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Renewable Hydrocarbon Composition 

5 Technical Field 

The present invention relates to a hydrocarbon composition. 

More particularly, the present invention relates to a 

composition which contains a variety of hydrocarbons and is 

10 obtainable from a renewable biological feedstock. The 

composition can be used as a fuel component. 

Background of the Invention 

15 Conventional diesel fuel produced from crude oil 

("petrodiesel"} contains a complex mixture of hydrocarbons 

which typically have 10-22 carbon atoms. These hydrocarbons 

include linear and branched alkanes, cycloalkanes and 

aromatic hydrocarbons. As a consequence of the crude oil 

20 source and the production process (particularly fractional 

distillation), petrodiesel typically contains up to 40 

massl of aromatic hydrocarbons, more usually 25-35 mass% of 

aromatic hydrocarbons. A significant proportion, usually in 

the order of 15-20 mass%, of the aromatic hydrocarbons are 

25 polycyclic (i.e. contain two or more aromatic rings). Such 

compounds are harmful to health (e.g. carcinogenic) and 

have poor combustion properties. 

In most countries, diesel fuel must satisfy certain 

30 regulatory requirements before it can be sold. In the 

European Onion, diesel fuels must comply with the EN 590 

Standard, This requires diesel fuels to have various 

physical and chemical properties, including a density of 
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820-845 kg/m3 at 15°C (as measured using test method EN ISO 

3675 or EN ISO 12185), a maximum polycyclic aromatic 

hydrocarbon content of 11 masst, and a cetane number of at 

least 51.0 (as measured using test method EN ISO 5165). 

5 

Renewable fuels derived from biological matter ("biofuels") 

are gaining popularity as a more environmentally friendly 

alternative to conventional fossil fuels. Examples of 

biofuels include biodiesel, which is typically produced by 

10 transesterification of triglycerides contained in vegetable 

oils (e.g. soybean oil) . This yields a mixture of fatty 

acid alkyl esters (e.g. fatty acid methyl ester (FAME)), 

Biodiesel can also be produced from animal fats (e.g. 

tallow). 

15 

FAME produced from a biological feedstock can be blended 

with petrodiesel, but in an amount of no more than 7 vol. % 

according to EN 590. This is due to the chemical and 

physical differences between FAME and petrodiesel. FAME 

2 0 contains ester groups, which are largely absent from 

petrodiesel. This difference is responsible for the 

inferior properties of FAME biodiesel at low temperatures 

and the inferior storage stability of FAME biodiesel. FAME 

biodiesel also has a tendency to degrade natural rubber 

25 components of automobiles (e.g. rubber gaskets), 

FAME biodiesel has a significantly lower mass-based energy 

content than petrodiesel; the energy content of FAME 

biodiesel is typically about 38 MJ/kg, whereas the energy 

30 content of petrodiesel is typically about 43 MJ/kg. Taking 

into account the higher density of FAME biodiesel 

(approximately 885 kg/m3) , the volume-based energy contents 
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of FAME biodiesel and petrodiesel are typically about 34 

MJ/1 and 36 MJ/1 respectively. 

A further disadvantage of FAME biodiesel is that its 

5 manufacture by transesterification of triglycerides 

produces a large quantity of glycerol. This is often an 

unwanted by-product due to low market demand. Moreover, 

purification of the crude glycerol is energy intensive. 

10 A type of second generation biofuel is "biomass-to-liquid" 

(BTL) biofuel, which is produced from gasified biomass 

using the Fischer-Tropsch process. The gasified 

carbonaceous material reacts to produce a syngas (a mixture 

of carbon monoxide and hydrogen), which in turn undergoes 

15 polymerisation to produce hydrocarbons. 

BTL biodiesel typically has a density of about 780 kg/m3, 

which is significantly lower than the density of 

petrodiesel. This means that the volume-based energy 

20 content of BTL biodiesel is only about 95% of that of 

petrodiesel, 

An object of the present invention is to provide a 

renewable hydrocarbon, composition which can be used as a 

25 fuel component. 

Summary of the Invention 

A first embodiment of the present invention is a 

3 0 composition comprising 10-40 massl of Ca_30 linear alkanes, 

up to 20 mass% of C7_20 aromatic hydrocarbons, at least 90 

mass% of which are monoaromatic, and no more than 1 mass% 

in total of oxygen-containing compounds; wherein the total 
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amount of C8.30 alkanes in the composition is 50-95 mass%, 

and the total amount of C6„30 alkanes, C7_20 aromatic 

hydrocarbons and C8_30 cycloalkanes is at least 95 mass%; and 

wherein the amounts are based on the mass of the 

5 composition. 

The above composition has a high content of hydrocarbons 

and a low content of oxygen-containing compounds 

(oxygenates), The total hydrocarbon content is comparable 

10 to that of petrofuels. This makes the composition highly 

suitable for use as a petrofuel replacement or a biofuel 

component to be blended with a petrofuel. The composition 

is particularly suited to being blended with petrodiesel or 

kerosene. 

15 

Unlike first generation biodiesels produced by 

transesterification, the composition of the present 

invention contains no ester compounds or a negligible 

amount of ester compounds. Accordingly, the composition 

20 does not suffer from the poor low- temperature properties 

and poor storage stability of first generation biodiesels, 

and there is no risk of the composition degrading 

automobile components in the manner of first generation 

biodiesel. Also, the distillation curve of the composition 

25 of the invention is closer to that of petrodiesel than 

first generation biodiesels and does not suffer from the 

disadvantages of high boiling point compounds. Such 

compounds worsen the combustion properties of diesel fuels. 

30 A key feature of the composition of the invention is that 

it can be produced from a renewable biological feedstock. 

More particularly, it is possible to produce the 

composition by subjecting a biological feedstock (e.g. 
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crude tall oil) to hydroprocessing (i.e. treatment with 

hydrogen gas) using a catalyst. Hydroprocessing chemically 

alters compounds in the feedstock; heteroatoms (e.g. sulfur 

and oxygen) can be removed from feedstock compounds and 

5 unsaturated compounds can be hydrogenatecl. 

