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(57) Abréegée/Abstract:

Described herein are modified fuels with improved properties. The modified fuels are more efficient when compared to
conventional fuels such as gasoline. Additionally, the modified fuels burn more efficiently and produce fewer emissions. Finally, the

modified fuels also do not require any modifications to existing engines. Such a modified fuel comprises, e.g., gasoline, methanol,
ethanol, castor oll, imonene oll, and olive oll.
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MODIFIED FUELS COMPRISING TRIGLYCERINE HAVING AT LEAST ONE
HYDROXYL GROUP AND METHOD OF MAKING AND USING THEREOF
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CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority upon U.S. provisional application Serial No.

61/086,224, filed August 5, 2008.

BACKGROUND

Due to rising oil prices and environmental concerns with increased
emissions, a number of alternative fuels and fuel additives have been developed. A
number of different approaches have been investigated to increase the efficiency of
fuels and reduce emissions. Examples of alternatives to fossil fuels include the use
of natural gas, propane, and electricity. Although these are viable substitutes for
petroleum based fuels, they require a large investment in automobile modification
and infrastructure to implement these technologies.

Another approach involves the use of alcohols in combination with fossil
fuels. Alcohols have good combustion properties and are readily available. For
example, ethanol can be obtained from a wide variety of sources such as, for
example, starchy grains, potatoes, industrial by-products, and products of waste
materials. Although the use of ethanol in combination with fossil fuels is a viable
option, there are some drawbacks with its use. When ethanol is blended with
hydrocarbons, the resulting mixture has an unacceptably high rate of evaporation,
which may restrict its use in certain regions having strict emissions restrictions.
Gasoline blended with ethanol is very sensitive to water, which can result in limited
phase stability. Limited phase stability can result in significant engine problems
such as, for example, such as stalling, fuel-line freezing, and the like.

The use ot other alcohols has been investigated in view of the limitations
associated with ethanol. For example, the use of methanol is one way to increase
the octane number and reduce emissions. However, the use of higher amounts of

methanol requires modification of the engine to avoid damage during combustion.
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For example, in order to operate an internal combustion engine having spark ignition with a
combustion fuel containing more than 5% by volume of methanol, the engine has to be equipped
with methanol-resistant sealing materials. Moreover, similar to ethanol, methanol has a high

attinity for water, which can lead to phase separation when combined with gasoline.

Therefore, it would be desirable to have a fuel that burns cleaner (i.e., reduced emissions)
and 1s more efficient (e.g., increased miles per gallon and horse power). It would also desirable
that the use of the fuel does not require any modifications to the existing engine or require

advanced technology to use the fuel. The modified fuels described herein address these needs.

SUMMARY

Described herein are modified fuels with improved properties. The modified fuels are
more etficient when compared to conventional fuels such as gasoline. Additionally, the modified
fuels burn more efficiently and produce fewer emissions. Finally, the modified fuels also do not
require any modifications to existing engines. The advantages of the modified fuels described
below will be realized and attained by means of the elements and combinations particularly
pointed out in the appended claims. It 1s to be understood that both the foregoing general
description and the following detailed description are exemplary and explanatory only and are

not restrictive.

In one aspect 1t 1s provided a modified fuel comprising:

(a) a base fuel in the amount of 40% to less than 90% by volume of a gallon of
modified fuel;
(b) a lower alcohol in the amount of 10% to less than 60% by volume of a gallon of
modified fuel;
(¢) castor o1l in the amount of 5 mL to 30 mL per gallon of modified fuel; and

(d) olive o1l in the amount of 0.01 mL to 1 mL per gallon of modified fuel.
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of this

specification, illustrate several aspects described below.

Figures 1 -3 show the results of dynometer runs of several commercially-available race

fuels versus modified fuels described herein.
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DETAILED DESCRIPTION

Before the present compounds, compositions, and/or methods are disclosed
and described, it 1s to be understood that the aspects described below are not limited
to specific compounds, synthetic methods, or uses as such may, of course, vary. It is
also to be understood that the terminology used herein is for the purpose of
describing particular aspects only and is not mtended to be limiting.

In this specification and in the claims that follow, reference will be made to a
number of terms that shall be defined to have the following meanings:

[t must be noted that, as used in the specification and the appended claims,
the smgular forms “a,” “an” and “the” include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference to “a lower alcohol”
includes mixtures of two or more such alcohols, and the like.

“Optional” or “optionally” means that the subsequently described event or
circumstance can or cannot occur, and that the description includes instances where
the event or circumstance occurs and instances where it does not. For example, the

phrase “optional additive” means that the additive may or may not be present in the
modified fuel.

References 1n the specification and concluding claims to parts by weight, of
a particular element or component in a composition or article, denotes the weight
relationship between the element or component and any other elements or
components 1n the composition or article for which a part by weight 1s expressed.
Thus, 1n a compound containing 2 parts by weight of component X and 5 parts by
welght component Y, X and Y are present at a weight ratio of 2:5, and are present in
such ratio regardless of whether additional components are contained 1n the

compound.
A weight percent of a component, unless specifically stated to the contrary,

is based on the total weight of the formulation or composition in which the

component 1s included.
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Described herein are moditied fuels with improved properties. As will be

described below, the modified fuels have several improved properties and

charactenstics compared to the base fuel. In one aspect, the modified fuel includes:

(a)

(b)

(c)

a base fuel 1n the amount of greater than 40% by volume of a gallon of

modified fuel;

a lower alcohol in the amount of greater than 10% by volume of a gallon of

modified fuel; and

a triglycende derived from a fatty acid comprising at least one hydroxyl

group,

wherein the modified fuel comprises a substantially homogeneous solution, and the

modified fuel does not contain (1) a surfactant selected from the group consisting of

a castor o1l ethoxylate and a polyethoxyethanol, (11} additional naphtha not naturally

occurring in the base fuel, or a combination thereof.

(a)
(b}

(d)

(b)

In another aspect, the modified fuel includes:

a base fuel;

a lower alcohol 1n the amount of greater than 10% by volume of a gallon of

moditied fuel;

a triglycende derived from a fatty acid comprising at least one hydroxyl

group; and

a terpene 1n the amount of less than 0.1% by weight of the modified fuel.
wheremn the modified fuel comprises a substantially homogeneous solution.
In a further aspect, the modified fuel includes:

a base fuel:

methanol in the amount of greater than 10% by volume of a gallon of

modified fuel;
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(c) ethanol in the amount of greater than 5% by volume of a gallon of modified

fuel; and

(d) a tniglyceride derived from a fatty acid comprising at least one hydroxyl
group,
wherein the modified fuel comprises a substantially homogeneous solution.

Each component is described in detail below.

