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PRODUCTION OF PARAFFINIC PRODUCTS

FIELD OF THE INVENTION

The present invention relates to a method for combined production of
two paraffinic products, and more particularly to the paraffinic products obtaina-
ble by the method.

BACKGROUND

The following background description art may include insights, discov-
eries, understandings or disclosures, or associations together with disclosures not
known to the relevant art prior to the present invention but provided by the pre-
sent disclosure. Some such contributions disclosed herein may be specifically
pointed out below, whereas other such contributions encompassed by the present
disclosure the invention will be apparent from their context.

There is a growing end user demand for sustainable, biosourced and re-
cycled alternatives in the field of aviation fuels and transformer oils. Although not
yet mandated to contain biosourced products, there are clear signs of legislative
directives emerging also for these areas. Currently, there is limited offering of bio-
sourced alternatives available for the above mentioned applications. Further, the
biosourced alternatives are typically not price competitive with the conventional
offering, which has limited the development of the biosourced and recycled avia-
tion fuels and transformer oils. There is a need to develop feasible processes in
these areas.

In transformer oils segment, there is a clear end user need to develop
solutions that offer improved thermal transfer characteristics, which would enable
smaller transformer installations. Lower viscosity of the transformer oil would be
beneficial to achieve this target. Further, biodegradability of the oil is requested by
the end users. Current solutions do not typically meet the criteria of ready biodeg-
radability.

WO02014128227 relates to the use of an electrical equipment compris-
ing electrically insulating fluid containing isoparaffins derived from a renewable
carbon source in an electrical equipment. The fluid has a flash point of at least
210°C and comprises at least 70 wt-% of the isoparaffins.

W02015142887 relates to biobased base oil dielectric fluids such as

isoparaffinic hydrocarbon based fluids derived from hydrocarbon terpenes such as
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myrcene, ocimene and farnesene. The dielectric fluid or coolant for electrical appa-
ratuses comprises biobased hydrocarbon base oil having a molecular weight
greater than 300 g/mol and less than 595 g/mol.

In 2015, transformer oil market size accounted for approximately 2 bil-
lion dollars of which 90% was mineral oils (naphthenic or paraffinic), 5% silicone
based, and 4% bio-based (renewable) products. The global growth rate of the
transformer oil demand was expected to be 9% annually. The share for biobased
alternatives was growing at a faster rate of 11% annually. Market estimate from
2016 showed a CAGR (compound annual growth rate) of 8% for transformer oils
in total leading to 4 billion USD business by 2023 (Wise Guys).

Aviation fuel market has been forecasted to grow during 2018-2022 at
a CAGR of 3.81%. IATA (International air transport association) recognizes the
need to address the global challenge of climate change and adopted a set of ambi-
tious targets to mitigate CO2 emissions from air transport. One way to achieve this
is by improved technology, including the deployment of sustainable low-carbon

fuels.

SUMMARY

The following presents a simplified summary of features disclosed
herein to provide a basic understanding of some exemplary aspects of the inven-
tion. This summary is not an extensive overview of the invention. It is not intended
to identify key/critical elements of the invention or to delineate the scope of the
invention. Its sole purpose is to present some concepts disclosed herein in a sim-
plified form as a prelude to a more detailed description.

According to an aspect, there is provided the subject matter of the inde-
pendent claims. Embodiments are defined in the dependent claims.

One or more examples of implementations are set forth in more detail
in the accompanying drawing and the description below. Other features will be ap-

parent from the description and drawing, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawing, in which

Figure 1 illustrates an exemplary process.
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DETAILED DESCRIPTION OF EMBODIMENTS

The following embodiments are exemplary. Although the specification
may refer to “an”, “one”, or “some” embodiment(s) in several locations, this does
not necessarily mean that each such reference is to the same embodiment(s), or
that the feature only applies to a single embodiment. Single features of different
embodiments may also be combined to provide other embodiments. Furthermore,
words “comprising”, “containing” and “including” should be understood as not lim-
iting the described embodiments to consist of only those features that have been
mentioned and such embodiments may contain also features/structures that have
not been specifically mentioned.

The present invention relates to combined production of two paraffinic
hydrocarbon products, an aviation fuel component and an electrotechnical fluid
component, by hydrodeoxygenation and isomerization of renewable raw material
or feedstock followed by fractionation. The aviation fuel component is preferably a
hydroprocessed esters and fatty acids (HEFA) fuel component. The electrotech-
nical fluid component is preferably a transformer oil component.

The present invention discloses a method for combined production of
two paraffinic hydrocarbon products, an aviation fuel component and an electro-
technical fluid component, by hydrodeoxygenation and isomerization of renewable
raw material or feedstock followed by fractionating. More specifically, the present
invention discloses a method for combined production of renewable paraffinic
products, comprising hydrodeoxygenation and isomerization of renewable raw
material, followed by fractionating the obtained renewable paraffinic feed by dis-
tillation into two fractions, such that within the two fractions, a lighter fraction ful-
fils a specification for an aviation fuel component, and a heavier fraction fulfils a
specification for an electrotechnical fluid. A lighter fraction means that it is a lower
boiling range fraction, and the heavier fraction means that it is a higher boiling
range fraction. In an embodiment the aviation fuel component is hydroprocessed
esters and fatty acids (HEFA) and the electrotechnical fluid component is a trans-
former oil.

A specification for an aviation fuel component refers to one or more or
all specifications of ASTM D7566-17b Annex A2 for HEFA (hydroprocessed esters
and fatty acids), such as density (at 15°C), flash point, freezing point, distillation-
10% recovery, distillation-50% recovery, distillation-FBP, distillation-residue, dis-
tillation-loss, and/or existent gum, especially at least density (at 15°C) and freezing

point. A specification for an electrotechnical fluid component refers to one or more
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or all specifications of standard IEC 60296 - 2018, e.g. Table 2 General Specifica-
tions, such as viscosity at 40°C, viscosity at -30°C, pour point, flash point (PM), wa-
ter content, breakdown voltage, acidity, density at 20°C, and/or interfacial tension,
especially at least viscosity at 40°C, viscosity at -30°C, flash point (PM) and acidity.

