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DESCRIPTION

Description

Technical Field

[0001] The present invention relates to processes for preparing hydrocarbons from an
oxygenated hydrocarbon feedstock having a nitrogen impurity of 500 wppm or more,
measured as elemental nitrogen, and in particular to increasing quality and amount of aviation
fuel obtained therefrom.

Background Art

[0002] Converting fossil oils (such as crude oils) and renewable oils (such as plant oils or
animal fats) into valuable products, such as transportation fuels (e.g. gasoline, aviation fuel
and diesel) involve hydrotreating processes, which consumes hydrogen.

[0003] Refining of heavy crude oil and low quality plant oils and animal fats, such as waste
animal fat increases the hydrogen demand in hydrotreating processes. Thus, generating,
recovering and purchasing of hydrogen for hydrotreatment of oil have significant impact on
refinery operating costs.

[0004] Hydrotreating of fossil and renewable oils are performed with an excess of hydrogen
compared to the theoretical consumption. The hydrogen remaining after hydrotreating step
may be purified and recycled together with additional fresh hydrogen to make up for the
hydrogen consumed in the hydrotreating step, the so-called make-up hydrogen.

[0005] During hydrotreating a number of reactions occur to various extents depending on the
feedstock composition. Hydrotreating reactions include double bond hydrogenation,
hydrodeoxygenation (HDO), hydrodesulfurisation (HDS), hydrodenitrification (HDN),
hydrodearomatisation (HDAr), hydrocracking (HC) and hydroisomerisation.

[0006] Hydroisomerisation is typically done on a bifunctional catalyst having both metal
dehydrogenation function and acidic function, for example platinum or palladium catalysts
together with molecular sieves such as SAPO-11. Isomerisation selectivity of the catalyst is
important, ie. typically hydrocracking that also occurs to a certain extent during
hydroisomerisation is suppressed, if during hydrotreatment it is not desired to reduce the
average molecular weight of feed. This involves a balance between metal dehydrogenation
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function and acidic functions, which is sensitive to elements that can shift this balance. It is
speculated that amines neutralise strong acid sites, leading to low catalyst acidity and activity.
Sulfur is known to poison the metal dehydrogenation function of noble metal catalysts.

[0007] One of the common feed impurities include nitrogen, which are well-known constituents
of oil of fossil and of renewable origin. In crude oil average contents of 940 w-ppm and
contents as high as 7500 w-ppm has been reported (Manrique et al. (1997) Basic Nitrogen
Compounds in Crude Oils: Effect on Mineral Dissolution During Acid Stimulation Processes,
SPE-37224-MS; https://www.onepetro.org/conference-paper/SPE-37224-MS). It is also not
uncommon that animal fat can contain 1000 ppm nitrogen or even higher. The typical way of
handling undesirable impurities in feedstocks, such as nitrogen impurities, is to purify the
feedstock prior to hydrotreatment. It is simple to remove the water-soluble nitrogen compounds
through degumming. However, in animal fat, a major part of the nitrogen compounds are oil
soluble, and much more difficult to remove than the water-soluble nitrogen compounds.

[0008] US 2011/0094149 A1 (to IFP Energies Nouvelles) describes methods of hydrotreating
feeds from renewable sources in two catalytic zones using a molybdenum catalyst, where the
gaseous and liquid effluent from the beds having a higher temperature than the inlet, due to
the exothermic nature of the hydrotreatment reaction, is used directly as recycle to heat fresh
feed to the catalytic zones. US 2011/0094149 A1 exemplifies the invention using good quality
palm oil and soy oil having a small nitrogen impurity of 15 and 23 ppm, respectively, and
mentions that feeds from renewable sources generally contain various impurities, such as a
nitrogen impurity of generally 1-100 ppm, and even up to 1 wt%.

[0009] US 2011/0094149 A1 reduces the nitrogen amount in the examples to about 2% of the
original amount and does not hydrotreat any impure feed having a nitrogen content outside the
general range of 1-100 ppm.

[0010] Comparative example 1 hydrotreats and isomerises animal fat having a nitrogen
content of about 1 wt% at conditions described in US 2011/0094149 A1, showing that it is
possible to hydrotreat impure feeds having a nitrogen content outside the general range of 1-
100 ppm. However, the nitrogen content after the hydrodeoxygenation stages is about 2-5
ppm, and after isomerisation, the yield of aviation fuel cut was only 5% having a high pour point
of -10°C compared to the requirements for aviation fuels.

[0011] Consequently, there is a need for further hydrotreatment processes that can effectively
hydrotreat oxygenated hydrocarbons having a nitrogen impurity outside the general range of
1-100 ppm and ensure a low nitrogen amount in the hydrotreated product. Additionally, there is
a need for processes that can produce a high quality aviation fuel cut having good cold flow
properties from oxygenated hydrocarbons having a nitrogen impurity outside the general range
of 1-100 ppm. There is a possibility of purifying the feed further before hydrogenation to
remove as much nitrogen as possible. However, while purification methods to remove water
soluble nitrogen is easily implemented, a lot of the nitrogen content in animal fat is oil soluble,
and much more difficult to remove.
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[0012] US 2012/184789 A1 describes a process for hydroprocessing of non-petroleum
feedstocks. EP 3 702 432 A1 describes a process producing a fuel from a renewable feed.

Summary of the Invention

[0013] The present invention was made in view of the prior art described above, and the object
of the present invention is to provide a process that can improve the quality of a hydrotreated
product obtained from an oxygenated hydrocarbon feed containing nitrogen impurities above
the general range of 1-100 ppm, in particular where the improved quality at least includes a
low amount of nitrogen impurity in the product. To solve the problem, the present invention
provides a process for preparing hydrocarbons from an oxygenated hydrocarbon feedstock
(e.g. animal fat), having a nitrogen impurity 150 wppm or more, such as of 300 ppm or 500
wppm or more, measured as elemental nitrogen, where the process comprises two
hydrotreatment reactors (101, 102), where the effluent from the first hydrotreating reactor is
purified, and where the purified effluent from the first hydrotreating reactor (108) is
hydrotreated at a higher temperature in the second hydrotreating reactor (102) and where the
feed to the second hydrotreating reactor is not mixed with an oxygenated feedstock.

[0014] Specifically, the invention relates to a process for preparing hydrocarbons from an
oxygenated hydrocarbon feedstock, having a nitrogen impurity of 300 wppm to 3000 wppm or
more, measured as elemental nitrogen, comprising:

a first hydrotreatment reactor (101) comprising at least one catalytic zone (105), in which a
hydrotreatment entry stream comprising the oxygenated hydrocarbon feedstock (104), and
optionally a hydrocarbon diluting agent (126) is introduced into the catalytic zone together with
a hydrogen-rich gas (120), at an inlet temperature and a pressure causing at least
hydrodeoxygenation and hydrodenitrification to an extent where a first hydrotreated effluent
(106) from the first hydrotreatment reactor contains mainly hydrocarbons, and wherein the
oxygenated hydrocarbon feedstock has been converted to 295% hydrocarbons;

« the first hydrotreated effluent (106) from the first hydrotreatment reactor is subjected to
a separation stage (107) where at least part of the first hydrotreated effluent (106) is
separated into a gaseous fraction (121) and a first hydrotreated liquid (108), where the
first hydrotreated liquid contains 295 wt% hydrocarbons and >1 wppm nitrogen;

« at least part of the first hydrotreated liquid (108) and a hydrogen-rich gas (120) is
introduced in a second hydrotreatment reactor (102) comprising at least one catalytic
zone at an inlet temperature (that is higher than the inlet temperature in the first
hydrotreatment reactor) and at a pressure causing hydrodeoxygenation and
hydrodenitrification, where the first hydrotreated liquid is not mixed with a feed having an
oxygen content that is higher than the oxygen content of the first hydrotreated liquid, and
where the first hydrotreated liquid is not mixed with a feed having a nitrogen content
higher than the nitrogen content of the first hydrotreated liquid;

« the second hydrotreated effluent (130) from the second hydrotreatment reactor (102) is
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subjected to one or more separation stages (111 and/or 114), where the second
hydrotreated effluent (130) is separated into a gaseous fraction (113) and a second
hydrotreated liquid (112) and/or a stripped hydrotreated liquid (115), where the second
hydrotreated liquid (112) and/or a stripped hydrotreated liquid (115) contains =299 wt%
hydrocarbons and <1 wppm nitrogen, preferably <0.4 wppm nitrogen, such as <0.3
wppm nitrogen (the ASTM D4629 detection), measured as elemental nitrogen; and

wherein the inlet temperature and pressure of the first hydrotreatment reactor (101) is 200 -
400 °C and 10 - 150 bar; and wherein the inlet temperature and pressure of the second
hydrotreatment reactor (102) is 250 - 450 °C and 10-150 bar.

[0015] That is, the inventors of the present invention in a first aspect of the invention found that
oxygenated hydrocarbons having a nitrogen impurity amount much higher than what is
normally present can be effectively hydrotreated in just two hydrotreating reactors containing at
least one catalytic zone each, when ammonia and other low boiling amines are removed from
the effluent from the first hydrotreating reactor by separation into a gaseous and a liquid
phase, followed by hydrotreating the liquid phase therefrom in a second hydrotreating reactor,
in which this liquid phase is neither combined with other oxygenated hydrocarbon feeds, nor
combined with other feeds having a higher nitrogen content than the first hydrotreated liquid.
The second hydrotreated effluent is then separated into a gaseous and a second hydrotreated
liquid stream, which separation may be a stripping step or be followed by a stripping step,
where the second hydrotreated liquid stream may be stripped with a stripping gas, such as
hydrogen to lower the nitrogen content of the stripped hydrotreated liquid to 0.3 wppm or
lower.

[0016] The second hydrotreated liquid (112) may be used as a product of its own or as recyle
to the process. The second hydrotreated liquid may also be isomerised in a first isomerisation
reactor (103) comprising at least one catalytic zone, in which the second hydrotreated liquid
and a hydrogen-rich gas (120) having <1 ppm (mol/mol) nitrogen, measured as elemental
nitrogen, is introduced into the catalytic zone at an inlet temperature and a pressure causing at
least hydroisomerisation to produce a first isomerisation effluent (116); where the first
isomerised effluent (116) from the first isomerisation reactor (103) is subjected to a separation
stage (117), where the first isomerised effluent (116) is separated into a gaseous fraction (118)
and a first isomerised liquid (119), where the first isomerised liquid contains =230 wt% branched
hydrocarbons, and/or an increase in branched hydrocarbons of 230 wt% compared to the
second hydrotreated liquid.

[0017] For example, the second hydrotreated liquid (116) or the second hydrotreated effluent
(130) is subjected to a stripping stage (114), where the second hydrotreated liquid or second
hydrotreated effluent is stripped with a stripping gas (120) causing the stripped hydrotreated
liquid (115) to have <0.4 wppm nitrogen, measured as elemental nitrogen, and a lower
nitrogen amount compared to the second hydrotreated liquid (112), such as <0.4 wppm
nitrogen, measured as elemental nitrogen; may be subjected to a step of isomerising this
stripped hydrotreated liquid (115) in a first isomerisation reactor (103) comprising at least one
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catalytic zone, in which the stripped hydrotreated liquid (115) and a hydrogen-rich gas (120)
having <1 ppm (mol/mol) nitrogen, measured as elemental nitrogen, is introduced into the
catalytic zone at a temperature and a pressure causing at least hydroisomerisation to produce
a first isomerisation effluent (116); where the first isomerised effluent (116) from the first
isomerisation reactor (103) is subjected to a separation stage (117), where the first isomerised
effluent (116) is separated into a gaseous fraction (118) and a first isomerised liquid (119),
where the first isomerised liquid contains 230 wt% branched hydrocarbons.

[0018] The first isomerised liquid (119) may separated into at least an aviation fuel having a
cloud point of -40 °C or lower, such as -47°C or lower.

[0019] Cooling may be applied during the separation stage of the first hydrotreated effluent
(106) to an extent that the first hydrotreated liquid (108) has a temperature below the inlet
temperature of the first catalytic zone of the first hydrotreatment reactor. For example, where
the first hydrotreated liquid (108) has a temperature at least 50 °C below the inlet temperature
of the first catalytic zone of the first hydrotreatment reactor.

