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(57) ABSTRACT

This invention relates to the petrochemical industry, in par-
ticular, to a method for improving the storage stability of
biodiesel fuel via using an antioxidant additive.

A method for improving the storage stability of biodiesel fuel,
comprising addition of an alkylphenol-based antioxidant
additive via providing an initial solution that contains 6 to 48
mass % of the alkylphenol-based composition comprised of,
mass %:
2,6-di-tert-butyl-4-methylcyclohexanone—0.2-0.3;
2,6-di-tert-butylphenol—0.7-6.0;
2-sec-6-tert-butyl-p-cresol—1.5-5.0;
4,6-di-tert-butyl-o-cresol—3.0-8.0;
2,4-di-tert-butylphenol—0.3-0.5;
2,4-di-tert-butyl-6-dimethylaminomethylphenol—2.0-5.

4.4-methylene-bis(2,6-di-tert-butylphenol)—0.1-0.3; and

2,6-di-tert-butyl-4-methylphenol—to the balance,
dissolved in biodiesel fuel; and adding the solution of the
composition to the biodiesel fuel to reach a concentration of
the composition of from 0.002 to 1.6 mass % based on the
entire biodiesel fuel solution.
The technical result consists of a considerable improvement
of the storage stability of biodiesel fuel with a reduced
amount of the antioxidant additive. The antioxidant additive
used inhibits precipitation during the shelf life of biodiesel
fuel for a longer period of time.
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ANTIOXIDANT ADDITIVE COMPOSITION, A

SOLUTION THEREOF, AND A METHOD FOR

IMPROVING THE STORAGE STABILITY OF
BIODIESEL FUEL (VARIANTS)

TECHNICAL FIELD

[0001] This invention relates to the petrochemical industry,
in particular, to a method for improving the storage stability
of biodiesel fuel via using an antioxidant additive.

BACKGROUND OF THE INVENTION

[0002] Saving oil-derived energy sources, tightening emis-
sion standards for the exhaust gases of diesel engines, and
limiting carbon dioxide emissions, cause the majority of
countries to look for ways to reduce the impacts of thermal
engines on the environment. Alternative biofuels based on
vegetable oils and animal fats have recently become all the
more widespread. Biodiesel fuels (or biodiesels) are pro-
duced via transesterification of vegetable oils (triglycerides
ot higher fatty acids), such as rapeseed oil, soybean oil, palm
oil, sunflower oil, and others, and animal fats, with methanol,
more rarely with ethanol or isopropanol, in the presence of
potassium or sodium hydroxide to serve as a catalyst. Biodie-
sels represent mixtures of methyl fatty acid esters; they are
environmentally promising fuels on the international market.
Biodiesel is used as a fuel for diesel and automobile engines,
combined heat and power blocks, ships and boats, as well as
for stationary diesel engines of trackless land vehicles with
motor drive. Biodiesel is a nontoxic, naturally degradable
type of fuel; it is virtually free of sulfur and carcinogenic
benzene and is derived from renewable resources which are
not conductive to the accumulation of gases that cause the
greenhouse effect (CO, CO,, SO,, fine particulates, and vola-
tile organic compounds) as opposed to oil-derived fuel. The
advantages of biodiesel include good lubricating characteris-
tics (which prolong the life of the engine), higher cetane
numbers, and facilitation of cleaning injectors, fuel pumps,
and fuel supply channels.

[0003] Onedrawback of biodiesel fuel is its limited storage
stability. This is on account of high contents of methyl esters
of unsaturated fatty acids, which progressively deteriorate
over time the energy value of this fuel and lead to precipita-
tion (which is recognized as fuel clouding) as a result of
oxidative degradation to short-chain products. The products
formed in the course of degradation of unsaturated fatty acid
esters, namely, peroxides, aldehydes, and free short-chain
fatty acids, lead to sparingly soluble precipitations and cause
metal corrosion in the engine and injection system, and
shorten the life of the engine and its power.

