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Description

[0001] Provided herein are, among other things, fuel compositions and methods of making and using the same. The
fuel compositions provided herein comprise an amporphane. In some embodiments, the fuel compositions comprise at
least a fuel component readily and efficiently produced, at least in part, from a microorganism. In certain embodiments,
the fuel compositions provided herein comprise a high concentration of at least a bioengineered fuel component.
[0002] Biofuel is generally a fuel derived from biomass, i.e., recently living organisms or their metabolic byproducts,
such as manure from animals. Biofuel is desirable because it is a renewable energy source, unlike other natural resources
such as petroleum, coal and nuclear fuels. A biofuel that is suitable for use as jet fuel has yet to be introduced. Therefore,
there is a need for biofuels for jet engines.
[0003] Provided herein are fuel compositions that comprise an amorphane, and methods of making and using the
same. In certain embodiments, the amorphane is produced from a microorganism.
[0004] In one aspect, provided herein are fuel compositions comprising: :

(a) an amorphane having formula (I):

or a stereoisomer thereof; and
(b) a fuel,

wherein the amount of the amorphane is at least 2 vol.% and wherein the fuel is either a petroleum-based fuel or a
Fischer-Tropsch fuel and the amount of the fuel is at least 5 vol.%, both amounts based on the total volume of the fuel
composition.
[0005] In some embodiments, the fuel comprises or is a Fischer-Tropsch fuel. In other embodiments, the fuel comprises
or is a petroleum-based fuel. In further embodiments, the fuel is a Fischer-Tropsch fuel, petroleum-based fuel or a
combination thereof.
[0006] In certain embodiments, the fuel composition further comprises afuel additive. fuel
[0007] In certain embodiments, the fuel additive is at least one additive selected from the group consisting of an
oxygenate, an antioxidant, a thermal stability improver, a stabilizer, a cold flow improver, a combustion improver, an
anti-foam, an anti-haze additive, a corrosion inhibitor, a lubricity improver, an icing inhibitor, an injector cleanliness
additive, a smoke suppressant, a drag reducing additive, a metal deactivator, a dispersant, a detergent, a de-emulsifier,
a dye, a marker, a static dissipater, a biocide, and combinations thereof.
[0008] In certain embodiments, the amount of the amorphane in the fuel compositions disclosed herein is from 2 vol.%
to 45 vol.% and the amount of the petroleum-based fuel is at least 45 vol.%, both amounts based on the total volume
of the fuel composition.
[0009] In some embodiments, the amount of the amorphane in the fuel compositions disclosed herein is at least 5
vol%, at least 10 vol.%, at least 15 vol.%, or at least 20 vol.%, based on the total volume of the fuel composition.
[0010] In certain embodiments, the petroleum-based fuel in the fuel compositions disclosed herein is gasoline, kero-
sene, jet fuel, diesel fuel or a combination thereof. In other embodiments, the petroleum-based fuel in the fuel compositions
disclosed herein is Jet A, Jet A-1, Jet B or a combination thereof. In further embodiments, the fuel compositions disclosed
herein meet the ASTM D 1655 specification for Jet A, Jet A-1 or Jet B.
[0011] In some embodiments, the amorphane in the fuel compositions disclosed herein is:
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or a combination thereof.
[0012] In certain embodiments, the amorphane in the fuel compositions disclosed herein is:

or a combination thereof.
[0013] In another aspect, provided herein are methods of making a fuel composition comprising:

(a) contacting an amorphadiene with hydrogen in the presence of a catalyst to form an amorphane having formula (I):

or a stereoisomer thereof; and
(b) mixing the amorphane with a petroleum-based fuel to make the fuel composition;

wherein the amount of the amorphane is at least 5 vol.% and the amount of the petroleum-based fuel is at least 50 vol.
%, both amounts based on the total volume of the fuel composition.
[0014] In certain embodiments, the amorphadiene is made by contacting a cell capable of making the amorphadiene
with a monosaccharide, a disaccharide or a combination thereof under conditions suitable for making the amorphadiene.
[0015] In certain embodiments, the amorphadiene is converted to the amorphane with hydrogen in the presence of a
catalyst. In other embodiments, the catalyst for the methods disclosed herein comprises or is Pd/C. In further embodi-
ments, encompassed herein are fuel compositions obtained by the methods disclosed herein.
[0016] In some embodiments, the monosaccharide is glucose, galactose, mannose, fructose, ribose, or a combination
thereof.
[0017] Also described herein are vehicles comprising an internal combustion engine, a fuel tank connected to the
internal combustion engine, and the fuel composition disclosed herein in the fuel tank. For example, the internal com-
bustion engine is a jet engine.
[0018] Also provided herein are methods of powering an engine comprising the step of combusting the fuel composition
disclosed herein in the engine. In some embodiments, the engine is a jet engine.
[0019] Figure 1 depicts the distillation curves of a Jet A fuel and Examples 2-4 from ASTM D86 distillation tests in °C.
[0020] Figure 2 depicts the distillation curves of a Jet A fuel and Examples 2-4 from ASTM D86 distillation tests in °F.
[0021] The ASTM D 1655 specifications, published by ASTM International, set certain minimum acceptance require-
ments for Jet A, Jet A-1, and Jet B.
[0022] "Amorphane" refers to a compound having formula (I):
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or a stereoisomer thereof. Some non-limiting examples of the stereoisomers of the amorphane include formulae (II)-(VII):