[0020] A diluting agent is not necessary to control the exothermic character of the
hydrotreatment reactions in the second hydrotreatment reactor. Accordingly, a hydrocarbon
diluting agent may therefore be absent in the second hydrotreatment reactor, ie. a
hydrocarbon diluting agent is in some cases not introduced to the second hydrotreatment
reactor (102).

[0021] The extent of hydrodeoxygenation and hydrodenitrification in the first hydrotreatment
reactor may be controlled in such a manner that in the second hydrotreatment reactor the
temperature increase between the reactor inlet and the reactor outlet is not more than 10 °C.

[0022] The catalytic zone or catalytic zones in the first hydrotreatment reactor (101) may have
a lower hydrodeoxygenation activity than the catalytic zone or catalytic zones in the second
hydrotreatment reactor (102), or the catalytic zone or catalytic zones in the second
hydrotreatment reactor (102) may have a higher hydrodeoxygenation activity than the catalytic
zone or catalytic zones in the first hydrotreatment reactor (101).

[0023] The hydrogen-rich gas (120) used in the second hydrotreatment reactor (102) may
contain <5 wppm nitrogen impurities, measured as elemental nitrogen.

[0024] The inlet temperature and pressure of the first hydrotreatment reactor (101) may be
250-380 °C and 20-120 bar, such as 280-360 °C and 30-100 bar.

[0025] The first hydrotreatment reactor (101) may comprise at least three catalytic zones or up
to three catalytic zones, for example one, two or three catalytic zones.

[0026] The catalytic zones of the first hydrotreatment reactor may comprise one or more
catalyst(s) selected from hydrogenation metal on a support, such as for example a catalyst
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selected from a group consisting of Pd, Pt, Ni, Co, Mo, Ru, Rh, W or any combination of these.
For example, the catalytic zones may comprise one or more catalyst(s) selected from CoMo,
NiMo, NiW, CoNiMo on a support, for example an alumina support.

[0027] The first hydrotreatment reactor (101) may be operated at a WHSV in the range from
0.5-3 h™'; and a H, flow of 350-900 NI Ho/I feed.

[0028] The inlet temperature and pressure of the second hydrotreatment reactor (102) may be
300-430 °C and 20-120 bar, such as 330-410 °C and 30-100 bar.

[0029] The second hydrotreatment reactor (102) may have a single catalytic zone.

[0030] The catalytic zones of the second hydrotreatment reactor may comprise one or more
catalyst(s) selected from hydrogenation metal on a support, such as for example a catalyst
selected from a group consisting of Pd, Pt, Ni, Co, Mo, Ru, Rh, W or any combination of these.
For example, the catalytic zones may comprise one or more catalyst(s) selected from CoMo,
NiMo, NiW, CoNiMo on a support, for example an alumina support.

[0031] The second hydrotreatment reactor (102) may be operated at a WHSV in the range
from 0.5-3 h™!; and a Hs flow of 350-900 NI Ho/I feed.

[0032] The inlet temperature and pressure of the first isomerisation reactor (103) may be 280-
370 °C and 20-50 bar.

[0033] The catalytic zones of the first isomerisation reactor may comprise one or more
catalyst(s) comprising a Group VIII metal on a support, where the support may be selected
from silica, alumina, clays, titanium oxide, boron oxide, zirconia, which can be used alone or as
a mixture. For example, the support may be silica and/or alumina.

[0034] Additionally, the one or more catalyst(s) may further comprise a molecular sieve, such
as a zeolite.

[0035] The isomerisation reactor (103) may be operated at a WHSV in the range from 0.5-1 h-
1 and a H, flow of 300-500 NI H./I feed.

[0036] The first isomerised liquid may be isomerised to such an extent that the iso- to n-
paraffin ratio is above 1, such as from 1 to 2.5.

[0037] The hydrotreatment entry stream may have a nitrogen impurity of 100 to 500 wppm or
more.

[0038] The first hydrotreated effluent (106) from the first hydrotreatment reactor may have a
nitrogen impurity of 100 to 500 wppm or more.
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Brief Description of the Drawings

[0039]

Figure 1 shows a process scheme according to the present invention having a first
hydrotreating reactor (101), a second hydrotreating reactor (102) and a first isomerisation
reactor (103).

Figure 2 shows a comparative process scheme not according to the present invention having a
first hydrotreating reactor (201) and a first isomerisation reactor (203).

Figure 3 shows a comparative process scheme not according to the present invention having a
first hydrotreating reactor (301), a second hydrotreating reactor (302) and a first isomerisation
reactor (303).

Detailed Description of the Invention

[0040] In describing the embodiments of the invention specific terminology will be resorted to
for the sake of clarity. However, the invention is not intended to be limited to the specific terms
so selected, and it is understood that each specific term includes all technical equivalents
which operate in a similar manner to accomplish a similar purpose. When reference is made to
amounts of nitrogen content, it is intended to be the nitrogen content, measured as elemental
nitrogen, unless otherwise has been stated.

[0041] The present invention relates to a process for preparing hydrocarbons from an
oxygenated hydrocarbon feedstock, having a nitrogen impurity of 500 wppm or more,
measured as elemental nitrogen, comprising:

a first hydrotreatment reactor (101) comprising at least one catalytic zone (105), in which a
hydrotreatment entry stream comprising the oxygenated hydrocarbon feedstock (104) and
optionally a hydrocarbon diluting agent (126) is introduced into the catalytic zone together with
a hydrogen-rich gas (120), at an inlet temperature and a pressure causing at least
hydrodeoxygenation and hydrodenitrification to an extent where a first hydrotreated effluent
(106) from the first hydrotreatment reactor contains mainly hydrocarbons, wherein the
hydrotreatment entry stream has a nitrogen impurity of 100 wppm or more, and wherein the
oxygenated hydrocarbon feedstock has been converted to 295% hydrocarbons;

» the first hydrotreated effluent (106) from the first hydrotreatment reactor is subjected to
a separation stage (107) where at least part of the first hydrotreated effluent (106) is
separated into a gaseous fraction (121) and a first hydrotreated liquid (108), where the
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first hydrotreated liquid contains 295 wt% hydrocarbons and >1 wppm nitrogen;

« at least part of the first hydrotreated liquid (108) and a hydrogen-rich gas (120) is
introduced in a second hydrotreatment reactor (102) comprising at least one catalytic
zone at an inlet temperature (that is higher than the inlet temperature in the first
hydrotreatment reactor) and at a pressure causing hydrodeoxygenation and
hydrodenitrification, where the first hydrotreated liquid is not mixed with a feed having an
oxygen content that is higher than the oxygen content of the first hydrotreated liquid, and
where the first hydrotreated liquid is not mixed with a feed having a nitrogen content
higher than the nitrogen content of the first hydrotreated liquid;

« the second hydrotreated effluent (130) from the second hydrotreatment reactor (102) is
subjected to one or more separation stages (111 and/or 114), where the second
hydrotreated effluent (130) is separated into a gaseous fraction (113) and a second
hydrotreated liquid (112) and/or a stripped hydrotreated liquid (115), where the second
hydrotreated liquid (112) and/or a stripped hydrotreated liquid (115) contains =299 wt%
hydrocarbons and <1 wppm nitrogen, preferably <0.4 wppm nitrogen, such as <0.3
wppm nitrogen (the ASTM D4629 detection), measured as elemental nitrogen; and

wherein the inlet temperature and pressure of the first hydrotreatment reactor (101) is 200 -
400 °C and 10 - 150 bar; and wherein the inlet temperature and pressure of the second
hydrotreatment reactor (102) is 250 - 450 °C and 10 - 150 bar.

[0042] That is, the inventors of the present invention in a first aspect of the invention found that
oxygenated hydrocarbons having a nitrogen impurity amount much higher than what is
normally present can be effectively hydrotreated in just two hydrotreating reactors containing at
least one catalytic zone each, when ammonia and other low boiling amines are removed from
the effluent from the first hydrotreating reactor by separation into a gaseous and a liquid
phase, followed by hydrotreating the liquid phase therefrom in a second hydrotreating reactor,
in which this liquid phase is neither combined with other oxygenated hydrocarbon feeds, nor
combined with other feeds having a higher nitrogen content than the first hydrotreated liquid.
The second hydrotreated effluent is then separated into a gaseous and a second hydrotreated
liquid stream, which separation may be a stripping step or be followed by a stripping step,
where the second hydrotreated liquid stream may be stripped with a stripping gas, such as
hydrogen to lower the nitrogen content of the stripped hydrotreated liquid to 0.3 wppm or
lower.

[0043] The process is for preparing hydrocarbons from an oxygenated hydrocarbon feedstock.
Examples of oxygenated hydrocarbon feedstocks are fatty acids and triglycerides, which are
present in large amounts in plant oils and animal fats. An oxygenated hydrocarbon feedstock
of renewable origin, such as plant oils and animal fats are well suited for the process. The
majority of these plant oils and animal fats are typically composed of 25 wt% or 40 wt% or
more of fatty acids, either as free fatty acids or as esters of free fatty acids. Examples of esters
of free fatty acids are fatty acid glyceride esters (mono-, di- and/or tri-glyceridic) or for example
the fatty acid methyl esters (FAME) or fatty acid acid ethyl esters (FAE). Acccordingly, the
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oxygenated hydrocarbon feedstocks of renewable origin may contain 25 wt% or more of fatty
acids or fatty acid esters.

[0044] The renewable character of carbon-containing compositions, such as feedstocks and
products, can be determined by comparing the 4C-isotope content of the feedstock to the 14C-

isotope content in the air in 1950. The 'C-isotope content can be used as evidence of the
renewable origin of the feedstock or product.

[0045] Carbon atoms of renewable material 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 biological sources, and carbon

compounds derived from fossil sources by analysing the ratio of 12C and 4C isotopes. Thus, a
particular ratio of said isotopes can be used to identify renewable carbon compounds and
differentiate those from non-renewable i.e. fossil carbon compounds. The isotope ratio does
not change in the course of chemical reactions. Examples of a suitable method for analysing
the content of carbon from biological sources is ASTM D6866 (2020). An example of how to
apply ASTM D6866 to determine the renewable content in fuels is provided given in the article
of Dijs et al., Radiocarbon, 48(3), 2006, pp 315-323. For the purpose of the present invention,
a carbon-containing material, such as a feedstock or product is considered to be of renewable
origin if it contains 90% or more modern carbon, such as 100% modern carbon, as measured
using ASTM D6866.

[0046] A number of plant oils and animal fats may contain typical amounts of nitrogen impurity,
such as between 1-100 ppm, which would also be able to be hydrotreated using the process of
the present invention. However, the process of the present invention is advantageous from the
point of view that the hydrotreatment process can convert oxygenated hydrocarbon feedstocks
having a high nitrogen impurity, for example having a nitrogen impurity of 300 wppm to 2500
wppm, or more, such as 500 wppm or more, for example 800 wppm or more. Oxygenated
hydrocarbon feedstocks may for example have a nitrogen impurity of up to 1500 wppm, such
as 2500 wppm. Examples of oxygenated hydrocarbon feedstocks with high nitrogen impurity
are some animal fats, which can have nitrogen impurities of about 1000 wppm, for example in
the range of 600 to 1400 wppm. The oxygenated hydrocarbon feedstock may be made up of a
mixture of oxygenated hydrocarbons from different sources, should that be desired. For
example, 50% of a palm oil having 23 ppm nitrogen impurity may be mixed with 50% animal fat
having 1000 ppm nitrogen impurity to create an oxygenated hydrocarbon feedstock having a
nitrogen impurity of 512 ppm. The oxygenated hydrocarbon feedstock may therefore be
selected from plant oils, animal fats, or mixtures thereof.