Examples of base fuels useful herein include, but are not hmited to, any
hydrocarbon fuel such as, for example, gasoline, diesel, kerosene, jet fuels, and the

like. When the fuel 1s gasoline, it can be derived from straight-chain naphtha,

polymer gasoline, natural gasoline, catalytically cracked or thermally cracked
hydrocarbons, catalytically reformed stocks, and the like. The gasoline can also be
any grade of unleaded fuel ranging from &85 to 100. The amount of base fuel used to
produce the modified fuels can vary depending upon the application of the modified
fuel. In one aspect, the amount of base fuel 1s greater than 40% by volume of a
gallon of modified fuel. In another aspect, the modified fuel contains from 40% to
8(% by volume of a gallon of modified fuel. In other aspects, the base fuel is 40%,
45%, 0%, 55%, 60%, 65%, 70%, 753%, or 80% by volume per gallon of modified
fuel, where any value can provide an endpoint for a range (e.g., 45% to 75%, 50% to
80%). In other aspects, the base fuel is about 1s 40%, 45%, 50%, 55%, 60%, 65%,
T0%, 75%, or 80% by weight of the modified fuel, where any value can provide an
endpoint for a range {e.g., 45% to 75%, 50% to 80%). The base fuel does not
require any special processing when converted to the modified fuel. The base fuel
can naturally contain components such as naphtha; however, the preparation of the

modified fuels does not require the use of additional naphtha not already present in

the base fuel.

The modihied fuels described herein contain one or more lower alcohols.

The term “lower alcohol” as used herein 1s defined as ROH, where R 1sa C, to Cs

alkyl group. For example, the lower alcohol can include methanol, ethanol,

propanol, butanol, pentanol, hexanol, or any combination thereof. The lower

3
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alcohol can also include ditferent 1somers of the same alcohol. For example,
propanol can mclude n-propanol or 1sopropanol. In certain aspects, two or more
lower alcohols are present in the modified fuel. For example, methanol and ethanol
can be used to produce the modified fuel. The amount of lower alcohol used to
produce the modified fuels can vary depending upon the application of the modified
fuel. In one aspect, the lower alcohol 1s greater than 10% by volume of a gallon of
modiiied fuel. In another aspect, the lower alcohol 1s from 10% to 40% by volume
of a gallon of modified fuel. In other aspects, the lower alcohol is 10%, 15%, 20%,
25%, 30%, 35%, or 40% by volume per gallon of modified fuel, where any value
can provide an endpoint for a range (e.g., 15% to 35%, 20% to 40%). In another
aspect, the lower alcohol 1s methanol in the amount of 10% to 40% by volume of a
gallon of modified fuel. Alternatively, the lower alcohol 1s methanol in the amount
of 10%, 15%, 20%, 25%, 30%, 35%, or 40% by weight of a gallon of modified fuel,
where any value can provide an endpoint for a range (e.g., 15% to 35%, 20% to
40%). The lower alcohol can be any grade and does not require additional

purification or special processing.

In certain aspects, the modified fuel contains a mixture of methanol and

ethanol. Depending upon the source of the base fuel, the base fuel may contain
small amounts of ethanol and other lower alcohols. However, in this aspect, ethanol
1§ an additional component added to the base fuel to produce the modified fuel. The
purity of the ethanol used herein 1s not relevant for producing the modified fuels. In
one aspect, the ethanol 1s E100, which 1s 98% ethanol and 2% gasoline, The amount
of ethanol used to produce the modified fuels can vary depending upon the
application of the modified fuel. In one aspect, the amount of ethanol is greater than
5% by volume of a gallon of modified fuel. In another aspect, ethanol 1s from 5% to
40% by volume of a gallon of modified fuel. In other aspects, ethanol 1s 5%, 10%,
15%, 20%, 25%, 30%, 35%, or 40% by volume per gallon of modified fuel, where
any value can provide an endpoint for a range (e.g., 15% to 35%, 20% to 40%). In
another aspect, ethanol 1s 5%, 10%, 15%, 20%, 25%, 30%, 35%, or 40% by weight

of a gallon of modified fuel, where any value can provide an endpoint for a range

6
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(e.g., 15% to 35%, 20% to 40%). The addition of ethanol can increase the burn rate
of the fuel, which 1n turn increases horsepower and {efficiency) and reduces

E1mi1SS101ns.

The moditied fuels contain a triglyceride, wherein the triglyceride is the
reaction product between glycerol and a fatty acid, and the fatty acid has at least at
least one hydroxyl group. The fatty acid with at least one hydroxyl group is also
referred to herein as a “hydroxy fatty acid.” The significance of the triglyceride
with respect to formulating the modified fuels 1s described below. The hydroxy
fatty acid has the general formula R’C{O)OH, wherein R’ 1s a saturated or
unsaturated hydrocarbon chain having from 10 to 25 carbon atoms, and at least one
hydroxyl group is covalently attached to a carbon atom of the hydrocarbon chain.
The hydrocarbon can be linear or branched. In the case when the hydrocarbon is

unsaturated, the hydrocarbon can have one carbon-carbon double bond or multiple

carbon-carbon double bonds. Examples of monohydroxy fatty acids (i.e., one
hydroxyl group present on the fatty acid) include, but are not limited to,
hydroxynervonic acid, cerebronic acid, 10-hydroxy -20 decenoic acid, hydrox-2-
decenoic acid 10-phosphate, strophantus acid, lesquerolic acid, densipolic acid,
auricolic acid, B-dimorphecolic acid, kamlolenic acid, 8-hydroxyoctadeca-9.11-
diynoic acid, 8-hydroxyoctadeca-17-en-9.1 I -diynoic acid (Isanolic), or 8-
hydroxyoctadeca-13.17-dien-9.11-diynoic acid. Examples of polyhydroxy fatty
acids (i.e., two or more hydroxyl groups) include, but are not limited to, axillarenic
acid, tetrapedic acids, byrsonic acid, 9,10-dihydroxyoctadecanoic acid, phaseolic

acid, phloionolic acid, Resolvin D1, 10,17S-docosatriene, or Resolvin El.

The tniglyceride can be produced from one hydroxy fatty acid, two hydroxy
fatty acids, or three hydroxy fatty acids. In one aspect, the triglyceride is produced
from three hydroxy fatty acids, where the triglyceride has three hydroxy fatty acid
residues. In one aspect, the hydroxy fatty acid 1s the same fatty acid. In other
aspects, two or three different hydroxy fatty acids can be used to produce the
triglyceride. It 1s also contemplated that mono- and diglycerides can also be present

1n small amounts.
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In other aspects, the triglyceride can be produced from a combination of non-
hydroxy fatty acids and hydroxy fatty acids. Thus, in this aspect, the triglycende
has at least one hydroxy fatty acid residue and at least one non-hydroxy fatty acid.
Examples of non-hydroxy fatty acids include, but are not hmited to, butanoic acid,

5  hexanoic acid, octanoic acid, decanoic acid, dodecanoic acid, tetradecanoic acid,
hexadecanoic acid, octadecanoic acid, eicosanoic acid, docosanoic acid,
tetracosanoic acid, myristoleic acad, palmitoleic acid, oleic acid, hinoleic acid, o-
linolenic acid, arachidonic acid, eicosapentaenoic acid, erucic acid, or
docosahexaenoic acid. In other aspects, a triglyceride derived from at least one

10 hydroxy fatty acid can be used in combination with one or more triglycerides that

are not dertved from a hydroxy fatty acid.