As compared to conventional petrodiesel, the composition of 

the invention has a low content of polycyclic aromatic 

hydrocarbons (no more than 2 mass% of C7„20 polycyclic 

10 aromatics) , Also, the amount of mo.noaroma.tic hydrocarbons 

relative to the total amount of aromatic hydrocarbons is 

higher for the present composition than for petrodiesel. 

The composition is thus useful for reducing the 

polyaromatic hydrocarbon content of a fuel and increasing 

15 the proportion of monoaromatic hydrocarbons. This is 

beneficial in terms of enhancing combustion and decreasing 

soot emissions, 

A further advantage of the present composition over known 

20 biofuels is that, due to the amounts of the various 

hydrocarbons, the density and mass-based energy content of 

the composition are such that its volume-based energy 

content is similar to that of petrodiesel. 

25 Another embodiment of the invention is a method for 

producing a composition as defined above, the method 

comprising the steps of hydroprocessing a biological 

feedstock using one or more catalysts and fractionating the 

product of the hydroprocessing step. As mentioned above, 

30 the ability to produce the composition of the invention 

from a biological feedstock enables the composition to be 

used as a renewable fuel component. 
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A further embodiment of the invention is the use of a 

composition as defined above as a fuel or a fuel component. 

The composition is suitable for use as a biofuel on its own 

or as a renewable component of a fuel (e.g. diesel) due to 

5 its high hydrocarbon content and low oxygen content, 

A still further embodiment of the invention is a fuel blend 

comprising a composition as defined above. As already 

mentioned, the composition is compatible with petrofuels, 

10 particularly petroleum-derived, diesel and kerosene, A 

diesel blend can easily be made compliant with the EN 590 

Standard. 

Brief Description of the Drawings 

15 

Figure 1: Schematic diagram illustrating a hydroprocessing 

reactor suitable for use in the method of the present 

invention, 

20 Figure 2: Graph displaying distillation data for 

compositions of the present invention and reference 

compositions conforming to the EN 590 Standard, 

Detailed Description 

25 

In this application, the terms "comprising", "comprise(d)", 

"containing" and "contain (ed)" in the context of one ox 

more components of a composition cover the case where the 

named components are the sole components of the composition 

30 as well as the case where other components are present. 

When a composition is defined as containing a compound 

defined in generic terms {e.g. C8_30 linear alkanes) in a 

certain amount, the definition of the same amount of a 
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subset of compounds (e.g. C9.23 linear alkanes) or a 

specific compound (e.g. heptadecane) falling within the 

generic class means that the subset of compounds or the 

specific compound is present in said amount and other 

5 compounds (e.g. C8 linear alkanes) within the generic class 

may or may not be contained in the composition. 

The composition of the invention is described in detail 

below. Unless otherwise specified, all amounts are in mass% 

10 based on the mass of the composition. 

The composition comprises 10-40 massl of C8-3o linear 

alkanes. The content of C8-3o linear alkanes is preferably 

20-40 mass%, more preferably 20-30 massl and most 

15 preferably 20-25 mass%. The linear alkanes are preferably 

Cg-23 linear alkanes, more preferably C9-2o linear alkanes, 

still more preferably C12-i8 linear alkanes, and most 

preferably Ci5_i8 linear alkanes. 

20 In one embodiment, the composition contains 20-40 massl of 

C9-23 linear alkanes. In another embodiment, the composition 

contains 20-4 0 massl of C9-2o linear alkanes. In a further 

embodiment, the composition contains 20-40 mass% of Ci2-i8 

linear alkanes. In a further embodiment, the composition 

25 contains 20-40 massl of Ci5-i8 linear alkanes. In a further 

embodiment, the composition contains 20-3 0 mass% of C9-23 

linear alkanes. In a further embodiment, the composition 

contains 20-30 mass% of C9.2o linear alkanes. In a further 

embodiment, the composition contains 20-3 0 massl of Ci2-xe 

3 0 linear alkanes. In a further embodiment, the composition 

contains 20-30 massl of Ci5_i8 linear alkanes. 
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The composition comprises up to 20 masst of C7-2Q aromatic 

hydrocarbons. The content of C7_20 aromatic hydrocarbons is 

preferably 0.1-15 masst, more preferably 0,5-12 masst, 

still more preferably 1-10 masst and most preferably 5-10 

5 masst, higher amounts being particularly suitable for 

aviation fuels. The aromatic hydrocarbons are preferably C8. 

is aromatic hydrocarbons, more preferably C9_i5 aromatic 

hydrocarbons and most preferably C3-i2 aromatic hydrocarbons. 

The carbon numbers denote the total number of carbon atoms 

10 contained in the aromatic hydrocarbons, including the 

carbon atoms contained in non-aromatic constituents {e.g. 

alkyl substituents of an aromatic ring). Examples of the 

aromatic hydrocarbons include ethylbenzene, xylenes, butyl 

benzene, ethyl butyl benzene and hexyl benzene, 

15 

In one embodiment, the composition contains 0.1-15 masst of 

Cg. 19 aromatic hydrocarbons. In another embodiment, the 

composition contains 0.1-15 masst of C9-15 aromatic 

hydrocarbons. In a further embodiment, the composition 

20 contains 0.5-12 masst of aromatic hydrocarbons. In a 

further embodiment, the composition contains 0.5-12 masst 

of Cg. 15 aromatic hydrocarbons. In a further embodiment, the 

composition contains 1-10 masst of Ce-i9 aromatic 

hydrocarbons. In a further embodiment, the composition 

25 contains 1-10 masst of C9_i5 aromatic hydrocarbons. 