In preferred embodiments, the renewable paraffinic feed for the frac-
tionation is provided by hydrodeoxygenation and isomerization of renewable raw
material comprising fatty acids and/or esters of fatty acids. As a result, a renewable
paraffinic feed is obtained wherefrom essentially all oxygen has been removed.
Preferably the fatty acids and/or esters of fatty acids include, or are selected from,
free fatty acids, fatty acid glycerides such as fatty acid monoglycerides, diglycer-
ides, and/or triglycerides, fatty acid alkyl esters such as esters of fatty acids and
C1-C5 alkyl alcohols, particularly methyl, ethyl, propyl, iso-propyl, butyl, and/or
sec-butyl esters of fatty acids, and any combinations thereof.

As used herein, renewable or biological or biosourced indicates pres-
ence of a material derived from renewable sources. Carbon atoms of renewable or
biological origin comprise a higher number of unstable radiocarbon (14C) atoms
compared to carbon atoms of fossil origin. Therefore, it is possible to distinguish
between carbon compounds derived from renewable or biological sources or raw
material and carbon compounds derived from fossil sources or raw material by an-
alysing the ratio of 12C and #C isotopes. Thus, a particular ratio of said isotopes can
be used as a “tag” to identify renewable carbon compounds and differentiate them
from non-renewable carbon compounds. The isotope ratio does not change in the
course of chemical reactions. Examples of a suitable method for analysing the con-
tent of carbon from biological or renewable sources are DIN 51637 (2014), ASTM
D6866 (2020) and EN 16640 (2017).

Selection of process conditions (such as higher temperature and/or
longer residence time in isomerization to increase yield of the HEFA component)
and renewable raw material or feedstock (such as selecting renewable raw mate-
rial or feedstock providing a high amount of hydrocarbons shorter than or equal to
C16 hydrocarbons to increase yield of the HEFA component) may be used in order
to obtain the desired yield ratio and technical performance characteristics of the
said components.

In an embodiment, the renewable paraffinic feed for the distillation is
provided by catalytic hydrotreatment and catalytic isomerization of renewable raw

material.
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In another embodiment, the hydrotreatment is catalytic hydrodeoxy-
genation.

The renewable paraffinic feed may be obtained by hydrodeoxygenation
and isomerization of renewable (biosourced) raw material. Typically the renewa-
ble paraffinic feed thus obtained has a carbon number distribution in the range of
C8to C22 or C10 to C20, preferably in the range of C15 to C18, and distillation range
within the range of 140°C - 340°C, preferably within the range of 180°C - 320°C,
including a distillation range of 140°C - 340°C or 180°C - 320°C. The renewable par-
affinic feed contains mainly n-paraffins and i-paraffins. The amount of i-paraffins
may be adjusted to reach desired characteristics of the product fractions. A renew-
able aviation fuel component may be produced with the above mentioned process.
In a preferred embodiment the aviation fuel component comprises hydropro-
cessed esters and fatty acids (HEFA). The renewable paraffinic feed is subjected to
a distillation step, thus yielding two components. HEFA is obtained as the light dis-
tillate. A transformer oil component is obtained as the heavy fraction from the dis-
tillation. In some cases the raw material may contain recycled material, such as re-
cycled plastics material.

An embodiment discloses a method for combined production of a re-
newable aviation fuel component and renewable transformer oil.

In the distillation process, the cloud point and density of the renewable
paraffinic feed determines the yield of the distillates. To maximize the yield of the
aviation fuel component or more specifically HEFA component, a renewable paraf-
finic feed with a lower cloud point may be utilized. A typical cloud point of the re-
newable paraffinic feed may be in the range of -30°C or below, or in the range of -
340°C or below, without restricting it to that.

The production capacity of transformer oil and HEFA may be adjusted
by the selection of process conditions in the renewable paraffinic production pro-
cess. This makes it possible to provide a cost-efficient and material-efficient way to
produce these paraffinic products without or with trace amounts of by-products
being produced. For example, less than 2 wt-% or even less than 1 wt-% of by-
products lighter than HEFA or heavier than transformer oil, may be generated. This
means that the yield of the two fractions is at least 98 wt-% or at least 99 wt-%
calculated from the amount of the renewable paraffinic feed subjected to the frac-

tionation. In certain embodiments the yield of the two fractions may be 100 wt-%.
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Shorter chain hydrocarbons enable producing more HEFA and less
transformer oil. A lot of transformer oil is produced by using a lot of C17 or longer
chain hydrocarbons as the feedstock.

According to an embodiment, a renewable paraffinic feed having a cloud
point (CP) of -36°C and a freezing point (FP) of -32°C is of vegetable (or biological)
origin and further distilled into two cuts: IBP-25% and 25%-FBP, which thus ena-
bles obtaining just two products, one (IBP-25%) fulfilling the HEFA specification
and one (25%-FBP) fulfilling the standard for the transformer oil, without the need
for other processing steps. A yield of the light cut (IBP-25%) fulfilling the HEFA
specification of 25 wt-% may be obtained, and a yield of the heavy fraction (25%-
FBP) fulfilling the transformer oil specification of 75 wt-% may be obtained.

According to another embodiment, a renewable paraffinic feed having
a cloud point (CP) of -48 °C or below, may be distilled into two cuts: IBP-88% and
88%-FBP, which thus enables obtaining two products only, one (IBP-88%) ful-
filling the HEFA specification and the other (88%-FBP) fulfilling the standard for
the transformer oil, without the need for other processing steps. A yield of the light
cut fulfilling the HEFA specification of 88 wt-% may be obtained, and a yield of the
heavy fraction fulfilling the transformer oil specification of 12 wt-% may be ob-
tained.

According to another embodiment, a renewable paraffinic feed having
a cloud point (CP) of -40°C or below, may be distilled into two cuts: IBP-77% and
77%-FBP, which thus enables obtaining two products only, one (IBP-77%) ful-
filling the HEFA specification and the other (77%-FBP) fulfilling the standard for
the transformer oil, without the need for other processing steps.

The cloud point and density of the renewable paraffinic feed determine
theyield of the distillates. Typically the cloud pointis in the range of -30°C or below,
but is not restricted to that. To maximize the yield of the HEFA component, a re-
newable paraffinic feed with a lower cloud point and/or freezing point may be uti-
lized.

