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DIESEL FUEL COMPOSITION

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims benefit under 35 U.S.C. 119 of U.S. Provisional Patent Application
No. 61/869,466 with a filing date of August 23, 2013. This application claims priority to and

benefits from the foregoing, the disclosure of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to fuel compositions. More specifically, it relates to diesel fuel
compositions that contain no more than 30 ppm of active detergent additive or active

dispersant additive or mixtures thereof.

BACKGROUND

Diesel engines have been used in applications such as stationary power generation,
locomotives, ships, trucks, and automobiles. These engines, unlike gasoline engines, lack an
ignition source, (i.e., spark plug) to initiate combustion in the cylinder. Air is compressed to
high pressure resulting in sufficiently high temperature to cause auto-ignition when diesel

fuel is introduced into the combustion chamber.

Fuel injectors, therefore, are a significant element in the system to deliver fuel to the engine.
Proper operation of the fuel injector is critical to the smooth operation of the engine for
optimum power, fuel consumption, and emissions control. Optimized operation relies on

precise injection timing, fuel volume delivery, and designed spray pattern.

Diesel fuel has the tendency to form solid deposits in many engine applications at high
temperature. Carbon deposits, if not controlled, build up at the injector nozzle tip and lead to
restricted flow volume and spray pattern. Larger fuel droplets in the combustion chamber
require more time to burn efficiently. Lacking sufficient timing, fuel economy and emissions

are affected adversely.
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Detergent additives are commonly employed in diesel fuels to minimize or eliminate fuel
injector nozzle tip carbon deposits. It has now been found that diesel engine injector deposits

can be reduced or eliminated by use of diesel fuel stability and antioxidant additives.

SUMMARY OF THE INVENTION

The present invention is directed to a fuel composition comprising a major amount of
hydrocarbons boiling in the diesel range and an effective deposit-controlling amount of at
least one stability additive or at least one antioxidant additive or mixtures thereof, and
wherein the fuel composition contains no more than 30 ppm of active detergent additive or

active dispersant additive or mixtures thereof.

The present invention is directed to a method of reducing injector deposits in a direct
injection diesel engine comprising supplying a fuel composition comprising a major amount
of hydrocarbons boiling in the diesel range and an effective deposit-controlling amount of at
least one stability additive or at least one antioxidant additive or mixtures thereof, and
wherein the fuel composition contains no more than 30 ppm of active detergent additive or

active dispersant additive or mixtures thereof to an internal combustion engine.

The present invention further provides a fuel composition comprising a major amount of
hydrocarbons boiling in the diesel range and an effective deposit-controlling amount of a fuel

additive composition of the present invention.

The present invention also provides a method of improving the compatibility of a fuel
additive composition comprising blending together the components of the fuel additive

composition of the present invention.

It has been discovered that a group of diesel additives normally used as diesel fuel stabilizers
and antioxidants show a surprising effect in controlling diesel fuel injector deposits normally
addressed by diesel detergents. The level of deposit control is measured by power loss in an
industry standard diesel engine. Such stability additives are used in fuels in many
applications and also are lower in cost when compared to diesel detergents. This invention

minimizes or eliminates the use of the higher cost detergent additives.

2
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DETAILED DESCRIPTION

Definitions
The term “fuel” or “hydrocarbon-based fuel” refers to normally liquid hydrocarbons having

boiling points in the range of diesel fuels.

The term “hydrocarbons boiling in the diesel range” refers to hydrocarbons having a boiling

point in the range of from about 150°C to about 350°C.

In one embodiment, the presently claimed invention is directed to a fuel composition that
may be used in a diesel engine. In one embodiment, the diesel fuel composition of the
present invention has a stability additive and does not comprise a detergent additive or a

dispersant additive.

Diesel detergent additives are used commonly to reduce or eliminate injector coking and
carbon deposits. Common diesel detergent additives include, for example, aliphatic
hydrocarbyl-substituted amines, hydrocarbyl-substituted poly(oxyalkylene) amines,
hydrocarbyl-substituted succinimides, Mannich reaction products, nitro and amino aromatic

esters of polyalkylphenoxyalkanols, polyalkylphenoxyaminoalkanes, and the like.

