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(54) Process for obtaining oleochemicals with reduced content of by-products

(57)  Suggested is a process for obtaining fatty acids
with reduced content of by-products, characterised in that
(a) unrefined fats or oils are subjected to steam stripping
in a counter-current column to produce

(i) a bottom fraction of de-acidified fats or oils,

(i) a first distillate consisting mainly of fatty acids and

glycerides, and
(i) a second distillate comprising fatty acids and essen-
tially all unwanted ketones, aldehydes and phenols; and

(b) said bottom fraction (i) containing the de-acidified fats
or oils and said first distillate (ii) containing fatty acids
and glycerides are combined.

Fig. 1: Process for the reduction of impurities from unrefined oils
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Description
Field of invention

[0001] The present invention belongs to the area of
oleochemicals and refers to an improved process for ob-
taining fatty acids, fatty acid alkyl esters and fatty alcohols
with reduced content of ketones, aldehydes and phenols
and their hydrogenation products.

State of the art

[0002] State of the art technologies for the manufac-
turing of fatty alcohols from vegetable oils and fats are
high or low pressure transesterification with methanol
and suitable catalysts followed by high pressure hydro-
genation. While high pressure transesterification has the
advantage, that unrefined oils and waste fat streams with
high amount of free fatty acids can be used as raw ma-
terials, one major disadvantage is, that impurities con-
tained in the crude raw materials, like aldehydes, ketones
and phenols are converted in the transesterification and
hydrogenation steps into chemical species, which are
difficult to separate from the fatty alcohols and reduce
the quality of the final products. On the other hand for
low pressure transesterification with e.g. sodium meth-
ylate as catalyst the final product qualities are better due
to the use of refined oils as feed materials, but higher
raw material prices need to be accepted.

[0003] According to the state of the art many different
processes for processing oils and fats of different quali-
ties are known. For example, EP 0127104 B1 (Cognis)
discloses a process for making fatty acid esters of short-
chain, aliphatic alcohols by catalytic transesterification
of natural fats and/or oils containing free fatty acids (oil
phase) with the corresponding alcohols, the oil phase is
subjected to preliminary esterification with the alcohols
in the presence of acidic esterification catalysts at tem-
peratures no higher than 120 °C and under pressures of
less than 5 bar and in the presence of a liquid entraining
agent substantially immiscible with the oil phase, after
which the reaction product is separated into an entraining
agent phase containing the acidic catalyst and water of
reaction and the treated oil phase. Subsequently, the oil
phase is then subjected to transesterification while the
acidic catalyst-containing entraining agent phase is re-
turned, after at least partial drying, to the preliminary es-
terification stage. By this process, fats and/or oils with
acid numbers of up to 60 can be processed in the pre-
liminary esterification stage to give an oil phase having
a low acid number.

[0004] EP 1092703 B1 (Cognis) teaches the prepara-
tion of fatty acid methyl esters having an acid number of
less than 0.1 comprises subjecting a fatty acid glyceride,
having an acid number of 5 to 20, with methanol in a ratio
of 0.4 to 0.7 % w/v to a two stage esterification process
comprising a first high-pressure and a second low-pres-
sure esterification
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[0005] Unfortunately, none of the processes according
to the state of the art provide a simple and economic
method to convert cheap unrefined oils into high quality
fatty acids.

[0006] It has been the object of the present invention
to make cheap - which means in particular unrefined -
fats and oils as raw materials available for producing pu-
rified, high quality fatty acids serving as intermediates for
fatty acid alkyl esters and - as the following stage of deri-
vatisation -fatty alcohols also showing an improved qual-
ity. In particular, it is the essence of the proposed new
process to substantially remove unwanted by-products
such as ketones, aldehydes and phenols and to collect
them in a fraction of waste material, said fraction repre-
senting less than 1 % b.w. calculated on the total amount
of raw material subjected to the purification process. In
the context of the present invention the term "to substan-
tially remove" shall have the meaning to remove at least
80, in particular at least 90 and more preferably about 95
% of unwanted ketones, aldehydes and phenols from the
unrefined oils.

