wo 2010/072839 A2 I 0K 0 YR A

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

(19) World Intellectual Property Organization . /gy |1 I 01NN O 01000 0O O R A
nternational Bureau S,/ ‘ )
(43) International Publication Date \'é’;___,/ (10) International Publication Number
1 July 2010 (01.07.2010) PCT WO 2010/072839 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
CI10L 1/08 (2006.01) kind of national protection available). AE, AG, AL, AM,
21) International Apolication Number- AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
PCT/EP2009/067918 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
24 December 2009 (24.12.2009) KZ, LA, LC, LK, IR, LS, LT, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
(25) Filing Language: English NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
(26) Publication Language: English SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
TZ,UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . o
2008-332634 26 December 2008 (26.12.2008) JP (84) Designated States (unless otherwise indicated, for every
2009-201044 31 August 2009 (31.08.2009) JP kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(71) Applicant (for all designated States except US): SHELL ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
INTERNATIONALE RESEARCH MAATSCHAPPILJ TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
B.V. [NL/NL]; Carel van Bylandtlaan 30, NL-2596 HR ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
The Hague (NL). MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM,
() Inventors: and TR). OAPI (BF, B, CF, CG, CI. CM. GA, GN, GQ,GW.
(75) Inventors/Applicants (for US only): OKABE, Nobuhiro > > ’
[JP/JP]; 2-3-2 Daiba, Minato-ku, Tokyo 135-8074 (JP) Declarations under Rule 4.17:
Sﬁ K:il;(/[OTO’ ‘X)ill;iko [IiP/JP]; 4052%‘_32 g%lzati% Alkawa- as to applicant's entitlement to apply for and be granted
cho, Aikou-gun, Aikou, Kanagawa 243 - (JP). a patent (Rule 4.17 (i)
(74) Agent: MATTHEZING, Robert Maarten; SHELL IN-

TERNATIONAL B.V., Intellectual Property Services,
P.O. Box 384, NL-2501 CJ The Hague (NL).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: DIESEL FUEL COMPOSITION

(57) Abstract: A diesel fuel composition which essentially comprises only paraffins, and wherein the proportion of the content of
paraftins of 15 or fewer carbons is made not less than 28% by volume and the proportion of normal paraffins of 18 or more car-
bons is made not more than 11% by volume. The diesel fuel composition has improved rubber swellability.



10

15

20

25

WO 2010/072839 PCT/EP2009/067918

DIESEL FUEL COMPOSITION

The present invention relates to a diesel fuel
composition for use in diesel engines and the like.

Various kinds of research have been undertaken in
recent years to make use of Fischer-Tropsch fuels
(referred to below as FT fuels) to fuel cars in Japan.
What is meant by FT fuels are fuels obtained by synthesis
from raw materials such as natural gas, coal or biomass,
using the Fischer-Tropsch process via synthesis gas, a
mixture of carbon monoxide and hydrogen. They are often
used under names corresponding to the raw material. For
example, for those where natural gas is the raw material
the name GTL 1is often used, if coal is the raw material
the name CTL may be used, and if biomass is the raw
material, the name BTL may be used. The term GTL is also
sometimes used as a generic name for fuels obtained by
the Fischer-Tropsch process, but in the present invention
the term FT fuels is used for fuels obtained by the
Fischer-~Tropsch process and FT fuels are deemed to
include GTL, CTL and BTL.

As mentioned above, these FT fuels are expected to
be used as alternatives to petroleum because they are
synthesised from raw materials such as natural gas, coal
and biomass, and also, because they do not contain
sulphur or aromatic hydrocarbons, they are expected to be
used as diesel fuels which are better for the
environment, in that they limit the emission of sulphur
oxides and particulate matter (PM) from engines. They
have already been made available commercially in some

areas, as reported for example in “The marketability
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of liguid fuels from natural gas (GTL)”, [Energy
Economics], November 2001 issue.

