comprising the reaction product of:

(a) the reaction product of polyisobutylene succinic anhydride and a compound having an oxygen or nitrogen
atom capable of condensing with said polyisobutylene succinic anhydride and further having a tertiary amino
group; and
(b) a quaternizing agent suitable for converting the tertiary amino group to a quaternary nitrogen;

Table 1 - Example Set 1, DW10 Results

Example Additive Treat 
Rate

Baseline 
Power 

Output1

Example 
Power 

Output2

Power 
Gain3

1-A Polyisobutylene (PIB)4 500 ppm 98.8 98.9 0.1%

1-B PIB, polyalkylene polyamine based dispersant 500 ppm 98.9 99.0 0.1%

1-C PIB, diamine-based dispersant 500 ppm 99.0 98.9 -0.1%

1-D PIB-based hydrolyzed succinic anhydride 500 ppm 99.1 99.0 -0.1%

1-E PIB-based quaternary ammonium salt made 
with the use of an alkyl epoxide.

500 ppm 98.5 99.7 1.2%

1-F PIB-based quaternary ammonium salt made 
with the use of a dialkyl sulphate.

500 ppm 98.7 99.9 1.2%

1-G The Additive of Example 1-G 500 ppm 98.5 99.6 1.1%
The Additive of Example 1-E 500 ppm

1 - The Baseline Power Output values are the power outputs, in kW, measured when the test engine is running on
non-additized base fuel. The reported values are averages of results obtained from each of the four one hour cycles
completed. A set of baseline fuel samples is run with every example in order to account for any drift in the engine
power output over the testing.
2 - The Example Power Output values are the power outputs, in Kw, measured when the test engine is running on
the additized Example fuel. The reported values are averages of results obtained from each of the four one hour
cycles completed.
3 - The Power Gain values are the % power gain the Example fuel provides over the non-additized base-line fuel. A
negative percent indicates a power loss compared to the base line fuel.
4 - The polyisobutylene of Example 1-B is comparable to the polyisobutylene used in the preparation of all of the PIB-
based additives in the example set.
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to provide a gain in power during the operation of an internal combustion engine, wherein the quaternary ammonium
salt is present at a level of at least 50 ppm in a fuel composition which is supplied to said engine, the fuel composition
further comprising a diesel fuel which is liquid at room temperature;
wherein the engine is a direct injection, turbocharged, common rail engine, and said engine experiences the power
gain in the output of the engine, wherein the power gain is relative to the baseline fuel without the quaternary
ammonium salt, and measured using the CEC DW10 diesel fuel injector fouling test with a one hour test cycle.

2. The use of claim 1 wherein the quaternizing agent is selected from the group consisting of dialkyl sulfates, benzyl
halides, hydrocarbyl substituted carbonates, hydrocarbyl epoxides optionally in combination with an acid or mixtures
thereof.

3. The use of claim 1 wherein the quaternizing agent is selected from the group consisting of dialkyl sulfates, hydrocarbyl
substituted carbonates, hydrocarbyl epoxides optionally in combination with an acid or mixtures thereof.

4. The use of claim 1 wherein the fuel is diesel fuel containing 500 ppm of sulfur or less, a biodiesel fuel, or a combination
thereof.

5. The use of claim 1 wherein the engine receives a power gain of at least 0.5 kW, measured at maximum engine power.

Patentansprüche

1. Verwendung eines quaternären Ammoniumsalzes, das folgendes Reaktionsprodukt umfasst:

(a) das Reaktionsprodukt von Polyisobutylenbernsteinsäureanhydrid und einer Verbindung mit einem Sauer-
stoff- oder Stickstoffatom, die mit dem Polyisobutylenbernsteinsäureanhydrid kondensieren kann und ferner
eine tertiäre Aminogruppe aufweist; und
(b) ein Quaternisierungsmittel, das zum Umwandeln der tertiären Aminogruppe in einen quaternären Stickstoff
geeignet ist;

