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(57) L’invention concerne un procédé de préparation
d’esters d’acide gras a partir de triglycéride d’acide gras
et notamment a partir de graisses et huiles animales et
végétales, par transestérification avec un alcool inférieur
monovalent en présence d un catalyseur homogene ou
hétérogene. Selon 1'invention, 1’ester d’acide gras formé
est extrait du mélange réactionnel avec un agent
d’extraction proche du point critique. On peut ainsi
obtenir des esters d’acide gras avec un rendement éleve
et une trés grande pureté. On utilise de préférence
comme agent d’extraction un gaz a faible pression qui
présente, & 20 °C, une température réduite, s’¢élevant
environ & 0,7 °C, de préférence supérieure ou égale a
0,7 °C. Les agents d’extraction préférés sont le dioxyde
de carbone, le propane, le butane, le diméthyléther,
I’acétate d’éthyle ou leurs mélanges.

I*I Industrie Canada  Industry Canada

(57) The invention concerns a method for preparing fatty
acid esters from fatty acid triglyceride and specially from
animal and vegetable fats and oils by transesterification
with a lower monohydric alcohol in the presence of a
homogenous or heterogeneous catalyzer. According to
the invention, the fatty acid ester formed is extracted
from the reaction mixture with an extracting agent close
to critical point. Thus a greater yield of fatty acid esters
and excellent purity are obtained. Preferably a low-
pressure gas with a reduced temperature at 20 °C of
approximately 0.7, preferably greater than or equivalent
to 0.7 should be used as extracting agent. The preferred
extracting agents are carbon dioxide, propane, butane,
dimethy] ether, ethyl acetate or their mixtures.
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(57) Abstract

The invention concerns a method for preparing fatty acid esters from fatty acid triglyceride and specially from animal and vegetable

fats and oils by transesterification with a lower monohydric alcohol in

to the invention, the fatty acid ester formed is extracted from the reaction mixture with an extracting agent close to

a greater yield of fatty acid esters and excellent purity are obtained.

of approximately 0.7, prefer

presence of a homogenous or heterogeneous catalyzer. According
critical point. Thus
°C

the

Preferably a low-pressure gas with a reduced temperature at 20

ably greater than or equivalent to 0.7 should be used as extracting agent. The preferred extracting agents are

carbon dioxide, propane, butane, dimethyl ether, ethyl acetate or their mixtures.

(57) Zusammenfassung

Die Erfindung betrifft ein Verfahren zur Herstellun

vegetabilischen Fetten und Olen durch Umesterung mit einem einwertigen niedere
Katalysators. Erfindungsgemi8 wird der gebildete Fettsdureester mit einem na
extrahiert. Auf diese Weise werden Fettsaureester in hoher Ausbeute und ausgezeichneter

vorzugsweise ein Niederdruckgas mit einer reduzierten Temperatur

Bevorzugte Extraktionsmittel

g von Fettsaureestern aus Fettsauretriglycerid und insbesondere aus tierischen oder

n Alkohol in Gegenwart eines homogenen oder heterogenen
hekritischen Extraktionsmittel aus der Reaktionsmischung
Reinheit erhalten. Als Extraktionsmittel dient
bei 20 °C von etwa 0,7, vorzugsweise von groBer oder gleich 0,7.

sind Kohlendioxid, Propan, Butan, Dimethylether, Ethylacetat oder deren Gemische.
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Description

Method for producing fatty acid esters

The invention concerns a method for producing fatty acid esters and in
particular a method wherein fatty acid esters are obtained by transesterification
of fats and oils of animal or vegetable origin.

The production of alkyl esters and in particular of methyl esters by alcoho-
lysis of fats and oils has recently been the subject of a lively discussion with a
view to the production of diesel fuels from renewable raw materials.