However, several problems have been pointed out as
regards the use of FT fuels as diesel fuels within Japan.
One problem that may be mentioned is their deleterious
impact on rubber materials. For example, in the
aforementioned “The marketability of liquid fuels from
natural gas (GTL)”, there are indications to the effect
that a problem with FT diesel fuels (FT fuels where the
density and distillation characteristics correspond to
diesel fuels) is that they are rich in paraffins and have
a small aromatic component, so that the swelling of seals
of rubber materials and the like is low, but there is a
suggestion that this can be countered by changing the
design of seals. Methods of resolving this problem of
seal behaviour without changing the design of seals have
also been considered. For example, JP-A-2006-16541
proposes a fuel composition which compares favourably
with existing diesel fuels and their function of causing
rubber materials to swell (referred to below as rubber
swellability) by incorporating an aromatic component in a
GTL diesel oil.

However, one of the features of FT diesel oils is
that they do not give rise to the environmental problems
associated with aromatics and sulphur, and that feature
is attributable to their being formed only of paraffins.
There have been problems in the prior art in blending in
fuel compositions other than FT diesel oils to deal with
the nature of FT diesel oils being such that they are
deficient in rubber swellability, in that this basic
feature of FT diesel oils is not sufficiently brought

out.
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The aim of the present invention, therefore, is to
offer a diesel fuel composition with improved rubber
swellability while being constituted essentially only of
paraffins.

The diesel fuel composition according to the present
invention essentially comprises only paraffins, and the
proportion of the content of paraffins of 15 or fewer
carbons is made not less than 28% by volume, while the
proportion of normal paraffins of 18 or more carbons is
made not more than 11% by wvolume. The proportion of
paraffins with 15 or fewer carbons is preferably not less
than 40% by volume and more preferably not less than 50%
by volume. The proportion of normal paraffins with 18 or
more carbons is preferably not more than 8% by volume and
more preferably not more than 5% by volume.

For the content of paraffins with 15 or fewer
carbons and the content of normal paraffins of 18 or more
carbons, gas chromatography in accordance with
ASTM D 2887 “Standard test method for boiling point range
distribution of petroleum fractions by gas
chromatography” was used, and the content of each was
obtained by calculating the amount of hydrocarbons of
each carbon number from the chromatograms thus obtained.

In addition, what is meant in the present invention
by essentially comprising only paraffins is that the main
constituent does not contain styrene compounds or diene
compounds, or condensed polycyclic aromatics. Containing
compositions of other than paraffins as impurities is
tolerated. An FT diesel oil in which the total mass or
volume of isoparaffins and normal paraffins is not less
than 99% of the whole, excluding tiny impurities, is a
diesel fuel composition constituted essentially only of

paraffins suitable for the present invention. As fo the
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method of manufacturing fuels comprising only paraffins,
apart from the aforementioned Fischer-Tropsch process
there are methods in which animal and plant oils and
fats, being biomass raw materials, are hydrorefined. Of
the fuels thus produced, those corresponding to diesel
fuels are called, for example, second-generation biomass
diesel fuels, and these second-generation biomass diesel
fuels are alsoc fuel compositions, essentially comprising
only paraffins, suitable for the present invention.

The addition of additives does not prevent a diesel
fuel composition from essentially comprising only
paraffins. Compositions in which additives have been
added are also encompassed by the diesel fuel composition
of the present invention.

For example, it is possible to add low-temperature
fluidity improvers in corder to prevent feed problems
caused by separation of waxes at low temperatures, or
plugging of the filters installed in the fuel systems of
vehicles. For low-temperature fluidity improvers it is
possible to use any known low-temperature fluidity
improvers provided they are miscible with paraffins.
Typical low-temperature fluidity improvers are commercial
low~temperature fluidity improvers such as ethylene-vinyl
acetate copolymers, ethylene-alkylacrylate copolymers,
alkenyl succinamides, chlorinated polyethylenes, or
polyalkyl acrylates. These compounds may be used singly
or in combinations of two or more kinds. Of these,
ethylene-vinyl acetate copolymers and alkenyl
succinamides are especially preferred. As to the amount
of the low temperature fluidity improver, for example a
suitable amount may be blended in so as to satisfy the
pour points and cold filter plugging points specified in

JIS K 2204, which is the JIS standard for diesel fuel,



10

15

20

25

30

WO 2010/072839 PCT/EP2009/067918

but normally the amount will be 50 to 1000 ppm. The pour
point here refers to the pour point obtained in
accordance with JIS K 2269 “Testing methods for pour
point and cloud point of crude oil and petroleum
products”, and the cold filter plugging point refers to
the cold filter plugging point obtained by JIS K 2288
“petroleum products — Diesel fuel - Determination of cold
filter plugging peint”.

