
METHODS OF REFINING HYDROCARBON FEEDSTOCKS
CROSS-REFERENCE [0001] This application claims the
benefit of U.S. Provisional Application Nos.
60/973,394 (filed September 18, 2007) and 61/085,780
(filed August 1, 2008), which applications are
incorporated herein by reference. BACKGROUND OF THE
INVENTION [0002] Carbon-based fossil fuels, such as
coal, petroleum and natural gas, are finite and non
renewable resources. At the current consumption rate,
supplies of fossil fuels will be exhausted in the
foreseeable future. At the meantime, burning fossil
fuels has resulted in a rise in the concentration of
carbon dioxide in the atmosphere, which is believed to
have caused global climate change. [0003] Biofuels are
viable alternatives to fossil fuels for several
reasons. Biofuels are renewable energy sources
produced from biomass, a material derived from
recently living organisms. Although biofuels are also
catbon-based, they do not cause a significant net
increase in atmospheric carbon dioxide levels because
the carbon dioxide released during the fuel
consumption is reabsorbed through new growth of the
organisms. [0004] Because transportation-related
gasoline consumption represents the majority of all
liquid fossil fuel use, supplementing or replacing
gasoline with liquid biofuels is expected to reduce
our reliance on fossil fuels and carbon dioxide
production. Currently available liquid biofuels
include ethanol and lipids. Ethanol is typically
produced from crops rich in carbohydrates such as
sugar and starch. Complex carbohydrates such as
cellulose and hemicellulose can also be broken down
into sugar, which can then be converted to ethanol by
microorganisms. Lipids-based biofuels, also called
biodiesels, are vegetable oils derived from vegetables
such as corn, soybean, sunflower, and sorghum. [0005]
The energy benefit of using ethanol and lipid-based
biofuels has, however, been called into question.
Ethanol has lower energy content than gasoline such
that more ethanol is required to provide the same
energy output. More significantly, both ethanol and
lipid productions are currently driven by fossil fuel.
For example, the energy for producing ethanol includes
running farm machinery and irrigation, transporting
and grinding the crop, producing pesticides and
fertilizer and fermenting and distilling ethanol.
There have been concerns that the energy input for
ethanol production may exceed the energy output from
the combustion of ethanol. In addition, widespread
production and use of ethanol and biodiesel will
requireconstructing new distribution pipelines because
neither is suitable for transportation using existing
fuel-distribution infrastructure. Moreover, any
large-scale development of crop-based fuels such as
ethanol and traditional biodiesel will compete for the
same resources as food production, and ultimately be
limited by the amount of arable land. [0006]
Accordingly, there is a need for producing fuels from
renewable sources, as well as overcoming the drawbacks
of existing biofuels. SUMMARY OF THE INVENTION [0007]
Disclosed herein is a catalytic cracking process for
cracking a sesquiterpene, the process comprising
contacting under catalytic cracking conditions a
feedstock containing the sesquiterpene with a
catalytic composition. The sesquiterpene, for example,
can be cuparene or farnesene. The process can comprise
producing a mixture comprising percentages by weight
of greater than 50% toluene, less than 2%benzene, less
than 20% xylene, and greater than 30% of a combination
of cyclohexanes and cyclopentanes. In another
instance, the process comprises producing a mixture
comprising percentages by weight of greater than 15%
toluene and greater than 10% paraffins. In some
instances, the cracking conditions comprise heating
the feedstock to greater than 350 C, and wherein said
process comprises producing a mixture comprising
percentage by weight of greater than 75% of components
with an octane number greater than 90. Also, a mixture
as described can comprise percentages by weight of
about 15% to about 20% toluene and about 10% to about
15% paraffins. A mixture can also percentages by
weight of greater than 50% aromatic hydrocarbons.
[0008] In another aspect, a catalytic cracking process
is provided for cracking a diterpene, the process
comprising contacting under catalytic cracking
conditions a feedstock containing the diterpene with a
catalytic composition. In an instance, the diterpene
is phytol. The process can comprise producing a
mixture comprising percentage by weight of greater
than 55% C5-C9 paraffins, wherein more than 70% by
weight of the paraffins are mono-methyl paraffins. In
some instances, cracking conditions comprise heating
the feedstock to greater than 350 C, and wherein said
process comprises producing a mixture comprising
percentage by weight of greater than 75% of components
with an octane number greater than 90. In some
instances, the mixture comprises percentages by weight
of greater than 40% methylbutane. The mixture can also
comprise percentage by weight of less than 1% C4
paraffins. [0009] In yet another aspect, a catalytic
cracking process is provided herein for cracking a
triterpene, the process comprising contacting under
catalytic cracking conditions a feedstock containing
the triterpene with a catalytic composition. The
triterpene can be squalene.[0010] Also provided is a
catalytic cracking process for cracking a
tetraterpene, the process comprising contacting under
catalytic cracking conditions a feedstock containing
the triterpene with a catalytic composition. The
tetraterpene can be carotene. [0011] In an aspect, a
catalytic cracking process is provided herein for
cracking a mixture comprising at least three terpenes,
the process comprising contacting under catalytic
cracking conditions a feedstock containing the mixture
comprising at least three terpenes with a catalytic
composition. The at least three terpenes can be
sesquiterpenes, hi an instance, the feedstock contains
ginger oil. The process can produce a mixture
comprising percentages by weight of greater than 15%
naphthenes, greater than 20% paraffins, greater than
5% xylenes, and greater than 5% toluene. The mixture
can also comprise at least three terpenes of different
sizes selected from the group consisting of the
following: monoterpenes, sesquiterpenes, diterpenes,
triterpenes, and tetraterpenes. A process can further
comprise extracting the mixture comprising at least
three terpenes from algae. [0012] hi another aspect, a
catalytic cracking process is provided for cracking
oil from algae, the process comprising: extracting oil
from algae to form a feedstock comprising a terpene;
contacting under catalytic cracking conditions the
feedstock containing the terpene with a catalytic
composition, hi some instances, the process further
comprises genetically modifying the algae prior to the
extracting oil. Genetically modifying the algae can
produce increased amounts of the terpene compared to
not genetically modifying the algae. In some
instances, the process further comprises mixing the
oil from algae with a fuel component prior to
contacting the feedstock. For example, a fuel
component is selected from the group consisting of the
following: fossil fuel, petroleum, a mixture for fuel
blending, gasoline, diesel, jet fuel, and any
combination thereof. The terpene can be, for example,
a sesquiterpene, diterpene, triterpene, tetraterpene,
cuparene, farnesene, phytol, squalene, or carotene.
[0013] In some instances, a catalytic cracking process
comprises cracking conditions wherein the cracking
conditions comprise heating the feedstock to between
about 100-1000 C. In further instances, the catalytic
cracking conditions include heating the feedstock to a
temperature between about 180 and 580 C or between
about 200 and 400 C or between about 350 and 400 C.
[0014] In some instances, a catalytic cracking process
comprises contacting a feedstock with a catalytic
composition comprising a molecular sieve. The
molecular sieve can be a large pore molecular sieve
having a pore size greater than 6 Angstrom and/or have
a cage diameter of 10-15 angstroms. In some instances,
the large pore molecular sieve is a 12-ring zeolite,
such as a b-type, L-type, Y-type, LZY-72, Valfor CP81
1BL-25, ELZ-L, or T-4546. hi otherinstances, the
molecular sieve is a 10-ring zeolite, such as a ZSM-5
zeolite. In some instances the catalytic composition
comprises more than one molecular sieve. For example,
the catalytic composition further comprises a second
molecular sieve that can be a different size than the
molecular sieve. [0015] In an aspect, a process of
refining is described herein that comprises cracking a
feedstock comprising squalene in a flow reactor;
distilling the cracking product; and obtaining a fuel
product with an octane rating between about 85 to 125.
In some instances, the octane rating is greater than
90. [0016] Also provided herein is a method for making
a fuel product comprising: obtaining a feedstock from
a genetically modified non-vascular photosynthetic
organism; and contacting under catalytic cracking
conditions the feedstock with a catalytic composition
thereby making a fuel product, wherein the catalytic
composition comprises a large pore molecular sieve
having a pore size greater than 6 Angstrom. The
cracking can occur at a temperature up to 420 C. The
catalytic composition can be a 12 ring zeolite. The
fuel product can have an octane number of between
about 85 to 125 or can have an octane number of
greater than 90. In some instances, the method further
comprises adding a fuel component to the fuel product,
wherein the fuel component is ethanol, jet fuel,
diesel, biodiesel, or gasoline. In some instances, the
method further comprises adding a fuel additive to the
fuel product. [0017] In an aspect, a composition is
provided that comprises: oil extracted from algae and
a catalytic cracking composition. Also provided is a
composition comprising: a terpene and a catalytic
cracking composition, wherein the terpene can be
selected from the group consisting of the following: a
monoterpene, a sesquiterpene, a diterpene, a
triterpene, a tetraterpene, cuparene, farnesene,
squalene, zingerene, and carotene. Other compositions
described herein include a composition comprising:
ginger oil and a catalytic cracking composition and a
composition comprising: phytol and a catalytic
cracking composition. The catalytic cracking
composition is a molecular sieve. In some instances,
the molecular sieve is a large pore molecular sieve
having a pore size greater than 6 Angstrom and/or a
cage diameter of 10-15 angstroms. In some instances,
the large pore molecular sieve is a 12-ring zeolite,
such as a b- type, L-type, Y-type, LZY-72, Valfor CP81
1BL-25, ELZ-L, or T-4546. In other instances, the
molecular sieve is a 10-ring zeolite, such as a ZSM-5
zeolite. INCORPORATION BY REFERENCE [0018] All
publications, patents, and patent applications
mentioned in this specification are herein
incorporated by reference to the same extent as if
each individual publication, patent,or patent
application was specifically and individually
indicated to be incorporated by reference. BRIEF
DESCRIPTION OF THE DRAWINGS [0019] Many novel features
of the invention are set forth with particularity in
the appended claims. A better understanding of
exemplary features and advantages of the invention
will be obtained by reference to the following
detailed description that sets forth illustrative
embodiments, in which many principles of the invention
are utilized, and the accompanying drawings of which:
[0020] Figure IA shows a pulse reactor for carrying
out catalytic reactions and evaluating product
distribution. [0021] Figure IB is a schematic diagram
showing the pulse reactor in operation. [0022] Figure
1C summarizes the various cracking products from
cuparene obtained for different temperatures. [0023]
Figure 2A shows the cracking products of cuparene at
various reaction temperatures using SN27 catalyst.
[0024] Figure 2B shows the cracking products of
cuparene at various reaction temperatures using LZY-72
catalyst. [0025] Figures 2C, 2D, and 2E summarize the
quantifications of the cracking products of cuparene
catalyzed by LZY-72 at three different temperatures.
[0026] Figure 3A shows the cracking products of
cuparene at various reaction temperatures using
zeolite beta catalyst. [0027] Figures 3B and 3C
summarize the quantifications of the cracking products
of cuparene catalyzed by zeolite beta at two different
temperatures. [0028] Figure 4 shows the cracking
products of cuparene at various reaction temperatures
using ELZ-L zeolite catalyst. [0029] Figure 5A
demonstrates an exemplary pulse reactor setup used to
crack oil extracted from algae. [0030] Figure 5B shows
the products resulting from cracking crude algal oils.
[0031] Figure 5C shows the products resulting from
cracking refined algal oils. [0032] Figure 5D
demonstrates a comparison of the cracked products from
both crude and refined algal oil to 87, 89, and 9 1
octane petroleum gasoline. [0033] Figure 6A shows the
cracking products of farnesene at various reaction
temperatures 



using LZY -72 zeolite catalyst.[0034] Figure 6B shows
the blending octane numbers of faraesene cracking
products. [0035] Figure 7 shows the cracking products
of ginger essential oil at various reaction
temperatures using LZY-72 zeolite catalyst. [0036]
Figure 8A shows the cracking products of squalene at
various reaction temperatures using LZY-72 zeolite
catalyst. [0037] Figure 8B shows the blending octane
numbers of squalene cracking products. [0038] Figure
9A shows the cracking products of phytol at various
reaction temperatures using LZY-72 zeolite catalyst.
[0039] Figures 9B and 9C show the carbon distribution
and the degree of branching, among the paraffins
products of phytol cracking. [0040] Figure 9D shows
the blending octane numbers of phytol cracking
products. [0041] Figure 1OA shows the cracking
products of the cracking products of phytol from both
commercial and algal sources, as compared to the
hydrocarbon components of the commercial gasoline
samples. [0042] Figure 1OB shows the blending octane
numbers of phytol cracking products as compared to
commercial gasoline samples. [0043] Figure 1IA shows
the cracking and hydrocracking products of phytol at
various reaction temperatures using Nickel/LZY-72
zeolite catalyst. [0044] Figure 1IB shows the blending
octane numbers of phytol hydrocracking products.
[0045] Figure 12A shows schematically an apparatus
suitable for large-scale cracking processes. [0046]
Figure 12B shows the compositions of the gas and
liquid products resulting from cracking squalene.
DETAILED DESCRIPTION OF THE INVENTION [0047] Refining
a hydrocarbon mixture can be performed to optimize the
types, shapes, and sizes of the hydrocarbon mixture to
produce a fuel product. Typical refining processes in
the fuel industry include, but are not limited to,
distillation, fractionation, extraction, solvent
extraction, hydrotreatment, isomerization,
dimerization, alkylation, and cracking. A cracking
process typically refers process that breaks down
hydrocarbons into smaller hydrocarbons, for example,
by scission of a carbon-carbon bond. Complex organic
molecules such as isoprenoids or heavy hydrocarbons
can be cracked into simpler molecules (for example
light hydrocarbons) by the breaking of carbon-carbon
bonds in the precursors. Cracking is commonly
performed by using high temperatures, catalysts, or a
combination thereof.Example cracking methods include,
but are not limited to, thermal cracking, fluid
catalytic cracking, thermofor catalytic cracking,
catalytic cracking, steam cracking, and hydrocracking.
[0048] Catalytic cracking processes can involve
scission of an organic molecule in the presence of a
catalyst, typically an acid catalyst such as
silica-alumina catalyst or zeolites. Catalysts promote
a heterolytic (asymmetric) breakage of bonds yielding
pairs of ions of opposite charges, usually a
carbocation and a very unstable hydride anion.
Carbon-localized free radicals and cations are both
highly unstable and undergo processes of chain
rearrangement, for example C-C scission in the beta
position and also intra- and intermolecular hydrogen
transfer or hydride transfer. In both types of
processes, the corresponding reactive intermediates
(radicals, ions) are permanently regenerated, and thus
the reaction can proceed by a self-propagating chain
mechanism. The chain of reactions can then be
eventually terminated by radical or ion recombination.
[0049] In an embodiment, the catalytic cracking
process and catalytic cracking conditions comprise
contacting an organic molecule with a molecular sieve,
for example a zeolite. Catalytic cracking conditions
can also comprise heating an organic molecule, for
example from 100-1000 C. hi an embodiment, cracking
conditions comprise heating a feedstock to between
about 100-1000 0C. Further, catalytic cracking
conditions comprise heating a feedstock to between
about 180 and 580 0C. In yet another embodiment,
catalytic cracking conditions include heating the
feedstock to a temperature between about 200 and 400 C
or a temperature between about 350 and 400 0C.
