
ANTIOXIDANT COMPOSITIONS USEFUL IN BIODIESEL AND OTHER
FATTY ACID AND ACID ESTER COMPOSITIONS FIELD OF THE
INVENTION The present invention relates to
compositions and methods involving antioxidant
formulations that are suitable for use in fatty acid
and fatty acid ester compositions such as those used
in the food and/or fuel industries. DESCRIPTION OF
RELATED ART Animal fats, such as edible-grade lard and
tallow, and vegetable oils, such as sunflower,
rapeseed, soybean, corn, palm and coconut oils, have
found widespread use in the food industry. Recently,
the use of virgin and reclaimed animal fats and
vegetable oils as an alternative energy source, such
as use of esterified fatty acids in biodiesel, has
been investigated. One problem associated with the use
of these materials is their susceptibility to
oxidation. Such oxidation can result in decomposition
of unsaturated fatty acid esters into undesirable
compounds. The decomposition can lead to precipitation
and formation of materials that can cause problems
with engine parts such as injection systems, pumps and
nozzles of the diesel engines as well as incomplete
combustion and increased soot formation. Protecting
the fuel quality of biodiesel and its blends with
petroleum diesel during long term storage is desirable
for manufacturers, blenders, suppliers, and users. The
use of antioxidants in biodiesel has therefore been
considered. Various formulations containing phenolic
antioxidant compounds such as butylated hydroxyanisole
(BHA)5 as 2,6-di-tert-butylphenol,
2,6-di-tert-butyl-4- methylphenol (BHT) and
tert-butylhydroquinone (TBHQ) have been examined for
their ability to reduce or slow oxidation. A common
method for incorporating antioxidants into biodiesel
is in a solution form. However, finding solvents that
will carry higher concentrations of phenolic
antioxidants along with other additives, while being
miscible with biodiesel, is a challenge. There is
acontinued need for new concentrated formulated
antioxidants in solution form for biodiesel
stabilization. SUMMARY OF THE INVENTION The present
invention provides compositions useful as antioxidant
concentrate solutions. The compositions contain at
least one phenolic antioxidant, at least one metal
chelating compound and at least one solvent. It has
been found that selection of the proper components or
methods of preparation allows preparation of solutions
that contain high concentrations of phenolic
antioxidants while also dissolving a metal chelating
agent and being miscible with biodiesel. In some
embodiments, it has been found that selecting the
proper order in which to combine the components can
improve the ability to achieve higher concentrations
of phenolic antioxidants when used in connection with
metal chelating compounds. Thus, the invention further
includes methods of making the concentrate solutions.
The invention further includes biodiesel fuel
compositions that contain the concentrate solutions of
the present invention as well as fuel compositions
comprising biodiesel as well as other burnable sources
such as petroleum diesel. The invention further
includes methods of using the antioxidant concentrate
solutions of the present invention. DETAILED
DESCRIPTION OF THE INVENTION Compositions containing
phenolic antioxidant solutions are provided. The
invention further provides methods of making and using
such compositions as well as compositions that contain
both biodiesel and at least one antioxidant
concentrate solution and blended fuel compositions
containing biodiesel blended with other fuels. In some
cases, for example, difficulties arise in dissolving
citric acid in solvents that can dissolve high
concentrations of antioxidant to form a solution that
is readily miscible in biodiesel. The invention
overcomes this problem in many ways. For example, in
some embodiments, the invention provides a proper
solvent or combination of solvents that will allow
achieving higher concentrations than previously
achieved. In some embodiments, theinvention provides
alternate metal chelating compounds having more
compatible solubility than citric acid. In some
embodiments, the invention provides single solvent or
solvent matrices that allow higher concentrations to
be achieved. In some embodiments, the components are
combined in a specific order that has been found to
allow higher concentrations to be achieved. Biodiesel
As used throughout this application, "biodiesel" shall
mean compositions that contain at least about 50% by
weight of esters of saturated and unsaturated fatty
acids that can be used as biodiesel fuel for diesel
engines. In some embodiments, the biodiesel contains
higher concentrations by weight of the esters, with
examples being at least about 60%, at least about 70%,
at least about 80% at least about 90%, at least about
95%, or at least about 99%, in each case the
percentages being by weight. In some embodiments the
esters are methyl esters, ethyl esters, or propyl
esters of fatty acids, or combinations of two or more
thereof. In some embodiments the esters are methyl
esters of fatty acids. In some 



embodiments, the fatty acid esters in biodiesel are
one or more C to C 4 fatty acid methyl esters, where C
to C refers to the number of carbons bonded to the
methyl group by the ester linkage. Antioxidant
Concentrate Solutions The invention provides
antioxidant concentrate solutions, which are
compositions containing concentrated phenolic
antioxidants for delivery into biodiesel. The
compositions include at least one phenolic antioxidant
and at least one solvent or combination of solvents
and optionally other components. Metal chelating
compounds are examples of additional components. Thus,
in some embodiments the composition comprises at least
one phenolic antioxidant compound, at least one metal
chelating compound, and at least one solvent. Other
components may also be present.Phenolic Antioxidant As
used throughout this application, "phenolic
antioxidants" or "antioxidants" shall mean compounds
that slow oxidation of fatty acid esters selected
from: phenol compounds, bisphenol compounds, diphenol
compounds, diphenol monoether compounds and triphenol
compounds. Some examples of phenol compounds having
antioxidant activity include mono, di, and
trialkylated phenols such as 2,6-di-tert-butylphenol,
2,4-di-tert-butylphenol, and 2,6-di-tertbutyl-
4-methylphenol (BHT). Some examples of bisphenol
compounds having antioxidant activity include
2,2'-methylene-bis-(4-methyl-6-tert~butylphenol) (BKF)
and 2,2'-methylene-bis-(4-methyl-6-cyclohexylphenol).
Some examples of diphenol compounds having antioxidant
activity include hydroquinone (HQ), mono and
dialkylated hydroquinones having one or two C -C8
alkyl groups (e.g. tert-butylhydroquinone (TBHQ),
2,5-di-tert-butylhydroquinone (DTBHQ),
methylhydroquinone (also known as.
2-methylhydroquinone, toluhydroquinone or THQ),
2,5-di-tert.-octylhydroquinone (DOH)), catechol (also
known as pyrocatechol) and mono and dialkylated
catechols having one or two Ci-C alkyl groups (e.g.
tert-butylcatechol). As used throughout this
application, references to "C1-C alkyl groups" refers
to alkyl groups that possess one to eight carbon
atoms. In some embodiments, the diphenol compound
selected is TBHQ. Some examples of diphenol monoether
compounds having antioxidant activity include 4-
methoxyphenol (hydroquinone monomethyl ether, or
HQMME)) and 2- raethoxyphenol (guaiacol, or catechol
monomethyl ether), butylated hydroxyanisole (BHA).
Some examples of triphenol compounds having
antioxidant activity include pyrogallol
(1,2,3-trihydroxybenzene) and Ci-Ci esters of gallic
acid such as n-propyl gallate. In some embodiments, at
least one triphenol compound is a Ci-C8 ester of
gallic acid. In some embodiments, at least one
triphenol compounds is pyrogallol. As used throughout
this application, references to carbon numbers in
connection with alkyl groups (e.g. "Ci-Cg alkyl
groups") refers to alkyl groups that possess the
number of carbon atoms referred to (one to eight
carbon atoms in the example given). As used throughout
this application, "alkyl groups" shall refer
tosaturated, unsubstituted groups containing one or
more carbon atoms along with hydrogen atoms. Alkyl
groups may be branched or unbranched. In some
embodiments, the phenolic antioxidant is selected from
diphenols, triphenols and bisphenols. In some
embodiments, the phenolic antioxidant is selected from
the diphenols described above, or a combination
thereof. In some embodiments, at least one of the
diphenols is TBHQ. In some embodiments, at least one
of the diphenols is catechol or a mono and dialkylated
catechol having one or two Ci-Ci alkyl groups. In some
embodiments, at least one of the diphenols is t-butyl
catechol. In some embodiments, at least one phenolic
antioxidant is selected from the triphenols described
above. In some embodiments, at least one phenolic
antioxidant is pyrogallol. In some embodiments, at
least one phenolic antioxidant is selected from TBHQ,
t-butyl catechol and pyrogallol. In some embodiments,
at least one phenolic antioxidant is selected from the
bisphenols described above, or a combination thereof.
In some embodiments, at least one phenolic antioxidant
is BKF. Embodiments exist that include a single
phenolic antioxidant, while others contain a
combination of two or more phenolic antioxidants.
Metal chelating compound As used throughout this
application, the terms "metal chelating compound,"
"metal chelator" and "chelator" shall all mean any
compounds that will chelate metal cations present in
biodiesel. The addition of metal chelating compounds
to phenolic antioxidants further increases the
oxidative stability of biodiesel. Any suitable metal
chelator may be used and many chelators are known in
the art. Some examples include: hydroxycarboxylic acid
chelators, such as citric acid; hydroxycarboxylic acid
ester chelators such as triethyl citrate and
monostearyl citrate; Schiff Bases such as
N,N-disalicylidene-l,2-propanedia ppne, (DMD);
aminoalcohols such as triethanolamine and
N-hydroxyethylethylenediamine; polyamines such as
ethylenediamine and diethylenetriamine; and
aminocarboxylic 