[n one aspect, the triglyceride having at Ieast one hydroxyl group 1s castor
oil. Castor o1l 1s a triglyceride composed predommantly of ricinoleic acid residues.
Castor o1l also contains small amounts of oleic acid residues and linoleic acid

15  residues. Ditferent grades of castor oil can be used herein. In one aspect, the castor
01l 1s pale pressed or AA standard castor o1l, where the castor oil 1s obtained from

the first pressing of the castor bean. Pale pressed castor o1l is generally lighter in

color and lower m acidity. Another grade of castor o1l useful herein is #1 imported,
also known as mdustrial castor oil, which 15 obtained from a nuxture of the first

20 pressing and the second phase of production followed by solvent extraction.
Examples ol castor useful herein include Baker’s Grade AA castor oil and castor oil

manufactured by Klotz (e.g., Klotz Benol).

The amount of triglyceride used to produce the modified fuels can vary
depending upon the application of the modified fuel. In general, small amounts of
25 triglyceride are needed to produce the stable fuels described herein. If an excess of
triglyceride 1s used, the emissions can be adversely atfected. In one aspect,
triglyceride 1s from 5 mL to 30 mL per gallon of modified fuel. In other aspects, the
amount of triglyceride 1s 5 mL, 10 mL, 15 mL, 20 mL, 25 mL., or 30 mL per gallon
of modified fuel, where any value can provide an endpoint for a range (e.g., 15 mL

30 to30mlL, 5 mL to 20 mL)}. In another aspect, the amount of triglyceride is less than
3
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1% by volume, less than 0.75% by volume, or less than 0.50% by volume of the
modified fuel. In a further aspect, the triglyceride 1s castor from 6 mL to 26 mL by

volume per gallon of modified fuel. In another aspect, the amount of triglycenide is

less than 1% by weight, less than 0.75% by weight, or less than 0.50% by weight of
5 the moditied fuel.

In certain aspects, the triglycende can be modified to enhance the
hydrophilic and/or hydrophobic properties of the compound. In one aspect, one or
more fatty acid residues of the triglyceride can be substituted with a polyalkylene
group. For example, the triglyceride can be an ethoxvlated castor o1l. The term

10 “ethoxylated castor 01l” 1s also referred to 1n the art as polyoxyl castor oil,
polyethylene glycol castor o1l, or polyethoxylated castor oil, where one of the fatty
acid residues 1s substituted with a polyethylene glycol unit. By varying the degree
of substitution and the length of the polyalkylene group, the hydrophilic properties
of the tniglyceride can be moditfied. In one aspect, the ethoxylated triglyceride can

15 be products seld under the tradename Croduret manufactured by Croda Chemicals

LTD. and E-Z-MULSE"™ manufactured by Florida Chemical Company.

The modified fuels described herein can include additional components
depending upon the application of the fuel as well as the desired properties of the
fuel. In one aspect, the modified fuel can include one or more natural oils. The

20 term “natural o0il” as used herein includes naturally occurring oils that are derived

from animal or plant sources. Examples of natural oils include, but are not limited
to, coconut o1l, babassu o1l, palm kernel oil, palm oil, olive oil, rape o1l, beef tallow
o1l, whale o1l, sunflower, cottonseed oil, linseed o1l, tung o1l, tallow o1l, lard oil,
peanut o1l, soya oil, or any combination thereof. In one aspect, the natural oil is

25  olive such as, for example, virgin olive oil, refined olive oil, and pomace olive oil.
The olive o1l generally does not contain any particulate matter such as pulp and the
like. Thus, the olive o1l can be naturally dertved or, in the alternative, derived from
chemical techniques to provide the olive o1l useful herein. Not wishing to be bound
by theory, the natural o1l increases horsepower as well as reduce emissions by

30  creating more oxygen in the exhaust stream.

Y
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The amount of natural o1l used to produce the moditied fuels can vary
depending upon the application of the modified fuel. In one aspect, natural o1l 1s
from 0.01 mL to 1 mL per gallon of modified fuel. In other aspects, the amount of
natural o1l 1s 0.01 mL, 0.05 mL, 0.10 mL, 0.20 mL, 0.30 mL, 0.40 mL, 0.50 mL,

>  0.60mL, 0.70 mL, 0.80 mL, 0.90 mL, or 1.00 mL per gallon of modified fuel,
where any value can provide an endpoint for a range (e.g., 0.01 mL to 0.50 mL, 0.10

mL to 0.80 mL). In a further aspect, the natural oil is olive o1l from 0.05 mL to (.60

mL per gallon of modified fuel.

In another aspect, the modified fuel can include one or more terpenes.

10 Terpenes are natural or synthetic compounds derived from one or more isoprene
units. Examples of terpenes useful herein include, but are not limited to,
hemtterpenes (e.g., prenol and isovaleric acid), monoterpenes (e.g., geraniol,
limonene and terpineol), sesquiterpenes (e.g., farnesol), diterpenes (e.g., cafestol,
kahweol, cembrene and taxadiene), sesterterpenes, triterpenes (e.g.,squalene),

15 tetraterpenes (e.g, lycopene), and polyterpenes. In one aspect, the terpene 1s an
alpha-pinene, a limonene (D- or L-), a menthol, a linalool, a terpinene, a camphene,
a careen, or any combination thereof. In another aspect, the terpene is limonene
present in the gasoline additive Ecotane® manufactured by T2 Labs. Not wishing to
be bound by theory, the terpene increases oxygen content of the modified fuel.

20 Additionally, the terpene helps the modified fuel burn completely within the engine

cylinder, which prevents excess residual fuel from being introduced into the

atmosphere as well as prevents residue formation in the engine.,

‘The amount of terpene used to produce the modified fuels can vary
depending upon the application of the modified fuel. In one aspect, the terpene is
25  from 0.01 mL to 1 mL per gallon of modified fuel. In other aspects, the amount of
terpene 1s 0.01 mL, 6.05 mL, 0.10 mL, 0.20 mL, 0.30 mL, 0.40 mL, 0.50 mL, 0.60
mL, .70 mL, 0.80 mL, .90 mL, or 1.00 mL per gallon of modified fuel, where any
value can provide an endpoint for a range (e.g., 0.01 mL to 0.50 mL, 0.10 mL to
0.80 mL). In another aspect, the amount of terpene 1s less than 1% by volume, less

30 than 0.753% by volume, less than 0.50% by volume, less than 0.25% by volume, or
10
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less than (.10% by volume of the modified fuel. In a further aspect, the terpene 1s

limonene from 0.01 mL to 0.45 mL per gallon of modified fuel. In another aspect,

the terpene 1s present in the amount of less than 0.1% by weight, less than 0.075%

by weight, less than 0.05% by weight, or less than 0.025% by weight of the
modified fuel.