Catalytic cracking conditions can comprise heating a
feedstock to a temperature wherein C-C bond scission
is encouraged in the presence of a catalyst. [0050] In
an aspect, a catalytic cracking process is disclosed
for cracking a terpene, the process comprising
contacting under catalytic cracking conditions a
feedstock containing the terpene with a catalytic
composition. [0051] Terpenes are a large and varied
class of hydrocarbons, produced primarily by a wide
variety of photosynthetic organisms. When terpenes are
modified chemically, such as by oxidation or
rearrangement of the carbon skeleton, the resulting
compounds are generally referred to as terpenoids or
isoprenoids. Terpenoids or isoprenoids generally
comprise a heteroatom. As referred to herein the term
terpene can be used to describe terpenoids or
isoprenoids. [0052] Terpenes can be the primary
constituents of the essential oils of many types of
plants and flowers. Essential oils are used widely as
natural flavor additives for food, as fragrances in
perfumery, and in traditional and alternative
medicines such as aromatherapy. Syntheticvariations
and derivatives of natural terpenes also greatly
expand the variety of aromas used in perfumery and
flavors used in food additives. [0053] Terpenes are a
diverse class of biosynthetic hydrocarbons comprising
multiple units of isoprene (2-methyl-buta-l,3-diene),
which is a five-carbon hydrocarbon. The isoprene units
can be linked together to form acyclic (including
branched or linearly arranged carbon atoms) or cyclic
framework. Among these, hemiterpenes consist of one
isoprene unit (for example isoprene), monoterpenes
consist of two isoprene residues and include, for
example, limonene and myrcene; sesquiterpenes consist
of three isoprene residues and include, acyclic
sesquiterpenes (for example, farnesene) and cyclic
sesquiterpenes (for example, cuparene, curcumene,
zingiberene and bisabolene); and diterpenes consist of
four isoprene residues and include, for example,
cembrene, taxadiene; triterpenes consist of six
isoprene residues and include, for example, squalene,
and tetraterpenes consist of eight isoprene residues
and include, for example, carotene, the acyclic
lycopene, the monocyclic g-carotene, and the bicyclic
(X- and b-carotenes. The size of an isoprenoid refers
to the total number of the carbon atoms of the
isoprenoid framework, and is typically a multiplicity
of five. Table 1 shows exemplary terpenes that are
suitable substrate or feedstock for refining. TABLE
1terpinolene 10 586-62-9 136.2 phellandrene 10 99-83-2
136.2 farnesene 15 204.3 cuparene 15 202.3 cuprenene
15 5046-93-5 204.4 isobazzanene 15 88661-59-0
sesquiphellandrene 15 20307-83-9 204.4 bisabolene 15
495-61-4 204.3[0054] In some embodiments, the
hydrocarbon has a polyene structure. As used herein,
"polyene" refers to a hydrocarbon having a main
carbon-based backbone wherein the carbon atoms are
linearly joined by single and double bonds. The main
carbon-based backbone refers to a longest
straight-chain of the hydrocarbon structure and
comprises at least two double bonds. One or more
carbon atoms that form the backbone can be further
substituted with alkyl groups, in particular, with
methyl groups. The polyene can exhibit both E and Z
{cis and trans, respectively) geometric isomers. In
some embodiments, the polyene includes terminal cyclic
structures (for example, cyclohexenyl or substituted
cyclohexenyl) at one or both ends of the carbon-based
backbone. [0055] In one embodiment, the polyene
structure comprises at least one "quaternary olefinic
carbon", which refers to a carbon atom of a polyene
backbone that is connected to two adjacent carbon
atoms of the polyene backbone via a C C bond and a C-C
bond, respectively. The quaternary olefinic carbon is
further connected to an alkyl substituent (for
example, a methyl). A representative quaternary
olefinic carbon is shown below: olefinic carbon [0056]
Quaternary olefinic carbon is typically present in an
isoprene derivative such as terpenes. As discussed,
isoprene residue is a common structural motif in
biological systems.Many biological derivatives of
isoprene, such as carotenoids, are chain elongation
products of multiple isoprene residues. [0057] Thus,
in some embodiments, the polyene chain comprises two
or more repeating units of isoprene residues to
provide an isoprenoid. An exemplary structure of a
polyene backbone segment having three repeating units
of isoprene residues is shown below, in which the
quaternary olefinic carbons are indicated in circles.
isoprene residue [0058] Depending on how the isoprene
units are connected, the polyene chain may comprise an
alternative arrangement of the isoprene residues. As
shown below, the polyene segment comprises alternating
C-C bonds and C=C bonds to provide a conjugated
structure. An exemplary structure of a conjugated
backbone segment is shown below, in which the
quaternary olefinic carbons are indicated in circles:
[0059] In an aspect, a catalytic cracking process for
cracking a sesquiterpene, the process comprising
contacting under catalytic cracking conditions a
feedstock containing the sesquiterpene with a
catalytic composition. The sesquiterpene can be part
of a mixture of organic molecules or can be a mixture
comprising greater than 75% sesquiterpene. A
sesquiterpene is any organic molecule comprising three
isoprene units. Sesquiterpenes are a class of terpenes
that consist of three isoprene units and are Cl 5
molecules. Like monoterpenes, sesquiterpenes may be
acyclic or contain rings, including many unique
combinations. Biochemical modifications such as
oxidation or rearrangement produce sesquiterpenes
known as sesquiterpenoids. For the purposes of this
disclosure, the term sesquiterpene includes
sesquiterpenoids or other organic molecules comprising
three isoprene units as well as additional atoms, such
as oxygen. Sesquiterpenes include, for example without
limitation, cuparene, farnesene, and zingiberene.
[0060] A sesquiterpene can be cracked using a process
described herein by heating a sesquiterpene or a
mixture comprising a sesquiterpene in a reactor. For
example without limitation, the reactor can be a pulse
reactor, plug flow reactor, or a continuous flow
reactor.A catalyst, for example a zeolite catalyst,
can be pretreated with a gas until the desired
atmosphere and catalyst is obtained. For example,
helium (inert atmosphere), hydrogen (reducing
atmosphere), or oxygen (oxidizing atmosphere) can be
used to pretreat a catalyst in the reactor. After the
optional pretreatment of a catalyst, the reactor can
be maintained at the desired reaction temperature, for
example, the temperature of the cracking conditions.
In an exemplary embodiment using a pulse reactor,
small quantities of the sesquiterpene are pulsed
through the reactor over the catalyst. Depending on
the temperature and the catalyst used for the
reaction, different products from the cracking
reaction can be generated. Optionally, after the
reaction has proceeded, the reaction products can be
identified by, for example, gas chromotography and/or
mass spectrometry (GC/MS). Other atom identification
techniques can also be used as would be obvious to one
skilled in the art. [0061] A catalytic composition can
comprise an acidic catalyst, for example, a molecular
sieve. A molecular sieve is a material containing
pores of a precise and uniform size that can be used
as an adsorbent for gases and liquids or to trap
organic molecules. Molecules small enough to pass
through the pores are adsorbed while larger molecules
are not. It is different from a common filter in that
it operates on a molecular level. For instance, a
water molecule may be small enough to pass through
while larger molecules are not. In an embodiment, the
molecular sieve is a zeolite. A zeolite is an
aluminosilicate, aluminophosphate,
aluminosilicophosphate, or other oxide that has a
microporous or mesoporous structure. [0062] Cracking
catalysts such as zeolites typically provide numerous
Brnsted acid sites. Under such an acidic condition,
the quaternary olefinic carbon of the biomass polyene
can be converted to a tertiary carbenium ion (shown in
Scheme IV). As used herein, "tertiary carbenium ion"
(or simply "carbenium ion") refers to a trivalent
carbocation that is connected to three other carbons.
Scheme IV quaternary olefinic carbon tertiary
carbenium ion [0063] It is believed that the tertiary
carbenium ion is a reactive intermediate that induces
carbon-carbon bond scission. As shown in Scheme V, as
the carbon-carbon bond at the b- position of the
carbenium ion ruptures, the bond electrons neutralize
the carbenium ion.Scheme V b-scission 



[0064] Moreover, the reactive carbenium ions may also
lead to isomerization and oligomerization.
Accordingly, the carbenium intermediates resulting
from the quaternary olefmic carbons play an important
role in transforming the polyene-based feedstock into
diverse products. [0065] As discussed in more detail
herein, zeolites are widely used for cracking
processes, and they are especially useful for the
production of fuels because of shape selectivity. N.Y.
Chen et al,. Shape Selective Catalysis in Industrial
Applications, Marcel Dekker, New York, 1996. Shape
selectivity refers to the property of zeolites arising
from their precisely defined pore structure, which
results in products of rather narrowly defined
molecular weights and structures. [0066] Typically,
catalytic scissions produce light olefins or light
alkanes, which are shorter segments of the polyene
structure. Depending on the actual structure and the
point of scission, the light olefin may be a short
acyclic chain of the polyene or may comprise a cyclic
structure (for example, cyclohexenyl). In various
embodiments, the light olefins comprise between 3 to
15 carbons, more typically, between 3-12 carbons.
[0067] Any catalyst suitable for catalytic cracking in
petroleum refinery processes can be used in
combination with a feedstock. While commercial
cracking catalysts include acidtreated natural
aluminosilicates, amorphous synthetic silica-alumina
combinations, and crystalline synthetic silica-alumina
(zeolites), the most widely used commercial catalytic
cracking catalysts are the zeolites. [0068] Zeolites
are aluminosilicate, aluminophosphate,
aluminosilicophosphate, or other oxide members of a
family of microporous solids known as molecular
sieves. The term molecular sieve refers to a
particular property of these materials, for example
the ability toselectively sort molecules based
primarily on a size exclusion process. This is due to
a very regular pore structure of molecular dimensions.
The maximum size of the molecular or ionic species
that can enter the pores of a zeolite is controlled by
the diameters of the tunnels. More than 1500 zeolite
types have been synthesized and 48 naturally occurring
zeolites are known. Typically used zeolites are from
the faujasitic family, for example, X-, Y- zeolites,
pentasils such as ZSM-5, or other zeolites such as
zeolite beta and zeolite L. Such zeolitic catalysts
and their manufacture are within the knowledge of one
skilled in the art. [0069] The hydrogen form of a
zeolite (prepared by ion-exchange) is a powerful
solid-state acid, and can facilitate a number of
acid-catalyzed reactions, such as isomerization,
alkylation, and cracking. More specifically, zeolites
confine the hydrocarbons in small spaces which cause
the hydrocarbons to change their structures or
reactivity, such as being converted from quaternary
olefinic carbons to carbenium intermediates. [0070]
The pore size of the zeolite catalyst can be important
in controlling the catalytic reactions, both
kinetically and chemically. Accordingly, in selecting
a suitable zeolite catalyst, the size of the
hydrocarbons to be cracked needs to be taken into
consideration. In addition, the pore size may affect
the selectivity of a cracking process of a given
hydrocarbon feedstock. Other possible types of acid
cracking catalyst include mineral acids and organic
acids. [0071] During catalytic cracking, intermediate
cations from the hydrocarbons may be less reactive and
more stable than in other cracking processes. This can
allow the cations to accumulate at an active site of a
catalyst, which may generate deposits of carbonaceous
products generally known as coke. Such deposits may
need to be removed (for example by controlled burning)
in order to restore catalyst activity. [0072] In
addition to catalytic cracking, other industrial
cracking processes such as thermal, hydro, and steam
cracking conditions can also cause carbon-carbon
scission in a polyene structure. These cracking
processes do not necessarily involve a carbenium
intermediate; instead, carbon-carbon bond scissions
may occur indiscriminately along the polyene backbone
to produce light olefins. [0073] A process as
described herein can comprise contacting a terpene,
for example a sesquiterpene, with a zeolite catalytic
composition. In an embodiment, the zeolite is a
10-ring zeolite with a pore size of less than 6
Angstroms. An exemplary 10-ring zeolite is a ZSM-5. In
an embodiment, the zeolite is SN27. [0074] In another
embodiment, a process comprises contacting a terpene
with a large pore molecular sieve. For example, a
molecular size with a pore size greater than 6
Angstrom. Inan example, a large pore molecular sieve
has a cage diameter of 10-15 angstroms. The large pore
molecular sieve can be a 12-ring zeolite or a zeolite
larger than a 12-ring zeolite. In an embodiment, the
12-ring zeolite is a b, L, or Y-type zeolite. Examples
of zeolites useful with a process described herein
include, but are not limited to, LZY-72, Valfor CP81
1BL-25, ELZL, and T-4546. A catalytic composition can
be converted to it's fully protonated form via
ammonium exchange before use. In an embodiment, nickel
containing material can be prepared by exchanging the
protonated zeolites with Ni(II)acetate aqueous
solutions such that 20% and 80% theoretical proton
replacement by nickel cations results. In another
embodiment, a catalytic composition can be
ion-exchanged to yield the ammonium form of the
zeolite, which upon heating can convert to the proton
form with the elimination of ammonia. A proton form of
a zeolite acts as a strong solid acid for catalytic
reactions. [0075] A catalytic cracking process for
cracking a terpene, for example a sesquiterpene can
also comprise contacting the terpene with the
catalytic composition and a second catalytic
composition. The second catalytic composition can be
the same as or different than the first catalytic
composition. For example, if a 12-ring zeolite is
utilized as the first catalytic composition, a 10-ring
or 12-ring zeolite can be used as a second catalytic
composition. This can be useful in a variety of ways,
for example, when cracking a mixture of hydrocarbons,
wherein the hydrocarbons may be different sizes. In
another example, a second catalytic composition can be
used that is of the same type or size as the first
catalyst to crack any remaining larger hydrocarbons or
feedstock that did not crack using the first catalytic
composition. [0076] In an aspect, a catalytic cracking
process is disclosed for cracking cuparene. Cuparene
is a sesquiterpene. In an embodiment, cracking is
achieved by contacting a feedstock containing cuparene
under catalytic cracking conditions with a catalytic
composition. Cuparene can be cracked in a reactor, for
example a pulse reactor or a continuous flow reactor.
The reactor can provide catalytic cracking conditions
comprising a heating the reactor and cuparene to a
catalytic cracking temperature, for example, 100-1000
C, 180-510 C, 200- 400C or 350-400 C. For example,
cuparene can flow through a reactor comprising the
catalytic composition, the reactor is heated to a
catalytic cracking condition temperature. Cuparene
that contacts the catalytic composition is cracked
into smaller hydrocarbons than the original Cl 5
cuparene molecule. Example catalysts include those
described herein, such as SN27 (ZSM-5 type), ELZ-L
(zeolite-L type), and LZY-72 (zeolite-Y type). [0077]
Cuparene has a boiling point of about 275 C and may
require an adjustment of techniques to measure its
presence after a reaction with a gas chromatography
column. In anembodiment, adjustments can be made to
the column so that cuparene analysis does not
contribute to incorrect mass spectrometry analysis.
[0078] In an embodiment, cuparene is flowed through a
reactor comprising a catalytic composition with a
carrier gas (for example helium). A feedstock
comprising cuparene can be in the liquid or gaseous
phase. [0079] In an embodiment, cuparene is cracked in
a process provided herein by contacting the cuparene
with a large pore molecular sieve such as a b, L, or
Y-type zeolite. Because cuparene is a larger
hydrocarbon (Cl 5), a large pore molecular sieve may
provide for higher conversion of cracking a cuparene
molecule into smaller hydrocarbons. [0080] In some
embodiment, a process of cracking cuparene produces a
mixture comprising percentages by weight of greater
than 50% toluene, less than 2%benzene, less than 20%
xylene, and greater than 30% of a combination of
cyclohexanes and cyclopentanes. In another embodiment,
a process of cracking cuparene produces a mixture
comprising greater than 50, 60, or 70% toluene.
Toluene is a hydrocarbon with a high octane number,
and therefore, can be a valuable component of a fuel
composition, hi an embodiment, the cracked products of
cuparene are blended or added to a base fuel to
generate a fuel product. [0081] In an aspect, a
catalytic cracking process is disclosed for cracking
farnesene. Farnesene is a family of sesquiterpenes,
with three isoprene units. In an embodiment, farnesene
is cracked using a catalytic composition as described
herein. For example, farnesene can be cracking using a
12-ring zeolite catalyst, such as LZY-72. In an
embodiment, a feedstock comprising farnesene is
cracked. The feedstock can comprise more than 50, 60,
70, 80, or 90% farnesene by weight. A feedstock can
also comprise other molecules and hydrocarbons, such
as bisabolene and curcumene. In an embodiment,
farnesene is cracked under cracking conditions
comprising temperatures of about 200 to about 500 C.
For example, farnesene can be cracked around 350 C.
[0082] A process of cracking farnesene can comprise
producing a mixture comprising percentages by weight
of greater than 15% toluene and greater than 10%
paraffins. In an embodiment, the mixture comprises
percentages by weight of about 15% to about 20%
toluene and about 10% to about 15% paraffins, hi
another embodiment, the mixture comprises percentages
by weight of greater than 50% aromatic hydrocarbons.
In an embodiment, more than 50, 60, 70, 75, or 80% of
the mixture by weight from cracking farnesene can
comprise hydrocarbons with an octane number greater
than 90. A mixture can be used as a fuel product,
blended with a fuel product, or refined to generate a
fuel product. A high octane numbermixture or fuel
product can be used as fuel product, or for example,
as a fuel product for blending into a fossil fuel
based fuel. [0083] In another aspect, a catalytic
cracking process is described herein for cracking a
mixture comprising at least three sesquiterpenes, the
process comprising contacting under catalytic cracking
conditions a feedstock containing the mixture
comprising at least three sesquiterpenes with a
catalytic composition. A mixture of sesquiterpenes can
crack into a suitable array of hydrocarbons for
producing a fuel product or additive, such as jet
fuel, gasoline, or diesel. Also, by cracking a mixture
of sesquiterpenes, the diversity of the cracking
products may allow for the creation of a complete
fuel. In another embodiment, a process of cracking a
mixture containing all or mostly all of one type of
sesquiterpene can also be used to generate a complete
fuel. [0084] As an example, the mixture comprising at
least three sesquiterpenes can be ginger oil. Ginger
oil can comprise molecules including, but not limited
to, zingiberene, b- sesquiphellandrene, bisabolene,
farnesene, b-phelladrene, cineol, curcumene, and
citral. [0085] Ginger oil can be cracked by a process
comprising adding carbon dioxide to remove gingerol
from the ginger oil. A fully protonated catalyst such
as a 12-ring zeolite like LZY-72 can be used to
contact the ginger oil to initiate the cracking
process and the scission of carbon-carbon bonds of the
sesquiterpenes under catalytic cracking conditions.
[0086] In an embodiment of a process of cracking
ginger oil, the process produces a mixture comprising
percentages by weight of greater than 15% naphthenes,
greater than 20% paraffins, greater than 5% xylenes,
and greater than 5% toluene. Many of the paraffins of
the mixture can be branched paraffins which can have a
high octane number. The high octane number of many of
the components of ginger oil can be used to as a fuel
product such as gasoline or a gasoline additive.
[0087] In an aspect, a composition is disclosed herein
that comprises zingerone and percentages by weight of
greater than 15% naphthenes, greater than 20%
paraffins, greater than 5% xylenes, and greater than
5% toluene. Zingerone is a product of heating gingerol
and can be present in the composition in trace
amounts. [0088] In another aspect, a catalytic
cracking process for cracking a triterpene is
disclosed, the process comprising contacting under
catalytic cracking conditions a feedstock containing
the triterpene with a catalytic composition. A
triterpene is a C30 terpene comprising six isoprene
units. An non-limiting example of a triterpene for use
in a process is squalene. Squalene is a natural
organic compound originally obtained for commercial
purposes primarily from shark liver oil, though there
are botanic sources as well, including amaranthseed,
rice bran, wheat germ, and olives. Most higher
organisms produce squalene, including humans. Squalene
is a hydrocarbon and a triterpene. Squalene can also
be generated from a genetically modified organism in
which an organism that does not naturally produce
squalene is modified to produce squalene, or an
organism that naturally produces squalene is modified
to upregulate squalene. For example, an algal cell can
be transformed to produce an enzyme that produce
squalene through the MVA or MEP pathway and the
squalene produced from the algal cell can be cracked
using a process described herein. 