acid chelators such as ethylenediaminetetraacetic acid
(EDTA). Mixtures of metal chelating compounds can also
be used. In some embodiments, at least one metal
chelator is selected from hydroxycarboxylic acid ester
chelators,hydroxycarboxylic acid ester chelators,
Schiff Bases, aminoalcohols, polyamines and
aminocarboxylic acid chelators. In some embodiments,
at least one metal chelator is selected from one or
more of the preceding examples or groups of examples.
In some embodiments, at least one metal chelating
compound is a hydroxycarboxylic acid ester chelator.
In some embodiments, at least one metal chelating
compound is a hydroxycarboxylic acid chelator. In some
embodiments, at least one metal chelating compound is
an aminoalcohol. In some embodiments, the metal
chelating compound is a polyamine. In some
embodiments, at least one metal chelating compound is
citric acid. In some embodiments, at least one metal
chelating compound is triethyl citrate. Embodiments
exist that include a single metal chelating compounds,
while others contain a combination of two or more
metal chelating compounds. Solvents The solvents of
the present invention may be a single compound or a
combination of solvent compounds, such as in a solvent
matrix. In some embodiments, the solvents are selected
from monofunctional alcohols, glycols, polyols,
esters, ethers, glycol ether acetates, ketones, glycol
ethers, amides, nitro compounds and combinations of
two or more of the foregoing. In some embodiments, the
solvent is liquid at standard temperature and
pressure. In some embodiments, at least one of the
solvent compounds is a monofunctional alcohol. Some
examples of monofunctional alcohols include Cj- C25
monofunctional alcohols, but also include
monofunctional alcohols selected from smaller ranges
such as C -C2 alcohols, C2-C10 alcohols, C3-C10
alcohols, C3- Ci8 alcohols, Cs-C i alcohols, and so
forth. Some examples of C monofunctional alcohols
include n-propyl alcohol, isopropyl alcohol, n-butyl
alcohol, amyl alcohol, 2-ethyl hexanol, decyl alcohol,
and 1-octadecanol. As used throughout this
application, references to compounds as having a
specific number of carbon atoms (e.g. "C -C10") refers
to compounds for which the total number of carbon
atoms in the molecule is in the range specified (e.g.
2-10 total carbons).In some embodiments, at least one
of the solvent compounds is a polyol. Some examples of
polyol solvents include glycols such as ethylene
glycol, polyethylene glycol, propylene glycol,
diethylene glycol, dipropylene glycol, Methylene
glycol, tripropylene glycol. In some embodiments, the
polyol used is propylene glycol. In some embodiments,
at least one of the solvent compounds is a glycol
ether. As used throughout this application, a "glycol
ether" shall mean to a molecule having the structure
of a glycol except that the molecule possesses an
ether linkage to an alkyl group instead of one of the
hydroxyl groups. Thus a monoalkyl ether of ethylene
glycol, for example, has the structure of ethylene
glycol with an ether linkage connected to an alkyl
group instead of one of the two hydroxyl groups
normally found on ethylene glycol. By way of further
example, "ethylene glycol mono butyl ether" refers to
a molecule having the structure of ethylene glycol
with an ether linkage connected to a butyl group.
Further, a reference to a number of carbons on the
ether refers to the number of carbons in an alkyl
group attached to the ether linkage. Thus, a "C -C10
glycol ether" refers to a glycol ether in which alkyl
group attached to the ether has three to ten carbons.
In some embodiments, the glycol ether solvent includes
1-3 ether linkages and exactly one hydroxy (-OH)
group. Some examples include Ci-C 1 monoalkyl ethers
of ethylene glycol, Ci-C12 monoalkyl ethers of
diethylene glycol, Ci-C 1 monoalkyl ethers of
triethylene glycol, Ci-Ci 2 monoalkyl ethers of
propylene glycol, C1-C12 monoalkyl ethers of
dipropylene glycol, and Ci-Ci 2 monoalkyl ethers of
tripropylene glycol. Examples include ethylene glycol
monopropyl ether (available as Eastman EP Solvent from
Eastman Chemical Company, Kingsport TN, USA), ethylene
glycol monobutyl ether, ethylene glycol monohexyl
ether, ethylene glycol mono-2-ethylhexyl ether,
diethylene glycol monomethyl ether, diethylene glycol
monoethyl ether, diethylene glycol monopropyl ether,
diethylene glycol monobutyl ether (available as
Eastman DB Solvent from Eastman Chemical Company,
Kingsport TN, USA), propylene glycol monomethyl ether,
propylene glycol monoethyl ether, propylene glycol
monopropyl ether, propylene glycol monobutyl ether,
dipropylene glycol monomethyl ether, dipropylene
glycolmonoethyl ether, dipropylene glycol
mono-n-propyl ether, dipropylene glycol mono-n-butyl
ether, and combinations of two or more thereof. In
some embodiments, the glycol ether is selected from
diethylene glycol monobutyl ether and ethylene glycol
monopropyl ether. In some embodiments, at least one of
the solvent compounds is an ester. Examples of ester
solvents include C3-C24 esters (wherein C3-C24 refers
to the number of carbon atoms on the larger of the two
groups of carbon atoms on either side of the ester
linkage; the groups may be branched, unbranched,
saturated or 



unsaturated). Some examples of ester solvents include
methyl acetate, ethyl acetate, n-propyl acetate,
isopropyl acetate, n-butyl acetate, isobutyl acetate,
tertbutyl acetate, amyl acetate, methyl amyl acetate,
n-propyl propionate, n-butyl propionate, isobutyl
isobutyrate, 2-ethylhexyl acetate, ethylene glycol
diacetate, dimethyl adipate, dimethyl succinate,
dimethyl glutarate, C12-C24 fatty acid methyl esters,
propylene glycol diacetate (diacetoxypropane), and
combinations of two or more thereof. In some
embodiments, the ester solvent is a C3-C15 compound.
In some embodiments, at least one of the solvent
compounds is a glycol ether ester compound. In some
embodiments, the glycol ether ester compound is a
C1-C12 glycol ether ester compound, in which C1-C12
refers to the number of carbons in the alkyl group
attached to the ether linkage. Glycol ether esters
have structures similar to glycol ethers except that
they possess an ester linkage in the place of the
hydroxy group on the corresponding glycol ether. Thus,
for example, ethylene glycol monobutyl ether acetate,
has the structure of ethylene glycol monobutyl ether
with an acetate group substituted for the hydroxy
group. Some examples include acetate esters of C]-C] 2
monoalkyl ethers of ethylene glycol, the -acetate
esters of C -C12monoalkyl ethers of diethylene glycol,
the acetate esters of C1-C12 monoalkyl ethers of
triethylene glycol, the acetate esters of C1-C12
monoalkyl ethers of propylene glycol, the acetate
esters of Ci-C12 monoalkyl ethers of dipropylene
glycol, and the acetate esters of Ci-C12 monoalkyl
ethers of tripropylene glycol. More specific examples
include ethyl-3-ethoxypropionate, ethylene glycol
monobutyl ether acetate, ethylene glycol monoethyl
ether acetate, propylene glycol monoethyl ether
acetate, propylene glycol monomethyl etheracetate,
diethylene glycol monoethyl ether acetate, diethylene
glycol monobutyl ether acetate, dipropylene glycol
monomethyl ether acetate, and combinations of two or
more thereof. In some embodiments, at least one of the
solvent compounds is an ether compound. Some examples
of solvents selected from the class of ethers include
diisopropyl ether, tetrahydofuran (THF), dipropylene
glycol dimethyl ether, and combinations of two or more
thereof. In some embodiments, the ether is THF. In
some embodiments, at least one of the solvent
compounds is a ketone. Some examples of solvents
selected from the class of ketones include straight or
branched C3-C14 ketones (wherein C -C H refers to the
number of carbon atoms in the ketone molecule). In
some embodiments, ketones are selected from acetone,
methyl ethyl ketone, methyl propyl ketone, methyl
isobutyl ketone, methyl isoamyl ketone, cyclohexanone,
methyl amyl ketone, and combinations of two or more
thereof. In some embodiments, at least one of the
solvent compounds is an amide compound. In some
embodiments, the amide is a C2-C10 amide (wherein
C2-C10 refers to the number of carbon atoms in the
ketone molecule). Some examples of solvents selected
from the class of amides include N,N-dimethylformamide
(DMF), N-methylpyrrolidone and dimethylacetamide and
combinations of two or more thereof. In some
embodiments, the amide is DMF. In some embodiments, at
least one of the solvent compounds is a nitro
compound. Some examples of solvents selected from the
class of nitro compounds include nitropropane isomers,
nitrobenzene and combinations of two or more thereof.
In some embodiments, the solvent is a single solvent
compound selected from one of the C1-C12 glycol
ethers, C2-C10 amides, C3-C14 ketones, C2-C10 ethers,
C3 - C25 esters, polyols, and one of the above groups
of alcohols (e.g. C2-C24 alcohols or C3-C18 alcohols).
In some embodiments, the solvent is a single solvent
selected from one of the C2-C15 glycol ethers, C2-Ci 0
amides, C3-C 4 ketones, C2- Cio ethers, C3 - C15
esters, polyols, and one of the above groups of
alcohols (e.g.C -C 4 alcohols or C3-C18 alcohols). In
some embodiments, the single solvent compound is
selected from glycol ethers, alcohols, and amides. In
some embodiments, the single solvent compound is
selected from glycol ethers and alcohols. In some
embodiments, the single solvent compound is selected
from ethylene glycol monopropyl ether, diethylene
glycol monobutyl ether, ethanol, isopropanol, and DMF.
In some embodiments, the single solvent compound is
selected from ethylene glycol monopropyl ether and
diethylene glycol monobutyl ether. In some embodiments
the single solvent compound is selected from glycol
ethers, alcohols, ethers, ketones, amides and esters.
In some embodiments the single solvent compound is
selected from amides, ketones, esters. In some
embodiments, the solvent includes a combination of two
or more compounds. In some embodiments, the solvent
compounds include at least one glycol ether and at
least one glycol, wherein the glycol is present at a
concentration of at least about 7% weight percent
based on the total weight of the total antioxidant
concentrate composition. In some embodiments, the
compounds include at least one ester compound and at
least one glycol, wherein the glycol is present at a
concentration of at least about 7% weight percent
based on the total weight of the total antioxidant
concentrate composition. In some embodiments, 



