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Fuel blend comprising a mixture of aryl ethers

Technical Field

The present invention relates to middle distillate fuel blends, in particular
renewable diesel fuel blends comprising a mixture of aryl ethers.

Background Art

Middle distillate fuels, such as diesel are useful transportation fuels. The quality of
diesel may be measured on a number of parameters, such as for example cetane
number, energy content, density, lubricity, cold-flow properties and sulphur
content. The cetane number and cold flow properties are both important factors for

determining the quality of diesel.

Renewable fuels, such as paraffinic diesel, are collected from resources, which
are naturally replenished on a human timescale, as opposed to fossil fuels, such

as petroleum diesel (petrodiesel).

Petrodiesel is formed from natural processes through millions of years of
decomposition and comprise a large number of different compounds, as
evidenced from figure 1. This is in sharp contrast to biodiesel from e.g. soybean,
rapeseed or palm oil (see figure 1) which contains significantly fewer compounds,
as evidenced from figure 1, where biodiesel compounds in the form of fatty acid

methyl esters (FAMEs) are shown.

Heat release is related to the combustion process of a diesel engine. The
combustion process in a diesel engine is usually considered to occur in four
phases according to heat release rate. Those phases are the ignition delay period,
premixed burning phase, diffusion burning phase and oxidation phase.

Diesel engines are usually are tuned to the heat release from petrodiesel, which

heat release results from the many different compounds making up petrodiesel.
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The heat release profile is related to the broad distillation curve obtained from the
distillation of petrodiesel comprising many compounds, compared to e.g. the
narrow distillation curve of FAMEs comprising relatively fewer compounds. Heat
release is linked to soot formation, and it is an object in internal combustion

engines to reduce the soot formation.

Ali et al. (1996) “Effect of alternative diesel fuels on heat release curves for
Cummins N14-410 diesel engine” (DOI: 10.13031/2013.27516) discuss i.a. the
different heat release curves of rapeseed oil, ethanol and diesel fuel blends
compared to petrodiesel fuel, and refers to lower combustion speeds and
temperature from rapeseed oil compared to diesel fuel, as well as slightly shorter

inflammation lag.

In the art it has been attempted to mimic petrodiesel from renewable sources,
such as the preparation of fatty acid esters of vegetable oils.

In order to use the fatty acid esters as diesel fuels, and to increase the
components of the fuel, the fatty acid esters have been mixed with petro diesel in
various ratios to obtain a suitable quality fuel with a heat release profile not
requiring modification of the timing of diesel engines.

Another solution in the art to generating a diesel fuel that has more compounds
similar to petrodiesel is the preparation of paraffinic fuels through the
hydrotreatment of vegetable oil, such as triglyceridic vegetable oil. The number of
compounds of such renewable diesel has been increased through hydrocracking
and isomerisation. While such a diesel fuel has many more compounds compared
to FAMEs, the distillation curve is still narrow compared to petrodiesel due to the

relatively narrow carbon number distribution.

There is still a need in the art for middle distillates from renewable sources, such
as diesel fuels, which more closely mimics the number of compounds of
petrodiesel, and at the same time provides an acceptable quality, e.g. good diesel

cetane number and good cold flow properties.
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Summary of Invention

The present invention was made in view of the prior art described above, and the
object of the present invention is to provide middle distillate fuel blends, in
particular diesel fuel blends which has a broader distillation range due to more
compounds being present. It is further an object to increase the renewable part of
a middle distillate fuel. It is an object that the middle distillate fuel blend has an

acceptable quality.

To solve the problem, the present invention provides a fuel blend comprising as
the major portion an internal combustion engine fuel and as a minor portion a fuel
component, wherein the internal combustion engine fuel is diesel, and wherein the
fuel component comprises a mixture of five or more aryl ethers, the mixture

containing less than 1 wt% of compounds having a free alcohol group.

That is, the inventors of the present invention in a first aspect of the invention
found that biomass, such as lignin, which is obtained from the processing of
lignocellulosic material can be further refined into a fuel component comprising
aryl ethers by suitably reacting the biomass, such as lignin to obtain a pyrolysis oil
comprising aryl alcohols that are further converted into a fuel component
comprising aryl ethers. The inventors have surprisingly discovered that lignin
pyrolysis oil that is further processed into ethers may be used as a component in
middle distillate fuels and at the same time provide an acceptable quality, and
even improving the cold flow properties.

The internal combustion engine fuel may be paraffinic diesel or the internal
combustion engine fuel may be a mixture of paraffinic diesel and fossil diesel.

The fuel component may be obtained by reacting biomass pyrolysis oil comprising
one or more phenols with one or more hydrocarbyl moieties having 1 to 10 carbon
atoms forming one or more hydrocarbyl-ether bonds with the one or more phenols
present in the biomass pyrolysis oil.
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The mixture of five or more aryl ethers may comprise one or more selected from
the group consisting of: anisole, 4-methyl anisole, 4-propyl anisole and butyl
phenyl ether.

The mixture of five or more aryl ethers of may have a distillation range from 140 °C
to 420 °C.

The mixture of five or more aryl ethers may make up at least 80 wt% of the fuel

component.