At least 90 masst of the C7_20 aromatic hydrocarbons 

contained in the composition are monoaromatic hydrocarbons 

{hydrocarbons containing a single aromatic ring). This 

30 means that the composition contains a maximum of 2 masst of 

C7_20 polyaromatic hydrocarbons (hydrocarbons containing two 

or more aromatic rings). The content of polyaromatic 

hydrocarbons is preferably no more than 1 masst, more 
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preferably no more than 0.5 massl, still more preferably no 

more than 0.2 masst and most preferably no more than 0.1 

mass%. As mentioned above, the reduced content of 

polyaromatic hydrocarbons relative to conventional 

5 petrodiesel is advantageous in terms of reducing soot 

emissions during combustion and reducing the health hazard 

posed by the composition. 

The total amount of C8-3o alkanes in the composition is 50-95 

10 masst, preferably 60-35 massl, more preferably 60-90 massl, 

still more preferably 70-90 massl and most preferably 70-85 

massl. Accordingly, the composition contains 10-85 massl of 

Cg-30 branched alkanes according to the broadest embodiment 

of the invention. An increased amount of branched alkanes 

15 improves the cold flow properties of the composition. In a 

particular embodiment, the composition contains 20-85 

masst, 30-85 masst, 60-85 massl, 50-70 massl, 20-60 massl, 

40-60 masst, 30-60 masst, 20-50 masst, 30-50 massl or 20-40 

masst of Cg-30 branched alkanes, preferably 40-60 masst of 

20 C8-3O branched alkanes. The branched alkanes are preferably 

C3-23 branched alkanes, more preferably C9-2o branched 

alkanes, still more preferably C12.18 branched alkanes and 

most preferably C15.18 branched alkanes. Such branched 

alkanes may be present in any of the aforementioned amounts 

25 (e.g. 40-60 massl of C9-23 branched alkanes). 

A reference to alkanes of an unspecified type (e.g. C8-3o 

alkanes) covers both linear and branched alkanes, but not 

cycloalkanes. 

30 

The composition preferably comprises 40-90 masst in total 

of Cg -30 cycloalkanes and Cs-3o branched alkanes, more 

preferably 45-30 masst, still more preferably 45-80 masst 
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and most preferably 60-80 masst of C8-3o cycloalkanes and C8. 

30 branched alkanes. On an individual level, the composition 

preferably comprises 10-40 masst of C8.30 cycloalkanes, more 
preferably 10-3 0 masst of C8-30 cycloalkanes and most 

5 preferably 15-25 masst of C8~3o cycloalkanes. The 

cycloalkanes are preferably C8-i9 cycloalkanes, more 

preferably Cs.14 cycloalkanes. 

The composition contains Ce-3o alkanes, C7.2o aromatic 

hydrocarbons and C8-30 cycloalkanes in a total amount of at 

least 35 masst. Accordingly, the composition contains no 

more than 5 masst of other hydrocarbons, including alkenes. 

Such a low alkene content is beneficial in terms of the 

oxidation stability of the composition. 

It is preferred that the composition contains no more than 

2 masst of alkenes, more preferably no more than 1 masst 

and most preferably no more than 0,5 masst of alkenes. Such 

low alkene contents can be achieved using the 

hydroprocessing method of the invention. 

The composition contains no more than 1 masst in total of 

oxygen-containing compounds (oxygenates) . This ensures that 

the composition has favourable low-temperature properties, 

25 is stable during storage and is compatible with petroleum-

derived fuels, particularly diesel and kerosene. The total 

amount of oxygenates (e.g. esters) contained in the 

composition is preferably no more than 0.5 masst, more 

preferably no more than 0.2 masst and still more preferably 

3 0 no more than 0.1 masst. In elemental terms, it is preferred 

that the composition contains no more than 0.1 masst of 

oxygen, more preferably no more than 0.05 masst of oxygen 

and most preferably no more than 0.02 masst of oxygen. 

10 

15 

20 
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The composition can have a density comparable to that of 

petrodiesel. In one embodiment, the composition has a 

density of 735-830 kg/m3, as measured at 15°G by the method 

5 of the EN ISO 12185 Standard. Thus, the density of the 

composition may be lower than or fall within the range 

specified in the EN 590 Standard, 

It is preferred that the composition has a lower heating 

10 value of 42,0-45,5 MJ/kg, as measured by the method of the 

DIM 51300 Standard. This is comparable to or higher than 

the lower heating value of petrodiesel. A higher value can 

compensate for a reduced density relative to petrodiesel. 

15 In one embodiment, the composition has a cetane number of 

at least 55, as measured using the method of the EN ISO 

5165 Standard. This range falls well above the lower limit 

of 51 specified in the EH 590 Standard. The cetane number 

of the composition is preferably at least 56, more 

20 preferably at least 57, still more preferably at least 60, 

even more preferably at least 63 and most preferably at 

least 65, In comparison, conventional petrodiesel typically 

has a cetane number of approximately 53. The composition of 

the invention can thus have utility as a cetane number™ 

25 increasing agent, thereby improving the ignition properties 

of a diesel fuel. 

The composition can be made to have similar distillation 

properties to conventional diesel or kerosene. In one 

3 0 embodiment, the composition begins to distil at a 

temperature of at least 150°C, at least 160 °C or at least 

170°C, Distillation may be completed at 350°C or less, 

345"C or less or 34 0 "C or less. It is preferable that at 
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least 95 vol.% of the composition is distilled at 

temperatures up to 360°C. EN 590 specifies a minimum 

distillate quantity of 85 vol.% at 350°C for diesel fuels 

(test method EN ISO 3405). 

5 

In the case that the composition is intended for use as an 

aviation fuel component, it is preferred that the 

composition has a final boiling point in the range of 200-

280"C. 

10 

As a further property, the mean-average molecular weight of 

the composition can be as low as 160 g/mol. In one 

embodiment, the average molecular weight is 160-180 g/mol 

or 17 0-180 g/mol. In another embodiment, the average 

15 molecular weight is 220-230 g/mol. 

The method for producing the composition of the invention 

is explained in detail below. 

20 The method comprises the step of hydroprocessing a 

biological feedstock using one or more catalysts. 