the compounds include at least one ester compound and
at least one alcohol, wherein the alcohol is present
at a concentration of at least about 7% weight percent
based on the total weight of the total antioxidant
concentrate composition. In some embodiments, the
compounds include at least one ketone and at least one
glycol, wherein the glycol is present at a
concentration of at least about 7% weight percent
based on the total weight of the total antioxidant
concentrate composition. Any useful combination can be
selected. In some embodiments of the present invention
the solvent mixture contains from about 25 to about 45
weight % of an ester, from about 45 to about 65 weight
% of a glycol ether, and from about 1 to about 20
weight % of a polyol, wherein the solvent weight
percentages are based on the total weight of all
solvents. In some embodiments of the present invention
the solvent mixture contains from about 30 to about 40
weight % of an ester, from about 50 to about 60 weight
% of a glycol ether, and from about 5 toabout 15
weight % of a glycol, wherein the solvent weight
percentages are based on the total weight of all
solvents. In some such embodiments, the ester is
selected from methyl acetate, ethyl acetate, n-propyl
acetate, isopropyl acetate, n-butyl acetate, isobutyl
acetate, tert-butyl acetate, propylene glycol
diacetate and combinations of two or more thereof; the
glycol ether solvent is selected from ethylene glycol
monopropyl ether, ethylene glycol monobutyl ether,
ethylene glycol mono-2-ethylhexyl ether, diethylene
glycol monomethyl ether, diethylene glycol monoethyl
ether, diethylene glycol monopropyl ether, diethylene
glycol monobutyl ether, propylene glycol monomethyl
ether, dipropylene glycol monomethyl ether,
dipropylene glycol monoethyl ether, and combinations
of two or more thereof; and from the polyol solvent
selected from ethylene glycol, polyethylene glycol,
propylene glycol, diethylene glycol, dipropylene
glycol and combinations of two or more thereof. In
some of the foregoing embodiments, the ester is
n-butyl acetate, the glycol ether is diethylene glycol
monobutyl ether and the polyol is propylene glycol. In
some embodiments, the solvent includes a single
solvent compound selected from ethers, amides,
alcohols and glycol ethers. In some embodiments, the
solvent compound is selected from ethylene glycol
monopropyl ether, diethylene glycol mono butyl ether,
ethylene glycol mono 2-ethylhexyl ether, DMF, THF,
propanol, and ethanol. In some embodiments, the
solvent compound is selected from ethylene glycol
monopropyl ether, diethylene glycol mono butyl ether
or ethylene glycol mono 2-ethylhexyl ether.
Embodiments also exist with any one of the foregoing
single compounds as a solvent. Combinations in the
ConcentratedAntioxidant Solutions The invention
provides for a variety of component selections that
allow the delivery of significantly higher
concentrations of phenolic antioxidants along with
metal chelators. The invention thus includes
combinations of the foregoing components to provide
concentrated antioxidant solutions. The present
invention allows preparation of solutions having high
concentrations of phenolic antioxidants, even in the
presence of metal chelating compounds. The amount of
phenolic antioxidant present in the concentrate
solution may be in any desirablerange. Some examples
include about 10 to about 90 weight %, about 20 to
about 90 weight %, about 25 to about 50 weight % about
22 to about 50 weight %, about 22 to about 40 weight
%, about 20 to about 40 weight %, about 20 to about 30
weight %, about 25 to about 40 weight %, about 15 to
about 40 weight %, about 15 to about 30 weight %, and
about 30 to about 90 weight %, in each case based on
the total weight of concentrated solution. Other
examples include at least about 15%, greater than 21%,
at least about 22%, at least about 23%, at least about
24%, at least about 25%, at least about 30% and at
least about 40%. Similarly the amount of metal
chelating compound present in the concentrate solution
may be in any desirable range. Some examples include
about 0.1 to about 10 weight %, about 20 to about 90
weight %, about 25 to about 50 weight %, about 22 to
about 50 weight %, about 22 to about 40 weight %,
about 20 to about 40 weight %, about 20 to about 30
weight %, about 25 to about 40 weight %, about 15 to
about 40 weight %, about 15 to about 30 weight %, and
about 30 to about 90 weight %, in each case based on
the total weight of concentrated solution. Other
examples include at least about 15%, greater than 21%,
at least about 22%, at least about 23%, at least about
24%, at least about 25%, at least about 30% and at
least about 40%. Where the metal chelating compound is
present, it will be present in amounts of at least
about 0.5%. Embodiments exist with the above ranges of
antioxidant concentrations and several different
concentrations of the metal chelating compound,
including, for example, about 0.5 to about 20 weight%,
about 0.5 to about 10 weight %, about 0.5 to about 5
weight %, 0.5 to about 3 weight% and about 1.0 to
about 3 weight %. Thus, for example, in some
embodiments of the present invention, the antioxidant
concentrate comprises from about 25 to about 40 weight
% of an antioxidant and from about 1 to about 3 weight
% of a metal chelating compound. In some embodiments
of the present invention, the antioxidant concentrate
comprises from about 25 to about 40 weight % of an 



antioxidant and from about 0.5 to about 10 weight % of
a metal chelating compound. In some embodiments of the
present invention, the antioxidant concentrate
comprises at least about 22% of an antioxidant and
from about 0.5 to about 3 weight % of a metal
chelating compound. In some embodiments of the present
invention, the antioxidant concentrate comprises from
about 15 to about 40 weight % of an antioxidant and
from about 0.5 to about 10 weight %, optionallyabout
0.5 to about 5%, of a metal chelating compound while
containing less than 10% of a surface active agent. In
some embodiments, the antioxidant solution is readily
miscible in biodiesel. A readily miscible antioxidant
solution is helpful because in some embodiments it
allows the solution to become dissolved into the
biodiesel with little or no agitation or heating.
Whether a solution is "readily miscible" in biodiesel
is determined by the following procedure. A clear soy
oil biodiesel having a yellowness index of 140 based
on ASTM Method E313-O5 and containing no suspended
particles or visible internal phases is stored at room
temperature for at least 24 hours prior to the
experiment. 20 grams of the biodiesel is placed into
an eight-dram, ( 1 fluid ounce, approximately 25 ml)
screw-top cylindrical glass vial. 0.20 grams of the
antioxidant solution to be tested is then added and
the vial is immediately sealed with a screw-top
stopper and is inverted 180 degrees 5 times. After the
fifth inversion the vial is immediately inspected
visually, first upright then on its side for evidence
of phase separation. If there is any separate phase
layer, suspended bodies or particles, haze, or
globules of liquid adhering to the inner surface of
glass vial, the solution is inverted up to an
additional five times. The presence of any separate
phase layer, suspended bodies or particles, haze, or
globules of liquid adhering to the inner surface of
glass vial after 10 inversions indicates that the
solution is not "readily miscible" in biodiesel. The
absence of all such indicators indicates within 10
inversions or less indicates that the composition is
"readily miscible" in biodiesel. In some embodiments,
the selection of components allows preparation of a
homogeneous composition that is readily miscible in
biodiesel without the use of surface active agents.
Thus, in some embodiments, the invention provides a
homogeneous composition containing less than 10% total
surface active agents by weight. As used throughout
this application, "surface active agents" means
molecules that are characterized by the possession of
both at least one hydrophilic group (polar or ionic)
and at least one hydrophobic groups (containing
straight or branched chains of 10 or more unsaturated
saturated or unsaturated carbons), and that reduce
interfacial tension between two liquids, or between
liquids and solids.Some examples of surface active
agents include fatty acids, salts of fatty acids (e.g.
soaps), aminoalcohols (Ci0 and higher), long chain
alcohols (C10 and higher, and including long chain
monoglycerides and diglycerides such as DIMODAN R/D
K-A available from Danisco Cultor USA, Inc., New
Century, Kansas), and ethoxylated linear alcohols
(e.g. TERGITOL 15-S series surfactants available from
DOW Chemical). The type of solvent present in the
concentrated antioxidant solution may be selected from
a single class of the above specified solvents or may
be a mixture of such solvents, depending upon the
antioxidant, metal chelating compound, as well as the
presence of other additives. In formulating the
combinations of components, the solvent or solvent
combination is chosen for the phenolic antioxidant and
metal chelator in part by taking account of the
individual solubilities of the two components.
However, it has been found that in some embodiments
the presence of the phenolic antioxidant and the metal
chelating compound together should be properly
considered rather than the individual solubilities of
the components. Some embodiments are amenable to
single solvent systems. Multiple solvent systems may
be used to improve the solubilities of the system
components or to modify the other characteristics of
the solvent solution. Glycol ethers (e.g. the C -C1S
glycol ethers such as Eastman DB solvent or Eastman EP
solvent) and amides (e.g. DMF) are suitable single
solvent systems in many embodiments. Low molecular
weight alcohols (C1- C3 or C1- C ) are useful in some
embodiments, although combinations with other solvents
may be more useful for embodiments involving "hindered
phenols," or phenolic antioxidants having a plurality
branched or long chain alkyl groups, thereby limiting
their solubility in the alcohols (e.g. BHT, which has
two tert-butyl chains). Also, methanol's utility in
biodiesel may be limited due to product
specifications. In some embodiments involving hindered
phenols in combination with chelators that are
hydroxycarboxylic acids (e.g. citric acid),
hydroxycarboxylic acid esters (e.g. triethyl citrate),
or aminoalcohols (e.g. triethanolamine), glycol ethers
(e.g. C -C1S glycol ethers) and amide solvents are
useful in forming single solvent systems. In some
embodiments in which the chelator is a polyamine
suchas ethylenediamine, ketones (e.g. C3-C14 ketones
such as acetone), esters (e.g. C - Ci5 esters such as
ethyl acetate) nitro-compounds (e.g. nitrobenzene) or
ethers (e.g. THF) are useful in achieving higher
solubilities with hindered phenols. In some
embodiments in which the antioxidant is a
mono-alkylated diphenol 



