wo 2016/107889 A2 || I NPFV0 0 000 RN O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

(43) International Publication Date WO 2016 /1 07 889 A2
7 July 2016 (07.07.2016) WIPOI|PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
CI10L 1/08 (2006.01) C10L 10/04 (2006.01) kind of national protection available): AE, AG, AL, AM,
C10G 75/00 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
21) International Apolication Number- BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(21) International Application Number: PCT/EP201S/081382 DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
29 December 2015 (29.12.2015) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
- ) PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
14200628.7 30 December 2014 (30.12.2014) EP kind Of regional pl‘OleCliOl’l available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant (for all designated States except US): SHELL TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
INTERNATIONALE RESEARCH MAATSCHAPPLJ TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
B.V. [NL/NL]; Carel van Bylandtlaan 30, 2596 HR The DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Hague (NL). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,
(71) Applicant (for US only): SHELL OIL COMPANY E}I;/IV El{v)[ &?P{\/I(EFI,\IEJ’SEF,TCDG”}SL CM. GA, GN, GQ,
[US/US]; Shell Plaza 1, Houston, Texas 77252-2463 (US). > > > - NE, SN, TD, TG).
(72) Tnventors: PRICE, Richard, John; Brabazon House, Veclarationsunder Rule4.17:
Concord Business Park, Threapwood Road, Manchester —  as fo applicant’s entitlement to apply for and be granted a
M22 ORR (GB). CLAYTON, Christopher, William; Bra- patent (Rule 4.17(i1))
bazon House, Concord Business Park, Threapwood Road, Published:
Manchester M22 ORR (GB). DAVIES, Trevor, James; 53 0 oned:
Waterside Drive, Frodsham Cheshire WA6 7NF (GB). —  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))
(74) Agent: MATTHEZING, Robert, Maarten, PO Box 384,
2501 CJ The Hague (NL).
(54) Title: FUEL FORMULATIONS

(57) Abstract: The use of at least one C;-Cs, alkane in a diesel fuel formulation for the purpose of reducing fuel injector deposits, in
particular fuel internal injector deposits, and/or for the purpose of reducing filter deposits, and/or for the purpose of increasing fuel
economy and/or for the purpose of reducing power loss and/or for the purpose of improving driveability.



10

15

20

25

30

WO 2016/107889 PCT/EP2015/081382

FUEL FORMULATIONS

Field of the Invention

This invention relates to diesel fuel formulations,
and in particular to diesel fuel formulations having
reduced injector deposits.

Background to the Invention

In the interests of the environment, and to comply
with increasingly stringent regulatory demands, it is
necessary to provide automotive fuels which have low
emissions and excellent fuel economy. In a compression
ignition engine these two properties are dependent, among
other things, on the efficient working of the fuel
injection system. Any deposits which build up on the
fuel injectors can cause the injectors to become less
efficient and can lead to a negative effect upon emission
levels, power output and fuel economy.

It is known that degradation of diesel fuel can be
caused by a process known as “cavitation”. Cavitation is
the formation and then implosion of cavities in a liquid
- i.e. small ligquid-free zones (“bubbles”) - that are the
consequence of forces acting upon the liquid. It usually
occurs when a ligquid is subjected to rapid changes of
pressure that cause the formation of cavities where the
pressure is relatively low.

Whilst not wishing to be limited by theory, this
process of cavitation in the high pressure environment of
the fuel injection equipment can ultimately lead to the
degradation of diesel fuel and an undesirable build-up of
deposits on fuel injectors and filters, in particular on
the internal surfaces of the fuel injectors. These

deposits, sometimes known as Internal Injector Deposits
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(IIDs) or Internal Diesel Injector Deposits (IDIDs) can
be detrimental to the controlled delivery of the fuel and
hence can cause driveability and maintenance issues,
increased emissions, reduced fuel economy, and loss of
power.

It would therefore be desirable to formulate a
diesel fuel which reduces the severity of fuel
degradation due to cavitation, and therefore which
reduces the amount of fuel derived deposits.

Summary of the Invention

According to the present invention there is provided
the use of at least one C;-C3p alkane in a diesel fuel
composition for reducing fuel injector deposits, in
particular internal injector deposits.

