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(54) A method of processing lipid materials
(57)  The present invention is concerned with a new
method of processing lipid materials, such as triglycer-
ides and waxes, which process involves contacting such
lipid materials with a reactive granulate in the presence
of a gas in near supercritical state. More particularly the
presentinvention relates to a method of processing lipid
material comprising the steps of

a) dissolving into the lipid material from 5-95 wt.%
of a gas selected from the group consisting of car-
bon dioxide, ethane, propane, or nitrous oxide and
mixtures thereof, at a temperature and a pressure
at which the gas per se would be near its supercrit-
ical state,

b) contacting the lipid material containing the dis-

solved gas with a reactive granulate,

c) separating the granulate from the lipid material
and

d) allowing the gas to evaporate from the lipid ma-
terial by reducing the pressure.

The reactive granulate employed in the present
process may suitably be a catalyst, such as bleaching
earth or hydrogenation catalyst, or an adsorbent, such
as active carbon.
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Description
TECHNICAL FIELD

[0001] The presentinvention is concerned with a new
method of processing lipid materials, such as triglycer-
ides and waxes, which process involves contacting such
lipid materials with a reactive granulate in the presence
of a gas in near supercritical state. The reactive granu-
late employed in the present process may suitably be a
catalyst, such as bleaching earth or hydrogenation cat-
alyst, or an adsorbent, such as active carbon. Examples
of gases that can advantageously be used in the present
method include carbon dioxide, ethane, propane and ni-
trous oxide.

[0002] The present invention specifically relates to
methods of processing in which the composition of the
lipid material is altered as a result of the interaction be-
tween the lipid material and the reactive granulate. This
interaction may incite certain chemical reactions to oc-
cur in the lipid material and/or it may lead to selective
adsorption of lipid material components onto the gran-
ulate. The present invention is not concerned with an
extraction or fractionation processes wherein a lipid ma-
terial is separated into 2 or more lipid material fractions
by means of extraction with a supercritical solvent.

BACKGROUND OF THE INVENTION

[0003] Lipid materials such as triglycerides, waxes
and fosfolipids all have in common that they are ob-
tained from natural sources in a crude quality which is
often unsuitable for human consumption or other com-
mercial uses. Hence such crude lipid raw materials are
usually subjected to a sequence of refining and other
processing steps to upgrade the quality and/or applica-
bility thereof. Processes commonly applied in the up-
grading of crude lipid materials include bleaching, deo-
dorisation, fractionation, hydrogenation, interesterifica-
tion, hydrolysis etc.

[0004] The aforementioned methods of processing li-
pid materials are well known in the art and are normally
conducted at elevated temperatures and in some cases
also at elevated pressures. Some of these processes
may apply processing aids such as organic solvents, ad-
sorbents and catalysts. Examples of adsorbents com-
monly used in the processing of lipid materials are active
carbon and silica. Catalysts widely employed in oil
processing include bleaching earth, hydrogenation cat-
alysts and interesterification catalysts. Both chemical
and enzymatic catalysis are used in the field of oil
processing. Enzymatic interesterification, for instance,
is applied on an industrial scale.

[0005] The application of supercritical gases in the
processing of lipid materials is known in the art. The
known areas of application are extraction of lipid mate-
rials from plant materials and isolation of lipid fractions
through supercritical extraction. These techniques have
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in common that the supercritical gas is added to the lipid
material in an excess amount so that it may function as
an extraction solvent. The supercritical gas containing
dissolved components is separated from the bulk of the
material after which the extract is recovered by reducing
the pressure and allowing the gas to escape through
evaporation. This cycle is normally repeated several
times, often as part of a semi-continuous process. The
following 2 prior art documents describe the use of su-
percritical gases in the processing of lipid materials,
wherein said supercritical gas acts as an extraction sol-
vent.

[0006] DE-A 4 306 303 (Schulmeyer et al.) relates to
a process for obtaining vegetable oils by extraction with
liquid or supercritical carbon dioxide, wherein the sol-
vent flows through the comminuted oil seed or a crude
oil and is subsequently passed through a bed of bleach-
ing agent.

[0007] US 4,548,755 (Stahl et al) concerns a process
for the extractive production of waxes from fossil, veg-
etable or animal starting material, by extraction with a
gas at supercritical pressure and temperature condi-
tions wherein the separation of the extract-containing
gas is achieved in a separator part by pressure reduc-
tion and/or temperature change.