(e.g. TBHQ) and the choice of chelator is a carboxylic
acid (e.g. citric acid), glycol ethers (e.g. Ca-C 1
glycol ethers), alcohols (e.g. C2- 5 glycol ethers),
or amides (e.g. DMF) can be used in single solvent
systems. In some embodiments in which the antioxidant
is a mono-alkylated diphenol (e.g. TBHQ) and the
choice of chelator is a carboxylic acid C -C15 glycol
ethers are used in single solvent systems. In some
embodiments involving mono-alkylated diphenols and a
chelator selected from the classes of citric acid
esters, aminoalcohols, or diamines, more hydrophobic
solvents such as ketones (e.g. C3-C14 ketones), esters
(e.g. C - C15 esters,) or ethers (e.g. THF) are used
in single solvent systems. In some embodiments, the
phenolic antioxidant is a diphenol monoether (e.g.
BHA), the chelator is selected from citric acid or its
esters, and the single solvent is a glycol ether (e.g.
a C2-C1 glycol ether), an amide, or an alcohol. In
some embodiments, the phenolic antioxidant is a
diphenol monoether (e.g. BHA), the chelator is an
aminoalcohol, and the single solvent is a
nitro-compound (e.g. nitrobenzene). In some
embodiments, the phenolic antioxidant is a diphenol
monoether (e.g. BHA), the chelator is a polyamine and
a multiple solvent system is used. In some embodiments
involving a phenolic antioxidant from the class of
triphenols (e.g. pyrogallol) and citric acid, a single
solvent is selected from glycol ethers (e.g. C2-C15
glycol ethers), and amides (e.g. DMF). In some
embodiments involving a triphenol antioxidant and
esters of citric acid, the single solvent is selected
from ketones (e.g. C3-C14 ketones), esters (e.g. C -C1
esters,) and ethers (e.g. THF). In some embodiments,
the compositions have a flash point of higher than 100
degrees Fahrenheit as determined using ASTM Method
Number: D3828-05. This can be accomplished, for
example, through selection of solvents or
solventcombinations that will result in a final
composition having the desired flashpoint. Achieving
high solubility of phenolic antioxidants in the
presence of metal chelators, while maintaining
miscibility in biodiesel and a flash point above 100
degrees Fahrenheit, is one of the advantages of some
embodiments of this invention. In some embodiments,
the composition is (i.e. does not precipitate and
separate) stable at cold temperatures (e.g. -25
Degrees F for seven days). In some embodiments, the
concentrated antioxidant solutions may further include
specific functional additives, such as cold flow
additives, biocides, engine cleaning agents, surface
active agents, compatibilizers, and corrosion
inhibitors. In some embodiments, such additives are
present in the concentrated solution collectively in
an amount of from about 0.001 to about 40 weight %,
based on the total weight of concentrated solution. In
some embodiments, such additives are present
collectively in an amount of from about 0.1 to about
20 weight %, based on the total weight of concentrated
solution. In some embodiments, biodiesel is used as an
ester solvent in the antioxidant concentrate
solutions. In some embodiments, the concentrate
solution comprises from about 15 to about 40 weight %
and optionally from about 15 to about 25 weight %, of
an antioxidant; from about 5 to about 30 weight % and
optionally from about 5 to about 15 weight % of a
glycol solvent; from about 0.1 to about 10 weight %
and optionally from about 1 to about 2 weight % of a
metal chelating compound; from about 10 to about 30
weight % of a surface active agent; and from about 30
to about 60 weight % and optionally from about 40 to
about 55 weight % of biodiesel. Methods of making
antioxidant compositions While the compositions of the
present invention can be made by any method, the
invention also includes methods of combining one or
more solvents, metal chelating compounds, and phenolic
antioxidants. It has been discovered that the order of
combining the components can affect the concentrations
that can be achieved. In some embodiments, fully
dissolving a metal chelating compound in a solvent
before adding the phenolic antioxidant or combining
with a solutioncontaining the phenolic antioxidant
results in preparations to which higher concentrations
of phenolic antioxidants can be added (without
resulting in precipitation of the metal chelator or
the phenolic antioxidant) as compared to methods
involving simultaneous addition of phenolic
antioxidant and metal chelator, or addition of
undissolved metal chelator to a solution already
containing the phenolic antioxidant. This has been
found, for example, in some embodiments in which the
metal chelator and phenolic antioxidant have different
solubilities. Specifically, in some embodiments the
metal chelating compound is dissolved in a solvent
containing one or more compounds to form a first
solution, which is then admixed with either the
phenolic antioxidant or a second solution containing
one or more solvent compounds and the phenolic
antioxidant. Other solvent compounds and additives can
be optionally combined with the first solution before,
during, or after the combination with the phenolic
antioxidant or second solution. In some embodiments, a
first solution is prepared containing a phenolic 