It is also possible to add lubricity improvers in
order to inhibit wear of, for example, fuel feed-pump
parts. Any known lubricity improvers may be used as
lubricity improvers provided they are miscible with FT
oils. Typical lubricity improvers are commercial
acid-based lubricity improvers which have fatty acids as
their main constituent and ester-based lubricity
improvers which have as their main constituent glycerin
mono fatty acid esters. These compounds may be used
singly or in combinations of two or more kinds. The
fatty acids used in these lubricity improvers are
preferably those that have as thelr main constituent a
mixture of unsaturated fatty acids of approximately 12 to
22 carbons, but preferably about 18 carbons, that is
oleic acid, linolic acid and linolenic acid. The
lubricity improver may be added so that the wear scar
WS 1.4 wvalue in an HFRR (High Frequency Reciprocating
Rig) of the fuel composition after addition of the
lubricity improver is not more than 500 um, but
preferably not more than 460 pm, and the concentration
thereof is usually 50 to 1000 ppm. The WS 1.4 value in
an HFRR here refers to the value obtained in accordance
with the Japanese Petroleum Institute standard

JPI-558-50-98 “Gas o0il - Method for testing lubricity”.
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In addition, for the diesel fuel composition
relating to the present invention it is preferable if the
10% distillation temperature is not more than 250°C and
the 50% distillation temperature is not more than 300°C,
and if the proportion of the total peak area of the peak
group at chemical shifts of 1.45 to 2.25 ppm relative to
the total peak area of the peak group at chemical shifts
of 1.00 to 1.45 ppm in proton nuclear magnetic resonance
spectra is not less than 2.5%, and it is even more
preferable if the 10% distillation temperature 1s not
more than 200°C and the 50% distillation temperature is
not more than 250°C.

In additicn, for the diesel fuel composition
according to the present invention it is preferable if
the value of Z as expressed by the following formula (1)
is greater than -3.5, and even more preferable if it is
greater than -1.5.

Z = 3.6988 + 0.0448xA - 0.0056xB — 0.0166xC - 0.0032xD (13
wherein A is the proportion of the total peak area of the
peak group at chemical shifts of 1.45 to 2.25 ppm
relative to the total peak area of the peak group at
chemical shifts of 1.00 to 1.45 ppm in proton nuclear
magnetic resonance spectra, %; B i1s the 10% distillation
temperature, °C; C is the 50% distillation temperature,
°C:; and D is the 90% distillation temperature, °C.

According to the present invention, it is possible
to obtain a diesel fuel composition with improved rubber
swellability, although essentially comprised only of
paraffins, by ensuring that the proportion of paraffins
with 15 or fewer carbons is not less than 28% by volume
and that the proportion of normal paraffins with 18 or
more carbons is not more than 11% by wvelume. In the

prior art, it has been considered that paraffins have the
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nature of having poor rubber swellability, but
experiments have revealed that the nature of having poor
swellability is a characteristic of normal paraffins
while isoparaffins tend rather to have high rubber
swellability. It has also been discovered that the
tendency of isoparaffins to cause swelling of rubber
differs according to the number of carbons. The present
invention 1s based on these novel findings.

In addition, due to the said experiments, it was
discovered that the rubber swellability of a diesel fuel
composition essentially comprising only paraffins is
influenced by the proportion of isoparaffins and the
distillation characteristics. It was discovered that,
provided the proportion of the total peak area of the
peak group at chemical shifts of 1.45 to 2.25 ppm
relative to the total peak area of the peak group at
chemical shifts of 1.00 to 1.45 ppm in proton nuclear
magnetic resonance spectra, which show the hydrogen
isotopes in paraffins, and the distillation
characteristics (10%, 50% and 90% distilliation
temperatures) are within specified ranges, the rubber
swellability of a diesel fuel composition essentially
comprising only paraffins is further enhanced, and that
the value obtained by a specified formula in which the
variables are the aforementioned ratioc of the peak total
areas and the distillation characteristics is an
indicator of rubber swellability of a diesel fuel
composition essentially comprising only paraffins. The
present invention is based on these novel findings.