um einen Leistungsgewinn während des Betriebs eines Verbrennungsmotors bereitzustellen, wobei das quaternäre
Ammoniumsalz in einer Menge von mindestens 50 ppm in einer Kraftstoffzusammensetzung vorhanden ist, die dem
Motor zugeführt wird, wobei die Kraftstoffzusammensetzung ferner einen Dieselkraftstoff umfasst, der bei Raum-
temperatur flüssig ist;
wobei der Motor ein direkteinspritzender, turboaufgeladener Common-Rail-Motor ist und der Motor den Leistungs-
gewinn in der Ausgangsleistung des Motors erfährt, wobei der Leistungsgewinn relativ zu dem Ausgangsbrennstoff
ohne das quaternäre Ammoniumsalz ist und unter Verwendung des DW10-Tests der Dieselkraftstoffeinspritzdü-
senverschmutzung nach CEC mit einem einstündigen Prüfungszyklus gemessen wird.

2. Verwendung nach Anspruch 1, wobei das Quaternisierungsmittel ausgewählt ist aus der Gruppe bestehend aus
Dialkylsulfaten, Benzylhalogeniden, hydrocarbylsubstituierten Carbonaten, Hydrocarbylepoxiden, gegebenenfalls
in Kombination mit einer Säure, oder Mischungen davon.

3. Verwendung nach Anspruch 1, wobei das Quaternisierungsmittel ausgewählt ist aus der Gruppe bestehend aus
Dialkylsulfaten, hydrocarbylsubstituierten Carbonaten, Hydrocarbylepoxiden, gegebenenfalls in Kombination mit
einer Säure, oder Mischungen davon.

4. Verwendung nach Anspruch 1, wobei der Kraftstoff Dieselkraftstoff mit einem Schwefelgehalt von 500 ppm oder
weniger, ein Biodieselkraftstoff oder eine Kombination davon ist.

5. Verwendung nach Anspruch 1, wobei der Motor einen Leistungsgewinn von mindestens 0,5 kW, gemessen bei
maximaler Motorleistung, erfährt.

Revendications

1. Utilisation d’un sel d’ammonium quaternaire comprenant le produit de la réaction :
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(a) du produit de réaction de l’anhydride polyisobutylène succinique et d’un composé ayant un atome d’oxygène
ou d’azote capable de se condenser avec ledit anhydride polyisobutylène succinique et ayant en outre un
groupe amino tertiaire ;
et
(b) d’un agent quaternisant approprié pour convertir le groupe amino tertiaire en un azote quaternaire ;

afin de fournir un gain en puissance pendant le fonctionnement d’un moteur à combustion interne, le sel d’ammonium
quaternaire étant présent à un niveau d’au moins 50 ppm dans une composition de carburant qui est fournie audit
moteur, la composition de carburant comprenant en outre un carburant diesel qui est liquide à température ambiante ;
dans laquelle le moteur est un moteur à rampe commune, turbocompressé, à injection directe, et ledit moteur subit
le gain de puissance à la sortie du moteur, le gain de puissance étant relatif au carburant de base sans le sel
d’ammonium quaternaire, et étant mesuré à l’aide de l’essai d’encrassement de l’injecteur de carburant diesel CEC
DW10 avec un cycle d’essai d’une heure.

2. Utilisation selon la revendication 1, dans laquelle l’agent quaternisant est choisi dans le groupe constitué par les
sulfates de dialkyle, les halogénures de benzyle, les carbonates à substitution hydrocarbyle, les époxydes d’hydro-
carbyle éventuellement en combinaison avec un acide ou leurs mélanges.

3. Utilisation selon la revendication 1, dans laquelle l’agent quaternisant est choisi dans le groupe constitué par les
sulfates de dialkyle, les carbonates à substitution hydrocarbyle, les époxydes d’hydrocarbyle éventuellement en
combinaison avec un acide ou leurs mélanges.

4. Utilisation selon la revendication 1, dans laquelle le carburant est du carburant diesel contenant 500 ppm de soufre
ou moins, un carburant biodiesel ou leur combinaison.

5. Utilisation selon la revendication 1, dans laquelle le moteur reçoit un gain de puissance d’au moins 0,5 kW, mesuré
à la puissance maximale du moteur.
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