The mixture of five or more aryl ethers may be selected from formula |,
Rs Rs

R4‘Q’(CH2)a_O_(CH2)b_R1

Rs Ry (1)
wherein
R4 is: linear or branched C4-Cqp-alkyl, cycloalkyl, aryl, or naphtyl, wherein the aryl
or naphtyl is unsubstituted or substituted with one two or three groups,
independently selected from: C4-Cs-alkyl, C1-Cs-alkoxy;
a and b are each independently: 0, 1, 2, 3 and 4;
R2, Rs3, R4, Rs and Rg are each independently: hydrogen, alkyl, alkoxy, alkenyl, and
alkenoxy;

at least two of Ry, Rs, R4, Rs and Rg are hydrogen.

The mixture of five or more aryl ethers of formula | may be selected from the group
of phenols, guaiacols and syringols, the group being defined as follows:

(a) R=R3=R4=Rs=Rg is hydrogen (phenol);

(b) four of Ro, Rs, R4, Rs and Rg are hydrogen and one is methyl, ethyl, propyl, iso-
propyl (cresols);

(c) three of Ry, Rs, R4, Rs and Rg are hydrogen and two are independently
selected from methyl, ethyl, propyl, iso-propyl (xylenols);

(d) four of R2, Rs3, R4, Rs and Rg are hydrogen and one is methoxy (guaiacols);

(e) Three of Ry, Rs, R4, Rs and Rg are hydrogen one is methoxy, one is methyl,

ethyl, propyl, iso-propyl, vinyl or allyl (eugenol, isoeugenol);



10

15

WO 2017/186734 PCT/EP2017/059824

(f) three of Rz, Rs, R4, Rs and Rg are hydrogen and two are methoxy (syringol);
(g) two of R2, Rs, R4, Rs and Rg are hydrogen, two are methoxy, one is methyl,

ethyl, propyl, iso-propyl, vinyl or allyl.

The mixture of five or more aryl ethers may be selected from one or more of the

below formulae:
CHs

- <_/
CHs CHs
<\__|-/>_O_R1 CH2=CHCH2_<\__|-/>_O_R1 CH3CH=CH_<\__|-/>_O_R1
OCHj3 OCH; OCH;
OCH; OCH; OCH;
QO_R1 CH2=CHCH24Q70_R1 CH3CH2CH24Q70_R1
OCHj; OCH; OCH;
OCH;
H3C4Q70_R1 CH3CH2CH2_<\__|_/>_0—R1 CH3CH2CH2_©_0—R1
OCH3 OCH3
_/OCH3 —
<\ |/ O_R1 CH3CH2_<\__|-/>_O_R1
CH3 OCH3

where R; is defined as above.

The mixture of five or more aryl ethers may comprise at least 2 aryl ethers wherein

R1 is aryl or naphtyl.

The mixture of five or more aryl ethers may comprise at least one aryl ether where
R1is ethyland b is O.
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The one or more hydrocarbyl moieties may have 2 to 10 carbon atoms.

The fuel component may be obtained by reacting biomass pyrolysis oil comprising

one or more of the below formulae:

OH

OH

99

OCHj

OCHj3

OH

Q.

OCHj

OCHj3

HsC OH

4

OCHj

OCHj3
OH

S

5 CH3

with one or more compounds of the formula R+-Y,

wherein

R4 is: linear or branched C4-Cqp-alkyl, cycloalkyl, aryl, or naphtyl, wherein the aryl
or naphtyl is unsubstituted or substituted with one two or three groups,

OH

9

CHj

CH,=CHCH; OH

9

OCH;4

OCHj3

CH,=CHCH3 OH

P

OCHj

CH4CH,CH, OH

9

OCHs

CH5CH; OH

9

OCHs

CH3
OH

S

CHj

CHaCH=CH OH

9

OCH;4

OCHj3

CH3CH,CH,

>

OCHj

:

CH3CH,CH,

10  independently selected from: C4-Cs-alkyl, C4-Cs-alkoxy;

Y is halogen, vinyl, OH, MgX, where X is Cl or Br
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thereby obtaining one or more compounds of the formulae

CH3 CH3

9

O_R1 CH2=CHCH2 \ / O_R1 CH3CH=CH_<\__|-/>_O_R1

OCH; OCHgs; OCHgs;

OCH; OCH3 OCH3
QO_R1 CH2=CHCH24Q70_R1 CH3CH2CH24Q70_R1
OCH, OCHg OCH3
OCH;
Hsc—QO—R1 CH3CHZCH2—<\__|_/>—O—R1 CH3CHZCH2—©—O—R1
OCH; OCH;
— /OCH3 ——
CHs OCH;

When reacting biomass pyrolysis oil as described above with one or more

5 compounds of the formula R+-Y, where Y is O, the reaction may be conducted

under dehydrating conditions.

When reacting biomass pyrolysis oil as described above, the reaction may be

conducted in an ionic liquid.
10

When reacting biomass pyrolysis oil as described above, an acid catalyst may be

added.

The fuel blend may be for use in a compression ignition engine.
15
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Brief Description of Drawings

Figure 1 shows two-dimensional gas chromatography chromatograms of
petrodiesel and Fatty Acid Methyl Esters (FAME) from three different sources
(reproduced from fig.4 of Seeley et al., J. Chromatogr. Sci. 45(10), 2007, 650-
656). It can be seen that petrodiesel is a complex mixture of saturated
hydrocarbons, mono- and di-aromatic hydrocarbons and naphthenes.