Before describing the Examples of the present
invention, an explanation is first given of the results

of an experiment (referred to below as a confirmation
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experiment) to demonstrate the fact that isoparaffins
have high rubber swellability.

This confirmation experiment used three kinds of
iscoparaffin solvents, A, B and C, which have different
distillation ranges, as shown in Table 1, and, for
comparison, two kinds of normal paraffin solvents, D and

E, which have different distillation ranges.
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The various characteristics shown in Table 1 were
measured by the methods below.

Density € 15°C

Density at 15°C measured in accordance with
JIS K 2249 “Crude oil and petroleum products -
Determination of density and density/mass/volume
conversion tables”.

Distillation Characteristics

Distillation characteristics obtained in accordance
with JIS K 2254 “Petroleum products -~ Distillation test
methods”.

Normal Paraffin and Isoparaffin Contents

Gas chromatography in accordance with ASTM D 2887
“Standard test method for boiling point range
distribution of petroleum fractions by gas
chromatography” was used, and the hydrocarbon content for
each carbon number was calculated from the chromatograms
thus cobtained. In other words, retention times were
investigated using a mixture of normal paraffins of
different carbon numbers as a standard, and the normal
paraffin content was obtained from the peak area values
of the normal paraffins. The content of isoparaffin of
carbon number N was obtained as the sum of the
chromatogram area values of the peaks between the peaks
due to normal paraffins of carbon number N-1 and peaks
due to normal paraffins ¢of carbon number N. The gas
chromatography detector was a hydrogen flame ionisation
detector (FID), so that the measurement sensitivity was
proporticnate to the number of carbons of the paraffins.
Taking this sensitivity into account, therefore, the
molar ratios were cbtained from the area values and

finally mass ratios were obtained.
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_11_.

The type of column in the gas chromatography was HP5
(length: 30m, inside diameter: 0.32mm, liguid layer
thickness: 0.25 um), and the analysis conditions were as
follows.

Column tank temperature rise conditions : 35°C
(5 minutes} - 10°C/minute (temperature rise) - 320°C
(11.5 minutes)

Specimen volatilisation chamber conditions: 320°C
fixed, split ratio 15C : 1

Detector part: 320°C |

Test pieces of hydrogenated nitrile butadiene rubber
(HNBR) were immersed in these solvents A to E, and their
percentage change in volume was measured. The immersion
conditions were as shown in Table 2. These conditions
were get on the basis of the method in the evaluation
test for compatibility of materials in synthetic gas oils
in “Research and develcopment of high-efficiency clean-
energy cars” undertaken by the Japan Automobile Research
Institute under commission from the independent New
Energy and Industrial Technology Development Organisation
(New Energy and Industrial Technelogy Development
Crganisation: 1999 report on results of research and
development of high-efficiency clean-energy cars, Japan

Auntomoblile Research Institute (March 2000)).
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Table 2

Evaluation test for Examples of

compatibility of Embodiment
materials
Engine Diesel engine Diesel engine
Test fuel JIS No. 2 diesel ¢il, | GTL diesel oil
synthetic diesel oil
Inmersion 55 and 85°C 85°C
temperature
Duration of 24, 48 and 72 hours 72 hours
immersion
Test Immersion of test Immersion of fest
conditions piece in liguid piece in liguid

The results of these experiments are shown in

Table 3.

Table 3
Solvent | Solvent | Solvent | Solvent | Solvent
A B C D E
Change
. 0.6 0.5 ~0.2 ~1.2 -2.2
volume
(%)

As shown in Table 3, the test pieces immersed in
solvent D and solvent E, which comprised normal
paraffins, showed a decrease in volume, whereas in the
case of the test pieces immersed in solvent A and solvent
B, which were made up of isoparaffins the volume
increased. In the case of the test pilece immersed in
solvent C, which was likewise made up of isoparaffins,
there was a reduction but the amount of the change was
extremely small. Indeed, it may be said that it did not
show a tendency to shrink. On the basis of these results,
it was confirmed that the nature of having poor rubber

swellability is a characteristic of normal paraffins, and
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isoparaffins instead tend to have high rubber
swellability. Also, on the basis that these solvents,
while being made up of the same isoparaffins and normal
paraffins, gave different results, it was confirmed that
the impact on rubber materials differs according to the
number of carbons. In other words, it is evident that
normal paraffins and isoparaffins with lower molecular
weights have superior rubber swellability.