[0047] The nitrogen impurity is measured as elemental nitrogen. One such method to measure
elemental nitrogen is ASTM D4629, which is used in the range of 0.3 - 100 wppm, and another
method is ASTM D572, which may be more appropriate above 100 wppm. Both methods can
be used as necessary in the present invention to measure the nitrogen impurity is as elemental
nitrogen.
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[0048] The process involves flowing a hydrotreatment entry stream to a first hydrotreatment
reactor (101) comprising at least one catalytic zone (105). The hydrotreatment entry stream
comprise the oxygenated hydrocarbon feedstock (104), which can be selected as described
above, e.g. plant oils, animal fat or mixtures thereof containing 300 wppm nitrogen or more,
such as 500-1500 wppm nitrogen. The hydrotreatment entry stream may optionally contain a
hydrocarbon diluting agent (126). The hydrocarbon diluting agent may be product recycle
(126) or a hydrocarbon of either fossil or renewable origin. It will usually be product recycle,
which is added to the oxygenated hydrocarbon feedstock, in order to control the exothermic
character of the hydrotreatment reactions. If a hydrocarbon diluting agent is added, it will
typically be added in amounts ranging from 1:1 to 4:1 (total hydrocarbon diluting agent : total
oxygenated feedstock). As mentioned, the hydrocarbon diluting agent may be of fossil or
renewable origin. Some hydrocarbon feeds of fossil origin can contain a high amount of
nitrogen impurities. These hydrocarbon feeds of fossil origin may also be part of the
hydrocarbon diluting agent, alone or in admixture with other hydrocarbon diluting agent(s),
such as product recycle. For example the hydrocarbon diluting agent may be a mixture of
product recycle and fossil hydrocarbons.

[0049] The product recycle is advantageous to use as it will typically contain dissolved
hydrogen, which is relevant for the hydrotreatment reaction that depends on hydrogen being
dissolved in the liquid phase.

[0050] The hydrotreatment entry stream has a nitrogen impurity of 100 wppm or more, e.g.
from 100 to 500 wppm, and/or the first hydrotreated effluent (106) from the first
hydrotreatment reactor may have a nitrogen impurity of 100 to 500 wppm or more.
Hydrotreatment entry streams having nitrogen impurities below 100 wppm would also be able
to be hydrotreated using the process of the present invention. However, the process of the
present invention is advantageous from the point of view that the hydrotreatment process can
convert oxygenated hydrocarbon feedstocks having a high nitrogen impurity without the need
for extensive dilution to reduce the overall nitrogen impurity of the hydrotreatment entry
stream. This is advantageous, as an extensive dilution would decrease the throughput of
oxygenated hydrocarbon feedstock the hydrotreating process. Alternatively, or additionally, the
nitrogen content may also be measured in the first hydrotreated effluent (106) from the first
hydrotreatment reactor, which may have a nitrogen impurity of 100 to 500 wppm or more.

[0051] As to the maximum amount of nitrogen impurity that may be present. There will be
limitations as to how much nitrogen impurity that is present as impurities or how high an
impurity it is practically feasible to remove. Accordingly, the hydrotreatment entry stream and/or
the first hydrotreated effluent (106) from the first hydrotreatment reactor may have a nitrogen
impurity of up to 500 wppm or less, ie. the hydrotreatment entry stream and/or the first
hydrotreated effluent (106) from the first hydrotreatment reactor may have a nitrogen impurity
of up between 100 and 500 wppm.

[0052] The hydrotreatment entry stream is introduced together with a hydrogen-rich gas (120)
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to a first hydrotreatment reactor (101) comprising at least one catalytic zone (105).

[0053] The hydrogen-rich gas (120) is necessary to perform ia. the hydrodeoxygenation
(HDO) and hydrodenitrification (HDN) reactions in the first hydrotreatment reactor (101). The
hydrogen-rich gas may for example be excess hydrogen from the process (123, 131, 118) that
has been purified by one or more purification steps (122), such as for example separation
(122) into a gaseous fraction (123) comprising water, ammonia and other lights followed by
amine scrubbing and/or membrane separation. The purity of the hydrogen-rich gas used in the
first hydrotreatment reactor is not as important as the purity of the hydrogen-rich gas used for
the second hydrotreatment reactor (102), used for stripping before the isomerisation reactor
(114) or used in the isomerisation reactor (103), which suitably does not contain any reactive
nitrogen, such as ammonia, such as less than 0.3 w-ppm nitrogen, measured as elemental
nitrogen. Typically, it is acceptable that the hydrogen-rich gas used for the first hydrotreating
reactor has a purity of 95 mol% or higher, but it is also possible that it has a hydrogen purity
that is lower than 95 mol%.

[0054] Make-up hydrogen can also be mixed to form the hydrogen-rich gas, or the hydrogen-
rich gas can be entirely made up of make-up gas.

[0055] The hydrotreatment reactor (101) is a vessel that can house the at least one catalytic
zone. In the present invention a trickle-bed reactor is well-suited. A trickle bed reactor involves
the downward movement of the hydrotreatment entry stream while it is contacted with
hydrogen in a co-current or counter-current manner. An example of a trickle bed reactor is an
adiabatic trickle-bed reactor.

[0056] The first hydrotreatment reactor (101) comprises at least one catalytic zone (105). Such
a catalytic zone may in its simplest form be a fixed bed of catalyst particles. It may also be
multiple fixed beds having the same or different catalyst particles, or it may be a number of
layers of catalyst particles of different activity and/or composition.

[0057] The first hydrotreatment reactor (101) may comprise at least three catalytic zones or up
to three catalytic zones, for example one, two or three catalytic zones.

[0058] The hydrotreatment entry stream is introduced together with a hydrogen-rich gas (120)
to a first hydrotreatment reactor (101) comprising at least one catalytic zone (105).

[0059] The hydrotreatment entry stream is introduced together with a hydrogen-rich gas (120)
into the catalytic zone at an inlet temperature and a pressure causing at least
hydrodeoxygenation and hydrodenitrification to an extent where the first hydrotreated effluent
(106) from the first hydrotreatment reactor contains mainly hydrocarbons;

[0060] There are many different combinations of inlet temperatures and pressures, which
would cause HDO and HDN to an extent that oxygen is removed from the oxygenated
hydrocarbons thereby producing water as a by-product, and that the nitrogen impurities are
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removed from the oxygenated hydrocarbons thereby producing ammonia as a by-product, and
a product containing mainly hydrocarbons.

[0061] For example the inlet temperature and pressure of the first hydrotreatment reactor
(101) may be 250-380 °C and 20-120 bar, such as 280-360 °C and 30-100 bar.

[0062] It is a matter of routine work for the skilled person to select various combinations of
temperatures and pressures causing at least hydrodeoxygenation and hydrodenitrification to
an extent where the first hydrotreated effluent (106) from the first hydrotreatment reactor
contains mainly hydrocarbons, wherein the oxygenated hydrocarbon feedstock has been
converted to 295% hydrocarbons, suitably 298% hydrocarbons, where <2% of the oxygenated
hydrocarbon feedstock is present.

[0063] In the same manner that the skilled person can select various combinations of
temperatures and pressures, he would also be able to select one or more suitable catalysts for
one or more the catalytic zones of the first hydrotreatment reactor.

[0064] For example, the catalytic zones of the first hydrotreatment reactor may comprise one
or more catalyst(s) selected from hydrogenation metal on a support, such as for example a
catalyst selected from a group consisting of Pd, Pt, Ni, Co, Mo, Ru, Rh, W or any combination
of these. For example, the catalytic zones may comprise one or more catalyst(s) selected from
CoMo, NiMo, Niw, CoNiMo on a support, for example an alumina support. When the catalyst is
selected from the group consisting of Ni, Co, Mo, Ru, Rh, W or any combination of these, then
typically the catalyst is sulfided, and a source of sulfur is either added or present in the
hydrotreatment entry stream and/or in the hydrogen-rich gas.

[0065] The first hydrotreatment reactor (101) may be operated at a WHSV in the range from

0.5-3 h'1, such as 0.5-1.5 h"'and a H> flow of 350-2100 NI Ho/l feed, such as 500-1500 NI Hy/l
feed.

[0066] More general reaction conditions for the first hydrotreatment step may involve a trickle-
bed reactor as the first hydrotreating reactor, comprising a catalyst zone, the catalyst zone
comprising a supported hydrogenation catalyst comprising molybdenum, where the
hydrotreatment is conducted in the presence of hydrogen at a temperature of 200-400 °C and
at a pressure between 10-150 bar, where the WHSV is in the range from 0.5-3 h™!, and at a H,
flow of 300-2100 NI Hy/l feed.

[0067] The first hydrotreatment step will generate a first hydrotreated effluent (106), which will
contain gaseous components in the form of excess hydrogen, water vapour produced from
HDO, CO and CO5 produced from decarboxylation/decarbonylation of carboxylic acids in the

oxygenated hydrocarbon feed as well as H>S. Finally, NH3 will be produced from the HDN
reaction. Much more ammonia (NH3) will be produced in the process of the present invention,

than during hydrotreatment of normal feeds e.g. having the typical amounts of 1-100 ppm
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nitrogen, such as palm oil, which, for example, may have 23 ppm nitrogen. The inventors
surprisingly found that the increased amount of ammonia in the hydrotreatment effluent
caused reincorporation of nitrogen, when the hydrotreated effluent was subjected to a second
hydrotreatment step with added make-up hydrogen. That is, the inventors saw that the second
hydrotreatment effluent from such a second hydrotreatment step contained 2-5 ppm nitrogen
even after stripping with hydrogen gas, i.e. even if there was a desire to remove nitrogen as
completely as possible before contacting with an isomerisation catalyst, it was simply not
possible to get the nitrogen amount below 2-5 ppm, even after stripping. This was quite
unexpected, as the second hydrotreatment step was conducted at higher temperatures with
the specific expectation of preforming a deeper HDO and HDN hydrotreatment, thereby
removing more extensively oxygen and nitrogen from the first hydrotreatment effluent. Further,
it was expected that the already formed hydrocarbons should be inert to any reaction with
ammonia, and even if ammonia should react to generate amines or amides under the
conditions of the second hydrotreatment step, that even if there was a theoretical possibility
that such nitrogen compounds would form, that these formed compounds would again undergo
hydrodenitrification (HDN) removing therefrom ammonia. However, it was surprisingly found
that nitrogen compounds were generated that did not disappear again under the
hydrotreatment conditions in the second hydrotreatment reactor. Those compounds included
secondary and tertiary amides.

[0068] As it is known in the art, nitrogen may deactivate the isomerisation catalyst, which is
why ammonia contained in an effluent going to an isomerisation reactor is typically stripped
with a stripping gas, causing any dissolved ammonia to be displaced/stripped by the stripping
gas thereby removing any remaining amounts of nitrogen. As was found by the inventors in
comparative example 1, the absence of a separation step between the first and second
hydrotreating reactor, when hydrotreating oxygenated hydrocarbon feedstocks, will cause a
higher nitrogen content to be present to be fed to the isomerisation reactor, which in turn
causes a lower yield of aviation fuel cut having a cloud point of -40°C or lower.

[0069] It was an unexpected discovery that ammonia in the first hydrotreated effluent caused
reincorporation of nitrogen in the second hydrotreatment reactor, and that these nitrogen
compounds were also unexpectedly resilient to the HDN conditions, which caused the normal
removal of any residual ammonia in the stripping step prior to isomerisation to be ineffective.
This was surprising to the inventors, who modified the hydrotreatment steps by including a
separation stage after the first hydrotreatment reactor, in such a way that the first hydrotreated
effluent from the first hydrotreatment reactor is subjected to a separation stage (107) where at
least part of the first hydrotreated effluent (106) is separated into a gaseous fraction (121) and
a first hydrotreated liquid (108)

[0070] The separation stage (107) may be for example one or more high-pressure or low-
pressure separators, that are known in the art to be able to separate the first hydrotreated
effluent (106) into a gaseous fraction (121) and a first hydrotreated liquid (108). Hydrogen
stripping may also be used for the separation (not shown in the figure). The separation stage
may entirely be a high temperature separation stage, where the effluent is not actively cooled.
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Not cooling the first hydrotreatment effluent is beneficial from the point of view that less heating
is required in the second hydrotreating step. It may also be beneficial, if the separated first
hydrotreated liquid is used as a product recycle to dilute the oxygenated hydrocarbon
feedstock.

[0071] The separation stage may also involve a low temperature separation, where the
hydrotreated effluent is actively cooled by e.g. a heat exchanger, as this is beneficial from the
point of view that as much ammonia as possible is separated from the first hydrotreated liquid.
Accordingly, cooling may be applied during the separation stage of the first hydrotreated
effluent (106) to an extent that the first hydrotreated liquid (108) has a temperature below the
inlet temperature of the first catalytic zone of the first hydrotreatment reactor. For example,
where the first hydrotreated liquid (108) has a temperature at least 50 °C below the inlet
temperature of the first catalytic zone of the first hydrotreatment reactor, such as at least 100
°C below the inlet temperature of the first hydrotreatment reactor. Cold separation of the first
hydrotreatment effluent may for example be performed at temperatures between 120 and 200
°C.

