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Title: Apparatus and Method for heat treating a feedstock comprising a lipid

material

TECHNICAL FIELD

Present invention relates to an apparatus and its use in a method for heat treating a
feedstock comprising a lipid material. The apparatus enables and permits the use of a
method for purifying feedstock comprising low-quality lipidic feedstock material
containing high levels of phosphorous and metals.

BACKGROUND ART

US 3,713,991 relates to a method wherein dimethylformamide is recovered by
crystallisation and distillation from a feedstock.

US 8,133,519 relates to a method for separation and purification of edible oils and

derivatives thereof by crystallisation wherein use of internal agitators is avoided.

US 8,951,592 relates to a physical refining of triglyceride oils and fats offering an
improved yield of edible oils and fats. The process involves use of edible oils that have

previously been degummed such that the content of phosphorous is below 10 ppm.

US 9,051,533 relates to a continuous process for dry fractioning of edible oils and fats

wherein the process uses one or more crystallisers.

WO 2006/097302 relates to a method for manufacturing of packed beds columns with

the aim of reducing flow resistance.

The above mentioned background art aims at purifying various starting materials.
However, present invention enables a more efficient and improved method in
comparison to prior art in that low quality feedstock may be used. Moreover, the
inventors of present invention has developed a novel apparatus for efficient execution

of the method as discussed herein.
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SUMMARY OF THE INVENTION

Present invention provides for an apparatus for use in any oil or petroleum refining
process. The process may be a pretreatment process of feedstock to be used in
further downstream processes. The apparatus may be part of e.g. a distillation
apparatus or distillation tower. The apparatus according to the invention enables the
use of an efficient method of purification of low quality feedstock such as e.g. a lipid
material which may be e.g. low quality fats and oils of various origin or any mixtures

thereof.

It is an object of certain aspects of the present invention enable a method for treating
or pretreating a lipid material comprising phosphorous and/or metal compounds, the
method comprising

providing the lipid material,
preheating the lipid material, to obtain a preheated lipid material,

heat treating the preheated lipid material in a heat treatment step, to obtain a heat

treated lipid material,
optionally post treating the heat treated lipid material in a post treatment step.

In one embodiment, the preheating step b) is conducted at a temperature of about 90
°C to about 160 °C.

In a preferred embodiment the heat treating step c) is conducted at a temperature of
about 220 °C to about 300 °C, preferably about 220 °C to about 280 °C, more
preferably about 260 °C to about 280 °C.

In another preferred embodiment the heat treating step c) is conducted at a pressure
of about 0 bar(g) to about 20 bar(g), preferably about 1 bar(g) to about 10 bar(g), more
preferably about 1 bar(g) to about 3 bar(g).
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In a further embodiment the heat treating step c) is conducted during a time of about 5
to about 300 minutes, preferably about 10 to about 180 minutes, more preferably about

15 to about 90 minutes, even more preferably about 30 to about 60 minutes.

In one embodiment the moisture content of the lipid material during the heat treatment
is about 200 to about 2500 mg/kg, preferably about 200 to about 1500 mg/kg, more
preferably about 200 mg/kg to about 1000 mg/kg.

In a further embodiment of the present invention, the lipid material is renewable lipid

material.

In a preferred embodiment, the lipid material is a plant based, microbial based or

animal based lipid material, or any combination thereof.

In one embodiment of the present invention, the preheating step b) further comprises

an air removal step.

Preferably, the phosphorous compounds are phospholipids selected from a group
comprising phosphatidyl ethanolamines, phosphatidyl cholines, phosphatidyl inositols
and phosphatidic acids.

In one embodiment, the post treating step d) comprises addition of moisture to the lipid

material.
In a further embodiment, the heat treating step c) takes place in at least one reactor.

In a preferred embodiment, the at least one reactor is selected from tube reactor
and/or stirred tank reactor.

In one embodiment of the present invention, part of the lipid material that has been
subject to the heat treating step c) is withdrawn, heated to a temperature of about 300
°C to about 350 °C and reintroduced into step c) where the lipid material is being

subject to the heat treating step c).

In another embodiment, the post treating step d) comprises cooling, settling, filtration,

centrifugation and/or bleaching.

In a preferred embodiment, the post treating step d) is bleaching.
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In a further embodiment, the lipid material provided in step a) comprises about 30 to
about 2000 mg/kg phosphorous, preferably about 30 to about 1000 mg/kg
phosphorous, more preferably about 50 mg/kg to about 600 mg/kg phosphorous.

In one embodiment, the method further comprises hydrotreatment of the lipid material
in the presence of a hydrotreatment catalyst in order to obtain a hydrotreated lipid

material.

In a preferred embodiment, the hydrotreatment may be selected from
hydrodeoxygenation (HDO), hydrodesulfurisation (HDS), hydrodemetallization (HDM),
hydrodenitrification (HDN) and/or hydrodearomatisation (HDA).

In one embodiment of the present invention, the method further comprises a second
heat treatment after the heat treating step c).

A further object of the present invention is to provide a method for producing
hydrocarbons, comprising

x) reducing the amount of phosphorous and/or metal compounds in a lipid material,

using a method as specified above, and
y) subjecting the lipid material from step x) to an oil refinery conversion process.

In one embodiment, the oil refinery conversion process comprises altering the
molecular weight of the lipid material, removal of heteroatoms from the lipid material,
altering the degree of saturation of the lipid material, rearranging the molecular
structure of the lipid material, or any combination thereof, to obtain at least one
hydrocarbon.

In a further embodiment, step y) comprises hydrocracking.

In another embodiment, step y) comprises steam cracking.
According to a further embodiment, step y) comprises isomerization.
In one embodiment, step y) comprises thermal catalytic cracking.

In another embodiment, step y) comprises fluid catalytic cracking.
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The above referenced method is further described in detail in FI 20186137, and

incorporated herein by reference in its entirety.

Feedstock

In present invention the term “lipid material” or fat(s) or feedstock (used herein and
throughout the description interchangeably) should be understood as meaning any
feed stock comprising any lipid material, such as e.g. animal based oils or fats, such as
e.g. fish based oils or fats, suet, tallow, blubber, recycled alimentary fats etc. It is to be
understood that the term may comprise a mixture of any of the above mentioned
examples. However, in other embodiments the term “feedstock” may comprise any
type of lipid or fat. For example, the term may comprise a lipid material/oil of plant,
microbial and/or animal origin. Non-limiting examples are one or more of tall oil or the
residual bottom fraction from tall oil distillation processes, vegetable or plant based oil
or fat such as e.g. sludge palm oil or used cooking oil, microbial or algae oils, free fatty
acids, or any lipids containing phosphorous and/or metals, oils originating from yeast
or mould products, oils originating from biomass, rapeseed oil, canola oil, colza oil,
sunflower oil, soybean oil, hemp oil, olive oil, linseed oil, cottonseed oil, mustard oil,
palm oil, arachis oil, castor oil, coconut oil, starting materials produced by genetic
engineering, and biological starting materials produced by microbes such as algae and

bacteria or any mixtures of said lipid materials.

The impurities present in the feedstock may be of various character or origin. Such
impurities may be various metal impurities and/or impurities of phosphorous origin
such as e.g. various phosphorous containing compounds that may be either organic or
inorganic or a mixture thereof. The invention thus provides a very efficient method for
purifying low quality feedstock that would otherwise be unsuitable for further use or
regarded as uneconomical for further use after any purification owing to high contents

of i.a. metal impurities and/or phosphorous impurities as mentioned herein.

Specifically, the impurities are such that they may be harmful in processes commonly
used in any refining industry. For example, such impurities may poison or deactivate
catalysts used in any further processing of the lipid material following the process of
present invention. The impurities may be of metallic or polymeric origin such as

elementary metals or for example phosphorous compounds. A further problem that
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may arise from using low quality feedstock is that during a purification process
impurities may clog filters or form deposits in piping or other parts of machinery such
as e.g. mixing paddles, heating elements etc., which would hamper the process or
render the machinery used in any such process useless. Thus, present invention
overcomes the difficulties commonly seen when using low quality feedstock which
usually entails a diminished capacity of the purification process and/or resulting in a
purified feedstock which does not fulfil industry standard/requirements for further use
as described herein.

Consequently, the invention also relates to use of a purified feedstock obtainable by
the method according to present invention, as a source of fuel, bulk chemicals such as
e.g. polymers, solvents, lubricants, or specialty chemicals such as e.g. cosmetics,

pharmaceuticals etc.

Thus, the method according to the invention provides for a pretreated or purified
feedstock that fulfils the requirements for bulk chemicals or specialty chemicals such

that the necessary purity requirements for such chemicals are met.

In one aspect, present invention thus solves the problem encountered when using low
quality feedstock for further use such as e.g. as fuel. Such fuel may be e.g. diesel or jet
fuel.In another aspect, the invention enables use of treated low quality feeds for any
suitable use, such as for further use as chemicals or as starting material for

preparation of any suitable chemicals.
Specifically, the invention results in at least one or more of the following effects;

1) Removal or reduction of build-up of sediments or crystalline material or coking with

respect to any parts or the apparatus and its internal structure.
2) Minimising operational costs.

3) Removal or reduction of any residues in the feedstock, thereby preventing catalyst

deactivation and/or plugging.

4) Partially or complete removal of any volatile components present in the feedstock,
such as e.g. solvents, short chain acids such as .e.g organic or inorganic acids, odour
components thereby minimising emissions to the atmosphere or pollution of waste

water.
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5) Enabling use of low quality feedstock generally considered unsuitable for further use

or uneconomical for further purification.

Thus, by the use of the apparatus described herein, a method allowing for a large
scale process of feedstock offering a robust and cost effective method is provided and
herein several technical problems usually encountered in similar processes are

overcome.

Present invention relates to an apparatus which may comprise a body of any suitable
material such as e.g. steel.

Specifically, the invention solves the problem of large scale production of e.g. diesel or
jet fuel from low quality feedstock. The apparatus according to the invention which may
be regarded as a heat treatment reactor equipment is used for preparation of fuels
from e.g. animal fat by heat treatment. The apparatus according to the invention
provides for sufficient retention time for reactions to proceed. Moreover, there is
possibility to settle solid particles in the feedstock or in any intermediate process.
Settling could decrease the fouling of the heat exchanger in the circulation flow and

consequently decrease maintenance costs.

The body may comprise at least one inlet and at least one outlet.

The apparatus may further comprise at least one of the following elements:
i) one or more mixing sectors,

ii) one or more liquid distribution sector,

iif) one or more liquid retention sector.

Mixing Sector

The one or more mixing sectors consist of elements which provides or enables mixing
of the involved components and/or gas-liquid contact between some or all components
involved in the process. In one aspect the mixing elements may be e.g. shower deck
plates or trays. This section may be suitable placed in the top part of the apparatus as

a whole. During the process, fat flows downwards creating a curtain and water vapour
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going upwards goes through the curtain. At the top, the fresh feed flow in to the
apparatus and circulation flow ,from already processed material in the apparatus, are
mixed. On the elements or shower deck plates as mentioned above these two flows
are mixed. Additionally, water, from vapour phase is dissolved wholly or partially in the
fat used as the feedstock (raw material). Without being bound to any hypothesis, it is
believed that the heat treatment reactions, taking place in the liquid phase, require

some water.

The mixing sector is in fluid connection with the liquid distribution sector and the liquid

retention sector.

The mixing sector may have any suitable dimensions. However, the apparatus is
aimed for industrial plant production and consequently should be suitable for large
scale. The mixing sector may be cylindrical in shape and comprising an upper part
which comprises one or more inlets. Suitable these inlets are the feed inlet and the re-

circulation inlet.

The liquid distribution sector

In this sector the liquid is evenly distributed to the subsector 1 (in retention sector C,
Fig. 1) using liquid distributor ensuring equal reaction time for the whole fat flow. Thus,
this sector is suitably placed between and in liquid connection with the mixing sector
and the liquid retention sector. This sector is constructed in such manner that vapour
does not accumulate below it. This section may contain one or more elements, which
may be called liquid distribution elements, which may be plates, decks weirs etc, to aid
the process. In one specific embodiment the section comprises two plates. One plate
or tray is positioned at the lower part of the sector and placed in a horizontal position.
The second plate or tray may be horizontal or slightly tilted. This second upper plate
provides for the prevention of siphoning effect together with the middle tilted tray
described immediately below. In a further aspect, the section may comprise a further
tilted plate or tray in between the lower and upper plates or trays. This plate or tray is
tilted (in relation to the horizontal plane) to an angle of about 5° to about 20° preferably
to an angle of about 5 to about 15°, or about 5°, such as e.g. about 10°, such as e.g.

about 15° such as e.g. about 20°. The angle is chosen in such way there is not too
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much or too low amount of liquid on the tray in order to e.g. reduce or eliminate
mechanical stress on the tray and also ensure effective mixing contact between all
components in the feed to be processed. The upper plate or tray may also be parallel
with the tilted middle tray or plate and may thus have an incline identical to the middle
titled tray. This also includes even distribution of the components in this part of the
apparatus. A further aspect is to keep sufficient flowrate on the tray to thereby e.g.

prevent fouling.

Liquid retention sector

This sector is for providing sufficient time for the desired heat treatment reactions. This
sector is suitably placed in the bottom of the apparatus and thus in fluid connection
with the liquid distribution sector. This sector may further be divided into one or more
subsections or chambers that may be in fluid connection with one another. There may
be e.g. 1 or more subsections, such as e.g. 2 or more subsections, such as e.g. 3 or
more subsections, such as e.g. 4 or more subsections, such as e.g. 5 or more
subsections, such as e.g. 6 or more subsections, such as e.g. 7 or more subsections,
such as e.g. 8 or more subsections etc. In one aspect, the liquid retention sector may
comprise three subsectors (1-3). The subsectors may be chambers or may e.g. be
pipes etc. The liquid from sector B enters subsector 1. In subsector 1, water vapour is
sparged from the bottom to provide mixing and moisture control. After flowing through
subsector 1, part of the liquid flows to the product outlet and leaves the reactor. Rest of
the liquid flows through subsectors 2 and 3 providing further retention time for the
reactions. Additionally, there is possibility that the biggest and heaviest solid particles
could settle in subsector 2. This is thought to prevent fouling of the heat exchanger
equipment used for heating the circulation flow. Additional feature of sector C are
vertical pipes, with valves, connecting subsectors 2 and 3, at different levels. The
purpose of these pipes is to control the retention time in the reactor. When valve is
opened on any of the levels, the liquid level settles on the pipe level. The pipes are

dimensioned in such way that the liquid level is the same in subsectors 2 and 3.



10

15

20

25

10
Consequently, the liquid retention sector has at least one outlet and preferably two or
more outlets. In one aspect, one outlet is for collecting the pretreated product of the
process. The second outlet will recirculate a substandard material back into the
process and consequently will be fed back to Sector A and the liquid distribution
sector.

The apparatus enables to use of methods wherein a feedstock is pretreated such that
some or all impurities, such as e.g. metals and phosphorous compounds are converted
into in such form that they are more easily removed in the following processes such as

e.g. a bleaching process.

Fresh feed is suitable provided and led to the top of the liquid distribution sector. This

may thus be combined with recirculated material from the liquid retention sector.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates a schematic layout of the apparatus according to the invention

Figure 2 illustrates the top part of the mixing sector of the apparatus according to the

invention seen from the top.

Figure 3 illustrates the top part of the mixing sector of the apparatus according to the

invention seen from the side view.
Figure 4 illustrates the mixing sector.
Figure 5 illustrates the liquid distribution sector.

Figure 6 illustrates the liquid retention sector with subsectors 1-3.

DETAILED DESCRIPTION

Present invention relates to an apparatus that may be suitably employed in any oil or

petroleum refining process or purification process.

The apparatus according to the invention may be part of a larger apparatus or a plant

system, such as e.g. a distillation unit or distillation tower.
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Specifically, the apparatus of present invention comprises a body of essentially any
suitable shape such as e.g. essentially spherical or essentially cylindrical. The body
may also be a combination of suitable geometrical shapes or volumes, such as e.g. a
combination of essentially cylindrical shapes or volumes and/or essentially spherical
shapes or volumes and/or partially conical shapes or volumes and/or partially
ellipsoidal shapes or volumes. It is also to be understood that the body may have a
cylindrical surface, wherein the base of the cylinder may be circular or elliptical. The
cylinder may be right or oblique. In one aspect the body of the apparatus comprises a
right cylinder form and the base is essentially circular.

In another aspect of the invention, the body of the apparatus is a combination of a
partially conical shape or volume in combination with a circular cylindrical shape or

volume and in combination with a partially ellipsoidal shape or volume.

In addition to having at least one inlet and at least one outlet, the body of the
apparatus according to the invention may have a third outlet such that heat conveyed
by steam or liquid from the apparatus may be circulated back to any part of the unit
(i.e. heat circulation outlet). One example may be that the steam and/or fluid from the
body of the apparatus is conveyed from the heat circulation outlet and led back to
another part of the unit wherein the apparatus body is one part of the entire unit.
Circulating heat may thus be back to a distillation or fractioning unit to which the
apparatus body is connected.

In one aspect, the apparatus may have one inlet for provision of fresh feed and
another inlet for any recirculated material which has been partially or wholly processed.

These to inlets are suitable in fluid connection with Sector A (Mixing Sector).

The body of the apparatus may be made of any suitable material able to withstand
elevated temperatures and/or corrosive substances and/or solvents without losing its
integrity. Non-limiting examples may be e.g. any material able to withstand
temperatures in the range of about e.g. 0°C to about 500°C, and/or corrosive materials
such as e.g. acids or bases of any kind, and/or organic and inorganic solvents or any
kind. Such material may be e.g. steel and in particular stainless steel. The body of the
apparatus may also comprise an inside lining which is being able to withstand elevated
temperatures and/or corrosive substances and/or solvents without losing its integrity as

mentioned above.
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The body of the apparatus is essentially a closed body or volume which comprises at
least one inlet and at least one outlet. In one aspect, the inlet and/or outlet may be part
of a larger unit, such as e.g. distillation tower. In one aspect, at least one inlet is in

connection with a further unit, such as e.g. a distillation tower and/or fractioning unit.

In one aspect, the body of the apparatus has a top part which may be a conical part or
may be a semi-spherical in shape which is in connection with e.g. a distillation or
fractioning unit, which may be seen as the inlet of the body of the apparatus. In a
further aspect, the body of the apparatus has a bottom part which may be of a partially
spherical or ellipsoidal volume or shape, wherein said bottom part has at least one
outlet such as e.g. at least two outlets for collection of purified or refined material or

processed material.

The body of the apparatus comprises further plates or weir elements. In one aspect,
the invention relates to a body comprising at least four internal parts. The internal parts

may be plates or weirs.

It is to be noted that the terminology “plates”, “trays”, “weirs” etc. are used
interchangeably throughout the description. These terms may fall under the general

term “elements”.

In one aspect, the apparatus according to the invention is illustrated by, but not limited
to, Fig. 1.

Mixing Sector

The one or more mixing sectors consist of mixing elements which provides for or
enables mixing of the involved components and/or gas-liquid contact between some or
all components involved in the process. In one aspect the elements may be e.g.
shower deck plates or trays etc. This section may be suitable placed in the top part of
the apparatus as a whole. During the process, fat flows downwards creating a curtain
and water vapour going upwards goes through the curtain. At the top, the fresh feed
flow in to the apparatus and circulation flow, from already processed material in the
apparatus, are mixed. On the elements or shower deck plates as mentioned above
these two flows are mixed. Additionally, water, from vapour phase is dissolved wholly

or partially in the fat used as the feedstock (raw material). Without being bound to any
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hypothesis, it is believed that the heat treatment reactions, taking place in the liquid

phase, require some water.

The mixing sector is in fluid connection with the liquid distribution sector and the liquid
retention sector.

The mixing sector may have any suitable dimensions. However, the apparatus is
aimed for industrial plant production and consequently should be suitable for large
scale production. The mixing sector may be cylindrical in shape and comprising an
upper part which comprises one or more inlets. Suitably, these inlets are the feed inlet

and the re-circulation inlet.

In one aspect of the invention, the internal parts of the mixing sector may comprise
several plates or weirs, such as e.g. at least 4 or more plates or weirs, such as e.g. at
least 5 or more plates or weirs, at least 6 or more plates or weirs, at least 7 or more
plates or weirs, at least 8 or more plates or weirs, at least 9 or more plates or weirs, at
least 10 or more plates or weirs, at least 15 or more plates or weirs, at least 20 or more
plates or weirs. These plates may be suitable tilted in any angle between 0 to 20
degrees. The plates are tilted (in relation to the horizontal plane) to an angle of about
5° to about 20° preferably to an angle of about 5 to about 15°, or about 5°, such as e.g.
about 10°, such as e.g. about 15°, such as e.g. about 20°.In one aspect, the plates,
elements, trays or weirs serve to create a curtain that for steam to pass through.The
mixing sector is illustrated but not limited to Fig. 4, wherein shower decks or trays are
illustrated as elements 1-8. Thus in one aspect, the mixing sector according to the

invention may be according to Fig. 4.

The mixing sector may also comprise a top part (illustrated in Fig. 2 (top view) and Fig.
3 (side view). The top part is for ensuring even distribution of the provided raw
untreated feed stock. Thus in one non-limiting example this section provides for even
distribution of the feed stock entering the apparatus and being fed to the apparatus by
e.g. spraying or pumping etc.This portion is placed above all the remaining elements
(such as e.g. plates, trays or weirs illustrated in Fig. 4) in this sector. This portion may
comprise e.g. one or more collision plates, such as e.g. 2 or more, such as e.g. 3 or
more, such as e.g. 4 or more etc. collision plates. One collision plate may be vertical,
whereas the second collision plate may have a slight tilt in any angle between about 0

to about 20 degrees, such as e.g. 5-20 degrees etc. In one aspect of the invention the
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collision plates are illustrated as seen in Figs. 2 and 3, but not limited thereto. Thus the
illustrated features of the apparatus of Figures 2 and 3 are merely one non-limiting
example of ensuring even distribution of the feed stock.

The liquid distribution sector

As mentioned herein, in this sector the liquid is evenly distributed to the subsector 1 (in
retention sector C, Fig. 1) using liquid distributor ensuring equal reaction time for the
whole fat flow. Thus, this sector is suitably placed between and in liquid connection
with the mixing sector and the liquid retention sector. This sector is constructed in such
manner and effects that vapour does not accumulate below it. This section may
contain one or more plates or elements to aid the process. In one specific embodiment
the section comprises two or more plates, such as e.g. 3 or more plates, 4 or more
plates, 4 or more plates etc. In one aspect, this sector may be illustrated as seen in
Fig. 5 but limited thereto. One element in this sector may be a liquid distributor and
which is illustrated but not limited to the lower element seen in Fig. 5, and therein
depicted as two horizontal lines and two shorter vertical lines. One plate or tray may be
positioned above the liquid distributor. This plate is suitable horizontal. The second
plate or tray may be slightly tilted. Furthermore, the second plate or tray may be placed
in between the liquid distributor and the first plate or tray. In a further aspect, the
section may comprise a tilted plate or tray in between the lower and upper plates or
trays. This aspect is illustrated in Fig. 5, but not limited thereto. This second tray or
plate is tilted (in relation to the horizontal plane) to an angle of about 5° to about 20°
preferably to an angle of about 5 to about 15°, or about 5°, such as e.g. about 10°,
such as e.g. about 15° such as e.g. about 20°. The angle is chosen in such way there
is not too much or too low amount of liquid on the tray in order to e.g. reduce or
eliminate mechanical stress on the tray and also ensure effective mixing contact
between all components in the feed to be processed. This also includes even
distribution of the components in this part of the apparatus. A further aspect is to keep
sufficient flowrate on the tray to thereby prevent e.g. fouling.

In one aspect, this sector of the apparatus may have any suitable shape, such as
cylindrical or partly conical or any combinations thereof. In one aspect, the shape may
be partly conical as illustrated but not limited to Fig. 5.
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In one aspect, the liquid distributor type may be a gravity liquid distributor. Solids in
feedstock need to be considered such that such distributor is chosen so as to avoid
plugging. Non-limiting examples are provided by Sulzer: splash-plate distributor VEP,
channel-type distributor with lateral tubes VKR. Example provided by Koch-Glitschin:
Notched troug.

Liquid retention sector

As mentioned herein, this sector is for providing sufficient time for the desired heat
treatment reactions. This sector is suitably placed in the bottom of the apparatus and
thus in fluid connection with the liquid distribution sector. This sector may further be
divided into one or more subsections or chambers that may be in fluid connection with
one another. There may be e.g. 1 or more subsections, such as e.g. 2 or more
subsections, such as e.g. 3 or more subsections, such as e.g. 4 or more subsections,
such as e.g. 5 or more subsections, such as e.g. 6 or more subsections, such as e.g. 7
or more subsections, such as e.g. 8 or more subsections, such as e.g. 10 or more
subsections, such as e.g. 20 or more subsections etc. In one aspect, the liquid
retention sector may comprise three subsectors (1-3). This aspect is illustrated but not
limited to Fig. 6. The subsectors may be chambers or may e.g. be pipes etc or any
mixtures thereof. The liquid from sector B enters subsector 1. In subsector 1, water
vapour is sparged from the bottom to provide mixing and moisture control. After flowing
through subsector 1, part of the liquid flows to the product outlet and leaves the
reactor. Rest of the liquid flows through subsectors 2 and 3 providing further retention
time for the reactions. Additionally, there is possibility that the biggest and heaviest
solid particles could settle in subsector 2. This is thought to prevent fouling of the heat
exchanger equipment used for heating the circulation flow.

Additional feature of sector C are vertical pipes, with valves, connecting subsectors 2
and 3, at different levels. The purpose of these pipes is to control the retention time in
the reactor. When valve is opened on any of the levels, the liquid level settles on the
pipe level. The pipes are dimensioned in such way that the liquid level is the same in

subsectors 2 and 3.
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In subsector 2, the liquid linear velocity is below 2 cm/s, which enables settling.

With respect to the liquid retention sector, and as mentioned above, this sector may
comprise one or more subsector. In one aspect, at least one subsector is in fluid
connection with the mixing sector. In a further aspect, only subsector 3 is in fluid

connection with the mixing sector.

In one aspect, the liquid retention sector has one or more outlets in order to allow for
collection of pre-treated feedstock. In a further aspect, the liquid retention sector is in
fluid connection with the mixing sector, either via one or more subsectors as

mentioned above or directly with the mixing sector, or directly in fluid connection with

the mixing sector and via one or more subsectors.

Moreover, it is clear that the liquid retention sector is provided with an out-let for
collection of pre-treated feedstock and/or also provided with a re-circulation outlet to
recirculate pre-terated feedstock back into the process either directly or via one or

more subsectors as mentioned above.

The feedstock to be used in present invention is e.g. lipid material (fats or oils or any
mixture thereof) to be purified into a material that may serve as a source for fuel of any
kind or as a source of chemicals such as e.g. specialty chemicals. The important factor
is that the purified lipid material has to be of such a quality that it can serve as a fuel or
be used in further processes such as e.g. catalytic cracking without containing levels
of impurities that may e.g. jeopardize the full functionality of an engine or poisoning of
catalysts or otherwise hampering of any further processes that the purified feedstock
may be subjected to. Such further processes may be e.g. catalytic cracking, thermo-
catalytic cracking, catalytic hydrotreatment, catalytic hydrodeoxygenation, fluid
catalytic cracking, catalytic ketonization, catalytic esterification, or catalytic
dehydration. The purified feedstock may also be further processed into various
chemicals, such as bulk chemicals (e.g. polymers, solvents, solvent components and
lubricants) or specialty chemicals (e.g. cosmetics and pharmaceuticals).

In the art, there are various methods for purification of feedstock for the purposes
mentioned herein. However, feedstock containing high level of impurities may not be

suitable or feasible to be purified by techniques known in the art such that the purified
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lipid material contains low levels of impurities allowing it to be used as a source of fuel.
Present invention solves this problem by the method as disclosed herein, thereby
allowing use of a lipid material that would normally be seen as uneconomical or
unsuitable for purification. Low quality feedstock that may be employed according to
the invention may have a phosphorous content of at least about 2000 ppm, such as
e.g. at least 1500 ppm, such as e.g. at least 1000 ppm, such as e.g. at least 500 ppm ,
such as e.g. at least about 400 ppm, such as e.g. at least about 300 ppm, such as e.g.
at least about 200 ppm, such as e.g. at least about 100 ppm, such as e.g. at least
about 50 ppm, such as e.g. at least about 30 ppm, such as e.g. at least about 20 ppm,
such as e.g. at least about 15 ppm, such as e.g. at least about 10 ppm, such as e.g. at
least about 5 ppm, or at least about 1 ppm. The same amount of metal impurities may

be present in the feedstock.

As mentioned herein, exemplified feedstock may comprise any lipid material include,
but is not limited to, low quality animal fat (AF), not accepted to catalytic
hydrotreatment process (very high content of nitrogen or nitrogen containing

compounds, polyethylene, metals, phosphorus contents etc.).

Such lipid material needs to be purified in order to lower the level of elements known to
e.g. act as catalyst poison or otherwise render the material useless for its ultimate
intended use.

The lipid material to be pretreated may contain impurities containing metals and

phosphorus in the form of phospholipids, soaps or salts.

Other impurities that may be present and reduced or removed by the method of the
invention are e.g. various nitrogen containing compounds, organic or inorganic chlorine

compounds, sterols, polymers, oligomers etc.

Metal impurities that may be present in the lipid material may be e.g. alkali metals or
alkali earth metals, such as sodium or potassium salts or magnesium or calcium salts
or any compounds of said metals. The impurities may also be in form of phosphates or

sulphates, iron salts or organic salts, soaps or e.g. phospholipids.
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Claims

1. An apparatus comprising

i) one or more mixing sectors, wherein the mixing sectors is placed on top of the
apparatus as a whole and further comprises at least 4 or more plates or weirs at an
angle of 5°to 20°,

i) one or more liquid distribution sector, wherein the liquid distribution sector is placed
between the one or more mixing sectors and one or more liquid retention sectors and
thus such that the liquid retention sector is in fluid connection with at least the liquid
distribution sector and placed down stream of both the liquid distribution sector and the

mixing sector,

iif) one or more liquid retention sector, wherein the retention sector is placed at the
bottom of the apparatus and is in fluid connection with liquid distribution sector and
further divided in one or more sub sectors in fluid connection with one another, wherein

the one or more sub sectors are chambers and/or pipes,

characterizedinthat the liquid distribution sector comprises at least three or
more plates, trays and/or elements, or at least four or more plates, trays and/or
elements, wherein one plates, trays and/or elements is positioned at the lower part of
the liquid distribution sector and placed in a horizontal position and may be regarded
as a liquid distributor, and wherein the liquid distribution sector comprises a second
additional plates, trays and/or elements, which may be denoted as a third plate, which
is placed in between the said liquid distributor and said plates, trays and/or elements.

2. The apparatus according to claim 1, wherein the one or more mixing sectors consist
of mixing elements, selected from at least 5 or more plates or weirs, at least 6 or more
plates or weirs, at least 7 or more plates or weirs, at least 8 or more plates or weirs, at
least 9 or more plates or weirs, at least 10 or more plates or weirs, at least 15 or more

plates or weirs, at least 20 or more plates or weirs.
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3. The apparatus according to any one of claims 1-2, wherein the mixing elements are
tilted at an angle of 5to 15°, or 5°, or 10°, or 15°, or 20° in relation to the horizontal
plane.

4. The apparatus according to any one of the preceding claims, wherein the mixing
sector comprises a means to ensure even distribution of feedstock entering the
apparatus, by having incorporated an element placed above the plates, and comprises

one or more collision plates.

5. The apparatus according to claim 4, wherein at least one collision plate is vertical.

6. The apparatus according to any one of claims 4-5, wherein at least one collision

plate is tilted at any angle of 5 degrees to 20 degrees.

7. The apparatus according to any one of the preceding claims, wherein the one or
more mixing sectors are in fluid connection with the liquid with the liquid distribution
sector and the liquid retention sector.

8. The apparatus according to any of the preceding claims, wherein the liquid
distribution sector is placed in between the mixing sector and the liquid retention
sector, and which is in fluid connection with the mixing sector and the liquid retention

sector.

9. The apparatus according to any one of the preceding claims, wherein the liquid
distribution sector comprises a plate or tray position above the liquid distributor and

wherein the plate or tray is horizontal.

10. The apparatus according to claim 1, wherein the third plate or tray is tilted to an

angle of 5- 20°.

11. The apparatus according to any of the preceding claims, wherein the liquid
retention sector is further be divided into one or more subsectors, 2 or more

subsections, 3 or more subsections, 4 or more subsections, 5 or more subsections, 6
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or more subsections, 7 or more subsections, 8 or more subsections, 10 or more

subsections, or 20 or more subsections.

12. The apparatus according to any of claim 11, wherein the subsectors are in fluid
connection with one another.

13. The apparatus according to any of claims 11-12, wherein at least one subsector is

in fluid connection with the mixing sector.

14. The apparatus according to any of claims 11-13, wherein the apparatus comprises
three subsectors.

15. The apparatus according to claim 14, wherein one subsector, denoted as
subsector 1 is in fluid connection with the other two subsectors, denoted as subsector
2 and 3 respectively.

16. The apparatus according to any of claims 11-15, wherein the subsector 1 is in fluid
connection with one outlet suitably being the product flow with finished and fully
processed product.

17. The apparatus according to any of claims 11-16, wherein the liquid retention sector

is further equipped with vertical pipes.

18. The apparatus according to claim 17, wherein the vertical pipes connecting
subsector 2 and 3 with one another.

19. The apparatus according to any of claims 11-18, wherein subsector 3 is in fluid
connection with an outlet suitably being the circulation flow outlet, circulating material
back to the mixing sector.