The glycerol component of fats and oils can, even at low temperatures, be
substituted with low-molecular weight monovalent alcohols. Alcoholysis is cata-
lysed by acids or alkalis. In technology, the Bradshaw method is frequently
employed for the transesterification of fats with methanol (US-A 2,271,619 and
2,360,844). Herein the fat which should not have an acid number in excess of
1.5 is stirred briefly at 80°C with excess methanol in the presence of 0.1 to
0.5% sodium hydroxide. When left to rest, the glycerol separates out practically
free from water at the bottom of the vessel.

The method is remarkable not only with respect to the production of
methyl esters or ethyl esters directly from the fat, without an intermediate hy-
drolysis step, but also because of the lower reaction temperature and because
special corrosion resistant equipment is not required.

If methanol is used, the reaction unfolds along the following pattern,
wherein R represents a fatty acid radical:

CaHs(R)3 + 3CH30H — C3H5(0H)3 + 3 CH3R

The reaction is carried out in an open tank which may consist of common
carbon steel. The fat must be dry, clean and above all neutral. It is heated to
approx. 80°C, and commercially available, water-free methanol (99,7%) having
0.1 to 0.5% sodium hydroxide or potassium hydroxide dissolved in it is added.
An amount of alcohol corresponding to about 1.6 times the theoretically re-

-1-
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quired amount is recommended. The alcohol can, however, be reduced to
about 1.2 times the theoretical amount if the process is performed in three
steps. An amount in excess of 1.75 times the theoretical amount does not ac-
celerate the reaction and hampers subsequent removal of the glycerol by grav-

ity.

After adding the alcohol, the mixture is stirred for several minutes and
then left to rest. The glycerol starts to separate out fairly immediately. As it is
practically free from water and much heavier than the other liquids, it readily
settles to form a layer at the tank bottom. Reaction of the oil into methyl ester is
usually 98% complete after one hour.

The bottom layer contains not less than 90% of the glycerol originally pre-
sent in the fat. The top layer is comprised of methyl esters, the major portions
of the unreacted alcohol and alkali, the remaining glycerol, and a very small
proportion of soap. These various impurities are removed from the esters by
repeated washing with small amounts of warm water.

In the Bradshaw method the obtained methy! esters are utilized in a con-
tinuous process for producing water-free soap. The esters are readily saponi-
fied by sodium hydroxide or potassium hydroxide at a low temperature, and the
highly volatile methanol is liberated and recovered for reusing.

The described method should, however, also be suited for producing
monoesters for fractionation and thus custom-made fats and oils. The methyl
esters and ethyl esters of the fatty acids are liquid and relatively stable, not cor-
rosive and low-boiling, and are therefore frequently preferred to the free acids,
in particular when fractionating must be carried out at elevated temperatures as
is the case in distillation.

Transesterification of peanut oil with ethanol was studied in detail by
Feuge and Gros, J. Am. Oil Chem. Soc. 26 (1949) 97-102. They found that the
optimum temperature for the reaction is in the vicinity of 50°C. At this tempera-
ture a higher glycerol yield was obtained than at 30°C or 70°C.
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The described alcoholysis of triglycerides generally does, however, not -
only yield in free glycerol and monoester, but moreover monoglycerides and
diglycerides and partial esters of the respective alcohol are formed.

Toyama et al. (Y. Toyama, T. Tsuchiya and T. Ishikawa, J. Soc. Chem.
Ind. Japan, 36 (1933) 230-232B) demonstrated e.g. that in the presence of so-
dium hydroxide, equilibrium between methanol or ethanol and fats is reached
within two hours at room temperature. In order to have the reaction continue
until complete transformation of the fat into the monoester, it is necessary in
this method to separate the released glycerol from the reaction mixture.