Hydroprocessing chemically alters compounds contained in 

the feedstock. Typical reactions include hydrogenation of 

double bonds, deoxygenation (e.g. by decarboxylation), 

25 desulfurisation, denitrification, isomerisation, ring-

opening, aromatisation, dearoraatieation and cracking. For 

instance, any terpenes contained in the feedstock can be 

converted to non-terpenic acyclic and/or cyclic 

hydrocarbons (e.g. l-isopropyl-4-methylcyclohexane and 2,6-

30 dimethyloctane) by hydrogenation of olefinic bonds and 

ring-opening. Aromatic hydrocarbons (e.g. 1,1,2,5-

tetramethylbenzene, 1,1,2,3 -tetramethylbenzene and 1-

isopropyl-4-methylbenzene) can be produced by 
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dehydrogenation of eyelohexane-containing compounds derived 

from terpenes. Bound contaminants such as sulfur can be 

converted to gaseous compounds (e.g. hydrogen sulfide), 

which can be removed in a subsequent step. 

5 

The biological feedstock can be selected from a range of 

feedstocks. Particular examples are the following: 

i) plant (vegetable) and animal {including fish) fats, oils 

10 and waxes; 

ii) free fatty acids obtained by hydrolysis or pyrolysis of 

plant and animal fats, oils and waxes; 

iii} fatty acid esters obtained by transesterification of 

plant and animal fats, oils and waxes; 

15 iv) metal salts of fatty acids obtained by saponification 

of plant and animal fats, oils and waxes; 

v) anhydrides of fatty acids obtained from plant and animal 

fats, oils and waxes; 

vi) esters obtained by esterification of free fatty acids 

20 of plant and animal origin with alcohols; 

vii) fatty alcohols or aldehydes obtained as reduction 

products of fatty acids from plant and animal fats, oils 

and waxes; 

viii) recycled food-grade fats and oils ; 

25 ix) fats, oils and waxes obtained by genetic engineering; 

x) dicarboxylic acids, polyols {including diols), 

hydroxyketones, hydroxyaldehydes, hydroxycarboxylic acids 

and corresponding di- and multi-functional sulfur- and 

nitrogen-containing compounds; 

30 xi) compounds derived from algae; and 

xii) mixtures of any of the above. 
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In one embodiment, the feedstock comprises or consists of 

one or more of tall oil, tall oil components (e.g. tall oil 

fatty acids and tall oil resin acids) and tall oil 

derivatives (e.g. distilled tall oil, tall oil heads and 

5 tall oil pitch), Tall oil is obtained from kraft pulping of 

wood, especially coniferous wood. In general, tall oil 

contains saturated and unsaturated oxygen-containing 

organic compounds such as resin acids (mainly abietic acid 

and its isomers), fatty acids (mainly linoleic acid, oleic 

10 acid and linolenic acid), unsaponifiables, fatty alcohols, 

sterols and other alkyl hydrocarbon derivatives, as well as 

minor amounts of inorganic impurities (e.g. alkaline metal 

compounds, sulfur, silicon, phosphorus, calcium and iron 

compounds), Tall oil usually does not contain a significant 

15 amount of triglycerides since these compounds are 

decomposed during the pulping process. "Tall oil" covers 

soap oil as well as crude tall oil. 

In a preferred embodiment, the feedstock comprises at least 

20 15 mass%, more suitably at least 25 massl, at least 35 

mass% or at least 45 mass%, of C12_18 fatty acids (e.g. 

linoleic acid, oleic acid and linolenic acid); at least 5 

massl, more suitably at least 15 mass%, at least 20 masst 

or at least 25 masst, of resin acids (e.g. abietic acid, 

25 pimaric acid and isomers thereof) ? and at least 10 mass%, 

more suitably at least 15 masst or at least 20 massl, of 

neutral products (e.g. sterols) based on the mass of the 

feedstock. This feedstock is suitably tall oil. 

30 Hydroprocessing is performed using one or more catalysts, 

which can be catalysts conventionally employed for this 

process. Effective catalysts comprise one or more metals 

selected from Group VIA and Group VIII metals, particularly 
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useful examples of which are Mo, W, Co, Ni, Pt and Pd. The 

catalyst(s) can also contain one or more support materials, 

examples of which are zeolite, alumina (Al203) , zeolite-

alumina, alumina-silica (Si02) , alumina-silica-zeolite and 

5 activated carbon. 

The method suitably utilises a hydrodeoxygenation (HDO) 

catalyst, which is intended for removal of oxygen but is 

also capable of removing other heteroatoms such as sulfur 

10 and nitrogen from organic compounds as well as catalysing 

hydrogenation of unsaturated bonds. Effective HDO catalysts 

include those containing a mixture of CoO and Mo03 ("C0M0") 

and/or a mixture of NiO and Mo03 (wNiMo") , and one or more 

support materials selected zeolite, alumina, zeolite-

15 alumina, alumina-silica, alumina-silica-zeolite and 

activated carbon, A mixture of NiO and Mo03 on an alumina 

support is particularly effective. 

toother effective hydroprocessing catalyst is a 

20 multifunctional catalyst. This type of catalyst is capable 

of catalysing the same reactions as HDO catalysts. In 

addition, multifunctional catalysts can effect 

isomer!sation (e.g. conversion of linear alkanes to 

branched alkanes) and cracking, which decreases the 

25 hydrocarbon chain length. Both isomerisation and cracking 

can improve cold flow properties. 

Useful multifunctional catalysts include those containing 

Niw and one or more support materials selected from 

30 zeolite, alumina, zeolite-alumina, alumina-silica, alumina-

silica- zeolite and activated carbon. An alumina support 

with adequate acidic properties is preferred. The acidity 
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can be adjusted by adding zeolites to the support. For 

example, the support comprises zeolite-alumina or alumina-

silica- zeolite . 

5 A further suitable hydroprocessing catalyst is a 

hydroisomerisation (HI) catalyst, HI catalysts are capable 

of causing isomerisation reactions. Example catalysts 

contain a Group VIII metal (e.g. Pt, Pd, Ni) and/or a 

molecular sieve. Preferred molecular sieves are zeolites 

10 (e.g. ZSM-22 and ZSM-23) and silicoaluminophosphates (e.g. 

