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(54) PROCESS FOR PREPARING A DIESEL FUEL COMPOSITION

(57) Process for preparing a diesel fuel composition
comprising the steps of:

(i) providing afirst diesel base fuel, wherein the first diesel
base fuel comprises a first cetane improver and wherein
the first diesel base fuel has a cetane number Cy;

(i) providing a second diesel base fuel, wherein the sec-
ond diesel base fuel optionally comprises a second ce-
tane improver and wherein the second diesel base fuel
has a cetane number C,;

wherein the first cetane improver provides a cetane
number increase to the first diesel base fuel of AC4 and
wherein the second cetane improver provides a cetane
number increase to the second diesel base fuel of AC,
and wherein AC,; > AC,; and

(iii) blending the first diesel base fuel with the second
diesel base fuel in a volume ratio of V;:V, to produce a
diesel fuel composition having a cetane number Cg,,
wherein Cgng > (V4Cy + VoCo)/(VI+V,).
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Description

Field of the Invention

[0001] The presentinvention relates to a process for preparing a diesel fuel composition, in particular to a process for
preparing a diesel fuel composition where the diesel fuel composition so prepared has an increased cetane number.

Background of the Invention

[0002] The cetane number of a fuel composition is a measure of its ease of ignition and combustion. With a lower
cetane number fuel, a compression ignition (diesel) engine tends to be more difficult to start and may run more noisily
when cold; conversely a fuel of higher cetane number tends to impart easier cold starting, to lower engine noise and to
alleviate white smoke ("cold smoke") caused by incomplete combustion.

[0003] Thereisageneral preference, therefore, foradiesel fuel compositionto have a high cetane number, a preference
which has become stronger as emissions legislation grows increasingly stringent, and as such automotive diesel spec-
ifications generally stipulate a minimum cetane number. To this end, many diesel fuel compositions contain ignition
improvers, also known as cetane boost additives or cetane (number) improvers/enhancers, to ensure compliance with
such specifications and generally to improve the combustion characteristics of the fuel.

[0004] Organic nitrates have been known for some time as ignition accelerants in fuels, and some are also known to
increase the cetane number of diesel fuels. Perhaps the most commonly used diesel fuel ignition improver is 2-ethylhexyl
nitrate (2-EHN), which operates by shortening the ignition delay of a fuel to which it is added.

[0005] It is known to blend diesel fuels together in order to obtain diesel fuel blends. Sometimes these diesel fuel
blends have improved properties over either of the starting diesel fuels.

[0006] Cetane blending is a practice which involves the blending of two or more fuels, each having a certain cetane
number. Cetane blending is normally considered to follow a linear-by-volume rule. This is the case for diesel fuels which
don’t contain 2-EHN cetane improvers or fuels that contain relatively similar 2-EHN concentrations.

[0007] It has now surprisingly been found that if a diesel base fuel containing zero or low levels of cetane improver is
blended with a diesel base fuel containing a high concentration of cetane improver, a beneficial non-linear response can
be achieved, thereby obtaining a cetane number that is greater than the cetane numbers of either of the starting diesel
base fuels.

Summary of the Invention

[0008] Accordingto the presentinvention there is provided a process for preparing a diesel fuel composition comprising
the steps of:

(i) providing a first diesel base fuel, wherein the first diesel base fuel comprises a first cetane improver and wherein
the first diesel base fuel comprising the first cetane improver has a cetane number Cy;

(i) providing a second diesel base fuel, wherein the second diesel base fuel optionally comprises a second cetane
improver, and wherein the second diesel base fuel optionally comprising the second cetane improver has a cetane
number C,;

wherein the first cetane improver provides a cetane number increase to the first diesel base fuel of Acy and wherein the
second cetane improver, when present, provides a cetane number increase to the second diesel base fuel of Ac, and
wherein Ac4 > Ac,; and (iii) blending the first diesel base fuel with the second diesel base fuel in a volume ratio of v4:v,
to produce a diesel fuel composition having a cetane number Cg,,5 wherein Cypg > (V4G4 + VoCo)/(V4+V)).