[0008] The use of supercritical gases in a process for
bleaching textiles is known from DE-A 3 906 735
(Buschmann et al.). In this application a process is de-
scribed for bleaching silk, wool, linen and/or cellulose
fibre materials by treating the materials with a supercrit-
ical fluid containing oxidative bleaching chemicals such
as hydrogen peroxide. It is noted that in the proces de-
scribed, the bleaching chemicals are dissolved in the su-
percritical fluid, i.e. they are not present in the form of
reactive granulates.

[0009] Conventional methods of processing lipid ma-
terials tend to be rather time-consuming, i.e. typically it
takes several hours to bring them to completion. This is
mainly due to the fact that the chemical phenomena gov-
erning these processes occur at a rather slow rate. Giv-
en the enormous scale at which these processes are
operated, even a slight improvement in terms of
processing time may generate very significant benefits,
particularly in terms of savings.

SUMMARY OF THE INVENTION

[0010] The present invention relates to methods of
processing lipid materials that are more efficient than
the corresponding conventional methods. The present
method was developed starting from the insight that in
many existing processing methods, particularly in those
cases where a reactive granulate is employed, the rate
limiting factor is the rate of diffusion of the reactants in
the lipid material. Surprisingly it was found that the dif-
fusion rates of these reactants could be increased sig-
nificantly by dissolving into the lipid material a gas at
near supercritical conditions. The inclusion of a near su-
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percritical gas was found to be particularly advanta-
geous in processing methods that employ a reactive
granulate, such as a catalyst or an adsorbent.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Hence one aspect of the invention is con-
cerned with a method of processing lipid material com-
prising the steps of

a) dissolving into the lipid material from 5-95 wt.%
of a gas selected from the group consisting of car-
bon dioxide, ethane, propane, or nitrous oxide and
mixtures thereof, at a temperature and a pressure
at which the gas per se (i.e. without lipid material)
would be near its supercritical state,

b) contacting the lipid material containing the dis-
solved gas with a reactive granulate,

c) separating the granulate from the lipid material
and

d) allowing the gas to evaporate from the lipid ma-
terial by reducing the pressure.

[0012] The term "lipid material" as used herein en-
compasses lipophilic materials that are largely, e.g. for
at least 60 wt.%, made up of molecules that contain one
or more long chain alkyl or alkenyl groups. Usually these
long chain groups comprise at least 10 carbon atoms.
The aforementioned lipid materials normally possess a
density which is lower than that of water and are not mis-
cible water. Hence when admixed to water, these lipid
materials will form a floating layer on top of the water
surface.

[0013] In a preferred embodiment of the present
method steps ¢) and d) are carried out consecutively.
An important advantage of carrying out the method in
this fashion is that the separation of granulate and lipid
material is more easily achieved at elevated pressure,
as under such conditions the lipid material is less vis-
cous and displays a lower surface activity than at ambi-
ent. Preferably essentially all of the gas that is dissolved
into the lipid material is removed therefrom through
evaporation, i.e. not by separating the gas from the lipid
material when said gas in liquid, supercritical or near
supercritical form, as this might lead to the extraction of
lipid material components, which is not an aim of the
method according to the invention.

[0014] Best results are obtained with the present
method if the lipid material is liquid when it is contacted
with the reactive granulate and also when it is separated
therefrom. In order to ensure that the material is liquid
it is advisable to operate the method at a temperature
well above the melting point of said lipid material.
[0015] Itis an essential element of the present inven-
tion that the gas is dissolved into the lipid material and
not the reverse, i.e. when the lipid material is dissolved
into the gas. Particularly good results are obtained with
the present method if the lipid material contains 10-90
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wt.%, more preferably if 30-70 wt.% of the dissolved
gas. In case an excess amount of gas is used the per-
centage of dissolved gas will simply be determined by
the applied temperature and pressure. It is noted, how-
ever, that it is also possible to operate the method of the
invention by mixing together a stream of lipid material
and a stream of near supercritical gas in such a ratio
that the amount of dissolved gas is less than the equi-
librium concentration at the given temperature and pres-
sure. Naturally in such an embodiment of the invention
it is crucial that the streams are mixed in such a ratio
that the amount of dissolved gas is maintained within
the range needed to obtain the benefits of the present
invention.

[0016] Itis a critical aspect of the present method that
step b) is carried out at a temperature and pressure at
which the gas per se would be near its supercritical
state. In a preferred embodiment of the invention, during
steps a) and b) the temperature of the gas is at least T -
60 °C and the pressure is at least 0.5xP, (i.e. P/2),
wherein T, and P represent the critical temperature and
critical pressure of the gas. More preferably the temper-
ature of the gas is between T.-60 °C and T.+150 °C and
the pressure is between 0.8xP; and 12xP..