Next, by using oil mixtures of normal paraffins and
isoparaffins manufactured by the SMDS (Shell Middle
Distillate Synthesis) process and isoparaffin solvents
and normal paraffin solvents to adjust the distillation
characteristics and make~up, diesel fuel compositions
were obtained that were comprised of the regulated oil
mixtures. The characteristics and make-up of the diesel
fuel compositions obtained are shown in Tables 4 to 6.
What is meant by the SMDS process is a process in which
natural gas is partially oxidised, and after synthesising
heavy paraffins by means of Fischer-Tropsch synthesis,
the heavy paraffin oil is hydrocracked and distilled so
as to obtain naphtha, kerosene and gas oil fractions.
Table 4 also shows, by way of a reference example, the
characteristics of an FT diesel oil already made
available commercially overseas. However, the present

invention is not limited in any way by these Examples.
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Table 6
Units Comp. Ex. 4 Comp. Ex. 5
Density @ 15°C g/cm3 0,794 0.787
Distillation characteristics
Initial boiling pt. °cC 222.5 167.0
10% °c 269.5 1%4.0
50% °ec 331.5 342.5
90% °C 357.5 360.0
Final boiling pt. °cC 368.0 369.5
Cetane index 97.9 98.9
Sulphur component Mass
=1 <1
ppm
Paraffin component Vol. % 2 99 2 99
Aromatic component Vol. % 1 <1
Paraffins of 15 or Mass & 157 29 .6
fewer carbons
n-paraffins of 18 or Mass & 17.5 15.5
more carbons
Ratio of total peak 3 > 6 2.0

areas
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Of the characteristics shown in Tables 4 to 6, the
density and distillation characteristics are the same as
in Table 1, but the other characteristics are based on
the following methods of measurement.

Cetane Index

Refers to the cetane index measured in accordance
with JIS K 2280 “Petroleum products —~ Fuel oils -
Determination of octane number and cetane number, and
method for calculation of cetane index, 8. Method of
calculating cetane index using the four-variable
equation”. However, reference values were recorded in
the case of FT fuels because they lie outside the
recommended appropriate scope of the cetane index
caliculation.

Sulphur Component

Sulphur content obtained in accordance with
JIS K 2541-2 “Crude petroleum and petroleum products -
Determination of sulphur content, Part 2: The
microcoulometric titration-type oxidation method”.

Paraffin Component

Paraffin component measured in accordance with
JPI-58-49-97 “Petroleum products - Determination of
hydrocarbon types - High performance liquid
chromatography”.

Arcmatic Component

Sum of monocyclic aromatic and dicyclic aromatic and
tri- or higher cyclic aromatic hydrocarbon components
measured in accordance with JPI-55-49-97 “Petroleum
products - Determination of hydrocarbon types — High
performance liguid chromatography”.

Ratio Of Total Peak Areas

Analysis of proton nuclear magnetic resonance
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(1H-NMR) spectra was carried out and the spectra gave the
proportion of the total peak area of the peak group at
chemical shifts of 1.45 to 2.25 ppm relative to the total

peak area of the peak group at chemical shifts of 1.00 to
1.45 ppm.

Next, the influence of these diesel fuel
compositions on rubber materials under the same
conditions as for the aforementioned confirmation
experiment was investigated. Tables 7 and 8 show the
difference between the percentage change in volume of
rubber materials after the experiment of immersing them
in each diesel fuel composition and the percentage change
in volume of the reference example (A percentage change