In other aspects, the modified fuel includes a lubricating o1l. Depending

upon the amount of lower alcohol that 1s used to formulate the modified fuel, the
amount and type of lubricating fuel can vary. In general, when higher amounts of
lower alcohol are present in the modihied fuel, a lubricating oil can be used to
lubricate and protect engine parts during combustion. The lubricating oil can be a
synthetic or natural material. For example, the natural oils described herein can be
used alone or in combmnation with other matenals and perform as a lubricating oil.
In one aspect, the lubricating o1l is a synthetic otl composed of a polyol. A “polyol”
as used herein 1s a compound with two or more hydroxyl groups. For example, the
polyol can be ethylene glycol. Alternatively, the polyol can be a polymer such as,
for example, polyethylene glycol. The amount of polyol present in the lubricating
01l can range from 50% to 90% by weight of the lubnicating o1l. Lubricating oils
useful herein include, but are not hmited to, Klotz Techmiplate KL200 manufactured
by Klotz Synthetic Lubricants, Redline Allsport Synthetic 2-Stroke o1l manufactured
by Red Line Synthetic O1l Corp., and Lucas 2-Stroke Synthetic manufactured by
Lucas O1l Products Inc. The amount of lubnicating o1l used to produce the modified
fuels can vary depending upon the application of the modified fuel. In one aspect,
the lubricating oil 1s from 5 mL to 40 mL per gallon of modified fuel. In other
aspects, the amount of lubricating o1l 1s 5 mL, 10 mL, 15 mL, 20 mL, 25 mL, 30
ml., 35 mL, or 40 mL per gallon of modified fuel, where any value can provide an
endpoint for a range (e.g., 10 mL to 30 mL, 15 mL to 35 mL)}. In another aspect, the

lubricating oil 1s present in the amount of less than 1% by weight, less than 0.75%

by weight, less than .5% by weight, or less than (.25% by weight of the modified
tuel.

11
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The modihied fuels described herein can include additional additives

depending upon the application of the fuel. Examples of such additives include, but
are not limited to, oxygenated aromatic compounds (synthetic or natural
compounds), alkanolamine derivatives (e.g., the reaction product between an
alkanolamine and synthetic or natural oil), naphtha (e.g., VM&P), antiknock agents,
lead scavengers, ashless dispersants, deposit preventers or modifiers, dyes,
antioxidants, rust inhibitors, bacteriostatic agents, gum inhibitors, metal
deactivators, demulstiiers, upper cylinder lubricants, corrosive and oxidation
1inhibitors, metal detergent additives, metal antiwear additives, antifoaming agents,
or any combination thereof. These additives are optional components, and are not
required to produce the modified fuel formulations described herein. In other

aspects, the modified fuels do not require the use of ethers such as, for example,

methyl-tert-butyl ether (MTB) or benzene to oxygenate the fuel and increase

horsepower.

The modified fuels can be used in a variety of different engines. For
example, the modified fuels can be used n all internal combustion engines including
spark 1gnited (gasoline) and compression 1gnited (diesel) engines. The fuels can be
used 11 mobile engines such as, for example, locomotive engines, marine engines,
automotive engines (e.g., domestic and racing), motorcycle engines, truck engines,
airplane engines and the like, as well as stationary application such as power plants,
The engines may be two-cycle or four-cycle. The engines do not require any
modification prior to use of the modified fuels. For example, 87 to 93 grade
gasohine currently used to power automobtles can be substituted with the modified

fuels described herein without any modification to automobile engine.

The modified fuels described herein provide numerous advantages over
existing fuels. As mentioned above, the use of the modified fuels does not require
any modifications to the existing engine. The modified fuels for the most part burn
completely within the engine cylinder, which is due in large part to the presence of
the higher amounts of lower alcohol (e.g., methanol) present in the modified fuels.

The process of making the modified fuels 1s described in detail below. With respect

12
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to burning more etficiently within the engine, the modified fuels have numerous
advantages. For example, the modified fuels mcrease engine life by preventing
residues from forming withm the engine, which is a leading cause of engine failure.
In addition to prolonging engine life, the modified fuels enhance the efficiency of
the fuel burning vehicle. The term “enhance” as used herein 1s any improvement
exhibited by the modified fuels versus a control (e.g., conventional gasoline).
Because the modified fuels burn more completely within the engine, less fuel 1s
wasted and, thus, the engine 1s much more efficient {(e.g., increased miles per

gallon).

Another important advantage with respect to modified fuels is that the engine
produces fewer emissions. With increased combustion within the engine, less fuel is
converted to toxic matenals such as, for example, hydrocarbons, carbon monoxide,
carbon dioxide, and nmitrogen oxide. As will be shown in the Examples below, the
moditied fuels substantially reduce or completely prevent the emissions of certain
materials based upon standard emission tests such as the ASM?2 25/25 test (25 MPH
flat) and 50/15 test (50 MPH uphill). Indeed, the one of the main by-products of
combustion of the modified fuels is oxygen. Not wishing to be bound by theory, the

modified fuels described herein are highly oxygenated, which helps reduce carbon

nonoxide emissions.

In addition to the advantages described above, the modified fuels described
herein provide mimproved horsepower versus conventional fuels based on dynometer
runs. As shown in the Examples, the moditied fuels can increase horsepower by up
to 2% when compared to commercially-available fuels, This is particularly
important in race fuels, where highly toxic and flammable fuels are used. Not
wishing to be bound by theory, it is believed the increased horsepower is due to the
higher oxygen content in the fuel, which 1s due to the presence of higher amounts of
lower alcohol present in the fuel. For example, the modified fuels have an oxygen
weight percentage from 2% to 25%, from 5% to 20%, 5% to 15%, or from 8% to

12%. As a comparison, gasoline has an oxygen weight percentage of ¢lose to zero

percent.
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The moditied fuels described herein can be designed for specific

applications. For example, the modified fuels can be formulated for use in domestic

engines such as, for example, automobiles and motorcycles. In one aspect, the

modified fuel includes the following components:

(a)

(b)

(c)
(d)

(e)

(f)

(a)

(b}

()

(d)

(€)

a base fuel 1n the amount of 40% to 80% by volume of a gallon of modified
fuel;

b

a lower aicohol in the amount of 10% to 40% by volume of a gallon of

modified fuel, wherein the lower alcohol 1s not ethanol:

ethanol 1n the amount of 5% to 40% by volume of a gallon of modified fuel;

a triglyceride comprising castor oil present in the amount of 5 mL to 30 mL

per gallon of modified fuel;

olive o1l present 1 the amount of 0.01 mL to 1 mL per gallon of modified
fuel; and

limonene present in the amount of .01 mi. to 1 mL per gallon of modified

tuel.
In another aspect, the modified fuel is composed of:

gasoline 1n the amount of 65% to 75% by volume of a gallon of modified
fuel;

methanol in the amount of 10% to 20% by volume of a gallon of modified
fuel;

ethanol in the amount of 10% to 20% by volume of a gallon of modified
fuel;

castor oil present in the amount of 10 mL to 20 mL per gallon of modified
fuel:

olive oil present i the amount of 0.01 mL to 0.1 mL per gallon of modified

fuel:

14
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(1) l[imonene present in the amount of 0.01 mL to 0.1 mL per gallon of modified

fuel; and

(2) a lubricating o1l present in the amount of 10 mL to 20 mL per gallon of

modified fuel.

S In another aspect, the modified fuel has the following components when
used 1n domestic engines: 70% gasoline by volume per gallon of meodified fuel, 15%
methanol by volume per gallon of moditfied fuel, 15% ethanol by volume per gallon
of modified fuel, 16 ml of lubricating oil (e.g., KL 200 Synthetic lubricant) per
gallon of modified fuel, 14 ml of castor oil per gallon of moditfied fuel, 0.05 ml

10 virgin ohive o1l per galion of modified fuel, and 0.05 ml of limonene per gallon of

modified fuel.

