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FUEL ADDITIVE USEFUL FOR INCREASING HORSEPOWER

Inventors: Joseph L. Stark
Koral B. Johnson

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to fuel additives. The present invention
particularly relates to fuel additives useful for increasing horsepower.
2. Background of the Art

[0002] Historically, fuel oils, also known as heavy fuel oils, have been considered to
be those compounds resulting from the refining of crude oil having a vapor pressure
at ambient too low to allow for easy combustion. If it could be heated and pumped,
it was considered a fuel oil and used in engines that could burn such heavy fuels.
Exemplary applications included marine engines, locomotive engines, turbines, and

use in boilers such as those oils used for power generation.

[0003]More recently, fuel oil may include those coming from other sources, both
synthetic and non-synthetic. For example, one synthetic source fuel oil is the so
called Fischer-Tropsch fuels. Fischer-Tropsch fuels, also known as FT fuels,
include those described as gas-to-liquid (GTL) fuels, biomass-to-liquid (BTL) fuels
and coal conversion fuels. To make such fuels, syngas (CO + H (2)) is first
generated and then converted to normal paraffins by a Fischer-Tropsch process.
The normal paraffins may then be modified by processes such as catalytic
cracking/reforming or isomerisation, hydrocracking and hydroisomerisation to yield a
variety of hydrocarbons such as iso-paraffins, cyclo-paraffins and aromatic
compounds. The resulting FT fuel can be used as such or in combination with other
fuel components and fuel types such as those mentioned elsewhere in the

specification.
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[0004] Even fuels derived from natural sources such as bio-diesels and plant oils
may result in the production of at least some heavy fuel oils.

[0005] Whatever their source, fuels oils today are the subject of specifications due to
the requirements of both governmental regulations and less forgiving apparatus for
using the fuel oils. It may be desirable in the art to produce fuel oils that meet such
specifications and also have improved horsepower in comparison to conventional

fuel oils.

SUMMARY OF THE INVENTION

[0006] In one aspect, the invention is an additive for increasing the horse power of

fuel comprising at least a first component which is an alkylphenol resin.

[0007]In another aspect, the invention is an additive for increasing the horsepower
of fuel comprising at least a first component which is an alkylphenol resin and
further comprising a second component selected from the group consisting of a fatty

acid amide, a mannich resin and mixtures thereof.

[0008]In still another aspect, the invention is a method for increasing the
horsepower of an engine burning a fuel comprising admixing a fuel with an additive
comprising at least a first component which is an alkylphenol resin and using that
fuel to power the engine.

[0009] Another aspect of the invention is an admixture of a fuel and an additive for
increasing the horsepower of fuels, the additive comprising at least a first

component which is an alkylphenol resin.
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Description of the Preferred Embodiments

[0010]In one embodiment, the present invention is an additive useful for increasing
the horsepower of a fuel. Horsepower is a measurement of the force exerted by an
engine. It has been defined as a unit of power in the U.S. Customary System, equal
to 745.7 watts or 33,000 foot-pounds per minute. For the purposes of this
application, the phrase “increasing the horsepower of a fuel” is defined to mean
“increasing the power output of an engine powered by a fuel of the disclosure as
compared to the output of the same engine powered by a conventional, but
otherwise identical fuel.”

[0011] The additives useful for creating this increase in horsepower are those
comprising at least a first component which is an alkylphenol resin. The alkyl phenol
resins useful as the first component of the additives of the invention include those
prepared by reacting an alkyl phenol with an aldehyde. The alkyl phenol may be
nonyl phenol but other alkyl phenols may be used. Exemplary alkyl phenols useful
for preparing the alkyl phenol resin of the invention include those having the

general formula:

OH

wherein R is an alkyl group having from 4 to 18 carbons.

[0012] The alkyl phenol resin may be prepared by reacting the alkyl phenol with an
aldehyde. Aldehydes useful for preparing the alkyl phenol resins include
formaldehyde, but higher aldehydes may also be used. Higher aldehydes which
may be used to prepare the alkyl phenol resins include those aldehydes having from
2 to about 5 carbons.



WO 2010/039282 PCT/US2009/039173

[0013] The alkyl phenol resins may have a molecular weight (My,) of from about two
thousand to about twenty five thousand Daltons. In one embodiment, the alkyl
phenol resin has a molecular weight of from about four to about twenty thousand
Daltons. In still another embodiment, the alkyl phenol resin has a molecular weight
of from about five to about ten thousand Daltons. While the structure of the alkyl
phenol resins useful with the invention has been described as the reaction product
certain starting materials, the alkyl phenol resins may be prepared by any means
known to those skilled in art to be useful for preparing such resins.

[0014] In another embodiment, the additives of the invention may also include a
second component selected from the group consisting of fatty acid amides, mannich
resins and mixtures thereof. The fatty acid amides useful with the invention include
those prepared using a fatty acid having from 8 to about 26 carbons. The amides
may be prepared using a hydroxyl alkyl amine such as 2-(2-amino ethylamine)
ethanol, diethanolamine, or aminoethyl ethanolamine or other hydroxyl alkyl amine
having from about 4 to about 8 carbons. While the structure of the fatty acid amides
useful with the invention has been described as the reaction product certain starting
materials, the fatty acid amides may be prepared by any means known to those
skilled in art to be useful for preparing such resins.