antioxidant in a solvent containing one or more
compounds. A second solution is prepared containing a
metal chelating compound in one or more solvent
compounds. Then a predetermined amount of the second
solution is added to the first solution to give a
third or final solution having the desired amounts of
the antioxidant and metal chelating compound in a
solution matrix. Optionally, the first or second
solution, or both solutions, are combined with
additional solvent compounds prior to mixing with each
other. In some embodiments, a metal chelating compound
is first dissolved in a solvent containing one or more
compounds to make a first solution. One or more
additional solvent compounds is then added to the
first solution to form a solvent matrix having the
metal chelating compound dissolved in the solvent
matrix. Then a phenolic antioxidant is added to the
solvent matrix to form the final concentrated solution
having the desired amounts of the antioxidant and
metal chelating compound in a solution matrix.In some
embodiments, the metal chelating compound is added to
a solvent to make a solution. The phenolic antioxidant
is then added to the solution. In each of the
foregoing methods, the amounts of each component
included may be predetermined such that the method
produces any of the compounds of the present
invention. Thus, embodiments of the foregoing method
exist for each composition of the present invention In
some embodiments, the components are miscible at room
temperature. In some embodiments, it may be
appropriate to heat one or more of the precursor
solutions to achieve complete dissolution of the
solute in the solvent. In some embodiments, the
solvent is heated to a temperature of less than about
1000C and optionally less than about 600C. Treated
compositions The invention also provides fuel
compositions that include all of the components of at
least one antioxidant concentrate solution of the
present invention along with fatty acids or fatty acid
esters (including biodiesel). Optionally, additional
components may be added. In some embodiments of the
present invention, the fuel composition contains from
0.001 to 5 weight %, based on the weight of the
composition, of an antioxidant concentrate solution of
the present invention and has a concentration of the
phenolic antioxidant that is greater than about 5
parts per million (ppm). In some embodiments of the
present invention, the fuel composition contains from
0.001 to 1 weight % of the antioxidant concentrate
solution based on the weight of the composition. In
some embodiments of the present invention, the fuel
composition contains from 0.001 to 0.4 weight % of the
antioxidant concentrate solution based on the weight
of the composition. In some embodiments, the treated
composition contains between about 5 and about 1200
ppm phenolic antioxidant by weight. In some
embodiments the treated composition contains between
about 5 and about 400 ppm phenolic antioxidant by
weight. In some embodiments, the treated composition
contains between about 30 and about 200 ppm phenolic
antioxidant by weight.The invention further provides
fuel compositions that contain blends of treated
biodiesel and at least one other burnable fuel source.
The treated biodiesel contains the antioxidant
concentrate solution as described in the preceding
paragraph. As used herein, the term "burnable fuel
source" means any fuel source that is capable of
combustion and that thermodynamically liberates heat
upon combustion or oxidation. Some examples of such
burnable fuel sources include petroleum distillates,
such as gasoline, petroleum diesel, and jet fuel; coal
and coal slurries; natural gas; and hydrogen to name a
few. In some embodiments, the burnable fuel source is
a petroleum diesel fuel. In some embodiments, the
treated biodiesel component of the blended fuel is
present in an amount of at least about 2% by weight
based on the total weight of the blended fuel.
Embodiments exist in which the treated biodiesel is at
least about 5%, 10%, 20%, 30% or 50% based on the
total weight of the blended fuel. Embodiments also
exist in which the treated biodiesel is present in a
specified range of concentrations, such as 1-10% by
weight, 2-10% by weight 3-8% by weight, 10-20% by
weight, 15-25% by weight, or 20-30% by weight. Uses of
the compositions The present invention also includes
methods of using the antioxidant concentrate
compositions of the present invention to increase the
oxidative stability of with fatty acids or fatty acid
esters (including biodiesel). In some embodiments,
from about 0.001 to 5 weight % of the antioxidant
concentrate solution is added, based on the overall
weight of the treated composition. In some
embodiments, the resulting concentration of the
antioxidant is greater than about 5 parts per million
(ppm), based on the weight of the treated composition.
In some embodiments, the concentration of the metal
chelating compound is from about 0.1 ppm to about 40
ppm, based on the weight of the treated composition.
In some embodiments, the treated composition contains
between about 0.25 ppm and about 



60 ppm metal chelating compound by weight. In some
embodiments, the treated composition contains between
about 0.25 and about 20 ppm metal chelating compound
by weight. In some embodiments, the treated
composition contains between about 1.5 and about 10
ppm metal chelating compound by weight. Any ofthe
antioxidant concentrate solutions of the present
invention may be used in this method. The present
invention is illustrated in greater detail by the
specific examples presented below. It is to be
understood that these examples are illustrative
embodiments and are not intended to be limiting of the
invention, but rather are to be construed broadly
within the scope and content of the appended claims.
AU parts and percentages in the examples are on a
weight basis unless otherwise stated. EXAMPLES Several
mixtures containing phenolic antioxidants, metal
chelating compounds and solvents were prepared. All
combinations were prepared at room temperature
approximately 25C using one of eight modes of
preparation, identified as "Prep Modes" in Table 1.
"Antioxidant" refers to the phenolic antioxidant used
and "Chelator" refers to the metal chelating compound
used. All percentages are weight percentages based on
the final composition. "Prep Mode" 1 involved using a
single solvent in a single vessel. Chelator was first
dissolved in Solvent 1, after which phenolic
antioxidant was dissolved. "Prep Mode" 2 involved two
solvents is a single vessel. Chelator was first
dissolved in Solvent 1, followed by the addition of
Solvent 2 immediately followed by phenolic
antioxidant. "Prep Mode" 3 involved using two solvents
and one vessel. Chelator was first dissolved in a
mixture of Solvent 1 and Solvent 2, after which the
phenolic antioxidant was added. "Prep Mode" 4 involved
using two solvents and two vessels. Chelator was
dissolved in Solvent 1 in Vessel I and phenolic
antioxidant was separately dissolved in Solvent 2 in
Vessel 2. The separate solutions from Vessels 1 and 2
were then combined. "Prep Mode" 5 involved using three
solvents and one vessel. Chelator was dissolved in
Solvent 1, followed by additions of Solvent 2 and 3
(in no particular order, and immediately after one
another), and then finally the phenolic antioxidant
followed Solvents 2 and 3. "Prep Mode" 6 involved
three solvents and one vessel. Chelator was dissolved
in mixture of Solvent 1 and Solvent 2. Solvent 3 was
then added, followed immediately by the phenolic
antioxidant. "Prep Mode" 7 involved three solventsand
two vessels. Chelator was dissolved in a mixture of
Solvent 1 and Solvent 2 in Vessel 1, Phenolic
antioxidant was dissolved in Solvent 3 in Vessel 2.
The two solutions in Vessel 1 and Vessel 2 were then
combined. Some "Prep Mode" 6 and 7 examples did not
involve the use of a chelator, so the solvent
combinations mentioned did not include chelators.
"Prep Mode" 8 involved using a single solvent in a
single vessel. Chelator and phenolic antioxidant were
added to the solvent immediately after each other
(essentially simultaneously). In the above "Prep Mode"
descriptions, addition of one component immediately
after the other means that time was not taken to
assure complete dissolution of the compound added
first. Samples 1-15 were prepared in ambient
atmosphere; Examples 16 and up were prepared under a
nitrogen atmosphere. The solutions are presented Table
1 below. Solutions were visually inspected after
formulation. "Single Phase SoIn" indicates whether the
sample was free of evidence of precipitation of either
phenolic antioxidant or metal chelator upon visual
inspection. Some solutions were tested for cold
storage stability, miscibility in biodiesel or
flashpoint (or a combination of them). Table 2
contains the data from those tests. Where cold storage
stability was tested, it was determined as follows:
Twenty grams of the antioxidant solution at ambient
temperature was weighed into an 8 dram vial. The vial
was placed in a freezer at a temperature of- 25
degrees Fahrenheit for seven days. The vials were then
removed and visually inspected. Particulate formation,
sedimentation, and/or phase separation was considered
a failure. Solutions that passed are indicated "Y" in
the "Storage Stable" column and solutions that failed
are indicated "N." Whether a solution was considered
miscible in biodiesel was determined using the test
for determining whether the solution is "readily
miscible in biodiesel" as defined herein. A clear soy
oil biodiesel having a yellowness index of 140 based
on ASTM Method E313-05 and containing no suspended
particles or visible internal phases was stored at
room temperature for at least 24 hours prior to the
experiment. 20 grams of the biodiesel was placed into
an eight-dram, ( 1 fluid ounce, approximately 25 ml)
screw-top cylindrical glass vial. 0.20 grams of
theantioxidant solution to be tested was then added
and the vial was immediately sealed with a screw-top
stopper and was inverted 180 degrees 5 times. After
the fifth inversion the vial was immediately inspected
visually, first upright then on its side for evidence
of phase separation. If there was any separate phase
layer, suspended bodies or particles, haze, or
globules of liquid adhering to the inner surface of
glass vial, the solution was inverted up to an
additional five times. The 