[0089] In an embodiment, a process of cracking
squalene can comprise contacting the squalene under
catalytic cracking conditions with a catalytic
composition, such as a protonated 12-ring zeolite.
[0090] In another example of cracking squalene, a
process of refining comprises cracking a feedstock
comprising squalene in a flow reactor; distilling the
cracking product; and obtaining a fuel product with an
octane rating between about 85 to l25. In an
embodiment, the octane rating of the fuel product is
greater than 90. Squalene can be cracked in any
suitable reactor as would be known to one skilled in
the art. In an example, squalene is cracked in a
tubular reactor comprising a pump that allows batches
of liquid to be fed to that reactor at a constant,
programmable rate. The pump can also allow for the
flow of carrier gas or other gases needed to be fed to
the reactor, such as helium and nitrogen. In the
example, the tubular reactor can be packed with a
catalytic composition and the feedstock to be cracked
is fed over the catalytic composition. The catalytic
cracking conditions in the reactor can be set to an
appropriate temperature as determined by the user, for
example, 300-500 C. Reaction products from the
cracking can be collected at the output of the
reactor, for example, by a condensation device.
Cracking products can then be identified as described
herein. In addition, fractionation, such as
distillation can be carried out to further refine the
cracking products. [0091] In yet another aspect, a
catalytic cracking process is disclosed herein for
cracking a diterpene, the process comprising
contacting under catalytic cracking conditions a
feedstock containing the diterpene with a catalytic
composition. A diterpene is a C20 terpene comprising
four isoprene unit. As a non-limiting example, phytol
can be present in the feedstock to be cracked. Phytol
is a natural terpene alcohol that is produced during
the break down of chlorophyll. Phytol can be extracted
from a plant organism for the cracking methods as
described herein. In an embodiment, an organism is
genetically modified to upregulate phytol production.
For example, an algal cell can be genetically modified
to upregulate phytol, the amount of chlorophyll in the
cell, and/or a breakdown of chlorophyll in the
cells.[0092] Phytol can be cracked catalytically using
a zeolite catalyst, such as a Y, L, or b-type zeolite.
In an embodiment, cracking phytol under a condition of
a temperature of about 350 C produces no measurable
quantity or less than 1% by weight benzene cracking
product. When producing a fuel product, such as
gasoline, it can be favorable to avoid the production
of benzene due to regulations. Analysis of phytol
cracking products can be performed as described
previously herein, such as by GC/MS. [0093] In an
embodiment, the process of cracking phytol comprises
producing a mixture comprising percentage by weight of
greater than 55% C5-C9 paraffins, wherein more than
70% by weight of the paraffins are mono-methyl
paraffins. In another embodiment the process comprises
producing a mixture comprising percentage by weight of
greater than 75% of components with an octane number
greater than 90. [0094] In an embodiment, a process of
cracking phytol further comprises extracting phytol
from an oil. For example, using an organic solvent to
extract phytol from an algal oil. [0095] A process for
cracking phytol can also comprise hydrocracking phytol
by contacting the phytol with a catalytic composition
and a hydrogen source under hydrocracking conditions.
For example, the catalytic composition can comprise an
nickel ion exchange zeolite catalyst, such as
Ni/LZY-72. Hydrocracking conditions can comprise
temperatures of 100-1000 C. In a further embodiment,
the temperatures are 200-500 C. In an example, phytol
is flowed through a pulse reactor in 25ul pulses with
hydrogen. [0096] In an aspect, a composition is
disclosed that comprises: a terpene and a catalytic
cracking composition. The composition can be utilized
to carry out a process or method described herein. For
example, the composition can be the reactants for
cracking the terpene into a composition or fuel
product. The composition can be brought to catalytic
cracking conditions, for example in a reactor, in
order for the composition to react and break the
terpene into light hydrocarbons. [0097] In an
embodiment, the terpene is selected from the group
consisting of the following: a monoterpene, a
sesquiterpene, a diterpene, a triterpene, a
tetraterpene, cuparene, farnesene, squalene,
zingerene, and carotene. The terpene can be any
terpene that is suitable for catalytic cracking into
smaller hydrocarbons, including those described
herein. [0098] In an aspect, a composition is
disclosed that comprises: oil extracted from algae and
a catalytic cracking composition hi other aspects,
compositions are disclosed that comprise: ginger oil
and a catalytic cracking composition, phytol and a
catalytic cracking composition, or squalene and a
catalytic cracking composition. Exemplary catalytic
cracking compositions include those described herein
without limitation. For example, the catalytic
crackingcomposition can be a molecular sieve. In
another example, the molecular sieve is a large pore
molecular sieve having a pore size greater than 6
Angstrom. A large pore molecular sieve can have a cage
diameter of 10-15 angstroms and/or be a a 12-ring
zeolite. Exemplary large pore molecular sieves include
without limitation b, L, or Y-type zeolites, such as
LZY-72, Valfor CP81 1BL-25, ELZ-L, or T-4546. In other
instance the molecular sieve is a 10-ring zeolite,
such as ZSM-5 zeolite. Biomass Feedstocks [0099] In
certain embodiments, biomass feedstocks suitable for
refining (for example, cracking) and methods of
converting the same into light or rearranged
hydrocarbons are described. Biomass feedstocks can
comprises hydrocarbons extracted from genetically
modified biological sources, such as algae and
bacteria. Typically, cracking of oil produces light or
re-arranged hydrocarbons produced are suitable as
fuels (for example, gasoline, diesel fuel or jet
fuel), fuel additives and petrochemicals for further
processing into plastics, resins, fibers, elastomers,
lubricants, gels and the like. [00100] More
specifically, certain biomass hydrocarbons are
selected as feedstock, which can undergo one or more
refining processes including cracking and alteration.
In certain embodiments, the biomass hydrocarbons are
broken down or cracked into smaller molecules of
hydrocarbons through scissions of carbon-carbon bonds.
In other embodiments, the biomass hydrocarbons are
altered (for example, by alkylation or isomerization)
to form hydrocarbons having certain structures, such
as branched hydrocarbons, hydrocarbons having high
octane numbers (for example, higher than 90), and so
forth. Advantageously, these biomass feedstocks can be
compatible with existing petroleum refining processes
and the light or rearranged hydrocarbons produced can
be further processed or distributed using existing
infrastructure for refining petroleum. [00101] hi some
instances biomass feedstocks are blended or mixed with
fossil fuel or petroleum based feedstocks before
refining. For example, a feedstock extracted from
algae can be blended with crude petroleum and then
contacted with a catalytic composition to
catalytically crack the mixture. Other methods of
refining, such as fractionation, can be performed
after a biomass feedstock is blended or mixed with a
petroleum based feedstock. In some instances, the
petroleum based feedstock has already been refined
before blending with a biomass feedstock. For example,
the petroleum based feedstock can be gasoline, diesel,
or jet fuel. In other instances, the petroleum based
feedstock is a mixture for fuel blending, for example,
a hydrocarbon mixture that when blended with another
hydrocarbon mixture can create a suitable fuel
product. The mixture for fuel blending or the biomass
feedstock or bothcan be suitable as a fuel product
before refining. In another instance, the mixture for
fuel blending or the biomass feedstock or neither is
suitable as a fuel product before refining. [00102] As
used herein, "biomass hydrocarbons" or "biomass
feedstocks" can refer to one or more organic compounds
obtained from a biological organism that was alive
within the last 50 years and comprise predominantly
carbon and hydrogen, and may optionally comprise
heteroatoms such as oxygen, nitrogen and sulfur.
Unlike fossil-based crude oil, which originated from
plant life up to 600 millions years ago, the
hydrocarbons described herein are derived from living
or recently living organisms. Such renewable
biological sources include naturally occurring
organisms as well as genetically modified organisms.
In certain embodiments, such organisms comprise algae
or bacteria. In some instances, the biomass
hydrocarbon has between about 5-80 carbons, 10-50
carbons, 10-40 carbons, 10-60 carbons, 15-40 carbons,
15-60 carbons, 20-40 carbons and so forth. In other
instances, the hydrocarbon has 5, 10, 15, 20, 25, 30,
35 or 40 carbons. The carbons of the hydrocarbon
molecule are connected via covalent single, double or
triple carbon-carbon bonds and are typically arranged
in linear, branched, cyclic configurations or a
combination thereof. [00103] In some instances,
biomass hydrocarbons take the form of terpenes,
isoprenoids, lipids, alkyl esters, alkaloids, and
phenyl propanoids. Terpene can refer to any terpenoid
or isoprenoid that include heteroatoms as well as pure
hydrocarbons. Biomass hydrocarbons described herein
can be used as feedstocks in industrial refineries.
Like the conventional feedstock, the biomass
hydrocarbons can be cracked or altered. In some
embodiments, the biomass hydrocarbons are broken down
into light hydrocarbons which refers to hydrocarbons
(as defined herein) having fewer carbons than the
hydrocarbon feedstock. A light hydrocarbon can be, for
example, a product of refined biomass feedstocks.
Typically, a light hydrocarbon has fewer than 20
carbons, or fewer than 15 carbons, or fewer than 12
carbons, or fewer than 10 carbons, or fewer than 8
carbons. The light hydrocarbons can be cyclic or
acyclic, saturated or unsaturated. Saturated acyclic
hydrocarbons are also referred to as paraffin.
Saturated cyclic hydrocarbons are also referred to as
naphthenes. Unsaturated hydrocarbons are also referred
to as olefins. Unsaturated hydrocarbons can also be
aromatic. Exemplary light hydrocarbons include,
without limitation, C2-C20 olefins, C6-C20 aromatic
hydrocarbons (for example, benzene, toluene, xylenes,
naphthalene and the like), C6-C20 naphthenes (for
example, substituted or unsubstituted cyclopentanes
and cyclohexanes), Cl- C20 paraffins and the like.
Depending on the distillation ranges, the light
hydrocarbons may comprise fractions suitable as
gasoline products, diesel, kerosene, or jet
fuel.[00104] Certain chemical structural
characteristics can afford particular advantages in
the cracking processes. For example, the biomass
hydrocarbons may have specifically substituted and
positioned carbon centers that can be converted into
reactive intermediates under cracking conditions (for
example, catalytic, steam, thermal or hydrocracking).
These reactive intermediates facilitate further
carbon-carbon bond scissions and produce light
hydrocarbons. Branched hydrocarbons are particularly
susceptible to carbon-carbon scission due to effects
such as electrical stabilization and steric
acceleration, both of which are associated with
substituted carbon centers. See, for example, Ruchardt
C. et al. Angew. Chem. Ed. Engl. 18, 429-440 (1980).
[00105] In other embodiments, the biomass feedstock
comprises lower-order isoprenoids, which are terpenes
having fewer than six isoprene residues. These
lower-order isoprenoids are particularly useful for
producing highly branched hydrocarbon structures which
are suitable as high-octane fuels or fuel additives.
[00106] In particular, lower-order isoprenoids include
monoterpenes (Cl 0 terpenes having two isoprene
residues), sesquiterpenes (Cl 5 terpenes having three
isoprene residues), diterpenes (C20 terpenes having
four isoprene residues) and triterpenes (C30 terpenes
having six isoprene residues). The isoprene residues
are arranged in linear or cyclic configurations.
Specific examples of the lower-order terpenes or
isoprenoids include, but are not limited to, limonene,
cuparene, myrcene, farnesene, geraniol, terpineol,
farnesol, phytol, squalene and the like. [00107] These
lower-order isoprenoids comprise branched carbon
centers (including both cyclic and acyclic carbons).
They are therefore suitable precursors for producing
hydrocarbons in the gasoline range fractions with high
octane ratings and other desirable properties through
cracking, isomerization, and/or other known processes
typically employed in refinery operations. [00108] As
used herein, "octane rating" refers to knock
resistance (anti-knock rating) of a spark ignition
engine fuel as compared to a mixture of isooctane
(2,2,4-trimethylpentane), a highly branched C8
hydrocarbon and n-heptane, a straight chain Cl
hydrocarbon. More specifically, in internal combustion
engines, a mixture of gasoline and air is compressed
before ignition. The compressed mixture has a tendency
to ignite prematurely rather than burning smoothly.
Premature ignition (or self-ignition) creates a knock,
characterized by a rattling or pinging sound in one or
more cylinders. The knock results in a loss of peak
power. Typically, highly branched hydrocarbons have
better resistance to knock than linear
hydrocarbons.[00109] An octane number is therefore a
quantitative measure of gasoline's resistance to
knock. The octane number is determined by comparing
the characteristics of a gasoline to isooctane (octane
number 100, minimal knock) and heptane (octane number
0, considerable 



knock). A linear combination of these two components
is typically used to measure the octane number of a
particular gasoline. Thus, a gasoline with an octane
number of 9 1 has the same knock as a mixture of 91%
isooctane and 9% of heptane. As used herein, high
octane rating refers to an octane number of 80 or
higher, more typically, to an octane number of 90 or
higher. [00110] Base gasoline blend stocks or straight
run gasoline typically have octane number between 60
and 70. Branched hydrocarbons, including substituted
naphthenes (for example, methylcyclopentane,
methylcyclohexane), and aromatics have higher than 90
(90+) octane numbers. Hydrocarbons having 90+ octane
numbers can be used as additives to a fuel to boost
its octane number. These additives are also referred
to as "octane boosters". Typical octane boosters
include, for example, aromatic hydrocarbons of high
octane numbers, such as toluene (octane number 124),
alcohols such as ethanol (octane number 115) and
methanol (octane number 113), and organomatallics such
as tetraethyl lead, and so forth. [00111] Under
suitable cracking conditions, the lower-order
isoprenoids can be broken down to shorter (for
example, fewer than C12) and branched hydrocarbons.
The fractions suitable as high-octane fuels include,
for example, branched C8 hydrocarbons, cyclic C5-C7
hydrocarbons, and aromatic hydrocarbons (for example,
toluene and xylenes). The desired fractions can be
isolated by distillation. [00112] Apart from the
isoprenoids, other classes of biomass hydrocarbons
include lipids and nitrogen-containing hydrocarbons.
Lipids generally refer to fatty acids, their
derivatives and sterols. A free fatty acid typically
comprises a long hydrocarbon chain terminated with a
carboxylic acid. The hydrocarbon chain can be either
saturated or unsaturated and typically ranges in
length from 12 to 24 carbons (for example, C12-C24). A
fatty acid derivative includes esters of a fatty acid.
For example, glycerides (for example, vegetable oil)
are lipids possessing a glycerol (propan-l,2,3-triol)
core structure with one or more fatty acid groups.
Additional fatty acid derivatives include alkyl
esters, which are transesterification products of
vegetable oils. Typically, methanol can be used to
produce methyl esters of fatty acids. Alkaloids and
phenyl propanoids are plant-derived
nitrogen-containing hydrocarbons. They are typically
amino acid derivatives and are constructed based on
cellular metabolic pathways. [00113] As discussed, the
biomass hydrocarbons are derived from renewable
biological sources, which include naturally occurring
organisms and genetically modified
organisms.Hydrocarbons are present in many naturally
occurring organisms (eukaryotic or prokaryotic), which
include plant matter, fungi, algae, bacteria, and the
like. The biomass hydrocarbons described herein can be
obtained from both living organisms and recently
living organisms (biomass). [00114] In particular, the
polyenes described herein are present as organic
pigments that are naturally occurring in plants and
some other photosynthetic organisms like algae, some
types of fungus and some bacteria. Carotenoids such as
a-carotene, b-carotene (b,b-carotene), and lycopene
(g,g-carotene) are known isoprenoids. [00115] Algae
represent a source for biomass particularly suitable
for biological hydrocarbon production because algae
rely on photosynthesis for energy production and can
accumulate a high content of carotenes (for example,
marine algae Dunaliella salina). Unlike crops, algae
cultivation does not take up arable land and does not
require an irrigation system. Moreover, algae are
diverse microorganisms that can be genetically
manipulated to increase the biosynthetic production of
carotenes. [00116] Carotenoids (for example,
carotenes) can be produced from algae grown in
harvesting ponds. Depending on the types of algae, the
ponds may contain fresh or brine water. The algae are
harvested and dried. Carotenoids can be extracted from
the dried algae using an organic solvent. Typically, a
low boiling-point solvent is used. The solvent can be
recycled (for example, via distillation and
condensation) when the carotene extract is
concentrated. Exemplary solvents include, but are not
limited to, hexane, carbon disulfide, petroleum ether,
acetone and mixtures thereof. [00117] In an aspect, a
catalytic cracking process is provided for cracking
oil from algae, the process comprising: extracting oil
from algae to form a feedstock comprising a terpene;
contacting under catalytic cracking conditions the
feedstock containing the sesquiterpene with a
catalytic composition. In an embodiment, the oil from
algae comprises a terpene, for example, a naturally
occurring terpene such as a carotenoid. In another
embodiment, the oil from algae comprises a
sesquiterpene, such as cuparene or farnesene. [00118]
Algal oil can be provided to a process in a variety
ways. For example, algae may be harvested and dried
and then the oil extracted from lysed or destroyed
cells. The cells can be chemically lysed or mechanical
force can be used to destroy cell walls. Oil can be
extracted from the algae using an organic solvent such
as hexane. Other methods of extracting oil from algae
can also be used with a process of the invention as
would be obvious to one skilled in the art.[00119] In
an embodiment, the oil from algae comprises
hydrocarbons and terpenes of longer chain length ClO
and greater that naturally occur in algae. Different
species of algae may generate oil with different
hydrocarbon mixtures. In some embodiments, the oil
from algae is a mixture of oils from more than one
species of algae. In some embodiments, the oil from
algae comprises an increased amount of terpenes. In
some embodiments, the oil from algae comprises
terpenes not naturally produced by the algae. [00120]
In some instances, a process herein also comprises
mixing the oil from algae with a fuel component prior
to contacting the feedstock. For example, a blend of
algal oil and crude petroleum can be provided in a
process as described herein and contacted with a
catalytic composition. In another example, a blend of
algal oil and a refined fuel such as gasoline can
contacted with a catalytic composition. For example
without limitation, the fuel component is selected
from the group consisting of the following: fossil
fuel, petroleum, a mixture for fuel blending,
gasoline, diesel, jet fuel, and any combination
thereof. [00121] In an embodiment, a process comprises
genetically modifying the algae prior to the
extracting oil. For example, the chloroplast or
nucleus of the algae may be transformed to generate
enzymes that facilitate the production of terpenes.