[0072] The entire amount of the first hydrotreated effluent (106) may be separated, or at least
part of the first hydrotreated effluent (106) may be separated. For example, the first
hydrotreated effluent may be split into two streams, where the first stream is separated into a
first hydrotreated liquid and a gaseous fraction as described above, and where the second
stream is used as a hydrocarbon diluting agent without any separation. The second stream
would in addition to hydrocarbons also include both the excess hydrogen as well as all the
gaseous impurities, including ammonia, which would be reintroduced into the first hydrotreating
reactor.

[0073] The entire amount of the first hydrotreated effluent (106) may be separated, to avoid
ammonia build-up in the first hydrotreating reactor or to avoid adding further amounts of
ammonia to the first hydrotreating reactor (when the first hydrotreating effluent is used as
product recycle), which could react with the oxygenated hydrocarbons to form further nitrogen
compounds, which could then be present in the first hydrotreating effluent.

[0074] In the separation stage (107), the first hydrotreated effluent (106) is separated into a
gaseous fraction (121) and a first hydrotreated liquid (108). The gaseous fraction (121) will
comprise excess hydrogen, water vapour produced from HDO, CO and CO, produced from

decarboxylation/decarbonylation of carboxylic acids in the oxygenated hydrocarbon feed as
well as H,S. Finally, NH3 will be produced from the HDN reaction. The first hydrotreated liquid

(108) will contain 290 wt% hydrocarbons, the remainder being heteroatom-containing
hydrocarbons, such as unreacted oxygenated hydrocarbons. It is desirable that the
hydrotreatment is as complete as possible, i.e. that the first hydrotreated liquid (108) contains
295 wt% hydrocarbons, such as 298 wt% hydrocarbons. However, it is not always feasible or
possible to completely hydrotreat the hydrotreatment entry stream completely without
increasing the severity of the reaction conditions, which could cause coking of the catalyst, and
other undesirable side effects. Accordingly, the conversion may be such that the first
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hydrotreated liquid (108) also contains <99 wt% hydrocarbons, i.e. the hydrotreatment entry
stream is hydrotreated to an extent that the first hydrotreated liquid (108) contains between 95
and 99 wt% hydrocarbons.

[0075] The remaining components of the first hydrotreated liquid would be heteroatom-
containing hydrocarbons, such as oxygenated hydrocarbons or nitrogen containing
hydrocarbons. As the initial nitrogen impurity is very high, the nitrogen will still remain to some
extent in the first hydrotreated liquid, which may contain >1 wppm nitrogen, measured as
elemental nitrogen, such as >5 wppm, and up to 100 wppm.

[0076] The first hydrotreated liquid (108) containing nitrogen impurities of e.g. 5-100 wppm, or
at least part of the first hydrotreated liquid (108) is introduced in a second hydrotreatment
reactor (102) together with a hydrogen-rich gas (120).

[0077] The hydrogen-rich gas (120) is necessary to perform ia. the hydrodeoxygenation
(HDO) and hydrodenitrification (HDN) reactions not only in the first hydrotreatment reactor
(101) as explained above, but also in the second hydrotreatment reactor (102). The hydrogen-
rich gas may for example be excess hydrogen from the process (123, 131, 118) that has been
purified by one or more purification steps (122), such as for example separation (122) into a
gaseous fraction (123) comprising water, ammonia and other lights followed by amine
scrubbing and/or membrane separation. The purity of the hydrogen-rich gas used in the first
hydrotreatment reactor is not as important as the purity of the hydrogen-rich gas used for the
second hydrotreatment reactor (102), used for stripping before the isomerisation reactor (114)
or used in the isomerisation reactor (103).

[0078] The hydrogen-rich gas used for the second hydrotreating reactor typically has a purity
of 90 mol%, often 95 mol% or higher, and may contain gaseous hydrocarbons. As it is intended
to reduce as much as possible the risk of reincorporating nitrogen into the second
hydrotreatment effluent (130), the hydrogen-rich gas used for the second hydrotreating reactor
ideally has very little or no reactive nitrogen, such as ammonia. Specifically, the nitrogen
content in the hydrogen-rich gas (120) used for the second hydrotreating reactor should ideally
not cause an increase in the nitrogen content of the liquid phase of the feed (110) for the
second hydrotreating reactor (102) when it is mixed with the first hydrotreated liquid (108) to
form the feed (110) for the second hydrotreating reactor (102).

[0079] The hydrogen-rich gas (120) used in the second hydrotreatment reactor (102) may
therefore contain <10 wppm nitrogen impurities or lower, such as <5 wppm nitrogen impurities,
measured as elemental nitrogen, such as <1 wppm nitrogen impurities.

[0080] The hydrogen-rich gas may be the excess hydrogen gas that has been purified, the so-
called hydrogen recycle, if that has a sufficient quality. The hydrogen-rich gas may also be
fresh hydrogen, which has not yet been used in the process, and it may be a mixture of the
hydrogen recycle and fresh hydrogen.
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[0081] As will be appreciated by the skilled person, when reference is made to nitrogen
impurities, it is intended to cover nitrogen impurities, which under the hydrotreating or
hydroisomerisation conditions can be considered to react to form new bonds, i.e. non-inert or
reactive nitrogen. For example nitrogen that is capable of being incorporated into the products
and intermediates of the present invention, such as the first or second hydrotreating effluent,
or the first isomerisation effluent is considered to be nitrogen impurities according to the
present invention. It is not intended that nitrogen gas (N») should fall within the term nitrogen

impurities, as it is used in the present invention. Nitrogen impurities can be determined using
elemental analysis and cover organic nitrogen, ammonia, and ammonium.

[0082] The second hydrotreatment reactor (102) is a vessel that can house the at least one
catalytic zone. In the present invention a trickle-bed reactor is well-suited. A trickle bed reactor
involves the downward movement of the hydrotreatment entry stream while it is contacted with
hydrogen in a co-current or counter-current manner. An example of a trickle bed reactor is an
adiabatic trickle-bed reactor.

[0083] The second hydrotreatment reactor (102) comprises at least one catalytic zone. Such a
catalytic zone may in its simplest form be a fixed bed of catalyst particles.

[0084] It may also be multiple fixed beds having the same or different catalyst particles, or it
may be a number of layers of catalyst particles of different activity and/or composition.

[0085] The second hydrotreatment reactor (102) may have a single catalytic zone.

[0086] The first hydrotreated liquid (106) is introduced together with a hydrogen-rich gas (120)
to a second hydrotreatment reactor (102) where it comes into contact with at least one catalytic
zone, at an inlet temperature and a pressure causing at least hydrodeoxygenation and
hydrodenitrification, to an extent where the second hydrotreated liquid contains 299 wt%
hydrocarbons and <1 wppm nitrogen, preferably <0.4 wppm nitrogen, such as <0.3 wppm
nitrogen (the ASTM D4629 detection), measured as elemental nitrogen.

[0087] Specifically, the nitrogen content of the second hydrotreated liquid (112) is lower than
the nitrogen content of the first hydrotreated liquid (108).

[0088] It is not required nor intended that the first hydrotreated liquid should be diluted with
any diluting agent, such as hydrocarbons, before or during hydrotreatment in the second
hydrotreating reactor. Rather the first hydrotreated liquid is the used as the feed to the second
hydrotreating reactor. However, it is possible to mix the first hydrotreated liquid with another
hydrocarbon feed, as long as the first hydrotreated liquid is not mixed with a feed having an
oxygen content that is higher than the oxygen content of the first hydrotreated liquid, and
where the first hydrotreated liquid is not mixed with a feed having a nitrogen content of 25
wppm,

[0089] A diluting agent is not necessary to control the exothermic character of the
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hydrotreatment reactions in the second hydrotreatment reactor. Accordingly, a diluting agent,
such as a hydrocarbon diluting agent, may therefore be absent in the second hydrotreatment
reactor, ie. a hydrocarbon diluting agent is in some cases not introduced to the second
hydrotreatment reactor (102).

[0090] There are many different combinations of inlet temperatures and pressures, which
would cause HDO and HDN to an extent that oxygen is removed from the remaining
oxygenated hydrocarbons thereby producing water as a by-product, and that the nitrogen
impurities are further reduced compared to the first hydrotreated liquid thereby producing
ammonia as a byproduct, and a second hydrotreated liquid (112) containing a lower amount of
nitrogen impurities than the first hydrotreated liquid (108).

[0091] For example, the inlet temperature and pressure of the second hydrotreatment reactor
(102) may be 300-430 °C and 20-120 bar, such as 330-410 °C and 30-100 bar.

[0092] In order to cause a deeper HDO and HDN reaction, the inlet temperature of the first
catalytic zone of the second hydrotreating reactor may be increased compared to the inlet
temperature of the first catalytic zone of the first hydrotreating reactor. For example, the inlet
temperature of the second hydrotreatment reactor may be 10-15 °C higher than the inlet
temperature for the first hydrotreatment reactor, or even higher.

[0093] As the amount of oxygenated hydrocarbons are significantly less in the first
hydrotreatment liquid compared to the hydrotreatment entry stream of the first hydrotreatment
reactor, this means that the temperature rise over the catalytic beds are not as high as in the
catalytic beds of the first hydrotreatment reactor due to the fact that less exothermic reactions
occurs.

[0094] For example, the temperature increase between the reactor inlet and the reactor outlet
of the second hydrotreatment reactor may be small, such as no more than 35 °C, or it can be
considered as being 50% or less of the temperature rise in the first hydrotreatment reactor.

[0095] Accordingly, the extent of hydrodeoxygenation and hydrodenitrification in the first
hydrotreatment reactor may be controlled in such a manner that in the second hydrotreatment
reactor, the temperature increase between the reactor inlet and the reactor outlet is not more
than 10 °C. This can be controlled by ensuring a sufficient conversion of the oxygenated
hydrocarbon feed in the first hydrotreatment reactor, leaving only a small amount of
hydrocarbons having heteroatoms such as oxygen and nitrogen in the first hydrotreated liquid,
which will then result in a smaller temperature rise due to the amount of material remaining
that undergoes the exothermic hydrotreatment reactions.

[0096] To increase the hydrotreating activity in the second hydrotreating reactor, it is possible
to increase the temperature, as mentioned above, in order to obtain deeper HDO and HDN
reactions. It is also possible to increase the hydrotreating activity by ensuring that the catalytic
zone or catalytic zones in the second hydrotreatment reactor (102) may have a higher
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hydrodeoxygenation activity than the catalytic zone or catalytic zones in the first
hydrotreatment reactor (101).

[0097] The catalytic activity may also start out by being the same in both the first and second
hydrotreating reactors, e.g. by using a catalyst having the same activity in both reactors. Over
time the catalytic zone or catalytic zones in the first hydrotreatment reactor will deactivate
faster than the catalytic zone or catalytic zones in the second hydrotreatment reactor because
a more impure feed, the hydrotreatment entry stream, is provided to the first hydrotreatment
reactor, whereas a more pure feed, the first hydrotreated liquid, is provided to the second
hydrotreatment reactor. Accordingly, the catalytic zone or catalytic zones in the first
hydrotreatment reactor (101) have a lower hydrodeoxygenation activity than the catalytic zone
or catalytic zones in the second hydrotreatment reactor (102). Catalytic activity can be
measures compared to the fresh catalyst.

[0098] In the same manner that the skilled person can select various combinations of
temperatures and pressures to cause deeper HDO and HDN reactions, he would also be able
to select one or more suitable catalysts for one or more the catalytic zones of the first
hydrotreatment reactor, as well as further conditions.

[0099] The catalytic zones of the second hydrotreatment reactor may comprise one or more
catalyst(s) selected from hydrogenation metal on a support, such as for example a catalyst
selected from a group consisting of Pd, Pt, Ni, Co, Mo, Ru, Rh, W or any combination of these.
For example, the catalytic zones may comprise one or more catalyst(s) selected from CoMo,
NiMo, NiW, CoNiMo on a support, for example an alumina support. When the catalyst is
selected from the group consisting of Ni, Co, Mo, Ru, Rh, W or any combination of these, then
typically the catalyst is sulfided, and a source of sulfur is either added or present in the
hydrotreatment entry stream and/or in the hydrogen-rich gas.