[0004] Oil-derived diesel fuels are used with a wide spec-
trum of additives that improve the oxidation stability and
other properties thereof. Biodiesel additives are yet far fewer,
but they considerably extend the capabilities of this type of
biofuel. A stabilizer additive is especially important for
biodiesels derived from vegetable oils with high unsaturated
fatty acid contents.

[0005] A method is known for improving the stability of
biodiesel fuel, comprising addition to the biodiesel of the
main antioxidant in an amount of from 10 to 20 000 ppm
(parts per million) and further the addition of a secondary
antioxidant. Herein, the main antioxidant represents bisphe-
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nol and is dissolved in an organic solvent before being added
to the biodiesel (see US 2006/0219979 A1 C09K15/04, publ.
Oct. 5, 2006).

[0006] A drawback of this method consists of the complex-
ity of biodiesel stabilization, wherein the additives used cre-
ate an insufficiently long-lasting stabilizing effect when
added to the biodiesel.

[0007] The use of 3,5-di-tert-butyl-4-hydroxytoluene and/
ortocopherol in concentrations of up to 500 ppm is known for
stabilizing mixtures of methyl esters of fatty acids having
carbon numbers of from 12 to 18 and prepared by transesteri-
fication of palm oil with methanol (see EP 0189049 Al
C07C69/24, C07C67/62, C11B5/00, publ. Jan. 7, 1986).
[0008] The antioxidant additives used in this method create
an insufficiently long-lasting stabilizing effect when added to
the biodiesel.

[0009] Various antioxidant biodiesel additives were studied
in “Effect of Antioxidants on the Oxidation stability of Rape-
seed Oil Methyl Esters” by Simkovsky, N. M., and Ecker, A.,
Analytik, 1999, no. 6, pp. 317-318.

[0010] Phenylenediamines (such as Irgunox L[57 and
Irgunox 1.74) and sterically hindered phenols (Hitec 4702,
BHT (4-methyl-2,6-di-tert-butyltoluene), Ionol CP, Lowi-
nox, and propy! gallate) in an amount of 300 ppm were shown
to cause an extremely low stabilizing effect at 120° C. and a
little better effect at 100° C. and 90° C.

[0011] A method is known for improving the storage sta-
bility of diesel biofuel, comprising addition of a liquid initial
solution containing 2,6-di-tert-butylhydroxytoluene (BHT)
in an amount of 15 to 60 mass of based on the initial solution
dissolved in diesel biofuel, to the diesel biofuel to be stabi-
lized to reach a 2,6-di-tert-butylhydroxytoluene concentra-
tion of 0.005 to 2 mass % based on the entire diesel biofuel
solution (see patent RU 2340655 C10L.1/183, publ. Dec. 10,
2008).

[0012] The antioxidant additive used in this method creates
an insufficiently long-lasting stabilizing effect when added to
the biodiesel fuel in relatively high dosages.

[0013] It follows that additives providing a considerable
improvement of the storage stability of biodiesel fuel are
hitherto unknown.

SUMMARY OF THE INVENTION

[0014] The object of the present invention is to consider-
ably increase the storage stability of diesel biofuel.

[0015] To fulfill this object, an alkylphenol-based antioxi-
dant additive composition is proposed, wherein the compo-
sition is comprised of, in mass %:

[0016] 2,6-di-tert-butyl-4-methylcyclohexanone—0.2-0.3
[0017] 2,6-di-tert-butylphenol—0.7-6.0

[0018] 2-sec-6-tert-butyl-p-cresol—1.5-5.0

[0019] 4,6-di-tert-butyl-o-cresol—3.0-8.0

[0020] 2,4-di-tert-butylphenol—0.3-0.5

[0021] 2,4-di-tert-butyl-6-dimethylaminomethylphenol—
2.0-5.0

[0022] 4,4-methylene-bis(2,6-di-tert-butylphenol)—0.1-
0.3 and

[0023] 2,6-di-tert-butyl-4-methylphenol—to the balance.
[0024] One more object of the invention is to provide a