The terpenes can be naturally occurring in the algae
or heterologous to the algae hi an embodiment, the
algae are genetically modified to upregulate the
production of a terpene that naturally occurs in the
algae. In this manner, the oil from the algae
comprises a greater amount of terpenes that are
capable of being cracked under catalytic cracking
conditions in a process such as a process described
herein. In another embodiment, the algae are
genetically modified to upregulate the production of a
terpene that does not naturally occur in the algae.
For example, a gene encoding an enzyme that generates
a terpene through the MVA or MEP pathway can be
inserted into the chloroplast or nucleus of the algae.
The enzyme is configured to generate a terpene that
does not naturally occur in the organism. In this way,
the organism can be designed to comprise a measurable
amount of a large hydrocarbon that may be useful in
the production of a fuel product. For example, the
algae can be genetically modified to produce increased
amounts of a sesquiterpene as compared to not
genetically modifying the algae. A genetic
transformation encoding an enzyme that generates a
sesquiterpene can be inserted into the algae. In an
embodiment, the sesquiterpene is cuparene. In another
embodiment, the sesquiterpene is farnesene. In yet
another embodiment, the sesquiterpene is zingiberene.
An algae can also be genetically modified to generate
any size terpene, for example a monoterpene, a
diterpene, a triterpene and the like. Examples of
terpenes that can be generated from genetically
modified algae include, but are not limited to, phytol
and squalene.[00122] In an aspect, a catalytic
cracking process is disclosed herein for cracking oil
from algae, the process comprising: extracting oil
from algae to form a feedstock comprising a cuparene;
and contacting under catalytic cracking conditions the
feedstock containing the cuparene with a catalytic
composition. In an embodiment, the process further
comprises genetically modifying the algae prior to the
extracting oil. For example, genetically modifying the
algae can produce increased amounts of cuparene
compared to not genetically modifying the algae.
[00123] Cracking of oil from algae can be performed
using any of the catalytic compositions as described
herein. In an embodiment, algal oil is cracked using a
zeolite b catalyst. A reactor for cracking can be fed
by a pump or a syringe pump in order to flow the oil
through the catalytic composition. In an embodiment,
the oil is injected into the reactor with a carrier
gas, such as helium. The cracking products of the
reaction can be identified by any suitable method as
known in the art, including but not limited to gas or
liquid chromatography and mass spectrometry. [00124]
In an embodiment, crude oil from algae can be refined
before a cracking process is carried out. For example,
the crude algal oil can be subjected to an RBD
(refining bleaching deodorizing) process. In another
example, the crude algal oil can be fractionated into
desired components, such as by distillation.
Fractionation can be predetermined by a user or can be
set to fractionate the crude algal oil into
hydrocarbon components of desired sizes, compositions,
or shapes. [00125] In an aspect, a composition is
described comprising a triglyceride and less than 25%
paraffins by weight, wherein the paraffins comprises
Cl 1-Cl 3 paraffins. The algal enzyme or fragment
thereof can be present in the composition in a trace
amount or in a significant amount. The composition can
be similar to a fuel product such as jet fuel,
gasoline, or diesel. In an embodiment, the composition
is derived from carrying out a process comprising
cracking oil from algae. In an embodiment, the
composition comprises less paraffins than fossil fuel
based gasoline. The composition can also comprise
paraffins of a larger size than are present in fossil
fuel based gasoline, for example Cl 1 to Cl 3
paraffins. [00126] In an embodiment, the composition
is derived from carrying out a process comprising
cracking oil from algae, wherein the composition
comprises light alkanes. In an embodiment, the light
alkanes comprise a gasoline fraction. [00127] A
composition described herein can be generated from a
cracking process, wherein a biomass material
comprising terpenes has been cracked. For example, the
flow reactor asdescribed above can be used to carry
out a process to generate the composition.
Triglycerides are present in photosynthetic organisms
and include fatty acids. [00128] The biomass
feedstocks are suitable for refining on an industrial
scale as well as laboratory scale. Conventionally, the
refining processes convert crude oil containing a wide
range of hydrocarbons, into fractions of useful
substances, which are typically hydrocarbons
characterized with specific length or structures. The
fractions can be obtained by direct distillation or,
more efficiently, by cracking longer hydrocarbons into
shorter ones. In addition to physically transforming
the crude oil, certain refining processes can also
chemically transform cracked hydrocarbons to more
desirable structures. For example, alkylation process
can provide highly branched hydrocarbons suitable as
high-octane fuels or fuel additives. See, for example,
Petroleum Refining Technology and Economics, Gary J.
et ah, Taylor & Francis Group (5th edition). [00129]
The biomass feedstocks can be refined in a similar
manner as crude oil. Thus, certain embodiments
describe a process of converting a biomass feedstock
to one or more light hydrocarbons. Advantageously,
depending on the desired specification of the light
hydrocarbon fractions, biological hydrocarbons having
specific structural characteristics can be selected
and obtained from natural sources or from genetically
modified organisms through rational design and
manipulation of the biosynthetic pathway. For example,
high octane gasoline products typically comprise about
3 to 12 carbons and are molecules which are more
"compact" than linear paraffins afforded by structural
proprieties such as carbon skeletal branching (for
example, branched hydrocarbons), naphenic character
(for example, cyclic non-aromatic structures) or
aromatic characters. Based on these specifications,
biological hydrocarbons having appropriate carbon
skeletal properties (for example, carotenoids) can be
selected to produce the desired fractions through, for
example, catalytic cracking. [00130] Generally
speaking, the refining processes include cracking (for
example, catalytic cracking, thermal cracking, steam
cracking and hydrocracking) as well as isomerization,
alteration or chemical conversion. [00131] One
embodiment provides a composition suitable for a
catalytic cracking process, comprising a biomass
feedstock and a cracking catalyst. In a particular
embodiment, the biomass feedstock comprises at least
one hydrocarbon having a polyene chain structure, the
polyene chain structure comprising one or more
quaternary olefinic carbons, hi some instances, the
biomass feedstock is exclusively of algal origin. In
other instances, the biomass feedstock comprises
triglycerides from algae.[00132] Fluid catalytic
cracking (FCC) is one of the most widely used refinery
processes for 



converting heavy hydrocarbons into more valuable
gasoline and lighter products. Figure 1 shows
schematically a standard FCC process suitable for
cracking biomass feedstock. The feedstock is heated
and sprayed into the base of a "riser" (a vertical or
upward sloped pipe), where the pre-heated feedstock
contacts fluidized zeolite catalyst at about 1230 to
1400 0F (665 to 760 0C). The hot catalyst vaporizes
the feedstock and catalyzes the cracking reactions
that break down the high molecular weight hydrocarbons
into lighter components including LPG (liquid
petroleum gas such as C3-C4 olefins), and acyclic or
cyclic hydrocarbons (C5- C12) . The
catalyst-hydrocarbon mixture flows upward through the
riser for just a few seconds and then the mixture is
separated via cyclones. The catalyst-free hydrocarbons
are routed to a fractioner for separating shorter
hydrocarbon products (for example, C -C12
hydrocarbons) from the heavier fuels. The shorter
hydrocarbons, many of which are suitable as gasoline
products, are more volatile than the heavier fuels.
The heavier fuels include diesels and jet fuels that
fractionally distill between 200 C to 3500C at
atmospheric pressure. [00133] During the trip up the
riser, the cracking catalyst is "spent" by reactions
which deposit coke on the catalyst and greatly reduce
activity and selectivity. The process of coke
formation is important to the overall process because
it increases the H/C (hydrogen to carbon) ratio of the
gaseous products to a range more suitable for
gasoline. The "spent" catalyst is disengaged from the
cracked hydrocarbon vapors and sent to a stripper (not
shown) where it is contacted with steam to remove
hydrocarbons remaining in the catalyst pores. The
"spent" catalyst then flows into a fluidized-bed
regenerator where air (or in some cases air plus
oxygen) is used to burn off the coke to restore
catalyst activity and also provide the necessary heat
for the next reaction cycle. The "regenerated"
catalyst then flows to the base of the riser,
repeating the cycle. [00134] A similar type of
cracking process is also envisaged for the
biologically derived feedstocks, though in certain
embodiments, milder condition are employed with the
primary purpose being to reduce the overall molecular
weight without necessarily removing carbon or
increasing the H/C ratio of the product. A process
known as thermofor catalytic cracking may be used.
[00135] hi one embodiment, the biomass feedstock
comprises at least one hydrocarbon compound. In
certain embodiments, carbenium ions are formed due to
the action of the catalyst on the biologically derived
feedstock, which is believed to induce carbon-carbon
bond rupture in a b position of the carbenium ion (for
example, b-scission). In otherembodiments, an alkoxide
type of intermediate can be formed at the quaternary
olefinic carbon, which will also lead to b-scission.
[00136] A further embodiment provides a method for
cracking hydrocarbons comprising contacting a biomass
feedstock with a cracking catalyst under a catalytic
cracking condition, the biomass feedstock including at
least one hydrocarbon having a polyene structure, the
polyene structure comprising one or more quaternary
olefinic carbons. [00137] Scheme VI shows the cracking
of b-carotene (3, 7, 12, 16-tetramethyl-l,18-
bis(2,6,6-trimethyl-l -cyclohexenyl)-octadeca-l
,3,5,7,9, 11,13,1 5,17-nonene) from a biological
source. As shown, b-carotene is contacted with a
zeolite catalyst (Z), whereby a quaternary olefinic
carbon is converted to a carbenium ion. The carbenium
intermediate undergoes C-C bond rupture at the
b-position of the carbenium ion. A light olefin (1):
3-methyl-l-bis(2,6,6-
trimethyl-l-cyclohexenyl)-l-butene is produced.
Further cracking produces light olefin (2):
3,8-dimethyl-l,3,5,7,9-pentadecene, which may undergo
a further cracking process. Other lighter terpenes,
for example, monoterpenes such as myrcene (3), may
also be produced upon cracking and possible
rearrangement.Scheme VI (1) Further Cracking (3)
[00138] The light olefins produced can be used
directly as fuel additives through blending or
reforming. They can also be further processed to
produce a number of gasoline products. The light
olefins can also be used directly in petrochemical
processes. [00139] In another embodiment, the biomass
feedstock comprises at least one lower-order
isoprenoid, such as a monoterpene and a sesquiterpene.
[00140] In other embodiments, the biomass feedstocks
are subjected to hydrocracking to produce light
alkanes. The hydrocracking process produces saturated
and shorter alkanes. Typically, the cracking process
takes place in the presence of an elevated partial
pressure ofhydrogen gas. Hydrocracking is normally
facilitated by a bifunctional catalyst that is capable
of rearranging and breaking hydrocarbon chains as well
as adding hydrogen to aromatics and olefins to produce
naphthenes and alkanes. [00141] In other embodiments,
the biomass feedstocks are subjected to thermal
cracking to produce light olefins. Thermal cracking
takes place at elevated temperature (about 800C) and
pressures (about 70OkPa). The thermal energy typically
causes homolytic fission of carboncarbon bonds and
produces smaller olefins. Because homolytic fission
generates radicals, many chemical reactions can take
place during thermal cracking, including addition or
elimination reactions. [00142] In other embodiments,
the biomass feedstocks are subjected to steam cracking
to produce light olefins. Steam cracking can be
carried out by diluting a biomass feedstock with steam
and briefly heated in a furnace (at about 85O0C). The
products produced in the reaction depend on the
composition of the feed, the hydrocarbon to steam
ratio and on the cracking temperature and furnace
residence time. Typically, light olefins are produced.
[00143] The biomass hydrocarbons described herein can
be cracked into lighter hydrocarbons in the presence
of one or more zeolite catalysts. As shown in the
Examples, the cracking processes typically result in
temperature-dependent product distributions. Further,
depending on the structure of the hydrocarbon being
cracked, the product distribution can favor light
hydrocarbons of high octane numbers. Additionally, the
type of catalyst plays an important role in
determining the nature and distribution of the cracked
products. [00144] As described, lower order terpenes
(for example, cuparene, farnesene, ginger oil, phytol,
and squalene) can be subjected to catalytic cracking
conditions. The cracking products typically include
paraffins (for example, C4-C9), naphthenes (for
example, C5-C9), aromatics (for example, benzene,
toluene, xylene, naphthalene). Among the cracking
products, hydrocarbons with branched carbon centers
such as branched paraffins, naphthenes and aromatics
tend to be associated with high octane numbers (for
example, higher than 91). [00145] In certain
embodiments, cracking products having high octane
numbers are produced at over 60% yield at temperatures
ranging from 200 0C to 500 0C. Depending on the
desirable products, an optimal temperature range can
be empirically established at which, products of high
octane numbers (for example, aromatics other than
benzene, naphthenes) are maximized and products of low
octane numbers (for example, linear paraffins) are
minimized. Typically, the temperatures may range from
200 0C to 350 0C, or 350 0C to 450 0C. [00146] The
cracking products are thus produced in high yield and
are of desirable and/or diverse structural
characteristics, which allow for them to be used as
fuel, fuel additives or foruse directly as
petrochemicals. Accordingly, the biomass hydrocarbons
described herein are suitable for refining into useful
substances, and can be used to replace or supplement
fossil fuel in refining processes. [00147] In an
aspect, a method for making a fuel product is
disclosed herein that comprises: obtaining a feedstock
from a genetically modified non-vascular
photosynthetic organism; and contacting under
catalytic cracking conditions the feedstock with a
catalytic composition thereby making a fuel product,
wherein the catalytic composition comprises a large
pore molecular sieve having a pore size greater than 6
Angstrom. For example, the feedstock can be a
genetically-modified algae. The algae can be
genetically-modified in a variety of ways including
those that upregulate the production of a terpene. In
an embodiment, genetic modification allows the
organism to generate a hydrocarbon or terpene that
does not naturally occur in the organism. Catalytic
cracking conditions can be conditions as described
herein. For example, the cracking can occur at a
temperature up to 420 0C. The catalytic composition in
contact with the genetically modified non-vascular
photosynthetic organisms can also be any catalytic
composition as described herein or a composition that
would be obvious or anticipated for use under
catalytic cracking conditions as would be known to one
skilled in the art. In some instances, a large pore
molecular sieve is a 12 ring zeolite. [00148] A fuel
product produced from a method or process as described
herein can have an octane number between about 85 and
125. A fuel product can also an octane number of
greater than 90. [00149] In some instances, a process
or method can further comprises adding a fuel
component to the fuel product, wherein the fuel
component is a blending fuel, such as ethanol, jet
fuel, diesel, biodiesel, or gasoline. For example, the
fuel product can be about 5-95% of a mixture
comprising the fuel product and the fuel component. In
another embodiment, a fuel additive, such as MTBE,
detergents, and oxidizers can be added to the fuel
product. Compositions and Products [00150] Provided
herein are compositions and methods for creating
products from terpenes and creating product from
terpenes from biomass. Examples of products include,
but are not limited to, fuel products, fragrance
products, and insecticide products. A product can be
any substance that releases molecularly stored energy.
In an embodiment, a product is organic molecules. In
another embodiment, a product is a hydrocarbon. In
some instances a product does not include hydrogen. In
some instances a product does not include oxygen. In
some instances, a product does not include antibodies
or proteins. In some instances a product does not
include fatty acids.[00151] Examples of fuel products
include petrochemical products and their precursors
and all other substances that may be useful in the
petrochemical industry. Fuel products include, for
example, petroleum products, and precursors of
petroleum, as well as petrochemicals and precursors
thereof. The fuel product may be used for generating
substances, or materials, useful in the petrochemical
industry, including petroleum products and
petrochemicals. The fuel or fuel products may be used
in a combustor such as a boiler, kiln, dryer or
furnace. Other examples of combustors are internal
combustion engines such as vehicle engines or
generators, including gasoline engines, diesel
engines, jet engines, and others. Fuel products may
also be used to produce plastics, resins, fibers,
elastomers, lubricants, and gels. [00152] Examples of
products contemplated herein include hydrocarbon
products and hydrocarbon derivative products that can
consist of hydrogen molecules and carbon molecules and
sometimes one or more heteroatoms, wherein the
heteroatom is any atom that is not hydrogen or carbon.
Examples of heteroatoms include, but are not limited
to, nitrogen, oxygen, sulfur, and phosphorus. Some
products are hydrocarbon-rich, wherein at least 50%,
60%, 70%, 80%, 90%, 95, 99% of the product by weight
is made up carbon and hydrogen. In an embodiment, a
product is 100% by weight carbon and hydrogen atoms.
[00153] Fuel products, such as hydrocarbons, may be
precursors or products conventionally derived from
crude oil, or petroleum, such as, but not limited to,
liquid petroleum gas, naptha (ligroin), gasoline,
kerosene, diesel, lubricating oil, heavy gas, coke,
asphalt, tar, and waxes. For example, fuel products
may include small alkanes (for example, 1 to
approximately 4 carbons) such as methane, ethane,
propane, or butane, which may be used for heating
(such as in cooking) or making plastics. Fuel products
may also include molecules with a carbon backbone of
approximately 5 to approximately 9 carbon atoms, such
as naptha or ligroin, or their precursors. Other fuel
products may be about 5 to about 12 carbon atoms or
cycloalkanes used as gasoline or motor fuel. Molecules
and aromatics of approximately 10 to approximately 18
carbons, such as kerosene, or its precursors, may also
be fuel products. Fuel products may also include
molecules, or their precursors, with more than 12
carbons, such as used for lubricating oil. Other fuel
products include heavy gas or fuel oil, or their
precursors, typically containing alkanes,
cycloalkanes, and aromatics of approximately 20 to
approximately 70 carbons. Fuel products also includes
other residuals from crude oil, such as coke, asphalt,
tar, and waxes, generally containing multiple rings
with about 70 or more carbons, and their precursors.