As used herein, the terms “internal injector
deposits” and “internal diesel injector deposits” are
used interchangeably.

According to another aspect of the present invention
there is provided the use of at least one C;-Csp alkane in
a diesel fuel composition for reducing filter deposits.

According to yet a further aspect of the present
invention there is provided the use of at least one C;-Csg
alkane in a diesel fuel composition for improving fuel
economy.

According to yet a further aspect of the present
invention there is provided the use of at least one C;-Csg
alkane in a diesel fuel composition for reducing
emissions.

According to yet a further aspect of the present
invention there is provided the use of at least one C;-Csg
alkane in a diesel fuel composition for reducing power
loss.

According to yet a further aspect of the present
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invention there is provided the use of at least one C;-Csg
alkane in a diesel fuel composition for improving
driveability.

Detailed Description of the Invention

An essential component of the diesel fuel
composition herein is at least one C;-Csg alkane,
preferably at least one C3—Cis alkane, more preferably at
least one Cg-Ci, alkane, especially at least one Cip-Cip
alkane. The term “at least one C;-Csy alkane” means one
C;-C3p alkane or a mixtures of C;-C;y; alkanes.

Suitable C7-Cs3y alkanes for use herein include
octane, decane, dodecane, tetradecane, hexadecane and
mixtures thereof. Preferred C;-Czy alkanes for use herein
are octane, decane and dodecane, and mixtures thereof.

The C;-C3p alkanes for use herein may be derived from
a variety of sources, included, but not limited to, crude
0il derived, Fischer-Tropsch derived (so-called “Gas-to-
liquid” or “GTL” fuel), derived from a biological source
or made by the hydrotreatment of vegetable oils, animal
fats and algal oils. The total concentration of C;-Csg
alkane, in a diesel fuel formulation according to the
invention, is preferably 0.1% v/v or greater and up to
90% v/v, or up to 10% or 5% v/v.

The diesel fuel composition herein further comprises
an additional diesel fuel component (ii) in addition to

the C7-C3p alkane (i). 1In the context of the present

W ”

invention, “use” of at least one C;-Cs3¢ alkane in a diesel
fuel formulation means incorporating the at least one Cy-
Csp alkane into the formulation typically as a blend

(i.e. a physical mixture) with the additional diesel fuel
component (ii). It will be appreciated by a person
skilled in the art that the additional fuel component

(ii) may already contain some C;-C;; alkane components.
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The concentration of the C;-Cs;y alkane referred to above
means the concentration of C;-C3y alkanes which are added
into the diesel fuel formulation as a blend with the
additional fuel component, and does not include the
concentration of any C;-Csg alkanes already present in the
additional fuel component (ii).

The additional diesel fuel component (ii) may be any
fuel component suitable for use in a diesel fuel
formulation and therefore for combustion within a
compression ignition (diesel) engine. It will typically
be a liquid hydrocarbon middle distillate fuel, more
typically a gas oil. It may be a kerosene fuel
component. It may be petroleum derived. Alternatively
it may be synthetic: for instance it may be the product
of a Fischer-Tropsch condensation. It may be derived
from a biological source (i.e. a biofuel).

Biofuels are combustible fuels, typically derived
from biological sources, which result in a reduction in
“well-to-wheels” (i.e. from source to combustion)
greenhouse gas emissions. In diesel fuels for use in
compression ignition engines, the most common biofuels
are fatty acid alkyl esters (FAAEs), in particular fatty
acid methyl esters (FAMEs) such as rapeseed methyl ester
and palm oil methyl ester; these are used in blends with
conventional diesel fuel components.

An additional fuel component (ii) will typically
boil in the range from 150 or 180 to 360°C (ASTM D86 or
EN ISO 3405). It will suitably have a measured cetane
number (ASTM D613) of from 40 to 70 or from 40 to 65 or
from 51 to 65 or 70.

A formulation for use herein may contain a mixture
of two or more additional diesel fuel components (ii).