Fuels also have to be manufactured, blended, and/or additized to ensure stability. Unstable
diesel fuel can degrade, undergo undesirable chemical reactions, and form solid particles.
Such particles can clog fuel filters and reduce fuel flow to the engine. They also can interfere
with the operation of pumps and injectors that have extremely small clearances between
sliding or rotating surfaces. Stability can be thermal (engine and vehicle environment) or

storage (long term).

Stability Additives

Typically, stability additives prevent oxidation and degradation of the diesel fuel. For
purposes of this disclosure, stability includes, but is not limited to, thermal stability, storage

stability, oxidative stability and the like. Common stability additives and antioxidants

3
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include, but are not limited to, hydroquinone and its derivatives, alkyl phenols, various
amines such as substituted phenylenediamines, and combinations of amines and phenols,
either as separate molecules or bonded together in amine—phenolic resins. Amine—phenolic
resin stability additives are known and are commercially available, for example, from Nalco

(e.g., EC5111A, EC5300A and EC5302A) and Innospec (e.g., FOA-91).

When selecting fuel additives, it is essential to ensure that additives perform well, are cost
effective, and do not contribute to harmful side effects. Interaction among various types and
classes of additives should be considered. As such, it is beneficial to reduce the number and

the concentration of diesel fuel additives.

It has been discovered that employing certain stability additives or antioxidant additives or
mixtures thereof in diesel fuel, and wherein the fuel composition contains no more than 30
ppm of active detergent additive or active dispersant additive or mixtures thereof, results in
deposit control. Preferably, the diesel fuel contains stability additives or antioxidant additives
or mixtures thereof, and the fuel composition contains no more than 20 ppm of active

detergent additive or active dispersant additive or mixtures thereof.

Fuel Compositions

The stability additive will generally be employed in a hydrocarbon distillate fuel. The proper
concentration of additive necessary in order to achieve the desired deposit control varies
depending upon the type of fuel employed and other additives employed. Generally,
however, from 10 to 200 ppm weight (mg active additive/kg diesel fuel) of the active stability
additive (e.g., from 50 to 200, from 50 to 175, from 50 to 150, from 75 to 200, from 75 to
175, from 75 to 150, from 100 to 200, from 100 to 175, or from 100 to 150 ppm weight (mg
active additive/kg diesel fuel) of the active stability additive) is needed to achieve the best

results.

In diesel fuels, other well-known additives can be employed, such as pour point depressants,
cold flow improvers, lubricity improvers, cetane number improvers, conductivity improvers

and the like.
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The diesel fuels employed with the stability additive of the present invention include finished
diesel fuels where levels of sulfur, aromatics, and paraffins range from typical amounts to
only trace amounts. In a further embodiment, the diesel fuel has a high concentration of

sulfur. Specifically, the sulfur content is from about 0 to about 5000 ppm weight sulfur.

Engine Performance

Using vehicles in service to evaluate engine performance due to formation of carbon deposits
in injector nozzle tips is not practical. It is common practice for such evaluations to develop
laboratory tools which have been correlated with vehicles on the road and have been verified

by credible standard setting groups.

Two such tools have been developed by the Coordinating European Council (CEC), and used

broadly by research laboratories.

One such tool is a DW-10 engine on a test stand (CEC F-98-08). This is a two-liter four-
cylinder in-line overhead camshaft turbocharged engine with EGR. This more modern direct
injection engine is equipped with a common rail system for fuel delivery. The test procedure
was developed to discriminate among fuels that vary in their ability to produce injector
deposits in Euro V passenger car direct injection diesel engines. The level of injector deposit

formation is indicated by the power loss in a well-defined test cycle and test procedure.