[0100] The second hydrotreatment reactor (102) may be operated at a WHSYV in the range

from 0.5-3 h™!, such as 0.5-1.5 h™! and a H, flow of 350-2100 NI H./l feed, such as 500-1500
NI Ho/l feed.

[0101] More general reaction conditions for the second hydrotreatment step may involve a
trickle-bed reactor as the second hydrotreating reactor, comprising a catalyst zone, the catalyst
zone comprising a supported hydrogenation catalyst comprising molybdenum, where the
hydrotreatment is conducted in the presence of hydrogen at a temperature of 250-400 °C and

at a pressure between 10-150 bar, where the WHSV is in the range from 0.5-3 h™!, and at a H,
flow of 500-2100 NI Hy/l feed.

[0102] the second hydrotreated effluent (130) from the second hydrotreatment reactor (102) is
subjected to one or more separation stages (111 and/or 114), where the second hydrotreated
effluent (130) is separated into a gaseous fraction (113) and a second hydrotreated liquid
(112) and/or a stripped hydrotreated liquid (115).
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[0103] The separation stage (111) may be for example one or more high-pressure or low-
pressure separators, that are known in the art to be able to separate the second hydrotreated
effluent (130) into a gaseous fraction (113) and a second hydrotreated liquid (112). The
separation stage may entirely be a high temperature separation stage, where the effluent is
not actively cooled. Not cooling the second hydrotreatment effluent is beneficial from the point
of view that less heating is required in any following steps, such as a first isomerisation step. It
may also be beneficial, if the separated second hydrotreated liquid is used as a product recycle
to dilute the oxygenated hydrocarbon feedstock.

[0104] The separation stage (114) is a stripper, which uses a gas, usually hydrogen, to remove
impurities in the second hydrotreated effluent (130) or the second hydrotreated liquid (112).
Hydrogen is usually used as a stripping gas, because the stripping stage then both serves the
purpose of removing impurities as well as ensuring that a certain amount of hydrogen is
dissolved in the second hydrotreated liquid (112) and/or a stripped hydrotreated liquid (115),
which is beneficial if these liquids are taken to e.g. a hydroisomerisation stage, such as the first
isomerisation reactor (103). The nitrogen content of the second hydrotreated liquid (112) as
well as the the stripped hydrotreated liquid (115), if stripping is used, is lower than the nitrogen
content of the first hydrotreated liquid (108).

[0105] Accordingly, the second hydrotreated effluent (130) from the second hydrotreatment
reactor (102) may be stripped with a stripping gas (e.g. hydrogen) subjected to a stripping
stage (114) causing the stripped hydrotreated liquid (115) to have <0.4 wppm nitrogen, such
as <0.3 wppm nitrogen (the ASTM D4629 detection limit), measured as elemental nitrogen.

[0106] If necessary, e.g. from the perspective of further purifying the second hydrotreated
effluent (130) from the second hydrotreatment reactor (102) may first be subjected to a
separation stage (111), where the second hydrotreated effluent (130) is separated into a
gaseous fraction (113) and a second hydrotreated liquid (112), followed by stripping the
second hydrotreated liquid (112) with a stripping gas (e.g. hydrogen) in a stripping stage (114)
causing the stripped hydrotreated liquid (115) to have <0.4 wppm nitrogen, such as <0.3 wppm
nitrogen (the ASTM D4629 detection limit), measured as elemental nitrogen.

[0107] A stripping stage using hydrogen is beneficial to use in order to both remove impurities
as well as ensuring that a certain amount of hydrogen is dissolved in the liquid phase, as
explained above. A stripping stage is in particular useful, when liquids are taken to e.g. a
hydroisomerisation stage, such as the first isomerisation reactor (103).

[0108] However, it is also possible to use a separation stage (111) comprising one or more
high-pressure or low-pressure separators, as explained above. This may be relevant, when
second hydrotreated liquid is used as a product of its own or as recycle to the process.

[0109] The second hydrotreated liquid may be used as a product of its own or as recycle to the
process.
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[0110] The second hydrotreated liquid may also be isomerised in a first isomerisation reactor
(103) comprising at least one catalytic zone, in which the second hydrotreated liquid and a
hydrogen-rich gas (Hp) having <1 ppm (mol/mol) nitrogen, measured as elemental nitrogen, is

introduced into the catalytic zone at an inlet temperature and a pressure causing at least
hydroisomerisation to produce a first isomerisation effluent (116).

[0111] A hydrogen-rich gas (120) is also necessary to perform the hydrodeoxygenation (HDO)
and hydrodenitrification (HDN) of the first and second hydrotreatment reactors (101, 102) as
explained above, but also in the first isomerisation reactor (103).

[0112] The hydrogen-rich gas may for example be excess hydrogen from the process (123,
131, 118) that has been purified by one or more purification steps (122), such as for example
separation (122) into a liquid fraction (123) comprising water, ammonia and other lights
followed by amine scrubbing and/or membrane separation. The purity of the hydrogen-rich gas
used in the first isomerisation reactor is important.

[0113] The hydrogen-rich gas used for the first isomerisation reactor has a purity of 95% or
higher. As it is intended to reduce as much as possible the risk of poisoning the catalytic
zone(s) of the first isomerisation reactor. Accordingly, the hydrogen-rich gas used for the
second hydrotreating reactor ideally has very little or no reactive nitrogen, such as ammonia.

[0114] The hydrogen-rich gas (120) used in the first isomerisation reactor (103) may therefore
contain <1 ppm (mol/mol) nitrogen impurities, measured as elemental nitrogen. The hydrogen-
rich gas may be the excess hydrogen gas that has been purified, the so-called hydrogen
recycle, if that has a sufficient quality. The hydrogen-rich gas may also be fresh hydrogen,
which has not yet been used in the process, and it may be a mixture of the hydrogen recycle
and fresh hydrogen.

[0115] As will be appreciated by the skilled person, when reference is made to nitrogen
impurities, it is intended to cover nitrogen impurities, which under the hydrotreating or
hydroisomerisation conditions can be considered to react to form new bonds, i.e. non-inert or
reactive nitrogen. For example nitrogen that is capable of being incorporated into the products
and intermediates of the present invention, such as the first or second hydrotreating effluent,
or the first isomerisation effluent is considered to be nitrogen impurities according to the
present invention. It is not intended that nitrogen gas (N5) should fall within the term nitrogen

impurities, as it is used in the present invention. The sulfur impurity, if any, should also be low,
when the isomerisation catalyst comprise a noble metal catalyst, such as a catalyst containing
Pd or Pt.

[0116] The first isomerisation reactor (103) is a vessel that can house the at least one catalytic
zone. In the present invention a trickle-bed reactor is well-suited. A trickle bed reactor involves
the downward movement of the feed while it is contacted with hydrogen in a co-current or
counter-current manner. An example of a trickle bed reactor is an adiabatic trickle-bed reactor.
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[0117] The first isomerisation reactor (103) comprises at least one catalytic zone. Such a
catalytic zone may in its simplest form be a fixed bed of catalyst particles. It may also be
multiple fixed beds having the same or different catalyst particles, or it may be a number of
layers of catalyst particles of different activity and/or composition. The first isomerisation
reactor (103) may have a single catalytic zone.

[0118] The second hydrotreated liquid (112) or the stripped hydrotreated liquid (115) is
introduced together with a hydrogen-rich gas (120) to a first isomerisation reactor (103) where
it comes into contact with at least one catalytic zone, at an inlet temperature and a pressure
causing at least hydroisomerisation to produce a first isomerisation effluent (116), to an extent
where the liquid part (119) of the first isomerised effluent (116) contains 230 wt% branched
hydrocarbons, and/or an increase in branched hydrocarbons of 230 wt% compared to the
second hydrotreated liquid.

[0119] There are many different combinations of inlet temperatures and pressures, which
would cause hydroisomerisation to an extent the first isomerised effluent (116) contains =30
wt% branched hydrocarbons, and/or an increase in branched hydrocarbons of =30 wt%
compared to the second hydrotreated liquid.

[0120] For example, the inlet temperature and pressure of the first isomerisation reactor (103)
may be 250-400 °C and 20-50 bar, such as 280-370 °C and 20-50 bar or 295-370 °C and 20-
50 bar.

[0121] The catalytic zones of the first isomerisation reactor may comprise one or more
catalyst(s) comprising a Group VIII metal on a support, where the support may be selected
from silica, alumina, clays, titanium oxide, boron oxide, zirconia, which can be used alone or as
a mixture. For example, the support may be silica and/or alumina. The Group VIl metal may
for example be Pd or Pt. Additionally, the one or more catalyst(s) may further comprise a
molecular sieve, such as a zeolite.

[0122] The isomerisation reactor (103) may be operated at a WHSV in the range from 0.5-3 h-
1- and a H, flow of 150-800 NI Ho/I feed, for example 0.5-1 h™!; and a H, flow of 300-500 NI
Ho/l feed.

[0123] The skilled person knows how to manipulate the above conditions in order to obtain an
extent of hydroisomerisation where the liquid part (119) of the first isomerisation effluent (116),
contains more branched hydrocarbons compared to the second hydrotreated liquid. For
example to such an extent that the liquid part (119) of the first isomerisation effluent (116),
contains 230 wt% branched hydrocarbons, and/or an increase in branched hydrocarbons of
230 wt% compared to the second hydrotreated liquid.

[0124] The first isomerised liquid may also have been isomerised to such an extent that the
iso- to n-paraffin ratio is above 1, such as from 1 to 4.5, or from 1 to 2.5.
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[0125] The degree of isomerisation is often measured as the difference between cloud point of
the feed and the product, here between the second hydrotreated liquid and the liquid part
(119) of the first isomerisation effluent, where a magnitude of the decrease in cloud point
determines how extensive the hydroisomerisation has been. Accordingly, the first isomerised
liquid may be isomerised to such an extent that the decrease in cloud point from the second
hydrotreated liquid and to the liquid part (119) of the first isomerisation effluent is 10°C or
more.

[0126] Normally it is considered that the lower the cloud point, the better, because this would
convey good cold flow properties. However, during hydroisomerisation conditions there is also
hydrocracking to some extent. In the art there is usually a point where hydrocracking becomes
too extensive that the loss of liquid product outweighs the potential for a lower cloud point. The
catalyst and any impurities contained therein, as well as the conditions for hydroisomerisation
are among the parameters that can influence the degree of hydroisomerisation and
hydrocracking. Reference is made to the comparative example 1 and example 1, where it can
be seen that the nitrogen impurity before entering the isomerization reactor is much higher in
the comparative example 1 (0.6-2.9 wppm) compared to example 1 (<0.3 wppm). Such a
difference in nitrogen content to the isomerisation reactor influences not only the yield of the
specific fuel cut, but also significantly influences the cold flow properties thereof.

[0127] For example, the second hydrotreated liquid (112) or the second hydrotreated effluent
(130) is subjected to a stripping stage (114), where the second hydrotreated liquid or second
hydrotreated effluent is stripped with a stripping gas (H,) causing the stripped hydrotreated

liquid (115) to have <0.4 wppm nitrogen, such as <0.3 wppm nitrogen (the ASTM D4629
detection), measured as elemental nitrogen, and a lower nitrogen amount compared to the
second hydrotreated liquid (112); may be subjected to a step of isomerising this stripped
hydrotreated liquid (115) in a first isomerisation reactor (103) comprising at least one catalytic
zone, in which the stripped hydrotreated liquid (115) and a hydrogen-rich gas (120) having <1
ppm (mol/mol) nitrogen, measured as elemental nitrogen, is introduced into the catalytic zone
at a temperature and a pressure causing at least hydroisomerisation to produce a first
isomerisation effluent (116); where the first isomerised effluent (116) from the first
isomerisation reactor (103) is subjected to a separation stage (117), where the first isomerised
effluent (116) is separated into a gaseous fraction (118) and a first isomerised liquid (119),
where the first isomerised liquid contains 230 wt% branched hydrocarbons.

[0128] More general reaction conditions for the first isomerisation step may involve a trickle-
bed reactor as the first isomerising reactor, comprising a catalyst zone, the catalyst zone
comprising a supported hydrogenation catalyst comprising W or Pt or Pd, and a zeolite where
the hydroisomerisation is conducted in the presence of hydrogen at a temperature of 295-370

°C and at a pressure between 20-50 bar, where the WHSV is in the range from 0.5-1.5 h™!,
and at a Hy flow of 150-800 NI Ho/l feed to such an extent that the decrease in cloud point from

the second hydrotreated liquid and to the liquid part (119) of the first isomerisation effluent is
reduced by 10°C or more.
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[0129] The first isomerised effluent (116) from the first isomerisation reactor (103) is subjected
to a separation stage (117), where the first isomerised effluent (116) is separated into a
gaseous fraction (118) and a first isomerised liquid (119).