In other aspects, the modified fuels can be formulated as race fuels for high-

performance vehicles. In one aspect, the modified fuel 1s composed of:

(a) gasoline in the amount of 40% to 60% by volume of a gallon of modified
15 fuel:

(b) methano! in the amount of 20% to 30% by volume of a gallon of modified

fuel, wherein the lower alcohol is not ethanol;

(c) ethanol 1n the amount of 20% to 30% by volume of a gallon of modified
fuel:

20  (d)  castor o1l present in the amount of 15 mL to 25 mL by volume per gallon of
moditied fuel;

(e) olive o1l present in the amount of 0.05 mL to 0.1 mL per gallon of modified
fuel:

() limonene present in the amount of (.01 ml to 0.1 mL per gallon of modified
25 fuel; and

(g)  alubricating o1l present in the amount of 25 mL to 35 mL per gallon of

modified fuel.
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I another aspect, the modified fuel has the following components when used 1n race
engines: S0% gasoline by volume per gallon of modified fuel, 25% methanol by
volume per gallon of modified fuel, 25% ethanol by volume per gallon of modified
fuel, 28 ml of lubricating o1l (e.g., KL 200 Synthetic lubricant) per gallon of
modified fuel, 19 mi of castor o1l per gallon of modified fuel, 0.07 ml of virgin olive
o1l per gallon of modified fuel, and 0.05 ml of limonene per gallon of modified fuel.
With respect to the racing fuels, higher amounts of lower alcohol are present when

compared to the modified fuels used in domestic engines.

The moditied fuels described herein contain high amounts of one or more
lower alcohol in combination with a base fuel. In general, lower alcohols such
methanol and ethanol have the tendency to absorb water. When combined with
fuels such as gasohine, methanol and ethanol can phase separate when contaminated
with water. This i1s undesirable, as this leads to unpredictable performance of the
fuel (e.g., decreased efficiency, increased emissions, etc.). Additionally, methanol is
extremely corrosive to engine parts such as aluminum and magnesium; therefore, it
1s desirable to incorporate higher amounts of lower alcohol into base fuels without
undesirable side-effects of phase separation. Currently, fuels that contain lower
alcohols are very unstable and require special handling and storage for the reasons

discussed above.

The modified fuels described herein are substantially homogenous solutions
that can be stored for extended periods of time. The phrase “substantially
homogenous solution” as used herein 1s a solution that is clear with little to no phase
separation or particulate matter in solution. The modified fuels described herein are
stable (1.e., substantially homogeneous) at room temperature and require no special
handling or storage. This is yet another advantage of the fuels described herein
where conventional fuels are unstable over time, which leads to inconsistent

performance and fluctuations in emissions. The absence of phase separation also

prevents the formation of deposits within the engine as well as prevent the

destruction of engine parts. The modified fuels have a specific gravity greater than

0.71, or from 0.715 to 0.795 at 60 °F. The specific gravity of the modified fuels can
16
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be maintained for extended pernods of time, which 1s also indicative that the
modified fuels are stable and not susceptible to contamination by water. In general,
the modified fuels contain little if any water (e.g., less than 0.5% wt, less than 0.4%
wt, less than 0.3% wt, less than 0.2% wt, or less than 0.1% wt). For example, the
modified fuels described herein are stable at room temperature to at least 90 days
without undergoing phase separation. Additionally, the modified fuels are stable at
low temperatures (e.g., subzero temperatures) and show no signs of phase
separation. Not wishing to be bound by theory, it is believed that the presence of the
triglyceride derived from a fatty acid with at least one hydroxyl group helps make
the hydrophilic lower alcohol more compatible with the hydrophobic base fuel. In
the absence of the triglyceride, the lower alcohol 1s not compatible with the base
fuel, and phase separation 1s observed. Thus, additional components such as
surfactants (e.g., polyethoxvethanol non-ionic surfactants such as Triton X-100,
Imton X-114 (octylphenoxy polyethoxy-ethanol), and Triton X-110, and glycol

ethers such as ethylene glycol monobutyl ether) are not required to produce stable
fuels.

The process for making the modified fuels generally mvolves mixing the
base fuel, lower alcohol, and triglyceride for a sufficient time and temperature until
a substantially homogeneous solution is produced. The time and temperature of the
mixing step can vary depending upon the relative amounts of base fuel and lower

alcohol used. Due to the stability of the modified fuels, no special equipment is

needed to produce and store the modified fuels. Additionally, the process can be
conducted at room temperature and atmospheric pressure. Thus, any mixing
equipment can be used herein. The modified fuels can be made by a batch, semi-
batch or a continuous process. During the process, 1t 1s possible to monitor and
adjust the flow rates of the base fuel, lower alcohol, triglyceride, and other
components to produce the modified fuel. In one aspect, the modified fuel can be

produced by splash blending the individual components.

The order in which the different components of the modified fuel are added

and mixed can vary. In certain aspects, the triglyceride 1s added to one or more

17
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lower alcohols tollowed by the addition of the base tuel.  In one aspect, the process
involves (a) admixing ethanol with methanol to produce a first mixture; (b)
admixing the triglycende with the first mixture to produce a second mixture; and (c)
admixing the base fuel with the second mixture to produce the modified fuel. In
certamn aspects, one or more additional components such as a natural oil, a terpene,
tubnicating o1l, or a combination thereof can be admixed with the second mixture

prior to step (c).

In one aspect, the process mvolves (a) admixing ethanol with methanol to
produce a first mixture; (b) admixing castor o1l with the first mixture to produce a
second mixture; and (¢) admixmg ohive o1l with the second mixture to produce a
third mixture; (d) admixing limonene with the third mixture to produce a fourth
mixture; and (¢) admixing gasoline with the fourth mixture to produce the modified

fuel. In this aspect, 1t 15 possible to increase the horsepower of the fuel when

limonene is added in this order.

In another aspect, the process includes (a) admixing ethanol with methanol
to produce a first mixture; (b) admixing a lubnicating o1l with the first mixture to
produce a second mixture; (¢} admixing castor oil with the second mixture to
produce a third mixture; (d) admixing olive oil with the third mixture to produce a
fourth mixture; (e) admixing limonene with the fourth mixture to produce a fifth
nmuxture; and (1) admixing gasoline with the {ifth mixture to produce the modified
fuel. Simuilar to above, it i1s possible to increase the horsepower of the fuel when

limonene 1s added 1n this order.

In a further aspect, the process involves (a) admixing ethanol with methano]
to produce a first mixture; (b} admixing with the first mixture a composition
composed of (1) a triglycende derived from a fatty acid including at least one

hydroxyl group; (11) a natural oil; and (111) a terpene, to produce a second mixture,

and {c) admixing the base fuel with the second mixture to produce the modified fuel.
In another aspect, the process includes (a) admixing ethanol with methanol to
produce a first mixture; (b) admixing with the first mixture a composition including

(1) castor oil; (11) ohive o0il; and (111) limonene, to produce a second mixture, and {c)
18
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admixing gasoline with the second muixture to produce the modified fuel. Further to

these aspects, a lubricating oil can be admixed at any step.