Fuel compositions boil over a temperature range as opposed to having
a single point for a pure compound. The boiling range covers a temperature inter-
val from the initial boiling point, IBP, defined as the temperature at which the first
drop of distillation product is obtained, to a final boiling point, FBP, when the high-

est-boiling compounds evaporate.
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ASTM D86 standard "Standard Test Method for Distillation of Petro-
leum Products and Liquid Fuels at Atmospheric Pressure” and ASTM D7345 stand-
ard "Standard Test Method for Distillation of Petroleum Products and Liquid Fuels
at Atmospheric Pressure (Micro Distillation Method)" describe a distillation
method for measuring the boiling point distribution of liquid fuel products. Using
ASTM D86 or ASTM D7345, boiling points are measured at 25 vol-% distilled. The
points may also be reported at 88% or 77% distilled.

In an embodiment the IBP-25% distilled product meets the HEFA spec-
ification (ASTM D7566 - 17b, Annex A2) in terms of selected tested physical char-
acteristics, and the 25%-FBP distilled product fulfils the transformer oil standard
(IEC 60296 - 2018) in terms of the tested main physical characteristics.

An embodiment enables the use of the renewable paraffinic production
process for combined production of two high value products. It is seen beneficial
for the HEFA product to fractionate out the heaviest components from the renew-
able feed material as later explained, whereas it is needed to remove the light com-
ponents from transformer oil product to ensure safety in terms of adequate high
flash point.

In an embodiment, the production capacity of the transformer oil and
HEFA may be adjusted by the selection of the process conditions and feedstock in
the renewable paraffinic production process. This makes it possible to find a cost-
efficient and material-efficient way for production of these products without any
other by-products.

In an embodiment, shorter chain hydrocarbons (such as C8 to C22, C10
to C20, or C15 to C18, hydrocarbons) are used as the renewable paraffinic feed sub-
jected to fractionation compared to existing processes.

In an embodiment, the low temperature performance of the trans-
former oil and/or the HEFA product may be improved by a higher isoparaffin con-
tent of the renewable paraffinic feed.

For certain high end application such as power transmission fluids it
may be beneficial to further refine the transformer oil component by a second frac-
tionation step to eliminate trace amount of heavy components or other impurities.

In addition to transformer oil the heavier fraction may be used e.g. as
insulating oil, heat transfer media, metal working fluid, electric vehicle (EV) battery

coolant, shock absorber fluid or switch gear oil.
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Description of the process

Figure 1 illustrates an exemplary process. In Figure 1, a renewable par-
affinic feed 101 is subjected to distillation 102 in a distillation column. As a result
of the distillation 102 of the renewable paraffinic feed 101, two fractions 103, 104
are obtained from the distillation 102. In the two fractions, the lighter fraction 103
is a distillate fulfilling a specification for hydro-processed esters and fatty acids
(HEFA) fuel component, and the heavier fraction 104 (which may be a bottom frac-
tion) fulfils a specification for transformer oil. The HEFA fuel component 103 is ob-
tained during the distillation from an initial boiling point to a 25% distillation point
of the renewable paraffinic feed 101, the 25% distillation point being the boiling
point measured when 25 vol-% of the renewable paraffinic feed 101 has been dis-
tilled. The transformer oil 104 is obtained during distillation from a 25% distilla-
tion point to a final boiling point of the renewable paraffinic feed 101, the 25% dis-
tillation point being the boiling point measured when 25 vol-% of the renewable
paraffinic feed 101 has been distilled. The transformer oil 104 may be the bottom
fraction from the distillation 102, or a heavier fraction from the distillation 102.
The renewable paraffinic feed 101 is obtained by hydrotreatment and isomeriza-
tion of renewable raw material.

By the term “hydrotreatment” is meant a catalytic process of organic
material by all means of molecular hydrogen. Preferably, hydrotreatment removes
oxygen from organic oxygen compounds as water i.e. by hydrodeoxygenation
(HDO). Additionally/alternatively hydrotreatment may remove sulphur from or-
ganic sulphur compounds as dihydrogen sulphide (H2S), i.e. by hydrodesulphuri-
sation, (HDS), removes nitrogen from organic nitrogen compounds as ammonia
(NH3), i.e. by hydrodenitrofication (HDN), and/or removes halogens, for example
chlorine, from organic chloride compounds as hydrochloric acid (HCl), i.e. by hy-
drodechlorination (HDCI).

By the term “hydrodeoxygenation” (HDO) e.g. of triglycerides or other
fatty acid derivatives or fatty acids is meant the removal of carboxyl oxygen as wa-
ter by means of molecular hydrogen under the influence of a catalyst. The hydro-
deoxygenation may be accompanied by hydrodesulphurisation, hydrodenitrifica-
tion, and/or hydrodechlorination reactions, as explained above.

Reaction conditions and catalysts typically used in the hydrodeoxygen-
ation of biological material and in the isomerization of resultant n-paraffins are
known techniques. Examples of such processes are presented in F1100248, Exam-
ples 1 -3, and in WO 2015/101837 AZ2.
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By the term “deoxygenation” is meant removal of oxygen from organic
molecules, such as fatty acid derivatives, alcohols, ketones, aldehydes and/or

ethers, by any means previously described, or decarboxylation or decarbonylation.

Renewable raw material

Renewable raw material (or renewable oil and/or fat) refers to a feed-
stock derived from a biological raw material component containing oils and/or
fats, usually containing lipids (e.g. fatty acids or glycerides), such as plant oil /fats,
vegetable oil/fats, animal oil/fats, algae oil/fats, fish oil/fats and algae oil/fats, or
oil/fats from other microbial processes, for example, genetically manipulated algae
oil/fats, genetically manipulated oil/fats from other microbial processes and also
genetically manipulated vegetable oil /fats. Components of such materials may also
be used, for example, alkyl esters (typically C1-C5 alkyl esters, such as methyl,
ethyl, propyl, iso-propyl, butyl, sec-butyl esters) or olefins. Renewable specifically
excludes fossil sources, however recycled fossil material may be utilized.

The renewable oils and/or fats may include a single kind of oil, a single
kind of fat, mixtures of different oils, mixtures of different fats, mixtures of oil(s)
and fat(s), fatty acids, glycerol, and/or mixtures of the afore-mentioned.