SAPO-11 and SAPO-41}. HI catalysts may also contain one or 

more of the support materials described above. In one 

embodiment, the HI catalyst comprises Pt, a zeolite and/or 

silicoaluminophosphate molecular sieve, and alumina. The 

15 support may alternatively or additionally contain silica. 

According to a preferred embodiment, the hydroprocessing 

step is performed using one or both of the following 

catalysts (i) and {ii), and optionally the following 

20 catalyst (iii) ; 

(i) a catalyst comprising Mo03, one or both of CoO and 

NiO, and one or more support materials; 

(ii) a catalyst comprising Niw and one or more support 

materials; 

25 (iii) a catalyst comprising a Group VIII metal and/or 

a molecular sieve; 

wherein the support materials are selected from 

zeolite, alumina, zeolite-alumina, alumina-silica, alumina-

silica- zeolite and activated carbon. 

30 

Suitable catalyst combinations are (i) and (ii); (i) and 

(iii) ; (ii) and (iii) ; and. (i) , (ii) and (iii) , It is, 

however, also possible for the hydroprocessing step to be 
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carried out using catalyst (i) alone or catalyst (ii) 

alone. 

It is preferable to remove sulfur compounds from the 

5 feedstock before it is reacted with catalyst (iii) in the 

case that catalyst (iii) contains a Group ¥111 metal {e.g. 

Pt). This prevents poisoning of catalyst (iii) by sulfur 

compounds. Preferably, the feedstock is contacted with 

catalyst (i) prior to catalyst (iii). 

10 

Hydroprocessing is performed using one reactor or using two 

or more reactors {i.e. separate pressure vessels). In the 

case that a plurality of hydroprocessing reactors are 

employed, the reactors can be connected in series so that 

15 the product of one reactor is fed to another reactor. Each 

reactor can contain a single "bed" comprising one or more 

catalysts and optionally other materials such as an inert 

material {e.g. for temperature control). Alternatively, any 

given reactor may contain a plurality of catalyst beds 

2 0 which each contain one or more catalysts and optionally 

other materials such as an inert material. Examples of the 

inert material include alumina, silicon carbide and glass 

beads. Reactors containing more than one catalyst bed can 

comprise a quench gas inlet and a distributer between any 

25 two catalyst beds. 

Catalyst beds can be monolayered {e.g. contain one catalyst 

or a mixture of catalysts} or comprise a plurality of 

layers containing different proportions of two or more 

3 0 catalysts. The layers can vary in size. 

Inert material-containing layers can be used to separate 

catalyst beds. Moreover, an inert layer may be inserted 
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before the first catalyst bed and/or after the final 

catalyst bed. Inert layers can be used to capture certain 

substances and provide an even distribution of the 

feedstock/reaction mixture. An inert layer located upstream 

5 of the first catalyst bed may also be used to preheat the 

feedstock. 

Inert layers can also contain active catalyst material 

having the function of removing harmful components (e.g. 

10 metals) from the feedstock/reaction mixture. 

Hydroprocessing can be performed using a reactor containing 

a single catalyst such as catalyst (i) , This catalyst can 

be contained in a single bed or in multiple beds in the 

15 reactor. 

In an embodiment, hydroprocessing is performed using one or 

more reactors which each contain catalyst (i) and one or 

both of catalysts (ii) and (iii) , In this case, catalyst 

2 0 (i) and catalyst (ii) and/or (iii) may be contained in the 

same bed (e.g. in a reactor having a single catalyst bed), 

separate beds or a mixture thereof in any given reactor. 

Preferably, at least one reactor contains catalyst (i) as 

well as catalyst (ii) and/or catalyst (iii), and the total 

25 amount of catalysts (ii) and {iii) relative to the total 

amount of catalysts {i), (ii) and (iii) increases 

continuously in the direction of flow of the biological 

feedstock in the reactor. This may occur over a single 

catalyst bed containing all of the catalysts fin layered or 

30 mixed form) or over a plurality of catalyst beds (e.g. two 

beds) which each contain one or all catalysts. The exact 

proportions of the catalysts can be varied according to the 

nature of the feedstock. Increased amounts of catalysts 
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(ii) and (iii) can be used to increase the levels of 

cracking and isomerisation. 

In one particular example/ a hydroprocessing reactor 

5 contains two or three catalyst beds and the proportion of 

catalyst (ii) and/or catalyst (iii) increases on moving 

between the catalyst beds in the flow direction. The first 

bed contains only catalyst (i) or a mixture of catalyst (i) 

and catalyst (ii) in a particular mass ratio (e.g. 70-39 ; 

10 1-30) , the second bed contains a mixture of catalyst (i) 

and one or both of catalysts (ii) and (iii) in a lower mass 

ratio (e.g. 30-70 .* 30-70 (total of (ii) and (iii)), and 

the third bed (when present) contains a mixture of catalyst 

(i) and one or both of catalysts (ii) and (iii) in a still 

15 lower mass ratio (e.g. 2-15 : 85-98) or contains only 

catalyst (ii) and/or catalyst (iii). 

In another embodiment, a reactor contains two catalyst beds 

only, the first bed {closest to the feedstock inlet) 

20 containing catalyst (i} and no catalyst {ii) or catalyst 

(iii), and the second bed containing catalyst (ii) and/or 

catalyst (iii) but no catalyst (i). 

In an alternative preferred embodiment, the relative 

25 amounts of the catalysts vary across two or more 

interconnected reactors. For instance, a first reactor 

contains a catalyst bed comprising only catalyst (i) or a 

mixture of catalyst (i) and catalyst (ii) in a particular 

mass ratio (e.g. 70-35 : 5-30), and a second reactor 

3 0 connected downstream of the first reactor contains a 

catalyst bed comprising a mixture of catalyst (i) and one 

or both of catalysts (ii) and (iii) in a lower mass ratio 
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{e.g. 2-15 : 85-98 (total of {ii) arid {iii)) or comprising 

only catalyst (ii) and/or catalyst {iii) » 

It is preferred that hydroprocessing reactors are connected 

5 such that no components of the reaction mixture exiting a 

first reactor {e.g. a reactor containing catalyst (i)) are 

removed before passing the mixture to the next reactor 

(e.g. a reactor containing catalyst (ii)). In this way, 

there is a single, closed (other than the reactor inlets 

10 and outlets) hydroprocessing system divided across more 

than one reactor. Similarly, it is preferred that the 

product having passed through one or more guard beds {see 

below) passes to the hydroprocessing bed(s) without the 

removal of by-products or other components. In general, all 

15 catalyst beds are preferably connected in this manner. 