[0130] The separation stage (117) may be for example one or more high-pressure or low-
pressure separators, that are known in the art to be able to separate the first isomerised
effluent (116) into a gaseous fraction (118) and a first isomerised liquid (119). The separation
stage (117) may also be distillation, although usually it is beneficial to separate the gaseous
fraction from the liquid fraction before distillation.

[0131] As mentioned above, the first isomerised liquid contains =30 wt% branched
hydrocarbons, and/or an increase in branched hydrocarbons of 230 wt% compared to the
second hydrotreated liquid.

[0132] The the first isomerised effluent (116) or the first isomerised liquid (119) may be
subjected to a distillation stage to produce one or more product fractions. Such fractional
distillation is well-known in the art.

[0133] In particular, the process of the present invention is beneficial because it was
surprisingly found that the specific conditions resulted in a large fraction of high quality aviation
fuel, see example 1. The aviation fuel fraction contained the C8-C16 hydrocarbons, in
particular the major part of the aviation fuel contained the C9-C12 hydrocarbons. The aviation
fuel fraction may also be characterised by the distillation range, for example as having a
distillation range between 150-250°C.

[0134] The first isomerised liquid (119) may separated into at least an aviation fuel having a
cloud point of -25 °C or lower, such as -30°C or lower, for example -40 °C or lower, such as
-47°C or lower.

[0135] Figure 1 describes feeding oxygenated hydrocarbon feedstock (104) mixed with
hydrogen-rich gas (120) and hydrocarbon diluting agent (126) in the form of product recycle to
a first hydrotreatment reactor (101) comprising at least one catalytic zone (105). The first
hydrotreated effluent (106) is separated into a gaseous fraction (121) and a first hydrotreated
liquid (108) in separator (107). Gaseous fraction (121) may be flashed again at a lower
temperature into gaseous fraction (123), water rich fraction (125), and hydrocarbon rich
fraction (124) in separator (122). The first hydrotreated liquid (108) is mixed with hydrogen-rich
gas (120) to form the feed (110) for the second hydrotreating reactor (102) comprising at least
one catalytic zone, where hydrodeoxygenation and hydrodenitrification is caused to obtain a
second hydrotreating effluent (130), which is separated into a gaseous fraction (113) and a
second hydrotreating liquid (112) in separator (111). The second hydrotreating liquid (112) is
stripped with hydrogen-rich gas (120) in stripper (114) to form a stripped hydrotreated liquid
(115), which is mixed with hydrogen-rich gas (120) and fed to a first isomerisation reactor
(103) comprising at least one catalytic zone, where the stripped hydrotreated liquid (115) is
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isomerised to obtain a first isomerised effluent (116), which is separated into a gaseous
fraction (118) and a first isomerised liquid (119) in separator (117).

[0136] Figure 2 is a comparative reactor setup referred to in comparative example 1 and in
table 7. It is similar to figure 1, but omits the second hydrotreating reactor. Figure 2 describes
feeding oxygenated hydrocarbon feedstock (204) mixed with hydrogen-rich gas (220) and
hydrocarbon diluting agent (226) to a first hydrotreatment reactor (201) comprising at least one
catalytic zone (205). The first hydrotreated effluent (206) is separated into a gaseous fraction
(221) and a first hydrotreated liquid (208) in separator (207). Gaseous fraction (221) may be
flashed again at a lower temperature into gaseous fraction (223), water rich fraction (225), and
hydrocarbon rich fraction (224) in separator (222). The first hydrotreated liquid (208) is
stripped with hydrogen-rich gas (220) in stripper (214) to form a stripped hydrotreated liquid
(215), which is mixed with hydrogen-rich gas (220) and fed to a first isomerisation reactor
(203) comprising at least one catalytic zone, where the stripped hydrotreated liquid (215) is
isomerised to obtain a first isomerised effluent (216), which is separated into a gaseous
fraction (218) and a first isomerised liquid (219) in separator (217).

[0137] Figure 3 is a comparative reactor setup referred to in comparative example 2 and in
table 7. It is similar to figure 1, but does not include a separation step between the first and
second hydrotreating reactor. Figure 3 describes feeding oxygenated hydrocarbon feedstock
(304) mixed with hydrogen-rich gas (320) and hydrocarbon diluting agent (326) in the form of
product recycle to a first hydrotreatment reactor (301) comprising at least one catalytic zone
(305). The first hydrotreated effluent (306) is mixed with hydrogen-rich gas (320) to form the
feed for the second hydrotreating reactor (302) comprising at least one catalytic zone, where
hydrodeoxygenation and hydrodenitrification is caused to obtain a second hydrotreating
effluent (330), which is separated into a gaseous fraction (321) and a second hydrotreating
liquid (312) in separator (307). Gaseous fraction (321) may be flashed again at a lower
temperature into gaseous fraction (323), water rich fraction (325), and hydrocarbon rich
fraction (324) in separator (322). The second hydrotreating liquid (312) is stripped with
hydrogen-rich gas (320) in stripper (314) to form a stripped hydrotreated liquid (315), which is
mixed with hydrogen-rich gas (320) and fed to a first isomerisation reactor (303) comprising at
least one catalytic zone, where the stripped hydrotreated liquid (315) is isomerised to obtain a
first isomerised effluent (316), which is separated into a gaseous fraction (318) and a first
isomerised liquid (319) in separator (317).

[0138] When describing the embodiments of the present invention, the combinations and
permutations of all possible embodiments have not been explicitly described. Nevertheless, the
mere fact that certain measures are recited in mutually different dependent claims or described
in different embodiments does not indicate that a combination of these measures cannot be
used to advantage. The present invention envisages all possible combinations and
permutations of the described embodiments.

[0139] The terms "comprising”, "comprise" and comprises herein are intended by the inventors
to be optionally substitutable with the terms “"consisting of’, "consist of" and "consists of",
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respectively, in every instance.

Examples

Example 1.

[0140] Low quality waste material originating from rendered animal fat waste containing beef
tallow, pork lard and chicken fat, was used as feedstock for renewable fuel processing. The
feedstock was purified using pretreatment by bleaching before directing it to a hydrotreatment
process. Table 1 shows the carbon number distribution of the low-quality animal fat feedstock
used before pretreatment measured by GC according to ISO 15304M.

Table 1. The carbon number distribution of the low-quality animal fat feedstock before
pretreatment analyzed by GC.

Fatty acid distribution wt-% Fatty acid distribution wt-%
C14.0 2.32;{C18:2 468
C14:1 0.36{C18:3 0.59
C15.0 0.17{C19:.0 0.28
C16:.0 25.47;C19:1 0.14
C16:1 2.29{C20:.0 0.27
C16:2 0.1 C20:1 0.57
C16:3 1.68C20:2 0.17
C17:0 0.48{C20:3 0
C17:1 0 C22:0 0.04
C18.0 23.55junknown 1.9
TOTAL 100
Table 2. Properties of the feedstock before pretreatment
Method Property Animal fat waste
EN ISO 12185 Density 15 °C 913 4 kg/m3
EN ISO 12185 Density 50 °C 883.4 kg/m3
EN ISO 20846 Sulphur 71.5 ppm
ASTM D4629 / D5762 Nitrogen 1120 ppm
ASTM D2710 Bromine index 24 g/100 g
ISO 3961 lodine number 58
ASTM D3242 Free fatty acids (TAN) 1.00 mg KOH/g
ENISO12937 Water 0.05 %

Table 3. Gel Permeation Chromatography (GPC) analysis on the feedstock components before
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pretreatment.
Component Amount (wt-%)
Oligomers 0.4
Triglycerides 75.3
Diglycerides 15.4
Monoglycerides 0.4
Carboxylic acids 1.1

[0141] The feedstock was pretreated by bleaching before using it as feedstock for the
hydrotreatment processing whereby the amount of nitrogen calculated as total elemental
nitrogen was decreased to 1000 w-ppm, which was thus the nitrogen impurity level of the feed
stream when entering it into hydrotreatment processing (see the entry "N content in the feed to
HDO"in table 4).

[0142] The feedstock to be processed by hydrotreatment contained nitrogen impurities,
inorganic and organic, the organic impurities being mainly in the form of organic nitrogen
compounds, such as amides and amines, which were analyzed from the feed. The amount of
metal impurities, such as Ca, Co, Fe, Mg, Mn, Ni and Zn, were less than 1 w-ppm which was
the analysis detection accuracy limit for the specific ICP determination used. Equally, the
amount of Al and Na impurities were less than 2 w-ppm, and P content was less than 1 w-ppm.

[0143] To illustrate the invention with various amounts of nitrogen, this pretreated feedstock
was mixed with palm oil having a nitrogen content of 18 w-ppm to obtain six different
concentrations of nitrogen (25, 75, 150, 300, 500, 1000 w-ppm) used in run 1-6 of this
example.

[0144] The pretreated feedstocks containing various amounts of nitrogen (fresh feed) were
introduced as six separate runs into a hydrodeoxygenation (HDO) fixed bed trickle bed reactor
set-up according to figure 1. The HDO reaction was carried out in the presence of a catalyst
bed containing 45000 kg sulphided NiMo on alumina support (fresh catalyst having a relative
HDO activity compared to fresh HDO catalyst activity), under a pressure of 50 bar, a feed rate
into the HDO reactor of 48000 kg/h, a total feed rate WHSV of 1.1 h™!, at a H, flow of about
590 NI Ho/ | feed, and at a reaction temperature of about 309 °C measured at the HDO reactor

inlet (T|n), resulting in a temperature of about 340 °C at the HDO reactor outlet (Toyt). Fresh

hydrogen feed into the reactor was 33400 m3h (NTP) and the low-quality animal fat waste

feed volume was 57 m3/h. Liquid HDO product was recycled as diluting agent, and the ratio of
product recycle to the fresh feed was about 6:1.

[0145] The effluent from the HDO reactor underwent separation into a liquid and a gaseous
phase in a high temperature separator before being fed to the polishing reactor. The HDO
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reactor was connected to a polishing reactor as shown in figure 1. The polishing reactor is a
fixed bed trickle bed reactor containing the same sulphided NiMo catalyst on alumina support
as the HDO reactor (fresh catalyst having a relative HDO activity compared to fresh HDO
catalyst activity), where the amount of the catalyst material was 15000 kg. The polishing

reactor was operated under a pressure of 50 bar, having a feed rate WHSV of about 2.7 h™!,
and the polishing reactor inlet temperature (T|N) was about 340 °C, i.e. 31 °C higher than the

HDO inlet temperature. The hydrogen amount used was about 8 vol-% of the amount of
hydrogen used in the HDO reactor.

[0146] Table 4 shows the results of the test runs (run 1-6) with a set-up as shown in figure 1,
as described above, where an HDO reactor is accompanied downstream by a polishing
reactor, where the gaseous by-products including nitrogen containing compounds are removed
in between the two reactors. As evident from table 4, the nitrogen content after the polishing
step can be kept low despite very high nitrogen contents of the fresh feed. The low nitrogen
amount is desirable in a product for various reasons, in particular because low nitrogen
amounts influences the isomerisation reaction thereby causing better cold flow properties
under identical isomerisation conditions compared to a product having a higher nitrogen
amount prior to isomerisation (data not shown).

[0147] The nitrogen content may be decreased to < 0.4 w-ppm by modifying the processing
conditions, in particular increasing the processing temperature of the polishing reactor. The
final nitrogen impurity was <0.3 w-ppm in all the runs (1-6). Increasing the temperature in the
HDO reactor typically leads to uncontrollable reactions causing poor cold properties in the final
isomerised product. After the hydrodeoxygenation and polishing the final liquid paraffinic
effluent was hydroisomerized in an isomerization reactor. The isomerization was carried out in
a fixed bed trickle bed reactor in the presence of a Pt-SAPO-catalyst under a pressure of 40

bar, with WHSV of 1.5 h™! and a reaction temperature of 328°C. Hydrogen to feed ratio was
300 normal litres Hy per litre feed.