A second evaluation tool is the XUD-9 engine on a test stand (CEC F-23-01). This is an
indirect injection system representing the older diesel engines in service. It lacks the modern
common rail injection system. It is a four-cylinder 1.9 liter engine fitted with clean fuel
injectors at the start of the test. After operating for ten hours with a prescribed cycle, the
tendency of the fuel to generate injector deposits is determined by the percent flow loss at a

needle lift of 0.10 mm.

Proper operation of diesel equipment requires diesel fuel meeting several performance
categories and physical and chemical properties including, but not limited to, the
specifications in ASTM D975, Standard Specification for Diesel Fuel Oils. Fuel properties

and considerations include, but are not necessarily limited to, the following possible

5
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categories: cetane number, lubricity, stability, conductivity, deposit control, cleanliness, low
temperature operation, density, and flash point. Many of these and other properties can be
controlled by refinery processes, blending options, and/or use of chemical additives, to result

in a fuel that is fit for purpose.

EXAMPLES

The following examples are intended to be non-limiting.

In one experiment, it was attempted to define the required amount of detergent additive for a
fuel. This fuel was one that required a stability additive. The test matrix required testing the
finished fuel (i.e., a fuel containing additives such cetane number improvers, lubricity
additives and the like as listed herein above) both with and without detergent to establish a
baseline and to demonstrate the benefit of using the detergent additive. Testing the stabilized
finished fuel without detergent additive resulted in very little power loss in the DW-10
engine, indicating very little generation of carbon deposits. Power loss level was low and
very similar, both with and without the detergent additive. It was surprising to observe that
the stability additive worked to restore power without the use of the deposit control additive.

Similar testing using the XUD-9 engine also resulted in a surprising benefit.

Based on this discovery, it is now possible to reduce or eliminate the use of detergent additive

and still maintain low injector deposits resulting in optimum performance.

A test program was conducted to utilize engine testing to evaluate two types of fuel, those
containing high and low amounts of sulfur, with and without a detergent additive
(TECHRON® D), in a statistically designed randomized test matrix. Finished diesel fuels
with higher levels of sulfur (i.e., greater than 15 ppmw sulfur) required a stability additive to
prevent degradation. The results of the CEC F98-08 DW-10 engine tests are set forth in Table
1.
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TABLE 1
CEC F-98-08 DW-10 Engine Test Results

1 S5000 Yes Yes (FOA-91) 0.39
2 S5000 Yes Yes 0.67
3 S5000 No Yes (FOA-91) 1.88
4 S5000 No Yes (FOA-91) 3.18
5 S15 Yes No 2.45
6 S15 Yes No 2.63
7 S15 No No 9.38
8 S15 No No 9.42
9 S15 No Yes (FOA-91) 4.72
10 S15 No Yes (EC5300A) 3.05
11 S15 (CARB) No No 7.83
12 S15 (CARB) No Yes (BHT) 180 ppm 8.73
13 S15 (CARB) No Yes (EC5111A) 150 ppm 2.61
14 S15 (CARB) No Yes (EC5302A) 150 ppm 3.34

The diesel fuels presented in the Tables herein represent classes of diesel fuels as
characterized according to ASTM D975, i.e., S15 = maximum 15 ppm sulfur and S5000 =

maximum 5000 ppm sulfur.

The initial tests under the DW-10 testing environment using high sulfur diesel with detergent
additive resulted in very little power loss (0.39%) as expected. Lower sulfur diesel with
detergent additive also resulted in small power loss (2.45%) as expected. The same fuel
without detergent additive resulted in significant power loss (9.38%). When higher sulfur
diesel fuel without detergent additive was tested, it was surprising to notice very little power
loss (1.88%). This condition was repeated with the same surprising result, a low power loss

(3.18 %).

To confirm the integrity of the engine operation, the lower sulfur fuel requiring no stability
additive was tested without detergent additive and resulted in an expected high power loss
(9.42%). This was followed by a test of the same lower sulfur fuel without stability additive

but with detergent additive. Low power loss (2.63%) resulted as expected.
7
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Although the lower sulfur fuel is naturally stable and requires no stability additive, stability

additive was added to the fuel for engine testing without use of a detergent. Surprisingly,

lower power loss (4.72%) resulted.

For additional verification, another type of diesel fuel stability additive (amine —phenolic

resin, Nalco EC5300A) was added to the lower sulfur fuel for engine testing. Once again,

power loss was low (3.05%) when no detergent was used. This indicated that stability

additive could keep injectors clean in a similar manner to what is expected of a diesel

detergent.

Three other stability additives were tested in a lower sulfur CARB fuel without detergent.

Again, the fuel without detergent and without stability additive resulted in higher power loss

(7.83%). One additive (BHT) was not effective resulting in high power loss (8.73%). Two

stability additives were effective in keeping injectors clean and resulting in lower power

losses (2.61% and 3.34%).

Parallel testing was performed using the second industry standard test engine, XUD-9. Fuel

cleanliness with respect to injector deposits is measured upon completion of a 10-hour test by

determining percent flow restriction due to formation of nozzle tip deposits. The results of the

CEC F98-08 XUD-9 F-23-01 engine tests are set forth in Table 2 below.

CEC F-23-01 XUD-9 Engine Test R

TABLE 2

15 S5000 Yes Yes (FOA-91) 60
16 S5000 Yes Yes (FOA-91) 60.9
17 S5000 No Yes (FOA-91) 62
18 S5000 No Yes (FOA-91) 57
19 S15 Yes No 11
20 S15 Yes No 11.4
21 S15 No No 76
22 S15 No No 81.5
23 S15 No Yes (FOA-91) 40.3
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Higher sulfur diesel fuel had about the same level of flow restriction without detergent (57%)
and with detergent (60%) indicating that the stability additive in the fuel was performing the
same as the detergent. This was repeated for confirmation with same result, 62% without

detergent vs. 61% restriction with the detergent.

Lower sulfur diesel fuel which does not require a stability additive was tested without
detergent twice, resulting in high flow restrictions of 76% and 81.5%. This fuel without
stability additive was tested with detergent and resulted in much lower flow restriction of
11% and 11.4%. This indicates that when stability additive is not present, the nozzle flow

restriction is noticeable with the use of a detergent.
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WHAT IS CLAIMED IS:

L. A fuel composition comprising a major amount of hydrocarbons boiling in the diesel
range and an effective deposit-controlling amount of at least one stability additive or at least
one antioxidant additive or mixtures thereof, and wherein the fuel composition contains no
more than 30 ppm of active detergent additive or active dispersant additive or mixtures

thereof.

2. The fuel composition according to claim 1, wherein the fuel composition contains no
more than 20 ppm of active detergent additive or active dispersant additive or mixtures

thereof.

3. The fuel composition according to claim 1, wherein the fuel composition contains

about 10 to 200 weight ppm of the stability additive.

4, The fuel composition according to claim 3, wherein the fuel composition contains

about 100 to 200 weight ppm of the stability additive.

5. The fuel composition according to claim 1, wherein the stability additive is an amine—

phenolic resin.

6. A method of reducing injector deposits in a direct injection diesel engine comprising
supplying a fuel composition comprising a major amount of hydrocarbons boiling in the
diesel range and an effective deposit-controlling amount of at least one stability additive or at
least one antioxidant additive or mixtures thereof, and wherein the fuel composition contains
no more than 30 ppm of active detergent additive or active dispersant additive or mixtures

thereof to an internal combustion engine.

7. The method according to claim 6, wherein the fuel composition contains no more than

20 ppm of active detergent additive or active dispersant additive or mixtures thercof.

8. The method according to claim 6, wherein the fuel composition contains about 10 to
200 weight ppm of the stability additive.
10
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9. The method according to claim 8, wherein the fuel composition contains about 100 to

200 weight ppm of the stability additive.

10. The method according to claim 6, wherein the stability additive is an amine-phenolic

resin.

11
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