[0009] It has been found that the process of the present invention leads to diesel fuel compositions which have much
higher cetane numbers than would have been expected if a conventional linear-by-volume rule had been applied to the
blending process.

[0010] Suitably, the process of the present invention has the effect of increasing the cetane number of the diesel fuel
composition, such as to a desired or target cetane number.

[0011] According to another aspect of the present invention there is provided a method for increasing the cetane
number of a diesel fuel composition obtained by blending at least two diesel base fuels wherein the method comprises:

(i) providing a first diesel base fuel, wherein the first diesel base fuel comprises a first cetane improver and wherein
the first diesel base fuel has a cetane number cy;

(i) providing a second diesel base fuel, wherein the second diesel base fuel optionally comprises a second cetane
improver and wherein the second diesel base fuel has a cetane number C,;
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wherein the first cetane improver provides a cetane number increase to the first diesel base fuel of Ac, and

wherein the second cetane improver, when present, provides a cetane number increase to the second diesel base fuel
of Ac, and wherein Acy > Ac,; and (iii) blending the first diesel base fuel with the second diesel base fuel in a volume
ratio of v4:v, to produce a diesel fuel composition having a cetane number Cg,, wherein Cgp > (V4G4 + VoCo)/(V4+Vs).
[0012] The processand method of the presentinvention may additionally or alternatively be used to adjust any property
of the fuel composition which is equivalent to or associated with cetane number, for example, to improve the combustion
performance of the fuel composition, e.g. to modify/shorten ignition delays (i.e. the time between fuel injection and ignition
in a combustion chamber during use of the fuel), to facilitate cold starting or to reduce incomplete combustion and/or
associated emissions in a fuel-consuming system running on the fuel composition, and/or to improve fuel economy or
exhaust emissions generally.

Detailed Description of the Drawings

[0013] Figure 1 is a graphical representation of the results shown in Table 1 below.

Detailed Description of the Invention

[0014] In order to assist with the understanding of the invention several terms are defined herein.

[0015] The term "diesel fuel composition" as used herein is a fuel composition in liquid form suitable for use in a
diesel/compression ignition internal combustion engine.

[0016] Theterms"cetane (number)improver"and "cetane (number) enhancer" are used interchangeably to encompass
any component that, when added to a fuel composition at a suitable concentration, has the effect of increasing the cetane
number of the fuel composition relative to its previous cetane number under one or more engine conditions within the
operating conditions of the respective fuel or engine. As used herein, a cetane number improver or enhancer may also
be referred to as a cetane number increasing additive / agent or the like.

[0017] In accordance with the present invention, the cetane number of a fuel composition may be determined in any
known manner, for instance using the standard test procedure ASTM D613 (ISO 5165, IP 41) which provides a so-called
"measured" cetane number obtained under engine running conditions. More preferably the cetane number may be
determined using the more recent and accurate "ignition quality test" (IQT; ASTM D6890, IP 498), which provides a
"derived" cetane number based on the time delay between injection and combustion of a fuel sample introduced into a
constant volume combustion chamber. This relatively rapid technique can be used on laboratory scale (ca 100 ml)
samples of a range of different fuels.

[0018] The person skilled in the art will appreciate that other instruments may be available in the future to measure
derived cetane number.

[0019] Alternatively, cetane number may be measured by near infrared spectroscopy (NIR), as for example described
in US5349188. This method may be preferred in a refinery environment as it can be less cumbersome than for instance
ASTM D613. NIR measurements make use of a correlation between the measured spectrum and the actual cetane
number of a sample. An underlying model is prepared by correlating the known cetane numbers of a variety of fuel
samples with their near infrared spectral data.

[0020] In some embodiments, the process of the present invention is carried out so as to adjust the cetane number
of the resulting diesel fuel composition or to achieve or reach a desired target cetane number for the resulting diesel
fuel composition. In the context of the invention, to "reach" a target cetane number can also embrace exceeding that
number. Thus, the target cetane number may be a target minimum cetane number.