In a study by Wright et al. (H.J. Wright, J.B. Segur, H.V. Clark, S.K.
Coburn, E.E. Langdon and R.N. DuPuis, Oil & Soap, 21 (1944) 145-148) the
precise conditions for the alcoholysis of fats with methanol ard ethanol are in-
vestigated in detail. It furthermore reports about experiments on alcoholysis
with other monohydroxy alcohols. it is pointed out that the above described al-
coholysis, catalysed by alkali, is only entirely successful if the fat is practically
free from free fatty acids and if the reaction mixture is free from water. Where
one of these conditions is not met, saponification ensues, resulting in a loss of
alkalinity and formation of a gel structure which prevents or slows down sepa-
ration and settling of the glycerol. Difficulties occur in ethanolysis if the content
of free fatty acids in the fat is in excess of about 0.5%. When 30 parts ethanol,
100 parts cottonseed oil and 0.5% sodium hydroxide are made to react, the
glycerol yield is considerably reduced by 0.3% water in the reaction mixture.
The effect of moisture can, however, be partly compensated by the addition of
further alkali and/or alcohol. The water tolerance of the above mixture is raised
to 0.5 to 0.6% by doubling the catalyst content or by raising the quantity of al-
cohol to 40 parts.

It was also demonstrated by Wright et al. that the rate of the overall reac-
tion is basically limited by the time required for separation of the glycerol by
gravity. Continuous centrifugal separation at 65°C with a dwell time of about 5
minutes yielded a rather good result of approx. 85% of the theoretical value.
Bradshaw's and Meuly's allegation that less alcohol is required in stepwise
addition and glycerol removal was confirmed for methanolysis, however not for
ethanolysis inasmuch as this method results in gelling.
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Particularly if sodium and potassium compounds are used as catalysts,
various problems are encountered in converting the triglycerides with methanol
and ethanol. The catalyst which is distributed to both phases must be removed
after the reaction is completed. Separation of the two phases following the re-
action develops at such a low rate that large reaction volumes become neces-
sary. In the monoester very fine glycerol droplets remain suspended and have
to be washed out with water. Depending on the further use of the glycerol it is
necessary to remove the dissolved catalyst. The required separation of the
emulsion formed in the reaction is extremely tedious. It is considered an addi-
tional problem that the reaction at times does not immediately start up.

Owing to the described drawbacks, the above method is frequently not
well suited for producing fatty acid esters under practical conditions.

It is an object of the invention to provide a method for producing fatty acid
esters from fatty acid triglycerides, which can be carried out simply and eco-
nomically and furnishes maximum vyield of the desired reaction product. The
method should moreover permit for a continuous reaction process at minimum
possible reaction volumes.

This object is attained by the method according to claim 1. Further em-
bodiments result from the dependent claims.

It was surprisingly found that separation of the glycerol from the reaction
mixture may be accelerated considerably by extracting the formed fatty acid
ester with a near-critical extractant from the reaction mixture. Thereby the reac-
tion rate is slowed down only insignificantly. When a liquid flow of the extrac-
tant is made to pass through the reaction mixture, phase separation is accel-
erated and concurrently the ensuing fatty acid ester is removed from the reac-
tion mixture. As the obtained fatty acid esters are far more easily soluble in the
extractant than triglycerides and partial glycerides, a pure product is obtained
immediately under suitable conditions. Accelerating the phase separation,
which constitutes the critical factor in the transesterification reaction, succeeds
independent from whether the reaction is accelerated by means of homogene-
ous or heterogeneous catalysts. In either case, emulsions are formed which
hitherto required considerable expenses for their separation.
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Basically any fatty acid triglycerides may be used as starting materials for
the method of the present invention. In a particularly preferred manner animal
or vegetable fats or oils are used as starting materials, particularly those having
10 to 22 carbon atoms and in particular 12 to 18 carbon atoms in the fatty acid
radical. As examples for vegetable starting materials, soybean oil, rape-seed
oil, sunflower oil, peanut oil, cotton oil, palm oil, linseed oil, castor oil, beet oil
and olive oil can be named.

The method of the invention is particularly well suited for the transesterifi-
cation of fatty acid triglycerides with a monovalent low-molecular weight alcohol
comprising 1 to 6 carbon atoms. Particularly preferred are alcohols comprising
1 to 4 carbon atoms and in particular methanol or ethanol. The transesterifica-
tion reaction may basically take place in accordance with prior art methods.
Transesterification suitably takes place at a temperature between 20 and
100°C, preferably at 30 to 80°C and in particular at a temperature between 50
and 75°C.