Figure 1 illustrates a hydroprocessing reactor suitable for 

use in the process of the present invention. The 

hydroprocessing reactor 1 contains three catalyst beds 

2 0 (beds 2, 2' and 2''), which are optionally separated by 

quench gas distributers. Catalyst bed 2 is located closest 

to the biological feedstock inlet, and catalyst bed 2' ' is 

located closest to the outlet, which is connected to line 

5. At least bed 2 contains catalyst {i) (e.g. NiMo/Al203) , 

2 5 at least bed 2'' contains catalyst {ii) (e.g. 

NiW/zeolite/Al203) , and at least one bed contains catalyst 

(i) in combination with catalyst (ii) . For instance, beds 2 

and 2' both contain catalysts (i) and (ii) , the proportion 

of catalyst (ii) in bed 2' being higher than that in bed 2. 

3 0 Suitable content ratios are 70-99 (catalyst (i)) : 1-30 

mass% {catalyst (ii) ) and 3 0-70 : 30-70 masst for beds 2 

and 2' respectively. The proportion of catalyst {ii) in bed 
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2'' is higher still {e.g. 85-100 mass%) , preferably 100 

masst. 

Line 3 supplies the feedstock to the reactor 1, whilst line 

5 4 supplies pure hydrogen or a hydrogen™containing gas to 

the reactor 1, The hydrogen line 4 connects to the feed 

line 3 shortly before the feed line enters the reactor 1, 

thereby allowing pre-mixing of the feedstock and hydrogen. 

In an alternative embodiment, lines 3 and 4 are connected 

10 separately to the reactor 1, 

The hydrogen supply line optionally splits to form one or 

more branch lines which are connected to the reactor 1 

downstream of the feedstock inlet. In Figure 1, optional 

15 quench gas lines are connected between the catalyst beds to 

allow for control of the hydrogen content of the catalyst 

beds and control of the reactor temperature. 

HDO and multifunctional catalysts {catalysts (i) and (ii) ) 

20 may benefit from the addition of sulfur before the 

feedstock is introduced into the reactor. A suitable 

sulfiding agent is dimethyl disulfide. On the other hand, 

the performance of an HI catalyst {catalyst {iii)) may be 

enhanced by preventing sulfur coming into contact with the 

25 catalyst. Accordingly, as mentioned above, if a 

hydroprocessing reactor contains an HI catalyst, means for 

preventing sulfur from contacting the HI catalyst are 

preferably provided. Sulfur can be removed from the reactor 

downstream of an HBO/multifunctional catalyst but upstream 

30 of an HI catalyst. 

A suitable reactor temperature during hydroprocessing is 

280-450°C, preferably 350-420°C and most preferably 350-
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3 90 ° C. A suitable reactor pressure is 10-250 bar, 

preferably 30-130 bar and most preferably 80-110 bar. 

The products of hydroprocessing are influenced by the feed 

5 rate of the feedstock. The weight hourly spatial velocity 

(WHSV) of the feedstock can be 0,1-5.0 h~l, preferably 0.2-

0.8 h"1 and most preferably 0.3-0.7 h"1. WHSV is defined as 

follows: 

10 WHSV = V / m 

wherein MV" is the feed velocity of the feedstock (g/h) and 

is the mass of the catalyst (g). 

15 The ratio of the amount of hydrogen supplied to the 

hydroprocessing reactor(s) to the amount of feedstock 

supplied to the reactor (s) also has a bearing on the 

reaction. It is preferred that this ratio is 600-4000 Nl/1 

(N1 « normal litre), more preferably 1300-2200 Nl/1. 

20 

The amount of monoaromatic hydrocarbons can be controlled 

by appropriate selection of hydroprocessing conditions. For 

instance, the amount of monoaromatics can be increased by 

increasing the hydroprocessing reactor temperature. 

25 Lowering the reactor pressure also causes an increase in 

the monoaromatics content. 

The process of the invention can include additional steps 

before and/or after the hydroprocessing step. Such optional 

3 0 steps include purification of the feedstock and 

purification of the product of hydroprocessing prior to 

fractionation. 
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The feedstock may be purified by evaporation. This may be 

accomplished in one or more stages. In the case that two or 

more evaporators are employed, the temperature is typically 

increased successively from the first to the second and 

5 subsequent evaporators, in one embodiment, the feedstock is 

heated to 110-230°C at a pressure of 40-80 mbar in order to 

remove light compounds such as water and short chain 

hydrocarbons. In another embodiment, two evaporators are 

employed, the first evaporator (e.g. a thin-film 

10 evaporator) operating at 150-230°C and 40-80 mbar, and the 

second evaporator operating at 300-390°C and 0.01-15 mbar. 

In a further embodiment, three evaporators are employed, 

the first evaporator operating at 150-230°C and 40-80 mbar, 

the second evaporator operating at 2Q0-280°C and 

15 approximately 2-3 mbar, and the third evaporator operating 

at 250-360°C and approximately 0.3 mbar. These embodiments 

are particularly suited to the purification of crude tall 

oil. The residue of the first evaporator is fed to the 

second evaporator, and the distillate of the second 

20 evaporator is fed to the third evaporator. The use of an 

initial evaporation step enables boiling in the subsequent 

step to be performed in a controlled manner since low 

boiling compounds are removed in the first step, 

25 Prior to hydroprocessing, the feedstock may be passed 

through one or more guard units together with hydrogen in 

order to remove hazardous substances such as metal 

residues, thereby protecting the hydroprocessing catalysts 

from poisoning and fouling. For this, the guard units can 

30 comprise an HDO and/or multifunctional catalyst arranged in 

one or more beds. These catalysts are as described above 

for the hydroprocessing step, the difference being that the 

catalysts used in the guard unit(s) typically have a lower 
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activity; for instance, a NiMo catalyst used in a guard 

unit has a relatively low hydrogenation activity. 