[0017] The critical temperatures and pressures for the
(pure) gases that are preferentially used in the present
method are listed in the table below.

T,in°C | P;inbar
Carbon dioxide 31 74.9
Ethane 32.2 48.8
Propane 96.7 42.6
N,O 36.5 72.7

[0018] For a number of reasons, such as efficiency,
safety and environmental impact, carbon dioxide is the
gas which is preferentially used in the presence method,
optionally in combination with one or more other gases.
Preferably the lipid material is contacted with the reac-
tive granulate in the presence of carbon dioxide at a
pressure of at least 40 bar, and a temperature between
0° and 200°C. More preferably the carbon dioxide is at
a pressure of between 70 and 800 bar. Furthermore the
carbon dioxide is preferably applied at a temperature
between 40° and 120°C.

[0019] The reactive granulate used in the present
method is preferably selected from the group consisting
of catalysts, adsorbents and mixtures thereof. In the
case of catalysts the present method offers the advan-
tage that, due to the increased diffusion rates, at the cat-
alyst surface reactants be replenished more quickly
and, in addition, reaction products will disappear more
quickly. Both these effects will increase catalytic effec-
tiveness. In the case of adsorbents the present method
offers the advantage that components dissolved in the
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lipid material will be captured more quickly by the ab-
sorbent than is the case for conventional methods em-
ploying the same adsorbent.

[0020] Reactive granulates which can be used in ac-
cordance with the present invention are preferably se-
lected from the group consisting of bleaching earth, ac-
tive carbon, hydrogenation catalyst and mixtures there-
of. Most preferably the reactive granulate is bleaching
earth. In a particular embodiment of the invention the
method comprises contacting bleaching earth and the
lipid material, wherein as a result of step b) and after
separation of the granulate, the Lab L-value of the lipid
material is increased by at least 10 and/or the absolute
Lab a-value isreduced by at least 2 and/or the absolute
Lab b-value is reduced by at least 2.

[0021] In order to achieve sufficient interaction be-
tween the lipid material and the reactive granulate, it is
advisable to maintain the lipid material in contact with
the reactive granulate for at least 30 seconds. Prefera-
bly contact-time is at least 45 seconds, more preferably
at least 60 seconds. Most preferably contact time is at
least 2 minutes. Usually contact-time will be less than
60 minutes, preferably less than 30 minutes and most
preferably less than 15 minutes.

[0022] The lipid material processed by the present
method is preferably selected from the group consisting
of triglycerides, diglycerides, monoglycerides, fatty ac-
ids, fosfolipids, waxes and mixtures thereof. All these
lipid materials are derived from lipid materials which are
obtained in crude qualities from natural sources. In par-
ticular crude (i.e. unrefined) qualities of triglycerides,
fosfolipids and waxes can suitably be processed
through the present method. Waxes that can advanta-
geously be used in the method include beeswax, car-
nauba wax, wool wax, montan wax and jojoba oil. Most
preferably the wax used in the present method is
beeswax.

[0023] In a specific and particularly advantageous
embodiment of the present method the liquid lipid ma-
terial is contacted with the reactive granulate by sus-
pending the granulate into the lipid material and passing
the lipid material upwards through a column whilst al-
lowing the granulate to move downwards under the in-
fluence of gravity. Thus the effective contact-time be-
tween lipid material and granulate is increased and in
addition the separation of the lipid material and the gran-
ulate is greatly facilitated.

[0024] In another preferred embodiment the reactive
granulate is separated from the lipid material by means
of filtration at elevated pressure, preferably a pressure
of at least 70 bar. As mentioned herein before the sep-
aration at such an elevated pressure offers the advan-
tage that separation is achieved more easily or that less
lipid material is lost because it remains stuck to the gran-
ulate.

[0025] It can be advantageous to include solvents in
the mix of lipid material and near supercritical gas as
these solvents may assist in further improving process-
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ing yields and/or minimising losses of lipid material.
Preferably, in the present method prior to step b) solvent
is added to the lipid material in an amount of at least 2
%, preferably at least 8% by weight of the lipid material.
The solvent used may suitably be selected from the
group consisting of acetone, ethanol, di-ethylether, hex-
ane, water and mixtures thereof.