Description of the invention

[0007] A first object of the present invention covers a
process for obtaining fatty acids with reduced content of
by-products, which is characterised in that

(a) unrefined fats or oils are subjected to steam strip-
ping in a counter-current column to produce

(i) a bottom fraction of de-acidified fats or oils,

(ii) afirst distillate consisting mainly of fatty acids
and glycerides, and

(i) a second distillate comprising fatty acids and
essentially all unwanted ketones, aldehydes
and phenols; and

(b) said bottom fraction (i) containing the de-acidified
fats or oils and said first distillate (ii) containing fatty
acids and glycerides are combined.

[0008] A second object of the present invention refers
to a process for obtaining fatty acid alkyl esters with re-
duced content of by-products, which is characterised in
that

(a) unrefined fats or oils are subjected to steam strip-
ping in a counter-current column to produce

(i) a bottom fraction of de-acidified fats or oils,

(ii) afirst distillate consisting mainly of fatty acids
and glycerides, and

(iii) a second distillate comprising fatty acids and
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essentially all unwanted ketones, aldehydes
and phenols; and

(b) said bottom fraction (i) containing the de-acidified
fats or oils and said first distillate (ii) containing fatty
acids and glycerides are combined; and

(c) the combined fractions thus obtained are subject-
ed to transesterification with lower C4-C, alcohols,
preferably methanol or ethanol.

[0009] Athird objectofthe presentinvention is directed
to a process for obtaining fatty alcohols with reduced con-
tent of by-products, which is characterised in that

(a) unrefined fats or oils are subjected to steam strip-
ping in a counter-current column to produce

(i) a bottom fraction of de-acidified fats or oils,

(ii) afirst distillate consisting mainly of fatty acids
and glycerides, and

(iii) a second distillate comprising fatty acids and
essentially all unwanted ketones, aldehydes
and phenols; and

(b) said bottom fraction (i) containing the de-acidified
fats or oils and said first distillate (ii) containing fatty
acids and glycerides are combined;

(c) the combined fractions thus obtained are subject-
ed to transesterification with lower C4-C, alcohols;
and

(d) the transesterification products thus obtained are
subjected to hydrogenation.

[0010] Allthese three processes are connected by the
same inventive idea, which is to remove unwanted by-
products from the oils and fats in order to achieve a pu-
rified fraction of fatty material that leads also to improved
qualities in the esterification to form fatty acid alkyl esters
and subsequently in the hydrogenation to obtain fatty al-
cohols.

[0011] While processes according to the state of the
art already disclose the de-acidification of crude fats and
oils showing acid values of about 10 and higher by steam-
stripping in order to produce a de-acidified bottom prod-
uct and a stream of fatty acids which is taken off at the
side or the top of the column, it is the essence of the
present invention, to subject said stream of free fatty ac-
ids to a fractionated condensation in order to recover a
first distillate of fatty acids from the column vapours which
is poor in unwanted by-products and a second distillate
taken off from the top of column, containing more than
90 % b.w. of all ketones, aldehydes and phenols which
have been present in the unrefined fats or oils. Since the
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top fraction typically represents only 1, in particular about
0.5 % b.w. of the total mass of the distillation products
(bottom product plus side streams) the amount of waste
material compared to other processes is much smaller,
what provides an additional economic advantage over
the state of the art. Also, the first fatty acid distillate taken
off as the side stream shows a seriously reduced content
of by-products and thus represents also a valuable prod-
uct, which can be combined with the bottom fraction of
the de-acidified oils for transesterification or can be ap-
plied for other purposes.

De-acidification of the unrefined oils

[0012] The process according to the presentinvention
can be applied to all kinds of vegetable oils, in particularly
those oils showing an acid value typically of 1 to 20, but
also higher. Examples of suitable oils - without limitation
- are palm oil, palm kernel oil, coconut oil, olive oil, sun-
flower oil, saflor ail, soy oil, line oil, rape oil, fish oil, lard
oil, tallow and their mixtures.