In this last aspect, a composition for moditying the properties of a base fuel
1s composed of (a) a triglyceride denved {rom a fatty acid having at least one
5  hydroxyl group, (b) a natural o1l, and (c}) a terpene. In certain aspects, the
trigiveeride derived from a fatty acid having at least one hydroxyl group, natural oil,
and, terpene can be premixed prior o admixing with the lower alcohol and base
tuel. In other aspects, the triglyceride derived from a fatty acid having at least one
hydroxyl group, natural o1l, and, terpene can be part of a kit. In certain aspects, a

10 lubricating o1l can be included 1n the premixed composition or kit.

In one aspect, the process for producing the modified fuel includes admixing
(1) a base fuel; (2) a lower alcohol 1n the amount of greater than 10% by volume of

a gallon of modified fuel; and (3) a terpene in the amount of less than 0.1% by

weight of the modified fuel, wherein the modified fuel comprises a substantially

15  homogeneous solution.

In one aspect, the process for producing the modified fuel includes admixing
(1) a base fuel; (2) methanol m the amount of greater than 10% by volume of a
gallon of modified fuel; (3) ethanol in the amount of greater than 5% by volume of a
gallon of modified fuel; and (4) a triglyceride derived from a fatty acid comprising
20 atleast one hydroxyl group, wherein the modified fuel comprises a substantially

homogencous solution.

The amounts of each component in the premix composition or kit are the
same as those discussed above. In one aspect, the premix composition or kit
includes (1) castor o1l 1n the amount of 15 mL to 25 mL per gallon of modified fuel;

25  (2) olive ol present in the amount of 0.05 mL to 0.1 mL per gallon of modified fuel;
and (3) limonene 1s present 1in the amount of 0.01 mL to 0.1 mL per gallon of
modified fuel. In another aspect, the triglyceride is castor oil in the amount of less
than 0.5% by weight per gallon fuel and the terpene is limonene in the amount of

less than 0.1% by weight per gallon of fuel.
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1he moditied tuels described herein possess numerous advantages compared
to tuels currently available on the market. For example, the modified fuels can
enhance the efficiency of a fuel burning vehicle when introduced into the engine of
the vehicle. In one aspect, vehicle efficiency includes increased males per gallon
> (MPQ), mmcreased horsepower, increased octane, or any combination thereof. In
other aspects, the modified fuels can reduce the emissions of a fuel burning vehicle,
where the emission includes, but 1s not Iimited to, hydrocarbon emissions, carbon
monoexide emissions, carbon dioxide emissions, nitrogen oxide emissions, or any
combination thereof. In other aspects, when the base fuel is a low octane fuel (e.g.,
10 70 octane), the octane of the base fuel can be raised sigmificantly by the addition of
the components described herein (e.g., lower alcohol, tniglyceride, etc.). Thus, a
base fuel that has an unacceptable octane vahie can be raised so that the resultant

modified fuel can be used in a number of different engines.

It 1s understood that any given particular aspect of the disclosed
15  compositions and methods can be easily compared to the specific examples and
embodiments disclosed herein, including the non- polysaccharide based reagents
discussed in the Examples. By performing such a comparison, the relative efficacy
of each particular embodiment can be easily determined. Particularly preferred
compositions and methods are disclosed in the Examples herein, and it is understood
20 that these compositions and methods, while not necessarily limiting, can be

performed with any of the compositions and methods disclosed herein.

EXAMPLES
The following examples are put forth so as to provide those of ordinary skill
in the art with a complete disclosure and description of how the compounds,
25> compositions, and methods described and claimed herein are made and evaluated,
and are intended to be purely exemplary and are not intended to limit the scope of
what the inventors regard as their invention. Efforts have been made to ensure

accuracy with respect to numbers {e.g., amounts, temperature, etc.) but some errors

and deviations should be accounted for. Unless indicated otherwise, parts are parts

30 by weight, temperature 1s 1n °C or is at ambient temperature, and pressure is at or
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near atmospheric. There are numerous variations and combinations of reaction
conditions, e€.g., component concentrations, destred solvents, solvent mixtures,
temperatures, pressures and other reaction ranges and condifions that can be used to
optimize the product purity and yield obtained from the described process. Only

> reasonable and routime experimentation wall be required to optimize such process
conditions.

1. Emissions Testing

ASM2 Testing
With the ASM2 25/25 test (25 miles per hour on flat ground) for normal
10 ntermal combustion engines for automobiles, the following requirements must be
satisfied:
I, the unused hydrocarbons out of the exhaust pipe according to the EPA

standards must not exceed 114 ppm (parts per million);

2. the carbon monoxide out of the exhaust pipe must not exceed 0.63 ppm;
15 3. the nitrous oxide out of the exhaust pipe must not exceed 796 ppm; and
4 the CO+CO; must exceed a mimimum of 6.0 out of the exhaust pipe.

With the ASM2 50/15 test (55 miles per hour up-hill) for normal internal

combustion engines {or automobiles, the following requirements must be satisfied:

1. unused hydrocarbons out of the exhaust pipe according to EPA standards are
20 not to exceed 117 ppm;

2. the nitrous oxide out of the exhaust pipe must not exceed 879 ppm;

3. the carbon monoxide out of the exhaust pipe must not exceed .65 ppm; and

4. the CO+CO; output must exceed a mimmum of 6.0 ppm.

The modified fuel that was used in the following emission tests was

25  composed of 70% by volume 87 octane gasoline, 15% by volume ethanol, 15% by
volume ethanol, 12.57 ml of castor o1l per gallon of fuel, and 0.5 ounces per gallon

of a composition composed of olive o1l and limonene.

1992 Buick LaSabre
30  Year: 1992 Make: Buick Model: LaSabre

21
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Cylinders: O Engine: 3.8 Liters Trans: Automatic
Odometer:  §2295 Body: Sedan Weight: 37501bs.

5 GVWR:N/A VRT Record 00009957 Test ID: Free
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25

ASM2 EMISSION TEST RESULTS

25/25 Test/25 MPH FLAT SU/15 Test/S0MPH UP HILL
Reading Allowed Results Reading Allowed  Results
HC ppm 14 114 pass I1 117 pass
CO% 0.11 0.63  pass 0.14 (.65 pass
NOx ppm 0 796 pass 1 579 pass
RPM 1456 2500 max 1532 2500 max
CO+CO2 15.2 6.0min  pass 15.2 6.0min pass

2002 Chevy Cavalier 2.2 Liter Engine

25/25 Test/25 MPH FLAT 50/15 Test/SOMPH UP HILL
Reading Allowable Results Reading Allowable Results

HC-ppm 0013 114 pass (O08 117 Pass

CO% 00.00 0.63 pass 00.00 (.65 pass

NOx-ppm 0010 796 pass 0015 879 pass

RPM 1866 2500 1730 2500

CO+CO2 15.05 6.0 Min 15.4 6.0Min

Based on the emissions testing using modiiied fuels described herein, both
vehicles passed the emissions test. Essentially no nitrogen oxide (NOX) was
produced in either car. Additionally, high oxygen content was present in the fuel
based upon the CO+CO; values (approximately 15 for each vehicle) versus the

minimum requirement of 6.0.
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Additional Testing

The exhaust pipe of a 2006 PT Cruiser was permanently extended so that
exhaust pipe enters the dniver's compartment of the vehicle and emits 100 percent of
the engine exhaust back nto the driver's compartment. The car was driven on a
daily basis with the modified fuel as described above. The vehicle was driven by

the co-mventor over 100 miles nonstop without experiencing any discomfort or side-

elfects.
11. Fuel Mileage

The 1992 Buick LaSabre described above got 23 miles per gallon using 87
octane gasoline. Using the modified fuel used in the emissions test, the same car got
49 miles per gallon with no brown mitrogen oxides observed in the exhaust.
Increased gas efficiency was observed in Dodge Caravans, Chevy Trucks, Pontiac

Grand Prix’s and Ford Mustangs with the modified fuel.