[0015]Mannich resins useful with the invention include those which may be
prepared using an alkyl phenol, an aldehyde and a polyamine. The alkyl phenols
useful in preparing the Mannich resins include those already described above,
namely those phenols also having an alkyl group on the aromatic ring having from
about 4 to about 36 carbons. For example dodecyl phenol may be used to prepare

the Mannich resins useful with the invention.

[0016] Similarly the Mannich resins useful with the invention include those made
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made with formaldehyde but may also include those prepared with higher
aldehydes. Higher aldehydes which may be used to prepare the Mannich resins
include those aldehydes having from 2 to about 5 carbons.

[0017] The polyamines useful for preparing the mannich resins include ethylene
diamine, but other amines may also be used. Any amine having at least two amino

groups and from 2 to 22 carbons may be used to prepare the Mannich resins.

[0018] The Mannich resins may have a molecular weight (My,) of from about two
thousand to about twenty five thousand Daltons. In one embodiment, the Mannich
resin has a molecular weight of from about four to about twenty thousand Daltons.
In still another embodiment, the Mannich resin has a molecular weight of from about
five to about ten thousand Daltons. While the structure of the Mannich resins useful
with the invention has been described as the reaction product certain starting
materials, the Mannich resins may be prepared by any means known to those
skilled in art to be useful for preparing such resins.

[0019] The additives of the disclosure may be admixed with fuel oils using any
method known by those of ordinary skill in the art to be useful. For example, in one
embodiment, the additives are admixed with fuel oils when the fuel oils are being
prepared by admixing oils of varying viscosity to achieve a target viscosity. In
another embodiment, the additives are admixed when the fuel oils being subjected

to treatment are being metered into a truck, ship or other vessel.

[0020] The actual means of admixing a fuel oil with an additive of the invention may
include any apparatus useful for same. Exemplary apparatus include static mixers,
blade mixers, stirred vessels, vessels having recycles lines incorporating static or
blade mixers and the like. Any apparatus for mixing known to be useful to those of

ordinary skill in the art may be used with the method of the invention. Passive
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with the method of the invention. Passive admixing may be accomplished where
the additives are introduced into a vessel or transfer line or pipeline and admixing is
effected by means of turbulence.

[0021] The concentration of the additives needed to increase the horsepower of a
given fuel will vary depending upon the properties of the subject fuel. Still, in atleast
one embodiment, the method of the invention may be practiced by admixing
sufficient additive to achieve a concentration of from 10 to about 3000 ppm (by
weight) of additive in the fuel being treated. In other embodiments, the
concentration is from about 10 to 2000 ppm. In still other embodiments, the
concentration is from about 50 to about 1000 ppm.

[0022] The additives of the invention may be used with any fuel. The fuels which
are most likely to need the additives of the invention are those characterized as
having a boiling point greater than about 104°F (40°C). These include heavy fuel
oils which are often used as fuel in marine engines and locomotives. Such heavy
oils are often also used for firing boilers for electricity generation or steam
generation. Any fuel capable of being used in a compression engine may be
improved using the additives of the disclosure to increase the horsepower of an
engine employing the fuel.

[0023] Generally, an improvement in horsepower of an engine is accompanied by a
degradation of emissions parameters. In some embodiments, the additives of the
disclosure may be employed to increase horsepower with negligible degradation of
emission parameters. In some embodiments, the emissions of an engine may be
improved along with horse power. Exemplary of such parameters are CO
emissions, CO, emissions, and NO, emissions. Improvements may also be seen in

engine efficiency when additives are used in the fuel.
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EXAMPLES

[0024] The following examples are provided to illustrate the invention. The examples
are not intended to limit the scope of the invention and they should not be so
interpreted. Amounts are in weight parts or weight percentages unless otherwise

indicated.

Example 1
[0025] A fuel was prepared by admixing a first oil having the properties listed in the

table below with an Ultra Low Sulfur Diesel in a ratio of 86.5:13.5 to prepare a fuel
having a viscosity of 183 cStat 50°C. The first oil had an asphaltenes concentration
of 8.5%, a sulfur content of 2.65%, an API gravity value of 12.8 and a specific
gravity of 0.9806. The Ultra Low Sulfur Diesel had an API gravity value of 33.4 and
specific gravity of 0.8581.

[0026] The additive is prepared using the components shown in the Table. The alkyl
phenol resin is an alkyl phenol resin prepared using nonyl phenol and formaldehyde
and has a molecular weight (M,,) of 2000 to 5000 g/mole done using a GPC and
polystyrene standard. The Mannich resin is prepared using dodecyl phenol,
formaldehyde and ethylene diamine. It has a molecular weight similar to that of the
alkyl phenol resin. The fatty acid amide is prepared using a C+s fatty acid and

aminoethyl ethanol amine.

Example 2
[0027] Additive 1-4 was tested for its ability to improve the horsepower of a fuel oil.