in volume), together with the Z value obtained by means

of Formula (1).
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Table 7
Comp. Comp. Comp. Ref.
Ex. Ex. Ex., 1 Ex. 2 Ex. 3 Ex,
A Change in |, 3.2 ~1.7 | ~-0.7 ~0.5 Base
volume {%)
Z value -2.1 -0.3 -5.2 ~-4,2 -4.0 -3.5
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As shown in Tables 7 and 8, Examples 1 to 12 all
showed an increase in percentage volume change compared
with the reference example, which was an FT diesel o0il of
the prior art. It was therefore confirmed, as can be
seen from Tables 4 to & and these results, that it is
possible to improve rubber swellability even when the
diesel fuel composition is composed essentially only of
paraffins, by ensuring that the proportion of paraffins
with 15 or fewer carbons is not less than 28% by volume
and that the proportion of normal paraffins with 18 or
more carbons is not more than 11% by volume. The ratio
of total peak areas for Example 2, Example 3 and Example
12 was lower than for the Reference Example, but because
the content of paraffins of 15 cor fewer carbons and the
content of normal paraffins of 18 or more carbons satisfy
the conditions of the present invention, the percentage
change in volume increased compared to the comparative
examples and the reference example. In other words, the
point that from the standpoint of increasing the
percentage change in volume a high proportion of
isoparaffins i1s preferable is as discussed above, but
even though, for example, the ratio of total peak areas
in proton nuclear magnetic resonance spectra of paraffins
is lower than the comparative examples and reference
example, it was confirmed that an increase in percentage
volume change can be achieved provided the proportions of
content of paraffins with 15 or fewer carbons and content
of normal paraffins with 18 or more carbons satisfy the
conditions of the present invention.

In addition, Examples of Embodiment 2 to 5, where
the 10% distillation temperature was less than 200°C and

the 50% distillation temperature was less than 250°C,
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confirmed that the increase in the percentage change in
volume was larger, which is to be preferred.
Furthermore, as shown in Tables 7 and 8, it was

confirmed that, provided the relationship of the
distillation characteristics and the ratio of total peak
areas in proton nuclear magnetic resonance spectra
satisfies the condition that the Z wvalue cbhtained by
means of the aforementioned Formula (1) is greater than -
3.5, an improvement in the percentage change in volume
compared to FT diesel oils of the prior art can be

achieved.
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CLAIMS

1. A diesel fuel composition which essentially
comprises only paraffins, and wherein the proportion of
the content of paraffins of 15 or fewer carbons is made
not less than 28% by volume and the proportion of normal
paraffins of 18 or more carbons is made not more than 11%
by velume.

2. A diesel fuel composition according to claim 1,
wherein the proportion of the content of paraffins of 15
or fewer carbons is made not less than 40% by volume.

3. A diesel fuel composition according to claim 2,
wherein the proportion of the content of paraffins of 15
or fewer carbons is made not less than 50% by volume.

4. A diesel fuel composition according to claim 1, 2 or
3, whereiln the proportion of normal paraffins of 18 or
more carbons is made not more than 8% by volume.

5. A diesel fuel composition according to claim 4,
wherein the proportion of normal paraffins of 18 or more
carbons is made not more than 5% by volume.

6. A diesel fuel composition according to any one of
the preceding claims, wherein the 10% distillation
temperature is not more than 250°C and the 50%
distillation temperature is not more than 300°C, and in
that the proportion of the total peak area of the peak
group at chemical shifts of 1.45 to 2.25 ppm relative to
the total peak area of the peak group at chemical shifts
of 1.00 to 1.45 ppm in proton nucliear magnetic resonance

spectra is not less than 2.5%,
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7. A diesel fuel composition according to claim 6,
wherein the 10% distillaticn temperature is not more than
200°C.

8. A diesel fuel composition according to claim 6 or 7,
wherein the 50% distillation temperature is not more than
250°C.

9. A diesel fuel composition according to any one of
the preceding claims, wherein the value of Z as expressed
by Formula (1) below 1s greater than -3.5.

Z = 3.6988 + 0.0448xA ~ 0.0056%xB ~ 0.0166xC ~- 0.0032xD (1)
wherein A is the proportion of the total peak area of the
peak group at chemical shifts of 1.45 to 2.25 ppm
relative to the total peak area of the peak group at
chemical shifts of 1.00 to 1.45 ppm in proton nuclear
magnetic resonance spectra, %; B is the 10% distillation
temperature, °C; C is the 50% distillation temperature,
°C; and D is the 90% distillation temperature, °C.

16. A diesel fuel composition according to claim 9,
wherein the value of Z is greater than -1.5.

11. A diesel fuel composition according to any cone of
the preceding clams, wherein the main constituent thereof
does not contain styrene compounds or diene compounds, or
condensed polycyclic aromatics.

12. A diesel fuel composition according to any one of
the preceding claims, wherein the total mass or volume of
isoparaffins and normal paraffins is not less than 99% of

the composition.
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