Detailed description of the Invention

In describing the embodiments of the invention specific terminology will be
resorted to for the sake of clarity. However, the invention is not intended to be
limited to the specific terms so selected, and it is understood that each specific
term includes all technical equivalents which operate in a similar manner to

accomplish a similar purpose.

The invention involves aryl ethers, in particular mixtures of five or more aryl ethers,
the mixture containing less than 10 wt% of compounds having a free alcohol
group. Mixtures of five or more aryl ethers will be understood by the skilled person
to relate to five or more individual aryl ethers. Such aryl ether mixtures may be
obtained from biomass pyrolysis oil, and further refined or upgraded by ether
synthesis to yield a mixture of at least five aryl ethers where the mixture has less
than 10 wt% of free alcohol groups. The aryl ether mixtures of the present
invention preferably has less than 5 wt%, less than 3 wt% of free alcohol groups,
more preferably less than 2 wt%, less than 1.5 wt% of free alcohol groups. More
preferably less than 1 wt%, such as less than 0.5 wt% of free alcohol groups.

The amount of free alcohol groups are calculated on the basis of the free alcohol
groups present in the oxygen containing aryl compounds of the mixture.
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The mixtures of aryl ethers where the mixture has less than 10 wt%, preferably
less than 1 wt% of free alcohol groups may be used as fuel components in fuels

for internal combustion engines, in particular diesel fuels for diesel engines.

In particular the invention relates to fuel blends of internal combustion engine fuel
with fuel components comprising mixtures of aryl ethers where the mixture has
less than 10 wt%, preferably less than 1 wt% of free alcohol groups. Such fuel
blends may comprise as the major portion an internal combustion engine fuel and

as a minor portion the fuel component comprising aryl ethers.

The major portion of the internal combustion engine fuel, e.g. diesel, will account
for more than 40 wt%, for example more than 50 wt% of the fuel blend, preferably
more than 60 wt%, more preferably more than 70 wt% of the fuel blend.

The minor portion of the fuel component comprising aryl ethers will account for
50 wt% or less of the fuel blend, but more than 1 wt% of the fuel blend, e.g. more
than 5 wt%. Suitable ranges would encompass 3-30 wt%, such as 5-40 wt% for
example 10-20 wt%, or combinations of such ranges.

The fuel blend may comprise other components and additives used in the
formulation of particular fuel blends, with the proviso that the total fuel blend
makes up 100 wt%

The internal combustion engines may both be of the kind of which the combustion
is intermittent, such as e.g. piston engines or wankel rotary engines, but the
internal combustion engines may also be of the kind where combustion is

continuous, such as e.g. gas turbines or jet engines.

The intermittent combustion engine may be a compression ignition engine, such
as e.g. a diesel engine, or it may also be a spark ignition engine, such as a
gasoline engine. In preferred embodiments the fuel blend may be for use in a

compression ignition engine, such as for use in a diesel engine.
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The internal combustion engine fuel depends on the kind of internal combustion
engine used. The fuel will usually be derived from the light distillate fractions, in
particular gasoline or naphta, or from the middle distillate fractions, in particular
kerosene or diesel. Typically fuels from the light distillate fractions may be
converted into gasoline for use in a spark compression engine, and fuels from the
middle distillate fraction may be converted into a diesel fuel for use in a diesel
engine, or aviation fuel for use in a turbine engine, such as a jet engine. In
preferred embodiments of the present invention, the internal combustion engine
fuel is a middle distillate, more preferably the internal combustion engine fuel is
diesel.

In some embodiments the middle distillate fuel comprise the distillation range from
180 °C to 400 °C, such as from 200 °C to 350 °C.

The internal combustion engine fuel may be fossil diesel, which is also called
petrodiesel, and is derived from the fractional distillation of crude oil between
180°C and 400°C, such as between 200°C and 350°C. From example 1 and
table 1 it can be seen that the addition of aryl ethers having cloud points higher
than fossil diesel (see table 3) actually decreased (improved) the cloud point by
1.4% of the resulting mixture without influencing too much net heat of combustion
in MJ/I value. The cetane number decrease can be compensated by paraffinic
diesel or additives.

The internal combustion engine fuel may be paraffinic diesel. Paraffinic comprise
Fischer-Tropsch diesel, which is a synthetic diesel that can be produced from any
carbonaceous material, in which the raw material is converted (e.g. by
gassification) into a synthesis gas, which after purification is converted by the
Fischer-Tropsch process to a synthetic diesel. Paraffinic diesel also comprises
hydrotreated vegetable oil (HVO), such as the NEXBTL® diesel (Neste Renewable
Diesel) from Finnish oil and refining company Neste. Usually hydrotreated
vegetable oil involves at least hydrodeoxygenation of a triglyceridic (e.g. vegetable
oils, such as palm oil) or fatty acid (e.g. from tall oil) containing feedstock, but also

advantageously hydroisomerisation of such feedstock, resulting in paraffins and
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isomerised paraffins. Owing to its production methods, paraffinic diesel has a high
content of paraffins and a very low content of both sulfur and aryl compounds
(aromatics), where the aromatics reduce the cetane number producing a lower
quality fuel from an ignition point of view. Typically paraffinic diesel has a cetane
number of above 70, whereas fossil diesel has a cetane numer of around 50.