presence of any separate phase layer, suspended bodies
or particles, haze, or globules of liquid adhering to
the inner surface of glass vial after 10 inversions
indicates that the solution was not "readily miscible"
in biodiesel. The absence of all such indicators
indicates within 10 inversions or less indicates that
the composition was "readily miscible" in biodiesel.
Solutions that were readily miscible are indicated "Y"
under "Biodiesel Miscible" in Table 2 if such
indicators were absent after only five inversions. For
solutions in which the indicators were present after
five inversions absent after anywhere above five and
up to 10 inversions, the number of inversions that
were required to remove the indicators was noted.
Solutions that were not "readily miscible are
indicated "N." Flashpoint determinations were made
using ASTM Method Number: D3828. In all cases, the
absence of data for a specific test in Table 2
indicates that the test in question was not
performed.TABLE lDYNAMIC THRESHOLDS FOR CONDITIONAL
FORMATS BACKGROUND Data visualization techniques
enable users of data to scan and quickly comprehend
large quantities of information. Such techniques may
also aid in alerting users to anomalies and other data
of interest. Visualization tools can include charts,
graphs, and reports that collect, summarize, and/or
otherwise transform data into meaningful shapes,
colors, and patterns. Closer to the source, data
visualization has also included the use of conditional
formatting in spreadsheets, which frequently serve as
receptacles of raw data. Conditional formatting has
enabled users to modify the look of data in place,
changing the appearance of individual spreadsheet or
table cells based on the content of the cell (or some
other determining condition). FIGURE 1 depicts a prior
art range of cells 101 in a spreadsheet, the cells of
which have been conditionally formatted. Here, cell Al
provides an example of the default or unformatted
version of a cell. Cell A2 provides an example of a
first conditionally formatted cell, and cell A4
provides an example of a second conditionally
formatted cell. Cells A2 and A4 have automatically
received new formatting based on a condition
associated with the cells. FIGURE 2 depicts a prior
art dialog 201 where formats conditioned upon values
being within certain ranges have been selected. The
two conditions supplied here (and applied to the range
of cells 101) format cells in a particular fashion
when the value contained within each cell is evaluated
as being between a certain range (10 and 20 for
condition 1, 15 and 30 for condition 2). The
conditions utilized in conditional formats are limited
to two possible Boolean outputs, TRUE or FALSE. If the
condition supplied evaluates to TRUE, then the format
is applied. If the condition supplied evaluates to
FALSE, then the format is not applied. Dialog 201
demonstrates that, while useful, conditional
formatting can be limiting as to certain available
formats (e.g., font, cell color, borders).
Furthermore, a given range of cells is provided a
maximum number of conditional formats that can be
applied, certainly no more than three conditions, each
providing no more than one possible format when
evaluating to TRUE. Additionally, the threshold values
used for evaluation are fixed. These limitations
prevent conditionally formatted cells from fully
realizing their potential as analysis and reporting
tools.SUMMARY This summary is provided to introduce a
selection of concepts in a simplified form that are
further described below in the Detailed Description.
This summary is not intended to identify key features
of the claimed subject matter, nor is it intended to
be used as an aid in determining the scope of the
claimed subject matter. Generally described,
embodiments of the present invention provide the
ability to utilize dynamic thresholds and dynamic
threshold values when generating variable formatting
rules to be applied to a range of cells. According to
one aspect, a computer-readable medium having computer
executable components for determining dynamic
threshold values for variable formatting a range of
cells is provided. The computer-readable medium
includes a variable format command component, a
threshold type component and a dynamic threshold value
component. The variable format command component
maintains the variable format that is applied to a
range of cells and the threshold type component
identifies threshold types included in the variable
format that utilize a dynamic threshold value. As
discussed below, threshold types that utilize dynamic
threshold values include, but are not limited to,
Highest value, Lowest value, Middle value, Percentile,
Percent, and Formula. The dynamic threshold value
component determines the value that is to be used as
the dynamic threshold value. The value is determined
from values contained in a plurality of cells, which
may be the range of cells or cells outside the range
of cells. According to another aspect, a method for
determining a dynamic threshold value is provided. The
method includes identifying a range of cells for which
a dynamic threshold value is to be determined and
evaluating the values contained in the range of cells
to identify a value matching a threshold type
requirement. The identified value is selected as a
dynamic threshold value for the threshold type. In
accordance with another aspect, a computer-implemented
method for 



formatting a range of cells using variable formats is
provided. The computer-implemented method includes
defining a variable format to be applied to a range of
cells. The defined variable format includes a
threshold point having a threshold type. Additionally,
the threshold type utilizes a dynamic threshold value
as a value for the threshold type. The dynamic
threshold value is determined based on the threshold
type and based on the values contained in the range of
cells.DESCRIPTION OF THE DRAWINGS The foregoing
aspects and many of the attendant advantages of this
invention will become more readily appreciated as the
same become better understood by reference to the
following detailed description, when taken in
conjunction with the accompanying drawings, wherein:
FIGURE 1 depicts a prior art example of a range of
conditionally formatted cells in a spreadsheet; FIGURE
2 depicts a prior art example of a dialog for
conditionally formatting cells; FIGURE 3A depicts a
range of cells formatted using color scale style
variable formatting according to one or more
embodiments of the present invention; FIGURE 3B
depicts an input dialog with which a user may specify
the variable formatting parameters for FIGURE 3A
according to one or more embodiments of the present
invention; FIGURE 4A depicts a range of cells
formatted using data bar style variable formatting
according to one or more embodiments of the present
invention; FIGURE 4B depicts an input dialog with
which a user may specify the variable formatting
parameters for FIGURE 4A according to one or more
embodiments of the present invention; FIGURE 5A
depicts a range of cells formatted using icon style
variable formatting according to one or more
embodiments of the present invention; FIGURE 5B
depicts an input dialog with which a user may specify
the variable formatting parameters for FIGURE 5A
according to one or more embodiments of the present
invention; FIGURE 6A depicts a range of cells
formatted using another form of color scale style
variable formatting according to one or more
embodiments of the present invention; FIGURE 6B
depicts an input dialog with which a user may specify
the variable formatting parameters for FIGURE 6A
according to one or more embodiments of the present
invention; FIGURE 7 is a flow diagram depicting a
method for applying a variable format to a range of
cells according to one or more embodiments of the
present invention;FIGURE 8 is a flow diagram of a
dynamic threshold routine for applying dynamic
thresholds to a range of cells according to one or
more embodiments of the present invention; and FIGURE
9 is a flow diagram of a dynamic threshold type
evaluation subroutine for evaluating dynamic
thresholds that utilize a dynamic value as a threshold
value according to one or more embodiments of the
present invention. DETAILED DESCRIPTION Formats need
not be evaluated using only TRUE or FALSE as
determinative results. Instead, cell formats applied
can vary depending upon an associated value (e.g., the
value in the cell itself), providing more formats
which may be more meaningful to a user. Formats may be
applied to a range of cells, where a format value is
determined for each cell in the range, and one or more
aspects of the format vary based on the format value.
For example, as the value in a cell increases, the
background color or shade is adjusted, or the size of
an in-cell data bar grows, or the selection of an
in-cell icon changes. Additionally, the format value
itself may be dynamic in that it is determined based
on an evaluation of the values contained in a range of
cells or an evaluation of a formula. FIGURE 3A depicts
a range of cells 301 formatted using color scale style
variable formatting. Rather than being limited to
three output formats (i.e., three conditions, one
format each), the cells have a variable format applied
that may produce any number of distinct cell formats.
The cells within range 30 1 have values that are
ordered from lowest to highest. Here, the value
contained in each cell is used to determine a
background fill to be applied to each cell. In this
example, three hatching . densities are specified for
the two endpoints and the midpoint. The intervening
hatchings are computed for values falling in between.
The endpoint values within the range are held within
cells Al and Al 5. The background fill for each cell
ranges from dense hatching (Al) to medium-density
hatching (A8) to light density hatching (Al 5). Cells
A2-A7 have background hatching applied by linearly
varying the density between dense hatching and
medium-density hatching. Cells A9-A14 have background
hatching applied by linearly varying the density
between medium-density hatching and light density
hatching. While the examples provided herein for
background fill utilize hatching, any 



type and format of a background fill may be applied in
accordance with one or moreembodiments of the present
invention. For example, background fill may be applied
using varying shades of colors. In one example, the
lowest value may be assigned the color red as the
background fill, the middle value may be assigned
yellow as the background fill, and the highest value
may be assigned green as the background fill. All
cells with values falling between those ranges may be
assigned a varying shade of those colors as the
background fill based on the respective value of the
cell. FIGURE 3B depicts a variable format input dialog
302 with which a user may specify the parameters of a
variable format for a cell range 301 . The input
dialog 302 may represent a portion of a larger dialog.
When creating a variable format, a user may first
select a range of cells 301. The user may then request
or command that a variable format be applied, causing
a variable format input dialog 302 to be displayed.
The user may select a style of format 303, here
"3-Color Scale." Once a style 303 is selected, the
appropriate input boxes allow a user to specify the
parameters of the variable format to be applied. For a
3-Color Scale, the input boxes allow a user to specify
the threshold type used to assign formats to cells in
the range of cells. This is determined by using the
Type pulldown 305 for each threshold point of
"Minimum" 305A, "Midpoint" 305B and "Maximum" 305C.
The Minimum type pulldown 305A may provide threshold
type choices including, but not limited to, "Lowest
Value," "Number," "Percent," "Percentile," and
"Formula." The Midpoint type pulldown 305B may provide
threshold type choices including, but not limited to,
"Middle Value," "Number," "Percent," "Percentile," and
"Formula." The Maximum type pulldown 305C may provide
threshold type choices including, but not limited to,
"Highest Value," "Number," "Percent," "Percentile,"
and "Formula." . For "Lowest Value," which is only
usable with the "Minimum" threshold point, the system
will evaluate all of the values in the selected range
of cells and dynamically select the lowest value as
the threshold value for Minimum. For "Highest Value,"
usable only with "Maximum" threshold point, the system
evaluates and dynamically selects the highest value
contained in the range of cells as the threshold value
for Maximum. Likewise, for "Middle Value," usable only
with the "Midpoint" threshold point, the system
evaluates and dynamically selects the middle value
contained in the range of cells as the threshold value
for Midpoint. Dynamicselection of threshold values is
described in more detail with respect to FIGURES 8 and
9. For "Number," the user actually assigns the
threshold value to be used in evaluating the range of
cells. If the user selects "Number," he or she enters
the threshold value to be associated in the input box
below the pulldown. If the user selects "Number" for
all three columns, then the values entered may be
validated to, for example, ensure that the Minimum
value is less than the Midpoint value, which is in
turn less than the Maximum value. For "Percent," the
user may enter a percent to associate with the
background fill of the range of cells. Alternatively,
the system may compute a percent value based on the
threshold point and the values contained in the
selected range of cells. Percent values correspond to
a point in the delta between the minimum value and
maximum value in the range of the selected cells. The
system may evaluate all of the values within the range
of cells in order to determine a computed percent for
the threshold point and to determine the background
fill to apply to the selected range of cells. For
example, if the values in the selected cells range
from 0 to 200, then a value with "25%" would
correspond to the value 50. If this is being evaluated
for the Minimum threshold point, 50 would be the
calculated Minimum threshold value and any cells
having values less than 50 are assigned the same
background fill as that assigned to Minimum.
"Percentile" differs from "Percent" in that it doesn't
determine percentages within the range of values.
Rather, "Percentile" examines the set of values
contained in the cells, orders them, and uses their
ordinality or position within the set of ordered
values to determine their percentile. In a set of ten
ordered cells, the 40th percentile would always be the
fourth cell, regardless of the value contained within
it. If a user selects "Percentile" and enters 40, then
the cell at the 40th percentile will be assigned the
associated color. Alternatively, the system may
dynamically compute a percentile value based on the
threshold point and the values contained in the
selected range of cells. The system may evaluate all
of the values within the range of cells, order them,
and use their ordinality or position within the set of
ordered values to compute a value based on the
threshold point being considered. For example, if
there are ten ordered cells, the fifth cell will
always be the 50th percentile if the threshold point
beingevaluated is Midpoint, the value from the fifth
cell, i.e., the 50th percentile, will be the computed
threshold value. Finally, "Formula" allows a user to
enter a formula into the Value input box 307. In most
cases, the value used for formatting a cell is one and
the same as the value in the cell. Here, however, a
formula is evaluated to determine the value to be used
as the threshold value. The value of the cell is
compared to the determined threshold value and the
cell is formatted accordingly. A user may construct a
formula 