[00154] The various fuel products may be further
refined to a final product for an end user by a number
of processes. Refining can occur by fractional
distillation. For example, a mixture offuel products,
such as a mix of different hydrocarbons with different
various chain lengths may be separated into various
components by fractional distillation. [00155] The
fuel products may also be refined by combining them in
a unification step, for example by using catalysts,
such as platinum or a platinum-rhenium mix. The
unification process typically produces hydrogen gas, a
by-product which may be used in cracking. 



[00156] The fuel products may also be refined by
altering or rearranging or restructuring hydrocarbons
into smaller molecules. There are a number of chemical
reactions that occur in the catalytic reforming
process of which are known to one of ordinary skill in
the arts. Generally, catalytic reforming is performed
in the presence of a catalyst and high partial
pressure of hydrogen. One common process is
alkylation. For example, propylene and butylene are
mixed with a catalyst such as hydrofluoric acid or
sulfuric acid. [00157] The fuel products may also be
blended or combined into mixtures to obtain an end
product. For example, the fuel products may be blended
to form gasoline of various grades, gasoline with or
without additives, lubricating oils of various weights
and grades, kerosene of various grades, jet fuel,
diesel fuel, heating oil, and chemicals for making
plastics and other polymers. Compositions of the fuel
products described herein may be combined or blended
with fuel products produced by other means. [00158]
The products produced may be naturally, or
non-naturally (as a result of the transformation)
produced by the host cell and organism(s) transformed.
The product may also be a novel molecule not present
in nature. For example, products naturally produced in
algae may be terpenes such as carotenoids (for example
beta-carotene). Examples of products not naturally
produced by algae may include a non-native terpene
such as limonene. [00159] In some instances, a product
(such as a fuel product) contemplated herein comprises
one or more carbons derived from an inorganic carbon
source. In an embodiment, at least 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, 95%, or 99% of the carbons of
a product as described herein are derived from an
inorganic carbon source. Examples of inorganic carbon
sources include, but are not limited to, carbon
dioxide, carbonate, bicarbonate, and carbonic acid.
The product can be an organic molecule with carbons
from an inorganic carbon source that were fixed during
photosynthesis. [00160] A product herein can be
described by its Carbon Isotope Distribution (CID). At
the molecular level, CID is the statistical likelihood
of a single carbon atom within a molecule to be one of
the naturally occurring carbon isotopes (for example,
12C, 13C, or 14C). At the bulk level of a product, CID
may be the relative abundance of naturally occurring
carbon isotopes (for example, 12C, 13C, or 14C) in a
compound containing at least one carbon atom. While it
isnoted that CID of each fossil fuel may differ based
on its source, CID(fos) (for example, CID of carbon in
a fossil fuel, for example, petroleum, natural gas,
and coal) is distinguishable from CID(atm) (for
example, the CID of carbon in current atmospheric
carbon dioxide). Additionally, CID(photo-atm) refers
to the CID of a carbon-based compound made by
photosynthesis in recent history where the source of
inorganic carbon was carbon dioxide in the atmosphere.
CID(photo-fos) refers to the CID of a carbon based
compound made by photosynthesis in recent history
where the source of substantially all of the inorganic
carbon was carbon dioxide produced by the burning of
fossil fuels (for example, coal, natural gas, and/or
petroleum). [00161] The exact distribution is also a
characteristic of 1) the type of photosynthetic
organism that produced the molecule and 2) the source
of inorganic carbon. These isotope distributions can
be used to define the composition of
photosynthetically-derived fuel products. [00162]
Carbon isotopes are unevenly distributed among and
within different compounds and the isotopic
distribution can reveal information about the
physical, chemical, and metabolic processes involved
in carbon transformations. The overall abundance of C
relative to C in photosynthetic organism tissue is
commonly less than in the carbon of atmospheric carbon
dioxide, indicating that carbon isotope discrimination
occurs in the incorporation of carbon dioxide into
photosynthetic biomass. [00163] Some fuel products can
be produced from biomass, sometimes after refining,
will be identical to existing petrochemicals, for
example same structure. Some of the fuel products may
not be the same as existing petrochemicals. In an
embodiment, a fuel product or composition is identical
to an existing petrochemical, except for the carbon
isotope distribution. For example, it is believed no
fossil fuel petrochemicals have a d13C distribution of
less than -32%o, whereas fuel products as described
herein can have a d C distribution of less than -32%o,
-35%o, -4O%o, -45%o, -5O%o, -55%o, or -6O%o. In
another embodiment, a fuel product or composition is
similar but not the same as an existing fossil fuel
petrochemical and has a d1 C distribution of less than
-32%o, -35%o, -40%o, -45%o, -50%, -55%o, or -60%o.
However, although a molecule may not exist in
conventional petrochemicals or refining, it may still
be useful in these industries. For example, a
hydrocarbon can be produced that is in the boiling
point range of gasoline, and that could be used as
gasoline or an additive, even though the hydrocarbon
does not normally occur in gasoline. A fuel product
can be a composition comprising: hydrogen and carbon
molecules, wherein the hydrogen and carbon molecules
are at least 80% of the atomic weight of the
composition, and wherein the d13Cdistribution of the
composition is less than -32%o. For some fuel products
described herein, the hydrogen and carbon molecules
are at least 90% of the atomic weight of the
composition. For example, a biodiesel or fatty acid
methyl ester (which have less than 90% hydrogen and
carbon molecules by weight) may not be part of the
composition. In still other compositions, the hydrogen
and carbon molecules are at least 95 or 99% of the
atomic weight of the composition. In yet other
compositions, the hydrogen and carbon molecules are
100% of the atomic weight of the composition. In some
instances, the composition is a liquid. In other
instances, the composition is a fuel additive or a
fuel product. [00164] Also described herein is a fuel
product comprising a composition comprising hydrogen
and carbon molecules, wherein the hydrogen and carbon
molecules are at least 80% of the atomic weight of the
composition, and wherein the 13C distribution of the
composition is less than -32%o and a fuel component.
In some embodiments, the dB C distribution of the
composition is less than about -35%o, -40%o, -45%o,
-50%o, -55%o, or -60%o. In some instances, the fuel
component is a blending fuel which may be fossil fuel,
gasoline, diesel, ethanol, jet fuel, or any
combination thereof. In still other instances, the
blending fuel has a d C distribution of greater than
-32%o. For some fuel products described herein, the
fuel component is a fuel additive which may be MTBE,
an anti-oxidant, an antistatic agent, a corrosion
inhibitor, and any combination thereof. A fuel product
as described herein may be a product generated by
blending a fuel product as described and a fuel
component hi some instances, the fuel product has a
613C distribution of greater than -32%o. In other
instances, the fuel product has a d C distribution of
less than -32%o. For example, a composition extracted
from an organism can be blended with a fuel component
prior to refining (for example, cracking) in order to
generate a fuel product as described herein. A fuel
component, as described, can be a fossil fuel, or a
mixing blend for generating a fuel product. For
example, a mixture for fuel blending may be a
hydrocarbon mixture that is suitable for blending with
another hydrocarbon mixture to generate a fuel
product. For example, a mixture of light alkanes may
not have a certain octane number to be suitable for a
type of fuel, however, it can be blended with a high
octane mixture to generate a fuel product. In an
example, a composition with a d13C distribution of
less than -32%o is blended with a hydrocarbon mixture
for fuel blending to create a fuel product. In some
instances, the composition or fuel component alone are
not suitable as a fuel product, however, when
combined, they comprise a fuel product. In other
instances, either the composition or the fuel
component or both individual are suitable as a fuel
product. In yet other instances, the fuel component is
an existing petroleum product, such as gasoline or jet
fuel. In yet other instances, the fuelcomponent is
derived from a renewable resource, such as bioethanol,
biodiesel, biogasoline, and the like. [00165] The
biomass feedstocks are suitable for producing
high-octane hydrocarbon products. Thus, one embodiment
describes a method of forming a fuel product
comprising: forming one or more light hydrocarbons
having 4 to 12 carbons having an Octane number of 80
or higher by cracking a biomass feedstock, and
blending the one or more light hydrocarbons with the
Octane number of 80 or higher with a hydrocarbon
having an Octane number of 80 or less. Typically, the
hydrocarbons having an Octane number of 80 or less are
fossil fuels derived from refining crude oil. In a
particular embodiment, the biomass feedstock includes
at least one hydrocarbon having a polyene structure,
the polyene structure comprising one or more
quaternary olefmic carbons. In another embodiment, the
biomass feedstock includes at least one lower-order
isoprenoid, as defined herein. [00166] The biomass
feedstock can be modified or tagged to afford
verifiable characteristics that are preserved in the
cracked or altered light hydrocarbon products, such
that the light hydrocarbon products can be identified
or traced back as to its original feedstock. For
example, carbon isotopes can be introduced into a
biomass hydrocarbon in the course of its biosynthesis.
The carbon isotopes serve as markers in the
hydrocarbon feedstocks produced. The tagged
hydrocarbon feedstocks can be subjected to the
refining processes described herein to produce light
hydrocarbon products tagged with carbon isotopes. The
isotopes allows for the identification of the tagged
products, either alone or in combination with other
untagged products, such that the tagged products can
be traced back to their biomass feedstocks. Biomass
Hydrocarbon Production [00167] Any of the products
described herein can be prepared by transforming an
organism to cause the production by such organism of
the product. The organism can be photosynthetic prior
to or after transformation. Organisms [00168] Examples
of organisms that can be transformed using the
compositions and methods herein include vascular and
non-vascular organisms. The organism can be
prokaroytic or eukaroytic. The organism can be
unicellular or multicellular. [00169] Examples of
non-vascular photosynthetic organisms include
bryophtyes, such as marchantiophytes or
anthocerotophytes. In some instances the organism is a
cyanobacteria. In some instances, the organism is
algae (for example, macroalgae or microalgae). The
algae can be unicellular or multicellular algae. In
some instances the organism is a
rhodophyte,chlorophyte, heterokontophyte, tribophyte,
glaucophyte, chlorarachniophyte, euglenoid,
haptophyte, cryptomonad, dinoflagelluni, or
phytoplankton. [00170] For example, the microalgae
Chlamydomonas reinhardtii may be transformed with a
vector encoding limonene synthase to produce limonene.
In another embodiment, the microalgae may be
transformed with one or more vectors encoding a
limonene synthase and proteins to improve limonene
production. [00171] The methods can be exemplified
using the microalga, C. reinhardtii. The use of
microalgae to express a polypeptide or protein complex
according to a method of the invention and provides
the advantage that large populations of the microalgae
can be grown, including commercially (Cyanotech Corp.;
Kailua-Kona HI), thus allowing for production and, if
desired, isolation of large amounts of a desired
product. However, the ability to express, for example,
functional mammalian polypeptides, including protein
complexes, in the chloroplasts of any plant allows for
production of crops of such plants and, therefore, the
ability to conveniently produce large amounts of the
polypeptides. Accordingly, the methods can be
practiced using any plant having chloroplasts,
including, for example, macroalgae, for example,
marine algae and seaweeds, as well as plants that grow
in soil. [00172] The term "plant" is used broadly
herein to refer to a eukaryotic organism containing
plastids, particularly chloroplasts, and includes any
such organism at any stage of development, or to part
of a plant, including a plant cutting, a plant cell, a
plant cell culture, a plant organ, a plant seed, and a
plantlet. A plant cell is the structural and
physiological unit of the plant, comprising a
protoplast and a cell wall. A plant cell can be in the
form of an isolated single cell or a cultured cell, or
can be part of higher organized unit, for example, a
plant tissue, plant organ, or plant. Thus, a plant
cell can be a protoplast, a gamete producing cell, or
a cell or collection of cells that can regenerate into
a whole plant. As such, a seed, which comprises
multiple plant cells and is capable of regenerating
into a whole plant, is considered plant cell for
purposes of this disclosure. A plant tissue or plant
organ can be a seed, protoplast, callus, or any other
groups of plant cells that is organized into a
structural or functional unit. Particularly useful
parts of a plant include harvestable parts and parts
useful for propagation of progeny plants. A
harvestable part of a plant can be any useful part of
a plant, for example, flowers, pollen, seedlings,
tubers, leaves, stems, fruit, seeds, roots, and the
like. A part of a plant useful for propagation
includes, for example, seeds, fruits, cuttings,
seedlings, tubers, rootstocks, and the like. [00173] A
method as described herein can generate a plant
containing chloroplasts that are 



genetically modified to contain a stably integrated
polynucleotide (Hager and Bock, Appl.Microbiol.
Biotechnol. 54:302-310, 2000). Accordingly, a method
can further provide a transgenic (transplastomic)
plant, for example C. reinhardtii, which comprises one
or more chloroplasts containing a polynucleotide
encoding one or more heterologous polypeptides,
including polypeptides that can specifically associate
to form a functional protein complex. A photosynthetic
organism as described herein can comprise at least one
host cell that is modified to generate a product.
Expression Vectors and Host Cell Transformation
[00174] The organisms/host cells herein can be
transformed to modify the production of a product(s)
with an expression vector, for example, to increase
production of a product(s). The product(s) can be
naturally or not naturally produced by the organism.
[00175] The expression vector can encode one or more
homologous or heterologous nucleotide sequences
(derived from the host organism or from a different
organism) and/or one or more autologous nucleotide
sequences (derived from the same organism) and/or
those that encode homologous or heterologous
polypeptides. Examples of heterologous nucleotide
sequences that can be transformed into an algal host
cell include genes from bacteria, fungi, plants,
photosynthetic bacteria or other algae. Examples of
autologous nucleotide sequences that can be
transformed into an algal host cell include isoprenoid
synthetic genes, endogenous promoters and 5' UTRs from
the psbA, atpA, or rbcL genes. In some instances, a
heterolgous sequence is flanked by two autologous
sequences or homologous sequences. Homologous
sequences are those that have at least 50%, 60%, 70%,
80%, or 90% homology to the sequence in the host cell.
In some instances, a homologous sequence is flanked by
two autologous sequences. The first and second
homologous sequences enable recombination of the
heterologous sequence into the genome of the host
organism. The first and second homologous sequences
can be at least 100, 200, 300, 400, or 500 nucleotides
in length. [00176] The expression vector may comprise
nucleotide sequences that are codon biased for
expression in the organism being transformed. The
skilled artisan will be aware of the "codon-bias"
exhibited by a specific host cell in usage of
nucleotide codons to specify a given amino acid.
Without being bound by theory, by using a host cell's
preferred codons, the rate of translation may be
greater. Therefore, when synthesizing a gene for
improved expression in a host cell, it may be
desirable to design the gene such that its frequency
of codon usage approaches the frequency of preferred
codon usage of the host cell. The codons can be
generally A/T rich, for example, A/T rich in the third
nucleotide position of the codons. Typically, the A/T
rich codon bias is used for algae. In some
embodiments, at least 50% ofthe third nucleotide
position of the codons are A or T. In other
embodiments, at least 60%, 70%, 80%, 90%, or 99% of
the third nucleotide position of the codons are A or
T. [00177] One approach to construction of a
genetically manipulated strain of alga involves
transformation with a nucleic acid which encodes a
gene of interest, typically an enzyme capable of
converting a precursor into a fuel product or
precursor of a fuel product, In some embodiments, a
transformation may introduce nucleic acids into any
plastid of the host alga cell (for example,
chloroplast), Transformed cells are typically plated
on selective media following introduction of exogenous
nucleic acids. This method may also comprise several
steps for screening. Initially, a screen of primary
transformants is typically conducted to determine
which clones have proper insertion of the exogenous
nucleic acids. Clones which show the proper
integration may be patched and re-screened to ensure
genetic stability. Such methodology ensures that the
transformants contain the genes of interest. In many
instances, such screening is performed by polymerase
chain reaction (PCR); however, any other appropriate
technique known in the art may be utilized. Many
different methods of PCR are known in the art (for
example, nested PCR, real time PCR). Particular
examples are utilized in the examples described
herein; however, one of skill in the art will
recognize that other PCR techniques may be substituted
for the particular protocols described. Following
screening for clones with proper integration of
exogenous nucleic acids, typically clones are screened
for the presence of the encoded protein. Protein
expression screening typically is performed by Western
blot analysis and/or enzyme activity assays. [00178] A
recombinant nucleic acid molecule useful in a method
of the invention can be contained in a vector.
Furthermore, where the method is performed using a
second (or more) recombinant nucleic acid molecules,
the second recombinant nucleic acid molecule also can
be contained in a vector, which can, but need not, be
the same vector as that containing the first
recombinant nucleic acid molecule. The vector can be
any vector useful for introducing a polynucleotide
into a chloroplast and, preferably, includes a
nucleotide sequence of chloroplast genomic DNA that is
sufficient to undergo homologous recombination with
chloroplast genomic DNA, for example, a nucleotide
sequence comprising about 400 to 1500 or more
substantially contiguous nucleotides of chloroplast
genomic DNA. Chloroplast vectors and methods for
selecting regions of a chloroplast genome for use as a
vector are well known (see, for example, Bock, J. MoI.
