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(57) Abrégé/Abstract:

The present invention relates to a process for treating a feedstock (101) comprising tall oil, the process comprising separation of a
light stream (129) from the feedstock (101), followed by removal of a heavy fraction (108) from the feedstock (101), in which
process the separation of the light stream (129) from the feedstock (101) a fractionator (105) is used and at least one product is
collected from the light stream (129). The invention also relates to an apparatus for use in the process and use of a fractionator
(105) in dehydration of a feedstock (101) comprising tall oil.
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ABSTRACT

The present invention relates to a process for treating a
feedstock (101) comprising tall oil, the process comprising
separation of a light stream (129) from the feedstock (101),
followed by removal of a heavy fraction (108) from the
feedstock (101), in which process the separation of the light
stream (129) from the feedstock (101) a fractionator (105)
is used and at least one product is collected from the light
stream (129). The invention also relates to an apparatus for
use in the process and use of a fractionator (105) in

dehydration of a feedstock (101) comprising tall oil.
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PROCESS AND APPARATUS FOR TREATING TALL OIL

FIELD OF THE INVENTION

The present invention relates to a process for treating a feedstock com-
prising tall oil. Specifically, the invention relates to a process for treating tall oil,
where the process comprises separating a light stream from the tall oil feedstock,
followed by removal of a heavy fraction from the feedstock.

Crude tall oil is an oily product obtained as a by-product from the wood
pulp process. Crude tall oil is a source for various organic components and com-
prises among others rosin acids (or resin acids), fatty acid, fatty alcohols and pitch.
Various components have been collected from crude tall oil mainly by various dis-
tillation and evaporation techniques. There is an increased need for biomaterial

sources for various organic components and crude tall oil is a useful biomaterial.

BACKGROUND OF THE INVENTION

There is an ever-increasing need for renewable biomaterial sources for
various chemicals and organic components. Crude tall oil (CTO) or generally re-
ferred to as tall oil is a by-product from Kraft pulping process, especially when co-
niferous trees are used. Tall oil is a mixture of various organic components such as
rosin acids, fatty acids, sterol like components and a non-evaporable fraction typi-
cally called pitch. Tall oil is therefore an excellent source for a wide range of differ-
ent components and can be used as a feedstock in many different processes.

One area where tall oil has found use as a renewable biomaterial feed-
stock is in the production of renewable fuels and renewable fuel components. Fatty
acids, such as the crude fatty acids (CFA) and tall oil fatty acids (TOFA) can be con-
verted into renewable fuel components e.g. using hydrotreatment processes pro-
ducing various hydrocarbons or through production of fatty acid methyl esters
(FAME). In the production of CFA and/or TOFA another high value product tall oil
rosin (TOR) is typically separated from the CFA/TOFA product, thereby adding ad-
ditional value to the CTO refining process. TOR, like other two commercial rosin
products, gum and wood rosins, comprises a mixture of many isomeric diterpene
acids. The products of the CTO refining process may be used as fuel, intermediate
chemicals for other chemicals, feedstock for renewable fuels production or bic-
chemical manufacturing. Although untreated tall oil can be used as a direct feed-
stock in some processes it is generally useful to subject the CTO to various purifi-
cation and fractionation steps. With the purification and fractionation steps the tall
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oil is refined and fractionated to various valuable streams that can be used as feed-
stock in upgrading process or be used as a product directly. Tall oil typically con-
tains impurities such as metals and salts that can cause inactivation of catalysts
used in the upgrading processes or lower the value of the products.

Publication US 3,644,179 describes an example of tall oil fractionation
by disclosing a method for continuous fractionation of tall oil, including introducing
the tall oil continuously to a first thin film evaporation zone, followed by introduc-
ing the heavy fraction from the first evaporation into a second thin film evapora-
tion. In the described method the first evaporation zone withdraws a light end
stream and the second evaporation zone results in separating heavy ends from the
tall oil. The remains are subjected to a fractionation zone where at least stream
containing rosin acids and a stream containing fatty acids are fractionated from the
tall oil.

An example of a process for purifying tall oil material is presented in
publication US 9,181,494, where the process comprises evaporating the tall oil ma-
terial in first evaporation step to produce a first fraction comprising light hydro-
carbons and water and a second fraction comprising fatty acids, resin acids, neutral
substances and residue components. The second fraction is subjected to a second
evaporation including two evaporation steps to produce a third fraction compris-
ing fatty acids, resin acids and light neutral substances and a residue fraction. Dur-
ing evaporation steps, the impurities, such as metals and solids, are retained in the
concentrate and the condensate retrieved from the evaporation is ready to be fed
to the hydroprocessing reactor.

Publication US 9,719,047 describes a process for refining of crude tall
oil, where refined CTO, i.e. a pre-treated CTO from which impurities have been
washed and separated, is fractionated under vacuum into at least one stream of
refined tall diesel or tall oil fatty acid. In the described process the refined CTO is
charged to a first fractionation step for separation of TOFA and resin acids from tall
oil pitch, followed by a second fractionation step wherein a stream rich in refined
tall diesel or TOFA is separated from a stream rich in resin acids. The stream rich
in refined tall diesel or TOFA can further be deoxygenated to form hydrocarbon
compounds.

When a renewable biomaterial source such as tall oil is used as a feed-
stock in upgrading processes, it is important that the all useful components can be

separated from less valuable products and that the yield of the valuable products
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is as high as possible. The known processes for refining tall oil are not able to sep-
arate all valuable products from the tall oil biomaterial and the yield of the most
valuable products tall oil fatty acids (TOFA), crude fatty acids (CFA) and tall oil
rosin (TOR) can still be low. In a refining process for renewable biomaterial it is
also important that the process is robust and tolerable for changes in the bio-
material feedstock. When the feedstock is of biological origin, such as tall oil, there
is always differences in composition and quality of the biomaterial. The biomaterial
refining process should be able to handle variations in the feedstock, without re-

sulting in variations in the final products.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is thus to provide a process and an
apparatus for refining a renewable biomaterial comprising tall oil, in which refin-
ing process it is possible to separate and collecta variety of valuable products with-
out compromising the yield of other valuable products, e.g. TOFA, CFA, TOR, espe-
cially TOFA. The object of the present invention is to provide a solution to the prob-
lems described above. The objects of the invention are achieved by a process and
an apparatus which are characterised by what is stated in the independent claims.
The preferred embodiments of the invention are disclosed in the dependent claims.

The present invention thereby provides a process for treating a feed-
stock comprising tall oil, the process comprising separation of a light stream from
the feedstock, followed by removal of a heavy fraction from the feedstock, in which
process the separation of the light stream from the feedstock a fractionator is used
and at least one product is collected from the light stream.

The present invention also provides an apparatus for performing the
process according to the invention, the apparatus comprising:

- means for introducing a feedstock into a fractionator,

- the fractionator for separating a light stream from the feedstock, the
fractionator including a reboiler system,

- an arrangement for collecting as a distillate a product from the sepa-
rated light stream,

- means for collecting and subjecting the fractionator bottom for sepa-
ration of a heavy fraction from the feedstock.

The present invention still further provides for a use of a fractionator in
a process for dehydrating a feedstock comprising tall oil.

An advantage of the process according to the present invention is that
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the process provides a robust process for refining tall oil, in which process various

valuable products can be separated and collected from a tall oil feedstock.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figure 1 illustrates an embodiment of the current invention; and

Figure Z illustrates a general process of the current invention for pro-

cessing feedstock comprising tall oil.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a process of treating a feedstock com-
prising tall oil. With the term “tall oil” is meant tall oil in general. An alternative
term for tall oil as used herein is “crude tall 0il”, i.e. an untreated tall oil material.
Tall oil originates as a by-product from the Kraft pulping process. Tall oil typically
comprises a fraction having acidic properties, originating from carboxyl
group -COOH and a neutral fraction, which sometimes is called the unsaponifiable
fraction. This neutral fraction can constitute up to 25 weight-% of the total tall oil
material. The acidic fraction of tall oil can be divided in two major sub-groups; the
fatty acid fraction and the rosin acid fraction. Each of these fractions and groups of
tall oil contain a number of various individual compounds and components. There-
fore, itis obvious that tall oil is an attractive feedstock and it contains many poten-
tially valuable and useful components that can be separated from the biomaterial.

The feedstock of the current process comprises tall oil, which means
that the feedstock can also contain other streams besides tall oil. In one embodi-
ment of the invention the feedstock comprises other biomaterial such as fats and
oil of biological origin. The feedstock can also comprise other streams or fractions
that are of biological origin. The feedstock can therefore also comprise fractions or
streams from biomass-to-liquid (BTL) processes where various amounts of bio-
material have been used. In some embodiments of the invention, the feedstock can
also contain recycled streams taken downstream from the fractionator such as light
oils from vacuum systems and/or streams taken from processing fossil-based or
renewable material, such as hydrogenated light or middle distillate streams.

The process comprises the steps of separating from the feedstock a light
stream, followed by removal of a heavy fraction from the feedstock. The light

stream comprises mainly organic molecules of carbon number up to C10. The
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heavy fraction comprises organic molecules of carbon number more than C10. Ac-
cording to the present invention a fractionator is used to separate the light stream
and atleast one product is collected from the light stream either directly from the
fractionator or after the fractionator using a phase separator.

The light stream separated from the feedstock is any stream of volatiles
including light organic matter and water. The light organic matter can mainly be
any organic compound with a boiling point of up to 200 °C. Some organic com-
pounds of the light organic matter may have a boiling point of over 200 °C. The
separation of a light stream from the tall oil feedstock is also referred to as a dehy-
dration step, i.e. the removal of water. The volatiles include a variety of organic
molecules including turpentine.

According to the invention, at least one product is collected from the
light stream after separation of the light stream from the feedstock comprising tall
oil. The light stream can comprise a variety of organic molecules and the product
can be any suitable organic component or compound that can be collected as a
product. In one embodiment of the invention, the product collected from the light
stream is turpentine.

Turpentine, also called oil of turpentine, is typically a mixture of C1oH1s
monoterpene hydrocarbons like alpha-pinene. Turpentine also contains monocy-
clic terpenes, aromatics, oxygenated compounds and polymeric materials. Turpen-
tine is abundantly used by the chemical industry in various applications mainly as
a solvent, such as in paints, varnishes, rubber and plastics.

The process also includes removal of a heavy fraction from the tall oil
feedstock. The heavy fraction or non-distillable fraction is typically referred to as
pitch. The heavy fraction or pitch is typically removed by any suitable distillation
or evaporation techniques to separate the acid fraction of the tall oil. The residue
which is not distillable is collected as the heavy fraction. The steps of removing the
heavy fraction is typically referred to as depitching. The distillable acid fraction is
typically further processed in various upgrading processes.

According to the invention, a fractionator is used in the separation of
the light stream from the feedstock. The separation of the light stream is performed
using a fractionator capable of separating components from a mixture, in this case
a feedstock comprising tall oil, based on the different boiling points of the compo-
nents.

In an embodiment, the fractionator comprises one or more reboiler(s)

and an arrangement for condensing vapour to obtain a distillate and a reflux liquid.
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In an embodiment, the arrangement for condensing vapour to obtain a
distillate is a direct condenser or a separate heat exchanger outside of the column
of the fractionator.

The feed to the fractionator is introduced to the middle or bottom sec-
tion of the fractionator column, where itis typically partly vaporised. Alternatively,
a separate flash tank can be used to create vapour and liquid streams, which are
introduced to the middle or bottom of the fractionator column. In one alternative
embodiment, the feed is introduced directly to the reboiler of the fractionator.
Fractionator feed can alternatively be preheated to reduce the reboiler duty re-
quirement.

In an embodiment, the arrangement for condensing vapour comprises
one or more mass transfer section(s).

Regardless of the mechanism of the feed, the vaporised gaseous part
flows upwards in the fractionation column towards the one or more mass transfer
sections. Mass transfer section can comprise trays, random packing, structured
packing, liquid collectors, support grids, feed distributors and redistributors for va-
pour, liquid or two phase flow or any combination thereof. Mass transfer section
shall provide adequate contact between liquid and vapour. The above-mentioned
mass transfer equipment are also utilised as condensing section to condense the
upwards flowing vapour by feeding cooled liquid to the column. Mass transfer sec-
tion(s) are located at least above the feed section and liquid is collected at the bot-
tom section of the fractionator column. In some embodiments, a mass transfer sec-
tion can also be utilised below the feed in order to decrease the fraction of lights in
the bottom streams.

A fractionator contains a reboiler arrangement, where the liquid stream
flowing downwards in the fractionator, here referred to as reflux liquid (or reflux),
is collected and vaporised again. In one embodiment of the invention, also the lig-
uid feed introduced to the fractionator is directed to the reboiler. In practice, the
reboiler therefore generates the vapours needed to drive the fractionator column.
Reboiling can be arranged using one or more reboilers, which use hot utility or hot
process stream as reboiling media. Reboiler arrangement comprises a collector
tray or bottom sump from where the collected liquid, consisting of reflux liquid and
liquid introduced by the feed, is flowing by gravity or is pumped to the reboiler.
Part of the liquid is vaporised in the reboiler. Vapour and liquid are then returned
back in a common two phase flow pipe or separately as vapour and liquid depend-

ing on reboiler type. In one embodiment of the invention, the bottom product is

Date Regue/Date Received 2020-07-10



20195624 PrH 10 -07- 2019

10

15

20

25

30

35

NESTE: [-19005; Kol: 2190914F]

drawn directly from the reboiler.

The bottom of the fractionator column can have a baffle arrangement to
be able to introduce fresh liquid feedstock and reflux liquid from the fractionator
directly to the reboiler. Hot vapour or vapour-liquid mixture from the reboiler is
returned to the bottom of the fractionator column. The hot vapour flows up-wards
to the mass transfer section(s). The fractionation column bottom can be segmented
to two or more segment(s) each with a separate reboiler. The fresh feedstock can
be introduced directly to one or more of the reboilers or a separate reboiler can be
used for the fresh feed while other reboiler are used only to re-vaporise the reflux
from the column.

The upward flowing vapour from the feed and reboiler(s) are contacted
with reflux introduced to the top of the mass transfer section. The mass transfer
section(s) has several vapour-liquid equilibrium stages to concentrate the light
stream including water. The acid fraction including fatty acids, rosin acids and
heavier neutrals that the vapour or vapour-liquid mixture can contain, are concen-
trated to the liquid leaving the mass transfer section.

The light stream comprising turpentine and water is either condensed
in a direct condenser or a separate heat exchanger outside the fractionator column.
The direct condenser can be a mass transfer section, which provides contact area
for vapour to condense to liquid by feeding cooled liquid to the top of the section.
The condensed liquid is drawn from the bottom of the mass transfer section and
can from there be withdrawn to separate the product from the light stream. In one
embodiment of the invention the condensed liquid is withdrawn from the bottom
of the mass transfer section and pumped to a phase separator to remove water
from the organic phase. The organic phase can be divided up to three streams; one
of the streams can be used as a reflux to the top of the mass transfer section, an-
other stream can be used as a pumparound cooling stream and the distillate prod-
uct can be separated from one stream.

In one embodiment of the invention, the product collected from the light
stream is turpentine, which can be separated from the water of the light stream
using fractionation. Also, other separation techniques can be used. If a liquid-liquid
phase separation is used, this can be achieved using a phase separator outside of
the shell of the fractionator. Condensed liquid is pumped to the phase separator
from the bottom of the mass transfer section. The water phase sinks to the bottom,
from which the water can be withdrawn as waste water. The organic phase sepa-

rated from the water phase mainly contain turpentine and can be collected from
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the top of the phase separator. The turpentine containing organic phase can be col-
lected as such or subjected to further processing if needed. The turpentine concen-
tration of the organic phase, which is separated from the condensed liquid from the
bottom of the separation bed, can be over 75%, preferably over 85%, more prefer-
ably over 95% and most preferably 99% or more.

The pumparound cooling stream is cooled with cold utility or cold pro-
cess stream and fed to the top of the mass transfer section either directly or
through an appropriate feed distributor.

In one embodiment of the invention the reboiler of the fractionator is
integrated in the same shell as the rest of the fractionator. In another embodiment
of the invention the reboiler(s) are situated outside of the rest of the fractionator.
If the reboiler(s) are situated outside of the fractionator the fractionator can have
a separate line from the bottom of the fractionator column to the reboiler.

The fractionator in the process according to the invention operates at a
temperature from 100 °C to 250 °C, preferably from 120 °C to 230 °C. The temper-
ature should be high enough to vaporise the volatiles forming the light stream. Be-
sides the actual operational temperature, it is also important that the feedstock is
not kept at a too high temperature for a long time. If the feedstock is kept at a too
high temperature for too long, the components of tall oil will start to react and can
degrade to unwanted by-products. The fractionator operates at a low pressure to
facilitate vaporisation of the volatiles at a lower temperature to avoid unwanted
degradation of the tall oil. The fractionator in the process according to the inven-
tion operates at a pressure of from 2 kPa to 20 kPa, preferably from 4 kPa to 12
kPa.

It has surprisingly been found that by using a fractionator with a re-
boiler arrangement both a valuable organic product from the light stream can be
collected and the yield of acid fraction, in form of rosin acids and fatty acids can be
increased. This is not achieved with an evaporator system, which only separates a
light stream including water from the tall oil feedstock. The collected organic prod-
uct, preferably a turpentine product, is very valuable and when an evaporator sys-
tem has been used creating an ejector oil, this valuable product is lost. Also, by us-
ing a fractionator instead of an evaporator system the amount of acid fraction lost
in the ejector oil is minimised while the acid fraction is collected in the mass trans-
fer sections into the distillate from the fractionator.

The application of fractionator system provides benefits by introducing

a buffer for fluctuations in feedstock concentration as it has several vapour-liquid
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equilibrium stages to smoothen the spikes in lights or heavy end concentration of
the distillate or bottoms stream. This buffer can prevent bigger disturbances in
downstream processes to which the fractionator system is connected. It is typical
in fractionation plants that some feedstocks have accumulation of lights or heavies
due to disturbances in upstream operations.

The bottom fraction from the fractionator is subjected to a process for
removal of a heavy fraction from the feedstock. The removal of the heavy fraction
can be performed using any known method in the field. The removal of a heavy
fraction from the feedstock comprises evaporating the feedstock in at least one
evaporator or distillation column to produce a depitched vapour and/or liquid acid
fraction and a heavier pitch fraction, collecting the depitched fraction(s), and dis-
tilling the depitched fraction(s) to produce

i) a lighter organic acid and neutral organic components fraction, a
crude fatty acid fraction, CFA (114)

i} a first heavier organic acid and neutral organic components fraction,
a fraction comprising rosin (115, 116) in liquid form, and

iii) a second heavier organic acid and neutral components fraction, a
fraction comprising rosin (115) in gaseous form.

The separation of heavy fraction can be performed using an evaporator,
such as a thin film evaporator, a short path evaporator or any other suitable evap-
oration technique. The fraction rich in rosin acids is subjected to a further purifica-
tion or fractionation step (113). The fractionation of the fraction rich in rosin acids
yields a stream of rosin acids practically free from fatty acids, or at least containing
less than 5% fatty acids.

According to one embodiment of the invention, the removal of heavy
fraction is performed in a process comprising:

evaporating the feedstock in a thin film evaporator (TFE) to produce a
TFE overhead vapour fraction and a TFE residue fraction,

evaporating the TFE residue in a short path evaporator (SPE) to pro-
duce a depitched acid fraction and a heavier pitch fraction,

collecting and combining the TFE overhead vapour fraction and the
depitched acid fraction, and

distilling the combined TFE overhead vapour fraction and depitched
acid fraction to produce fractions i), i) and iii}.

In an embodiment, after the removal of a heavy fraction from the feed-

stock the process further comprises one or more of the following steps:
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recovering the heavy fraction (112), CFA fraction (114) and a fraction
comprising rosin (115, 116);

redistilling, in a redistillation column (124), the rosin fraction (116) in
liquid form, to produce a further purified rosin fraction (126) and a bottoms rosin
fraction (127);

distilling, in a heads column (119}, at least part of the CFA fraction (114)
comprising crude fatty acid, to produce a light heads fraction (118) as a heads col-
umn distillate, and a further crude fatty acid fraction (117) as a heads column bot-
tom fraction;

distilling, in a fatty acid column (120), the further crude fatty acid frac-
tion (117) to produce fatty acid fraction (121) obtained as a fatty acid column dis-
tillate, and bottom oil (122) obtained as a fatty acid column bottom fraction;

recovering the light heads fraction (118), fatty acid fraction (121), and
bottom oil (122); and

hydrogenating the CFA fraction (114), the light heads fraction (118},
and/or the rosin product (125).

The remains after the purification or fractionation of the rosin acid rich
fraction is removed from the process. This remaining heavy fraction is typically
called pitch (or heavy pitch fraction). The process for separation a fatty acid and
rosin acid rich streams are generally called depitching. Besides the heavy fraction
also CFA fraction and a fraction comprising rosin are recovered. The stream rich in
CFA and rosin can be subjected to a distillation for separation of a CFA fraction, a
rosin fraction and light heads fraction. At least part of the CFA fraction comprising
CFA can be distilled in a heads column to produce a light heads fraction as a heads
column distillate and a further CFA fraction as a heads column bottom fraction. The
CFA fraction can still be subjected to a fatty acid distillation column for separating
a fatty acid fraction obtained as a fatty acid column productand bottom oil obtained
as a fatty acid distillation column bottom fraction. As a side stream also a combina-
tion of fatty acid and rosin acid fraction can be separated. The light heads frac-
tion(s), fatty acid fraction, combination of fatty acid and rosin acid fraction and bot-
tom oil are recovered. The rosin fraction separated from the crude fatty acid frac-
tion can be subjected to a further redistillation column for purification of the rosin
fraction in liquid form to produce a further purified rosin fraction and a bottom
rosin fraction. The stream rich in rosins from the redistillation column is collected

as a valuable product.
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The collected crude fatty acid fraction and/or the tall oil fatty acid frac-
tion can be collected and used in production of renewable diesel or renewable die-
sel components. The crude fatty acid fraction and /or tall oil fatty acid fraction can
be subjected to a hydrogenation process, such as hydrodeoxygenation process. The
hydrogenation process is here understood to mean any process for treating the
fatty acids with hydrogen to produce hydrocarbons. A purification of the fatty acid
material can precede the hydrogenation process.

The process according to the invention relates to refining and pro-
cessing material of biological origin. Biomaterial always contain various amount of
impurities depending on the origin of the biomaterial. The processes, feedstockand
the various streams and fractions described herein can therefore be purified for
removal of impurities such as solids, metals and salts. The purification methods
include but are not limited to various washing steps, with or without addition of
components to assists the formation of particles such as acids or complex forming
components such as oxalic acid, citric acid, sulphuric acid, phosphoric acid, and/or
ethylene-di-amine tetra-acetic (EDTA) acid or other organic weak acid. Solids can
be removed by centrifugation, filtration, settling, sedimentation and/or decanta-
tion. Further, the purification may be performed at an elevated temperature to im-
prove viscosity and salt solubility. The purification may be performed before the
dehydration or in a later stage, e.g. for the waste-water dehydration stream, heavy
fraction and/or for the CFA or light heads stream.

An object of the present invention is also to provide an apparatus for
performing the process according to the invention, the apparatus comprising:

- means for introducing a feedstock into a fractionator,

- the fractionator for separating a light stream from the feedstock, the
fractionator including a reboiler system,

- an arrangement for collecting as a distillate a product from the sepa-
rated light stream,

- means for collecting and subjecting the fractionator bottom for sepa-
ration of a heavy fraction from the feedstock.

DETAILED DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates an exemplary process flow of the process hereby

presented.
Referring to figure 1 a feedstock comprising tall oil (101) is introduced
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to the fractionator (105). The feedstock (101) can be pre-heated using a heat ex-
changer (136) resulting in a pre-heated feedstock comprising tall oil (102). From
the fractionator (105) a light stream (129) is withdrawn and introduced to a phase
separator (130) for separation of the product (turpentine) from the water phase.
The water phase is removed from the phase separator (130) through a waste-wa-
ter line (128). From the phase separator an organic product line (131) is with-
drawn. The organic product line (131) can contain a connector from which the line
is separated to three different lines. The product (turpentine) is collected through
a product line (106) for possible further processing or purification (not shown). A
stream (133) can be withdrawn from the organic productline (131) as a reflux to
the top of the mass transfer section. In addition, a separate line (132) be drawn
from the organic product line (131) through a heat exchanger (134) to be used as
a pumparound cooling stream (135) and reintroduced to the fractionator (105).

From the bottom of the fractionator (105) a bottom reboiler line (103)
is withdrawn to a reboiler system (137). In the reboiler system (137) the bottom
product is re-heated and returned through a return line (104) back to the fraction-
ator (105). The heavy bottom fraction (108) is withdrawn from the fractionator
(105) and is subjected for further processing such as removal of a heavy fraction,
depitching (not shown). Alternatively, the bottom fraction from the fractionator
(105) can be withdrawn from the bottom of the reboiler system (137), this alter-
native is not shown in the drawing.

The fractionator (105) also contains a line for providing the vacuum (re-
duced pressure) (107) in the fractionator (105).

Figure 2 is a general drawing of the tall oil processing. Referring to fig-
ure 2 a feedstock comprising tall oil (101) is introduced to a fractionator (105).
From the fractionator a product line {106) is withdrawn as well as a waste-water
line (128). The bottom line (108) from the fractionator is subjected to a depitching
step, where heavy pitch fraction (112) is removed and possible some light volatiles
(109).

At least one or several streams (110, 111) comprising fatty and rosin
acids in gas phase, liquid phase or combination of them is subjected to a rosin dis-
tillation column (113). The distillate, i.e. a lighter organic acid and neutral organic
components fraction, a crude fatty acid fraction CFA (114) from the distillation col-
umn (113), is recovered as biomaterial fraction (123) and at least some part is fed
to a heads column (119) to remove light heads (118) as a biomaterial fraction
(123). A further distilled /purified crude fatty acid fraction (117) is obtained from
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the heads column (119) and can subsequently be fed to a fatty acid distillation col-
umn {120). The crude fatty acid fraction (117) is distilled in the fatty acid distilla-
tion column (120) to obtain a tall oil fatty acid stream (121) and a bottom oil frac-
tion (122).

A rosin product (115) can be withdrawn as a side line from the rosin
distillation column (113). The bottom from the rosin distillation column (113) is
withdrawn as a rosin product line (116) and may be introduced to a rosin redistil-
lation column (124). The redistilled rosin products can be withdrawn from column
(124) as two separate rosin product lines (125, 126). The bottom of the rosin dis-

tillation column is withdrawn as line (127).

EXAMPLE 1: SINGLE-STAGE DEHYDRATION VS. FRACTIONATION COL-
UMN DEHYDRATION

Example 1 highlights the differences in CTO dehydration process be-
tween a conventional single-stage dehydration, such as a flash vessel, falling film
evaporator or a thin film evaporator, and an embodiment described in Figure 1.

Simulation studies were conducted on the dehydration alternatives.
The feed to the dehydration consisted of crude tall oil with 37 wt-% freerosin acids,
44 wt-% free fatty acids, 3 wt-% terpenes, Z wt-% water and 14 wt-% other neutral
components.

With only a single separation stage in dehydration some volatile fatty
and rosin acids end up in the overhead stream of the dehydration process. These
losses reduce the yield of rosin and TOFA products. By adding separation stages
and introducing a reflux stream to the process effectively rectifies the overhead
stream from the fatty and rosin acids.

Table 1 summarizes the differences in product yields between single-
stage dehydration and dehydration using a fractionator column. It can be con-
cluded from the results that the fractionator arrangement minimizes the free fatty
and rosin acid losses in dehydration which results improved yields for both rosin
and TOFA products. Additionally, a new important side-product, crude turpentine

is obtained.

Table 1. Comparison of single-stage dehydration and fractionation column dehy-
dration. The %-values describes the product yield differences of using a fractiona-
tion column compared to a single-stage dehydration.

Product yields Dehydration with a fractionation column
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(difference to single-stage dehydration)

Crude tall oil
Rosin

Pitch

TOFA

Heads
Ejector Oil

Crude turpentine

0.0%
1.5%
0.0%
4.5%
8.9%
-85.0 %

74 % of terpenes in feed

It will be obvious to a person skilled in the art that, as the technology

advances, the inventive concept can be implemented in various ways. The inven-

tion and its embodiments are not limited to the examples described above but may

5  vary within the scope of the claims.
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CLAIMS

1. Aprocess for treating a feedstock comprising tall oil, the process com-
prising separation of a light stream from the feedstock, followed by removal of a
heavy fraction from the feedstock, characterised in that in the separation of the
light stream from the feedstock a fractionator is used and the fractionator com-
prises one or more reboiler(s) and an arrangement for condensing vapour to ob-
tain a distillate and a reflux liquid, and the distillate comprises turpentine and wa-
ter, and the process further comprises separating the turpentine from the distillate
to obtain a turpentine product.

2. The process according to claim 1, characterised in that arrangement
for condensing vapour to obtain a distillate is a direct condenser or a separate heat
exchanger outside of the column of the fractionator.

3. The process according to claim 2, characterised in that the arrange-
ment for condensing vapour comprises one or more mass transfer section(s).

4. The process according to claim 3, characterised in that the one or
more mass transfer section(s) comprise at least one of the following: trays, random
packing, structured packing, liquid collectors, support grids, feed distributors and
redistributors for vapour, liquid or two phase flow or any combination thereof.

5. The process according to any of the claims 1 to 4, characterised in
that the reboiler of the fractionator is integrated into the same shell as the rest of
the fractionator.

6. The process according to any of the claims 1 to 5, characterised in
that the product collected from the light stream is turpentine and the collecting of
the product comprises separating the turpentine product from water in a liquid-
liquid phase separator.

7. The process according to any of the claims 1 to 5, characterised in
that the product collected from the light stream contains turpentine in a
concentration of over 75%.

8. The process according to claim 7, characterised in that the
concentration of the turpentine is over 85%.

9. The process according to claim 8, characterised in that of the
concentration of the turpentine is over 95%.

10. The process according to claim 9, characterised in that the
concentration of the turpentine is over 99%.
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11. The process according to any of the claims 1 to 10, characterised in
that the residue from the fractionator is led to one or more evaporators or a
distillation column for removal of a heavy fraction from the feedstock to obtain a
stream comprising rosin acids and fatty acids and the heavy fraction comprising
tall oil pitch is collected.

12. The process according to any of the claims 1 to 11, characterised in
that the fractionator operates at a temperature from 100 °C to 250 °C.

13. The process according to claim 12, characterised in that the
temperature is from 120 °C to 230 °C.

14. The process according to any of the claims 1 to 13, characterised in
that the fractionator operates at a pressure of from 2 kPa to 20 kPa.

15. The process according to claim 14, characterised in that the
pressure is from 4 kPa to 12 kPa.

16. The process according to any of the claims 1 to 15, characterised in
that the removal of a heavy fraction from the feedstock comprises

evaporating the feedstock in at least one evaporator or distillation
column to produce a depitched vapour and/or liquid acid fraction and a heavier
pitch fraction,

collecting the depitched fraction(s), and

distilling the depitched fraction(s) to produce i) a lighter organic acid
and neutral organic components fraction, a crude fatty acid fraction, CFA, ii) a first
heavier organic acid and neutral organic components fraction, a fraction
comprising rosin, in liquid form, and iii) a second heavier organic acid and neutral
organic components fraction, a fraction comprising rosin, in gaseous form.

17. The process according to any of the claims 1 to 16, characterised in
that after the removal of a heavy fraction from the feedstock the process further
comprises one or more of the following steps:

recovering the heavy fraction, CFA fraction and a fraction comprising
rosin;

redistilling, in a redistillation column, the rosin fraction in liquid form,
to produce a further purified rosin fraction and a bottoms rosin fraction;

distilling, in a heads column, atleast part of the CFA fraction comprising
crude fatty acid, to produce a light heads fraction as a heads column distillate, and
a further crude fatty acid fraction as a heads column bottom fraction;
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distilling, in a fatty acid column, the further crude fatty acid fraction to
produce fatty acid fraction obtained as a fatty acid column distillate, and bottom oil
obtained as a fatty acid column bottom fraction;
recovering the light heads fraction, fatty acid fraction, and bottom oil;
5 and
hydrogenating the CFA fraction, the light heads fraction, and/or the
rosin product.
18. An apparatus for performing the process according to any of the
claims 1 to 17, the apparatus comprising:
10 - means for introducing a feedstock into a fractionator,
- the fractionator for separating a light stream from the feedstock, the
fractionator including a reboiler system,
- an arrangement for collecting as a distillate a product from the sepa-
rated light stream,
15 - means for collecting and subjecting the fractionator bottom for sepa-
ration of a heavy fraction from the feedstock.
19. Use of a fractionator that comprises one or more reboiler(s) and an
arrangement for condensing vapour to obtain a distillate and a reflux liquid in a
process for dehydrating a feedstock comprising tall oil.
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