solution of an alkylphenol-based antioxidant additive com-
position to be added to biodiesel fuel, comprising the afore-
mentioned alkylphenol-based antioxidant additive composi-
tion in a concentration of 6 to 48 mass % in the biodiesel fuel.
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[0025] Unexpectedly it was discovered that the aforemen-
tioned composition wherein each component is a known anti-
oxidant can cause a more significant and longer lasting anti-
oxidant effect when added to biodiesel fuel in the specified
amounts in a relatively low dosage. For comparison, when
BHT and 2,6-di-tert-butylphenol are added to biodiesel fuel
in a dosage of 2500 ppm, the antioxidant effect is retained for
103 h and 8.3 h, respectively (see WO 2008/065015 Al
C10L1/02, C10L1/14, CI0L10/00, publ. Jun. 5, 2008),
whereas when the claimed alkylphenol composition is added
to biodiesel fuel in a lower dosage (less than 1900 ppm), the
antioxidant effect is retained for more than 10.0 h. When
4,6-di-tert-butyl-o-cresol, a known antioxidant which is a
component of the claimed composition, is added to biodiesel
fuel in the same dosages as the claimed antioxidant additive,
the antioxidant effect is also retained for a shorter period of
time than when the claimed alkylphenol composition is added
to biodiesel fuel (see DE 10252715 A1 C10L1/02, C10L1/
183, C10L1/18, C10L1/08, publ. May 27, 2004). Another
known antioxidant (Ionol 220; 4,4-methylene-bis(2,6-di-tert-
butylphenol), when added to biodiesel fuel in a dosage of 500
ppm, causes an antioxidant effect lasting 8.0 h (see US 2006/
0219979 A1 C09K15/04, publ. Oct. 5,2006), against a period
of'longer than 8.0 h for the claimed alkylphenol composition
added in the same dosage.

[0026] Further, a method is proposed for improving the
storage stability of biodiesel fuel, comprising addition of an
alkylphenol-based antioxidant additive via providing an ini-
tial solution containing from 6 to 48 mass % of the alkylphe-
nol-based composition, wherein the composition is com-
prised of, in mass %:

[0027] 2,6-di-tert-butyl-4-methylcyclohexanone—0.2-0.
3;

[0028] 2,6-di-tert-butylphenol—0.7-6.0;

[0029] 2-sec-6-tert-butyl-p-cresol—1.5-5.0;

[0030] 4,6-di-tert-butyl-o-cresol—3.0-8.0;

[0031] 2.,4-di-tert-butylphenol—0.3-0.5;

[0032] 2,4-di-tert-butyl-6-dimethylaminomethylphenol
2.0-5.0;

[0033] 4,4-methylene-bis(2,6-di-tert-butylphenol) 0.1-0.3;
and

[0034] 2,6-di-tert-butyl-4-methylphenol—to the balance,
[0035] dissolved in biodiesel fuel, and adding the solution

of the composition to the biodiesel fuel to reach a concentra-
tion 0f 0.002 to 1.6 mass % based on the entire biodiesel fuel
solution.

[0036] Another method for improving the storage stability
of'biodiesel fuel is to introduce an alkylphenol-based antioxi-
dant additive in the form of a solution of the antioxidant
additive composition to reach a concentration of the compo-
sition of from 0.002 to 1.6 mass % based on the entire biodie-
sel fuel solution.

[0037] The result of this method consists of using the afore-
mentioned antioxidant additive which creates a long-lasting
stabilizing effect with a reduced amount of the antioxidant
additive added to biodiesel fuel. The used antioxidant addi-
tive inhibits precipitation during the shelflife of biodiesel fuel
for a longer period of time.
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DETAILED DESCRIPTION OF THE INVENTION

[0038] Biodisel fuel is produced by a known process,
namely, transesterification of vegetable oils (triglycerides of
higher fatty acids), for example, rapeseed oil, soybean oil,
palm oil, or age-old dietary oil and fat, or animal fat, with
methanol in the presence of an alkali (potassium or sodium
hydroxide) intended to serve as a catalyst. Biodiesel fuel may
further contain all ordinary additives that are added to, for
example, improve the stability of the fuel in the winter season.
Biodiesel fuels meet quality standards provided by DIN EN
14214 (this standard describes physical properties of all types
of diesel fuels sold in the EC, Iceland, Norway, and Switzer-
land) and DIN 51606 (the German standard designed to be
compatible with the engines of almost all major automakers).