using functions, cell references (within or outside
the range of selected cells), operators, and so forth
to arrive at a threshold value. As noted above, other
types of values and algorithms may be used to allow a
user to associate a cell range with particular
formats. Once a type 305 is selected for each of the
three threshold points of interest, a threshold value
307 evaluated or entered, and a background fill
selected, a user may interact with the variable format
command to apply it to the selected range of cells.
Before accepting the command, the system may validate
the values entered in order to ensure that the Minimum
value is less than the Midpoint value, which is less
than the Maximum value. Such validation may not be
possible until later, however, if values are not
immediately known, such as when a formula is used as
one or more of the threshold values. If the threshold
values are all of the same type, except formula, the
system may validate that the Minimum value is less
than the Midpoint value, which is less than the
Maximum value. If the threshold values are of a mixed
type, or are all formulas, the system may not validate
to ensure that the Minimum value is less than the
Midpoint value, which is less than the Maximum value.
However, when the conditions are evaluated for
application of the background fill to the selected
range of cells, and the system encounters an instance
where the Minimum value is greater than the Midpoint
value, where the Minimum value is greater than the
Maximum value, or wherein the Midpoint value is
greater than the Maximum value, the system may
rearrange the threshold values in ascending order. For
example, if the threshold values are dynamic and
evaluate such that the Minimum value, Midpoint value,
and Maximum value are 500, 10, and 50, respectively,
the system may rearrange the values so that 10 is the
Minimum value, 50 is the Midpoint value, and 500 is
the Maximum value. Thebackground fill associated with
each threshold point may or may not be rearranged
accordingly. Additionally, if two or more dynamic
threshold values evaluate to the same value, it may be
specified that the background fill associated with the
higher threshold point is applied to cells containing
the value. Alternatively, the system may notify the
user and allow the user to alter the threshold values
and/or specify which background fill is to be applied.
Once a variable format is applied, making changes to
the values in the selected range of cells, or in the
case of Formula thresholds, any other cell(s) on which
the threshold evaluation is based, may cause the
formatting to be updated in some embodiments. If a
value changes to become the new "lowest value," then
all formatting may dynamically adjust appropriately.
Likewise, if an additional cell is inserted into the
range of cells, it may change the percentages,
percentiles, formulas, etc. causing the system to
evaluate and possibly adjust the background fills
applied to the range of cells. FIGURE 4A depicts a
range of cells 401 formatted using data bar style
variable formatting. Data bars may be depicted within
cells and can provide a visual cue for users,
indicating larger and smaller values in the range. The
data bars within each cell have a length that is
determined based on the value in the cell and the
thresholds applied to the range of cells. For example,
cells Al and Al l contain the shortest bars,
corresponding to the values 6 and 4 respectively.
Cells A4 and A13 have the longest bars, corresponding
to the values 25 and 28 respectively. Although the
data bars shown here are displayed as being filled
with a hatching gradient, other types of data bars may
be displayed, including solid bars, bars with
patterns, and so forth. In addition, although
horizontal data bars are described here, other types
of dynamically modified in-cell shapes may be used,
each having an aspect modified depending upon the
format value for the cell. Examples may include a pie
with an automatically adjusting slice, a vertical data
bar, and so forth. Furthermore, data bars may be
combined with the background formatting described
above, such that the hatching density of a bar changes
based on the same format value, or possibly using a
different format value (e.g., a formula) from the one
used to determine the length of a bar.FIGURE 4B
depicts an input dialog 402 with which a user may
specify the parameters of a variable format for a cell
range 401. Here, Data Bars have been selected as the
format style 403 for the range of cells 401 which
provides two thresholds, "Shortest Bar" and "Longest
Bar." Dialog 402 enables a user to set the format
types 405 and values 407 that will be used when
evaluating the thresholds. Furthermore, the dialog
allows the user to manually set the color or hatching
density 409 of the bars. As with dialog 302, upon
entering the variable format command, some form of
input validation may be performed. FIGURE 5A depicts a
range of cells 501 formatted using icon style variable
formatting. Icons may be associated with subsets of
the range of values associated with the range of cells
501. Icons may come in groups of three, four, five, or
more. Here, pie icons have been inserted by a program
module into individual cells within the range of cells
501 based on assigned threshold values. 



FIGURE 5B depicts an input dialog 502 with which a
user may specify the threshold values of a variable
format for cell range 501. The Format Style 503
selected for cell range 501 is Icon Sets, allowing the
user to select an Icon Set and apply value ranges 507
and evaluation type 505 for each of the icons. For
each icon in the set, a user can assign a comparison
operator (e.g., >, >, <, <), and select an evaluation
type of "Number," "Percent," "Percentile," or
"Formula." In this fashion, the user assigns ranges of
threshold values to each icon, and a program module
can evaluate the selected range of cells based on the
threshold values and display the appropriate in-cell
icon. Additional portions of the dialog may enable a
user to modify the icon style 5 11, to reverse the
icon order 513, and to hide a cell's value and only
display the determined icon 515. As discussed above,
if the evaluation type 505 is selected to be "Percent"
or "Percentile," the system may evaluate the cells and
provide a computed threshold value as a selected
value. FIGURE 6A depicts a range of cells 601
formatted using 2-color scale style variable
formatting. The 2-color scale depicted works in the
same fashion as the 3-color scale, except that no
midpoint threshold is provided. FIGURE 6B depicts an
input dialog 602 with which a user may specify the
parameters of a variable format for a cell range 601.
This dialog again works similarly to dialog 302
described for the 3-color scale, the difference being
the lack of a midpoint input.FIGURE 7 is a flowchart
depicting a method for applying a variable format to a
range of cells. Initially, at step 701, the selection
of a range of cells is received. Next, a variable
format command is received at step 702. Dialogs 302,
402, 502, and 602 present examples of visual
interfaces that may be used to set the parameters,
threshold points, and threshold types, associated with
a variable format command. At block 703, any dynamic
threshold values are determined for the threshold
points and threshold types selected in the dialog.
Determination of dynamic threshold values is discussed
in more detail with respect to FIGURES 8 and 9. At
step 704, the range of cells is evaluated based on the
variable format applied. Once the cells are evaluated,
the formatting can be applied to each cell by
selecting the format from a range of formats based on
the evaluation, as illustrated by block 705. At step
706, changes in the format values or other changes to
the range of cells may require updates to cell
formats. FIGURE 8 is a flow diagram of a dynamic
threshold evaluation routine for evaluating dynamic
thresholds and dynamic threshold values, according to
one or more embodiments of the present invention. The
routine 800 begins at block 801 and at block 803, a
selection of a range of cells is received. At block
805, a threshold type for one threshold point of a
variable formatting command to be applied to the
selected range of cells is determined. As discussed
above, the threshold type may be, but is not limited
to, number, percent, percentile, highest value, lowest
value, middle value, and formula. At decision block
807, it is determined whether the threshold type is
"formula." If it is determined at decision block 807
that the threshold type is "formula," a formula entry
dialog is provided that allows the user to input a
formula that will be evaluated to determine the
threshold value. The received formula may be any type
of formula and may utilize values contained in cells
that are included in the selected range of cells,
cells outside the range of cells, or any combination
thereof. In one embodiment, the formula may not be
validated or evaluated until requested by the user
because in some instances the cells that are to be
used to provide values for use in the formula may not
yet be populated with data. Returning to decision
block 807, if it is determined that the threshold type
is not "formula," at decision block 811 it is
determined whether the threshold type is a dynamic
threshold type other than formula. If it is determined
at decision block 811 that the threshold type is
dynamic, the routine 800 proceeds to the dynamic
thresholdtype determination subroutine, as illustrated
by subroutine block 815 and as described in more
detail with respect to FIGURE 9. However, if it is
determined at decision block 81 1 that the threshold
type is not dynamic, at block 813 a value for the
threshold value is received from the user. After a
value is received at block 813, or after the dynamic
threshold type determination subroutine 815 has
completed, at decision block 817 it is determined
whether there are any additional thresholds to be
evaluated for the selected range of cells. If it is
determined at decision block 817 that there are
additional thresholds to be evaluated, the routine 800
returns to block 805 and continues. However, if it is
determined at decision block 817 that there are no
additional thresholds for which a threshold value is
to be determined, at block 819, the selected cells are
evaluated based on the thresholds and the determined
threshold values. The background fills associated with
each threshold point are applied to each selected cell
based on the evaluation. At block 821, the applied
representations are displayed graphically to a user.
The routine 800 completes at block 823. FIGURE 9 is a
flow diagram of a dynamic threshold type determination
subroutine for determining threshold values for
dynamic thresholds, in accordance with one or more
embodiments of the present invention. The routine 900
begins at block 901 and at decision block 903 a
determination is made as to whether the 