These oils and/or fats typically comprise C10-C24 fatty acids and deriv-
atives thereof, including esters of fatty acids, such as glycerides, i.e. glycerol esters
of fatty acids. The glycerides may specifically include monoglycerides, diglycerides
and triglycerides. Preferably the renewable raw material comprises C10-C24 fatty
acids and/or esters of fatty acids. For example, the renewable raw material may
comprise at least 50 weight-%, preferably at least 70 weight-%, more preferably at
least 80 weight-%, or at least 90 weight-%, or at least 95 weight-%, of C10-C24
fatty acids and/or esters of fatty acids.

Renewable paraffinic feed and preparation thereof

The preparation of a renewable paraffinic feed often involves reactions
removing oxygen from the renewable raw material or feedstock, and there are a
number of strategies for carrying out this. The deoxygenation may comprise one or
more of following reactions:

1) hydrodeoxygenation (HDO), hydrogenation of oxygen bonds - re-
moving oxygen as H20,

2) decarboxylation where oxygen is removed in the form of COz, and

3) decarbonylation where oxygen is removed in the form of CO.
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Process conditions for hydrodeoxygenation are known in the art. For
example, the hydrodeoxygenation of renewable raw material may be carried out
on a metal sulphide catalyst. The metal may be one or more Group VI metals, such
as Mo or W, or one or more Group VIII non-noble metals such as Co or Ni. The cat-
alyst may be supported on any convenient support, such as alumina, silica, zirconia,
titania, amorphous carbon, molecular sieves or combinations thereof. Usually the
metal is impregnated or deposited on the support as metal oxides. They are then
typically converted into their sulphides. Examples of typical catalysts for hydrode-
oxygenation are molybdenum containing catalysts, NiMo, CoMo, or NiW catalysts,
supported on alumina or silica, but many other hydrodeoxygenation catalysts are
known in the art, and have been described together with or compared to NiMo
and/or CoMo catalysts. The hydrodeoxygenation is preferably carried out under
the influence of sulphided NiMo or sulphided CoMo catalysts in the presence of hy-
drogen gas.

The hydrodeoxygenation may be performed under a hydrogen pressure
from 10 to 200 barg (bar gauge), at temperatures from 200 to 400 °C, and liquid
hourly space velocities of 0.2 h-1 to 10 h-1. During a hydrodeoxygenation step us-
ing a sulfided catalyst, the sulfided state of the catalyst may be maintained by the
addition of sulphur in the gas phase or by using a feedstock having sulphur con-
taining mineral oil blended with the renewable raw material or feedstock. The sul-
phur content of the total feed being subjected to hydrodeoxygenation may be, for
example, in the range of 50 wppm (ppm by weight) to 20 000 wppm, preferably in
the range of 100 wppm to 1000 wppm.

Effective conditions for hydrodeoxygenation may reduce the oxygen
content of the renewable raw material or feedstock to less than 1 wt-%, such as
less than 0.5 wt-% or less than 0.2 wt-%. In some cases, the conditions may be se-
lected to yield partial hydrodeoxygenation corresponding to a deoxygenation of at
least 40 wt-%, at least 50 wt-% or at least 75 wt-%.

The renewable paraffinic feed of the present invention may be provided
by isomerizing a hydrotreated renewable raw material obtained from the renewa-
ble raw material. Generally, the renewable paraffinic feed may be produced from
the renewable raw material using any known method. Specific examples of a
method for producing the renewable paraffinic feed are provided in the European
patent application EP 1741768 A1l. Also other methods may be employed, particu-
larly another BTL method may be chosen, for example biomass gasification fol-

lowed by a Fischer-Tropsch method.
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In a preferred embodiment, preparing a renewable paraffinic feed from
a renewable raw material comprises subjecting the renewable raw material to a
deoxygenation treatment. Most renewable raw material comprises materials hav-
ing a high oxygen content. In an embodiment, the renewable raw material or feed-
stock comprises fatty acids, or fatty acid derivatives, such as triglycerides, or a com-
bination thereof.

In the present invention, the deoxygenating method is not particularly
limited and any suitable method may be employed. Suitable methods are, for ex-
ample, hydrotreating, such as hydrodeoxygenation (HDO), catalytic hydrodeoxy-
genation (catalytic HDO), catalytic cracking (CC), or a combination thereof. Other
suitable methods include decarboxylation and decarbonylation reactions, either
alone or in combination with hydrotreating.

In a preferred embodiment, the deoxygenation treatment, to which the
renewable raw material is subjected, is hydrotreatment. Preferably, the renewable
raw material is subjected to hydrodeoxygenation (HDO) which preferably uses a
HDO catalyst. Catalytic HDO is the most common way of removing oxygen and has
been extensively studied and optimized. However, the present invention is not lim-
ited thereto. As the HDO catalyst, a HDO catalyst comprising hydrogenation metal
supported on a carrier may be used. Examples include a HDO catalyst comprising
a hydrogenation metal selected from a group consisting of Pd, Pt, Ni, Co, Mo, Ru, Rh,
W or a combination of these. Alumina or silica is suited as a carrier, among others.
The hydrodeoxygenation step may, for example, be conducted at a temperature of
100-500 °C and at a pressure of 10-150 bar (absolute).

Preparing a hydrotreated raw material from the renewable raw mate-
rial may comprise a step of hydrocracking hydrocarbons in the renewable hydro-
carbon raw material. Thus, the chain length of the renewable hydrocarbon raw ma-
terial may be adjusted and the product distribution of the produced mixture of bio-

hydrocarbons can be indirectly controlled.

Isomerization treatment

The renewable paraffinic feed of the present invention may be provided
by subjecting at least straight chain hydrocarbons in the hydrotreated raw material
to an isomerization treatment to prepare the renewable paraffinic feed. The renew-
able paraffinic feed and its preparation is described above.

The isomerization treatment causes branching of hydrocarbon chains,

i.e. isomerization, of the hydrotreated raw material. Branching of hydrocarbon
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chains improves cold properties, i.e. the isomeric composition formed by the isom-
erization treatment has better cold properties compared to the hydrotreated raw
material. Better cold properties refers to a lower temperature value of a pour point.
The isomeric hydrocarbons, or isoparaffins, formed by the isomerization treatment
may have one or more side chains, or branches.