The inventors surprisingly found that the addition of aryl ethers (all having a higher
cloud point than paraffinic diesel, see table 3) to paraffinic diesel (see example 1
and table 2) markedly decreased (improved) the cloud point by 9.4%, which was
more than six times the improvement in cloud point obtained from adding aryl
ethers to fossil diesel. This improvement in cloud point did not influence too much
the cetane number of the resultant blend, which remained above 70, as well as not

influencing too much the net heat of combustion value.

The internal combustion engine fuel may also be a mixture of paraffinic diesel and

fossil diesel.

The mixture of five or more aryl ethers of may have a distillation range from 140 °C
to 420 °C, for example a distillation range from 180 °C to 400 °C, such as 180 °C
to 360 °C or from 200 °C to 360 °C.

The individual aryl ethers may have more than one ether bond, for example the
aryl ethers may have one, two, three or four, or more ether bonds. In preferred
embodiments the aryl ethers will have from one to four ether bonds, for example

from one to three ether bonds.

The individual aryl ethers may have a having a molecular weight of 600 g/mol or
less, for example 400 g/mol or less, such as 350 g/mol or less. The molecular
weight may be 100 g/mol or more. In some embodiments, which may be preferred
for diesel fuels, the molecular weight may more than 110 g/mol.

The mixture of five or more aryl ethers may make up at least 80 wt% of the fuel

component. The aryl ether mixture of the present invention may be
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advantageously prepared from biological raw materials, such as for example by
further refining biomass pyrolysis oil by isolating aryl ethers therefrom or to further
refine biomass pyrolysis oil by subjecting it to one or more etherification steps, as
will be described later in this description. It will provide a broader distillation curve
the more components that are present in the fuel component, which is another
object of the present invention, linked to heat release of the fuel. This broader
distillation curve may for example be obtained by reacting the components of
biomass pyrolysis oil, such as aryl components having a free alcohol group with a
number of different carbyl-containing moieties, such as C1-C10-alcohols, for
example including, methanol, ethanol, isopropanol, butanol, isobutanol, tert-
butanol, and the like. In some embodiments the five or more aryl ethers may make
up 80 wt% or more, such as 95wt% or more, or 99 wt% or more of the fuel
component which is going to be blended with the internal combustion fuel to
prepare the fuel blend, so that for the most part the fuel component is comprised
of the aryl ethers of the present invention, but allowing for other compounds, which
may often be present when refining a crude biological material such as e.g.

biomass pyrolysis oil.

The mixture of five or more aryl ethers increases the number of individual
molecules present in the final fuel blend, and helps in broadening the distillation
range of the final fuel blend so that it becomes more broad due to more
compounds making up the fuel blend. It may therefore be beneficial to further
improve the broadening of the distillation range by having five or more aryl ethers,
such as 10 or more aryl ethers, or 20 or more aryl ethers. As explained above, it is
advantageous if the mixture of five or more aryl ethers are obtained from a
biological source, such as biomass pyrolysis oil, because in addition to a diversity
of aryl ethers there may be other compounds that can be further beneficial in
improving the complexity of the final fuel and thereby broaden the distillation

range.

Examples of the mixture of five or more aryl ethers may be anisole (being the
simplest aryl ether), 4-methyl anisole and 4-propyl anisole and butyl phenyl ether.

Accordingly the mixture of five or more aryl ethers, and thereby also the final fuel
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blend may comprise one or more selected from the group consisting of: anisole,
4-methyl anisole, 4-propyl anisole and butyl phenyl ether, i.e. that at least one of
the five or more individual aryl ethers in the mixture may be one of the four

examples provided above.

The mixture of five or more aryl ethers may be selected from formula |,
Rs Rs

R4‘Q’(CH2)a_O_(CH2)b_R1

Rs Ry (1)
wherein
R4 is: linear or branched C4-Cqp-alkyl, cycloalkyl, aryl, or naphtyl, wherein the aryl
or naphtyl is unsubstituted or substituted with one two or three groups,
independently selected from: C4-Cs-alkyl, C1-Cs-alkoxy;
a and b are each independently: 0, 1, 2, 3 and 4;
R2, Rs3, R4, Rs and Rg are each independently: hydrogen, alkyl, alkoxy, alkenyl, and
alkenoxy;
at least two of Ry, Rs3, R4, Rs and Rg are hydrogen.

In some embodiments the mixture of five or more aryl ethers may comprise at
least one aryl ether where R is ethyl and b is 0. Such aryl ethers are not present
in biomass pyrolysis oil, and require further processing of the biomass pyrolysis

oil, such as etherification.