dynamic threshold type is "Lowest value," "Highest
value," or "Middle value." If it is determined at
decision block 903 that the threshold type is "Highest
value," "Middle value," or "Lowest value," at block
905 the selected cells are evaluated to identify the
cell containing the appropriate value. For example, if
the selected threshold type is lowest value, the
system will evaluate each of the selected cells to
identify the cell containing the lowest value.
Likewise, if the threshold type is "Middle value" or
"Highest value," the system will evaluate the selected
cells to identify the cell containing the middle value
or highest value, respectively, from the values
contained in the selected cells. If it is determined
at decision block 903 that the threshold type is not
"Highest value," or "Middle value," then the dynamic
threshold type is either "Percent" or "Percentile." At
decision block 907, it is determined whether a
computed percent or percentile value is to be provided
as the threshold value. If it is determined at
decision block 907 that a computed percent or
percentile value is not to be provided as thethreshold
value, at block 909 a threshold value is received from
the user. However, if it is determined at decision
block 907 that a computed percent or percentile value
is to be provided, at block 9 11 the threshold point
being considered is determined. As discussed above,
the threshold point is dependent upon the selected
Format Style. For example, if the user selects a
Format Style of "3-Color Scale" (see e.g., FIGURE 4B)
there are three threshold points: "Minimum,"
"Midpoint," and "Maximum." At decision block 913, it
is determined whether the threshold type for the
threshold point is "Percent." If the threshold type is
not "Percent," then the threshold type is
"Percentile," and at block 915 the selected cells are
ordered by value. At block 917, the selected cells are
evaluated to identify the percentile value appropriate
for the threshold point. For example, if the threshold
point is "Minimum," the system may identify the value
that is the 20th percentile for the values of the
selected cells. In the example, above, if there are
ten selected cells, the value contained in the second
cell will be the 20th percentile. Similarly, if the
threshold point is "Maximum," the system may identify
the 80th percentile value as the computed value.
Likewise, for a threshold point of "Middle," the
system may identify the value at the 50th percentile.
However, if it is determined at decision block 913
that the threshold type is "Percent," at block 919 the
selected cells are evaluated to compute a percent
value for the selected threshold point. For example,
if the threshold point is "Minimum," the system may
determine the 25% value as the computed threshold
value. In the case where the values in the selected
cells range from 0 to 200, then a value of "25%" would
be 50. If the threshold point is "Midpoint," the
system may identify the 50% value as the computed
threshold value. Likewise, if the threshold point is
"Maximum," the system may identify the 75% value as
the computed threshold value. After the dynamic
threshold values have been computed at block 905, 917,
or 919, or received at block 909, they are applied as
the threshold values for the threshold point at block
921. At block 923 subroutine 900 returns control to
the dynamic threshold evaluation routine 800 (FIGURE
8). As discussed above, the dynamic threshold values
may automatically change in response to a change in
cell values of the selected cells or in response to a
change in the range of selected cells. For example, a
user may change a value in a cell such that the new
value is a new lowest value for the range. If a
variable formatting applied to those cells includes a
threshold type of Lowest value, the corresponding
thresholdvalue will be dynamically adjust to the new
lowest value contained in the range of cells.
Additionally, in response to adjusting a dynamic
threshold value, the evaluation of the selected cells
is updated and the formatting is applied to the range
of cells based on the new dynamic threshold values.
Referring back to FIGURE 8, in response to receiving a
change to a cell value in a selected range of cells,
or in response to receiving a change in the number of
selected cells, the routine 800 initiates at block 805
for the range of cells that include the change. That
routine continues to completion at block 923, thereby
dynamically adjusting the dynamic threshold values and
updating the graphically displayed results. While
illustrative embodiments have been illustrated and
described, it will be appreciated that various changes
can be made therein without departing from the spirit
and scope of the invention.CLAIMS The embodiments of
the invention in which an exclusive property or
privilege is claimed are defined as follows: 1. A
computer-readable medium having computer executable
components for determining dynamic threshold values
for variable formatting a range of cells, comprising:
a variable format command component (307, 702)
maintaining a variable format for application to the
range of cells (301); a threshold type component (305,
805) identifying a threshold type that utilizes a
dynamic threshold value; and a dynamic threshold value
component (703) for determining a value for use as a
dynamic threshold value; wherein the value is
determined from values contained in a plurality of
cells (301). 



2. The computer-readable medium of Claim 1, wherein
the dynamic threshold value is determined by
evaluating values contained in the plurality of data
cells based on the selected threshold type and based
on a comparison of the values. 3. The
computer-readable medium of Claim 1, wherein the
threshold type that utilizes a dynamic threshold value
is a Lowest value threshold type (305A); and wherein
the dynamic threshold value is determined to be a
lowest value contained in the plurality of cells
(301). 4. The computer-readable medium of Claim 1,
wherein the threshold type that utilizes a dynamic
threshold value is a Highest value threshold type
(305C); and wherein the dynamic threshold value is
determined to be a highest value contained in the
plurality of cells (301). 5. The computer-readable
medium of Claim 1, wherein the threshold type that
utilizes a dynamic threshold value is a Middle value
threshold type; and wherein the dynamic threshold
value is determined to be a middle value contained in
the plurality of cells (301).6. The computer-readable
medium of Claim 1, wherein the threshold type that
utilizes a dynamic threshold value is a Percent
threshold type (305B); and wherein the dynamic
threshold value is determined to be a delta value
between a minimum value in the plurality of cells and
a maximum value in the plurality of cells (301). 7.
The computer-readable medium of Claim 1, wherein the
threshold type that utilizes a dynamic threshold value
is a Percentile value threshold type (405); and
wherein the dynamic threshold value is determined to
be a value selected from the plurality of data cells
that is a percentile of the values contained in the
plurality of data cells (301). 8. The
computer-readable medium of Claim 1, wherein the
threshold type that utilizes a dynamic threshold value
is a Function threshold type; and wherein the dynamic
threshold value is determined based on a computation
of a provided function that utilizes values from the
plurality of cells (301). 9. The computer-readable
medium of Claim 8, wherein the plurality of cells is
different than the range of cells. 10. A method for
determining a dynamic threshold value, comprising:
identifying a range of cells (301) for which a dynamic
threshold value (307) is to be determined; evaluating
the values contained in the range of cells to identify
a value matching a threshold type requirement (305,
307); and selecting the identified value as a dynamic
threshold value (307) for the threshold type (305).
11. The method of Claim 10, wherein the dynamic
threshold value is determined in response to a change
in a value contained in the range of cells (301). 12.
The method of Claim 10, wherein the dynamic threshold
value is determined in response to a change in a
number of cells contained in the range of cells
(301).13. The method of Claim 10, wherein the dynamic
threshold value is used in evaluating a variable
format (305) to be applied to the range of cells. 14.
The method of Claim 10, wherein a format (303) is
applied to a plurality of cells contained in the range
of cells based on values contained in the range of
cells compared to the value of the dynamic threshold
value. 15. The method of Claim 10, wherein based on
the dynamic threshold value, a formatting (303) is
applied to a plurality of the range of cells. 16. A
computer-implemented method for formatting a range of
cells (301) using variable formats (302), the method
comprising: defining a variable format (302) to be
applied to a range of cells (301), wherein the
variable format includes a threshold point having a
threshold type(305); and determining a dynamic
threshold value (307) as a value for the threshold
type. 17. The computer-implemented method of Claim 16,
wherein the dynamic threshold value is determined
based on values contained in the range of cells. 18.
The computer-implemented method of Claim 17, wherein
the dynamic threshold value is further determined
based on the threshold type. 19. The
computer-implemented method of Claim 16, wherein the
variable format evaluates the values contained in the
range of cells based on the dynamic threshold value
and threshold type and applies a background fill
representative of the evaluation. 20. The
computer-implemented method of Claim 16, wherein the
dynamic threshold value may be automatically updated
in a response to a change in the range of cells or a
change in the values contained in the range of cells..