[0148] The very low nitrogen content of all the experiments led to products with excellent cold
properties. After isomerization and separation by distillation an aviation fuel cut was obtained
having a T10 (°C) cut-off temperature from 185 to 205, a T90 (°C) cut-off temperature from
270 to 295 °C and final boiling point (°C) from 275 to 300 °C, fulfilling the ASTM D7566 (2016),

Annex A2 specification, having a density of less than 772 kg/m3 (measured according to ASTM
4052 (2018)) and a freezing point of less than -40 °C (measured according to 1P529). The
obtained aviation fuel component further has a turbidity point lower than -30 °C (determined
according to ASTM D5771 (2017)) with an excellent yield of about 60 wt-%.

Table 4. HDO reactor and polishing reactor - fresh catalyst - Figure 1

Run i Run { Run { Run { Run i Run
1 2 3 4 5 6

Unreacted feed vs paraffin wt% 04y 05y 053 06y 07§ 08
content at the entry into polishing
reactor (110)
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Run i Run { Run { Run { Run { Run

Unreacted feed vs paraffin wt% <0.1f{ <0.1§ <0.1} <0.1§{ <0.1} 01
content at the entry into the
isomerization reactor (115)

N content in the feed to HDO w-ppm 25 757 150§ 300§ 500; 1000
(104)

N content in the feed to HDO w-ppm 5 14 28 56 92 183

diluted 1:6 with HDO recycle

N content before entering w-ppm 27 7.2 14 27 44 86

polishing reactor (108)

N content before entering w-ppm <0.3} <0.3}] <0.3} <0.3} <0.3; <0.3

isomerization reactor (115)

Bromine Index (115) mg / <20} <20§ <20} <20§ <20% <20
100 g

Comparative example 1

[0149] A reactor set-up according to figure 2 was tested as an alternative for efficiently
removing the undesired oxygen and nitrogen impurities. In the set-up of figure 2, the same
feed composition to example 1 was applied and essentially the same operating conditions
(temperature, pressure, catalysts, etc.) were used as in example 1, with the exception that in
this reactor set-up there was no polishing reactor (102) downstream of the HDO reactor.
Rather in this example the entire catalyst amount of fresh catalyst (60000 kg) was in a single
HDO reactor. The HDO reaction was carried out under a pressure of 50 bar, a feed rate into

the HDO reactor of 48000 kg/h, a total feed rate WHSV of 0.8 h™!, at a H, flow of about 590 NI
Ho/ | feed, and at a reaction temperature of about 308 °C measured at the HDO reactor inlet
(TiNn), resulting in a temperature of about 340 °C at the HDO reactor outlet (Toyt). Fresh

hydrogen feed into the reactor was 33400 m3h (NTP) and the low-quality animal fat waste

feed volume was 57 m3/h. Liquid HDO product was recycled as diluting agent, and the ratio of
product recycle to the fresh feed was about 6:1.

[0150] Table 5 shows the results from the runs in a single HDO reactor as shown in figure 2,
where the gaseous by-products including nitrogen containing compounds are removed after
the HDO reactor before entering the liquid paraffinic effluent into the isomerisation stage.

[0151] As can be seen from table 5, the nitrogen content before the isomerisation reactor of all
runs (7-12) were higher compared to the nitrogen content in example 1. The same amount of
catalyst was used in comparative example 1 compared to example 1, but now inside a single
reactor. This comparison shows that a single reactor is not able to remove the nitrogen in a
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similar efficient manner as in the case of splitting the catalyst volume into two separate
reactors and removing the gaseous phase between these two reactors.

[0152] The increased nitrogen content in feed inevitably led to an increase of nitrogen in the
final liquid paraffinic effluent stream to the isomerization thus resulting in poorer cold properties
and yield for the aviation fuel component retrieved from the separation distillation after
isomerization. A turbidity point of about -10 °C was obtained with aviation fuel yield of 5 wt-% in
the run 12 where the nitrogen initial content was 1000 ppm.
Table 5. Single HDO reactor only - fresh catalyst - Figure 2

Run {Run iRun {Run iRun {Run
7 8 9 10 11 12

Unreacted feed vs paraffin wt% 0.1 0.1 0.1 013 0.2 0.3
content at the entry into the
iIsomerization reactor

N content in the feed to HDO ppm 25 75 150} 300§ 500; 1000

N content in the feed to HDO w-ppm 5 14 28 55 90§ 180
diluted 1:6 with HDO recycle

N content in liquid effluent (108) ippm 25{ 6.8 13 25 42 83

N content before Isomerisation ppm 06y 09 1.1 1.5 20 2.9

reactor

Bromine Index mg / 877 113} 134§ 159i 183{ 219
100 g

Comparative example 2

[0153] A reaction set-up as depicted by figure 3, otherwise similar to example 1 with the
exceptions that two HDO reactors in series were used and that there was no gas removal after
the first HDO reactor before entering the feed (306) into the second HDO reactor (302)
downstream of the first HDO reactor (301). A catalyst bed similar to the polishing reactor
catalyst bed of figure 1 was installed inside the second HDO reactor (302). The liquid paraffinic
effluent (306) from the first HDO reactor was directed directly to the second HDO reactor j.e.
without removal of the gaseous by-products including nitrogen containing compounds after the
first HDO reactor before entering the liquid paraffinic effluent into the second HDO reactor. The
final liquid paraffinic effluent stream (312) obtained after the second HDO reactor (302) was
directed to the stripper (314) for removal of the gaseous impurities, and subsequently into the
isomerization reactor. The catalysts and reaction conditions were the same as for example 1.

[0154] This reactor setup was similar to the prior art reactor setup described in US
2011/0094149 A1.
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[0155] As can be seen from table 6, the nitrogen content of all the runs (13-18) caused much
higher nitrogen contents compared to the nitrogen contents in example 1.

[0156] The set-up according to figure 3 was found to be able to reduce the lower amounts of
nitrogen impurities, at lower amounts of nitrogen content in the initial feed, e.g. about 25 ppm
of nitrogen or less. However, when the amount of nitrogen is increased to 150 wppm or higher
in the fresh feed, the nitrogen remaining after the HDO and polishing reactors was increased to
a value of 0.8 ppm, or higher. The increase of nitrogen content in the isomerization resulted in
poorer cold properties and yield for the aviation fuel component retrieved from the separation
distillation after isomerization, a turbidity point of about -15 °C was obtained with aviation fuel
yield of 10 wt-% in the run 18 where the nitrogen initial content was 1000 ppm.

Table 6 - two HDO reactors - fresh catalyst - Figure 3

Run {Run {Run {Run {Run Run
13 14 15 16 17 18

Unreacted feed vs paraffin {% 0.3 0.4 0.5 0.6 0.7 0.8
content at the entry into
second HDO reactor

Unreacted feed vs paraffin {% 0.1 0.1 0.1 0.1 0.1 0.2
content at the entry into the
iIsomerization reactor

N content in the feed to w-ppm 25 75 150y 3003 500§ 1000

HDO

N content in the feed to w-ppm 5 14 27 53 88 198

HDO diluted 1:6 with HDO

recycle

N content before entering  {w-ppm 4.4 13 25 50 83 166

polishing reactor

N content before entering  jw-ppm 04 0.6 0.8 1.2 1.6 2.3

iIsomerization reactor

Bromine Index mg / 79 103 120 143 165 198
100 g

Example 2 - Aged catalyst

[0157] During operation, the activity of the catalyst in the HDO catalyst bed tends to decrease,
eventually reaching the end of its life cycle and requiring a change of the catalyst material.

[0158] The following Run 20 shows the results obtained when using an HDO catalyst bed after
a considerable time of operation (i.e. reaching the end-of-run point) at a point of time when the
activity of the catalyst bed had decreased down to two-thirds of its initial value for the fresh
catalyst bed. Comparative examples 1 and 2 (runs 19 and 21) have also been repeated with
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aged catalysts having lower activities. The reaction conditions of run 19, 20 and 21 are as
described in comparative example 1, example 1 and comparative example 2, respectively -
with the exception that the HDO temperature was increased as explained below.

[0159] The performance of the HDO reactor degrades as the activity of the catalyst decreases
towards the end of its operation cycle. This gradual catalyst deactivation may be compensated
to some extent by increasing the temperature of the HDO catalyst bed. In this example the
temperature of the HDO reactors (T|y) were increased about 11°C, from about 309 to about

320 °C at the point of end-of-run for the catalyst.

[0160] As it can be seen from the results in table 7, below, the reactor setup according to the
invention still effectively removes the nitrogen content when using catalysts that are reaching
the end-of-run point.

Table 7. Test runs made with different reactor set-ups according to figures 1, 2 and 3 having
aged catalyst beds (end-of run).

Run Run Run
19 20 21
Figure { Figure { Figure
2 1 3
Relative HDO catalyst activity compared to % 75 68 75
fresh catalyst
Relative polishing/second HDO reactor catalyst {% - 98 75
activity compared to fresh catalyst
Unreacted feed vs paraffin content at the entry  {% - 1.3 0.8
into polishing/second HDO reactor
Unreacted feed vs paraffin content at the entry % 0.2 0.1 0.2
into isomerization reactor
N content in the feed to first HDO ppm 1000; 1000{ 1000
N content before entering isomerization reactor §ppm 3.0 <03 2.6
Bromine Index mg / 225 <20 207
100 g

Example 3 - Aged catalyst beyond end-of-run

[0161] The reactor set-ups as depicted in example 1 (figure 1) and in comparative examples 1
(figure 2) and 2 (figure 3) were used for an extended period of time compared to example 2
(end-of-run experiment). The operating cycle was extended to a point wherein the activity of
the HDO reactor catalyst was lowered down to 60% of its activity compared to a fresh HDO
catalyst.
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[0162] This gradual catalyst bed degradation was no longer compensated by increasing the
temperature of the HDO catalyst beds as was done in the end-of-run experiments (table 7),
due to the risk of undesirable products. The temperatures were maintained at the same values
as in the end-of-run measurements in example 2.

[0163] The results on the nitrogen removal efficiency of the extended run cycles in table 8
show that the reactor set-up having the HDO catalyst connected to a polishing bed reactor with
removal of gaseous by-products (figure 1), including nitrogen containing compounds, was still
able to maintain the very low level of nitrogen impurities, <0.3 ppm. In the comparative reactor
set-ups (figures 2 and 3), the nitrogen residue level started to increase, to 4.5 ppm and 4.2
ppm for the reactor set-up having single HDO catalyst bed and the reactor set-up having two
HDO catalyst beds in sequence, respectively.

[0164] The results shown in table 7 therefore shows that the reactor setup according to the
invention allows a continued operation beyond a catalyst deactivation, which would normally be
characterised as being at the end-of-run.

Table 8. Test runs made with different reactor set-ups for an extended period of time beyond
the typical end-of run time.

Run Run Run
22 23 24
Figure | Figure { Figure
2 1 3
Relative HDO catalyst activity compared to % 70 60 70
fresh HDO catalyst activity
Relative polishing/second HDO reactor catalyst {% - 96 70
activity compared to fresh catalyst
Unreacted feed vs paraffin content at the entry {% - 2.0 1.1
into polishing/second HDO reactor
Unreacted feed vs paraffin content at the entry % 0.3 0.1 0.3
into the isomerization reactor
N content in the feed to first HDO w-ppm 1000§{ 1000{ 1000
N content before entering isomerization reactor {w-ppm 45 <03 4.2
Bromine Index mg / 311 <20 260
100 g
N content in the effluent (106,206,306) from the {w-ppm 182 187 178
first HDO reactor

[0165] The final nitrogen impurity content may be decreased even further by increasing the
processing temperature of the polishing reactor. This does not, however, apply to the HDO
reactor; if the processing temperature of the HDO reactor is increased this typically leads to
uncontrollable reactions and poorer cold properties.
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[0166] Table 4 shows the results of the test runs (experiments 1-6) with a set-up as depicted
by figure 1, including an HDO reactor accompanied downstream by a polishing reactor, the
both reactors having fresh catalyst beds, and wherein the gaseous by-products including
nitrogen containing compounds are removed in between the two reactors.