In some embodiments the mixture of five or more aryl ethers may comprise at
least one aryl ether where Ry is selected from, methyl, ethyl, propyl, iso-propyl,
butyl; and b is 0. Methanol, ethanol, propanol, isopropanol and butanol may be
obtained from biological sources and using bio-alcohols for the etherification
reaction with biomass pyrolysis oil will ensure that the mixture of five or more aryl
ethers are entirely of biological/renewable origin, which is relevant for the
characterisation of the final fuel blend with regards to how much of the fuel is
biofuel from a renewable source (i.e. from sources which are natural replenished

on a human timescale).
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In some embodiments the mixture of five or more aryl ethers of formula | may be
selected from the group of phenols, guaiacols and syringols, which are often
present in biomass pyrolysis oil, the group being defined as follows:

(a) R=R3=R4=Rs=Rg is hydrogen (phenol);

(b) four of Ro, Rs, R4, Rs and Rg are hydrogen and one is methyl, ethyl, propyl, iso-
propyl (cresols);

(c) three of Ry, Rs, R4, Rs and Rg are hydrogen and two are independently
selected from methyl, ethyl, propyl, iso-propyl (xylenols);

(d) four of R2, Rs3, R4, Rs and Rg are hydrogen and one is methoxy (guaiacols);

(e) Three of Ry, Rs, R4, Rs and Rg are hydrogen one is methoxy, one is methyl,
ethyl, propyl, iso-propyl, vinyl or allyl (eugenol, isoeugenol);

(f) three of R, R3, R4, Rs and Rg are hydrogen and two are methoxy (syringol);

(g) two of R2, Rs, R4, Rs and Rg are hydrogen, two are methoxy, one is methyl,

ethyl, propyl, iso-propyl, vinyl or allyl.
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one or more of the below formulae:

O_R1

%

Z

X
7
<L

CHj

PCT/EP2017/059824

C

\_/—\_ CH3
Hs

<\__|-/>_O_R1 CH2=CHCH2_<\__|-/>_O_R1 CH3CH=CH_<\__|-/>_O_R1
OCH;4 OCHj OCHj
OCHj4 OCHj3 OCHj3
QO_R1 CH2=CHCH24Q70_R1 CH3CH2CH2 O_R1
OCH;4 OCHj OCHj
OCHj3
HsCAQ’O—& CH3CHZCH2—<\__|_/>—O—R1 CH3CHZCH2—©—O—R1
OCH3 OCH3
— /OCH3 —_—
<\ |_/)_O_R1 CH3CH2_<\__|_/>_O_R1
CH3 OCH3

where R; is defined as above.

In some embodiments the mixture of five or more aryl ethers may comprise at

least 2 aryl ethers wherein Ry is aryl or naphtyl.

The aryl ethers of the present invention may be prepared from biomass pyrolysis
10 olil. Lignocellulose is a challenging raw material for biofuel production as it consists
of three relatively different components, cellulose, hemicellulose and lignin. Lignin
comprises phenolic irregular polymer, which can be separated from cellulose and
hemicellulose. The separation process is a very important step in the pulp and
paper industry. However, even if the separation of lignin is a relatively easy and

15  known process, the further processing of lignin to obtain products has not been
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found to be as simple. Often lignin is burned to obtain energy for other processes.
The present invention uses lignin pyrolysis oil, which contains different aryl alcohol
compounds, among which are phenols, guaiacols and syringols. The biomass
pyrolysis oil, here exemplified by lignin pyrolysis oil, may undergo ether reactions
to convert the free alcohols in the aryl compounds to aryl ethers through
etherification reactions. Switchgrass and alfalfa are other examples of biomass
that may be converted into pyrolysis oil.

Accordingly, the fuel component of the present invention may be obtained by
reacting biomass pyrolysis oil comprising one or more phenols with one or more
hydrocarbyl moiety/moieties having 1to 10 carbon atoms forming one or more
hydrocarbyl-ether bonds with the one or more phenols present in the biomass
pyrolysis oil, thereby obtaining a mixture of five or more aryl ethers. In some
embodiments the one or more hydrocarbyl moieties may have 2 to 10 carbon
atoms. A hydrocarbyl moiety is a univalent group formed by removing a hydrogen
atom from a hydrocarbon, e.g. ethyl, phenyl. In reacting biomass pyrolysis oil
comprising one or more phenols with one or more hydrocarbyl moiety/moieties, it
should be understood that hydrocarbyl moiety is any reaction partner that in a
reaction with biomass pyrolysis oil comprising one or more phenols will form a
hydrocarbyl-ether bonds with the one or more phenols present in the biomass
pyrolysis oil. In order to obtain such a hydrocarbyl-ether bond with the one or more
phenols present in the biomass pyrolysis oil it will usually be necessary that the
hydrocarbyl reaction partner has a reactive part that under suitable reaction
conditions forms an ether bond with the one or more phenols present in the
biomass pyrolysis oil. For example the hydrocarbyl moiety may be ethyl or another
hydrocarbyl moiety, and the reactive part could for example be an alcohol, a
halogen, an alkene or the like.

Pyrolysis oil, such as lignin pyrolysis oil, may be obtained in a number of ways.
Often pyrolysis oil is prepared by the application of heat in the presence of an inert
gas (absence of oxygen) in order to break down complex polymeric constituents of
biomass, e.g. cellulose, hemicellulose and lignin. Different reactors for preparing

pyrolysis oils are known in the art, such as for example fluidized bed, circulating



10

WO 2017/186734 PCT/EP2017/059824

fluidized bed, rotating cone, ablative (vortex and rotating blade), and vacuum.
Some of the reactors do not require an inert carrier gas for operation. It is
preferable that the biomass is introduced to a pyrolysis reactor as small particles
to ensure a high surface area.