Guard units are typically separate from the hydroprocessing 

5 reactor (s) , However, it is possible to include one or more 

guard beds upstream of the hydroprocessing catalyst bed(s) 

in the same unit (pressure vessel), 

The hydr©processed composition can be cooled and light 

10 gaseous compounds such as water, hydrogen, hydrogen 

sulfide, carbon monoxide and carbon dioxide removed from 

the composition. The removed gases can be passed through an 

amine scrubber in order to separate hydrogen sulfide and 

carbon dioxide from the remaining gases. Hydrogen can be 

15 separated and reused as quench gas in the hydroprocessing 

reactor, 

The composition of the invention is isolated by 

fractionation of the hydroprocessed composition, preferably 

20 following the removal of gases as described above. This 

step makes use of the distillation properties discussed 

above in order to separate the composition of the invention 

from relatively light hydrocarbons such as those in the 

gasoline range. The composition is typically distilled 

25 within the temperature range of 150-360°C, preferably 160-

350°C, more preferably 165-350°C. 

The composition of the invention can be used as a pure 

biofuel or can be blended with another fuel. Particularly 

30 suitable examples of the other fuel are petroleum-derived 

diesel and kerosene. Fuel blends can contain the 

composition in various amounts. Preferably, the composition 

is contained in a fuel blend in an amount of 5-98 vol. %, 
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more preferably 5-50 vol, % and most preferably 5-30 vol, % 

based on the volume of the blend. 

Examples 

5 

Example 1 

A hydrocarbon composition was produced by subjecting crude 

tall oil to a hydroprocessing treatment. The crude tall oil 
10 originated from tail oil soap obtained from chemical 

digestion of a mixture of northern softwood (pine and 

spruce) and birch. The crude tall oil contained 51 mass% of 

fatty acids, 26 masst of resin acids and 23 masst of 

neutral compounds, 

15 

The crude tall oil was purified by three-step evaporation 

to remove 4% of the oil as a light fraction and 6% of the 

oil as a heavy pitch fraction. The purified oil was fed 

into a pilot reactor system together with hydrogen,. The 

20 pilot reactor system, contained a guard unit having two 

catalyst beds arranged in series. The catalyst beds each 

contained Ni, Mo and W as active metals and Si02 and Al203 

as support materials and metal scavengers. Hydrogen was 

mixed with the feed upstream of the guard unit. 

25 

From the guard unit, the composition was passed to a 

hydroprocessing reactor together with hydrogen. The 

hydroprocessing reactor comprised four monolayered catalyst 

beds through which the reaction mixture was passed in a 

30 series-wise manner. The compositions of the catalyst beds 

are detailed in Table 1 below. Hydrogen was also introduced 

between the catalyst beds. 



WO 2014/161724 26 PCT/EP2014/055630 

Table l 

Catalyst bed no. NiW/zeolite/Al203 

(massl) 

NiMo/Al203 

Cmass%) 

1 20 80 

.2 90 10 

3 95 5 

4 100 0 

The hydroprocessing conditions are detailed in Table 2 

below, 

5 

Table 2 

WHSV 

O
 

V£
> O
 

H2/CTO feed rate (Nl/1) 1500 

Pressure (bar) 90 

Temperature (° C) 370 

The hydroprocessed composition was passed to a separator 

for the removal of water and light gases. The composition 

10 was then passed to a fractionator, where a fraction 

distilling in the temperature range of 150-370°C (diesel 

fuel range) was collected. Table 3 below details the 

amounts of the various components of the distillate, as 

determined by GC-MS. Saturated compounds were separated 

15 from aromatic compounds by HPLC for analysis of the alkane 

and cycloalkane amounts. 

Table 3 

Component Amount (mass%) 

CR_lf) linear alkanes 9 O 1 

C9.21 linear alkanes 23 . 0 

Cq_2n linear alkanes 22 , 8 
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Clr :o linear alkanes 17 . 4 
C8.30 branched alkanes 51.1 
C8_30 linear alkanes + 
C8_30 branched alkanes 

74 . 2 

C8„30 cycloalkanes 20 . 3 

C8.30 linear alkanes + 
C8_30 branched alkanes + 
C8_30 cycloalkanes 

94 , 5 

C7_20 aromatic hydrocarbons 5 . 5 

C7_2Q monoaromatic hydrocarbons 5.1 

C8_30 linear alkanes + 
C8_30 branched alkanes + 
C8_30 cycloalkanes + 
C7_20 aromatic hydrocarbons 

100 

The density of the composition was 808.1 kg/m3 when measured 

at 15°C using the method of EN ISO 12185, 

5 The distillation properties of the composition are 

illustrated in Figure 2, wherein the 0% temperature is the 

initial boiling point. Figure 2 also illustrates the 

distillation properties of three reference compositions, 

which are all petrodiesel fuels conforming to the EN 590 

10 Standard, Reference composition 1 is European Emission 

Certification Fuel CEC RF-06-03. Reference compositions 2 

and 3 are both, winter quality petrodiesel fuels. It is 

evident that, unlike conventional biodiesel, the 

composition of Example 1 has similar distillation 

15 properties to standard petrodiesel fuels. 

95 vol.% of the composition of the invention was distilled 

at temperatures up to 345°C. 



WO 2014/161724 28 PCT/EP2014/055630 

Figure 2 additionally includes the distillation curve of 

another, very similar renewable diesel composition 

according to the present invention (Example 1'), which was 

obtained from the same hydroprocessed composition. 95 vol. % 

5 of this composition was distilled between I64°c and 316°c. 