[0026] The invention is further illustrated by means of
the following examples

EXAMPLES
Example 1

[0027] The colour of refined yellow sunflower oil at
room temperature was determined with a spectropho-
tometer. Expressed in Lab values the colour was (77.9,
0.55, and 7.39). 100 gram of sunflower oil was put in an
autoclave of 323 ml.

[0028] The vessel is pressurised with 158 gram car-
bon dioxide using a positive displacement pump. The
whole vessel is put in a thermostatic bath and heated to
45°C, while the vessel is mixed continuously. The end
pressure becomes 170 bar. The autoclave now contains
a liquid and gaseous carbon dioxide. The liquid contains
approximately 30 wt.% carbon dioxide and 70 wt.% sun-
flower oil.

[0029] The liquid is subsequently contacted, under
continuous mixing, with 1 gram of activated coal and 2.5
gram of bleaching earth for 15 minutes. After this the
liquid is filtered and subsequently depressurised. The
yellow colour had largely disappeared and the Lab val-
ues of the treated sunflower oil were determined as
(79.8, -0.22, 0.3).

Example 2

[0030] The colour of refined greenish olive oil at room
temperature was determined with a spectrophotometer.
Expressed in Lab values the colour was (75.2, -0.69,
and 6.63).

[0031] 99 gram of olive oil was put in an autoclave of
323 ml. The vessel is pressurised with 161 gram carbon
dioxide using a positive displacement pump. The whole
vessel is put in a thermostatic bath and heated to 45°C,
while the vessel is mixed continuously. The end pres-
sure becomes 192 bar. The autoclave now contains a
liquid and gaseous carbon dioxide. The liquid contains
approximately 35 wt.% carbon dioxide and 65 wt.% olive
oil.

[0032] The liquid is subsequently contacted, under
continuous mixing, with 1 gram of activated coal and 2.5
gram of bleaching earth for 15 minutes. After this the
liquid is filtered and subsequently depressurised. The
greenish colour was found to have largely disappeared
and the Lab values of the treated olive oil were deter-
mined as (77.2, -0.18, 1.74).
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Example 3

[0033] The colour of yellow beeswax was determined
with a spectrophotometer. Expressed in Lab values the
colour was (30.9, 4.71, and 21.9).

[0034] 50 gram of beeswax was put in an autoclave
of 323 ml. The vessel is pressurised with 155 gram car-
bon dioxide using a positive displacement pump. The
whole vessel is put in a thermostatic bath and heated to
75°C, while the vessel is mixed continuously. The end
pressure becomes 188 bar. The autoclave now contains
a liquid phase and gaseous carbon dioxide. The liquid
contains approximately 23 wt.% carbon dioxide and 77
wt.% beeswax.

[0035] The liquid is subsequently contacted, under
continuous mixing, with 0.5 gram of activated coal and
1.25 gram of bleaching earth for 5 minutes. After this the
liquid is filtered and subsequently depressurised. The
yellow colour largely disappeared and the Lab values of
the treated beeswax were determined as (39.1, -2.39,
3.22). The amount of granulate recovered after process-
ing was 2.09 grams, meaning that it contained only 0.34
grams of beeswax.

Comparative Example A:

[0036] Example 3 was repeated except that the proc-
ess was carried out at ambient pressure, the tempera-
ture applied was 80 °C and contact time was increased
to 20 minutes. Despite the fact that a longer contact time
and higher temperature were applied, the yellow colour
of the processes was not removed as effectively as in
experiment 3. This observation was confirmed by the
Lab values of the treated beeswax which were deter-
mined as (36.4, -0.54, 8.34).

[0037] The amount of granulate recovered after
processing was 2.28 grams, meaning that it contained
0.53grams of beeswax. This shows that the used gran-
ulate obtained in this example holds 56% more beeswax
than the granulate of example 3.

Example 4

[0038] 50 gram of beeswax as described in example
3 was put in an autoclave of 323 ml. The vessel is pres-
surised with 218 gram carbon dioxide using a positive
displacement pump. The whole vessel is put in a ther-
mostatic bath and heated to 74°C, while the vessel is
mixed continuously. The end pressure becomes 370
bar. The autoclave now contains a liquid phase and gas-
eous carbon dioxide. The liquid contains approximately
52 wt.% carbon dioxide and 48 wt.% beeswax.

[0039] The liquid is subsequently contacted, under
continuous mixing, with 0.5 gram of activated coal and
1.25 gram of bleaching earth for 15 minutes. After this
the liquid is filtered and subsequently depressurised.
The yellow colour was found to have disappeared and
the Lab values of the treated beeswax were determined
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as (38.1, -2.21, 0.61).