The fuel component may be obtained by reacting biomass pyrolysis oil comprising
one or more of the below formulae:

CH3

OH

99

OH

9

CHj

OH

S

CHj

OH CH2=CHCH24®’OH CH3CH=CH—@OH
OCHs OCHs OCHs
OCHs OCHs OCHs
QOH CHZ:CHCHZ—QOH CHscHZCHZ—QOH
OCH OCHs OCHs
OCHs

HsC OH

4

OCHj

OCHj3
OH

S

CH3

CH4CH,CH, OH

9

OCHs

CH5CH; OH

9

OCHs

:

CH4CH,CH,

with one or more compounds of the formula R+-Y,

wherein

R4 is: linear or branched C4-Cip-alkyl, cycloalkyl, aryl, or naphtyl, wherein the aryl
or naphtyl is unsubstituted or substituted with one two or three groups,
independently selected from: C4-Cs-alkyl, C1-Cs-alkoxy;

Y is halogen, vinyl, OH, MgX, where X is Cl or Br
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thereby obtaining one or more compounds of the formulae

— = CHj3
C-ome o o
CHs CHs

_<j

/ O_R1 CH2=CHCH2 \ / O_R1 CH3CH=CH_<\__|-/>_O_R1

9

OCH; OCH3 OCH3

OCH; OCH3 OCH3
QO_R1 CH2=CHCH24Q70_R1 CH3CH2CH24Q70_R1

OCH, OCHg OCH3
OCH;

Hsc—QO—R1 CH3CHZCH2—<\__|_/>—O—R1 CH3CHZCH2—©—O—R1
OCH; OCH;

— /OCH3 ——

CHs OCH;

The above reaction scheme where the reaction is conducted with R4-Y involve
different reactions. When Y is halogen (e.g. Cl, Br, 1) then the etherification
reaction type an Sny1 or Sn2 type reaction which could be catalysed by base or
acid, or in the case of Ry being an aryl- or naphtyl-halide, the reaction could be the
Ullmann condensation, which could be catalysed by e.g. copper. When Y is vinyl
the reaction may for example be conducted using acid catalysis. Grignard
reactions may also be used to prepare ethers through magnesium halides. One
preferred method when reacting biomass pyrolysis oil as described above with one
or more compounds of the formula R+-Y, where Y is O, is where the reaction is
conducted under dehydrating conditions, thereby obtaining ethers from

dehydrating phenol and alcohol, e.g. by acid catalysed condensation.
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When reacting biomass pyrolysis oil as described above, an acid catalyst may be
added, such as e.g. sulfuric acid or another strong acid. Furthermore water may
also be removed through the reaction in order to further shift the reaction towards

ether product.

When reacting biomass pyrolysis oil as described above, the reaction may be

conducted in an ionic liquid.

When describing the embodiments of the present invention, the combinations and
permutations of all possible embodiments have not been explicitly described.
Nevertheless, the mere fact that certain measures are recited in mutually different
dependent claims or described in different embodiments does not indicate that a
combination of these measures cannot be used to advantage. The present
invention envisages all possible combinations and permutations of the described
embodiments.

The terms “comprising”, “comprise” and comprises herein are intended by the
inventors to be optionally substitutable with the terms “consisting of”, “consist of’
and “consists of”, respectively, in every instance.
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Examples

Example 1 - Diesel fuel blends

Different aryl ethers were selected for testing. The aryl ethers were blended with
fossil diesel (no additives, not commercial quality) and paraffinic diesel (Neste
Renewable Diesel, also known as NEXBTL® diesel). All the blends were made
with 10 vol-% aryl ether addition, and analysed for density, cloud point, cold filter
plugging point (CFPP), cetane number, and net heat of combustion value. The
results are shown in tables 1 and 2.

The addition of the aryl ethers increased the density of both fossil diesel and
paraffinic diesel. As was expected the addition of the aryl ethers reduced the
cetane number of the paraffinic diesel in table 2. However, the addition of the aryl
ethers to paraffinic diesel did not lower the cetane level below the EN590
specification requirement which is minimum 51 or below the cetane specification
for EN 15940 class A fuels, which is 70.

Given that the cloud point of the pure aryl ethers were higher than the pure fossil
diesel and pure paraffinic diesel, it was expected that the cloud point would
increase, which is unwanted. On the contrary the cloud point remained the same
level or decreased for the mixtures with fossil diesel and with the mixtures of
paraffinic diesel.

In fact the effect on the cloud point of the paraffinic diesel mixtures was better than
the effect on the cloud point of the fossil diesel mixtures, as evident from tables 1
and 2. On average the cloud point of fossil diesel was decreased (improved) by
0.4 °C (+1.4 %), whereas on average the cloud point of paraffinic diesel was
decreased (improved) by 2.1 °C (+9.4 %). So the addition of aryl ethers to
paraffinic diesel improved the cloud point significantly compared to fossil diesel,
and at the same time other properties such as density, cetane and net heat of
combustion value were still within acceptable ranges for use of the mixtures as a

fuel.
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For example, the density of the paraffinic diesel can be increased with aryl ethers
up to EN 590 requirement i.e. min 800kg/m> for winter grade and 820kg/m® for
summer grade diesel, respectively, by adding more than 10 vol% of aryl ethers

(not shown).