Biol. 312:425-438, 2001 ; see, also, Staub and Maliga,
Plant Cell 4:39-45, 1992; Kavanagh et al., Genetics
152:1 111-1122, 1999, each of which is incorporated
herein by reference).[00179] In some instances, such
vectors include promoters. Promoters may come from any
source (for example, viral, bacterial, fungal,
protist, animal). The promoters contemplated herein
can be specific to photosynthetic organisms,
non-vascular photosynthetic organisms, and vascular
photosynthetic organisms (for example, algae,
flowering plants). As used herein, the term
"non-vascular photosynthetic organism," refers to any
macroscopic or microscopic organism, including, but
not limited to, algae, cyanobacteria and
photosynthetic bacteria, which does not have a
vascular system such as that found in higher plants.
In some instances, the nucleic acids above are
inserted into a vector that comprises a promoter of a
photosynthetic organism, for example, algae. The
promoter can be a promoter for expression in a
chloroplast and/or other plastid. In some instances,
the nucleic acids are chloroplast based. Examples of
promoters contemplated for insertion of any of the
nucleic acids herein into the chloroplast include
those disclosed in US Application No. 2004/0014174.
The promoter can be a constitutive promoter or an
inducible promoter. A promoter typically includes
necessary nucleic acid sequences near the start site
of transcription, (for example, a TATA element).
[00180] The entire chloroplast genome of C.
reinhardtii is available to the public on the world
wide web, at the URL "biology.duke.edu/chlamy_genome/-
chloro.html" (see "view complete genome as text file"
link and "maps of the chloroplast genome" link), each
of which is incorporated herein by reference (J. Maul,
J . W. Lilly, and D. B. Stern, unpublished results;
revised Jan. 28, 2002; to be published as GenBank Ace.
No. AF396929). Generally, the nucleotide sequence of
the chloroplast genomic DNA is selected such that it
is not a portion of a gene, including a regulatory
sequence or coding sequence, particularly a gene that,
if disrupted due to the homologous recombination
event, would produce a deleterious effect with respect
to the chloroplast, for example, for replication of
the chloroplast genome, or to a plant cell containing
the chloroplast. In this respect, the website
containing the C. reinhardtii chloroplast genome
sequence also provides maps showing coding and
non-coding regions of the chloroplast genome, thus
facilitating selection of a sequence useful for
constructing a vector. For example, the chloroplast
vector, p322, is a clone extending from the Eco (Eco
RI) site at about position 143.1 kb to the Xho (Xho I)
site at about position 148.5 kb (see, world wide web,
at the URL
l1biology.duke.edu/chlamy_genome/chloro.htmr', and
clicking on "maps of the chloroplast genome" link, and
"140-150 kb" link; also accessible directly on world
wide web at URL "biology.duke.edu/chlam-
y/chloro/chlorol40.html"). [00181] A vector utilized
in the practice of a method or process herein also can
contain one or more additional nucleotide sequences
that confer desirable characteristics on the
vector,including, for example, sequences such as
cloning sites that facilitate manipulation of the
vector, regulatory elements that direct replication of
the vector or transcription of nucleotide sequences
contain therein, sequences that encode a selectable
marker, and the like. As such, the vector can contain,
for example, one or more cloning sites such as a
multiple cloning site, which can, but need not, be
positioned such that a heterologous polynucleotide can
be inserted into the vector and operatively linked to
a desired element. The vector also can contain a
prokaryote origin of replication (ori), for example,
an E. coli ori or a cosmid ori, thus allowing passage
of the vector in a prokaryote host cell, as well as in
a plant chloroplast, as desired. [00182] A regulatory
element, as the term is used herein, broadly refers to
a nucleotide sequence that regulates the transcription
or translation of a polynucleotide or the localization
of a polypeptide to which it is operatively linked.
Examples include, but are not limited to, an RBS, a
promoter, enhancer, transcription terminator, an
initiation (start) codon, a splicing signal for intron
excision and maintenance of a correct reading frame, a
STOP codon, an amber or ochre codon, an IRES.
Additionally, a cell compartmentalization signal (for
example, a sequence that targets a polypeptide to the
cytosol, nucleus, chloroplast membrane or cell
membrane). Such signals are well known in the art and
have been widely reported (see, for example, U.S. Pat.
No. 5,776,689). [00183] Any of the expression vectors
herein can further comprise a regulatory control
sequence. A regulatory control sequence may include
for example, promoter(s), operator(s), repressors),
enhancer(s), transcription termination sequence(s),
sequence(s) that regulate translation, or other
regulatory control sequence(s) that are compatible
with the host cell and control the expression of the
nucleic acid molecules. In some cases, a regulatory
control sequence includes transcription control
sequence(s) that are able to control, modulate, or
effect the initiation, elongation, and/or termination
of transcription. For example, a regulatory control
sequence can increase transcription and translation
rate and/or efficiency of a gene or gene product in an
organism, wherein expression of the gene or gene
product is upregulated resulting (directly or
indirectly) in the increased production of a product
described herein. The regulatory control sequence may
also result in the increase of production of a product
by increasing the stability of a gene or gene product.
[00184] A regulatory control sequence can be
autologous or heterologous, and if heterologous, may
be homologous. The regulatory control sequence may
encode one or more polypeptides which are enzymes that
promote expression and production of products. For
example, a heterologous regulatory control sequence
may be derived from another species of the same genus
of the organism (for example, another algal species)
and encode a synthase inan algae. In another example,
an autologous regulatory control sequence can be
derived from an organism in which an expression vector
is to be expressed. [00185] Depending on the
application, regulatory control sequences can be used
that effect inducible or constitutive expression. The
algal regulatory control sequences can be used, and
can be of nuclear, viral, extrachromosomal,
mitochondrial, or chloroplastic origin. [00186]
Suitable regulatory control sequences include those
naturally associated with the nucleotide sequence to
be expressed (for example, an algal promoter operably
linked with an algal-derived nucleotide sequence in
nature). Suitable regulatory control sequences include
regulatory control sequences not naturally associated
with the nucleic acid molecule to be expressed (for
example, an algal promoter of one species operatively
linked to an nucleotide sequence of another organism
or algal species). The latter regulatory control
sequences can be a sequence that controls expression
of another gene within the same species (for example,
autologous) or can be derived from a different
organism or species (for example, heterologous).
[00187] To determine whether a putative regulatory
control sequence is suitable, the putative regulatory
control sequence is linked to a nucleic acid molecule
typically encodes a protein that produces an easily
detectable signal. The construction may then be
introduced into an alga or other organism by standard
techniques and expression thereof is monitored. For
example, if the nucleic acid molecule encodes a
dominant selectable marker, the alga or organism to be
used is tested for the ability to grow in the presence
of a compound for which the marker provides
resistance. [00188] In some cases, a regulatory
control sequence is a promoter, such as a promoter
adapted for expression of a nucleotide sequence in a
non-vascular, photosynthetic organism. For example,
the promoter may be an algal promoter, for example as
described in U.S. Publ. Appl. Nos. 2006/0234368 and
2004/0014174, and in Hallmann, TransgenicPlant J.
1:81- 98(2007). The promoter may be a chloroplast
specific promoter or a nuclear promoter. The promoter
may an EFl -a gene promoter or a D promoter. In some
embodiments, the synthase is operably linked to the
EFl- a gene promoter. In other embodiments, the
synthase is operably linked to the D promoter. [00189]
A regulatory control sequences herein can be found in
a variety of locations, 



including for example, coding and non-coding regions,
5' untranslated regions (for example, regions upstream
from the coding region), and 3' untranslated regions
(for example, regions downstream from the coding
region). Thus, in some instances an autologous or
heterologousnucleotide sequence can include one or
more 3' or 5' untranslated regions, one or more
introns, or one or more exons. [00190] For example, in
some embodiments, a regulatory control sequence can
comprise a Cyclotella cryptica acetyl-CoA carboxylase
5' untranslated regulatory control sequence or a
Cyclotella cryptica acetyl-CoA carboxylase
3'-untranslated regulatory control sequence (U.S. Pat.
No. 5,661,017). [00191] A regulatory control sequence
may also encode chimeric or fusion polypeptides, such
as protein AB, or SAA, that promotes expression of
heterologous nucleotide sequences and proteins. Other
regulatory control sequences include autologous intron
sequences that may promote translation of a
heterologous sequence. [00192] The regulatory control
sequences used in any of the expression vectors herein
may be inducible. Inducible regulatory control
sequences, such as promoters, can be inducible by
light, for example. Regulatory control sequences may
also be autoregulatable. Examples of autoregulatable
regulatory control sequences include those that are
autoregulated by, for example, endogenous ATP levels
or by the product produced by the organism, hi some
instances, the regulatory control sequences may be
inducible by an exogenous agent. Other inducible
elements are well known in the art and may be adapted
for use herein. [00193] Various combinations of the
regulatory control sequences described herein may be
embodied and combined with other features described
herein. In some cases, an expression vector comprises
one or more regulatory control sequences operatively
linked to a nucleotide sequence encoding a polypeptide
that effects, for example, upregulates production of a
product described herein. In some cases, an expression
vector comprises one or more regulatory control
sequences operatively linked to a nucleotide sequence
encoding a polypeptide that effects, for example,
upregulates production of a product. [00194] A vector
or other recombinant nucleic acid molecule may include
a nucleotide sequence encoding a reporter polypeptide
or other selectable marker. The term "reporter" or
"selectable marker" refers to a polynucleotide (or
encoded polypeptide) that confers a detectable
phenotype. A reporter generally encodes a detectable
polypeptide, for example, a green fluorescent protein
or an enzyme such as luciferase, which, when contacted
with an appropriate agent (a particular wavelength of
light or luciferin, respectively) generates a signal
that can be detected by eye or using appropriate
instrumentation (Giacomin, Plant Sd. 116:59-72, 1996;
Scikantha, J. Bacteriol. 178:121, 1996; Geres, FEBS
Lett. 389:44-47, 1996; see, also, Jefferson, EMBOJ.
6:3901-3907, 1997, fl-glucuronidase). A selectable
marker generally is a molecule that, when present or
expressed in a cell, provides a selectiveadvantage (or
disadvantage) to the cell containing the marker, for
example, the ability to grow in the presence of an
agent that otherwise would kill the cell. [00195] A
selectable marker can provide a means to obtain
prokaryotic cells or plant cells or both that express
the marker and, therefore, can be useful as a
component of a vector (see, for example, Bock, supra,
2001). Examples of selectable markers include, but are
not limited to, those that confer antimetabolite
resistance, for example, dihydrofolate reductase,
which confers resistance to methotrexate (Reiss, Plant
Physiol. {Life ScL Adv.) 13: 143-149, 1994); neomycin
phosphotransferase, which confers resistance to the
aminoglycosides neomycin, kanamycin and paromycin
(Herrera-Estrella, EMBOJ. 2:987-995, 1983), hygro,
which confers resistance to hygromycin (Marsh, Gene
32:481-485, 1984), trpB, which allows cells to utilize
indole in place of tryptophan; hisD, which allows
cells to utilize histinol in place of histidine
(Hartman, Proc. Natl. Acad. ScL, USA 85:8047, 1988);
mannose-6-phosphate isomerase which allows cells to
utilize mannose (WO 94/20627); ornithine
decarboxylase, which confers resistance to the
ornithine decarboxylase inhibitor,
2-(difluoromethyl)-DLornithine (DFMO; McConlogue,
1987, In: Current Communications in Molecular Biology,
Cold Spring Harbor Laboratory ed.); and deaminase from
Aspergillus terreus, which confers resistance to
Blasticidin S (Tamura, Biosci. Biotechnol. Biochem.
59:2336-2338, 1995). Additional selectable markers
include those that confer herbicide resistance, for
example, phosphinothricin acetyltransferase gene,
which confers resistance to phosphinothricin (White et
al., Nucl Acids Res. 18 :1062, 1990; Spencer et al,
Theor. Appl. Genet. 79:625-63 1, 1990), a mutant
EPSPV-synthase, which confers glyphosate resistance
(Hinchee et al., BioTechnology 9 1:91 5-922, 1998), a
mutant acetolactate synthase, which confers
imidazolione or sulfonylurea resistance (Lee et al.,
EMBOJ. 7:1241-1248, 1988), amutant psbA, which confers
resistance to atrazine (Smeda et al., Plant Physiol.
103:91 1-917, 1993), or a mutant protoporphyrinogen
oxidase (see U.S. Pat. No. 5,767,373), or other
markers conferring resistance to an herbicide such as
glufosinate. Selectable markers include
polynucleotides that confer dihydrofolate reductase
(DHFR) or neomycin resistance for eukaryotic cells and
tetracycline; ampicillin resistance for prokaryotes
such as E. coli; and bleomycin, gentamycin,
glyphosate, hygromycin, kanamycin, methotrexate,
phleomycin, phosphinotricin, spectinomycin,
streptomycin, sulfonamide and sulfonylurea resistance
in plants (see, for example, Maliga et al., Methods in
Plant Molecular Biology, Cold Spring Harbor Laboratory
Press, 1995, page 39). [00196] Reporter genes have
been successfully used in chloroplasts of higher
plants, and high levels of recombinant protein
expression have been reported. In addition, reporter
geneshave been used in the chloroplast of C.
reinhardtii, but, in most cases very low amounts of
protein were produced. Reporter genes greatly enhance
the ability to monitor gene expression in a number of
biological organisms. In chloroplasts of higher
plants, b-glucuronidase (uidA, Staub and Maliga,
EMBOJ. 12:601-606, 1993), neomycin phosphotransferase
(nptll, Carrer et al., MoI, Gen, Genet. 241:49-56,
1993), adenosyl-3-adenyltransf- erase (aadA, Svab and
Maliga, Proc. Natl. Acad. ScL, USA 90:913-917, 1993),
and the Aequorea victoria GFP (Sidorov et al., Plant J
. 19:209-216, 1999) have been used as reporter genes
(Heifetz, Biochemie 82:655-666, 2000). Each of these
genes has attributes that make them useful reporters
of chloroplast gene expression, such as ease of
analysis, sensitivity, or the ability to examine
expression in situ. Based upon these studies, other
heterologous proteins have been expressed in the
chloroplasts of higher plants such as Bacillus thu
ngiensis Cry toxins, conferring resistance to insect
herbivores (Kota et al., Proc. Natl. Acad. ScL, USA
96:1840- 1845, 1999), or human somatotropin (Staub et
al., Nat. Biotechnol. 18:333-338, 2000), a potential
biopharmaceutical. Several reporter genes have been
expressed in the chloroplast of the eukaryotic green
alga, C. reinhardtii, including aadA
(Goldschmidt-Clermont, Nucl. Acids Res. 19:4083-4089
1991; Zerges and Rochaix,M>/. Cell Biol. 14:5268-5277,
1994), uidA (Sakamoto et al., Proc. Natl. Acad. ScL,
USA 90:477-501, 19933, Ishikura et al., J. Biosci.
Bioeng. 87:307-314 1999), Renilla luciferase (Minko et
al., MoI. Gen. Genet. 262:421-425, 1999) and the amino
glycoside phosphotransferase from Acinetobacter
baumanii, aphA6 (Bateman and Purton, MoI. Gen. Genet
263 :404-4 10, 2000). [00197] In some instances, the
vectors will contain elements such as an E. coli or S.
cerevisiae origin of replication. Such features,
combined with appropriate selectable markers, allows
for the vector to be "shuttled" between the target
host cell and the bacterial and/or yeast cell. The
ability to passage a shuttle vector in a secondary
host may allow for more convenient manipulation of the
features of the vector. For example, a reaction
mixture containing the vector and putative inserted
polynucleotides of interest can be transformed into
prokaryote host cells such as E. coli, amplified and
collected using routine methods, and examined to
identify vectors containing an insert or construct of
interest. If desired, the vector can be further
manipulated, for example, by performing site directed
mutagenesis of the inserted polynucleotide, then again
amplifying and selecting vectors having a mutated
polynucleotide of interest. A shuttle vector then can
be introduced into plant cell chloroplasts, wherein a
polypeptide of interest can be expressed and, if
desired, isolated according to a method.[00198] A
polynucleotide or recombinant nucleic acid molecule,
can be introduced into plant chloroplasts using any
method known in the art. A polynucleotide can be
introduced into a cell by a variety of methods, which
are well known in the art and selected, in part, based
on the particular host cell. For example, the
polynucleotide can be introduced into a plant cell
using a direct gene transfer method such as
electroporation or microprojectile mediated
(biolistic) transformation using a particle gun, or
the "glass bead method," or by pollenmediated
transformation, liposome-mediated transformation,
transformation using wounded or enzyme-degraded
immature embryos, or wounded or enzyme-degraded
embryogenic callus (Potrykus, Ann. Rev. Plant.
Physiol. Plant MoL Biol. 42:205-225, 1991). [00199]
Plastid transformation is a routine and well known
method for introducing a polynucleotide into a plant
cell chloroplast (see U.S. Pat. Nos. 5,451,513,
5,545,817, and 5,545,818; WO 95/16783; McBride et al.,
Proc. Natl. Acad. ScL, USA 91:7301-7305, 1994). In
some embodiments, chloroplast transformation involves
introducing regions of chloroplast DNA flanking a
desired nucleotide sequence, allowing for homologous
recombination of the exogenous DNA into the target
chloroplast genome. In some instances one to 1.5 kb
flanking nucleotide sequences of chloroplast genomic
DNA may be used. Using this method, point mutations in
the chloroplast 16S rRNA and rpsl2 genes, which confer
resistance to spectinomycin and streptomycin, can be
utilized as selectable markers for transformation
(Svab et al., Proc. Natl. Acad. Sc, USA 87:8526-8530,
1990), and can result in stable homoplasmic
transformants, at a frequency of approximately one per
100 bombardments of target leaves. [00200]
Microprojectile mediated transformation also can be
used to introduce a polynucleotide into a plant cell
chloroplast (Klein et al., Nature 327:70-73, 1987).
This method utilizes microprojectiles such as gold or
tungsten, which are coated with the desired
polynucleotide by precipitation with calcium chloride,
spermidine or polyethylene glycol. The microprojectile
particles are accelerated at high speed into a plant
tissue using a device such as the BIOLISTIC PD-1000
particle gun (BioRad; Hercules Calif.). Methods for
the transformation using biolistic methods are well
known in the art (see, for example; Christou, Trends
in Plant Science 1:423-43 1, 1996). Microprojectile
mediated transformation has been used, for example, to
generate a variety of transgenic plant species,
including cotton, tobacco, corn, hybrid poplar and
papaya. Important cereal crops such as wheat, oat,
barley, sorghum and rice also have been transformed
using microprojectile mediated delivery (Duan et al.,
Nature Biotech. 14:494-498, 1996; Shimamoto, Cutr.
Opin. Biotech. 5:158-162, 1994). The transformation of
most dicotyledonous plants is possible with the
methods described above.Transformation of
monocotyledonous plants also can be transformed using,
for example, biolistic methods as described above,
protoplast transformation, electroporation of
partially permeabilized cells, introduction of DNA
using glass fibers, the glass bead agitation method,
and the like. [00201] Transformation frequency may be
increased by replacement of recessive rRNA or rprotein
antibiotic resistance genes with a dominant selectable
marker, including, but not limited to the bacterial
aadA gene (Svab and Maliga, Proc. Natl Acad. ScL, USA
90:913-917, 1993). Approximately 15 to 20 cell
division cycles following transformation are generally
required to reach a homoplastidic state. It is
apparent to one of skill in the art that a chloroplast
may contain multiple copies of its genome, and
therefore, the term "homoplasmic" or "homoplasmy"
refers to the state where all copies of a particular
locus of interest are substantially identical. Plastid
expression, in which genes are inserted by homologous
recombination into all of the several thousand copies
of the circular plastid genome present in each plant
cell, takes advantage of the enormous copy number
advantage over nuclear-expressed genes to permit
expression levels that can readily exceed 10% of the
total soluble plant protein. [00202] In some
instances, a method can be performed by introducing a
recombinant nucleic acid molecule into a chloroplast,
wherein the recombinant nucleic acid molecule includes
a first polynucleotide, which encodes at least one
polypeptide (for example, 1, 2, 3, 4, or more). In
some embodiments, a polypeptide is operatively linked
to a second, third, fourth, fifth, sixth, seventh,
eighth, ninth, tenth and/or subsequent polypeptide.
For example, several enzymes in a hydrocarbon
production pathway may be linked, either directly or
indirectly, such that products produced by one enzyme
in the pathway, once produced, are in close proximity
to the next enzyme in the pathway. [00203] For
transformation of chloroplasts, a major benefit herein
can be the utilization of a recombinant nucleic acid
construct which contains both a selectable marker and
one or more genes of interest. Typically,
transformation of chloroplasts is performed by
co-transformation 



of chloroplasts with two constructs: one containing a
selectable marker and a second containing the gene(s)
of interest. Screening of such transformants is
laborious and time consuming for multiple reasons.
First, the time required to grow some transformed
organisms is lengthy. Second, transformants must be
screened both for presence of the selectable marker
and for the presence of the gene(s) of interest.
Typically, secondary screening for the gene(s) of
interest is performed by Southern blot (see, for
example PCIYUS2007/072465).[00204] In chloroplasts,
regulation of gene expression generally occurs after
transcription, and often during translation
initiation. This regulation is dependent upon the
chloroplast translational apparatus, as well as
nuclear-encoded regulatory factors (see Barkan and
Goldschmidt-Clermont, Biochemie 82:559-572, 2000;
Zerges, Biochemie 82:583-601, 2000). The chloroplast
translational apparatus generally resembles that in
bacteria; chloroplasts contain 70S ribosomes; have
mRNAs that lack 5' caps and generally do not contain
3' polyadenylated tails (Harris et al., Microbiol.
Rev. 58:700-754, 1994); and translation is inhibited
in chloroplasts and in bacteria by selective agents
such as chloramphenicol. [00205] Some methods as
described herein take advantage of proper positioning
of a ribosome binding sequence (RBS) with respect to a
coding sequence. It has previously been noted that
such placement of an RBS results in robust translation
in plant chloroplasts (see U.S. Application
2004/0014174, incorporated herein by reference), and
that polypeptides that an advantage of expressing
polypeptides in chloroplasts is that the polypeptides
do not proceed through cellular compartments typically
traversed by polypeptides expressed from a nuclear
gene and, therefore, are not subject to certain
post-translational modifications such as
glycosylation. As such, the polypeptides and protein
complexes produced by some methods of the invention
can be expected to be produced without such
post-translational modification. [00206] One or more
codons of an encoding polynucleotide can be biased to
reflect chloroplast and/or nuclear codon usage. Most
amino acids are encoded by two or more different
(degenerate) codons, and it is well recognized that
various organisms utilize certain codons in preference
to others. Such preferential codon usage, which also
is utilized in chloroplasts, is referred to herein as
"chloroplast codon usage". The codon bias of
Chlamydomonas reinhardtii has been reported. See U.S.
Application 2004/0014174. Examples of nucleic acids
encoding isoprenoid biosynthetic enzymes which are
biased for expression in C. reinhardtii are provided
in Tables 5-8. Percent identity to the native sequence
(in the organism from which the sequence was isolated)
may be about 50%, about 60%, about 70%, about 80%,
about 90% or higher. Some vectors comprise one or more
of the nucleic provided in Table 5 and/or nucleic
acids with about 70% identity thereto. [00207] The
term "biased," when used in reference to a codon,
means that the sequence of a codon in a polynucleotide
has been changed such that the codon is one that is
used preferentially in the target which the bias is
for, for example, alga cells, chloroplasts. A
polynucleotide that is biased for chloroplast codon
usage can be synthesized de novo, or can be
genetically modified using routine recombinant DNA
techniques, for example, by a site directed
mutagenesis method, to change one or more codons such
that they are biased forchloroplast codon usage.
Chloroplast codon bias can be variously skewed in
different plants, including, for example, in alga
chloroplasts as compared to tobacco. Generally, the
chloroplast codon bias selected reflects chloroplast
codon usage of the plant which is being transformed
with the nucleic acids. For example, where C.
reinhardtii is the host, the chloroplast codon usage
is biased to reflect alga chloroplast codon usage
(about 74.6% AT bias in the third codon position).
[00208] Any of the products described herein can be
prepared by transforming an organism to cause the
production by such organism of the product. An
organism is considered to be a photosynthetic organism
even if a transformation event destroys or diminishes
the photosynthetic capability of the transformed
organism (for example, exogenous nucleic acid is
inserted into a gene encoding a protein required for
photosynthesis). Pathways to be modified [00209] The
expression vectors herein can encode polypeptide(s)
that promote the production of intermediates,
products, precursors, and derivatives of the products
described herein. For example, the expression vectors
can encode polypeptide(s) that promote the production
of intermediates, products, precursors, and
derivatives in the isoprenoid pathway. [00210]
Isoprenoids, or terpenoids, are a group of organic
chemicals related to terpenes. Terpenes are typically
derived from isoprene units. Isoprene units are
five-carbon units (C5). Terpenes are classified by the
number of isoprene units, such as hemiterpenes (C5),
monoterpenes (ClO), sesquiterpenes (C15), diterpenes
(C20), triterpenes (C30), tetraterpenes (C40), and
polyterpenes (Cn, wherein "n" is equal to or greater
than 45). Terpenes are hydrocarbons that can be
modified (for example oxidized, methyl groups removed,
etc.) or its carbon skeleton rearranged, to form
derivatives of terpenes, such as isoprenoids.
Isoprenoids include other steroids and lipids as well.
[00211] Terpene precursors are thought to be generated
by two pathways. The mevalonate pathway, or HMG-CoA
reductase pathway, generates dimethylallyl
pyrophosphate (DMAPP) and isopentyl pyrophosphate
(IPP), the common C5 precursor for terpenes. The
nonmevalonate pathway is an alternative pathway to
form DMAPP and IPP. The DMAPP and IPP may be condensed
to form geranyl-diphosphate (GPP), or other
precursors, such as farnesyl-diphosphate (FPP),
geranylgeranyl-diphosphate (GGPP), from which higher
isoprenes are formed. [00212] An expression vector
herein may encode polypeptide(s) having a role in the
mevalonate pathway, such as, for example, thiolase,
HMG-CoA synthase, HMG-CoA reductase, mevalonate
kinase, phosphemevalonate kinase, and
mevalonate-5-pyrophosphatedecarboxylase. In other
embodiments, the polypeptides are enzymes in the
non-mevalonate pathway, such as DOXP synthase, DOXP
reductase, 4-diphosphocytidyl-2-C-methyl-Derythritol
synthase, 4-diphophocytidyl-2-C-methyl-D-erythritol
kinase, 2-C-methyl-Derythritol 2,4,-cyclodiphosrhate
synthase, HMB-PP synthase, HMB-PP reductase, or DOXP
reductoisomerase. [00213] In other instances, an
expression vector may comprise a nucleotide sequence
encoding a polypeptide in an isoprenoid pathway, such
as, for example, a synthase-encoding sequence. The
synthase may be a ClO, Cl 5, C20, C30, or C40
synthase. In some embodiments, the synthase is
botryococcene synthase, limonene synthase, 1,8 cineole
synthase, a-pinene synthase, camphene synthase,
(+)-sabinene synthase, myrcene synthase, abietadiene
synthase, taxadiene synthase, farnesyl pyrophosphate
synthase, amorphadiene synthase, (E)-a-bisabolene
synthase, diapophytoene synthase, or diapophytoene
desaturase. Examples of synthases and their sequences
are described in Table 2. Table 2. Examples of
Synthases.SPRING CONTACT ASSEMBLY FIELD OF THE
INVENTION [0001] The present invention relates to
electrical contact probes forming electrical
interconnects and, more particularly, to a spring
contact assembly having two movable and overlapping
plungers having flat contact surfaces surrounded by an
external spring. BACKGROUND OF THE INVENTION [0002]
Conventional spring loaded contact probes generally
include a movable plunger and a barrel having an open
end for containing an enlarged diameter section of the
plunger, and a spring for biasing the travel of the
plunger in the barrel. The plunger bearing slidably
engages the inner surface of the barrel. The enlarged
bearing section is retained in the barrel by a crimp
near the barrel open end. The plunger is commonly
biased outwardly, a selected distance by the spring
and may be biased or depressed inwardly into the
barrel, a selected distance, under force directed
against the spring. Axial and side biasing of the
plunger against the barrel prevents false opens or
intermittent points of no contact between the plunger
and the barrel. The plunger generally is solid and
includes a head or tip for contacting electrical
devices under test. The barrel may also include a tip
opposite the barrel's open end. [0003] The barrel,
plunger and tips form an electrical interconnect
between the electrical device under test and test
equipment and as such, are manufactured from an
electrically conductive material. Typically the probes
are fitted into cavities formed through the thickness
of a test plate or socket. Generally a contact side of
the electrical device to be tested, such as an
integrated circuit, is brought into pressure contact
with the tips of the plungers protruding through one
side of the test plate or test socket for
manufacturing spring pressure against the electrical
device. A contact plate connected to the test
equipment is brought to contact with the tips of the
plungers protruding from the other side of the test
plate or test socket. The test equipment transmits
signals to the contact plate from where they are
transmitted through the test probe interconnects to
the device being tested. After the electrical device
has been tested, the pressure exerted by the spring
probes is released and the device is removed from
contact with the tip of each probe. [0004] The process
of making conventional spring probes involves
separately producing the compression spring, the
barrel and the plunger. The compression spring is
wound and heat treated to produce a spring of a
precise size and of a controlled spring force. The
plunger is typically turned on a lathe and heat
treated. The barrels are also sometimes heat treated.
The barrels can be formed in a lathe or by a deep draw
process. All components may be subjected to a plating
process to enhance conductivity. The spring probe
components are assembled either manually or by an
automated process. -I[0005] An important aspect of
testing integrated circuits is that they are tested
under high frequencies. As such impedance matching is
required between the test equipment and the integrated
circuit so as to avoid attenuation of the high
frequency signals. Considering that spacing within a
test socket is minimal, in order to avoid attenuation
of the high frequency signals, the length of the
electrical interconnect formed by the probes must be
kept to a minimum. To address this problem external
spring probes have been developed having a shorter
length than conventional probes. External spring
probes consist of two separate sections each having a
tip and a flange. A contact component extends from
each probe section opposite the tip. The two contact
components contact each other and the spring is
sandwiched between two flanges that surround the
contact components. Typically the first contact
component is a barrel while the second contact
component is a bearing surface. The bearing surface is
slidably engaged to the inner surface of the barrel.
These probes are fitted into cavities formed in the
test sockets used during testing. A problem associated
with these type of external spring probes is the
expense to manufacture due to costly machining
operations. [0006] In response thereto external spring
probes were designed having flat components which can
be produced less expensively by stamping. Typically
these designs incorporate two components which are
connected orthogonally and the electrical path between
the two components is through a protruding end
surface. A problem with this design is that the
components wear out rather quickly and have a short
life span requiring constant replacement. [0007]
Consequently a need exists for a new spring contact
assembly design that is less expensive to manufacture.
SUMMARY OF THE INVENTION [0008] The present invention
is directed to a spring contact assembly having two
movable and overlapping contact members or plungers
surrounded by an external spring. Each plunger has a
contact portion and a tail portion wherein the tail
portion has a flat surface that passes over and makes
contact with an opposing plunger tail portion inside
the spring when assembled. The spring has end coils
that press onto each of the opposing plungers to
prevent the plungers from separating from the spring,
thus fixing the plunger contact portion and the tail
portions with respect to each end of the spring.
Utilizing the natural torsional movement of the spring
while it is compressed, the flat surfaces of the
plunger tail portions maintain contact throughout the
compression stroke of the contact assembly. The
contact between the opposing flat sections prevents
the twisting or torsional movement of the spring from
translating to the tips on the contact portions. The
opposition to the natural twisting enhances the
electrical conductivity of the components, which in
turn improves performance of the spring contact
assembly. The spring can also have reduced diameter
coil sections along thelength of the spring to further
constrain the plunger tails and enhance the
interaction between the two plungers, or further
biasing effect can be created by adding an offset coil
section in the spring. [0009] The flat surface on the
tail portion of the plunger would normally be formed 



parallel at the midline of the cylindrical tail
portion diameter for each plunger. In an alternative
embodiment, the flat surface may be formed parallel
above the midline of the cylindrical tail diameter to
increase the resulting combined thickness of the
assembly, creating additional interaction between the
two plungers hi further embodiments the flat surface
on the tail portion may be formed at either an angle
to or in a helix about the midline of the cylindrical
tail portion diameter. [0010] In yet another
embodiment, one plunger includes an essentially flat
tail portion, centrally located along the axis of the
component, and the opposite plunger has a mating slot
which receives the flat tail portion of the opposite
plunger. This design allows for two edges to be in
slidable contact engagement, thus enhancing resistance
performance. [0011] Each of the plungers may be formed
in a general cylindrical shape, suitable for lathe,
screw machine or other similar manufacturing
equipment. Alternatively the plunger may be formed in
a generally flat shape, suitable for stamping,
etching, photolithography or other similar
manufacturing technique for creating substantially two
dimensional geometries. [0012] For generally flat
shaped plungers, the plunger tail section may have a
portion that extends beyond the opposite ends of the
coils of the spring. This facilitates enhanced
electrical contact and adds additional support to the
opposite plunger tip or contact portion. The plunger
tail portion that extends past the opposite end of the
spring can have the edges on one side reduced to
provide for maximum material utilization. A slot may
also be provided in the spring interference area of
the flat pattern version of the plunger to provide
additional compliance, absorbing tolerance while
providing a reliable press fit. Flat plunger designs
also can benefit from having the plungers generally
sliding together at an inclined configuration, thus
transferring some of the axial forces supplied by the
external helical spring to a perpendicular direction,
which is normal to, mating plunger surfaces. This
normal surface force enhances intimate electrical
contact between the components. Methods for
maintaining the probe together include enlarged tail
portions extending past reduced diameter center coils
and interlocking tabs on the contact portions. Kelvin
configurations are also possible having two separate
electrical paths isolated from one another within a
single probe. [0013] Further benefits provided by flat
geometry allow multiple plungers to be easily
fabricated as part of a lead frame assembly,
facilitating plating and assembly in high volumes.
Completed assemblies can also be supplied attached to
a lead frame, making it easier for the end user to
load the probe assembly into a finished test fixture
or socket. Tip configurations can be single point,
multiple point or three dimensional. -[0014] The
present invention also contemplates a spring contact
assembly having a cylindrical plunger in combination
with a flat plunger. This hybrid combination can
provide for cylindrical tip geometries to address
sufficient testing for solder ball or other geometries
while reducing the manufacturing costs for a fully
cylindrical contact assembly by incorporating a flat
plunger as the opposite plunger. These and other
aspects of the present invention will be more fully
understood with reference to the detailed description
in combination with the drawings. BRIEF DESCRIPTION OF
THE DRAWINGS [0015] FIG. 1 is a perspective view of
the spring contact assembly of the present invention;
[0016] FIG. 2 is a side view of a first plunger of the
spring contact assembly of FIG. 1; [0017] FIG. 3 is a
side view of an alternative plunger design of the
present invention; [0018] FIG. 4 is a side view of a
second plunger of the spring contact assembly of FIG.
1; [0019] FIG. 5 is a side view of a spring of the
spring contact assembly of FIG. 1; [0020] FIG. 6 is a
cross-sectional view of the spring contact assembly of
FIG. 1; [0021] FIG. 7 is a side view of an alternative
plunger design of the present invention; [0022] FIG. 8
is a side view of an alternative plunger design of the
present invention; [0023] FIG. 9 is an axial
cross-sectional view of the spring contact assembly of
FIG. 1 inserted into a test socket; [0024] FIG. 10 is
a perspective of an alternative embodiment spring
contact assembly of the present invention; [0025] FIG.