The testing was conducted using a Detroit Diesel (8V-921A) 560 BHP engine, with
Marine Diesel QOil (MDO) having 500 ppm of the additive, the engine being used to

pump pressurized water. The experiments were conducted at 2000 RPM and water
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conducted at 2000 RPM and water pressure ~4000 PSI. Horsepower for the engine

was calculated based on the measured flow rate of the pressurized water.

[0028] The emissions were monitored using a Mobile Emissions Tester, which
monitored the following real time parameters: CO concentration, NO concentration,
NO, concentration, O, concentration, exhaust temperature, and exhaust flow rate.
Combustion efficiency and CO. concentration were calculated based on various
thermodynamic formulas. All horsepower and emission measurements were
conducted with the following protocol:

Step 1: 5 minutes warm up on idle;

Step 2: 4 minutes of running at 2000 RPM;

Step 3: Turn on the Load;

Step 4: 1 minutes of running with Load switched on;

Step 5: Turn on the Mobile Emissions Tester;

Step 6: 20 minutes of continuous monitoring of BHP and emissions;
Step 7: Turn off the BPC mobile emissions tester;

Step 8: Turn off the load;

Step 9: Turn off the engine for 20 minutes for cooling for period; and
Step 10: Repeat step 1-9 to check for reproducibility.

[0029] The fuel and additive is compared to a blank with the following results:
Average % Horsepower increase: 2.7

Maximum % Horsepower Increase: 4.6

Average % Increase in Engine Efficiency: 2.4

Maximum % Increase in Engine Efficiency: 4.4

Increase in Engine Temperature: O

Change (%) in Exhaust Temperature: -0.6

Change in CO Emissions (%): -6.9

Change in CO, Emissions (%): -0.9

Change in NOy Emissions (%): +0.1
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Table
Samplg Alkylphenol Mannich Res Fatty Acid Amide |
[%] [%]
1-1 100 0 0
1-2 60 40 0
1-3 60 0 40
1-4 60 20 20

Brief Discussion of the Examples

[0030] The Examples illustrate that the additive of the disclosure was useful in
increasing generally the horsepower of an engine as compared to running the
engine with an untreated fuel. Surprisingly, the horsepower improvements were

noted with a general improvement in the emissions characteristics of the engine.
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WHAT IS CLAIMED IS:
1. An additive for increasing horsepower in fuel comprising at least a first
component which is an alkylphenol resin.

2. The additive of Claim 1 wherein the alkyl phenol resin is prepared using an
alkyl phenol having a general formula:

OH

wherein R is an alkyl group having from 4 to 18 carbons.

3. The additive of Claim 2 wherein the alkylphenol is reacted with formaldehyde

to form the alkylphenol resin.

4. The additive of Claim 1 wherein the alkylphenol resin has a molecular weight
(M) of from about 3,000 to about 20,000 Daltons.

5. The additive of claim 1 further comprising a second component selected from

the group consisting of a fatty acid amide, a mannich resin and mixtures thereof.

6. The additive of Claim 5 wherein the second component is a fatty acid amide
having from about 8 to about 26 carbons.
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7. The additive of Claim 6 wherein the fatty acid amide is prepared using a
compound selected from the group consisting of 2-(2-amino ethylamine)ethanol,

diethanolamine, aminoethyl ethanolamine and mixtures thereof.

8. The additive of Claim 5 wherein the second component is a mannich resin
prepared from a formulation including an alkyl phenol, an aldehyde and a
polyamine.

9. The additive of Claim 8 wherein the alkyl phenol has a general formula:

OH

wherein R is an alkyl group having from 4 to 18 carbons.

10.  The additive of Claim 9 wherein the alkyl phenol is dodecyl phenol.

11.  The additive of Claim 8 wherein the aldehyde is formaldehyde.

12.  The additive of Claim 8 wherein the polyamine has from 2 to 22 carbons.

13.  The additive of Claim 12 wherein the polyamine is ethylene diamine.
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14.  The additive of Claim 5 wherein the second component is a mannich resin
having a molecular weight (M,,) of from about from about 4,000 to about 20,000

Daltons.
15. A method for increasing horsepower of a fuel comprising admixing a fuel olil

with an additive comprising at least a first component which is an alkylphenol resin.

16.  The method of Claim 15 wherein the additive additionally comprises a second
component selected from the group consisting of a fatty acid amide, a mannich

resin and mixtures thereof.

17. The method of Claim 15 wherein the additive is admixed with the fuel at a

concentration of from about 10 to about 3,000 ppm.

18. The method of Claim 17 wherein the additive is admixed with the fuel at a

concentration of from about 50 to about 1,000 ppm.

19. A composition comprising an admixture of a fuel and an additive of
Claim 1.

20. The composition of Claim 19 wherein the fuel has a boiling point greater then
104°F (40°C)

21.  The composition of Claim 20 wherein the fuel is a heavy fuel oil.

22.  The composition of Claim 21 wherein the heavy fuel oil is Bunker C oil.
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23. The composition of Claim 19 wherein the additive is present at a
concentration of from about 10 to about 2,000 ppm.
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