Reaction of the starting materials with the monovalent low-molecular
weight alcohol preferably takes place at a pressure between ambient pressure
and the vapour pressure of the utilized alcohoi.

Transesterification may take place in the presence of a homogeneous
catalyst as well as in the presence of a heterogeneous catalyst. A particularly
suitable homogeneous catalyst is an alkali. For example, all the alkylates al-
ready known in the prior art as catalysts for this reaction may be employed. By
way of example the sodium or potassium alconolates of the respective monova-
lent alcohol used for transesterification can be named. Sodium hydride is also
suitable.

Heterogeneous catalysts have an advantage over the homogeneous
catalysts in that they can more easily be separated from the reaction mixture.
The framework of the invention also included a search for suitable catalysts.
Herein it was found that acidic or alkaline ion exchanger resins and in particu-
lar strongly alkaline ion exchanger resins are well suited as catalysts in the
transesterification of fatty acid triglycerides with monovalent alcohols. It was
found that Amberlite® IRAS00C! (R6hm & Haas, Darmstadt) is particularly well
suited for this purpose, which prior to its use is transferred from the chloride

-5-




10

15

20

25

30

35

CA 02264558 1999-02-23

[File ANM\PE4719B1 doc] Translation of PCT Application, 09.02.99 ll'i" i“\\“
Method for producing fatty acid esters |1 * f
I
i

Prof. Dr. S. Peter \“”’m

form into the hydroxide form. This can e.g. be achieved by ion exchange with
the aid of 4% soda solution and sodium hydroxide solution. Following drying by
means of water-free methanol one obtains a strongly alkaline ion exchanger on
a synthetic resin basis (polystyrene). As a rule, the catalyst thus obtained re-
sulted in about 80% of the theoretical yield after a 30-minute reaction.

In accordance with the present invention, a so-called low pressure gas is
used as the extractant. The term low pressure gas in this context designates a
gas having a reduced temperature at 20°C of about 0.7, preferably of equal to
or greater than 0.7. Examples for such low pressure gases are carbon dioxide,
propane, butane, dimethyl ether, ethyl acetate etc. Mixtures of at least two of
these compositions may also be employed. The method of the invention is car-
ried out such that the extractant is dissolved in near-critical state in the reaction
mixture. The desired density of the extractant is adjusted by suitably selecting
temperature and pressure. The density of the extractant suitably is at least
equal to the critical density. The temperature at which extraction is carried out
is between 0 and 200°C, preferably between 30 and 100°C. Preferred extrac-
tants are carbon dioxide, propane, butane or dimethyl ether. Propane, butane
and dimethy! ether are particularly preferred.

It is suitable to start extraction of the formed fatty acid ester when at least
80% and in particular 80 - 95% of the charged fatty acid triglyceride has been
reacted.

A particularly preferred embodiment of carrying out the method according
to the present invention consists of feeding the emulsion to be separated,
which has formed in the course of the reaction, into an extraction column, pref-
erably into the middle portion of a countercurrent extraction column, and bring-
ing it into countercurrent contact with the near-critical extractant. The extractant
passing from below in an upward direction through the column preferably dis-
solves the alkyl esters which have the highest solubility among the compounds
present in the reaction mixture. The undissolved portions of the charged mate-
rial flow downwards in the column. Hereby the reaction mixture becomes in-
creasingly depleted in alkyl esters, until eventually in the bottom of the counter-
current column a product is obtained which consists of glycerol still having
slight impurities in the form of partial glycerides and triglycerides dissolved
within it. If this alcoholysis is carried out with the aid of homogeneous catalysts,

-6 -
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then the latter ones are also separated out together with the bottom product.
Heterogeneous catalyst is suitably already separated out prior transferring the
reaction mixture into the countercurrent extraction column.