[0039] The initial solution is provided by adding a melt of
the aforementioned alkylphenol composition to biodiesel fuel
under stirring at a temperature of from 40 to 150° C. to reach
a concentration of the composition of from 6 to 48 mass %
based on the initial solution.

[0040] Theuse ofbiodiesel fuel as the solvent for preparing
the initial solution allows avoiding addition of undesirable
additives to the biodiesel fuel.

[0041] The antioxidant additive composition is a solid
material at room temperature. A solution containing from 6 to
48 mass % of the alkylphenol composition dissolved in
biodiesel fuel is easy to be added to the biodiesel fuel under
stirring at 20° C. to reach a concentration of the composition
of from 0.002 to 1.6 mass % based on the entire biodiesel fuel
solution.

[0042] The large-scale preparation of a solution having
alkylphenol composition concentrations of less than 6 mass
% based on the initial solution is impracticable due to the
difficulty of accurate dosage and inappropriate for the reason
that, as the concentration of the initial solution decreases,
higher dosages of the initial solution are added to the biodie-
sel fuel to attain the required concentration of the alkylphenol
composition in the biodiesel fuel.

[0043] It was discovered that, while providing the initial
solution having a concentration of the alkylphenol composi-
tion of higher than 48 mass % based on the initial solution, a
precipitations first appear upon temperature depression and
cause clouding of the biodiesel fuel. Precipitation is due to the
supersaturation of the initial solution with the alkylphenol
composition.

[0044] Table 1 compiles comparative data on the solubility
of' the initial solution provided by adding BHT and the alky-
Iphenol composition of the present invention to biodiesel fuel
upon temperature depression. The alkylphenol composition
of the present invention was as follows, in mass %:

[0045] 2,6-di-tert-butyl-4-methylcyclohexanone—0.2;
[0046] 2,6-di-tert-butylphenol—1.25;

[0047] 2-sec-6-tert-butyl-p-cresol—2.0;

[0048] 4,6-di-tert-butyl-o-cresol—3.2;

[0049] 2,4-di-tert-butylphenol—0.5;

[0050] 2,4-di-tert-butyl-6-dimethylaminomethylphenol—
3.0;

[0051] 4,4-methylene-bis(2,6-di-tert-butylphenol)—0.3;
and

[0052] 2,6-di-tert-butyl-4-methylphenol—to the balance.
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TABLE 1
Antioxidant additive Concentration of
Added to antioxidant additive Temperature, ° C.
biodiesel fuel in the initial solution 40 35 30 32 31 25 22 20 15 14 12 10
BHT 60 s s s s ins ins ins ins ins ins ins ins
Alkylphenol 60 s s s s s s ins ins ins ins ins ins
composition 48 s s s s s s s s s s ins ins
s—soluble initial solution
ins—insoluble initial solution
[0053] The stabilizing effect of the claimed antioxidant [0070] 2,6-di-tert-butyl-4-methylphenol—to the balance.

additive is generated upon the attainment of the concentration
of the alkylphenol composition in the biodiesel fuel of 0.002
mass % based on the entire biodiesel fuel solution. It was
discovered that, when the concentration of the claimed alky-
Iphenol composition in biodiesel fuel was less than 0.002
mass % based on the entire biodiesel solution, there was no
stabilizing effect.

[0054] Concentrations of the alkylphenol composition in
biodiesel higher than 1.6 mass % based on the entire biodiesel
fuel solution are undesirable because of a risk of deterioration
of the quality characteristics of the biodiesel fuel within the
standard provided by DIN 51606.

[0055] The claimed method is further illustrated by
embodiment examples, which follow.

[0056] Some results of the examples are tabulated; some
are represented as graphic images, which show the following:
[0057] FIG.1 shows the oxidation stability of biodiesel fuel
BHT and APC (alkyl phenol composition) as a function of the
antioxidant additive amount; and

[0058] FIG. 2 illustrates how an antioxidant additive affects
the storage stability of biodiesel fuel.

[0059] To biodiesel fuel manufactured by a known method
via transesterification of triglycerides of higher fatty acids
with methanol in the presence of an alkali (potassium or
sodium hydroxide) and having quality that met the standards
of DIN EN 14214 and DIN 51606, added was the antioxidant
additive of the present invention using the claimed method.
[0060] Accelerated oxidation tests in all examples were
carried out using the Rancimat method according to DIN EN
14112 at 110° C.

[0061] Examples 1 to 4 studied the easiest-to-oxidize
biodiesel fuel which was manufactured via transesterification
of sunflower oil to which the antioxidant additive of the
present invention was added in an amount of 3000 ppm (the
concentration ofthe alkylphenol composition was 0.3 mass %
based on the entire biodiesel fuel solution) using the claimed
method with various alkylphenol compositions.

Example 1 (Comparative)

[0062] To biodiesel fuel added is the following alkylphenol
composition, mass %:

[0063] 2,6-di-tert-butyl-4-methylcyclohexanone—0.5;
[0064] 2,6-di-tert-butylphenol—10.0;

[0065] 2-sec-6-tert-butyl-p-cresol—8.0;

[0066] 4,6-di-tert-butyl-o-cresol—10.0;

[0067] 2,4-di-tert-butylphenol—1.0;

[0068] 2.,4-di-tert-butyl-6-dimethylaminomethylphenol—
8.0;

[0069] 4,4-methylene-bis(2,6-di-tert-butylphenol)—0.5;
and

The oxidation stability of the biodiesel fuel as determined by
the Rancimat test at 110° C. is 6.5 h.
Example 2 (According to the Invention)

[0071] To biodiesel fuel added is the following alkylphenol
composition, mass %:

[0072] 2,6-di-tert-butyl-4-methylcyclohexanone—0.3;
[0073] 2,6-di-tert-butylphenol—6.0;

[0074] 2-sec-6-tert-butyl-p-cresol—5.0;

[0075] 4,6-di-tert-butyl-o-cresol—38.0;

[0076] 2,4-di-tert-butylphenol—0.5;

[0077] 2,4-di-tert-butyl-6-dimethylaminomethylphenol—
5.0;

[0078] 4,4-methylene-bis(2,6-di-tert-butylphenol)—0.3;
and

[0079] 2,6-di-tert-butyl-4-methylphenol—to the balance.

The oxidation stability of the biodiesel fuel as determined by
the Rancimat test at 110° C. is 9.2 h.
Example 3 (According to the Invention)

[0080] To biodiesel fuel added is the following alkylphenol
composition, mass %:

[0081] 2,6-di-tert-butyl-4-methylcyclohexanone—0.2;
[0082] 2,6-di-tert-butylphenol—0.7;

[0083] 2-sec-6-tert-butyl-p-cresol—1.5;

[0084] 4,6-di-tert-butyl-o-cresol—3.0;

[0085] 2,4-di-tert-butylphenol—0.3;

[0086] 2,4-di-tert-butyl-6-dimethylaminomethylphenol—
2.0;

[0087] 4,4-methylene-bis(2,6-di-tert-butylphenol)—0.1;
and

[0088] 2,6-di-tert-butyl-4-methylphenol—to the balance.

The oxidation stability of the biodiesel fuel as determined by
the Rancimat test at 110° C. is 9.4 h.
Example 4 (Comparative)

[0089] To biodiesel fuel added is the following alkylphenol
composition, mass %:

[0090] 2,6-di-tert-butyl-4-methylcyclohexanone—O0.1;
[0091] 2,6-di-tert-butylphenol—0.25;

[0092] 2-sec-6-tert-butyl-p-cresol—1.0;

[0093] 4,6-di-tert-butyl-o-cresol—2.2;

[0094] 2,4-di-tert-butylphenol—0.2;

[0095] 2,4-di-tert-butyl-6-dimethylaminomethylphenol—
1.2;

[0096] 4,4-methylene-bis(2,6-di-tert-butylphenol)—0.05;
and

[0097] 2,6-di-tert-butyl-4-methylphenol—to the balance.
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[0098] The oxidation stability of the biodiesel as deter-
mined by the Rancimat test at 110° C. is 8.3 h.

[0099] The oxidation stability of biodiesel fuel decreases
considerably in case where the alkylphenol proportion in the
antioxidant additive added to the biodiesel is below the lower
bound or above the upper bound of the composition. Herein,
if the alkylphenol proportion in the antioxidant additive
added to the biodiesel is above the upper bound, there is risk
of deterioration of the quality characteristics of the biodiesel
within the standard of DIN 51606.

[0100] Examples 5 to 11 provide data for the following
alkylphenol compositions, mass %

[0101] 2,6-di-tert-butyl-4-methylcyclohexanone—0.25;

[0102] 2,6-di-tert-butylphenol—2.25;

[0103] 2-sec-6-tert-butyl-p-cresol—3.3;

[0104] 4,6-di-tert-butyl-o-cresol—4.2;

[0105] 2,4-di-tert-butylphenol—0.5;

[0106] 2,4-di-tert-butyl-6-dimethylaminomethylphenol—

4.0,

[0107] 4,4-methylene-bis(2,6-di-tert-butylphenol)—0.2;

and

[0108] 2,6-di-tert-butyl-4-methylphenol—to the balance.
Examples 5 to 8

[0109] Table 2 compiles comparative data on the concen-

trations of antioxidant additives BHT and the alkylphenol
composition (according to the invention) added to biodiesel
fuels manufactured by transesterification of rapeseed oil (Ex-
ample 5), sunflower oil (Example 6), soybean oil (Example
7), and dietary fat (Example 8), to attain approximately equal
oxidation stabilities.

[0110] Data on the oxidation stability of biodiesel fuel free
of antioxidant additives are provided for comparison.

[0111] The data compiled in Table 2 demonstrate that addi-
tion of antioxidant additives sharply increases the oxidation
stability of biodiesel fuel. Herein, the amount of an antioxi-
dant additive required for approximately equal oxidation sta-
bility to be attained, for the alkylphenol composition of the
present invention is far smaller than for BHT.

TABLE 2

Antioxidant additive
concentration in the
initial solution,

Antioxidant
additive to

Oxidation stability
by the Rancimat test

biodiesel fuel ppm (mass %) at110°C. h

Example 5
No additive — 5.1
BHT 500 (0.05) 7.1
Alkylphenol 300 (0.03) 7.0
composition

Example 6
No additive — 1.6
BHT 4000 (0.4) 9.0
Alkylphenol 3000 (0.3) 9.2
composition

Example 7
No additive — 3.6
BHT 2000 (0.2) 8.8
Alkylphenol 1550 (0.155) 8.8
composition
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TABLE 2-continued

Antioxidant additive

Antioxidant concentration in the Oxidation stability
additive to initial solution, by the Rancimat test
biodiesel fuel ppm (mass %) at110°C. h
Example 8
No additive — 2.1
BHT 1500 (0.15) 7.4
Alkylphenol 1150 (0.115) 7.5
composition
Example 9
[0112] FIG. 1 displays comparative data on the concentra-

tions of antioxidant additives BHT and the alkylphenol com-
position of the present invention added to the easiest-to-oxi-
dize biodiesel fuel produced by transesterification of
sunflower oil to achieve equal oxidation stabilities.

[0113] Herein, the alkylphenol composition was added to
the biodiesel fuel to achieve the minimal concentration of the
alkylphenol composition (20 ppm, or 0.002 mass %) based on
the entire biodiesel fuel solution.

[0114] The data displayed in FIG. 1 prove that the amount
of'the antioxidant additive of the present invention providing
the same oxidation stability is approximately 2.5 times as low.

Example 10

[0115] According to the requirements of DIN EN 14214,
the minimal oxidation stability level of a biodiesel fuel at
110° C. should be at least 6 h.

[0116] Table 3 compiles data on the concentrations of anti-
oxidant additives BHT and the alkylphenol composition of
the present invention added to biodiesel fuels produced by
transesterification of sunflower oil, soybean oil, and dietary
fat to achieve a tailored oxidation stability level of the biodie-
sel fuel of at least 6 h at 110° C. according to DIN EN 14214.

TABLE 3
Antioxidant Source used Antioxidant additive
additive to to derive concentration,
biodiesel fuel biodiesel ppm (mass %)
BHT Rapeseed oil 450 (0.045)
Sunflower oil 2400 (0.24)
Soybean oil 600 (0.06)
Dietary fat 1000 (0.1)
Alkylphenol Rapeseed oil 300 (0.03)
composition Sunflower oil 1800 (0.18)
Soybean oil 450 (0.045)
Dietary fat 700 (0.07)
[0117] It was studied during one month how antioxidant

additives BHT and the alkylphenol composition of the
present invention affect the shelf life of the easiest-to-oxidize
biodiesel fuel which was manufactured via transesterification
of sunflower oil. Oxidation stability was measured in Ranci-
mat storage tests at 110° C. in the beginning of the test and on
the 7th day, 14th day, 21st day, 27th day, and 35th day of the
test.



[0118] The results are displayed in Table 4.

TABLE 4
Antioxidant Oxidation stability in Rancimat storage
additive to Antioxidant testsat 110°C.. h
biodiesel additive Oth  7th  14th 2Ist 27th 35th
fuel concentration, day. day. day. day. day. day.
BHT 4000 (0.4) 9.0 9.0 9.0 9.0 9.0 9.0
Alkylphenol 3000(03) 92 95 95 96 100 100

composition

[0119] FIG. 2 shows graphic representation of the results.
[0120] Both Table 4 and FIG. 2 show that, for biodiesel fuel
with the antioxidant additive of the present invention, not only
does the oxidation stability exceed the indices of BHT as an
antioxidant additive, but it also increases even in a lower
concentration.
[0121] Thus, the above examples demonstrate that the com-
position claimed for improving the storage stability of biodie-
sel fuel and the method for improving the stability of biodie-
sel fuel with the use of this composition provide a
considerable lengthening ofthe shelflife time of the biodiesel
fuel with a reduced amount of the additive.

What we claim is:

1. An alkylphenol-based antioxidant additive composition
for stabilizing biodiesel fuel which consist of, mass %:

2,6-di-tert-butyl-4-methylcyclohexanone—0.2-0.3;

2,6-di-tert-butylphenol—0.7-6.0;
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2-sec-6-tert-butyl-p-cresol—1.5-5.0;

4,6-di-tert-butyl-o-cresol—3.0-8.0;

2,4-di-tert-butylphenol—0.3-0.5;
2,4-di-tert-butyl-6-dimethylaminomethylphenol—2.0-5.
0;

4.4-methylene-bis(2,6-di-tert-butylphenol)—0.1-0.3; and

2,6-di-tert-butyl-4-methylphenol—to the balance.

2. A solution of an alkylphenol-based antioxidant additive
composition for addition to biodiesel fuel comprising the
alkylphenol-based antioxidant additive composition accord-
ing to claim 1 with a concentration of from 6 to 48 mass % in
the biodiesel fuel.

3. A method for improving the storage stability of biodiesel
fuel comprising addition of an alkylphenol-based antioxidant
additive, characterized in that the alkylphenol-based additive
is the composition according to claim 1, a solution is provided
containing from 6 to 48 mass % of'said composition dissolved
in biodiesel fuel, and the solution is added to the biodiesel fuel
to reach a concentration of the composition of from 0.002 to
1.6 mass % based on the entire biodiesel fuel solution.

4. A method for improving the storage stability of biodiesel
fuel comprising addition of an alkylphenol-based antioxidant
additive, characterized in that the antioxidant additive is
added as a solution of the antioxidant additive composition
according to claim 2 to reach a concentration of the compo-
sition of from 0.002 to 1.6 mass % based on the entire biodie-
sel fuel solution.