and stereoisomers thereof. In some embodiments, Formula (I) or a stereoisomer thereof include amorphane (i.e., formula
II), muurolane (i.e., formula III), cadinane (i.e., formula IV), bulgarane (i.e., formula V) and stereoisomers thereof.
[0023] "Bioengineered compound" refers to a compound made by a host cell, including any archae, bacterial, or
eukaryotic cells or microorganism.
[0024] "Biofuel" refers to any fuel that is derived from a biomass, i.e., recently living organisms or their metabolic
byproducts, such as manure from cows. It is a renewable energy source, unlike other natural resources such as petroleum,
coal and nuclear fuels.
[0025] "Density" refers to a measure of mass per volume at a particular temperature. The generally accepted method
for measuring the density of a fuel is ASTM Standard D 4052, which is incorporated herein by reference.
[0026] "Doctor Test" is for the detection of mercaptans in petroleum-based fuels such as jet fuel and kerosene. This
test may also provide information on hydrogen sulfide and elemental sulfur that may be present in the fuels. The generally
accepted method for measuring the freezing point of a fuel is ASTM Standard D 4952,
[0027] "Flash point" refers to the lowest temperature at which the vapors above a flammable liquid will ignite in the air
on the application of an ignition source. Generally, every flammable liquid has a vapor pressure, which is a function of
the temperature of the liquid. As the temperature increases, the vapor pressure of the liquid increases. As the vapor
pressure increases, the concentration of the evaporated liquid in the air increases.
At the flash point temperature, just enough amount of the liquid has vaporized to bring the vapor-air space over the liquid
above the lower flammability limit. For example, the flash point of gasoline is about -43 °C which is why gasoline is so
highly flammable. For safety reasons, it is desirable to have much higher flash points for fuel that is contemplated for
use in jet engines. The generally accepted methods for measuring the flash point of a fuel are ASTM Standard D 56,
ASTM Standard D 93, ASTM Standard D 3828-98,
[0028] "Freezing point" refers to the temperature at which the last wax crystal melts, when warming a fuel that has
been previously been cooled until waxy crystals form. The generally accepted method for measuring the freezing point
of a fuel is ASTM Standard D 2386.
[0029] "Fuel" refers to one or more hydrocarbons, one or more alcohols, one or more fatty esters or a mixture thereof.
Preferably, liquid hydrocarbons are used. Fuel can be used to power internal combustion engines such as reciprocating
engines (e.g., gasoline engines and diesel engines), Wankel engines, jet engines, some rocket engines, missile engines
and gas turbine engines. In some embodiments, fuel typically comprises a mixture of hydrocarbons such as alkanes,
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cycloalkanes and aromatic hydrocarbons. In other embodiments, fuel comprises amorphane.
[0030] "Fuel additive" refers to chemical components added to fuels to alter the properties of the fuel, e.g., to improve
engine performance, fuel handling, fuel stability, or for contaminant control. Types of additives include, but are not limited
to, antioxidants, thermal stability improvers, cetane improvers, stabilizers, cold flow improvers, combustion improvers,
anti-foams, anti-haze additives, corrosion inhibitors, lubricity improvers, icing inhibitors, injector cleanliness additives,
smoke suppressants, drag reducing additives, metal deactivators, dispersants, detergents, demulsifiers, dyes, markers,
static dissipaters, biocides and combinations thereof. The term "conventional additives" refers to fuel additives known
to skilled artisan, such as those described above, and does not include amorphane.
[0031] "Fuel component" refers to any compound or a mixture of compounds that are used to formulate a fuel com-
position. There are "major fuel components" and "minor fuel components." A major fuel component is present in a fuel
composition by at least 50% by volume; and a minor fuel component is present in a fuel composition by less than 50%.
Fuel additives are minor fuel components. Amorphane can be a major component or a minor component, or in a mixture
with other fuel components.
[0032] "Fuel composition" refers to a fuel that comprises at least two fuel components.
[0033] "Jet fuel" refers to a fuel suitable for use in a jet engine.
[0034] "Kerosene" refers to a specific fractional distillate of petroleum (also known as "crude oil"), generally between
150 °C and 275 °C at atmospheric pressure. Crude oils are composed primarily of hydrocarbons of the parffinic, naph-
thenic, and aromatic classes.
[0035] "Missile fuel" refers to a fuel suitable for use in a missile engine.
[0036] "Petroleum-based fuel" refers to a fuel that includes a fractional distillate of petroleum.
[0037] "Smoke Point" refers to the point in which a fuel or fuel composition is heated until it breaks down and smokes.
The generally accepted method for measuring the smoke point of a fuel is ASTM Standard D 1322,
[0038] "Viscosity" refers to a measure of the resistance of a fuel or fuel composition to deform under shear stress.
The generally accepted method for measuring the viscosity of a fuel is ASTM Standard D 445,
[0039] "Stereoisomer" of a molecule refers to an isomeric form of the molecule that has the same molecular formula
and sequence of bonded atoms (constitution) as another stereoisomer of the same molecule, but the stereoisomers
differ in the three-dimensional orientations of their atoms in space. In some embodiments, the stereoisomer disclosed
herein inlcude a single enantiomer, a single diastereoisomer, a pair of enantiomers, a mixture of diastereoisomers, or
a mixture of enantiomers and diastereoisomers. An enantiomeric pair refer to two enantiomers that are related to each
other by a reflection operation, i.e., they are mirror images of each other. Diastereoisomers refer to stereoisomers that
are not related through a reflection operation, i.e., they are not mirror images of each other.
[0040] A "substantially pure" compound refers to a composition that is substantially free of one or more other com-
pounds, i.e., the composition contains greater than 80 vol.%, greater than 90 vol.%, greater than 95 vol.%, greater than
96 vol.%, greater than 97 vol.%, greater than 98 vol.%, greater than 99 vol.%, greater than 99.5 vol.%, greater than 99.6
vol.%, greater than 99.7 vol.%, greater than 99.8 vol.%, or greater than 99.9 vol.% of the compound; or less than 20
vol.%, less than 10 vol.%, less than 5 vol.%, less than 3 vol.%, less than 1 vol.%, less than 0.5 vol.%, less than 0.1 vol.
%, or less than 0.01 vol.% of the one or more other compounds, based on the total volume of the composition.
[0041] A composition that is "substantially free" of a compound refers to a composition containing less than 20 vol.%,
less than 10 vol.%, less than 5 vol.%, less than 4 vol.%, less than 3 vol%, less than 2 vol.%, less than 1 vol.%, less than
0.5 vol%, less than 0.1 vol.%, or less than 0.01 vol.% of the compound, based on the total volume of the composition.
[0042] A compound that is "stereochemically pure" refers to a composition that comprises one stereoisomer of the
compound and is substantially free of other stereoisomers of that compound. For example, a stereomerically pure
composition of a compound having one chiral center will be substantially free of the opposite enantiomer of the compound.
A stereomerically pure composition of a compound having two chiral centers will be substantially free of other diaster-
eomers of the compound. A typical stereomerically pure compound comprises greater than 80% by weight of one
stereoisomer of the compound and less than 20% by weight of other stereoisomers of the compound, more preferably
greater than 90% by weight of one stereoisomer of the compound and less than 10% by weight of the other stereoisomers
of the compound, even more preferably greater than 95% by weight of one stereoisomer of the compound and less than
5% by weight of the other stereoisomers of the compound, and most preferably greater than 97% by weight of one
stereoisomer of the compound and less than 3% by weight of the other stereoisomers of the compound.
[0043] A compound that is "enantiomerically pure" refers to a stereomerically pure composition of the compound
having one chiral center.
[0044] "Racemic" or "racemate" refers to 50% of one enantiomer and 50% of the corresponding enantiomer relative
to all chiral centers in the molecule. The invention encompasses all enantiomerically pure, enantiomerically enriched,
diastereomerically pure, diastereomerically enriched, and racemic mixtures of the compounds of the invention.
[0045] In addition to the definitions above, certain compounds described herein have one or more double bonds that
can exist as either the Z or E isomer. In certain embodiments, compounds described herein are present as individual
isomers substantially free of other isomers and alternatively, as mixtures of various isomers, e.g., racemic mixtures of
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stereoisomers.
[0046] In the following description, all numbers disclosed herein are approximate values, regardless whether the word
"about" or "approximate" is used in connection therewith. They may vary by 1 percent, 2 percent, 5 percent, or, sometimes,
10 to 20 percent. Whenever a numerical range with a lower limit, RL, and an upper limit, RU, is disclosed, any number
falling within the range is specifically disclosed. In particular, the following numbers within the range are specifically
disclosed: R=RL+k*(RU-RL), wherein k is a variable ranging from 1 percent to 100 percent with a 1 percent increment,
i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51 percent, 52 percent,..., 95 percent, 96
percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical range defined by two R numbers
as defined in the above is also specifically disclosed.
[0047] In one aspect, the invention provides a fuel composition comprising :

(a) an amorphane having formula (I):

or a stereoisomers thereof; and
(b) a fuel,

wherein the amount of the amorphane is at least 2 vol.% and wherein the fuel is either a petroleum-based fuel or a
Fischer-Tropsch fuel and the amount of the fuel is at least 5 vol.%, both amounts based on the total volume of the fuel
composition.
[0048] In certain embodiments, the amount of the amorphane is from 2% to 95%, from 2% to 90%, from 2% to 80%,
from 2% to 70%, from 2% to 50% or from 2% to 45% by weight or volume, based on the total weight or volume of the
fuel composition. In other embodiments, the amount of the amorphane is at least 3%, 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 95% by weight or volume, based on the total
weight or volume of the fuel composition. In certain embodiments, the amount is in weight % based on the total weight
of the fuel composition. In other embodiments, the amount is in volume % based on the total volume of the fuel composition.
[0049] In other embodiments, the amorphane is present in an amount of at most 5%, at most 10%, at most 15%, at
most 20%, at most 25%, at most 30%, at most 35%, at most 40%, at most 45%, at most 50%, at most 60%, at most
70%, at most 80%, or at most 90%, based on the total weight or volume of the fuel composition. In further embodiments,
the amorphane is present in an amount from 2% to 99%, from 2.5% to 95%, from 5% to 90%, from 7.5% to 85%, from
10% to 80%, from 15% to 80%, from 20% to 75%, or from 25% to 75%, based on the total weight or volume of the fuel
composition.
[0050] In some embodiments, the amorphane is present in an amount between 2% to 45%, based on the total weight
or volume of the fuel composition. In further embodiments, the amorphane is present in 5% or at least 5%, based on
the total weight or volume of the fuel composition. In still further embodiments, the amorphane is present in 10% or at
least 10%, based on the total weight or volume of the fuel composition. In still further embodiments, the amorphane is
present in 15% or at least 15%, based on the total weight or volume of the fuel composition. In still further embodiments,
the amorphane is present in 20% or at least 20%, based on the total weight or volume of the fuel composition.
[0051] In certain embodiments, the amorphane in the fuel compositions disclosed herein is or comprises:
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a stereoisomer thereof, or a combination thereof.
[0052] In some embodiments, the amorphane in the fuel compositions disclosed herein is or comprises:

or a stereoisomer thereof.
[0053] Some non-limiting examples of stereoisomers of formula (II) include:

[0054] In some embodiments, the amorphane in the fuel compositions disclosed herein is or comprises:

or a stereoisomer thereof.
[0055] Some non-limiting examples of stereoisomers of formula (III) include:
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[0056] In some embodiments, the amorphane in the fuel compositions disclosed herein is or comprises:

or a stereoisomer thereof.
[0057] Some non-limiting examples of stereoisomers of formula (IV) include:

[0058] In some embodiments, the amorphane in the fuel compositions disclosed herein is or comprises:
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or a stereoisomer thereof.
[0059] Some non-limiting examples of stereoisomers of formula (V) include:

[0060] In some embodiments, the amorphane in the fuel compositions disclosed herein is or comprises:

or a stereoisomer thereof.
[0061] In other embodiments, the amorphane in the fuel compositions disclosed herein is or comprises:

or a stereoisomer thereof.
[0062] In further embodiments, the amorphane in the fuel compositions disclosed herein is or comprises a mixture
comprising:
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or a stereoisomer thereof; and

or a stereoisomer thereof.
[0063] In some embodiments, the amorphane is derived from amorphadiene. In certain embodiments, the amorpha-
diene is made by host cells by converting a carbon source into the amorphadiene.
[0064] In other embodiments, the carbon source is a sugar such as a monosaccharide, a disaccharide, or one or more
combinations thereof. In certain embodiments, the sugar is a monosaccharide capable of supporting the growth of one
or more of the cells provided herein. The monosaccharide can be any simple sugar known to those of skill in the art.
Some non-limiting examples of suitable monosaccharides include glucose, galactose, mannose, fructose, ribose, and
combinations thereof. Some non-limiting examples of suitable disaccharides include sucrose, lactose, maltose, trehalose,
cellobiose and combinations thereof.
[0065] In other embodiments, the carbon source is a polysaccharide. Some non-limiting examples of suitable polysac-
charides include starch, glycogen, cellulose, chitin and combinations thereof.
[0066] In still other embodiments, the carbon source is a non-fermentable carbon source. Some non-limiting examples
of suitable non-fermentable carbon source include acetate and glycerol.
[0067] In some embodiments, the fuel is a petroleum-based fuel. In other embodiments, the fuel is a Fischer-Tropsch
fuel. In some embodiments, the amount of the petroleum-based fuel or the Fischer-Tropsch fuel in the fuel composition
disclosed herein may be from 5% to 90 %, from 5% to 85%, from 5% to 80%, from 5% to 70%, from 5% to 60%, or from
5% to 50%, based on the total amount of the fuel composition. In certain embodiments, the amount of the petroleum-
based fuel or the Fischer-Tropsch fuel is less than 95%, less than 90%, less than 85%, less than 75%, less than 70%,
less than 65%, less than 60%, less than 55%, less than 50%, less than 45%, less than 40%, less than 35%, less than
30%, less than 25%, less than 20%, less than 15%, less than 10%, based on the total amount of the fuel composition.
In other embodiments, the petroleum based fuel or the Fischer-Tropsch fuel is at least 5%, at least 10%, at least 15%,
at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least 80% based on the total amount
of the fuel composition. In some embodiments, the amount is in wt.% based on the total weight of the fuel composition.
In other embodiments, the amount is in vol.% based on the total volume of the fuel composition.
[0068] The Fischer-Tropsch fuel or a component thereof can be prepared by the Fischer-Tropsch process. The
Fischer-Tropsch process prepares a Fischer-Tropsch fuel or a component thereof from gases containing hydrogen and
carbon monoxide using a Fischer-Tropsch catalyst to form hydrocarbons. These hydrocarbons may require further
processing in order to be suitable as a Fischer-Tropsch fuel or a component thereof. For example, a Fischer-Tropsch
fuel or a component thereof may be dewaxed, hydroisomerized, and/or hydrocracked using processes known to a person
of ordinary skill in the art.
[0069] In some embodiments, the petroleum-based fuel is kerosene. Conventional kerosene generally is a mixture of
hydrocarbons, having a boiling point from 285 °F to 610 °F (i.e., from 140 °C to 320 °C).
[0070] In other embodiments, the petroleum-based fuel is a jet fuel. Any jet fuel known to skilled artisans can be used
herein. The American Society for Testing and Materials ("ASTM") and the United Kingdom Ministry of Defense ("MOD")
have taken the lead roles in setting and maintaining specification for civilian aviation turbine fuel or jet fuel. The respective
specifications issued by these two organizations are very similar but not identical. Many other countries issue their own
national specifications for jet fuel but are very nearly or completely identical to either the ASTM or MOD specification.
ASTM D 1655 is the Standard Specification for Aviation Turbine Fuels and includes specifications for Jet A, Jet A-1 and
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Jet B fuels. Defence Standard 91-91 is the MOD specification for Jet A-1.
[0071] Jet A-1 is the most common jet fuel and is produced to an internationally standardized set of specifications. In
the United States only, a version of Jet A-1 known as Jet A is also used. Another jet fuel that is commonly used in civilian
aviation is called Jet B. Jet B is a lighter fuel in the naptha-kerosene region that is used for its enhanced cold-weather
performance. Jet A, Jet A-1 and Jet B are specified in ASTM Specification D 1655.
[0072] Alternatively, jet fuels are classified by militaries around the world with a different system of JP numbers. Some
are almost identical to their civilian counterparts and differ only by the amounts of a few additives. For example, Jet A-1
is similar to JP-8 and Jet B is similar to JP-4.
[0073] Optionally, the fuel compositions disclosed herein may comprise one or more aromatic compounds. In some
embodiments, the total amount of aromatic compounds in the fuel compositions is from 1% to 50% by weight or volume,
based on the total weight or volume of the fuel composition. In other embodiments, the total amount of aromatic com-
pounds in the fuel compositions is from 15% to 35% by weight or volume, based on the total weight or volume of the
fuel compositions. In further embodiments, the total amount of aromatic compounds in the fuel compositions is from
15% to 25% by weight or volume, based on the total weight or volume of the fuel compositions. In other embodiments,
the total amount of aromatic compounds in the fuel compositions is from 5% to 10% by weight or volume, based on the
total weight or volume of the fuel composition. In still further embodiments, the total amount of aromatic compounds in
the fuel compositions is less than 25% by weight or volume, based on the total weight or volume of the fuel compositions.
[0074] Optionally, the fuel composition may further comprise a fuel additive known to a person of ordinary skill in the
art. In certain embodiments, the fuel additive is from 0.1 % to 50% by weight or volume, based on the total weight or
volume of the fuel composition. The fuel additive can be any fuel additive known to those of skill in the art. In further
embodiments, the fuel additive is selected from the group consisting of oxygenates, antioxidants, thermal stability im-
provers, stabilizers, cold flow improvers, combustion improvers, anti-foams, anti-haze additives, corrosion inhibitors,
lubricity improvers, icing inhibitors, injector cleanliness additives, smoke suppressants, drag reducing additives, metal
deactivators, dispersants, detergents, de-emulsifiers, dyes, markers, static dissipaters, biocides and combinations there-
of.
[0075] The amount of a fuel additive in the fuel composition disclosed herein may be from 0.1% to less than 50%,
from 0.2% to 40%, from 0.3% to 30%, from 0.4% to 20%, from 0.5% to 15% or from 0.5% to 10%, based on the total
amount of the fuel composition. In certain embodiments, the amount of a fuel additive is less than 50%, less than 45%,
less than 40%, less than 35%, less than 30%, less than 25%, less than 20%, less than 15%, less than 10%, less than
5%, less than 4%, less than 3%, less than 2%, less than 1% or less than 0.5%, based on the total amount of the fuel
composition. In some embodiments, the amount is in wt.% based on the total weight of the fuel composition. In other
embodiments, the amount is in vol.% based on the total volume of the fuel composition.
[0076] Illustrative examples of fuel additives are described in greater detail below. Lubricity improvers are one example.
In certain additives, the concentration of the lubricity improver in the fuel falls in the range from 1 ppm to 50,000 ppm,
preferably from 10 ppm to 20,000 ppm, and more preferably from 25 ppm to 10,000 ppm. Some non-limiting examples
of lubricity improver include esters of fatty acids.
[0077] Stabilizers improve the storage stability of the fuel composition. Some non-limiting examples of stabilizers
include tertiary alkyl primary amines. The stabilizer may be present in the fuel composition at a concentration from 0.001
wt.% to 2 wt.%, based on the total weight of the fuel composition, and in one embodiment from 0.01 wt.% to 1 wt.%.
[0078] Combustion improvers increase the mass burning rate of the fuel composition. Some non-limiting examples of
combustion improvers include ferrocene(dicyclopentadienyl iron), iron-based combustion improvers (e.g., TURBO-
TECT™ ER-18 from Turbotect (USA) Inc., Tomball, Texas), barium-based combustion improvers, cerium-based com-
bustion improvers, and iron and magnesium-based combustion improvers (e.g., TURBOTECT™ 703 from Turbotect
(USA) Inc., Tomball, Texas). The combustion improver may be present in the fuel composition at a concentration from
0.001 wt.% to 1 wt.%, based on the total weight of the fuel composition, and in one embodiment from 0.01 wt.% to 1 wt.%.
[0079] Antioxidants prevent the formation of gum depositions on fuel system components caused by oxidation of fuels
in storage and/or inhibit the formation of peroxide compounds in certain fuel compositions can be used herein. The
antioxidant may be present in the fuel composition at a concentration from 0.001 wt.% to 5 wt.%, based on the total
weight of the fuel composition, and in one embodiment from 0.01 wt.% to 1 wt.%.
[0080] Static dissipaters reduce the effects of static electricity generated by movement of fuel through high flow-rate
fuel transfer systems, The static dissipater may be present in the fuel composition at a concentration from 0.001 wt.%
to 5 wt.%, based on the total weight of the fuel composition, and in onc embodiment from 0.01 wt.% to 1 wt.%.
[0081] Corrosion inhibitors protect ferrous metals in fuel handling systems such as pipelines, and fuel storage tanks,
from corrosion. In circumstances where additional lubricity is desired, corrosion inhibitors that also improve the lubricating
properties of the composition can be used. The corrosion inhibitor may be present in the fuel composition at a concentration
from 0.001 wt.% to 5 wt.%, based on the total weight of the fuel composition, and in one embodiment from 0.01 wt.%
to 1 wt.%.
[0082] Fuel system icing inhibitors (also referred to as anti-icing additive) reduce the freezing point of water precipitated
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from jet fuels due to cooling at high altitudes and prevent the formation of ice crystals which restrict the flow of fuel to
the engine. Certain fuel system icing inhibitors can also act as a biocide. The fuel system icing inhibitor may be present
in the fuel composition at a concentration from 0.001 wt.% to 5 wt.%, based on the total weight of the fuel composition,
and in one embodiment from 0.01 wt.% to 1 wt.%.
[0083] Biocides are used to combat microbial growth in the fuel composition. The biocide may be present in the fuel
composition at a concentration from 0.001 wt.% to 5 wt.%, based on the total weight of the fuel composition, and in one
embodiment from 0.01 wt.% to 1 wt.%.
[0084] Metal deactivators suppress the catalytic effect of some metals, particularly copper, have on fuel oxidation.
The metal deactivator may be present in the fuel composition at a concentration from 0.001 wt.% to 5 wt.%, based on
the total weight of the fuel composition, and in one embodiment from 0.01 wt.% to 1 wt.%.
[0085] Thermal stability improvers are use to inhibit deposit formation in the high temperature areas of the aircraft fuel
system. The thermal stability improver may be present in the fuel composition at a concentration from 0.001 wt.% to 5
wt. %, based on the total weight of the fuel composition, and in one embodiment from 0.01 wt.% to 1 wt.%.
[0086] In some embodiments, the fuel composition has a flash point greater than 32 °C, greater than 33 °C, greater
than 34 °C, greater than 35 °C, greater than 36 °C, greater than 37 °C, greater than 38 °C, greater than 39 °C, greater
than 40 °C, greater than 41 °C, greater than 12 °C, greater than 43 °C, or greater than 44 °C. In other embodiments,
the fuel composition has a flash point greater than 38 °C. In certain embodiments, the flash point of the fuel composition
disclosed herein is measured according to ASTM Standard D 56. In other embodiments, the flash point of the fuel
composition disclosed herein is measured according to ASTM Standard D 93. In further embodiments, the flash point
of the fuel composition disclosed herein is measured according to ASTM Standard D 3828-98. In still further embodiments,
the flash point of the fuel composition disclosed herein is measured according to any conventional method known to a
skilled artisan for measuring flash point of fuels.
[0087] In some embodiments, the fuel composition has a density at 15 °C from 750 kg/m3 to 850 kg/m3, from 750
kg/m3 to 845 kg/m3, from 750 kg/m3 to 840 kg/m3, from 760 kg/m3 to 845 kg/m3, from 770 kg/m3 to 850 kg/m3, from 770
kg/m3 to 845 kg/m3, from 775 kg/m3 to 850 kg/m3, or from 775 kg/m3 to 845 kg/m3. In other embodiments, the fuel
composition has a density at 15 °C from 780 kg/m3 to 845 kg/m3. In still other embodiments, the fuel composition has
a density at 15 °C from 775 kg/m3 to 840 kg/m3. In still other embodiments, the fuel composition has a density at 15 °C
from 750 kg/m3 to 805 kg/m3. In certain embodiments, the density of the fuel composition disclosed herein is measured
according to ASTM Standard D 4052. In further embodiments, the density of the fuel composition disclosed herein is
measured according to any conventional method known to a skilled artisan for measuring density of fuels.
[0088] In some embodiments, the fuel composition has a freezing point that is lower than -30 °C, lower than -40 °C,
lower than -50 °C, lower than -60 °C, lower than -70 °C, or lower than -80 °C. In other embodiments, the fuel composition
has a freezing point from -80 °C to -30 °C, from -75 °C to -35 °C, from -70 °C to -40 °C, or from -65 °C to -45 °C. In
certain embodiments, the freezing point of the fuel composition disclosed herein is measured according to ASTM Standard
D 2386. In further embodiments, the freezing point of the fuel composition disclosed herein is measured according to
any conventional method known to a skilled artisan for measuring freezing point of fuels.
[0089] In some embodiments, the fuel composition has a density at 15 °C from 750 kg/m3 to 850 kg/m3, and a flash
point equal to or greater than 38 °C. In certain embodiments, the fuel composition has a density at 15 °C from 750 kg/m3