11 is a side view of one plunger of the spring contact
assembly of FIG. 10; [0026] FIG. 12 is a schematic
illustration of a stamping procedure for the plunger
of FIG. 11; [0027] FIG. 13 is a side view of a second
plunger of the spring contact assembly of FIG. 10;
[0028] FIG. 14 is a cross-sectional view of the spring
contact assembly of FIG. 10; [0029] FIG. 15 is an
axial cross-sectional view of an alternative spring
contact assembly of FIG. 10; [0030] FIG. 16 is a
perspective view of an alternative spring contact
assembly of the present invention; [0031] FIG. 17 is a
perspective view of another alternative embodiment
spring contact assembly of the present invention;
[0032] FIG. 18 is a side view of another alternative
embodiment spring contact assembly of the present
invention; [0033] FIG. 19 is a perspective view of
another alternative embodiment spring contact assembly
of the present invention;[0034] FIG. 20 is a
perspective view of another alternative embodiment
spring contact assembly of the present invention;
[0035] FIG. 2 1 is a perspective view of another
alternative embodiment Kelvin measurement spring
contact assembly of the present invention; [0036] FIG.
22 is a perspective view of three dimensional contact
tip embodiment of the present invention; [0037] FIG.
23 is a perspective view of a spring contact assembly
with the tip configuration of FIG. 22. [0038] FIG. 24
is a perspective view of an alternative contact tip
design of the present invention; [0039] FIG. 25 is a
perspective view of FIG. 24 illustrating a three
dimensional contact tip; [0040] FIG. 26 is a
perspective view of an alternative contact tip design;
and [0041] . FIG. 27 is a perspective view of FIG. 26
illustrating a three dimensional contact tip. DETAILED
DESCRIPTION OF THE INVENTION [0042] FIGS. 1-11
illustrate a first embodiment spring contact assembly
10 of the present invention. The spring contact
assembly 10 includes a first contact member or plunger
12, a second contact member or plunger 14, and a
spring 16. As shown in FIG. 2, plunger 12 includes a
contact portion 18 and a tail portion 20. A contact
tip 22 is positioned at an end of the contact portion
18 and can have multiple contact geometries as also
shown in FIG. 3 and FIG. 4. A flange 24 is positioned
between contact portion or section 18 and tail portion
or section 20. Flange 24 has a flat face 26 used for
aligning the probe during assembly. The plunger tail
portion 20 has a cylindrical surface 28 and a flat
surface 30 extending along its length. [0043] Plunger
14 as shown in FIG. 4 also includes a contact portion
or section 32 and a tail portion or section 34. A
flange 36 is positioned between contact section 32 and
tail section 34 and also includes a flat surface 38
for positioning plunger 14 during assembly. Tail
section 34 has a cylindrical surface 40 and a flat
surface 42 extending along its length. Flat surfaces
30 and 42 pass over one another and make contact
inside of spring 16 when assembled, as also seen in
FIG. 9. Flat surfaces 30 and 42 increasingly engage
one another during compression of the assembly. [0044]
As shown in FIG. 5 the spring 16 has end coils 44 and
46 at opposite ends of the spring that press onto
plunger tail sections 20 and 34 at cylindrical
sections 48 and 50 adjacent flanges 24 and 36. The end
coils 44 and 46 have a slightly smaller diameter and
therefore firmly grip cylindrical sections 48 and 50
to prevent the plungers from separating from the
spring, thus fixing the plunger tips 22 and 52 and
flat surfaces 30 and 42 withrespect to each spring
end. Utilizing the natural torsional movement of the
spring 16 while it is compressed, the flat portions 30
and 42 of the plungers maintain contact throughout the
entire stroke of the probe as also shown in FIG. 6.
The contact between the opposing flat sections
prevents twisting or torsional movement from
translating it to the spring contact tips 22 and 52.
The opposition to the natural twisting enhances the
electrical conductivity of the components, which in
turn improves the performance of the contact. [0045]
The flat section 30 as shown in FIGS. 2 and 3 can be
formed parallel at the midline of the cylindrical tail
portion diameter for each plunger or the flat section
42 may be formed parallel above the midline 54 of the
cylindrical tail diameter for each plunger as shown in
FIG. 4 to increase the resulting combined thickness of
the assembly, creating additional interaction between
two plungers in an assembly. Although FIGS. 1-4 show
three different plunger tip designs, it is to be
understood that any plunger tip design could be
utilized depending upon its particular application. To
further constrain the tail sections 20 and 34 and
enhance the interaction between the two plungers, the
spring 16 can employ reduced coil sections 56 as shown
in FIG. 5. Further biasing effect can also be created
by offsetting coil sections 56. [0046] Alternative
designs for the plunger tail section can include the
flat surface 58 formed in a helix about the midline of
the cylindrical tail diameter as shown in FIG. 7 or
the flat section 60 may be formed at an angle to the
midline of the cylindrical tail diameter as shown in
FIG. 8. As with all of the various plunger designs,
the tail section may have a reduced end section 62
that allows the spring to be threaded onto the tail
portion before being press fit on the reduced diameter
section adjacent the flange. The reduced section 62
allows the plunger to pilot into the spring, easing
the assembly process. As previously indicated, the
cylindrical sections 48 and 50 of the plunger tails
creates an interference fit with the end coils of the
spring and the gripping force created between the
cylindrical sections and the end coils is sufficient
to keep the assembly together during normal handling
and use and in combination with the flat surfaces
resist normal torsional forces applied by the spring.
The generally cylindrical plunger designs of FIGS. 1-9
are manufactured by machinings such as a lathe, screw
machine or other similar manufacturing equipment.
[0047] An alternative spring contact assembly 70 is
illustrated in FIGS. 10-15. Spring contact assembly 70
includes two movable and overlapping plungers 72 and
74 surrounded by an external spring 76. Plungers 72
and 74 are formed in a generally flat shape, suitable
for stamping, etching, photolithography or other
similar manufacturing technique for creating
substantially two-dimensional geometries as generally
referenced as 78 in FIG. 12. An additional benefit of
flat plunger geometry allows multiple plungers to be
easily fabricated as a part of a lead frame assembly,
facilitating plating and assembly in high volume.
Completed assemblies can also be supplied attached to
a lead frame, making it easier for the end user to
load the probe assembly into a finished test fixture
or socket 110 (shown in FIG. 9).[0048] Plunger 72
includes a contact portion or section 80 and a tail
portion or section 82. Contact section 80 includes a
contact tip 84 which can be any of a number of
geometrical configurations. Considering the entire
plunger has a flat configuration, plunger tail section
82 includes a flat surface 86. A flange 88 is
positioned between contact section 80 and tail section
82. Tail section 82 includes an enlarged portion 90
for creating an interference fit with end coils of the
spring 76 to retain the spring contact in its
assembled configuration. Mating plunger 74 also
includes a contact portion or section 92, a tail
portion or section 94, and a flange 96 positioned
between the contact section and tail section. Tail
section 94 includes an enlarged portion 98 for
creating an interference fit with the end coils of
spring 76. [0049] In the flat configuration spring
contact assembly 70, the plunger tail sections 82 and
94 may have an end portion 100 that extends past the
end coils of the spring as shown in FIG. 10. This
design enhances the electrical contact between the
plungers and adds support to the opposite plunger tip.
One or both of the plunger tails can extend beyond the
end coils for a particular application. As shown in
FIG. 11 and FIG. 14 the end portion 82 which may
extend beyond the end coils of the spring may have the
corner edges 102 removed allowing for maximum material
utilization. [0050] As shown in FIG. 13 plunger 74 may
include a slot 106 in the spring interference area of
the plunger to provide additional compliance,
absorbing tolerance while providing a 



reliable press fit for the end coil. As shown in FIG.
15 the flat plunger design benefits from the new
result of having the plungers 72 and 74 generally
sliding together in an inclined configuration with
respect to a midline axis 108. The plungers sliding
together at an incline configuration transfers some of
the axial forces supplied by the external helical
spring 76 to a perpendicular direction, or normal to,
the mating flat plunger surfaces. The normal force
enhances intimate electrical contact between the
plungers as shown in FIG. 15. [0051] Yet another
alternative embodiment spring contact assembly 112 is
shown in FIG. 16 comprising mating plungers 114 and
116 and an external helical spring 118. In this
configuration, plunger 114 has a flat tail portion 120
and plunger 116 has a tail portion 122 having a
feature with internally opposed flat surfaces 124 for
receipt of flat tail 120. Tail portion 120 is
centrally located along the axis of plunger 114 and
the feature 124 is centrally located along the axis of
plunger 116. Spring contact assembly 112 allows for
two flat edges 126 and 128 to be received in slidable
contact with flat edges within feature 124. This
design provides for enhances resistance performance of
the spring contact assembly. [0052] FIG. 17
illustrates yet another alternative embodiment spring
contact assembly 130 which is a hybrid combination of
the spring contact assemblies of FIGS. 1 and 10.
Spring contact assembly 130 has a cylindrical plunger
132 and a flat plunger 134 in slidable contact within
an external helical spring 136. Tail portion 138 of
plunger 132 has a flat surface 140, and tail portion
142 of plunger 134 also has a mating flat surface 144.
Flat surfaces 140 and 144 are in slidable
engagement.[0053] FIG. 18 illustrates another
alternative embodiment spring contact assembly 146 of
the present invention. The spring contact assembly 146
is a flat configuration having a first contact member
148 and a second contact member 150. Each of the tail
portions 152 and 154 of contact members 148 and 150
include an enlarged tail section 156 and 158 which
pass through reduced diameter center coil sections 160
of helical spring 162. The enlarged tail portions are
opposite contact tips 164 and 166 of each contact
member. The enlarged tail section passes through the
reduced diameter coils and the force of the spring is
sufficiently low such that the contact members do not
disengage from the spring. [0054] FIG. 19 illustrates
another alternative embodiment spring contact assembly
168 which illustrates another alternative method for
retaining contact members 170 and 172 to helical
spring 174. In this embodiment, the center sections
176 and 178 of tail portions 180 and 182 respectively,
are pierced through forming a tab 184, 186, which when
contact members 170 and 172 are assembled within the
spring 174, the tabs interlock. [0055] FIG. 20
illustrates another alternative spring contact
assembly 188 which illustrates another alternative for
connecting the contact members. Assembly 188 includes
a first contact member 190 and a second contact member
192 having tail portions 194 and 196 positioned within
a helical spring 198. The center section 200 and 202
of the tail portions have a non-centered tab 204 and
206 which when assembled interlock. Tabs 204, 206 are
formed by a forming or folding operation. [0056] FIG.
2 1 illustrates yet another alternative embodiment
spring contact assembly 208 which is a Kelvin
measurement configuration. Assembly 208 has two
separate electrical paths within a single spring 210.
This is accomplished by having two separate contact
members 212 and 214 adjacent one another. Members 212
and 214 are electrically isolated from each other and
from spring 210 by having a non-conductive coating
positioned upon adjacent surfaces. Contact member 212
has a first contact segment 216 and a second contact
segment 218. Similarly, contact member 214 has a first
contact segment 220 and a second contact segment 222.
Each of segments 216 through 222 have a tail portion
224, 226, 228 and 230, respectively. Tail portions
224, 226, 228 and 230 have conductive surfaces 232
such that only sections 224 and 226 electrically
communicate with one another and only sections 228 and
230 electrically communicate with one another. Tail
sections 224 through 230 are positioned within spring
210. Assembly 208 has two separate electrical paths
within a single spring wherein each contact path
consists of two slidably engaging tail portions and
each contact path is electrically isolated from its
neighboring contact path. [0057] FIGS. 22 and 23
disclose another alternative embodiment spring contact
assembly 234 having a first contact member 236 and a
second contact member 238. Contact member 236 includes
sections 240 and 242 each having a slot 244 so that
sections 240 and 242 can engage one another to create
a three dimensional contact tip 246. Contact tip 246
comprises four contact points 248. Sections 240 and
242 are illustrated as being connectedperpendicularly,
however, it is to be understood that slots 244 can be
machined such that the two sections can be assembled
at an angle other than perpendicular. Contact section
236 and contact section 238 have tail portions 250 and
252 which are positioned within spring 254. [0058]
FIGS. 24 and 25 illustrate an alternative embodiment
three dimensional contact tip configuration. Contact
member 256 includes a tail portion 258 and a contact
tip portion 260. Contact member 256 is a flat
configuration as shown in FIG. 24 and contact tip 260
can have a three dimensional configuration as shown in
FIG. 25 by bending or otherwise deforming the flat
contact tip into a three dimensional shape. It is to
be understood that the contact tip configuration
although illustrated with three contact points 262,
264 and 266 can have any number of contact points
depending upon the particular application. The tip
geometry can be V-shaped, U-Shaped or other shapes to
transform an otherwise two dimensional contact tip
into a three dimensional contact tip. This can be done
by bending or other forming type operations.
Similarly, FIGS. 26 and 27 illustrate yet another
alternative three dimensional contact tip design for
contact member 268. Contact member 268 initially is
formed in a flat two dimensional configuration as
shown in FIG. 26 wherein contact member 268 includes a
tail portion 270 and a contact tip portion 272. As
shown in FIG. 27, contact tip portion 272 is folded
upon itself to form the three dimensional
configuration. In this embodiment, four contact points
274, 276, 278 and 280 are illustrated. [0059] Although
the present invention has been described and
illustrated with respect to several embodiments
thereof it is to be understood that changes and
modifications can be made therein which are within the
full scope of the invention as hereinafter
claimed.WHAT IS CLAIMED IS: 1. A spring contact
assembly comprising: a first contact member having a
tail portion having a flat contact surface along a
length of the tail portion; a second contact member
having a tail portion having a flat contact surface
along a length of the tail portion; and a compression
spring attached to the first contact member tail
portion and the second contact member tail portion,
whereby the flat contact surface of the tail portion
of the first contact member slidably engages the flat
contact surface of the tail portion of the second
contact member and increases the sliding engagement of
the flat surfaces during compression of the spring to
overcome a torsional spring force on the first contact
member and the second contact member. 2. The assembly
of claim 1 wherein the spring includes reduced
diameter end coils which engage the tail portions. 3.
The assembly of claim 1 wherein the spring includes
reduced diameter coil sections which engage the tail
portions. 4. The assembly of claim 1 wherein as least
one of the first contact member and the second contact
member is cylindrical. 5. The assembly of claim 4
wherein both the first contact member and the second
contact member is cylindrical. 6. The assembly of
claim 1 wherein at least one of the first contact
member and the second contact member is a flat
configuration. 7. The assembly of claim 6 wherein both
the first contact member and the second contact member
are a flat configuration. 8. The assembly of claim 1
wherein the flat surface on the tail portions of the
first contact member and the second contact member is
parallel and above a midline of a cylindrical tail
portion diameter.9. The assembly of claim 1 wherein
the flat surface on the tail portions of the first
contact member and the second contact member is formed
at an angle to a midline of a cylindrical tail portion
diameter. 10. The assembly of claim 1 wherein the flat
surface on the tail portions of the first contact
member and the second contact member is formed in a
helix about a midline of a cylindrical tail portion
diameter. 11. The assembly of claim 7 wherein an end
portion of the tail portions of the first or second
contact members extend beyond an end coil of the
compression spring when the contact assembly is
compressed. 12. The assembly of claim 1 wherein an
edge surface of the tail portion is removed. 13. The
contact assembly of claim 1 wherein at least one of
the first contact member or the second contact member
includes a slot in the tail portion. 14. The assembly
of claim 1 wherein the tail portion of the first
contact member is flat and the tail portion of the
second contact member two internally opposed flat
surfaces for receiving the tail portion of the first
plunger. 15. A spring contact assembly comprising: a
first flat contact member having a tail portion having
a contact surface along a length of the tail portion;
a second flat contact member having a tail portion
having a contact surface along a length of the tail
portion; and a compression spring attached to the
first flat contact member tail portion and the second
flat contact member tail portion, whereby the contact
surface of the tail portion of the first flat contact
member slidably engages the flat contact surface of
the tail portion of the second flat contact member at
an inclined configuration which increases the sliding
engagement of the flat contact surfaces during
compression of the spring by transferring axial forces
supplied by the spring normally to the sliding
surfaces. 16. The assembly of claim 15 wherein the
spring includes reduced diameter end coils which
engage the tail portions.17. The assembly of claim 15
wherein the spring includes reduced diameter center
coils which engage the tail portions. 18. The assembly
of claim 17 wherein the tail portions have an enlarged
end section which passes through the reduced diameter
center coils. 19. The assembly of claim 16 wherein the
tail portions have interlocking tabs. 20. The assembly
of claim 15 wherein the first contact member has a
three dimensional contact tip. 2 1. A spring contact
assembly comprising: a first flat contact member
having a tail portion having a contact surface along a
length of the tail portion; a second flat contact
member having a tail portion having a contact surface
along a length of the tail portion wherein the contact
surface of the tail portion of the second flat contact
member slidingly engages the contact surface of the
tail portion of the first flat contact member; a third
flat contact member having a tail portion having a
contact surface along a length of the tail portion; a
fourth flat contact member having a tail portion
having a contact surface along a length of the tail
portion wherein the contact surface of the tail
portion of the fourth flat contact member slidingly
engages the contact surface of the tail portion of the
third flat contact member; and a compression spring
attached to the tail portions of the first, second,
third and fourth flat contact members, whereby the
first flat contact member and the second contact
member are electrically isolated from the third flat
contact member and the fourth flat contact member such
that there are two independent electrical paths within
the assembly. 