The concentration of the component(s) (ii) in the
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formulation may suitably be 70% v/v or greater, or 75 or
80 or 85% v/v or greater, or 90 or 92 or 95% v/v or
greater. It may be up to 98% v/v, or up to 95 or 92 or
90 or 85 or 80% v/v. 1In general, it will represent the
major part of the fuel formulation. After inclusion of
the C7-C3p alkane (i) and any optional fuel additives, the
component (ii) will typically represent the balance to
100%.

A fuel formulation herein suitably has a CFPP (IP
309 or EN 116) of 5°C or lower, or of 0°C or lower, or of
-5 or -10°C or lower. It may have a CFPP of -15°C or
lower, or of -18°C or lower, or of -20 or -25 or -30 or -
35 or —-44°C or lower. It suitably has a cloud point
(ASTM D5773) of 0°C or lower, or of -5 or -10°C or lower,
or of =12 or -15 or -20 or -25 or -30°C or lower. It
suitably has a flash point (ASTM D92 or D93) of 40°C or
higher, or of 45 or 50 or 55°C or higher.

The formulation herein should be suitable for use in
a compression ignition (diesel) internal combustion
engine. Such an engine may be either heavy or light
duty. The formulation may in particular be suitable for
use as an automotive diesel fuel.

In an embodiment, the formulation 1is suitable and/or
adapted for use as a “winter grade” automotive diesel
fuel, for use in colder climates such as in northern
FEurope (particularly Scandinavia) or North America. It
may be a so-called “arctic grade” fuel, for use in
particularly extreme climates such as in northern
Scandinavia.

In further embodiments the formulation may be
suitable and/or adapted for use as an industrial gas oil,
or as a domestic heating oil.

The formulation will suitably comply with applicable
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current standard diesel fuel specification(s) such as for
example EN 590 (for Europe) or ASTM D975 (for the USA).

By way of example, the overall formulation may have a

density from 820 to 845 kg/m3 at 15°C (ASTM D4052 or

EN ISO 3675); a T95 boiling point (ASTM D86 or

EN ISO 3405) of 360°C or less; a measured cetane number
(ASTM D613) of 51 or greater; a kinematic viscosity at
40°C (ASTM D445 or EN ISO 3104) from 2 to

4.5 centistokes; a sulphur content (ASTM D2622 or

EN ISO 20846) of 50 mg/kg or less; and/or a polycyclic
aromatic hydrocarbons (PAH) content (IP 391 (mod)) of less
than 11% w/w. Relevant specifications may however differ
from country to country and from year to year, and may
depend on the intended use of the formulation. Moreover
a formulation according to the invention may contain fuel
components with properties outside of these ranges, since
the properties of an overall blend may differ, often
significantly, from those of its individual constituents.

The relative concentrations of the components (i)
and (ii) may be chosen to achieve desired properties for
the formulation as a whole, for example a desired maximum
CFPP and/or cloud point, and/or a desired minimum flash
point. Thus the relative concentrations will also depend
on the physicochemical properties of the individual
components.

A fuel formulation for use herein may contain
standard fuel or refinery additives which are suitable
for use in diesel fuels. Many such additives are known
and commercially available.

The diesel fuel formulation described herein is
prepared by a process which involves blending together
(i) at least one C;-C3p alkane and (ii) one or more

additional diesel fuel components, optionally with one or
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more fuel additives. The process may be used to produce
at least 1,000 litres of the fuel formulation, or at
least 5,000 or 10,000 or 25,000 litres, or at least
50,000 or 75,000 or 100,000 litres.

The diesel fuel formulation described herein is used
in a method of operating an internal combustion engine,
and/or a vehicle which is driven by an internal
combustion engine, which method involves introducing into
a combustion chamber of the engine a diesel fuel
formulation as described herein. The engine is suitably
a compression ignition (diesel) engine. Such a diesel
engine may be of the direct injection type, for example
of the rotary pump, in-line pump, unit pump, electronic
unit injector or common rail type, or of the indirect
injection type. It may be a heavy or a light duty diesel
engine.