Density was measured using ENISO12185, Cloud point was measured using
ASTM D7689. CFPP was measured using EN116, cetane No using ASTM D6890
and Net heat of combustion using ASTM D4809.
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Table 1— 10 vol% Fuel blends of aryl ethers with fossil Diesel.

PCT/EP2017/059824

Blended Density | Cloud point | CFPP Net heat of
components (kg/m®) (°C) (°C) Cetane No combustion
Fossil diesel 818.4 -28.6 =31 47.5 43524'\/"\;:‘/};'9

Table 2 — 10 vol% Fuel blends of aryl ethers with Neste Renewable Diesel (NRD).

Blended Density | Cloud point | CFPP Net heat of
components (kg/m®) (°C) (°C) Cetane No combustion
NRD 778.8 -22 -21 79.8 4;1402'\/"\;:‘/}/('9
iMeanisole | 7972 | 246 | 2 | 0z | SRR
BupnEner | 7940 | 24|22 707 | SO0

Component Cloud point (°C)
Fossil diesel -28.6
NRD -22
4-Me-anisole -19.7
Bu-Ph-Ether -16.5
4-Pr-anisole -14.8

Table 3 — Measured cloud points (ASTM D 7689) of pure components.
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Claims

1. Fuel blend comprising as the major portion an internal combustion engine fuel
and as a minor portion a fuel component, wherein the internal combustion
engine fuel is diesel, and wherein the fuel component comprises a mixture of
five or more aryl ethers, the mixture containing less than 1 wt% of compounds
having a free alcohol group.

2. Fuel blend according to claim 1, wherein the internal combustion engine fuel is
paraffinic diesel.

3. Fuel blend according to claims 1 or 2, wherein the internal combustion engine
fuel is a mixture of paraffinic diesel and fossil diesel.

4. The fuel blend according to any one of claims 1 to 3, wherein the fuel
component is obtainable by reacting biomass pyrolysis oil comprising one or
more phenols with one or more hydrocarbyl moieties having 1 to 10 carbon
atoms forming one or more hydrocarbyl-ether bonds with the one or more
phenols present in the biomass pyrolysis oil.

5. Fuel blend according to any one of claims 1 to 4, wherein the mixture of five or
more aryl ethers comprise one or more selected from the group consisting of:
anisole, 4-methyl anisole, 4-propyl anisole and butyl phenyl ether.

6. The fuel blend according to any one of claims 1 to 5, wherein the mixture of
five or more aryl ethers of has a distillation range from 140 °C to 420 °C.

7. The fuel blend according to any one of claim 1 to 3, wherein the mixture of five

or more aryl ethers makes up at least 80 wt% of the fuel component.

8. The fuel blend according to any one of claim 1 to 7, wherein the mixture of five

or more aryl ethers are selected from formula I,
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Rs Rs
Rer(CHz)a—o—(CHz)b—&
R3 R> (|)

wherein

R1 is: linear or branched C4-Cqo-alkyl, cycloalkyl, aryl, or naphtyl, wherein the
aryl or naphtyl is unsubstituted or substituted with one two or three groups,
independently selected from: C4-Cs-alkyl, C1-Cs-alkoxy;

a and b are each independently: 0, 1, 2, 3 and 4;

R2, R3, R4, Rs and Rg are each independently: hydrogen, alkyl, alkoxy, alkenyl,
and alkenoxy;

at least two of Ry, Rs, R4, Rs and Rg are hydrogen.

9. The fuel blend according to claim 8, wherein the mixture of five or more aryl
ethers of formula | are selected from the group of phenols, guaiacols and
syringols, the group being defined as follows:

(a) R2=R3=R4=Rs=Rg is hydrogen (phenol);

(b) four of Ry, R3, R4, Rs and Rg are hydrogen and one is methyl, ethyl, propyl,
iso-propyl (cresols);

(c) three of Ry, R3, R4, Rs and Rg are hydrogen and two are independently
selected from methyl, ethyl, propyl, iso-propyl (xylenols);

(d) four of Rz, R3, R4, Rs and Rg are hydrogen and one is methoxy (guaiacols);
(e) Three of Ry, R3, R4, Rs and Rg are hydrogen one is methoxy, one is methyl,
ethyl, propyl, iso-propyl, vinyl or allyl (eugenol, isoeugenol);

(f) three of R, R3, R4, Rs and Rg are hydrogen and two are methoxy (syringol);
(g) two of Ry, R3, R4, Rs and Rg are hydrogen, two are methoxy, one is methyl,

ethyl, propyl, iso-propyl, vinyl or allyl.

10.The fuel blend according to claim 8, wherein the mixture of five or more aryl

ethers are selected from one or more of the below formulae:
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O_R1

%

\l/ O—R;
OCH;

OCHj4

O_R1

Q.