to 850 kg/m3, a flash point equal to or greater than 38 °C, and a freezing point lower than -40 °C. In certain embodiments,
the fuel composition has a density at 15 °C from 750 kg/m3 to 840 kg/m3, a flash point equal to or greater than 38 °C,
and a freezing point lower than -40 °C.
[0090] In some embodiments, the fuel composition has an initial boiling point that is from 140 °C to 170 °C. In other
embodiments, the fuel composition has a final boiling point that is from 180 °C to 300 °C. In still other embodiments, the
fuel composition has an initial boiling that is from 140 °C to 170 °C, and a final boiling point that is from 180 °C to 300
°C. In certain embodiments, the fuel composition meets the distillation specification of ASTM D 86.
[0091] In some embodiments, the fuel composition has a Jet Fuel Thermal Oxidation Tester (JFTOT) temperature
that is equal to or greater than 245 °C. In other embodiments, the fuel composition has a JFTOT temperature that is
equal to or greater than 250 °C, equal to or greater than 255 °C, equal to or greater than 260 °C, or equal to or greater
than 265 °C.
[0092] In some embodiments, the fuel composition has a viscosity at -20 °C that is less than 6 mm2/sec, less than 7
mm2/sec, less than 8 mm2/sec, less than 9 mm2/sec, or less than 10 mm2/sec. In certain embodiments, the viscosity of
the fuel composition disclosed herein is measured according to ASTM Standard D 445.
[0093] In some embodiments, the fuel composition meets the ASTM D 1655 specification for Jet A-1. In other embod-
iments, the fuel composition meets the ASTM D 1655 specification for Jet A. In still other embodiments, the fuel com-
position meets the ASTM D 1655 specification for Jet B.
[0094] In another aspect, the amount of amorphane is at least about 5% by volume, based on the total volume of the
fuel composition; and the amount of petroleum-based fuel is at least 45% by volume, based on the total volume of the
fuel composition.
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[0095] In other embodiments, the amorphane is present in an amount that is between 5% and 45% by volume, based
on the total volume of the fuel composition. In still other embodiments, the amorphane is present in an amount that is
between 5% and 40% by volume, based on the total volume of the fuel composition. In still other embodiments the
amorphane is present in an amount that is between 5% and 35% by volume, based on the total volume of the fuel
composition.
[0096] In certain other embodiments, the fuel composition has a density at 15 °C of between 750 and 840 kg/m3, has
a flash point that is equal to or greater than 38 °C; and freezing point that is lower than -40 °C. In still other embodiments,
the petroleum-based fuel is Jet A and the fuel composition meets the ASTM D 1655 specification for Jet A. In still other
embodiments, the petroleum-based fuel is Jet A-1 and the fuel composition meets the ASTM D 1655 specification for
Jet A-1. In still other embodiments, the petroleum-based fuel is Jet B and the fuel composition meets the ASTM D 1655
specification for Jet B.
[0097] A fuel system is described comprising a fuel tank containing the fuel composition disclosed herein. Optionally,
the fuel system may further comprise an engine cooling system having a recirculating engine coolant, a fuel line connecting
the fuel tank with the internal combustion engine, and/or a fuel filter arranged on the fuel line. Some non-limiting examples
of internal combustion engines include reciprocating engines (e.g., gasoline engines and diesel engines), Wankel en-
gines, jet engines, some rocket engines, and gas turbine engines.
[0098] The fuel tank can be arranged with said cooling system so as to allow heat transfer from the recirculating engine
coolant to the fuel composition contained in the fuel tank. The fuel system may further comprise a second fuel tank
containing a second fuel for a jet engine and a second fuel line connecting the second fuel tank with the engine. Optionally,
the first and second fuel lines can be provided with electromagnetically operated valves that can be opened or closed
independently of each other or simultaneously. The second fuel is optionally a Jet A.
[0099] An engine arrangement is described comprising an internal combustion engine, a fuel tank containing the fuel
composition disclosed herein, a fuel line connecting the fuel tank with the internal combustion engine. Optionally, the
engine arrangement may further comprise a fuel filter and/or an engine cooling system comprising a recirculating engine
coolant. The internal combustion engine may be a diesel engine, or the internal combustion engine may be a jet engine.
[0100] When using a fuel composition disclosed herein, it is desirable to remove particulate matter originating from
the fuel composition before injecting it into the engine. Therefore, it is desirable to select a suitable fuel filter for use in
a fuel system disclosed herein. Water in fuels used in an internal combustion engine, even in small amounts, can be
very harmful to the engine. Therefore, it is desirable that any water present in fuel composition be removed prior to
injection into the engine. Water and particulate matter can be removed by the use of a fuel filter utilizing a turbine
centrifuge, in which water and particulate matter are separated from the fuel composition to an extent allowing injection
of the filtrated fuel composition into the engine, without risk of damage to the engine. Other types of fuel filters that can
remove water and/or particulate matter also may be used.
[0101] A vehicle is described comprising an internal combustion engine, a fuel tank containing the fuel composition
disclosed herein, and a fuel line connecting the fuel tank with the internal combustion engine. Optionally, the vehicle
may further comprise a fuel filter and/or an engine cooling system comprising a recirculating engine coolant. Some
non-limiting examples of vehicles include cars, motorcycles, trains, ships, and aircraft.

Methods for Making Fuel Compositions

[0102] In another aspect, provided herein are methods of making a fuel composition comprising the steps of:

(a) contacting amorphadiene with hydrogen in the presence of a catalyst to form an amorphane; and
(b) mixing the amorphane with a fuel component to make the fuel composition.

[0103] In one embodiment, the amorphadiene has the structure

or a stereoisomer thereof.
[0104] In another embodiment, the amorphadiene has the following structure:
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or a stereoisomer thereof.
[0105] In another embodiment, the amorphadiene has one of the following structures:

and stereoisomers thereof.
[0106] In certain embodiments, the amorphadiene is made by contacting a cell capable of making the amorphadiene
with a monosaccharide, a disaccharide or a combination thereof under conditions suitable for making amorphadiene.
[0107] A facility is described for manufacture of a fuel, bioengineered fuel component, or bioengineered fuel additive
of the invention. The facility may be capable of biological manufacture of amorphadiene. The facility may be further
capable of preparing a fuel additive or fuel component from the amorphadiene.
[0108] The facility can comprise any structure useful for preparing the amorphadiene using a microorganism. The
biological facility may comprise one or more of the cells disclosed herein. The biological facility may comprise a cell
culture comprising at least amorphadiene in an amount of at least 1 wt.%, at least 5 wt.%, at least 10 wt.%, at least 20
wt.%, or at least 30 wt.%, based on the total weight of the cell culture. The biological facility may comprise a fermentor
comprising one or more cells described herein.
[0109] Any fermentor that can provide cells or bacteria a stable and optimal environment in which they can grow or
reproduce can be used herein. The fermentor may comprise a culture comprising one or more of the cells disclosed
herein. The fermentor may comprise a cell culture capable of biologically manufacturing farnesyl pyrophosphate (FPP).
The fermentor may comprise a cell culture comprising at least amorphadiene in an amount of at least 1 wt.%, at least
5 wt.%, at least 10 wt.%, at least 20 wt%, or at least 30 wt.%, based on the total weight of the cell culture.
[0110] The facility can further comprise any structure capable of manufacturing the fuel component or fuel additive
from the amorphadiene. The structure may comprise a hydrogenator for the hydrogenation of the amorphadiene. Any
hydrogenator that can be used to reduce C=C double bonds to C-C single bonds under conditions known to skilled
artisans may be used herein. The hydrogenator may comprise a hydrogenation catalyst disclosed herein. The structure
may further comprise a mixer, a container, and a mixture of the hydrogenation products from the hydrogenation step
and a conventional fuel additive in the container.
[0111] The monosaccharide can be any monosaccharide known to those of skill in the art. Some non-limiting examples
of suitable monosaccharides include glucose, galactose, mannose, fructose, ribose and combinations thereof. Some
non-limiting examples of suitable disaccharides include sucrose, lactose, maltose, trehalose, cellobiose and combinations
thereof. In certain embodiments, the bioengineered fuel component can be obtained from a polysaccharide. Some non-
limiting examples of suitable polysaccharides include starch, glycogen, cellulose, chitin and combinations thereof.
[0112] The monosaccharides, disaccharides and polysaccharides suitable for making the bioengineered tetrameth-
ylcyclohexane can be found in a wide variety of crops or sources. Some non-limiting examples of suitable crops or
sources include sugar cane, bagasse, miscanthus, sugar beet, sorghum, grain sorghum, switchgrass, barley, hemp,
kenaf, potatoes, sweet potatoes, cassava, sunflower, fruit, molasses, whey or skim milk, corn, stover, grain, wheat,
wood, paper, straw, cotton, many types of cellulose waste, and other biomass. In certain embodiments, the suitable
crops or sources include sugar cane, sugar beet and corn.

Methods for Making Amorphadiene

[0113] The compounds can be made using any method known in the art including biologically, total chemical synthesis
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(without the use of biologically derived materials), and a hybrid method where both biologically and chemical means are
used. In certain embodiments, amorphadiene is made by host cells by the conversion of monosaccharide to the desired
product.
[0114] When amorphadiene is made biologically, it can be isolated from Artemisa annua (which is also know as Sweet
Wormwood, Sweet Annie, Sweet Safewort or Annual Wormwood). Alternatively, host cells that are modified to produce
amorphadiene can be used. Methods for making amorphadiene using modified host cells have been described by U.S.
Patent Nos. 7,172,886 and 7,192,751 and by PCT Publications WO 2007/140339 and WO 2007/139924.