The extract exiting from the top of the extraction column is suitably sup-
plied to another column wherein the density of the extractant is reduced by
temperature increase and/or pressure reduction to such an extent that the ex-
tracted fatty acid esters separate out quantitatively. In a particularly advanta-
geous manner, complete separation of extractant and extract can be performed
through rectification of the top product of the extraction column. Rectification is
preferably carried out at a pressure which is only slightly lower than the pres-
sure in the extraction column. It is moreover favourable to pump back part of
the fatty acid esters, which are obtained with high purity at the bottom of the
rectifying column, to the top of the extraction column.

The bottom product of the extraction column contains the produced glyce-
rol and generally contains negligible impurities represented by partial gly-
cerides and unreacted triglycerides. In the case of homogeneous catalysis, the
bottom product contains the catalyst which may be removed in a further pro-
cess step. This may be effected e.g. by distillation. In the case of heterogene-
ous catalysis one obtains glycerol which is sufficiently pure to be immediately
supplied to further use.

The method shall in the following be explained in more detail by referring
to a drawing. Fig. 1 is a schematic representation of a device for carrying out
the method of the present invention.

The device includes reactor B in which the reaction of the starting material
- i.e. fatty acid triglyceride - with the alcohol takes place. Alcohol and trigly-
ceride are pumped into the reaction vessel B via an inline mixer A. In the case
of homogeneous catalysis the catalyst is suitably admixed to the alcohol be-
forehand. The heterogeneous catalyst is preferably filled into the reactor. The
reaction mixture slowly flows through the reaction vessel. The dimensions of
the reaction vessel are suitably selected such that the dwell time of the reaction
mixture in the reaction vessel is sufficient for obtaining, at a temperature in the
range from 20 to 100°C, a conversion of at least 80% and in particular between
80 and 90% of the theoretical rate. The reaction mixture exiting from the reactor

-7-
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B essentially consists of glycerol and fatty acid ester. It is pumped to the middle
portion of an extractor C.

The pressure in the extractor C is higher than the vapour pressure of the
extractant employed in the method of the present invention. The temperature in
the extractor C is in the range from 20 to 200°C. The extractant is supplied to
the bottom of extractor C and flows through the extractor from below in an up-
ward direction in countercurrent with the reaction mixture. In the process, fatty
acid ester is gradually dissolved from the reaction mixture, and the emulsion

breaks up.

In the case of heterogeneous catalysis, the portion of extractor C below
the port for the reaction mixture is filled with the (pelleted) catalyst. In this way
practically 100% of the charged triglycerides can be converted by secondary
reaction.

At the top of the extractor the extractant loaded with fatty acid ester exits
from the extractor and is in the expansion valve R expanded to the pressure
prevailing in the rectifying column D. After passing through heat exchanger 1
the loaded extractant is fed into the middle portion of rectifying column D. The
solvent, consisting of excess alcohol and the extractant, is quantitatively sepa-
rated from the extracted substances by rectification under pressure. As the
bottom product of the rectifying column, solvent-free fatty acid ester is with-
drawn.

The vaporous mixture of alcohol and extractant exiting from the rectifying
column is cooled down in the heat exchanger 2 to such an extent that the alco-
hol starts to condensate out.

In the condenser E, alcohol and extractant are separated from each other
by rectification at constant pressure. At the bottom of column E the obtained al-
cohol is withdrawn and pumped back into the inline mixer A located at the be-
ginning of the process. The extractant exiting from column E at the top is fur-
ther cooled down in the heat exchanger 3 and brought into the liquid state. The
extractant condensed in the condenser F is pumped back to the bottom of the
extractor C.
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The embodiment represented by referring to the drawing constitutes a
particularly effective mode for carrying out the method of the invention. The in-
vention shall be explained in further detail by the following examples. Percent-
ages indicate percent by weight.