[0021] The present invention suitably results in a fuel composition which has a derived cetane number (IP 498) of 40
or greater, preferably 50 or greater, more preferably of 51, 52, 53, 54 or 55 or greater. For example, in some embodiments
the resultant fuel composition may have a cetane number of 60 or greater, 65 or greater or even 70 or greater.

[0022] The present invention may additionally or alternatively be used to adjust any property of the fuel composition
which is equivalent to or associated with cetane number, for example, to improve the combustion performance of the
fuel composition, e.g. to shorten ignition delays (i.e. the time between fuel injection and ignition in a combustion chamber
during use of the fuel), to facilitate cold starting or to reduce incomplete combustion and/or associated emissions in a
fuel-consuming system running on the fuel composition and/or to improve fuel economy or exhaust emissions generally.
[0023] The process of the present invention may be used to increase the cetane number of a diesel fuel composition.
As used herein, an "increase" in the context of cetane number embraces any degree of increase compared to a previously
measured cetane number under the same or equivalent conditions. Thus, the increase is suitably compared to the cetane
number of an analogous fuel composition which has not been prepared according to the process of the present invention,
or compared to the cetane number which would have been expected if at least two diesel base fuels were blended to
produce a diesel fuel composition and if a conventional linear-by-volume rule had been applied to the blending process.
[0024] Alternatively, anincrease in cetane number of a fuel relative to a comparative fuel may be inferred by a measured
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increase in combustibility or a measured decrease in ignition delay for the comparative fuels.

[0025] Theincrease in cetane number (orthe decrease inignition delay, for example) may be measured and/or reported
in any suitable manner, such as in terms of a percentage increase or decrease, or such as in terms of an increase in
cetane number units.

[0026] By way of example, the increase in cetane number may be at least 0.1 cetane number units, such as at least
0.5 cetane number units. Suitably, the increase in cetane number is at least 1 cetane number units, at least 2 cetane
number units, at least 3 cetane number units, at least 4 cetane number units or at least 5 cetane number units. In some
embodiments the increase in cetane number may be at least 9 or 10 cetane number units, or even at least 15 cetane
number units. However, it should be appreciated that any measurable improvement in cetane number or modification
of ignition delay may provide a worthwhile advantage, depending on what other factors are considered important, e.qg.
availability, cost, safety and so on.

[0027] The process of the present invention comprises the blending of two diesel base fuels, namely a first diesel base
fuel and a second diesel base fuel.

[0028] The first diesel base fuel comprises a first cetane improver, preferably at a level of 0.01 wt% or greater, more
preferably at a level of 0.05% or greater, and especially at a level of 0.1 wt% or greater, by weight of the first diesel base
fuel. In one embodiment of the present invention the first diesel base fuel comprises a first cetane improver at a level of
0.3 wt% or greater, preferably 0.5 wt% or greater, by weight of the first diesel base fuel. The first diesel base fuel
comprising the first cetane improver has a cetane number c;.

[0029] The second diesel base fuel optionally comprises a second cetane improver. The second cetane improver can
be present in the second diesel base fuel preferably at a level of 0.2 wt% or less, more preferably at a level of 0.1 wt%
or less, even more preferably at a level of 0.05 wt% or less, and especially at a level of 0.01 wt% or less, by weight of
the second diesel base fuel.

[0030] In a preferred embodiment of the present invention the second diesel base fuel is free of cetane improver.
[0031] The second diesel base fuel optionally comprising the second cetane improver has a cetane number c,.
[0032] The first cetane improver can be any cetane improver suitable for use in a diesel fuel composition. A preferred
first cetane improver is selected from nitrates, nitroalkanes, nitrocarbonates, peroxides, and mixtures thereof.

[0033] Thesecond cetaneimprovercanbe any cetane improver suitable for use in a diesel fuel composition. A preferred
second cetane improver is selected from nitrates, nitroalkanes, nitrocarbonates, peroxides, and mixtures thereof.
[0034] Inone embodiment of the presentinvention the first cetane improver is the same as the second cetane improver.
[0035] In another embodiment of the present invention the first cetane improver is a nitrate, preferably 2-ethylhexyl
nitrate.

[0036] In one embodiment of the present invention, the second diesel base fuel comprises a second cetane improver
which is a nitrate, preferably 2-ethylhexyl nitrate.

[0037] The first cetane improver provides a cetane number increase to the first diesel base fuel of Ac,. The second
cetane improver provides a cetane number increase to the second diesel base fuel of Ac,. In the process of the present
invention Acy > Ac,. In the case where the second diesel base fuel is free of cetane improver, Ac, will be zero.

[0038] According to the process of the present invention, the first diesel base fuel is blended with the second diesel
base fuel in a volume ratio of v4:v, to produce a diesel fuel composition having a cetane number Cg,,, wherein Cg,5 >
(V481 + VoCp) /(V4+Vy).

[0039] In a preferred embodiment of the present invention, Cg,5 > ¢4 and Cg5> Co.

[0040] The relative proportions of the two diesel base fuels, and any other components or additives presentin a diesel
fuel composition prepared according to the invention, may depend on other desired properties such as density, emissions
performance and viscosity. In a preferred embodiment of the present invention, the first diesel base fuel is blended with
the second diesel base fuel in a volume ratio in the range from 5:95 to 30:70, preferably in the range from 10:90 to 20:80.
[0041] In one embodiment of the present invention, the first diesel base fuel can itself be a blend of two or more diesel
base fuels each optionally containing one or more cetane improvers. In another embodiment of the present invention,
the second diesel base fuel can itself be a blend of two or more diesel base fuels each optionally containing one or more
cetane improvers.

[0042] Inafurtherembodimentofthe presentinvention, the resulting diesel fuel formulation whichis prepared according
to the process of the present invention may be blended with one or more further diesel base fuels each optionally
containing one or more cetane improvers before being used as a diesel fuel. In the latter embodiment, the diesel fuel
formulation produced in step (iii) of the process of the present invention has a cetane number Cy;,,, and the further diesel
base fuel optionally comprising one or more cetane improvers has a cetane number c,. In the latter embodiment, the
diesel fuel formulation produced in step (iii) is blended with the further diesel base fuel in a volume ratio of v4iv, to
produce a diesel fuel composition having a cetane number C, wherein C, > (v3Cy4 + V4C4)/(V3 + V4). The resulting diesel
fuel composition produced in the latter embodiment can be blended with a further one or more further diesel base fuels
each optionally containing one or more cetane improvers before being used as a diesel fuel, i.e. the process can be
repeated as many times as desired, i.e. in a 'recursive’ process.
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[0043] The diesel base fuels used in the process of the present invention are diesel base fuels for use in automotive
compression ignition engines, as well as in other types of engine such as for example off road, marine, railroad and
stationary engines.

[0044] Such diesel base fuels will contain one or more base fuels which may typically comprise liquid hydrocarbon
middle distillate gas oil(s), for instance petroleum derived gas oils. Such fuels will typically have boiling points within the
usual diesel range of 150 to 400°C, depending on grade and use. They will typically have a density from 750 to 1000
kg/m3, preferably from 780 to 860 kg/m3, at 15°C (e.g. ASTM D4502 or IP 365) and a cetane number (ASTM D613) of
from 35 to 120, more preferably from 40 to 85. They will typically have an initial boiling point in the range 150 to 230°C
and a final boiling point in the range 290 to 400°C. Their kinematic viscosity at 40°C (ASTM D445) might suitably be in
the range from 1.2 to 6, or in the range from 1.2 to 5, or in the range from 1.2 to 4.5 mm?/s.