[0013] The combined de-acidification and separation
of impurities from crude fats or oils is preferably done
under vacuum in a counter-current column with stripping
steam as shown in Figure 1. Typically, the crude oil is
pre-heated by economizers (1, 2) and pre-heater (3) and
fed to the top of the column (4). While trickling down the
column free fatty acids and other low boiling impurities
like aldehydes, ketones and phenols are stripped from
the oil with stripping steam, which is introduced at the
column bottom. The stripped off fatty acids and impurities
are condensed from the stripping steam in two steps
while the de-acidified oil is taken from the column as bot-
tom product.

[0014] The column internals can either be structured
or dumped packing or trays depending on the solids or
gum content of the crude oil. For coconut oil or palm
kernel oil structured packing is preferred due to low pres-
sure drop. For oils with higher solids/gum content um-
brella bubble cap trays are preferred due to lower pres-
sure drop than for other tray types. The height of the
packing can be about 3 to about 8, preferably about 4 to
about 6 m. The number of trays should be about 6 to
about 18, preferably about 8 to about 14. Partial conden-
sation of the fatty acid vapours is typically performed by
a partial condenser ("dephlegmator") or more preferably
by adirect condensationin a packing (5) with recirculation
loop and external plate cooler (6). Vapours leaving the
partial condenser are condensed in the second condens-
er (7). An additional feature of the invention is to install
an additional packing (8) above the feed and run the col-
umn with a small reflux - about 1 to about 10 % of the
distillate - of the first distillate in order to reduce the
amount of glycerides in the fatty acid distillate. In this
case an additional reboiler (9) is required to provide the
heat of vaporization for the reflux stream.

[0015] The de-acidification column should be operated
at a vacuum of about 2 to about 20, preferably about 5
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to about 10 mbar. The crude oil feed should be heated
to about 225 to about 280, preferably about 245 to about
260 °C. The stripping steam rate should be adjusted to
about 1 to about 5 % w/w, while it is preferred to adjust
the rate to about 1 to about 2 % w/w of the crude oil feed
rate. The resulting acid values of the de-acidified oils and
fats are typically between about 0.02 and about 1 and
preferably between about 0.1 and about 0.5, the resulting
water content between about 0.01 and about 0.1, pref-
erably between about 0.01 to about 0.03 %. Adjusting
the condenser temperature to about 70 to about 100, and
preferably about 80 °C, lower boiling impurities (alde-
hydes, ketones, phenols), which are stripped off from the
crude oil, are enriched in the second condensate and
thus can be minimized in the main fatty acid distillate.
The second condensate can either be discarded as
waste or be used as a low fatty acid quality for technical
applications.

[0016] Depending on the process conditions the first
distillate of the de-acidification column contains mainly -
which means about 50 to about 99 % b.w. - fatty acids,
the rest being glycerides. This stream can either directly
be routed to high pressure transesterification or esterified
and subsequently routed to a low or high pressure trans-
esterification together with the bottom product from the
column.

[0017] To further improve the separation of the un-
wanted impurities, an alternative procedure is to replace
the partial condensation shown in Figure 1 by a fraction-
ation in a packed section in the top of the column (5) with
refluxing and fractionating at least a part of the second
quality fatty acid as shown in Figure 2. Doing this the split
of the low-boilers between the fatty acid qualities can
substantially be improved.

Transesterification and Hydrogenation

[0018] The reaction mixture leaving the transesterifi-
cation step is then hydrogenated and the resulting fatty
alcohol mixture is improved in quality compared to the
processing of unrefined oils without the described de-
acidification procedure. These processes represent ma-
jor operations in technical industry and are well known
for one skilled in the art so that additional explanations
are not necessary. As an example reference is made to
EP 0332971 B1 (Henkel) referring to the transesterifica-
tion of fatty acid lower alkyl esters and DE 4321837 A1
(Henkel) disclosing the hydrogenation of methyl esters
to fatty alcohols which is conducted in two fixed-bed re-
actors.

