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method of use thereof.

@ Formation of deposits in fuel injectors of diesel
fueled engines is inhibited by addition of an alkeny!
succinic acid to the diesel fuel.

The invention provides a composition, for inhibit-
ing the formation of deposits in diesel fuel injection
systems, comprising an alkeny! succinic acid or mix-
tures thereof, a composition comprising a diesel fuel
and, in an amount effective to inhibit formation of
deposits in injection systems, an alkenyl succinic
acid or mixtures thereof and a method of inhibiting
the formation of deposits in fuel injectors of diessl
fueled engines which comprises adding to said die-
sel fuel a composition comprising an alkenyl suc-
cinic acid or mixtures thereof in an amount effective
to inhibit the formation of deposits.

The acid may be tetrapropeny! succinic acid and
the compositions may comprise a hydrocarbon sol-
vent such as xylene.
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DIESEL FUEL INJECTOR ADDITIVE COMPRISING POLYALKENYL SUCCINIC ACID, DIESEL FUEL CON-
TAINING SAME AND METHOD OF USE THEREOF

Background of the Invention

8 Field of th_e Invention

This invention relates to a diessl fuel additive
and a diesel fuel composition comprising same.
More particularly, the invention relates to the inhibi-
tion of deposit formation in the fuel injectors of
diesel fueled engines by incorporation into said fuel
of a composition comprising a polyalkenyl succinic
acid. )

The relatively recent increase in the use of fuel
injection systems for internal combustion engines
has resulted in the need for additives which will
inhibit the formation of deposits within and around
the injector orifices. Fuel injectors are used in both
gasoline and diesel fueled engines but the mecha-
nism for inhibiting deposit formation within and
around the orifices of the fuel injectors in such
engines are quite different because of the quite
distinct difference in the composition of gasoline
and diesel fuels.

Accordingly, it has been found that the deter-
mination of the usefulness of additives in gasoline
and diesel fuels is empirical and that an additive
useful in a gasoline fuel is not necessarily-indicated
as an additive for a diesel fuel and vice versa. In
fact, the nature of fuel additives is such that, even
within the same fuel system, the effectiveness of
additives is quite specific. For example, a detergent
additive for gasoline fuels designed to keep a car-
buretor in clean condition is not necessarily effec-
tive in a gasoline fueled engine having fuel injec-
tors. Similarly, an additive for inhibiting deposit
formation in carburetors or fuel injectors in a gaso-
line engine is not likely to be effective as a forma-
tion deposit inhibitor in the intake manifold or the
combustion chamber of that engine. Accordingly,
indications of the usefulness of an addilive in a
gasoline engine for a specific purpose has little
value in indicating the possible use of the additive
for that purpose in a diesel fueled engine.

Because of the complex hydrocarbon nature of
diesel fuels which, of course, are substantially
heavier than gasoline fuels, there is a tendency
toward the formation of deposits within and around
the orifices of fuel injectors resulting in the con-
sequent clogging of the injectors and decreased
engine performance.

Accordingly, there is a need to inhibit the for-
mation of such deposits. That need is met by the
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present invention which provides a polyalkenyl suc-
cinic acid additive which inhibits the formation of
deposits in injection systems for diesel fueled en-
gines.

H_. Prior Art

Polyalkeny! succinic acids and - derivatives
thereof have been used as fuel additives. Thus:
U.S. Patent No. 2,993,772 discicses a process
for inhibiting the formation of deposits in internal
combustion engines which comprises adding io the
fuel an additive which is an ester of an alkenyl
succinic acid having 8 to 31 carbon atoms in the
alkenyl group and an alcohol.
U.S. Patent No. 3,117,091 discloses a rust
preventive compound for various fuels which is a
partial ester of an alkeny! succinic anhydride and a

_polyhydric alcohol.

U.S. Patent 3,346,354 discloses a hydrocarbon
fuel composition capable of reducing intake valve
and port deposits, which fuel contains an alkenyl
succinic acid or an alkenyl! succinic ester.