Chemical Conversion

[0115] In certain embodiments, the amorphanes in the fuel compositions provided herein are prepared by hydrogen-
ating amorphadiene.
[0116] In some embodiments, hydrogenation occurs by reacting the amorphadiene with hydrogen in the presence of
a catalyst such as Pd, Pd/C, Pt, PtO2, Ru(PPh3)2Cl2, Raney nickel and combinations thereof. Alternatively, any reducing
agent that can reduce a C=C bond to a C-C bond can be used. An illustrative example of such a reducing agent is
hydrazine in the presence of a catalyst, such as 5-ethyl-3-methyllumiflavinium perchlorate, under an oxygen atmosphere.
A reduction reaction with hydrazine is disclosed in Imada et al., J. Am. Chem. Soc., 127, 14544-14545 (2005).
[0117] The catalyst for the hydrogenation reaction of amorphadiene can be present in any amount for the reaction to
proceed. In some embodiments, the amount of the hydrogenation catalyst is from 1 g to 100 g per liter of reactant, from
2 g to 75 g per liter of reactant, from 3 g to 50 g per liter of reactant, from 4 g to 40 g per liter of reactant, from 5 g to 25
g per liter of reactant, or from 5g to 10 g per liter of reactant.
[0118] In some embodiments, the catalyst is a Pd catalyst. In other embodiments, the catalyst is 5% Pd/C. In still other
embodiments, the catalyst is 10% Pd/C. In certain of these embodiments, the catalyst loading is between 1 g and 10 g
per liter of reaetant. In other embodiments, the catalyst loading is between 5 g and 5 g per liter of reactant.
[0119] In some embodiments, the hydrogenation reaction proceeds at room temperature. However, because the
hydrogenation reaction is exothermic, the temperature of the reaction mixture can increase as the reaction proceeds.
The reaction temperature can be from 10 °C to 75 °C, from 15 °C to 60 °C, from 20 °C to 50 °C, or from 20 °C to 40 °C,
inclusive.
[0120] The pressure of the hydrogen for the hydrogenation reaction can be any pressure that can cause the reaction
to proceed. In some embodiments, the pressure of the hydrogen is from 0.69 to 69 bar (10 psi to 1000 psi), from 3.5 to
55 bar (50 psi to 800 psi), from 28 to 41 bar (400 psi to 600 psi), or from 31 to 38 bar (450 psi to 550 psi). In other
embodiments, the pressure of hydrogen is less 6.9 bar (100 psi).

Business Methods

[0121] Also described is a business method comprising: (a) obtaining a biofuel comprising amorphane derived from
amorphadiene by performing a fermentation reaction of a sugar with a recombinant host cell, wherein the recombinant
host cell produces the amorphadiene; and (b) marketing and/or selling said biofuel.
[0122] Also described is a method for marketing or distributing the biofuel disclosed herein to marketers, purveyors,
and/or users of a fuel, which method comprises advertising and/or offering for sale the biofuel disclosed herein. The
biofuel disclosed herein may have improved physical or marketing characteristics relative to the natural fuel or etha-
nol-containing biofuel counterpart.
[0123] Also described is a method for partnering or collaborating with or licensing an established petroleum oil refiner
to blend the biofuel disclosed herein into petroleum-based fuels such as a gasoline, jet fuel, kerosene, diesel fuel or a
combination thereof. Also described is a method for partnering or collaborating with or licensing an established petroleum
oil refiner to process (for example, hydrogenate, hydrocrack, crack, further purify) the biofuels disclosed herein, thereby
modifying them in such a way as to confer properties beneficial to the biofuels. The established petroleum oil refiner can
use the biofuel disclosed herein as a feedstock for further chemical modification, the end product of which could be used
as a fuel or a blending component of a fuel composition.
[0124] Also described is a method for partnering or collaborating with or licensing a producer of sugar from a renewable
resource (for example, corn, sugar cane, bagass, or lignocellulosic material) to utilize such renewable sugar sources
for the production of the biofuels disclosed herein. Corn and sugar cane, the traditional sources of sugar, can be used.
Inexpensive lignocellulosic material (agricultural waste, corn stover, or biomass crops such as switchgrass and pampas
grass) can be used as a source of sugar. Sugar derived from such inexpensive sources can be fed into the production
of the biofuel disclosed herein, in accordance with the methods of the present invention.
[0125] Also described is a method for partnering or collaborating with or licensing a chemical producer that produces
and/or uses sugar from a renewable resource (for example, corn, sugar cane, bagass, or lignocellulosic material) to
utilize sugar obtained from a renewable resource for the production of the biofuel disclosed herein.
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EXAMPLES

[0126] The following examples are intended for illustrative purposes only and do not limit in any way the scope of the
present invention.
[0127] The practice of the present invention can employ, unless otherwise indicated, conventional techniques of the
biosynthetic industry and the like, which are within the skill of the art. To the extent such techniques are not described
fully herein, one can find ample reference to them in the scientific literature.
[0128] In the following examples, efforts have been made to ensure accuracy with respect to numbers used (for
example, amounts, temperature, and so on), but variation and deviation can be accommodated, and in the event a
clerical error in the numbers reported herein exists, one of ordinary skill in the arts to which this invention pertains can
deduce the correct amount in view of the remaining disclosure herein. Unless indicated otherwise, temperature is reported
in degrees Celsius, and pressure is at or near atmospheric pressure at sea level. All reagents, unless otherwise indicated,
were obtained commercially. The following examples are intended for illustrative purposes only and do not limit in any
way the scope of the present invention.

Example 1

[0129] Amorphadiene (180mL) was distilled using a short path vacuum distillation apparatus with four flasks on a
fraction collector. Amorphadiene was placed in a 500 mL round bottom flask with a magnetic stir bar, evacuated to 160
Pa (1.2 mmHg), and heated to 103 °C. The first fraction contained two drops which distilled at 83°C. The second fraction
contained approximately 145 mL which distilled at 86 °C. The third fraction required heating the pot to 118°C and
approximately 5 mL distilled at 90 °C. Heating was ceased and a couple of drops were collected into the fourth fraction
while cooling. Analysis of the four colorless fractions by GC/MS as well as the bottoms (viscous yellow) showed that all
fractions as well as the bottoms contained amorphadiene, with the first fraction being the purist.

Example 2

[0130] Approximately 150 mL of the distilled amorphadiene was split into three batches of approximately 50 mL for
hydrogenation in 75 mL vessels. To each vessel, 50 mL of amorphadiene, a magnetic stir bar and 100 mg Pd/C (Alfa
Aesar) were added. The reactors were stirred at 300 rpm and evacuated for 10 minutes. Subsequently, stirring was
slowly incresed to 1200 rpm for the remainder of the reaction. The reactors were then charged with 1,4 3 106 (200 psig)
of hydrogen and heating to 100°C began, continuing overnight.
[0131] Analysis of the three reactions by GC/MS the following morning showed no starting material and several peaks
with molecular ions of 208, but also indicated ∼8% of a peak with a molecular ion of 206, indicating incomplete conversion.
The reactions were re-started following the same procedure described above, with the exception that the temperature
was increased to 125 °C. Analysis of the reactors by GC/MS the next morning still showed incomplete conversion,
although the peak with a molecular ion of 206 had decreased to ∼4%. To increase the reaction rate, an additional 100
mg 5% Pd/C was added to each reactor and the reactions were re-started as described above with heating to 125 °C.
Analysis of the reactors by GC/MS the following morning showed an insignificant amount of the peak with a molecular
ion of 206, and five resolved peaks with molecular ions of 208, indicating complete conversion. The three reactions were
then combined and filtered over a small plug of silica gel and glass frit. A total of 126.9 g (approximately 150 mL) of
Example 2, a colorless liquid, was collected.

Example 3

[0132] Example 3 was obtained by blending 20 vol.% of Example 2 with 80 vol.% of a Jet A fuel. The Jet A fuel was
obatined from the Hayward Executive Airport (Chevron) in Hayward, California.

Example 4

[0133] Example 4 was obtained by blending 50 vol.% of Example 2 with 50 vol.% of a Jet A fuel. The Jet A fuel was
obatined from the Hayward Executive Airport (Chevron) in Hayward, California.

Example 5

[0134] Example 2 was tested according to ASTM D 1655 specifications. The results of these tests are shown in Table
1 below.
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Table 1

Property
ASTM Test 

Method
Jet A ASTM D1655 

Spec. Jet A Ex. 3 Ex. 4 Ex. 2

COMPOSITION

Appearance D4176-2 / C & B C & B C & B C & B C & B

Acidity (total mg KOH/g) D3242 max. 0.10 0.005 0.005 / /

Aromatics (vol.%) D5186 max. 25 25.8 23.2 13.6 2.1

Sulfur (total mass %)
D4294, 
D5453 max. 0.30 0.0685 0.0568 0.0313 <0.0001

Sulfur, mercaptan (mass 
%) D3227 max. 0.003 0.0019 0.0008 / /

VOLATILITY

1. Physical Distillation

Distillation temp.