[0167] Notably, despite of the increasing amount of nitrogen in the liquid paraffinic effluent
stream after HDO entering the polishing reactor the final nitrogen amount determined in the
infeed stream to the isomerization reactor still remained very low.
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Patentkrav

1. Fremgangsmade til fremstilling af carbonhydrider fra et oxygeneret carbon-
hydridramateriale med en nitrogenurenhed pa 300 wppm eller mere, malt som
elementeert nitrogen, omfattende:

- en ferste hydrobehandlingsreaktor (101) omfattende mindst én katalytisk
zone (105), hvori en hydrobehandlingsindgangsstrem omfattende et oxygene-
ret carbonhydridramateriale (104) og et carbonhydridfortyndingsmiddel (126)
indfares i den katalytiske zone sammen med en hydrogenrig gas (120) ved en
indlgbstemperatur og et tryk, der mindst forarsager hydrodeoxygenering og
hydrodenitrifikation i et omfang, hvor et farste hydrogenbehandlet spildevand
(106) fra den ferste hydrobehandlingsreaktor hovedsageligt indeholder car-
bonhydrider, og hvor det oxygenerede carbonhydridramateriale er blevet om-
dannet til 295% carbonhydrider,;

- hvor det fgrste hydrogenbehandlede spildevand (106) fra den ferste hydro-
behandlingsreaktor udseaettes for et separationstrin (107), hvor mindst en del
af det ferste hydrogenbehandlede spildevand (106) adskilles i en gasholdig
fraktion (121) og en ferste hydrogenbehandlet veeske (108), hvor den ferste
hydrogenbehandlede veeske indeholder 295 veegt% carbonhydrider og >1
wppm nitrogen;

- hvor mindst en del af den ferste hydrogenbehandlede vaeske (108) og en
hydrogenrig gas (120) indferes i en anden hydrobehandlingsreaktor (102) om-
fattende mindst én katalytisk zone ved en indlgbstemperatur, der er hgjere end
indlgbstemperaturen i den ferste hydrobehandlingsreaktor, og ved et tryk, der
forarsager hydrodeoxygenering og hydrodenitrifikation, hvor den ferste hydro-
genbehandlede vaeske ikke er blandet med et materiale med et oxygenind-
hold, der er hgjere end oxygenindholdet i den ferste hydrogenbehandlede vee-
ske, og hvor den farste hydrogenbehandlede veeske ikke er blandet med et
materiale med et nitrogenindhold, der er hgjere end nitrogenindholdet i den

farste hydrogenbehandlede veeske;
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- hvor det andet hydrogenbehandlede spildevand (130) fra den anden hydro-
behandlingsreaktor (102) udsaettes for et eller flere adskillelsestrin (111 og/el-
ler 114), hvor det andet hydrogenbehandlede spildevand (130) adskilles i en
gasholdig fraktion (113) og en anden hydrogenbehandlet veeske (112) og/eller
en strippet hydrogenbehandlet veaeske (115), hvor den anden hydrogenbe-
handlede vaeske (112) og/eller en strippet hydrogenbehandlet veeske (115) in-
deholder 299 veegt% carbonhydrider og <1 wppm nitrogen, fortrinsvis <0,4
wppm nitrogen, malt som elementeert nitrogen;

- eventuelt isomerisering af den anden hydrogenbehandlede veeske (112) eller
den strippede hydrogenbehandlede veeske (115) i en ferste isomeriseringsre-
aktor (103) omfattende mindst én katalytisk zone, hvori den anden hydrogen-
behandlede vaeske og en hydrogenrig gas (120) med <1 ppm (mol/mol) nitro-
gen, malt som elementeert nitrogen, indferes i den katalytiske zone ved en
indlgbstemperatur og et tryk, der forarsager mindst hydroisomerisering for at
producere et farste isomeriseret spildevand (116);

- hvor det farste isomeriserede spildevand (116) fra den ferste isomeriserings-
reaktor (103) udseettes for et separationstrin (117), hvor det farste isomerise-
rede spildevand (116) adskilles i en gasholdig fraktion (118) og en farste iso-
meriseret veeske (119), hvor den ferste isomeriserede vaeske indeholder 230
vaegt% forgrenede carbonhydrider og/eller en stigning i forgrenede carbonhy-
drider pa 230 veegt% sammenlignet med den anden hydrogenbehandlede vee-
ske; og

hvor indlgbstemperaturen og trykket af den ferste hydrobehandlingsreaktor
(101) er 200-400 °C og 10-150 bar; og

hvor indlgbstemperaturen og trykket af den anden hydrobehandlingsreaktor
(102) er 250-450 °C og 10-150 bar.

2. Fremgangsmade ifelge krav 1, hvor adskillelsestrinnet omfatter at udsaette
den anden hydrogenbehandlede vaeske (112) eller det andet hydrogenbe-

handlede spildevand (130) for et stripningstrin (114), hvor den anden hydro-
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genbehandlede veeske eller det andet hydrogenbehandlede udlgbsvand strip-
pes med en stripningsgas (120), hvilket forarsager, at den strippede hydrogen-
behandlede vaeske (115) har <0,4 wppm nitrogen, malt som elementeert nitro-
gen,

- isomerisering af den strippede hydrogenbehandlede veeske (115) i en farste
isomeriseringsreaktor (103) omfattende mindst én katalytisk zone, hvori den
strippede hydrogenbehandlede vaeske (115) og en hydrogenrig gas (120) med
<1 ppm (mol/mol) nitrogen, malt som elementeert nitrogen, indferes i den ka-
talytiske zone ved en temperatur og et tryk, der mindst forarsager hydroisome-
risering for at producere et fgrste isomeriseringsspildevand (116);

- det farste isomeriserede spildevand (116) fra den farste isomeriseringsreak-
tor (103) udseettes for et separationstrin (117), hvor det ferste isomeriserede
spildevand (116) adskilles i en gasholdig fraktion (118) og en ferste isomerise-
ret vaeske (119), hvor den ferste isomeriserede vaeske indeholder 230 veegt%

forgrenede carbonhydrider.

3. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor den
farste isomeriserede veeske (119) adskilles i mindst et flybreendstof med et

uklarhedspunkt pa -40 °C eller lavere, sasom -47 °C eller lavere.

4. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor der
anvendes afkgling under separationstrinnet af det farste hydrogenbehandlede
spildevand (106) i et omfang, at den farste hydrogenbehandlede veaeske (108)
har en temperatur under indlabstemperaturen for den ferste katalytiske zone i
den farste hydrobehandlingsreaktor, fortrinsvis hvor den ferste hydrobehand-
lede veeske (108) har en temperatur pa mindst 50 °C under indlgbstemperatu-

ren for den farste katalytiske zone i den farste hydrobehandlingsreaktor.

5. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor et

kulbrintefortyndingsmiddel ikke indf@res i den anden hydrobehandlingsreaktor
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(102).

6. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor om-
fanget af hydrodeoxygenering og hydrodenitrifikation i den ferste hydrobe-
handlingsreaktor styres pa en sadan made, at temperaturstigningen mellem
reaktorindlgbet og reaktorudigbet i den anden hydrobehandlingsreaktor ikke

er mere end 10 °C.

7. Fremgangsmade ifalge et hvilket som helst af de foregéende krav, hvor den
eller de katalytiske zoner i den ferste hydrobehandlingsreaktor (101) har en
lavere hydrodeoxygeneringsaktivitet end den eller de katalytiske zoner i den

anden hydrobehandlingsreaktor (102).

8. Fremgangsmade ifalge et hvilket som helst af de foregéende krav, hvor den
hydrogenrige gas (120), der anvendes i den anden hydrobehandlingsreaktor

(102), indeholder <5 wppm nitrogenurenheder, malt som elementaert nitrogen.

9. Fremgangsmade ifelge et hvilket som helst af de foregéende krav, hvor ind-
lebstemperaturen og trykket af den fgrste hydrobehandlingsreaktor (101) er
250-380 °C og 20-120 bar, sasom 280-360 °C og 30-100 bar.

10. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
den ferste hydrobehandlingsreaktor (101) omfatter mindst tre katalytiske zo-

ner.

11. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor de
katalytiske zoner i den ferste hydrobehandlingsreaktor omfatter en eller flere
katalysator(er) udvalgt blandt hydrogeneringsmetal pa en beerer, sasom for
eksempel en katalysator valgt fra en gruppe bestaende af Pd, Pt, Ni, Co, Mo,
Ru, Rh, W eller en hvilken som helst kombination af disse, fortrinsvis omfatter

de katalytiske zoner fortrinsvis en eller flere katalysatorer valgt blandt CoMo,
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NiMo, NiW, CoNiMo pa en beerer, f.eks. et aluminiumoxidbaerer.

12. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
den ferste hydrobehandlingsreaktor (101) drives ved en WHSV i omradet fra
0,5-3 timer': og en Hz-stream pa 350-900 NI Hz/l-materiale.

13. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
indlgbstemperaturen og trykket af den anden hydrobehandlingsreaktor (102)
er 300-430 °C og 20-120 bar, sasom 330-410 °C og 30-100 bar.

14. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor

den anden hydrobehandlingsreaktor (102) har en enkelt katalytisk zone.

15. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor de
katalytiske zoner i den anden hydrobehandlingsreaktor omfatter en eller flere
katalysator(er) valgt blandt hydrogeneringsmetal pa en beaerer, sasom for ek-
sempel en katalysator valgt fra en gruppe bestaende af Pd, Pt, Ni, Co, Mo, Ru,
Rh, W eller en hvilken som helst kombination af disse, fortrinsvis omfatter de
katalytiske zoner fortrinsvis en eller flere katalysatorer valgt blandt CoMo,

NiMo, NiW, CoNiMo pa en beerer, f.eks. et aluminiumoxidbaerer.

16. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
den anden hydrobehandlingsreaktor (102) drives ved en WHSV i omradet fra
0,5-3 timer'; og en Hz-strem pa 350-900 NI Hz/I-materiale.

17. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
indlgbstemperaturen og trykket af den ferste isomeriseringsreaktor (103) er
280-370 °C og 20-50 bar.
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18. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor de
katalytiske zoner i den farste isomeriseringsreaktor omfatter en eller flere ka-
talysator(er) omfattende et gruppe Vlll-metal pa en beerer, hvor beereren er
valgt blandt silica, aluminiumoxid, lerarter, titaniumoxid, boroxid, zirconium-
oxid, som kan anvendes alene eller som en blanding af siliciumoxid og/eller

blanding.

19. Fremgangsmade ifglge krav 18, hvor den eller de flere katalysatorer yder-

ligere omfatter en molekylsigte, sasom en zeolit.

20. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
isomeriseringsreaktoren (103) drives ved en WHSV i omradet fra 0,5-1 time™";

og en Hz-strem pa 300-500 NI Hz/l-materiale.

21. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
den ferste isomeriserede vaeske har et iso- til n-paraffinforhold over 1, sasom
fra 1 til 2,5.

22. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
hydrobehandlingsindgangsstremmen har en nitrogenurenhed pa 100 til 500

wppm.

23. Fremgangsmade ifelge krav 1-21, hvor det ferste hydrogenbehandlede
spildevand (106) fra den ferste hydrobehandlingsreaktor har en nitrogenuren-

hed pa 100 til 500 wppm eller mere.

24. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
den anden hydrogenbehandlede vaeske (112) og/eller en strippet hydrogen-
behandlet veeske (115) indeholder 299 veegt% carbonhydrider og <0,3 wppm

nitrogen, malt som elementaert nitrogen.
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25. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor

carbonhydridfortyndingsmidlet (126) er produktgenbrug.

26. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
det oxygenerede carbonhydridramateriale kan indeholde 25 vaegt% eller mere

af fedtsyrer eller fedtsyreestere.

27. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
det oxygenerede carbonhydridramateriale kan veelges blandt planteolier og

animalsk fedt.



DK/EP 4222234 T3
DRAWINGS

Drawing

Figure 1

1

20
04—

'3

N~ 101
f 105 0
L 123 )
25 108?—] 124 i

S
5
+

115

o 03
» 114
1 ) 124 [j-a—»
. 125

116

118

[é |

111 @ 112
,,,,,,,, /




DK/EP 4222234 T3

Figure 2
P20,
204w,
226
e SR
298
Figure 3
320*\&
200 - O—
= 301 N 302
A, —305
320-
&__./306 33(}?—/ 321 j_
o~
326 B
¥
? 315 ¢ N 303
312
316

319




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - CLAIMS
	Page 37 - CLAIMS
	Page 38 - CLAIMS
	Page 39 - CLAIMS
	Page 40 - CLAIMS
	Page 41 - CLAIMS
	Page 42 - CLAIMS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS

