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Abstract:

The present invention is related to a method for purification of biological feedstock (70}, in
particular reducing or removing nitrogen containing compounds therein, and an apparatus thereto.
The method comprises subjecting the feedstock {70) to a first separation step (80) for obtaining a
first fraction (90) comprising free fatty acids and nitrogen containing compounds, and collecting the
residue (85) comprising acylglycerols. The first fraction {90) is reacted with glycerol {100) to obtain
acylglycerols from the free fatty acid therein. This fraction is further subjected to a second separation
step {120) for obtaining a second fraction (125) comprising nitrogen containing compounds, which is
discharged as waste-product. The remains {130) from the second separation {120) contains formed
acylglycerols and is collected.



10

15

20

25

30

35

CA 03149442 2022-2-24

WO 2021/038138 PCT/FI2020/050563

PURIFICATION METHOD FOR B10LOGICAL FEEDSTOCK

FIELD OF THE INVENTION

The present invention relates to the field of treating biological material
in general, and particularly to a method of purification of biclogical feedstock
comprising acylglycerols i.e. esters from glycerol and fatty acids, free fatty acid
(FFA) and nitrogen containing compounds. The invention provides a novel meth-
od of reducing impurities in the form of nitrogen containing compounds as well as
reducing the amount of free fatty acid in a biological feedstock such as oils and
fats. Oils and fats of biological origin contain triglycerides which find many uses in
industrial applications, such as in the manufacture of renewable fuel. The use of
low-quality feedstock is restricted due to the amount of impurities such as nitro-
gen containing compounds therein. A high amount of free fatty acids in the feed-
stock also reduces the use of some biological feedstock.

BACKGROUND OF THE INVENTION

Lipid based biological material typically contains phosphorous, nitro-
gen and/or metal containing impurities such as phospholipids and amides. Lipid
material often also contains free fatty acids, which can be considered impurities
for the triglyceridic material and can many times reduce the usability of the lipid
material in industrial processes. Before catalytic processing of the lipid material
to fuels such as traffic fuels and aviation fuels or to other chemicals these impuri-
ties need to be removed or at least reduced to prevent catalyst deactivation
and/or plugging during processing. Also, high concentration of toxic ammonia
may be generated from the nitrogen compounds if the biomass-based lipid mate-
rial is processed by hydrogenation. Furthermore, in traffic fuels nitrogen com-
pounds cause NOx emissions. FFAs again may cause corrosion in the process
units.

Generally, refining processes which are used before catalytic produc-
tion of fuels or chemicals may be adopted from edible oil refining and comprise
chemical and physical refining methods. Typically applied refining methods in-
clude degumming, neutralization, bleaching and deodorization.

In degumming removal of impurities is achieved by altering the solu-
bility of impurities in fat using chemicals, typically acids, and by removing the
formed solid material, i.e. gums. In bleaching removal of impurities is achieved
using adsorption on clay and/or applying heat to the material. Deodorization in-
cludes filtering and distillative neutralization. In deodorization removal of free
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fatty acids and odor compounds is achieved by passing a given amount of a strip-
ping agent, usually steam, for a given period of time through the material to re-
move the volatile free fatty acids and odor compounds.

However, these methods are not always able to remove or lower the
impurity levels to an acceptable level, especially when low quality feed material
or feedstock, containing high amounts of various impurities, is used.

Patent publication WO 2013/156683 describes a method for purifica-
tion of biological feed material using a combination of a heater and a series of
three evaporators to obtain a purified biological feed material. The feed material
is further treated catalytically with hydrogen to cause hydrodeoxygenation, isom-
erisation and cracking of the feed material and obtaining a biofuel or biofuel com-
ponent,

Patent publication US 2016/0152924 describes a method where a
fraction containing free fatty acids is removed from oil by stream stripping and
the obtained fraction of free fatty acids is reacted with glycerol to produce glycer-
ine-esterified oil.

However, there remains a need to develop purification methods for oil
and fat material containing high amount of impurities especially in the form of
nitrogen containing compounds. The possibility of using low-quality biological
feedstock, such as waste plant oils and waste animal fats, is reduced due to the
lack of suitable purification methods, which effectively remove nitrogen contain-
ing impurities. There is a need for methods that convert low-quality feedstock to
biological feed that can be used in various industrial applications utilizing lipid
material, such as catalytically converting the lipid material to fuel and other hy-

drocarbon components.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a method and an appa-
ratus for the purification of a biological feedstock.

A further object of the present invention is to provide a method and an
apparatus for reducing the nitrogen content of a biological feedstock.

Yet, a further object is to provide a purified biological feed having a
low nitrogen content for the purpose of manufacturing high quality renewable
fuels or fuel components by catalytic hydrotreatment.
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An embodiment of the invention is to provide a method for purifying a
biological feedstock comprising acylglycerols, free fatty acids and nitrogen con-
taining compounds, the method comprising the steps:

a) subjecting the feedstock to a first separation step and separating
from said feedstock a first fraction comprising free fatty acids and nitrogen con-
taining compounds, and collecting the residue comprising acylglycerols,

b) collecting the separated first fraction and reacting said first fraction
in a reaction step with glycerol to obtain acylglycerols from the free fatty acid,

c) feeding said first fraction after said reaction step to a second separa-
tion step and separating a second fraction comprising nitrogen containing com-
pounds, which is discharged as a waste-product,

d) collecting the remains from said second separation step containing
formed acylglycerols, and

e) optionally combining said formed acylglycerols from step e) with
said collected acylglycerols of step a),

to obtain a purified biological feed, containing the acylglycerols from
step a) or e) or both containing reduced amount of free fatty acids and nitrogen
containing compounds compared to the biological feedstock.

Another embodiment of the invention is to provide an apparatus for
purification comprising

- a first separation vessel for performing said first separation step,

- a reaction vessel for reacting said first separated fraction with glyc-
erol,

- a second separation vessel for performing said second separa-
tionstep, and

- means for collecting the fractions formed in the purification method.

An advantage of the current invention is that the method enables a
broader use of biological and renewable lipid-based material as feedstock in in-
dustrial applications. Biological and renewable feedstock is used as an environ-
mentally friendly alternative to fossil-based feedstock in many industrial applica-
tions where hydrocarbons are produced. The availability of high-quality feedstock
such as pure vegetable 0il is a limiting factor in finding alternative feedstock to
fossil-based material. High-quality lipid material is also used eg. in the food in-

dustry and is thus not a feasible renewable alternative to fossil-based material.
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Another advantlage of the current invention is that it enables the use of
low-quality lipid-based biological feedstock, especially feedstock containing high
amount of nitrogen impurities, in industrial processes as an alternative for fossil
base material.

Yet another advantage of the current invention is that it provides a pu-
rification method for nitrogen containing impurities in biological feedstock and
simultaneous conversion of free fatty acids to acylglycerols. High amount of free
fatty acids in lipid-based biological material usually reduces the possibilities of
industrial applications thereof. Free fatty acids can also cause harm in the process
in form of increased corrosion wherein the problems are e.g. the formation of
unwanted side products. It is an advantage in any industrial process if a homoge-
nous feedstock can be used. Therefore, a method in which free fatty acids in a bio-
logical feedstock are converted into acylglycerols is a method that improves the
variety of applications the feedstock can be used in.

A further advantage of the current invention is the controllability of
the process. It is easier to control a process wherein the feedstock is homogenous
and stable over time. Any industrial process needs to be predictable, providing
predictable and controllable changes in the product when the process parameters
are changed. This provides the possibility of controlling the process in a proactive
manner, when the process parameters do not need to be controlled as a reaction
to changes in the feedstock.

Multistep methods for removal of impurities such as nitrogen impuri-
ties typically results in reduction of the amount of usable hydrocarbon feedstock
material thus decreasing the yield of usable process feed. In the method of the
current invention the free fatty acid portion of the feedstock is converted effi-
ciently into usable acylglycerol form for further processing.

The current invention therefore provides a solution for using low-
quality biological feedstock containing high amounts of impurities and free fatty
acids in applications where the quality of the biological feedstock is important.

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 figures, in which

Figure 1 shows the disclosed process;

Figure 2 shows the amount of FFA in distillate and

Figure 3 shows the amount of total nitrogen in distillate.
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DETAILED DESCRIPTION OF THE INVENTION

The term “biological feedstock” refers to fats and/or oils of plant, mi-
crobial and/or animal origin. It also refers to any waste stream received from
processing of such oils andfor fats. Generally, fats are solid at room temperature
and oils are liquid at room temperature. The biological feedstock may be in an
unprocessed form (e.g. animal fat), or in a processed form (e.g. used cooking oil]).

Examples of biological feedstock containing lipid material of the pre-
sent invention include, but are not limited to, tall oil, the residual bottom fraction
from tall oil distillation processes, animal based oils and fats, vegetable or plant
based oils and fats such as sludge palm oil, used cooking oil, microbial oils, algae
oils, free fatty acids, any lipids containing phosphorous and/or metals, oils origi-
nating from yeast or mold products, oils originating from biomass, rapeseed oil,
canola oil, colza oil, tall oil, sunflower oil, soybean oil, hemp oil, olive oil, linseed
oil, cottonseed oil, mustard oil, palm oil, arachis oil, castor oil, coconut oil, animal
fats such as suet, tallow, blubber, recycled alimentary fats, starting materials pro-
duced by genetic engineering, and biological starting materials produced by mi-
crobes such as algae and bacteria and any mixtures of said feedstocks.

In one embodiment of the current disclosure the biological feedstock is
of low quality which cannot be directed directly into hydrotreatment processing.
A too high impurity content in the feedstock is detrimental to the hydrotreatment
state of the art equipment, especially to the catalysts, rendering the feedstock un-
usable in industrial scale. This low-quality feedstock originates from oil or fat se-
lected from animal fat, animal-based oils and fats, such as suet, tallow, blubber,
recycled alimentary fats, oils originating from yeast, mould or algae, used cooking
or frying oil and combination thereof.

The carbons of the biological feedstock of the present disclosure, as
well as the possible renewable fuel obtained thereof, contain a measurable
amount of carbon C isotope which may be considered as an indication of a re-
newable material. Preferably, the 4C isotope content of the material is at least
more than 2%, preferably more than 50%, more preferably more than 90%, most
preferably more than 95%, by weight of the total carbon content, determined on
the basis of radioactive carbon content in the atmosphere in 1950 (ASTM D6866
(2018)).

In particular, the biological feedstock containing lipid material is ani-
mal fats and /or used cooking oil. It is to be understood that used cooking oil may

comprise one or more of the above mentioned oils such as e.g. rapeseed oil, cano-
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la oil, colza oil, sunflower oil, soybean oil, hemp oil, olive oil, linseed oil, cotton-
seed oil, mustard oil, palm oil, arachis oil, castor o0il, coconut oil, and animal fat.

The biclogical feedstock to be purified according to the present meth-
od comprises acylglycerols, free fatty acid and nitrogen containing compounds.
The term “acylglycerols” includes triglycerides, diglycerides and monoglycerides,
which have a glycerol backbone and respectively three, two or one fatty acid
bound via an ester bond to the glycerol backbone. The fatty acids of the acylglyc-
erols have typically a carbon chain length from 8 to 32 carbon atoms. The fatty
acids can be saturated or unsaturated fatty acids and they can have from zero to
four double bonds. The term “free fatty acids” include saturated and unsaturated
fatty acids, which are in the form of a free carboxylic acid, i.e. not bound to a glyc-
erol backbone. The free fatty acid content of the biological feedstock depends on
the origin of the biological material. Typically, it is at least 2 wt-%, particularly at
least 5 wt-%, more particularly from 6 to 25 wt-%, such as from 8 to 20 wt-%, of
the total weight of the biological feedstock.

The term “nitrogen containing compounds” include any compounds
that contain a nitrogen heteroatom. The nitrogen containing compounds can be
organic or inorganic. The nitrogen containing compounds are considered impuri-
ties in the biological feedstock, especially when the biological feedstock is to be
used as a feedstock in any industrial application, where the biological feedstock is
converted to hydrocarbons, either catalytically or by other means. Nitrogen con-
taining compounds are either catalyst poisons or can cause unwanted properties
e.g. when renewable fuel components are manufactured. Nitrogen containing
compounds include but are not limited to amides and amines.

The biological feedstock to be purified in the present method may con-
tain several thousands of ppm nitrogen by weight measured as total elemental
nitrogen, particularly up to 2000 ppm nitrogen, more particularly from 1500 to 1
ppm nitrogen, such as from 500 to 10 ppm nitrogen, in the feedstock and depend-
ing on the feedstock origin. The amount of total nitrogen may be determined us-
ing the ASTM D4629 (2017) Standard Test Method for Trace Nitrogen in Liquid
Hydrocarbons by Syringe/Inlet Oxidative Combustion and Chemiluminescence
Detection or ASTM D5762 (2001) Standard Test Method for Nitrogen in Petrole-
um and Petroleum Products by Boat-Inlet Chemiluminescence.

The biological feedstock to be purified in the present method may fur-
ther contain other impurities comprising phosphorus and/or metals. These may
be in the form of phospholipids, soaps and/or salts. The impurities may for exam-
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ple be in the form of phosphates or sulfates, iron salts or organic salts, soaps or
phospholipids. The metal impurities that may be present in the biomass-based
lipid material are for example alkali metals or alkali earth metals, such as sodium
or potassium salts, or magnesium salts or calcium salts, or any compounds of said
metals. The amount of phosphorus impurities may be more than 20 ppm, espe-
cially more than 50 ppm, particularly more than 70 ppm, such as more than 80
ppm. The amount of total metal content may be more than 200 ppm, particularly
more than 300 ppm, such as from 300 to 500 ppm, by weight measured by ICP-
AES (ASTM D5185 (2018)).

The purification method hereby provided includes providing a biologi-
cal feedstock comprising acylglycerols, free fatty acids and nitrogen containing
compounds. The purification method comprises a first separation step in which a
first fraction comprising the free fatty acids and the nitrogen containing com-
pounds are separated from the biological feedstock. The separation step can in-
clude any suitable separation method, in particular vacuum distillation or evapo-
ration. The vacuum distillation can be performed in a pressure from 50 to 1000
Pa, preferably 100 to 500 Pa, more preferably from 150 to 300 Pa. The separation
is typically performed at elevated temperature, and when distillation is applied it
may be performed at a temperature from 150°C to 300 C, preferably from 200°C
to 290°C, more preferably from 250°C to 280°C. The selected separation condi-
tions depend on the composition entering the separation, and the amount and
quality of the formed nitrogen containing compounds and free fatty acids.

The residue after the first separation forms a stream comprising main-
ly acylglycerols. This stream is collected, and it can further be combined with oth-
er similar streams. The stream can be fed to any industrial process where lipidic
material is processed. The amount of nitrogen containing impurities is reduced at
least by 40%, possibly by 70% or even more depending on the separations condi-
tions and starting materials. The free fatty acids may be removed almost totally.

The separated first fraction comprising free fatty acids and nitrogen
containing compounds is collected and reacted with glycerol. The reaction with
glycerol can be a continuous flow reaction or a batch reaction, preferably a con-
tinuous flow reaction. The reaction conditions can be any suitable conditions in
which free fatty acids react with glycerol forming acylglycerols. The temperature
in the reaction conditions may be from 200 to 280°C, preferably from 220 to
270°C, more preferably from 235 to 270°C. Catalysts such as TBT (tetra butyl ti-
tanate) or zinc-catalysts in metallic form or in compound form, such as zinc-
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acetate, can be used in the reaction. The glycerol reaction can be performed in
reduced pressure and/or under inert gas flow, such as nitrogen flow, to reduce
the possibility of oxidation of the fatty acids. An example of a suitable glyserolysis
reaction is provided in P. Felizardo et al, Fuel Processing Technology, 92 (2011)
pp- 1225 — 1229. The glycerol reaction results in a mixture comprising acylglyc-
erols from the reacted free fatty acids and the nitrogen containing compounds
which remain unreacted.

The glycerol reaction of the first separated fraction is followed by a
second separation step. The second separation can be identical to or similar or
different from the first separation. In the second separation step, preferably by
vacuum distillation or evaporation, at least the nitrogen containing compounds
and any possibly remaining water are separated from the glycerol reaction mix-
ture and forming a second fraction comprising nitrogen containing compounds.
The second fraction comprising nitrogen containing compounds is discharged as
a waste-product from the feedstock. The waste-product is thereby removed from
the described process to reduce the nitrogen load in the biological feedstock be-
fore it is directed to further refining processes such as hydrotreatment with op-
tional isomerization. The nitrogen containing compounds removed from the feed
are not recycled back to the biological feedstock or any other stream or fraction
hereby described. The waste-product can be collected separately and undergo a
range of further treatments, not described here.

The nitrogen containing compounds are considered impurities in the
biological feedstock and can be e.g. be a source for catalyst deactivation (poison-
ing). It is therefore advantageous to remove as much as possible of the nitrogen
containing compounds from the feed before e.g. hydrotreatment process. The ni-
trogen containing compounds present in the second fraction are removed from
the biological feedstock and the method hereby described thus decreases the ni-
trogen load to the further processes.

Optionally also some unreacted free fatty acids and glycerol are sepa-
rated from the glycerol reaction mixture. The formed acylglycerols form the col-
lectable residue after the second separation step.

The formed acylglycerols are collected after the second separation
step and form at least part of the purified feedstock. The formed acylglycerols can
be combined with the residue from the first separation step or used as such as a
feedstock in a subsequent process.
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The acylglycerols after the first separation step, the formed acylglyc-
erols from the second separation step or the combined acylglycerols of first and
second separation step can in one embodiment of the invention be used as a puri-
fied biological feed in a hydrotreatment process for producing renewable fuel.

The hydrotreatment process typically takes place under continuous
hydrogen flow. For achieving optimal results, the continuous hydrogen flow in the
hydrotreatment step is preferably H2 /feed ratio from 500 to 2000 n-L/L, more
preferably from 800 to 1400 n-L/L.

Hydrotreatment is advantageously performed at a temperature from
250 to 380°C, preferably from 275 to 360°C, more preferably from 280 to 350°C.
Typically the pressure in the hydrotreatment step is from 4 to 20 MPa.

A hydrotreating catalyst used in the hydrotreatment process prefera-
bly comprises at least one component selected from suitable elements of the IU-
PAC group 6, 8 or 10 of the Periodic Table. More preferably, the hydrotreating
catalyst is a supported Pd, Pt, Ni, NiW, NiMo or a CoMo catalysts and the support
is zeolite, zeolite-alumina, alumina and/or silica. Most preferably NiW/Al:O3, Ni-
Mo/Al;O3 or CoMo/Al203 is applied. In particular the hydrotreating catalyst is a
sulfided Niw, NiMo or CoMo catalyst.

An applicable hydrotreatment step provides a purified hydrotreated
biological material. For achieving optimal results part of the hydrotreated biologi-
cal material may be recycled in the hydrotreatment step. Preferably the ratio of
the fresh feed i.e. purified biological material containing the collected acylglycer-
ols of step a) and/or the formed acylglycerols of step f) to the recycled hy-
drotreated material is from 2:1 to 20:1.

The hydrotreatinent process may be performed as a single process
step or in multiple process steps. Preferably the hydrotreatment process com-
prises at least a hydrodeoxygenation (HDO) reaction, where the acylglycerols are
reacted with hydrogen into paraffins in the presence of a hydrodeoxygenation
catalyst, and optionally an isomerisation reaction in which the paraffins are at
least partly converted into isoparaffins in the presence of an isomerisation cata-
lyst.

In a particular example the hydrotreatment is accomplished by hydro-
deoxygenating the acylglycerols collected from step a) and/or formed in step f).
This is preferably achieved in the presence of an HDO catalyst at a temperature
from 290 to 350°C under pressure from 4 to 20 MPa and under continuous hy-
drogen flow. The term “hydrodeoxygenation (HDO)” refers to removal of oxygen
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as water by the means of molecular hydrogen under the influence of a HDO cata-
lyst.

The HDO catalyst may for example be selected from a group consisting
of NiMO-, CoMo-, NiW-catalysts and any mixtures thereof. Preferably the catalysts
are supported on alumina and/or silica. Most preferably the HDO catalyst is sul-
fided NiW, NiMo or CoMo catalyst.

Advantageously, the continuous hydrogen flow during HDO has
H2 /feed ratio from 500 to 2000 n-L/L, preferably from 800 to 1400 n-L/L.

Preferably hydrodeoxygenation is performed to obtain purified recy-
cled or renewable organic material comprising less than 1 wt-% oxygen.

In another example hydrotreatment is accomplished by hydrodesulfu-
rizing (HDS) the stream comprising the acylglycerols collected in step a) and/or
formed in step f). The term “hydrodesulfurisation (HDS)"” refers to removal of sul-
fur as hydrogensulfide by the means of molecular hydrogen under the influence of
a HDS catalyst.

In another example hydrotreatment is accomplished by hydrodemetal-
lizing (HDM) the stream comprising the acylglycerols collected in step a) and/for
formed in step f). The term “hydrodemetallization (HDM)” refers to removal of
metals by trapping them with a HDM catalyst.

In one embodiment the amount of nitrogen containing impurities are
first deceased by the method according to the present disclosure and subsequent-
ly the remaining impurities are further decreased catalytically before or during
hydrotreatment.

Hydrotreatment may be accomplished by hydrodenitrificating (HDN).
The term “hydrodenitrification (HDN)” refers to removal of nitrogen by the
means of molecular hydrogen under the influence of a HDN catalyst. The amount
of N-containing impurities present in the original biological feedstock may, how-
ever, be too high for the HDN reaction to successfully decrease the content, and
further nitrogen removing purification steps are still needed. In one embodiment
the feedstock is first directed to the method of the present disclosure whereafter
the stream comprising the acylglycerols collected in step a) and/or formed in step
) are directed to hydrotreatment by HDN.

The purification method hereby provided can also be preceded by a
pre-treatment process comprising a step of separating volatiles from the biologi-
cal feedstock, comprising a heat treatment step, a bleaching step, a degumming
step or any possible combination thereof.
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The pre-treatment step of separating volatiles from the biological
feedstock can be any suitable method for separating components that can be re-
moved from a liquid phase in the form of a gas phase. The feedstock can be mod-
erately heated to a temperature from 80 to 120°C under reduced pressure to fa-
cilitate the removal of volatiles in the gas phase. The biological feedstock can also
be purged or flashed in order to separate volatiles. Typical volatiles that can be
separated include water, air and volatile organic compounds (VOCs).

The pre-treatment process can also include a heat treatment step. If
the pre-treatment process includes separation of volatiles, the heat treatment
process can be before or after the separation of the volatiles, The heat treatment
step takes place at any temperature from 180 to 300°C. The heat treatment is per-
formed at a temperature of 240 to 280°C for optimal results. The time during
which the biological feedstock is heated and held at the desired temperature, i.e.
residence time, is typically from 1 to 300 min, preferably from 5 to 240 min, more
preferably from 30 to 90 min, depending on the dimensions of the apparatus. The
heat treatment preferably preceded by a vacuum treatment for removal of vola-
tiles, such as water, air and easily vaporizable light hydrocarbons. During the heat
treatment step preferably excess pressure is applied on the biological feedstock.
The pressure in the heat treatment step may be from 50 kPa to 500 kPa, possibly
from 70 to 400 kPa, particularly from 100 to 300 kPa, preferably from 105 to 270
kPa.

The solid residue either formed in the heat treatment process from
degraded phosphorous and/or metal containing impurities or originally present
in the biological feedstock can be separated from the feedstock in a filtering pro-
cess. In the filtering process various components can be used to enhance the fil-
tering, such as adsorbents and/or bleaching clay.

The pre-treatment process that may precede the purification process
according to the invention can also contain any other pre-treatment process suit-
able for processing a biological feedstock.

The purification method according to the current invention surprising-
ly provides a method for purifying the nitrogen containing compounds from a
biological feedstock. Advantageously, the method also provides a process for sim-
ultaneously converting low value free fatty acid to high value acylglycerols there-
by increasing the yield of the biological feedstock in any preceding industrial ap-
plication. It was surprisingly found that even up to 70 wt-% of the nitrogen con-
taining compound could be removed from the feedstock without a significant loss
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in valuable acylglycerols. In fact, the amount of acylglycerols compared to free
fatty acids was increased in the purification process. Thereby, a purification pro-
cess for purifying detrimental nitrogen impurities from a biological feedstock is
presented, in which method simultaneously the amount of acylglycerols com-
pared to free fatty acid in the feedstock is increased.

Figure 1 illustrates an exemplary process flow of the method hereby
presented.

Referring to Figure 1, a low-quality biological feedstock (10) is sub-
jected to a step (20) where air, water andfor volatile organic compounds (VOCs)
are removed (25). The feed (10) comprises acylglycerols, free fatty acids and ni-
trogen containing compounds and is of biclogical origin. The biological feedstock
(10) can be a low-quality feed containing high amount of impurities in the form of
nitrogen containing compounds, phosphorous and/or metal impurities. The low-
quality feed can also contain water and VOCs depending on the method of collect-
ing the feed and the source of the feed. Water and VOC content of the feed (10) is
reduced in a step (20) wherein this step may include mixing, purging or stripping
the feed (10) and the air/water/VOC content is removed as a gaseous phase (25).

The biclogical feedstock (30), from which air/water/VOC content is
removed or reduced is then subjected to a heat treatment step (40). In the heat
treatment step (40) the feedstock (30) is heated to a temperature from 180 to
300°C. The feedstock (45) is optionally recycled at least partly into the heat
treatment step (40] in order to assure that the feedstock (45) reaches a desired
temperature. In the heat treatment step (40) phosphorous and/or metal impuri-
ties present form solid particles that can later be removed from the feedstock. The
heat-treated feedstock (50) is withdrawn from the heat treatment step (40) and it
can be cooled preferably using an economizer (not shown) that transfers the heat
to the effluent stream of the subsequent bleaching and filtering step (60). The
heat-treated feedstock (50} enters a bleaching and filtering step (60) after cool-
ing. In the bleaching and filtering step (60) the solid particles formed in the heat
treatment step (40} are removed as residue (65) from the biological feedstock.

After the bleaching and filtering step (60) the filtered feedstock (70) is
first pre-heated with the heat from the heat-treated feedstock (50) using an econ-
omizer (not shown). The biological feedstock is then subjected to the first evapo-
rator (80). In the first evaporator (80) the biological material is subjected to a
first separating step according to the current invention, by evaporisation. In the
first evaporation the free fatty acid and nitrogen containing compounds (90) are
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separated from the rest of the biological material mainly containing acylglycerols
(85). The stream containing the free fatty acids and nitrogen containing com-
pounds (90) is lead to the glycerol reaction stage (100). The stream containing
acylglyceroles (85) from which other impurities such as phosphorous and metal
impurities have been purified in the pre-treating step, and from which the free
fatty acid and nitrogen containing compounds have been removed is collected,
and it can be combined with the stream of newly formed acylglycerols (130). The
first separation step (80Q] is performed in an elevated temperature and using a
vacuum. In first separation step (80), the free fatty acids and nitrogen containing
compounds (90) are evaporated from the biological material.