According to the present invention, there is
provided the use of at least one Cy;-Csg alkane, in a
diesel fuel formulation, for the purpose of reducing fuel
injector deposits, in particular internal injector
deposits (IIDs) or internal diesel injector deposits
(IDIDs). In the context of this aspect of the invention,
the term “reducing” embraces any degree of reduction,
including reduction to zero. The reduction may for
instance be 10% or more, or 25 or 50 or 75 or 90% or more
of the fuel injector deposits produced by an analagous
diesel fuel formulation comprising (ii) an additional
fuel component for use in an analogous context, prior to
adding at least one C;-Csy alkane to it in accordance with
the present invention.

According to the present invention, there is
provided the use of at least one Cy;-Csg alkane, in a

diesel fuel formulation, for the purpose of reducing
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filter deposits. In the context of this aspect of the
invention, the term “reducing” embraces any degree of
reduction, including reduction to zero. The reduction
may for instance be 10% or more, or 25 or 50 or 75 or 90%
or more of the filter deposits produced by an analagous
diesel fuel formulation comprising (ii) an additional
fuel component for use in an analogous context, prior to
adding at least one C;-Csy alkane to it in accordance with
the present invention.

According to another aspect, the invention provides
the use of at least one C;-C3g alkane, in a diesel fuel
formulation, for the purpose of increasing fuel economy.
In the context of this aspect of the invention, the term
“increasing” embraces any degree of increase. The
increase may for instance be 10% or more, or 25 or 50 or
75 or 90% or more of the fuel economy produced by an
analagous diesel fuel formulation comprising (ii) an
additional fuel component for use in an analogous
context, prior to adding at least one C;-Csy alkane to it
in accordance with the present invention.

According to yet a further aspect of the present
invention there is provided the use of at least one C;-Csg
alkane in a diesel fuel composition for reducing
emissions. As used herein the term “emissions” means
tailpipe emissions such as CO, NOx, hydrocarbons and
particulates. In the context of this aspect of the
invention, the term “reducing” embraces any degree of
reduction, including reduction to zero. The reduction
may for instance be 10% or more, or 25 or 50 or 75 or 90%
or more of the emissions produced by an analagous diesel
fuel formulation comprising (ii) an additional fuel
component for use in an analogous context, prior to

adding a C;-Csp alkane to it in accordance with the
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present invention.

According to yet a further aspect of the present
invention there is provided the use of at least one C;-Csg
alkane in a diesel fuel composition for reducing power
loss. 1In the context of this aspect of the invention,
the term “reducing” embraces any degree of reduction,
including reduction to zero. The reduction may for
instance be 10% or more, or 25 or 50 or 75 or 90% or more
of the power loss produced by an analagous diesel fuel
formulation comprising (ii) an additional fuel component
for use in an analogous context, prior to adding at least
one C;-Csp alkane to it in accordance with the present
invention.

According to yet a further aspect of the present
invention there is provided the use of at least one C;-Csg
alkane in a diesel fuel composition for improving
driveability. As used herein the term “driveability”
means, for example, the ability to start-up and/or the
tendency to stall and/or the tendency for smooth running.
“Poor driveability” in this context means, for example,
poor start-up and/or rough running and/or engine stalls.
In the context of this aspect of the invention, the term
“improving” embraces any degree of improvement in
driveability. An improvement in driveability means, for
example, quicker start-up and/or smoother running and/or
fewer engine stalls. The improvement may for instance be
10% or more, or 25 or 50 or 75 or 90% or more of the
driveability produced by an analagous diesel fuel
formulation comprising (ii) an additional fuel component
for use in an analogous context, prior to adding C;-Csp
alkanes to it in accordance with the present invention.

W

In the context of the present invention, “use” of at

least one C7-Cszp alkane in a diesel fuel formulation means
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incorporating at least one C;-C3y alkane into the
formulation typically as a blend (ie a physical mixture)
with one or more other diesel fuel components. The C;-Csp
alkane will conveniently be incorporated into an engine
or other system which is to be run on the formulation.
Instead or in addition, the use of C;-Csy alkanes may
involve running a fuel-consuming system, typically an
internal combustion engine, on a diesel fuel formulation
containing the C;-C;y alkanes, typically by introducing
the formulation into a combustion chamber of an engine.