[0045] An example of a petroleum derived gas oil is a Swedish Class 1 base fuel, which will have a density from 800
to 820 kg/m3 at 15°C (SS-EN ISO 3675, SS-EN ISO 12185), a T95 of 320°C or less (SS-EN 1SO 3405) and a kinematic
viscosity at 40°C (SS-EN ISO 3104) from 1.4 to 4.0 mm2/s, as defined by the Swedish national specification EC1.
[0046] Optionally, non-mineral oil based fuels, such as biofuels or Fischer-Tropsch derived fuels, may also form or be
present in the diesel fuel. Such Fischer-Tropsch fuels may for example be derived from natural gas, natural gas liquids,
petroleum or shale oil, petroleum or shale oil processing residues, coal or biomass.

[0047] The amount of Fischer-Tropsch derived fuel used in the diesel fuel may be from 0% to 100%v of the overall
diesel fuel, preferably from 5% to 100%v, more preferably from 5% to 75%yv. It may be desirable for such a diesel fuel
to contain 10%v or greater, more preferably 20%v or greater, still more preferably 30%v or greater, of the Fischer-
Tropsch derived fuel. It is particularly preferred for such diesel fuels to contain 30 to 75%v, and particularly 30 to 70%yv,
of the Fischer-Tropsch derived fuel. The balance of the diesel fuel is made up of one or more other diesel fuel components.
[0048] Such a Fischer-Tropsch derived fuel component is any fraction of the middle distillate fuel range, which can
be isolated fromthe (optionally hydrocracked) Fischer-Tropsch synthesis product. Typical fractions will boil in the naphtha,
kerosene or gas oil range. Preferably, a Fischer-Tropsch product boiling in the kerosene or gas oil range is used because
these products are easier to handle in for example domestic environments. Such products will suitably comprise a fraction
larger than 90 wt% which boils between 160 and 400°C, preferably between 160 and about 370°C. Examples of Fischer-
Tropsch derived kerosene and gas oils are described in EP-A-0583836, WO-A-97/14768, WO-A-97/14769, WO-A-
00/11116, WO-A-00/11117, WO-A-01/83406, WO-A-01/83648, WO-A-01/83647, WO-A-01/83641, WO-A-00/20535,
WO-A-00/20534, EP-A-1101813, US-A-5766274, US-A-5378348, US-A-5888376 and US-A-6204426.

[0049] The Fischer-Tropsch product will suitably contain more than 80 wt% and more suitably more than 95 wt% iso
and normal paraffins and less than 1 wt% aromatics, the balance being naphthenic compounds. The content of sulphur
and nitrogen will be very low and normally below the detection limits for such compounds. For this reason the sulphur
content of a diesel fuel composition containing a Fischer-Tropsch product may be very low.

[0050] The diesel fuel composition preferably contains no more than 5000 ppmw sulphur, more preferably no more
than 500 ppmw, or no more than 350 ppmw, or no more than 150 ppmw, or no more than 100 ppmw, or no more than
70 ppmw, or no more than 50 ppmw, or no more than 30 ppmw, or no more than 20 ppmw, or no more than 15 ppmw,
or most preferably no more than 10 ppmw sulphur.

[0051] Other diesel fuel components for use herein include the so-called "biofuels" which derive from biological ma-
terials. Examples include fatty acid alkyl esters (FAAE). Examples of such components can be found in W0O2008/135602.
[0052] Each diesel base fuel may itself be additivated (additive-containing) or unadditivated (additive-free). If additi-
vated, e.g. at the refinery, it will contain minor amounts of one or more additives selected for example from anti-static
agents, pipeline drag reducers, flow improvers (e.g. ethylene/vinyl acetate copolymers or acrylate/maleic anhydride
copolymers), lubricity additives, antioxidants and wax anti-settling agents.

[0053] Preferably, the diesel fuel composition prepared according to the process of the present invention comprises
a performance additive package comprising one or more additive components. The amount of the performance package
present in the liquid fuel composition herein is in the range of 15 ppmw (parts per million by weight) to 10 %wt, based
on the overall weight of the diesel fuel composition. More preferably, the amount of the performance package present
in the diesel fuel composition herein additionally accords with one or more of the parameters (i) to (xv) listed below:

(i) at least 100 ppmw
(i) at least 200 ppmw
(iii) at least 300 ppmw
(iv) at least 400 ppmw
(v) at least 500 ppmw
(vi) at least 600 ppmw
(vii) at least 700 ppmw
(viii)at least 800 ppmw
(ix) at least 900 ppmw
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(x) at least 1000 ppmw
(xi) at least 2500 ppmw
(xii) at most 5000 ppmw
(xiii)at most 10000 ppmw
(xiv) at most 2 %wt

(xv) at most 5 %wt.

[0054] Typically, the diesel fuel composition and/or the performance additive package may contain additive components
such as detergents, anti-foaming agents, corrosion inhibitors, dehazers etc.

[0055] Detergent-containing diesel fuel additives are known and commercially available. Such additives may be added
to diesel fuels at levels intended to reduce, remove, or slow the build-up of engine deposits.

[0056] Examples of detergents suitable for use in diesel fuel additives for the present purpose include polyolefin
substituted succinimides or succinimides of polyamines, for instance polyisobutylene succinimides or polyisobutylene
amine succinimides. Succinimide dispersant additives are described for example in GB-A-960493, EP-A-0147240, EP-
A-0482253, EP-A-0613938, EP-A-0557516 and WO-A-98/42808. Particularly preferred are polyolefin substituted suc-
cinimides such as polyisobutylene succinimides.

[0057] Otherexamples of detergents suitable for use in diesel fuel additives for the present purpose include compounds
having at least one hydrophobic hydrocarbon radical having a number-average molecular weight (Mn) of from 85 to 20
000 and at least one polar moiety selected from:

(A1) mono- or polyamino groups having up to 6 nitrogen atoms, of which at least one nitrogen atom has basic
properties; and/or
(A9) moieties obtained by Mannich reaction of substituted phenols with aldehydes and mono- or polyamines.

[0058] Other detergents suitable for use in diesel fuel additives for the present purpose include quaternary ammonium
salts such as those disclosed in US2012/0102826, US2012/0010112, WO2011/149799, W02011/110860,
W02011/095819 and WO2006/135881.

[0059] The diesel fuel additive mixture may contain other components in addition to the detergent. Examples are
lubricity enhancers; dehazers, e.g. alkoxylated phenol formaldehyde polymers; anti-foaming agents (e.g. polyether-
modified polysiloxanes); anti-rust agents (e.g. a propane-1,2-diol semi-ester of tetrapropenyl succinic acid, or polyhydric
alcohol esters of a succinic acid derivative, the succinic acid derivative having on at least one of its alpha-carbon atoms
an unsubstituted or substituted aliphatic hydrocarbon group containing from 20 to 500 carbon atoms, e.g. the pentaer-
ythritol diester of polyisobutylene-substituted succinic acid); corrosion inhibitors; reodorants; anti-wear additives; anti-
oxidants (e.g. phenolics such as 2,6-di-tert-butylphenol, or phenylenediamines such as N,N’-di-sec-butyl-p-phenylene-
diamine); metal deactivators; static dissipator additives; cold flow improvers; organic sunscreen compound, and wax
anti-settling agents.

[0060] Thedieselfuel additive mixture may contain one or more organic sunscreen compounds, such as those disclosed
in European patent application no. 12199119.4. A wide variety of conventional organic sunscreen actives are suitable
for use herein. Sagarin, et al., at Chapter VI, pages 189 et seq., of Cosmetics Science and Technology (1972), discloses
numerous suitable actives.

[0061] The diesel fuel additive mixture may contain a lubricity enhancer, especially when the diesel fuel composition
has a low (e.g. 500 ppmw or less) sulphur content. In the additivated diesel fuel composition, the lubricity enhancer is
conveniently present at a concentration of less than 1000 ppmw, preferably between 50 and 1000 ppmw, more preferably
between 70 and 1000 ppmw. Suitable commercially available lubricity enhancers include ester- and acid-based additives.
Other lubricity enhancers are described in the patent literature, in particular in connection with their use in low sulphur
content diesel fuels, for example in:

- the paper by Danping Wei and H.A. Spikes, "The Lubricity of Diesel Fuels", Wear, Il (1986) 217-235;

- WO-A-95/33805 - cold flow improvers to enhance lubricity of low sulphur fuels;

- US-A-5490864 - certain dithiophosphoric diester-dialcohols as anti-wear lubricity additives for low sulphur diesel
fuels; and

- WO-A-98/01516 - certain alkyl aromatic compounds having at least one carboxyl group attached to their aromatic
nuclei, to confer anti-wear lubricity effects particularly in low sulphur diesel fuels.

[0062] It may also be preferred for the diesel fuel composition to contain an anti-foaming agent, more preferably in
combination with an anti-rust agent and/or a corrosion inhibitor and/or a lubricity enhancing additive.

[0063] Unless otherwise stated, the (active matter) concentration of each such optional additive component in the
additivated diesel fuel composition is preferably up to 10000 ppmw, more preferably in the range from 0.1 to 1000 ppmw,
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advantageously from 0.1 to 300 ppmw, such as from 0.1 to 150 ppmw.

[0064] The (active matter) concentration of any dehazer in the diesel fuel composition will preferably be in the range
from 0.1 to 20 ppmw, more preferably from 1 to 15 ppmw, still more preferably from 1 to 10 ppmw, and especially from
1 to 5 ppmw. The (active matter) concentration of any detergent in the diesel fuel composition will preferably be in the
range from 5 to 1500 ppmw, more preferably from 10 to 750 ppmw, most preferably from 20 to 500 ppmw.

[0065] In the case of a diesel fuel composition, for example, the fuel additive mixture will typically contain a detergent,
optionally together with other components as described above, and a diesel fuel-compatible diluent, which may be a
mineral oil, a solvent such as those sold by Shell companies under the trade mark "SHELLSOL", a polar solvent such
as an ester and, in particular, an alcohol, e.g. hexanol, 2-ethylhexanol, decanol, isotridecanol and alcohol mixtures such
as those sold by Shell companies under the trade mark "LINEVOL", especially LINEVOL 79 alcohol which is a mixture
of C;_g primary alcohols, or a C4,_14 alcohol mixture which is commercially available.

[0066] The total content of the additives in the diesel fuel composition may be suitably between 0 and 10000 ppmw
and preferably below 5000 ppmw.

[0067] In the above, amounts (concentrations, % vol, ppmw, % wt) of components are of active matter, i.e. exclusive
of volatile solvents/diluent materials.

[0068] The engine in which the fuel composition herein is used may be any appropriate engine. Thus, where the fuel
is a diesel or biodiesel fuel composition, the engine is a diesel or compression ignition engine. Likewise, any type of
diesel engine may be used, such as a turbo charged diesel engine, provided the same or equivalent engine is used to
measure cetane number/ignition delay/burn period for each diesel fuel composition being assessed. Similarly, the in-
vention is applicable to an engine in any vehicle.

[0069] The present invention will be further understood from the following examples. Unless otherwise stated, all
amounts and concentrations disclosed in the examples are based on weight of the fully formulated fuel composition.

Examples

[0070] In the examples below, two different diesel fuels (Fuel 1 and Fuel 2) were blended together using conventional
blending techniques in the fractions (%v/v) shown in Table 1 below. Fuel 1 contains 0.12% v/v of 2-EHN and has a
cetane number of 54.1. Fuel 2 is free of cetane improver and has a cetane number of 55.1. The cetane number of each
blend is determined using the "Ignition Quality Test" (IQT; according to ASTM D6890, IP 498) which provides a "derived"
cetane number based on the time delay between injection and combustion of a fuel sample introduced into a constant
volume combustion chamber. The results of these cetane measurements for Fuel 1, Fuel 2 and four different blends
(containing 20%v/v, 40%v/v, 60%vV/v and 80%v/v of Fuel 1) are shown in Table 1 below.

Table 1
Fraction of Fuel 1 [%V/V] 0% 20% | 40% | 60% | 80% 100%
Fraction of Fuel 2 [%V/V] 100% | 80% | 60% | 40% | 20% 0%

Measured Cetane Number 55.1 56.4 55.9 55.6 55.0 54.1

[0071] The results from Table 1 are plotted on a graph (see Figure 1). From Figure 1 it can be clearly seen that when
Fuel 2 (containing no cetane improver) is blended with a diesel fuel containing a high concentration of cetane improver
(Fuel 1 containing 0.12%v/v 2-EHN), a beneficial non-linear response can be achieved, thereby obtaining a diesel blend
which has a cetane number that is greater than either of the starting diesel fuels.

Claims
1. Process for preparing a diesel fuel composition comprising the steps of:

(i) providing a first diesel base fuel, wherein the first diesel base fuel comprises a first cetane improver and
wherein the first diesel base fuel comprising the first cetane improver has a cetane number cy;

(i) providing a second diesel base fuel, wherein the second diesel base fuel comprises a second cetane improver
and wherein the second diesel base fuel optionally comprising the second cetane improver has a cetane number
Co;

wherein the first cetane improver provides a cetane number increase to the first diesel base fuel of Ac4 and
wherein the second cetane improver provides a cetane number increase to the second diesel base fuel of Ac,
and wherein Ac; > Ac,; and
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(iii) blending the first diesel base fuel with the second diesel base fuel in a volume ratio of v,:v, to produce a
diesel fuel composition having a cetane number Cg,, wherein Cgg > (V4G4 + VoCo)/(V4+Vo).

Process according to Claim 1 wherein the first cetane improver is selected from nitrates, nitroalkanes, nitrocar-
bonates, peroxides, and mixtures thereof.

Process according to Claim 1 or 2 wherein the second cetane improver is selected from nitrates, nitroalkanes,
nitrocarbonates, peroxides, and mixtures thereof.

Process according to any of Claims 1 to 3 wherein the first cetane improver is the same as the second cetane improver.
Process according to any of Claims 1 to 4 wherein the first cetane improver is a nitrate, preferably 2-ethylhexyl nitrate.

Process according to any of Claims 1 to 5 wherein the second cetane improver is a nitrate, preferably 2-ethylhexyl
nitrate.

Process according to any of Claims 1 to 6 wherein the first diesel base fuel comprises 0.01 wt% or greater, by weight
of the first diesel base fuel, of the first cetane improver.

Process according to any of Claims 1 to 7 wherein the second diesel base fuel comprises 0.2 wt% or less, by weight
of the second diesel base fuel, of the second cetane improver.

Process according to any of Claims 1 to 8 wherein the second diesel base fuel is free of cetane improver.

Process according to any of Claims 1 to 9 wherein the first diesel base fuel is blended with the second diesel base
fuel in a volume ratio in the range from 5:95 to 30:70, preferably in the range from 10:90 to 20:80.

Process according any of Claims 1 to 10 wherein Cg,5 > ¢4 and Cg5> Co.

Method for increasing the cetane number of a diesel fuel composition obtained by blending at least two diesel base
fuels wherein the method comprises:

(i) providing a first diesel base fuel, wherein the first diesel base fuel comprises a first cetane improver and
wherein the first diesel base fuel comprising the first cetane improver has a cetane number cy;

(i) providing a second diesel base fuel, wherein the second diesel base fuel comprises a second cetane improver
and wherein the second diesel base fuel comprising the second cetane improver has a cetane number C,;
wherein the first cetane improver provides a cetane number increase to the first diesel base fuel of Ac4 and
wherein the second cetane improver provides a cetane number increase to the second diesel base fuel of Ac,
and wherein Ac4 > Ac,; and

(iii) blending the first diesel base fuel with the second diesel base fuel in a volume ratio of v4:v, to produce a
diesel fuel composition having a cetane number Cg, , wherein Cg., > (V4Cq + VoCo)/(V4+Vs).
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