The evaporated gaseous phase (90) from the first separation (80) is
preferably condensed and subsequently led to the glycerol reaction step (100). A
glycerol feed (105) is introduced into the glycerol reaction step (100). In the glyc-
erol reaction step (100) free fatty acids are reacted with glycerol forming acyl-
glycerols. The reaction effluent mixture (110) after the reaction with glycerol is
fed to a second evaporator (120} in which the second separation according to the
current invention is performed.

In the second evaporation step (120) the unreacted material mainly
comprising the nitrogen containing compounds, water and unreacted glycerol is
separated from the formed acylglycerols in the form of a gaseous phase (125].
The residue (130) of the second evaporation step (120) is collected and can be
used as such or combined with the first stream of the purified acylglycerols (85)
before being subjected to a further processing step. The residue (130) from the
second evaporation step (120) contains mainly formed acylglycerols from the
glycerol reaction step (100). The gaseous phase (125) from the second separation
optionally undergoes an additional separation step (not shown) where unreacted
glycerol is separated from the rest of stream and recycled back to the glycerol
reaction stage (100).

Subsequently, the purified acylglycerol streams (85 and 130) forming
a purified biological feed are directed to a hydrotreatment process for renewable

fuel manufacture.

EXAMPLES

Example 1

A low-quality animal fat having a total metal content of about 300
ppm, phosphorous (P) content of about 80 ppm, a total nitrogen content about



10

15

20

25

30

CA 03149442 2022-2-24

WO 2021/038138 PCT/FI2020/050563

14

500 ppm (measured by ASTM D4629) and a free fatty acid content of about 15
wt-% was fractionated in an evaporation step to a residue and a distillate using a
short path distillation plant at various temperatures. The evaporation experiment
was conducted using a short path distillation plant, VKL 70-4-SKR-G (VTA GmbH,
Germany). The evaporation was conducted in a pressure of 12 Pa (abs) and the
temperature was kept constant in each experimental setup and varied from 125°C
to 250°C.

After the evaporation the residue was collected at a temperature of
60°C and the distillate was collected at a temperature of 55°C. The samples were
cooled and analysed for free fatty acid and nitrogen content. The results of the
free fatty acid analysis of the residue and distillate in the evaporation experi-
ments in the different evaporation temperatures are shown in Figure 2. Similarly,
the amounts of nitrogen in the residue and distillates in the different evaporation
temperatures are shown in Figure 3.

Figure 2 shows that free fatty acids (FFA) can be analysed from the
distillate already at an evaporation temperature of 125°C (about 17 % by weight
FFA). At an evaporation temperature of 250°C practically all FFA can be found in
the distillate and the residue is practically free from FFA. The distillate at 250°C
contains some amounts of diglycerides (about 15% by weight) but no amount of
triglycerides (data not shown in figure 2). It is therefore shown that FFA can ef-
fectively be separated from the feedstock with practically no loss in di- or triglyc-
erides.

Figure 3 shows the distribution of nitrogen measured as total ele-
mental nitrogen content in weight-% in the distillate in the various evaporation
temperatures according to ASTM D5762 (2001) and ASTM D4629 (2017). The

nitrogen content is also shown in Table 1.
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Table 1. The nitrogen content of the distillate at various evaporation tem-

perature.
Temp. °C Total N [w-%]
125 9
130 13
135 15
140 17
145 22
150 26
160 38
170 47
180 55
190 57
250 66

The results show that nitrogen containing compounds can effectively
be evaporated from the feedstock at a temperature of 180°C to 250°C in the pres-
sure used in this experiment. At these temperatures di- and triglycerides have not
been evaporated, only the FFAs. The results therefore show that nitrogen contain-
ing compounds can be separated by evaporation from the di- and triglycerides by
evaporation.

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

1. A method for purifying a biological feedstock (70) comprising acyl-
glycerols, free fatty acids and nitrogen containing compounds, the method com-
prising the steps:

a) subjecting the feedstock (70) to a first separation step (80) and sep-
arating from said feedstock a first fraction (90) comprising free fatty acids and
nitrogen containing compounds, and collecting the residue (85) comprising acyl-
glycerols,

b) collecting the separated first fraction (90) and reacting said first
fraction in a reaction step (100) with glycerol (105) to obtain acylglycerols from
the free fatty acid,

c) feeding said first fraction (90) after said reaction step to a second
separation step (120) and separating a second fraction (125) comprising nitrogen
containing compounds, which is discharged as a waste-product,

d) collecting the remains (130) from said second separation step (120)
containing formed acylglycerols,

e) optionally combining the collected acylglyceroles from steps a) and
e),

to obtain a purified biological feed containing the collected acylglycer-
ols from step a) or e] or optionally both, containing reduced amount of free fatty
acids and nitrogen containing compounds compared to the biological feedstock.

2. The method according to claim 1, wherein the purified biological
feed is further subjected to a hydrotreatment process, optionally including an
isomerisation step in the presence of a hydrotreating catalyst, where the acylglyc-
erols are converted to paraffins.

3. The method according to claim 2, wherein the hydrotreatment pro-
cess comprises at least a hydrodeoxygenation reaction, where the acylglycerols
are reacted with hydrogen in the presence of a hydrodeoxygenation catalyst, and
an isomerisation reaction in which the paraffins are at least partly converted to
isoparaffins in the presence of an isomerisation catalyst.

4. The method according to claim 2 or 3, wherein the hydrotreatment
process is performed under a continuous hydrogen flow with a hydrogen/feed
ratio from 500 to 2000 n-L/L, preferably from 800 to 1400 n-L/L.

5. The method according to any one of the claims 2 to 4, wherein the
hydrotreatment process is performed at a temperature from 250 to 380°C, pref-
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erably from 275 to 360°C, more preferably from 280 to 350°C, a pressure from 4
to 20 MPa and the hydrotreating catalyst comprises at least one component se-
lected from IUPAC group 6, 8 or 10 of the Periodic Table.

6. The method according to any one of the claims 2 to 5, wherein the
hydrotreating catalyst is a supported Pd, Pt, Ni, NiW, NiMo or a CoMo catalyst and
the support is zeolite, zeolite-alumina, alumina and/or silica, preferably selected
from NiW/Al:03, NiMo/Al203, CoMo/Al:O3 or a mixture thereof.

7. The method according to any one of the previous claims, wherein
the purification method is preceded by pre-treatment of said biological feedstock
comprising separating volatiles from the feedstock, heat treatment, bleaching,
degumming the feedstock or any possible combination thereof.

8. The method according to claim 7, wherein the heat treatment step is
performed in a temperature of from 180 to 300°C under pressure to solidify at
least part of phosphorous and/or metal containing impurities comprised in said
biological feedstock.

9. The method according to claim 7 or 8, wherein the pre-treatment
includes a bleaching step comprising a filtering step of the biological feedstock.

10. The method according to claim 7, wherein the pre-treatment of the
biological feedstock includes a heat treatment step and a bleaching step and said
biological feedstock is cooled before the bleaching step and the collected heat is
used to heat the bleached biological feedstock prior to entering the first separa-
tion step of the purification method of claim 1.

11. The method according to any one of the previous claims, wherein
the first separation step is performed by distilling or evaporating said biological
feedstock using a temperature which is higher than the boiling point of said free
fatty acids and nitrogen containing compounds in the used pressure and below
300°C, preferably in a temperature from 250 to 280°C and a pressure of from 0.05
to 1 kPa.

12. The method according to any of the previous claims, wherein the
second separation step is performed by distilling or evaporating said biological
feedstock using a temperature which is higher that the boiling point of said nitro-
gen containing compounds in the used pressure and below 300°C.

13. The method according to any of the previous claims, wherein the
reaction of said first fraction with glycerol is performed in a temperature from
200 to 280°C, preferably in a temperature from 240 to 265°C and in the presence
of a catalyst, preferably TBT (tetra butyl titanate).
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14. The method according to any of the previous claims, wherein said
biological feedstock is of low quality which cannot be directed directly into hy-
drotreatment processing, said low quality feedstock preferably containing up to
2000 ppm nitrogen, more particularly from 1500 to 1 ppm nitrogen, such as from
500 to 10 ppm nitrogen, by weight measured as total elemental nitrogen, wherein
the nitrogen containing impurities in said biological feedstock preferably origi-
nate from oil or fat selected from animal fat, animal-based oils and fats, such as
suet, tallow, blubber, recycled alimentary fats, oils originating from yeast, mould
or algae, used cooking or frying oil and combination thereof.

15. The method according to any of the previous claims, wherein said
nitrogen containing compounds include at least amides and amines.

16. The method according to any of the previous claims, wherein the
amount of nitrogen containing compounds in the collected acylglycerol fractions
from steps a) and e) is reduced by at least 50% compared to the amount in the
biological feedstock provided in step a).

17. An apparatus for performing the purification method of any of the
claims 1 to 15, wherein the apparatus comprises

- a first separation vessel for performing the separation in step a) to
recover the first fraction

- a reaction vessel for reacting the separated first fraction of step a)
with glycerol,

- a second separation vessel for performing said second separation
step, and

- means for collecting the fractions formed in the purification method.
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