Initial boiling point, temp. 
(°C) D86 / / 153 169 258

10 % recovered, temp. 
(°C) D86 max. 205 176 179 199 259

50 % recovered, temp. 
(°C) D86 / report 209 216 246 259

90 % recovered, temp. 
(°C) D86 / report 252 257 261 260

Final boiling point, temp. 
(°C) D86 max. 300 284 283 267 271

Distillation recovery 
(vol.%) D86 / / 97.6 98.6 98.4 98.7

Distillation residue 
(vol.%) D86 max. 1.5 1.4 1.2 0.9 1.3

Distillation loss (vol.%) D86 max. 1.5 1.0 0.2 0.7 0.0

Flash point (°C) D56, D93A min. 38 43 49 60 113

Density at 15 °C (kg/m3) D4052 range
775 - 
840 811.0 818.0 846.0 880.0

FLUIDITY

Freezing point (°C) D2386 max. -40 -47 -48 -53 <-52

Viscosity at -20 °C 
(mm2/s) D445 max. 8.0 5.162 5.582 10.75 55.59

COMBUSTION

Net heat of combustion 
(MJ/kg) D3338 min. 42.8 43.42 43.10 42.97 42.79

D240, 
D4809 / / 45.19 45.75 45.43 45.24

Smoke Point (mm) D1322 min. 18 21 20 23 /
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Example 6

[0135] Figures 1 and 2 are the distillation profiles of the Jet A fuel and Examples 2-4 from the results of ASTM D86
testing in °C and °F respectively.
[0136] In some embodiments, the compositions or methods may include numerous compounds or steps not mentioned
herein. In other embodiments, the compositions or methods do not include, or are substantially free of, any compounds
or steps not enumerated herein. It should be noted that the application of the jet fuel compositions disclosed herein is
not limited to jet engines; they can be used in any equipment which requires a jet fuel. Although there are specifications
for most jet fuels, not all jet fuel compositions disclosed herein need to meet all requirements in the specifications. It is
noted that the methods for making and using the jet fuel compositions disclosed herein are described with reference to
a number of steps. These steps can be practiced in any sequence. One or more steps may be combined but still achieve
substantially the same results.

Claims

1. A fuel composition comprising:

(a) an amorphane having formula (I):

(continued)

FLUIDITY

Naphthalenes (vol. %) D1840 max. 3 2.46 1.94 1.04 0.005

CORROSION

Copper strip, 2 h at 100 
°C D130 / No. 1 1A 1A / /

THERMAL STABILITY

JFTOT

Temperature (°C) D3241 / / 260 / / /

Tube deposits less than D3241 / <3 <1 / / /

Filter pressure drop / 150 
min. (mm Hg/min) D3241 max. 25 <1 / / /

Spent fuel (mL) D3241 / / 495 / / /

σ ADDITIVES

Electrical conductivity (σ) 
(pS/m) D2624 / / 4 4 / /

CONTAMINANTS

Existent gum (mg/100 
mL) D381 max. 7 1 2 / /

Water reaction:

Interface ranting 
(Interface/Separation) D1094 max. 1b 1b/2 2 / /

Change in volume (mL) D1094 / / 0 0 / /

Microseparometer 
(MSEP-A)

Without σ additive 
(rating) D3948 min. 85 99 94 / /

With σ additive (rating) / min. 70 / / / /
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or a stereoisomer thereof; and
(b) a fuel,

wherein the amount of the amorphane is at least 2 vol.% and wherein the fuel is either a petroleum-based fuel or a
Fischer-Tropsch fuel and the amount of the fuel is at least 5 vol.%, both amounts based on the total volume of the
fuel composition.

2. The fuel composition of claim 1, wherein the fuel is a petroleum-based fuel.

3. The fuel composition of claim 1 which further comprises a fuel additive.

4. The fuel composition of claim 3, wherein the fuel additive is at least one additive selected from the group consisting
of an oxygenate, an antioxidant, a thermal stability improver, a stabilizer, a cold flow improver, a combustion improver,
an anti-foam, an anti-haze additive, a corrosion inhibitor, a lubricity improver, an icing inhibitor, an injector cleanliness
additive, a smoke suppressant, a drag reducing additive, a metal deactivator, a dispersant, a detergent, a de-
emulsifier, a dye, a marker, a static dissipater, a biocide, and combinations thereof.

5. The fuel composition of claim 3, wherein the amount of the amorphane is from 2 vol.% to 45 vol.% and the amount
of the petroleum-based fuel is at least 45 vol.%, both amounts based on the total volume of the fuel composition.

6. The fuel composition of any of claims 2-5, wherein the petroleum-based fuel is gasoline, kerosene, jet fuel or diesel
fuel; or wherein the petroleum-based fuel is Jet A, Jet A-1 or Jet B.

7. The fuel composition of any of claims 1-6,
wherein the amount of the amorphane is at least 5 vol.%, based on the total volume of the fuel composition; or
wherein the amount of the amorphane is at least 10 vol.%, based on the total volume of the fuel composition; or
wherein the amount of the amorphane is at least 15 vol.%, based on the total volume of the fuel composition; or
wherein the amount of the amorphane is at least 20 vol.%, based on the total volume of the fuel composition.

8. The fuel composition of any of claims 1-7, wherein the amorphane is

or a combination thereof; or
wherein the amorphane is
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or a combination thereof.

9. A method of making a fuel composition comprising:

(a) contacting an amorphadiene with hydrogen in the presence of a catalyst to form an amorphane having
formula (I):

or a stereoisomer thereof; and
(b) mixing the amorphane with a petroleum-based fuel to make the fuel composition,

wherein the amount of the amorphane is at least 5 vol.% and the amount of the petroleum-based fuel is at least 50
vol.%, both amounts based on the total volume of the fuel composition.

10. The method of claim 9, wherein the amorphadiene is made by contacting a cell capable of making the amorphadiene
with a monosaccharide, a disaccharide or a combination thereof under conditions suitable for making the amorpha-
diene.

11. The method of claim 10, wherein the amorphadiene is converted to the amorphane with hydrogen in the presence
of a catalyst.

12. The method of claim 9 or 11, wherein the catalyst is Pd/C.

13. The method of claim 10 or 11 wherein the monosaccharide is glucose, galactose, mannose, fructose, ribose, or a
combination thereof, or wherein the disaccharide is sucrose, lactose, maltose, trehalose, cellobiose or a combination
thereof.

14. The fuel composition of claim 1, wherein the amount of the amorphane is at least 5 vol.% and the amount of the
petroleum-based fuel is at least 50 vol.%, both amounts based on the total volume of the fuel composition.

15. A method of powering an engine comprising the step of combusting the fuel composition of any of claims 1-8 and
14 in the engine.

16. The method of claim 15, wherein the engine is a jet engine.

Patentansprüche

1. Treibstoffzusammensetzung, die Folgendes umfasst:
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(a) ein Amorphan der Formel (I):

oder ein Stereoisomer davon; und
(b) einen Treibstoff,

wobei die Menge des Amorphans zumindest 2 Vol.-% beträgt und der Treibstoff entweder ein Treibstoff auf Erdölbasis
ist oder ein Fischer-Tropsch-Treibstoff ist und die Menge des Treibstoffs zumindest 5 Vol.-% beträgt, wobei beide
Mengen auf das Gesamtvolumen der Treibstoffzusammensetzung bezogen sind.

2. Treibstoffzusammensetzung nach Anspruch 1, wobei der Treibstoff ein Treibstoff auf Erdölbasis ist.

3. Treibstoffzusammensetzung nach Anspruch 1, die weiters einen Treibstoffzusatz umfasst.

4. Treibstoffzusammensetzung nach Anspruch 3, wobei der Treibstoffzusatz zumindest ein Zusatz ist, der aus der aus
einem Oxygenat, einem Antioxidans, einem Wärmestabilitätsverbesserer, einem Stabilisator, einem Kaltfließver-
besserer, einem Verbrennungsverbesserer, einem Schaumverhütungsmittel, einem Antitrübungszusatz, einem Kor-
rosionshemmer, einem Schmierfähigkeitsverbesserer, einem Vereisungshemmer, einem Einspitzerreinigungszu-
satz, einem Rauchunterdrücker, einem Widerstandsreduktionsmittel, einem Metalldeaktivator, einem Dispersions-
mittel, einem Detergens, einem Emulsionsspalter, einem Farbstoff, einem Marker, einem Antistatikzusatzstoff, einem
Biozid und Kombinationen davon ausgewählt ist.

5. Treibstoffzusammensetzung nach Anspruch 3, wobei die Menge des Amorphans 2 Vol.-% bis 45 Vol.-% beträgt
und die Menge des Treibstoffs auf Erdölbasis zumindest 45 Vol.-% beträgt, wobei beide Mengen auf das Gesamt-
volumen der Treibstoffzusammensetzung bezogen sind.