U.S. Patent No. 3,447,918 discloses the use of
polybutene substituted succinic acid as a corrosion
inhibitor for distillate fuels. .

U.S. Patent No. 3,574,574 discloses a motor fusi
composition which reduces intake valve and port
deposits which contains a polyester or a polymer-
ized carboxylic acid.

Summary of the Invention

The present invention relates to an additive for
inhibiting deposit formation in the fuel injectors of
diesel fueled engines. The additive is a polyalkenyl
succinic acid having a molecular weight (number
average) of from about 200 to about 350 and which
is represented by the following general structural
formula:
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wherein R is an alkenyl radical. The alkenyl radical
may be straightchained or branch-chained and con-
tains from about 8 to about 20 carbon atoms.
Examples of such compounds are tetraetheny! suc-
cinic acid, octeny! succinic acid, nonenyl succinic
acid, decenyl succinic acid, undecenyl succinic
acid, tetrapropenyl succinic acid, dodecenyl suc-
cinic acid, 3-butyloctenyl succinic acid, {etrabutenyl
succinic acid, hexadecenyl succinic acid, didecenyl
succinic acid and the like.

The alkenyl succinic acids used in the present
invention are prepared by the simple hydrolysis of
the corresponding anhydride, as is conventional
and well-known to those skilled in the art. Since
relatively pure olefins are difficult to obtain, alkeny!
succinic acids are usually prepared as mixtures by
reacting mixtures of olefins with moleic acid anhy-
dride. Such mixtures, as well as pure anhydrides,
are utilizable herein.

The alkenyl succinic acid additives of the
present invention, preferably tetrapropenyl succinic
acid, are added to the diesel fuel neat or as a
solution of the acid in an appropriate solvent, e.g.,
a hydrocarbon solvent, and may be used in com-
bination with other diesel fuel additives such as
surface active agents, film formers, oxygen scaven-
gers, corrosion inhibitors, dehazers and the like. In
actual practice, it is preferred to add the alkenyi
succinic acid to the diesel fuel as a fifty percent
{80%) soilution by weight in xylene. The useful
conceniration of the additive is from about 30 paris
to about 600 parts additive per million parts diesel
fuel, preferably from about 75 parts to about 300
parts additive per million parts diesel fuel, espe-
cially from about 100 parts to about 200 parts
additive per million parts diesel fuel.

Use of the alkeny! succinic acids as described
above as additives to diesel fuels has been shown
to effectively inhibit the formation of deposits in the
fuel injectors of diesel fueled engines.

While the illustrative embodiments of the inven-
tion have been described with particularity, it will
be understood that varicus other modifications will
be apparent to and can be readily made by those
skilled in the art without departing from the spirit
and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended
hereto be limited to the description set forth herein
but rather that the claims be construed as encom-
passing all features of patentable novelty which
reside in the present invention, including all fea-
tures which would be treated as equivalent thereof
by those skilled in the art to which the invention
pertains.
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Claims

1. A composition, for inhibiting the formation of
deposits in diesel fuel injection systems, compris-
ing an alkeny! succinic acid or mixtures thereof.

2. Composition of claim 1 wherein said acid is
tetrapropenyl succinic acid.

3. Composition of claim 1 which includes a
hydrocarbon solvent.

4. Composition of claim 3 wherein said solvent
is xylene.

5. Composition comprising a diesel fuel and, in
an amount effective to inhibit formation of deposits
in injection systems, an alkenyl succinic acid or
mixtures thereof.

6. Composition of claim 5 wherein said acid is
tetrapropenyl succinic acid.

7. Composition of claim 6 which includes a
hydrocarbon solvent for said acid.

8. Composition of claim 7 wherein said solvent
is xylene.

8. Method of inhibiting the formation of depos-
its in fuel injectors of diesel fueled engines which
comprises adding to said diesel fuel a composition
comprising an alkenyl succinic acid or mixiures
thereof in an amount effective to inhibit the forma-
tion of deposits.

10. Method of claim 9 wherein said acid is
tetrapropeny! succinic acid.
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