The isomerization step may be carried out in the presence of an isom-
erization catalyst, and optionally in the presence of hydrogen added to the isomer-
isation process. Suitable isomerisation catalysts contain a molecular sieve and/or
a metal selected from Group VIII of the periodic table and optionally a carrier. Pref-
erably, the isomerization catalyst contains SAPO-11, or SAPO-41, or ZSM-22, or
ZSM-23, or fernerite, and Pt, Pd, or Ni, and Alz03, or Si0z. Typical isomerization cat-
alysts are, for example, Pt/SAPO-11/Al;03, Pt/ZSM-22/Al;03, Pt/ZSM-23/Al;03,
and Pt/SAPO-11/Si02. The catalysts may be used alone or in combination. The pres-
ence of added hydrogen is particularly preferable to reduce catalyst deactivation.
In a preferred embodiment, the isomerization catalyst is a noble metal bifunctional
catalyst, such as Pt-SAPO and/or Pt-ZSM-catalyst, which is used in combination
with hydrogen. The isomerization step may, for example, be conducted at a tem-
perature of 200-500°C, preferably 280-400°C, and at a pressure of 10-150 bar,
preferably 30-100 bar (absolute). The isomerization step may comprise further in-
termediate steps such as a purification step and a fractionation step. The isomeri-
zation may be performed e.g. at 300°C to 350°C.

Incidentally, the isomerization treatment is a step which predominantly
serves to isomerize the hydrotreated raw material. That is, while most thermal or
catalytic conversions (such as HDO) result in a minor degree of isomerization (usu-
ally less than 5 wt-%), the isomerization step which may be employed in the pre-
sent invention is a step which leads to a significant increase in the content of iso-
paraffins.

Thus the renewable raw material may be subjected at least to a hydro-
deoxygenation reaction in the presence of hydrogen and a hydrodeoxygenation
catalyst and to an isomerisation reaction in the presence of an isomerisation cata-
lyst, for obtaining the renewable paraffinic feed. When a hydrodeoxygenation step
and an isomerisation step are applied, these may be performed either simultane-
ously or in sequence. The hydrodeoxygenation reaction may be performed in the
presence of hydrogen gas and a hydrodeoxygenation catalyst, such as CoMo, NiMo,
NiW, CoNiMo on a support, for example, an alumina support, zeolite support, or a

mixed support. The hydrodeoxygenation reaction may, for example, be conducted
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at a temperature in the range from 250 to 400 °C, and at a pressure in the range
from 20 to 80 barg, ata WHSV (weight hourly space velocity, i.e. mass flow/catalyst
mass) in the range from 0.5 to 3 h-1, and a Hz/oil ratio of 350-900 nl/l, using a
catalyst, such as NiMo, optionally on a alumina support.

The product of the hydrodeoxygenation step, i.e. the hydrotreated re-
newable raw material, may be subjected to an isomerization step in the presence
of hydrogen and an isomerization catalyst. The isomerisation catalyst may be a no-
ble metal bifunctional catalyst such as Pt-SAPO or Pt-ZSM catalyst or NiW. The
isomerization reaction may, for example, be conducted at a temperature of 250-
400 °C and at a pressure of 10-60 barg. The isomerisation reaction may, for exam-
ple, be conducted at a temperature of 250-400 °C, at a pressure of between 10 and
60 barg, at a WHSV of 0.5 - 3 h-1, and at a Hz/oil ratio of 100-800 nl/I.

The hydrodeoxygenation and hydroisomerisation steps may be carried
out in a single step on the same catalyst bed using a single catalyst for this com-
bined step, e.g. NiW, or a Pt catalyst, such as Pt/SAPO in a mixture with a Mo cata-
lyst on a support, e.g. NiMo on alumina.

The hydrotreatment step and the isomerization step may be conducted
in the same reactor. Alternatively, hydrotreatment step and the isomerization step
may be conducted in separate reactors.

The low temperature performance of the aviation fuel component
and/or the electrotechnical fluid component may be improved by having a high
isoparaffin content of the renewable paraffinic feed through adjusting the isomer-
ization. The isomerization temperature may be selected from the higher end of the
temperature range, such as from 330°C to 340°C, whereby cracking tendency is en-
hanced. Moreover, the density and the flash point of the obtained components may
be decreased by increasing the reflux rate of lighter components after isomeriza-
tion. The liquid effluent from the isomerization may be directed to stabilization in
a stabilization column preferably at a lowered pressure compared to isomerization,
to obtain a stabilized renewable paraffinic feed and an overhead fraction compris-
ing hydrocarbons in the naphtha range (C4-C8). The stabilized renewable paraf-
finic feed is then subjected to the fractionation. The overhead fraction from the sta-
bilization may be recovered and used as a gasoline component, or preferably, at
least part of the overhead fraction may be recycled back to the stabilization column
for refluxing. Thus, preferably according to the present invention the renewable

paraffinic feed is subjected, after hydrodeoxygenation and isomerization, to a sta-
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bilization treatment in a stabilization column, at a pressure lower than the isomer-
ization pressure. The recycled amount of the hydrocarbons in the naphtha range
used for refluxing may be from 80 wt-% or more, preferably 90 wt-% or more, such
as from 90 to 95 weight-%, of the formed hydrocarbons in the naphtha range at the
stabilization column overhead. A high recycle amount aids in the subsequent sep-
aration of the lighter and heavier fractions, and increases the yields of the obtained
aviation fuel and electrotechnical fluid components. Naturally, a higher refluxing
requires adjustment of the equipment for higher flow. Thus, preferably according
to the present invention during stabilization an overhead fraction comprising hy-
drocarbons in the naphtha range(C4-C8) is obtained, and an amount of 80 wt-% or
more, preferably 90 wt-% or more, such as from 90 to 95 weight-%, of the formed
hydrocarbons in the naphtha range at the stabilization column overhead is recycled
back to the stabilization column for refluxing.

In an embodiment a transformer oil is disclosed, which is produced
from renewable paraffinic feed using hydrotreated and isomerised renewable par-
affinic feed as feedstock. The transformer oil has viscosity at 40°C as measured ac-
cording to ISO 3104 - 1996 of 12 mm?/s or below, typically 3.4 mm?/s, viscosity at
-30°C as measured according to ISO 3104 - 1996 of 1800 mm?/s or below, typically
42.2 mm?/s, a flash point (PM) as measured according to ISO 2719 - 2016 of at least
135¢°C, typically 138.5°C, and acidity of 0.01 mg KOH/g or below, typically less than
0.001 mg KOH/g. The transformer oil may be obtained by the combined production
method disclosed above. However, the use of the combined production method is
not mandatory, instead the transformer oil may be produced by some other trans-

former oil production method.

The method for combined production of renewable paraffinic products,
comprises providing a renewable paraffinic feed by hydrodeoxygenation and isom-
erization of renewable raw material comprising fatty acids and/or esters of fatty
acids, and fractionating the renewable paraffinic feed into two fractions. Within the
two fractions, a lighter fraction fulfils a specification for an aviation fuel component
of ASTM D7566-17b Annex A2 for HEFA (hydroprocessed esters and fatty acids),
and a heavier fraction fulfils a specification for an electrotechnical fluid component
of standard IEC 60296 - 2018. A combined yield of the two fractions is at least 98
wt-% of the renewable paraffinic feed subjected to the fractionation, and a yield of
the lighter fraction is 20-90 wt-% of the total weight of the two fractions, and a

yield of the heavier fraction is 10-80 wt-% of the total weight of the two fractions.
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In an embodiment, the lighter fraction fulfils a specification for an avia-
tion fuel component of ASTM D7566-17b Annex A2 for HEFA comprising a density
of at most 772 kg/m3, preferably 730 — 772 kg/m?3, as measured at 15 °C according
to ASTM D4052 - 2016, and a freezing point of less than -40°C as measured accord-
ing to IP529 - 2016.

In an embodiment, the lighter fraction is an aviation fuel component ful-
filling all specifications of ASTM D7566-17b Annex A2 for hydroprocessed esters
and fatty acids (HEFA).

In an embodiment, the heavier fraction fulfils a specification for an elec-
trotechnical fluid component of standard IEC 60296 - 2018 comprising a viscosity
at 40°C as measured according to ENISO 3104 - 1996 of 12 mm?/s or below, typi-
cally 3.4 mm?/s; a viscosity at -30°C as measured according to ENISO 3104 - 1996
of 1800 mm?/s or below, typically 42.2 mm?/s; a flash point (PM) as measured ac-
cording to ENISO 2719 - 2016 of at least 135°C, typically 138.5°C; and an acidity of
0.01 mg KOH/g or below, typically less than 0.001 mg KOH/g.

In an embodiment, the heavier fraction is a transformer oil fulfilling all
Table 2 General Specifications of standard IEC 60296 - 2018.

In an embodiment, the fractionating is provided by distillation.

In an embodiment, a combined yield of the two fractions is at least 99
wt-% or 100 wt-% of the renewable paraffinic feed subjected to the fractionation.

In an embodiment, the isomerization is catalytic isomerization, prefer-
ably catalytic hydroisomerization.

In an embodiment, the production capacity of the lighter fraction and
the production capacity of the heavier fraction are adjusted by selection of the hy-
drodeoxygenation and isomerization conditions, such as temperature and/or resi-
dence time in isomerization, and/or by selection of the renewable raw material.

In an embodiment, the production capacity of the lighter fraction and
the production capacity of the heavier fraction are adjusted by selection of the
cloud point and/or the density of the renewable paraffinic feed.

In an embodiment, the hydrodeoxygenation is performed under a hy-
drogen pressure from 10 to 200 barg (bar gauge), at temperature from 200 to 400
°C, and using liquid hourly space velocity of 0.2 h-1 to 10 h-1.

In an embodiment, the isomerization is performed at a temperature of
200 - 500 °C, preferably at 280 - 400 °C, and at a pressure of 10 — 150 bar (abso-
lute), preferably 30 - 100 bar.
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In an embodiment, the renewable paraffinic feed is subjected, after hy-
drodeoxygenation and isomerization, to a stabilization treatment in a stabilization
column, at a pressure lower than the isomerization pressure, to obtain a stabilized
renewable paraffinic feed and an overhead fraction comprising hydrocarbons in
the naphtha range (C4-C8), followed by subjecting the stabilized renewable paraf-
finic feed to the fractionation, and optionally recovering and recycling at least part
of the overhead fraction back to the stabilization column for refluxing. Preferably,
an amount of 80 wt-% or more, preferably 90 wt-% or more, such as from 90 to 95
weight-%, of the formed hydrocarbons in the naphtha range at the stabilization
column overhead is recycled back to the stabilization column for refluxing.

In an embodiment, the cloud point of the renewable paraffinic feed is -
30°C or below, -34°C or below, -40°C or below, or -48°C or below, as measured ac-
cording to EN23015 - 1994.

In an embodiment, a yield of the lighter fraction is 70-90 wt-% of the
total weight of the two fractions, and a yield of the heavier fraction is 10-30 wt-%
of the total weight of the two fractions.

In an embodiment, the renewable paraffinic feed contains C8-C22 hy-
drocarbons, C10-C20 hydrocarbons, or C15-C18 hydrocarbons.

In an embodiment, the renewable paraffinic feed has a distillation range
within the range of 140°C - 340°C, preferably within the range 180°C - 320°C, in-
cluding a distillation range of 140°C - 340°C or 180°C - 320°C.

In an embodiment, the lighter fraction is stabilized by admixing one or
more antioxidants.

In an embodiment, 1 - 50 vol-%, preferably 3 — 50 vol-%, of the lighter
fraction; 99 - 50 vol-%, preferably 97 - 50 vol-%, of a fossil aviation fuel compo-
nent; and optionally one or more aviation fuel performance enhancing additive se-
lected from antioxidants, metal deactivators, and fuel system icing inhibitors,
and/or one or more aviation fuel handling and maintenance additive selected from
electrical conductivity improvers, leak detection additives, biocidal additives, cor-
rosion inhibitors, and lubricity improvers; are blended to obtain a final aviation

fuel composition.

Example 1
Renewable paraffinic product produced by hydrodeoxygenation and
isomerization of renewable raw material or feedstock of vegetable origin and hav-

ing a cloud point of -36°C and a freezing point of -32°C was distilled into two cuts:
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IBP-25% and 25%-FBP, thus obtaining (only) two products, one fulfilling the HEFA
specification and one fulfilling the standard for the transformer oil, without per-
forming further processing steps.

The distillation was performed by laboratory scale batch distillation by
using a 15 liters batch. Accurate yields from the distillation were

« initial boiling point to 25% distillation point: 25 wt-%,

» 25% distillation point to final boiling point: 75 wt-%.

In Table 1, the distillation results 25%-FBP refer to key parameters de-
fining the usability of the distilled product in transformer oils as defined in the IEC
60296 - 2018 standard (Fluids for electrotechnical applications - unused mineral
insulating oils for transformers and switchgear). The product 25%-FBP fulfilled the
transformer oil standard (IEC 60296 - 2018) in terms of the tested main physical
characteristics as reported in Table 1. Regarding the interfacial tension, it is stated
in the IEC 60296 - 2018 that where it is used as a general requirement, a limit of
minimum 40 mN/m is recommended. Also this requirement is fulfilled as shown in
Table 1.
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Table 1
Product Standard
25%-FBP [EC 60296 -
2018
Standard Method Unit Result Limit
[SO 3104 - 1996 Viscosity mmz2/s 3.4 Max 12
40°C
[SO 3104 - 1996 Viscosity mmz2/s 42.2 Max 1800
-30°C
[SO 3016 Pour point °C <-55 Max -40
ENISO 2719 - 2016 | Flash point - °C 139 Min 135
PM
[EC 60814 Water content | mg/kg 25 (EN- Max 30 (for
[S012937) bulk supply)
[EC 60156 Breakdown kv 73 Min 30
voltage
[EC 62021-1 Acidity mg KOH/g <0.001 (ASTM | Max 0.01
D3242)
[SO 12185 Density at g/ml 0.780 Max 0.895
20°C
ASTM D971M Interfacial ten- | mN/m 45 No general re-
sion quirement

The results shown in Table 2 demonstrate that the IBP-25% distilled
product met the HEFA specification (ASTM D7566-17b, Annex A2) in terms of the
selected tested physical characteristics as reported in Table 2. Density requirement
of at most 772 kg/m3 (measured at 15 °C according to ASTM D4052 - 2016) was
achieved with the performed distillation (density of the feed was 779 kg/m? meas-
ured at 15 °C according to ASTM D4052 - 2016). Freezing point of below -40°C was
achieved. In Table 2, the distillation results for IBP-25% refer to key parameters
defining the usability of the distilled product as aviation fuel component as defined
in ASTM D7566-17b, Annex A2.
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Table 2
IBP-25%
Standard Method Unit
ASTM D4052 | Density (at 15°C) | kg/m3 768.9
-2016
IP170 Flash point °C 65
[P529 - 2016 | Freezing point °C -53.2
ASTM D7345 | Distillation-IBP °C 177.4
ASTM D86
ASTM D7345 | Distillation-10% | °C 203.8
ASTM D86 recovery
ASTM D7345 | Distillation-50% | °C 251.6
ASTM D86 recovery
ASTM D7345 | Distillation-FBP °C 267.7
ASTM D86
ASTM D7345 | Distillation-resi- | vol-% 1.4
ASTM D86 due
ASTM D7345 | Distillation-loss vol-% 0.4
ASTM D86
[P540 Existent gum mg/100ml | 1

Considering the light distillate aimed for aviation fuel, the density re-
quirement of at most 772 kg/m3 (measured at 15 °C according to ASTM D4052 -
2016) was achieved with the performed distillation (density of the renewable par-
affinic feed was 779 kg/m3 measured at 15 °C according to ASTM D4052 - 2016).

The freezing point of below -40°C was achieved.

Example 2

A highly isomerized renewable paraffinic product produced by hydro-
deoxygenation and isomerization of renewable raw material or feedstock of vege-
table origin and having a cloud point of -40°C was distilled into two cuts: one ful-

filling the HEFA specification and one fulfilling the standard for the transformer oil.
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The distillation was performed by laboratory scale batch distillation by
using a 15 liters batch where a highly isomerized batch was distilled to two frac-
tions IBP-77% and 77%-FBP representing the two desired products. The fraction-
ation was performed with a thin film evaporator.

Results of the selected tested physical characteristics vs. the trans-
former oil standard (IEC 60296 - 2018) are presented in Table 3.

The high isomerization degree of the starting material enabled the
heavy distillate to have a cloud point that is considerably lower than -30°C which
is set by the standard in order to be able to detect the viscosity at -30°C. Thus, the

cold start performance of the product was improved.

Table 3
Product Standard
77%-FBP [EC 60296
-2018
Standard Method Unit Result Limit
ENISO 3104 | Viscosity 40°C mmz2/s 3.4 Max 12
- 1996
ENISO 3104 | Viscosity -30°C mm?2/s 443 Max 1800
- 1996
EN23015 - Cloud point °C -36 -
1994
[SO 3016 Pour point °C -57 Max -40
(ASTMD5950)
[EC 60814 Water content mg/kg 11 (ENISO Max 30
12937)
[SO 12185 Density at 20°C g/ml 0.785 Max 0.8
95

The results shown in Table 4 demonstrate that the IBP-77% distilled
product met the HEFA specification (ASTM D7566-17b, Annex A2) in terms of the
selected tested physical characteristics as reported in Table 4. Density requirement
of at most 772 kg/m3 (measured at 15 °C according to ASTM D4052 - 2016) was
achieved with the performed distillation (density of feed was 779 kg/m3 measured
at 15 °C according to ASTM D4052 - 2016). Freezing point of below -40°C was

achieved. In Table 4, the distillation results for IBP-77% refer to key parameters
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Table 4
IBP-77%

Standard Method Unit
ASTM D4052 | Density (at15°C) | kg/m3 770.3
-2016
IP170 Flash point °C 45
[P529 - 2016 | Freezing point °C -47.3
ASTM D7345 | Distillation-IBP °C
ASTM D86 139.0
ASTM D7345 | Distillation-10% °C
ASTM D86 recovery 190.5
ASTM D7345 | Distillation-50% °C
ASTM D86 recovery 265.5
ASTM D7345 | Distillation-FBP °C
ASTM D86 292.5
ASTM D7345 | Distillation-resi- vol-%
ASTM D86 due 1.3
ASTM D7345 | Distillation-loss vol-%
ASTM D86 0.5
[P540 Existent gum mg/100ml | 5

PCT/F12020/050756

Considering the light distillate aimed for aviation fuel, the density re-
quirement of at most 772 kg/m3 (measured at 15 °C according to ASTM D4052 -
2016) was achieved with the performed distillation (density of the renewable par-
affinic feed was 779 kg/m? measured at 15 °C according to ASTM D4052 - 2016).

The freezing point of below -40°C was achieved.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The inven-
tion and its embodiments are not limited to the examples described above but may

vary within the scope of the claims.
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CLAIMS

1. A method for combined production of renewable paraffinic products,

the method comprising

providing a renewable paraffinic feed by hydrodeoxygenation and

isomerization of renewable raw material comprising fatty acids and/or esters of
fatty acids; and

fractionating the renewable paraffinic feed into two fractions, such that

within the two fractions,

e a lighter fraction fulfils a specification for an aviation fuel compo-
nent of ASTM D7566-17b Annex A2 for HEFA (hydroprocessed es-
ters and fatty acids), and

e a heavier fraction fulfils a specification for an electrotechnical fluid
component of standard IEC 60296 - 2018,

a combined yield of the two fractions is at least 98 wt-% of the renewa-

ble paraffinic feed subjected to the fractionation, and

ayield of the lighter fraction is 20-90 wt-% of the total weight of the two

fractions, and a yield of the heavier fraction is 10-80 wt-% of the total weight of the
two fractions,

wherein the hydrodeoxygenation is performed under a hydrogen pres-

sure from 10 to 200 barg (bar gauge), at temperature from 200 to 400 °C, and using
liquid hourly space velocity of 0.2 h-1 to 10 h-1, and

wherein the isomerization is performed at a temperature of 200 - 500

°C, and at a pressure of 10 — 150 bar (absolute).
2. The method according to claim 1, wherein the heavier fraction fulfils
a specification for an electrotechnical fluid component of standard IEC 60296 -
2018 comprising:

a viscosity at 40°C as measured according to ENISO 3104 - 1996 of 12
mm?/s or below, typically 3.4 mm?/s,

a viscosity at -30°C as measured according to ENISO 3104 - 1996 of
1800 mm?2/s or below, typically 42.2 mm?/s,

a flash point (PM) as measured according to ENISO 2719 - 2016 of at

least 135¢C, typically 138.5°C, and

an acidity of 0.01 mg KOH/g or below, typically less than 0.001 mg

KOH/.



23

3. The method according to claim 1 or 2, wherein the heavier fraction is
a transformer oil fulfilling all Table 2 General Specifications of standard IEC 60296
-2018.

4. The method according to any of the preceding claims, wherein the
fractionating is provided by distillation.

5. The method according to any of the preceding claims, wherein the
combined yield of the two fractions is at least 99 wt-% or 100 wt-% of the renew-
able paraffinic feed subjected to the fractionation.

6. The method according to any of the preceding claims, wherein the
isomerization is catalytic isomerization, preferably catalytic hydroisomerization.

7. The method according to any of the preceding claims, wherein the
production capacity of the lighter fraction and the production capacity of the heav-
ier fraction are adjusted by the selection of the hydrodeoxygenation and isomeri-
zation conditions, such as temperature and/or residence time in isomerization,
and/or by selection of the renewable raw material.

8. The method according to any of the preceding claims, wherein the
isomerization is performed at a temperature of 280 - 400 °C, and at a pressure of
(absolute) 30 - 100 bar.

9. The method according to any of the preceding claims, wherein the
renewable paraffinic feed is subjected, after hydrodeoxygenation and isomeriza-
tion, to a stabilization treatment in a stabilization column, at a pressure lower than
the isomerization pressure, to obtain a stabilized renewable paraffinic feed and an
overhead fraction comprising hydrocarbons in the naphtha range (C4-C8), fol-
lowed by subjecting the stabilized renewable paraffinic feed to the fractionation,
and optionally recovering and recycling at least part of the overhead fraction back
to the stabilization column for refluxing.

10. The method according to any of the preceding claims, wherein the
production capacity of the lighter fraction and the production capacity of the heav-
ier fraction are adjusted by selection of the cloud point and/or the density of the
renewable paraffinic feed.

11. The method according to any of the preceding claims,

wherein the cloud point of the renewable paraffinic feed is -30°C or be-
low, or -34°C or below, or -40°C or below, or -48°C or below, as measured accord-
ing to EN23015 - 1994.

12. The method according to any of the preceding claims, wherein a
yield of the lighter fraction is 70-90 wt-% of the total weight of the two fractions,
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and a yield of the heavier fraction is 10-30 wt-% of the total weight of the two frac-
tions.

13. The method according to any of the preceding claims, wherein the
renewable paraffinic feed contains C8-C22 hydrocarbons, or C10-C20 hydrocar-
bons, or C15-C18 hydrocarbons.

14. The method according to any of the preceding claims, wherein the
renewable paraffinic feed has a distillation range of within the range of 140°C -
340°C, preferably within the range of 180°C - 320°C.

15. The method according to any of the preceding claims, wherein the
lighter fraction fulfils a specification for an aviation fuel component of ASTM
D7566-17b Annex A2 for HEFA comprising:

a density of at most 772 kg/m3 as measured at 15 °C according to ASTM
D4052 - 2016, and

a freezing point of less than -40°C as measured according to IP529 -
2016.

16. The method according to any of the preceding claims, wherein the
lighter fraction is an aviation fuel component fulfilling all specifications of ASTM
D7566-17b Annex A2 for HEFA.

17. The method according to any of the preceding claims, further com-
prising stabilizing the lighter fraction by admixing one or more antioxidants.

18. The method according to any of the preceding claims, further com-
prising blending:

1- 50 vol-%, preferably 3 - 50 vol-%, of the lighter fraction;

99 - 50 vol-%, preferably 97 - 50 vol-%, of a fossil aviation fuel compo-
nent;

and optionally one or more aviation fuel performance enhancing addi-
tive selected from antioxidants, metal deactivators, and fuel system icing inhibi-
tors, and/or one or more aviation fuel handling and maintenance additive selected
from electrical conductivity improvers, leak detection additives, biocidal additives,
corrosion inhibitors, and lubricity improvers;

to obtain a final aviation fuel composition.