OCH;4

OCHj3
H3C O_R1

OCHj

_;/OCH3
s

CH3

/ O_R1

_<)

CHj

CH2=CHCH2 \ / O_R1

CH2=CHCH2

9

OCHj

OCHj3

O_R1

P

OCHj

CH3CH2CH2 \ / O_R1

CH,CH

9

OCHj

aNVas
OCH;

)

CH3CH,CH,

PCT/EP2017/059824

— CH3
CHs

OCHj

OCHj3

O_R1

P

OCHj

CH3CH2CH2 _Q_O_R1

11.The fuel blend according to any one of claims 8 to 10, wherein the mixture of

five or more aryl ethers comprise at least 2 aryl ethers wherein Ry is aryl or

naphtyl.

12.The fuel blend according to any one of claims 10 to 11, wherein the mixture of

five or more aryl ethers comprise at least one aryl ether where R4 is ethyl and

bis 0.

13.The fuel blend according to claim 4, wherein the one or more hydrocarbyl

moieties has 2 to 10 carbon atoms.
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14.The fuel blend according to claim 4 comprising reacting biomass pyrolysis oil

comprising one or more of the below formulae:

CH;s
CHs CHs
@OH CH2=CHCH2—@OH CH3CH=CH—@OH
OCH; OCH; OCH;
OCHj OCHj OCHj
QOH CHZ:CHCHZAQ’OH CHscHZCHZ—QOH
OCH; OCH; OCH;
OCH3
HsCAQ’OH CH3CHZCH2—@OH CH3CHZCH2—©—OH
OCH3 OCH3
OCHj3

CH3

OCHs

with one or more compounds of the formula R+-Y,

wherein

R is: linear or branched C1-Cqp-alkyl, cycloalkyl, aryl, or naphtyl, wherein the
aryl or naphtyl is unsubstituted or substituted with one two or three groups,
independently selected from: C4-Cs-alkyl, C1-Cs-alkoxy;

Y is halogen, vinyl, OH, MgX, where X is Cl or Br
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thereby obtaining one or more compounds of the formulae

%

O_R1

\ | / O—R;
OCH;

OCHj4

O_R1

Q.

OCH;4

OCHj3
H3C O_R1

OCHj

— /OCH3
s

CH3

X
o
<L

=S — CHj
\ | - @—O—&
CHj

CHj

CHp=CHCH,—\ | )—O—Ri CH3CH=CH—<\__|_/>—O—R1

9

OCHgs; OCHgs;
OCHs; OCHs;
CH2=CHCH24Q70_R1 CH3CH2CH24Q70_R1
OCHgs; OCHgs;
CH5CH5CH, _<\__|-/>_O_R1 CH5CH5CH, _Q_O_R1

OCHs

CH3CH2 \ / O_R1

9

OCHs

15.Fuel blend according to claim 14, where Y is O, wherein the reaction is

conducted under dehydrating conditions.

16.Fuel blend according to any one of claims 14 to 15, where the reaction is

conducted in an ionic liquid.

17.Fuel blend according to any one of claims 14 to 16, where an acid catalyst is

added.

18.Fuel blend according to any one of claims 1 to 17, where the fuel blend is for

use in a compression ignition engine.
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Drawings
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1/1

Figure 1 — 2D GC chromatograms of petrodiesel and biodiesel (reproduced from

fig.4 of Seeley et al., J. Chromatogr. Sci. 45(10), 2007, 650-656)

$ec. Helenbion Tune (8

See. Betention T In)

Sec. Reterdion Time (8}

Bee. Ratepbon Tone [8)

Petroleum Diesel naphtalene: . diaromatic hydrocarbons
2.8 L{{!ithylnaphs%@ il
monoaromatic hydrocarbons "
toluene A o
20- ene "
: 4
LB
- "
B100 Soybean Biodiesel
2.5~
| (R
mﬁ:&j
1B
B10) Rapeseed Biodiesel
25
FLnin
. Ciss caod
mwt .
S wie
‘M»@
L i .
B100 Paim Biodiese!
ﬁ@ﬁq 2
g
Bl
Gua o) gl
'3 e -
! ®
- o 1200 1800

Primary Retention Time (s)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2017/059824

A. CLASSIFICATION OF SUBJECT MATTER

INV. ClOL1l/02
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

cioL

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

paragraphs [0001],
[0042]; table 2

[0002],

paragraph [0025]

26 February 2015 (2015-02-26)
paragraphs [0002], [0007],
[0052]

WO 01/46346 Al (EXXONMOBIL RES ENGINEERING
COM [US]) 28 June 2001 (2001-06-28)

US 2015/080622 Al (POWELL JOSEPH BROUN
[US] ET AL) 19 March 2015 (2015-03-19)

US 2015/057475 Al (WANG HUAMIN [US] ET AL)

1-18
[0036] -

1-18

1-18
[0010],

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

15 June 2017

Date of mailing of the international search report

26/06/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Chau, Thoi Dai

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2017/059824
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 0146346 Al 28-06-2001 CA 2393840 Al 28-06-2001
EP 1252265 Al 30-10-2002
JP 2004507567 A 11-03-2004
US 2002000063 Al 03-01-2002
WO 0146346 Al 28-06-2001
US 2015080622 Al 19-03-2015 US 2015080622 Al 19-03-2015
WO 2015041935 Al 26-03-2015
US 2015057475 Al 26-02-2015 US 2015057475 Al 26-02-2015
WO 2015026412 Al 26-02-2015

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report