“Use” of C;-Csp alkanes in the ways described above
may also embrace supplying the C;-C;p alkanes together
with instructions for its use in a diesel fuel
formulation, to achieve the purpose(s) of any of the
aspects of the invention, for instance to reduce fuel
injector deposits or to increase fuel economy.

Throughout the description and claims of this
specification, the words “comprise” and “contain” and
variations of the words, for example “comprising” and
“comprises”, mean “including but not limited to”, and do
not exclude other moieties, additives, components,
integers or steps. Moreover the singular encompasses the
plural unless the context otherwise requires: in
particular, where the indefinite article is used, the
specification is to be understood as contemplating
plurality as well as singularity, unless the context
requires otherwise.

Preferred features of each aspect of the invention
may be as described in connection with any of the other
aspects. Other features of the invention will become
apparent from the following examples. Generally speaking
the invention extends to any novel one, or any novel

combination, of the features disclosed in this
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specification (including any accompanying claims and
drawings). Thus features, integers, characteristics,
compounds, chemical moieties or groups described in
conjunction with a particular aspect, embodiment or
example of the invention are to be understood to be
applicable to any other aspect, embodiment or example
described herein unless incompatible therewith. Moreover
unless stated otherwise, any feature disclosed herein may
be replaced by an alternative feature serving the same or
a similar purpose.

The present invention will now be further described
with reference to the following non-limiting examples.
Example 1

Laboratory experiments involving the acoustic
cavitation of diesel fuels were used to develop insight
into how the collapse of micro-bubbles in the fuel
injection equipment of compression ignition engines
generates small soot-like particles. These particles are
believed to be related to the problems of blocked fuel
filters and internal injector deposits.

For some time, the area of sonochemistry has used
ultrasound to acoustically generate cavities in fluids
and drive chemical reactions. This approach has been
adopted in the present examples to simulate the manner in
which diesel fuel is degraded during hydrodynamic
cavitation in the high pressure fuel injection egquipment
of compression ignition vehicles.

Cavitation is the formation of gas bubbles in a
region where the pressure of a liquid falls below its
vapour pressure. This can occur when a diesel fuel
experiences a pressure drop across an orifice or when
fast moving flows turn sharp corners. When the bubbles

that are generated return to high ambient pressure they



10

15

20

25

30

WO 2016/107889 PCT/EP2015/081382

_12_

collapse and produce localized areas of extreme
temperature and pressure.

Two key parameters associated with fluid cavitation
are:
1. the extent of cavity formation (that is the number
of bubbles generated)
2. the intensity of the bubble collapse (which is
related to the speed of collapse and the magnitude of the
temperature and pressure generated).

Sonication experiments were carried out with a VCX
500 ultrasonics processor (ex. Sonics Materials Inc.) and
a 13mm extender horn which delivers ultrasound to a 50mL
sample of hydrocarbon contained within a jacketed glass
beaker. Cold water (5°C) 1is passed through the jacket
during sonication to keep the ligquid hydrocarbon below
its flash point. Dry air is blown over the surface of
the fuel to ensure no condensation inside the reaction
vessel and a PTFE 1lid prevents splashing. The whole
apparatus is housed inside an insulated box (fitted with
a safety cut-out mechanism) to reduce acoustic noise.

Ultrasound is produced at a frequency of 20 kHz and
when the amplitude of the processor is set to 65% the
transfer of energy to the hydrocarbon occurs at 6 kJ mL~
'hn"'. The probe is made of titanium alloy (Ti 6A1-4V) and
consists of 90% titanium, 6% aluminium and 4% vanadium.
This material is susceptible to cavitation erosion and
also becomes tarnished during sonication. The probe is
polished on silicon carbide paper between each experiment
to maintain the tip as a smooth and shiny surface.

All experiments were run with a 65% amplitude
setting on the ultrasound processor, a cut-out
temperature of 55°C and with dry air blown over the

surface of the hydrocarbon being sonicated.
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In a typical experiment 50 mL of l-methylnaphthalene
(95% purity ex. Aldrich) is sonicated for 1 hour, during
which time the hydrocarbon darkens in colour due to the
build up of a dispersion of soot-like carbon particles.
The l-methylnaphthalene is mixed with 50mL of n-heptane
and spun at 4,000rpm for 20 minutes, which leads to
sedimentation of deposit material at the bottom of the
centrifuge tube. Filtration of this sample through a 0.7
um paper then allows the cavity induced deposit mass to
be gravimetrically determined.