6. Treibstoffzusammensetzung nach einem der Ansprüche 2-5, wobei der Treibstoff auf Erdölbasis Benzin, Kerosin,
Düsentreibstoff oder Dieseltreibstoff ist; oder wobei der Treibstoff auf Erdölbasis Jet A, Jet A-1 oder Jet B ist.

7. Treibstoffzusammensetzung nach einem der Ansprüche 1-6,
wobei die Menge des Amorphans zumindest 5 Vol.-%, bezogen auf das Gesamtvolumen der Treibstoffzusammen-
setzung, beträgt; oder
wobei die Menge des Amorphans zumindest 10 Vol.-% bezogen auf das Gesamtvolumen der Treibstoffzusammen-
setzung, beträgt; oder
wobei die Menge des Amorphans zumindest 15 Vol.-% bezogen auf das Gesamtvolumen der Treibstoffzusammen-
setzung, beträgt; oder
wobei die Menge des Amorphans zumindest 20 Vol.-% bezogen auf das Gesamtvolumen der Treibstoffzusammen-
setzung, beträgt.

8. Treibstoffzusammensetzung nach einem der Ansprüche 1-7, wobei das Amorphan
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oder eine Kombination davon ist; oder
wobei das Amorphan

oder eine Kombination davon ist.

9. Verfahren zur Herstellung einer Treibstoffzusammensetzung, das Folgendes umfasst:

(a) das Kontaktieren eines Amorphadiens mit Wasserstoff in Gegenwart eines Katalysators, um ein Amorphan
der Formel (I):

oder ein Stereoisomer davon zu bilden; und
(b) das Vermischen des Amorphans mit einem Treibstoff auf Erdölbasis, um die Treibstoffzusammensetzung
herzustellen,

wobei die Menge des Amorphans zumindest 5 Vol.-% beträgt und die Menge des Treibstoffs auf Erdölbasis zumindest
50 Vol.-% beträgt, wobei beide Mengen auf das Gesamtvolumen der Treibstoffzusammensetzung bezogen sind.

10. Verfahren nach Anspruch 9, wobei das Amorphadien durch Kontaktieren einer Zelle, die zur Herstellung des Amor-
phadiens in der Lage ist, mit einem Monosaccharid, einem Disaccharid oder einer Kombination davon unter Bedin-
gungen, die zur Produktion des Amorphadiens geeignet sind, produziert wird.

11. Verfahren nach Anspruch 10, wobei das Amorphadien mit Wasserstoff in Gegenwart eines Katalysators in das
Amorphan übergeführt wird.

12. Verfahren nach Anspruch 9 oder 11, wobei der Katalysator Pd/C ist.
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13. Verfahren nach Anspruch 10 oder 11, wobei das Monosaccharid Glucose, Galactose, Mannose, Fructose, Ribose
oder eine Kombination davon ist oder wobei das Disaccharid Saccharose, Lactose, Maltose, Trehalose, Cellobiose
oder eine Kombination davon ist.

14. Treibstoffzusammensetzung nach Anspruch 1, wobei die Menge des Amorphans zumindest 5 Vol.-% beträgt und
die Menge des Treibstoffs auf Erdölbasis zumindest 50 Vol.-% beträgt, wobei beide Mengen auf das Gesamtvolumen
der Treibstoffzusammensetzung bezogen sind.

15. Verfahren zum Betreiben eines Motors, welches den Schritt des Verbrennens einer Treibstoffzusammensetzung
nach einem der Ansprüche 1-8 und 14 im Motor umfasst.

16. Verfahren nach Anspruch 15, wobei der Motor ein Düsentriebwerk ist.

Revendications

1. Composition de carburant comprenant :

(a) un amorphane de formule (I) :

ou un stéréoisomère de celui-ci ; et
(b) un carburant,
dans laquelle la quantité de l’amorphane est d’au moins 2 % en volume, et dans laquelle le carburant est soit
un carburant à base de pétrole soit un carburant Fischer-Tropsch et la quantité du carburant est d’au moins 5
% en volume, les deux quantités étant basées sur le volume total de la composition de carburant.

2. Composition de carburant selon la revendication 1, dans laquelle le carburant est un carburant à base de pétrole.

3. Composition de carburant selon la revendication 1, qui comprend en outre un additif pour carburant.

4. Composition de carburant selon la revendication 3, dans laquelle l’additif pour carburant est au moins un additif
choisi dans le groupe constitué par un produit d’oxygénation, un antioxydant, un agent améliorant la stabilité ther-
mique, un stabilisant, un agent améliorant l’écoulement à froid, un agent améliorant la combustion, un anti-moussant,
un additif antivoile, un inhibiteur de corrosion, un agent améliorant l’onctuosité, un inhibiteur de givrage, un additif
de propreté des injecteurs, un agent supprimant la fumée, un additif réduisant la traînée, un désactivateur métallique,
un dispersant, un détergent, un désémulsionnant, un colorant, un marqueur, un dissipateur statique, un biocide, et
leurs combinaisons.

5. Composition de carburant selon la revendication 3, dans laquelle la quantité de l’amorphane est de 2 % en volume
à 45 % en volume et la quantité du carburant à base de pétrole est d’au moins 45 % en volume, les deux quantités
étant basées sur le volume total de la composition de carburant.

6. Composition de carburant selon l’une quelconque des revendications 2 à 5, dans laquelle le carburant à base de
pétrole est l’essence, le kérosène, le carburéacteur ou le carburant diésel ; ou dans laquelle le carburant à base de
pétrole est le Jet A, le Jet A-1 ou le Jet B.
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7. Composition de carburant selon l’une quelconque des revendications 1 à 6,
dans laquelle la quantité de l’amorphane est d’au moins 5 % en volume par rapport au volume total de la composition
de carburant ; ou
dans laquelle la quantité de l’amorphane est d’au moins 10 % en volume par rapport au volume total de la composition
de carburant ; ou
dans laquelle la quantité de l’amorphane est d’au moins 15 % en volume par rapport au volume total de la composition
de carburant ; ou
dans laquelle la quantité de l’amorphane est d’au moins 20 % en volume par rapport au volume total de la composition
de carburant.

8. Composition de carburant selon l’une quelconque des revendications 1 à 7, dans laquelle l’amorphane est

ou une de leurs combinaisons ; ou dans laquelle l’amorphane est

ou une de leurs combinaisons.

9. Procédé pour produire une composition de carburant comprenant :

(a) la mise en contact d’un amorphadiène avec de l’hydrogène en présence d’un catalyseur pour former un
amorphane de formule (I) :

ou un stéréoisomère de celui-ci ; et
(b) le mélange de l’amorphane avec un carburant à base de pétrole pour produire la composition de carburant,
dans lequel la quantité de l’amorphane est d’au moins 5 % en volume et la quantité du carburant à base de
pétrole est d’au moins 50 % en volume, les deux quantités étant basées sur le volume total de la composition
de carburant.

10. Procédé selon la revendication 9, dans lequel l’amorphadiène est produit par mise en contact d’une cellule capable
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de produire l’amorphadiène avec un monosaccharide, un disaccharide ou une de leurs combinaisons, dans des
conditions convenant pour la production de l’amorphadiène.

11. Procédé selon la revendication 10, dans lequel l’amorphadiène est converti en l’amorphane avec de l’hydrogène
en présence d’un catalyseur.

12. Procédé selon la revendication 9 ou 11, dans lequel le catalyseur est Pd/C.

13. Procédé selon la revendication 10 ou 11, dans lequel le monosaccharide est le glucose, le galactose, le mannose,
le fructose, le ribose, ou une de leurs combinaisons, ou dans lequel le disaccharide est le saccharose, le lactose,
le maltose, le tréhalose, le cellobiose ou une de leurs combinaisons.

14. Composition de carburant selon la revendication 1, dans laquelle la quantité de l’amorphane est d’au moins 5 %
en volume et la quantité du carburant à base de pétrole est d’au moins 50 % en volume, les deux quantités étant
basées sur le volume total de la composition de carburant.

15. Procédé pour alimenter un moteur, comprenant l’étape consistant à brûler dans le moteur la composition de carburant
de l’une quelconque des revendications 1 à 8 et 14.

16. Procédé selon la revendication 15, dans lequel le moteur est un moteur à réaction.
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