Example 5

[0040] 50 gram of beeswax as described in example
3 and 5 grams of acetone were put in an autoclave of
323 ml. The vessel is pressurised with 205 gram carbon
dioxide using a positive displacement pump. The whole
vessel is put in a thermostatic bath and heated to 75°C,
while the vessel is mixed continuously. The end pres-
sure becomes 350 bar. The autoclave now contains a
liquid phase and gaseous phase. The liquid contains ap-
proximately 42 wt.% carbon dioxide, 55 wt.% beeswax
and 3 wt.% acetone.

[0041] The liquid is subsequently contacted, under
continuous mixing, with 0.5 gram of activated coal and
1.25 gram of bleaching earth for 15 minutes. After this
the liquid is filtered and subsequently depressurised .
The yellow colour had disappeared and the Lab values
of the treated beeswax were determined as (37.1,-1.95,
2.64).

Example 6

[0042] 50 gram of beeswax as described in example
3 was put in an autoclave of 323 ml. The vessel is pres-
surised to 375 bar. The whole vessel is put in a thermo-
static bath and heated to 75°C, while the vessel is mixed
continuously. The end pressure becomes 350 bar. The
autoclave now contains a liquid phase and gaseous car-
bon dioxide. The liquid contains approximately 50 wt.%
carbon dioxide, 50 wt.% beeswax.

[0043] The liquid is subsequently contacted, under
continuous mixing, with 2.5 gram of bleaching earth for
20 minutes. After this the liquid is filtered and subse-
quently depressurised. The yellow colour largely van-
ished and the Lab values of the treated beeswax were
determined as (36.3, -1.57, 0.38).

Example 7

[0044] Example 3 was repeated, except that the con-
tact time with activated coal and bleaching earth was
reduced to 3 minutes. The yellow colour of the process-
es beeswax so obtained, had largely disappeared and
the Lab values of the treated beeswax were determined
as (39.3, -2.63, 4.78).

Example 8

[0045] Again Example 3 was repeated, but this time
the contact time with activated coal and bleaching earth
was reduced to 50 seconds. The yellow colour of the
processed beeswax had largely disappeared. The Lab
values of the treated beeswax were determined as
(37.8, -2.85, 9.89).
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Claims

A method of processing lipid material comprising
the steps of

a) dissolving into the lipid material from 5-95 wt.
% of a gas selected from the group consisting
of carbon dioxide, ethane, propane, or nitrous
oxide and mixtures thereof, at a temperature
and a pressure at which the gas per se would
be near its supercritical state,

b) contacting the lipid material containing the
dissolved gas with a reactive granulate,

c) separating the granulate from the lipid mate-
rial and

d) allowing the gas to evaporate from the lipid
material by reducing the pressure.

A method according to claim 1, wherein steps ¢) and
d) are carried out consecutively.

A method according to claim 1 or 2, wherein the lipid
material is liquid when it is contacted with the reac-
tive granulate and separated therefrom.

A method according to any one of claims 1-3,
wherein during steps a) and b) the temperature of
the gas is at least T.-60 °C and the pressure is at
least 0.5xP_, wherein T and P_ represent the criti-
cal temperature and critical pressure of the gas.

A method according to any one of claims 1-4,
wherein step a) comprises dissolving into the lipid
material between 10-90 wt.%, preferably between
20-70 wt.% of the gas.

A method according to any one of claims 1-5,
wherein the lipid material is contacted with the re-
active granulate in the presence of carbon dioxide
at a pressure of at least 40 bar, and a temperature
between 0° and 200°C.

A method according to any one of claims 1-6,
wherein the reactive granulate is selected from the
group consisting of catalysts, adsorbents and mix-
tures thereof.

A method according to any one of claims 1-7,
wherein the lipid material is contacted with the re-
active granulate for at least 30 seconds, preferably
for 2 to 15 minutes.

A method according to any one of claims 1-8,
wherein the lipid material is selected from the group
consisting of triglycerides, diglycerides, monoglyc-
erides, fatty acids, fosfolipids, waxes and mixtures
thereof.
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10. A method according to any one of claims 3-9,

wherein the liquid lipid material is contacted with the
reactive granulate by suspending the granulate into
the lipid material and passing the lipid material up-
wards through a column whilst allowing the granu-
late to move downwards under the influence of
gravity.
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