A series of hydrocarbons (as set out in Table 1)
were sourced from Sigma-Aldrich and filtered through a
0.7 pum paper in preparation for sonication. 1-
methylnaphthalene was used as a reference fuel to
establish a baseline level of deposit mass generated
under the following conditions:

50 mL fuel

1 hour sonication time

65% amplitude

55°C cut-off temperature

Dry air blown over surface of fuel
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A sample of l1-methylnaphthalene was then prepared
with 1, 2 and 3%v of the hydrocarbons listed in Table 1.
The fuels were sonicated in two blocks of testing:

Block 1: l-methylnaphthalene and l-methylnaphthalene
with 1-3%v n-octane or n-decane

Block 2: l-methylnaphthalene and l-methylnaphthalene
with 1-3%v n-dodecane, tetradecane, hexadecane,
ethylbenzene, n-propylbenzene, indan or indene.

In each case several repeats of l-methylnaphthalene
were performed to establish baseline results. All fuels
were run in a randomized test order in case of any drift
in performance of the sonication probe, however energy
delivery was consistent over the course of the
experiments.

The deposit mass generated after cavitation was
measured for each fuel sample. Details of the impact of
cavitation in the form of the deposit mass produced by
cavitation is shown in Table 2 and Table 3. Table 3 also
shows details of the % change in deposit mass provided by
each of the Cy-C50 alkanes added (a negative number being

<

a % reduction in deposit mass).

Table 2
l-methylnaphthalene | Deposit mass
mg
Block 1 5.39
Block 1 5.18
Block 1 5.07
Block 2 4.95
Block 2 4.71
Block 2 5.10
Block 2 4.87
Block 2 5.11
Block 2 5.01
Block 2 4.93
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Discussion

The aromatic hydrocarbons (indan, indene, n-
propylbenzene and ethylbenzene) have a limited impact on
deposit mass. In contrast the paraffinic hydrocarbons
reduce the amount of deposit, with this trend becoming
more pronounced as the alkane chain length becomes
shorter. Generally the suppression of deposit formation
increases with the blend ratio of the alkane in 1-

methylnaphthalene.
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CLATIMS

1. Use of at least one C7-C3g alkane, in a diesel fuel
formulation, for the purpose of reducing fuel injector
deposits, in particular fuel internal injector deposits.
2. Use according to Claim 1 wherein the diesel fuel
formulation comprises an additional diesel fuel
component.

3. Use according to Claim 1 or 2 wherein the C;-Csg
alkane is present in a concentration of 0.1% v/v or
greater.

4, Use according to any of claims 1 to 3, wherein the
C7-Cs0 alkane is present in a concentration of up to 90%
v/v or greater.

5. Use according to any of claims 1 to 4 wherein the
additional diesel fuel component is present in a
concentration of 70% v/v or greater.

6. Use according to any of claims 1 to 5 wherein the
additional diesel fuel component is present in a
concentration of up to 98% v/v or greater.

7. Use according to any of Claims 1 to 6, wherein the
C;-C3p alkane is a Cs-Cis alkane.

8. Use according to any of Claims 1 to 7 wherein the
C;-C3p alkane is a Cs-Ciy; alkane.

9. Use according to any of Claims 1 to 7 wherein the
C7;-Csp alkane is a C19-Cip; alkane.

10. Use of at least one C;-C3p alkane in a diesel fuel
formulation for the purpose of reducing filter deposits.
11. Use of at least one C7-Cs3¢ alkane, in a diesel fuel
formulation, for the purpose of increasing fuel economy.

12. Use of at least one C7-Cs3¢ alkane, in a diesel fuel
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formulation, for the purpose of reducing power loss.
13. Use of at least one C7-Cs3¢ alkane, in a diesel fuel

formulation, for the purpose of improving driveability.
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