Examples
Example 1

[0019] Raw coconut oil with an acid value of 12 had
the following content of low-boiling impurities:
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Impurity Content [ppm]
C- Ketone 29
Cq Ketone 71
C,1 Ketone 581
C43 Ketone 19
Phenol 214

[0020] The oilwas pre-heated to 260 °C via a pre-heat-
er and pumped at a flow rate of 200 kg/hr to the top of a
column with an internal diameter of 130 mm packed with
4.6 m of a structured packing with a specific surface of
350 m2/m3. The column was run at a top pressure of 10
mbar. Stripping steam was introduced into the bottom of
the column at a flow rate of 2.0 kg/h. The condenser of
the column was adjusted to 80 °C, a second condenser
to 40 °C. The de-acidified oil had an acid value of 0.14,
ketone and phenol contents were reduced to below de-
tection limit. In the first condenser a fatty acid stream of
10.6 kg/h was condensed having an acid value of 182.4
and a glyceride content of 16 %. Contents of low-boiling
impurities were:

Impurity Content [ppm]
C- Ketone 17

Cy Ketone 70

C14 Ketone 1,971
C,3 Ketone 343
Phenol 240

Inthe second condenser 0.6 kg/hr were condensed, hav-
ing an acid value of 284 and a glyceride content of 0.5
%. Contents of low boiling impurities were:

Impurity Content [ppm]
C; Ketone 0

Cgy Ketone 310

C,1 Ketone 30,423
C43 Ketone 351
Phenol 10,478

[0021] The resulting ketone and phenol contents of a
mixture of the de-acidified oil and the recovered fatty ac-
ids prior to a transesterification according to the current
invention would be:

Impurity Content [ppm]

0.9

C- Ketone
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(continued)

[0024] The second fatty acid quality had an acid value
of 288 and a glyceride content of 0.1 %. Contents of low-

Impurity Content [ppm] boiling impurities were:
Cy Ketone 3.7 5
Impurit Content [ppm
C4; Ketone 104.8 purty [ppr
C- Ketone 355
C,3 Ketone 18.2 l
Cq Ket 498
Phenol 12.8 o iEToNe
10 C,1 Ketone 33,270
Compared to the feed material an overall reduction of C,3 Ketone 3,330
totall ketones by 82 % and of phenol by 94 % was Phenol 893
achieved.
Example 2 15 [0025] The resulting ketone and phenol contents of a
mixture of the de-acidified oil and the recovered fatty ac-
[0022] Raw coconut oil with an acid value of 9.5 had ids prior to a transesterification according to the current
the following content of low-boiling impurities: invention would be:
Impurity Content [ppm] 20 Impurity Content [ppm]
C; Ketone 33 C; Ketone 0.003
Cgy Ketone 73 Cq Ketone 0.3
C14 Ketone 570 25 C,1 Ketone 8.1
C,3 Ketone 14 C43 Ketone 0.6
Phenol 237 Phenol 0.54
[0023] The oilwas pre-heated to 245 °C viaapre-heat- 30 [0026] Overall a reduction of total ketones by 98.7 %
erand feeded ata flow rate of 200 kg/h to the third packing and of phenol by 99.7 % was achieved.
of acolumn as shownin Figure 2 with an internal diameter
of 130 mm equipped with three sections of a structured
packing with a specific surface of 500 m2/m3, each of the Claims
packages having a height of 1.25 m. The column was 35
run at a top pressure of 10 mbar. Stripping steam was 1. Process for obtaining fatty acids with reduced con-
introduced into the bottom of the column at a flow rate of tent of by-products, characterised in that
2.0 kg/h. The condenser of the column was adjusted to
40 °C. The condensed second quality fatty acid was split (a) unrefined fats or oils are subjected to steam
into 0.2 kg, which were taken as top-cut and 14.7 kg 40 stripping in a counter-current column to produce
reflux, which were fed back to the column top. Below the
first packing a first quality was taken off as a liquid side (i) a bottom fraction of de-acidified fats or
stream, which was split into 8.4 kg takeoff and 10.1 kg oils,
reflux. The de-acidified oil had an acid value of 0.16; ke- (ii) a first distillate consisting mainly of fatty
tone and phenol content were reduced below detection 45 acids and glycerides, and
limit. The first fatty acid quality had an acid value of 195 (iii) a second distillate comprising fatty acids
and a glyceride content of 3 %. Contents of low-boiling and essentially all unwanted ketones, alde-
impurities were: hydes and phenols; and
Impurity Content [ppm] 50 (b) said bottom fraction (i) containing the de-
acidified fats or oils and said first distillate (ii)
C7 Ketone 08 containing fatty acids and glycerides are com-
Cgy Ketone 6.6 bined.
C4 Ketone 193 55 2. Process for obtaining fatty acid alkyl esters with re-
C,5 Ketone 15.1 duced content of by-products, characterised in that
Phenol 12.8 ) . .
(a) unrefined fats or oils are subjected to steam
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stripping in a counter-current column to produce