Example 2 

A second hydrocarbon composition was isolated from the 

10 hydroprocessed composition of Example 1 by subjecting the 

composition to distillation and collecting the components 

distilling in the temperature range of 170-300°C. The 

composition of the collected distillate is detailed in 

Table 4 below. 

15 

Table 4 

Component Amount (lassl) 

Ca.30 linear alkanes 34.3 

C„_~, linear alkanes 33 , 3 

C9„20 linear alkanes 32.4 

C,,R linear alkanes 23 . 9 

Ca_30 branched alkanes 39 . 3 

C8_30 linear alkanes + 
Ca_30 branched alkanes 

74 . 1 

C8_30 cycloalkanes 14 .4 

C8.30 linear alkanes + 
C8_30 branched alkanes + 
CB.30 cycloalkanes 

87.8 

C7,.20 aromatic hydrocarbons 11. 2 

C7_20 monoaromatic hydrocarbons 10 .3 

C8_30 linear alkanes + 
C8_30 branched alkanes + 
C8.30 cycloalkanes + 
C7.20 aromatic hydrocarbons 

93.7 
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This composition is suitable for use as a component of 

aviation fuel. 

5 
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Claims 

1. A composition comprising 10-4 0 mass% of C8,30 linear 

alkanes, up to 20 masst of C7_20 aromatic hydrocarbons, at 

5 least 90 massl of which are monoaromatic, and no more than 

1 masst in total of oxygen-containing compounds; 

wherein the total amount of C8.30 alkanes in the 

composition is 50-95 mass%, and the total amount of C8„30 

alkanes, C7_20 aromatic hydrocarbons and C8_30 cycloalkanes is 

10 at least 95 mass%; and 

wherein the amounts are based on the mass of the 

composition. 

2. A composition according to Claim 1, wherein the amount 

15 of C8_:so linear alkanes is 20-40 mass%. 

3. A composition according to Claim 1 or Claim 2, wherein 

the amount of C7_20 aromatic hydrocarbons is 0.1-15 massl. 

20 4. A composition according to any preceding claim, which 

comprises 45-80 mass% in total of C8_30 cycloalkanes and C8_30 

branched alkanes. 

5. A composition according to any preceding claim, which 

25 comprises 10-30 massl of C8„30 cycloalkanes. 

6. A composition according to any preceding claim, wherein 

the alkanes are Cg_23 alkanes. 

30 7. A composition according to any preceding claim, wherein 

the aromatic hydrocarbons are C8_19 aromatic hydrocarbons. 
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8, A composition according to any preceding claim, wherein 

the cycloalkanes are C8_19 cycloalkanes. 

9, A composition according to any preceding claim., which 

5 comprises no more than 1 mass% of polyaromatic 

hydrocarbons, 

10, A composition according to any preceding claim, which 
comprises no more than 2 massl of alkenes. 

10 

11, A composition according to any preceding claim, which 
has a density of 795-830 kg/m3, as measured at 15°C by the 

method of the EN ISO 12185 Standard. 

15 12, A composition according to any preceding claim, which 

has a lower heating value of 42,0-45,0 MJ/1, as measured 

using the method of the DIN 51900 Standard, 

13, A composition according to any preceding claim, which 

20 has a cetane number of at least 55, as measured using the 

method, of the EN' ISO 5165 Standard. 

14, A method for producing a composition as defined in. any 

preceding claim comprising the steps of: 

25 (i) hydroprocessing a biological feedstock, using one 

or more catalysts; and 

(ii) fractionating the product of step (i). 

15, A method according to Claim 14, wherein the biological 

3 0 feedstock comprises a vegetable oil and/or an animal fat, 

16, A method according to Claim 14, wherein the biological 

feedstock comprises at least 15 masst of C12_18 fatty acids, 
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at least 5 masst of resin acids and at least 10 mass% of 

neutral compounds based on the mass of the feedstock, 

17. A method according to any of Claims 14-16, wherein the 

5 hydroprocessing step is performed using one or more 

catalysts which each comprise one or more metals selected 

from Group VIA and Group VIII metals and one or more 

support materials selected from zeolite, alumina, zeolite-

alumina, alumina-silica, alumina-silica-zeolite and 

10 activated carbon. 

18. A method according to Claim 17, wherein the metals are 

selected from Mo, W, Co, Ni, Pt and Pd. 

15 13. A method according to Claim 17 or Claim 18, wherein the 

hydroprocessing step is performed using one or both of the 

following catalysts (i) and (ii), and optionally the 

following catalyst {iii); 

(i) a catalyst comprising Mo03, one or both of CoO and 

2 0 NiO, and one or more support materials; 

(ii) a catalyst comprising NiW and one or more support 

materials; 

(iii) a catalyst comprising a Group VIII metal and/or 

a molecular sieve; 

25 wherein the support materials are selected from 

zeolite, alumina, zeolite-alumina, alumina-silica, alumina-

silica- zeolite and activated carbon. 

20. A method according to Claim 19, wherein the 

3 0 hydroprocessing step is performed using one or more 

reactors which each comprise catalysts (i) and (ii). 
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21. A method according to Claim 20, wherein the amount of 

catalyst (ii) relative to the total amount of catalysts (i) 

and (ii) increases continuously in the direction of flow of 

the biological feedstock in the reactor(s), 

5 

22. A method according to Claim 19, wherein the 

hydroprocessing step is performed using two or more 

reactors, at least one reactor comprising catalyst (i) and 

at least one other reactor comprising catalyst (ii) and/or 

10 catalyst (iii). 

23. Use of a composition as defined in any of Claims 1-13 

as a fuel or a fuel component, 

15 24, A fuel blend comprising a composition as defined in any 

of Claims 1-13. 

25, A fuel blend according to Claim 24, which contains the 

composition in an amount of 5-98 vol.% based on the volume 

20 of the blend. 

26, A fuel blend according to Claim 24 or Claim 25, which 

further comprises a petroleum-derived fuel, 

25 27. A fuel blend according to Claim 26, wherein the 

petroleum-derived fuel is petrodiesel or kerosene. 