In another test, when performing dynometer tests on a motorcycle or car
engine, 1t was possible to complete more dynometer runs on a fixed amount of
modified fuel deseribed herein vs. gasoline. For example, during a dynometer run
using a 1397¢c motorcycle engine, when 180 mL of gasoline was used only three
HP dynometer runs could be performed. Conversely, when 180 mL of modified fuel
(60% by volume 89 octane gasoline, 20% by volume ethanol, 20% by volume
methanol, and 1 ounce per gallon of a composition composed of olive oil and
limonene), iive HP dynometer runs were completed. This test indicates a 20%

increase 1 fuel efficiency when using a modified fuel vs. gasoline,

II1. Horsepower

Figures 1-3 are graphs comparing the horsepower of the modified fuel in
Section 1l above with other types of commercially-available fuels. Dynometer runs
were performed on different motorcycle engines and fuels. Referring to Figure 1,
VP C-16 race fuel, which is a leaded high octane (117) fuel used in turbocharged

engines and nitrous applications, has an SAE horsepower 207.1. In the same
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motorcycle engine, a modified tuel described herein produced an SAE horsepower
of 213.7.

In another dynometer run (Figure 2), the horsepower of BP 93 octane and
VP U4 were compared to a modified fuel. Referming to Figure 2, the modified fuel
produced more horsepower (175.9) vs. BP 93 octane (171.3) and VP U4 (172.4).
Similar results are shown in Figure 3. VP Import race fuel, which is a leaded high
octane (120+) fuel used 1n turbocharged engines and nitrous applications had an
SAE horsepower of 238 compared to 250 for the modified fuel. When nitrous was
added to the modified fuel, the SAE horsepower jumped to 299.8.

In summary, the modified racing fuels described herein provide more
horsepower than commercially-available race fuels and reduced emissions.
Additionally, the modified fuels are unleaded fuels, which are not the case with
current race fuels on the market, which are leaded. Finally, the modified fuels
reduce engme wear. For example, after using a modified fuel 1in a racing application
on a Suzuki 1300 Hyabusa over 100 dynamometer runs and over 100 track runs, the
engine was completely disassembled with no damage noted.
1V. CERTIFIED TEST RESULTS

The fuel economy and efficiency of a modified fuel described herein was
certified by Roush Emissions Laboratory in Livonia Michigan. The modified fuel
(referred to herein in this example as *the XXX Fuel”) was composed of the
following components: 70 percent base fuel 87 octane, 15 percent methanol, 15
percent ethanol, and 5.5 ml of eco mix (60 vol. % Klotz K1.200 lubricating o1l, 40
vol % Klotz Benol castor oil, 0.02 mL limonene, 0.02 mL olive oil) per liter of
finished fuel.

The baseline fuel used in the experiments was Indolene Clear, which is a 98
octane benchmark laboratory fuel used 1n the fuel industry to compare and evaluate
commercial fuels. The modified fuel was evaluated under city and highway
conditions m a GT Mustang (V8 engine, 4.6 L displacement). With respect to city

conditions, three different phases were evaluated, which are as follows:
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Phase 1. After initial start-up of the engine, the fuel economy and emissions of the

Indelene Clear and the XXX Fuel were determined.

Phase 2: After running the engine for 10 minutes, the engine was turned off. The

engine was turned back on, and after one minute, the tuel economy and emissions of

5  the Indolene Clear and the XXX Fuel were determined.

Phase 3: After running the engine for 10 minutes under city conditions, the fuel

cconomy and emissions of the Indolene Clear and the XXX Fuel were determined.
The FTP-75 (Federal Test Procedure) was used to calculate a city average
for fuel economy and enussions for Indolene Clear and the XXX Fuel based on the
10 data derived from Phases 1-3 (referred to as “Weighted FTP75” 1n Tables 1-6). In
the case of the highway average, the engine was allowed to run for 15 minutes at 70
mph, at which time the fuel economy and emissions of the Indolene Clear and the

A A X Fuel were determined. The results of the tests are shown m Tables 1-6.

Turning to Table 1, the XXX Fuel showed a modest reduction in fuel
i5 economy compared to Indolene Clear (17.3% city and 14.6% highway). In
comparison, £E85, which 1s composed of 85% ethanol/15% gasoline, there is about a
50% reduction m fuel economy compared to Indolene Clear.
Referring to Tables 2-6, the XXX Fuel out-performed Indolene Clear in
every emissions category. The XXX Fuel had a 26.4% (city) and 36.8% (highway)
20 reduction of total hydrocarbon emissions compared to Indolene Clear (Table 2). In
the case of carbon monoxide emissions, the XXX Fuel had a 20.2% (city) and
14.3% (highway) reduction compared to Indolene Clear (Table 3). The XXX Fuel
had a 2.2% (city) and 4.5% (highway) reduction of carbon dioxide emissions
compared to Indolene Clear (Table 4). With respect to NOx emuissions, the XXX
25>  Fuel had a 45.7% (city) and 39.3% (highway) reduction compared to Indolene Clear
(Table 5). Finally, the XXX Fuel had a 56.2% (city) and 48.6% (highway)
reduction of non-methane hydrocarbon emissions compared to Indolene Clear
(Table 6). In summary, the XXX Fuel burns cleaner and produces less emissions

than the benchmark fuel Indolene Clear while having comparable fuel economy.
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TABLE 1

Fuel Economy [mpgj

Phase 2

! Phase 3

Weighted
FTP75

PCT/US2009/052367

Highway
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Indolene Clear {1)
Indolene Clear (2)
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TABLE 2

| 17.8%

Total Hydrocarbons THC [grams/mi|

Phase 1

Phase 2

Phase3 |

Weighted
F1P75

Highway

Indolene Clear (1)

0.393

0.046

0.064

0.123

FTEr Ty - AT TR T AR T REREERTERI I T T R T T T I W TRl

Indolene Clear (2)

0.211 |

0.027

0.047

0.071

0.019

Indolene Clear (3)

0.259

0.026
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Average Baseline
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L0012 ]
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et T
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TABLE 3

PCT/US2009/052367

Carbon Monoxide CO [erams/mi]

Phase 1

Phase 2

Phase 3

FTP75

Weighted

Highway

Indolene Clear (1)

4,048

1.528

A7)

0.631

Indolene Clear (2)

1.061

] 498

0.767

Indolene Clear (3)

5.260

1.166

0.983

0.510

Average Baseline

3.464
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1.318

Standard Deviation
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0245 | 0291 | 0.

AXX Fuel Test 2
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(0.981

AAAAAAAAAAAAAAAAAAAAA

XXX Fuel Test 3

1190 |
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Standard Dev .

Aveme leference -+ -{]507 i .