(i) a bottom fraction of de-acidified fats or
oils,

(ii) a first distillate consisting mainly of fatty
acids and glycerides, and

(iii) a second distillate comprising fatty acids
and essentially all unwanted ketones, alde-
hydes and phenols; and

(b) said bottom fraction (i) containing the de-
acidified fats or oils and said first distillate (ii)
containing fatty acids and glycerides are com-
bined; and

(c) the combined fractions thus obtained are
subjected to transesterification with lower C4-C,
alcohols.

Process for obtaining fatty alcohols with reduced
content of by-products, characterised in that

(a) unrefined fats or oils are subjected to steam
stripping in a counter-current column to produce

(i) a bottom fraction of de-acidified fats or
oils,

(ii) a first distillate consisting mainly of fatty
acids and glycerides, and

(iii) a second distillate comprising fatty acids
and essentially all unwanted ketones, alde-
hydes and phenols; and

(b) said bottom fraction (i) containing the de-
acidified fats or oils and said first distillate (ii)
containing fatty acids and glycerides are com-
bined;

(c) the combined fractions thus obtained are
subjected to transesterification with lower C4-C,
alcohols; and

(d) the transesterification products thus ob-
tained are subjected to hydrogenation.

Process according to any of the preceding Claims 1
to 3, characterised in that oils of fats showing an
acid value of from 1 to 20 are subjected to purifica-
tion.

Process according to any of the preceding Claims 1
to 4, characterised in that oils or fats are subjected
to purification selected from the group consisting of
palm oil, palm kernel oil, coconut oil, olive oil, sun-
flower oil, saflor oil, soy oil, line oil, rape oil, fish oil,
lard oil, tallow and their mixtures.

Process according to any of the preceding Claims 1
to 5, characterised in that the counter-current col-
umn contains packings.
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7.

10.

11.

12.

13.

Process according to any of the preceding Claims 1
to 6, characterised in that the crude oils or fats are
fed to the top of the column, while the stripping steam
is led counter-currently.

Process according to any of the preceding Claims 1
to 7, characterised in that the column contains
packings above the feed.

Process according to any of the preceding Claims 1
to 8, characterised in that the column is run with a
small reflux of the first distillate.

Process according to any of the preceding Claims 1
to 9, characterised in that the column is operated
at a reduced pressure of 2 to 20 mbar.

Process according to any of the preceding Claims 1
to 10, characterised in that the column is operated
at temperatures of 225 to 280 °C.

Process according to any of the preceding Claims 1
to 11, characterised in that the condensers are op-
erated at temperatures of 70 to 100 °C.

Process according to any of the preceding Claims 1
to 12, characterised in that at least a part of the
second distillate is refluxed and fractionated in a
packing section in the top of the column.
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Fig. 1: Process for the reduction of impurities from unrefined oils
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Fig. 2: Alternative procedure for the reduction of impurities from unrefined oils
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