Average Difference [%] | -14.7%

TABLE 4

Carbon Dioxide CO2 [grams/mi]

Phase 1

Phase 2

Phase 3

| =20.2% -

- Weighted

L -14.3%

Highway

‘ndolene Clear (1)

519.3

2328

442.3

283.8

‘Indolene Clear (2)

511.0

338.1

464 1

288.6

Indolene Clear (3)

S08.3

336.8

456.1

Average Baseline
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XXX Fuel Test 2
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Average Difference [%]

27




WO 2010/017099

CA 02770134 2012-02-03

TABLE §

" Phase 1

Phase 3

PCT/US2009/052367

Oxides of Nitrogen NOx |grams/mi]

Weighted
FTP75

Highway

Indolene C

lear (1)

0.0748

Phase 2
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TABLE 6
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Non-Methane Hydrocarbons [grams/mi}

Weighted
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C-39.3%
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Throughout this application, various publications are referenced.

Various modifications and variations can be made to the compounds,
compositions and methods described herein. Other aspects of the compounds,
compositions and methods described herein will be apparent from consideration of
the specification and practice of the compounds, compositions and methods

disclosed herein. It is intended that the specification and examples be considered as

exemplary.
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What 1s claimed:

1.

10.

I1.

A modified fuel comprising:

() a base fuel in the amount of 40% to less than 90% by volume of a gallon of

modified fuel;

(b) a lower alcohol in the amount of 10% to less than 60% by volume of a gallon of

modified fuel;

(c) castor o1l in the amount of 5 mL to 30 mL per gallon of modified fuel; and
(d) olive o1l in the amount of 0.01 mL to 1 mL per gallon of modified fuel.

The modified fuel of claim 1, wherein the base fuel comprises gasoline, diesel fuel,

kerosene, or jet fuel.
The modified fuel of claim 1, wherein the base fuel comprises gasoline.

The modified fuel of claim 1, wherein the amount of base fuel is from 40% to 80% by

volume of a gallon of modified fuel.

The moditied tuel of claim 1, wherein the lower alcohol comprises methanol, ethanol,

propanol, butanol, an isomer thereof, or any combination thereof.
The modified fuel of claim 1, wherein the lower alcohol comprises methanol.

The modified fuel of claim 4, wherein the amount of lower alcohol is from 10% to 40%

by volume of a gallon of modified fuel.

The modified fuel of claim 1, wherein the lower alcohol comprises methanol and ethanol,
wherein the amount of methanol is from 10% to 40% by volume of a gallon of modified
fuel and the amount of ethanol is from 5% to 40% by volume of a gallon of modified

tuel, wherein the sum of the ethanol and methanol is 10% to 60% by volume of a gallon

of modified fuel.
The modified fuel of claim 1, wherein the castor oil 1s AA castor oil.

The modified fuel of claim 1, wherein the modified fuel further comprises a lubricating

o1l.

The moditied fuel of claim 10, wherein the lubricating oil comprises a polyol.
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13.

14.

13.

16.

17.

18.

19.

20.
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The modified fuel of claim 11, wherein the polyol comprises polyethylene glycol.

The modified fuel of claim 10, wherein the lubricating oil is present in the amount of 5

mL to 40 mL per gallon of modified fuel.
The modified fuel of claim 1, wherein the modified fuel further comprises a terpene.

The modified fuel of claim 15, wherein the terpene comprises an alpha-pinene, a

limonene, a menthol, a linalool, a terpinene, a camphene, a careen, or any combination

thereof.
The modified fuel of claim 15, wherein the terpene comprises limonene.

The modified fuel of claim 15, wherein the terpene is present in the amount of 0.01 mL to

1 mL per gallon of modified fuel.

The modified fuel of claim 15, wherein the terpene is present in the amount of less than

0.1% by weight of the modified fuel.

The modified fuel of claim 1, wherein the modified fuel comprises the following

components:

(a) a base fuel in the amount of 40% to 80% by volume of a gallon of modified fuel;

(b) a lower alcohol in the amount of 10% to 40% by volume of a gallon of moditfied

fuel, wherein the lower alcohol is not ethanol;
(¢) ethanol in the amount of 5% to 40% by volume of a gallon of modified fuel;

(d)  castor oil present in the amount of 5 mL to 30 mL per gallon of modified fuel;

(e) olive oil present in the amount of 0.01 mL to 1 mL per gallon of modified fuel;

and
(1) limonene present in the amount of 0.01 mL to I mL per gallon of modified tuel

wherein the sum of the ethanol and lower alcohol is 10% to 60% by volume of a gallon ot

modified fuel.

The modified fuel of claim 19, wherein the modified fuel further comprises a lubricating

oil present in the amount of 5 mL to 40 mL per gallon of modified fuel.
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The modified fuel of claim 1, wherein the modified fuel comprises the following

components:

(a) a base fuel comprising gasoline in the amount of 65% to 75% by volume ot a
gallon of modified fuel;

(b) a lower alcohol comprising methanol in the amount of 10% to 20% by volume of
a gallon of modified fuel, wherein the lower alcohol 1s not ethanol;

(Cc) ethanol in the amount of 10% to 20% by volume of a gallon of modified fuel;

(d) castor oil present in the amount of 5 mL to 30 mL per gallon of modified fuel;

(e) olive oil present in the amount of 0.01 mL to 0.1 mL per gallon of modified fuel;

(1) limonene present in the amount of 0.01 mL to 1 mL per gallon of modified tuel;
and

(g) a lubricating oil present in the amount of 10 mL to 20 mL per gallon of modified

fuel.

The modified fuel of claim 1, wherein the modified fuel comprises the following

components:

(a) a base fuel comprising gasoline in the amount of 40% to 60% by volume of a
gallon of modified fuel;

(b) a lower alcohol comprising methanol in the amount of 20% to 30% by volume of
a gallon of modified fuel, wherein the lower alcohol 1s not ethanol;

(¢) ethanol in the amount of 20% to 30% by volume of a gallon of modified fuel;

(d) castor oil present in the amount of 15 mL to 25 mL per gallon of modified tuel;

(¢) olive oil present in the amount of 0.05 mL to 1 mL per gallon of modified fuel;

(1) limonene present in the amount of 0.01 mL to 0.1 mL per gallon of modified fuel;
and

(g) a lubricating oil present in the amount of 25 mL to 35 mL per gallon of moditied

fuel
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wherein the sum of the ethanol and lower alcohol 1s 10% to 60% by volume of a gallon of
modified fuel.

The modified fuel of claim 1, wherein modified fuel has a specific gravity greater than
0.71.

The modified fuel of claim 1, wherein modified fuel has an oxygen weight percentage

from 2% to 25%.

A method for enhancing the efficiency of a fuel burning vehicle, the method comprising

introducing into the engine of the vehicle the modified fuel of claim 1.

The method of claim 25, wherein the efficiency comprises increased miles per gallon

(MPG), increased horsepower, increased octane, or any combination thereof.

A method for reducing the emission of a fuel burning vehicle, the method comprising

introducing into the engine of the vehicle the modified fuel of claim 1.

The method of claim 27, wherein the emission comprises hydrocarbon emission, carbon

monoxide emission, carbon dioxide emission, nitrogen oxide emission, or any

combination thereof.
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