Example 1

200 g of fat from slaugntered animals and 1.2 times the theoreticaily re-
quired quantity of methanol were introduced into a stainless steel reaction
autoclave. This was followed by heating to 75°C and adding 2 g of sodium
methylate as the catalyst. After vigorously stirring at ambient pressure for a pe-
riod of 2.5 minutes, samples were taken from the reaction mixture and ana-
lyzed. Approx. 94% of the initial quantity of fat had been converted to methyl
ester. Following interruption of the stirring process, liquid propane was con-
ducted at a pressure of 35 bar through the reaction mixture. After exiting from
the autoclave, the propane was expanded and the extract dissolved in the pro-
pane was collected in a sampling finger. The extract, minus propane still pre-
sent at a low concentration, contained 87% (wt.) methyl ester and 10% (wt.)
methanol. The balance was composed of triglycerides, partial glycerides and
some glycerol.

Example 2

200 g of beet oil and 1.5 times that quantity of methanol were filled into an
autoclave having a capacity of 1 1. This was followed by heating to 65°C and
adding 2 g of sodium methylate. At ambient pressure vigorous stirring was
performed for 5 minutes. After termination of the stirring process, samples were
taken from the reaction mixture present in the form of an emulsion and ana-
lyzed. Approx. 91% of the starting product had been converted into methyl es-
ter. Subsequently dimethyl ether was made to fiow at a pressure of 30 bar
through the autoclave from below in an upward direction. Upon exiting from the
autoclave the dimethyl ether was expanded to ambient pressure. Hereby the
extract was caused to settle and was collected in a cold finger. The extract
contained about 60% methy! ester and 35% methanol minus small dimethyl
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ether residues. The balance was composed of triglycerides, partial glycerides
and some glycerol.

Example 3

200 g of oil from beets and 150 g of solid, alkaline catalyst Amberlite®
IRA 900 were filled into an autoclave having a capacity of 1 |. Following heating
to 68°C, methanol was added until boiling pressure was reached. For about 30
minutes the autoclave was shaken carefully and subsequently the catalyst was
filtered from the reaction mixture. Analysis showed that 80% of the charged
beet oil had been reacted into methyl ester.

Example 4

200 g of refined coconut fat and 200 g of the alkaline catalyst Amberlite®
IRA 900 were filled into an autoclave having a capacity of 1 |. After heating to
71°C, methanol was pumped in until boiling pressure was reached (approx.
1.05 atm.). After 2 hours the extraction mixture was filtered off, and the oil
phase was analyzed following separation of the glycerol phase. The oil phase
had the following composition: methyl ester 92.3% (wt.); diglyceride 6.6% (wt.),
glycerol 1.1% (wt.).

-10 -
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Claims

1. A method for producing fatty acid esters, wherein fatty acid triglyceride in
the presence of a homogeneous or heterogeneous catalyst is transesteri-
fied with a monovalent alcohol comprising 1 to 6 carbon atoms, character-
ized in that the formed fatty acid ester is extracted from the reaction mix-
ture by means of a near-critical extractant, provided that in the case of an
extractant consisting of carbon dioxide the extraction is not carried out
under supercritical conditions.

2. The method according to claim 1, characterized in that said extractant is a
gas having a reduced temperature at 20°C of about 0.7, preferably of
equal to or greater than 0.7.

3.  The method according to claim 1 or claim 2, characterized in that carbon
dioxide, propane, butane, dimethyl ether, ethyl acetate or a mixture of at
least two of these compounds is employed as the extractant.

4. The method according to claim 3, characterized in that said extractant is
employed at a density which is at least equal to the critical density and at
a temperature between 0°C and 200°C, preferably at 30 to 100°C.

5. The method according to claim 4, characterized in that propane or butane
or dimethyl ether is employed as the extractant.

6. The method according to any one of claims 1 to 5, characterized in that an
alcohol comprising 1 to 4 carbon atoms, in particular methanol or ethanol,
is employed as the monovalent alcohol.

7.  The method according to any one of claims 1 to 6, characterized in that
animal or vegetable fats or oils are employed as the fatty acid triglyceride,
in particular those comprising 10 to 22 and preferably 12 to 18 carbon at-
oms in the fatty acid radical.
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10.

1.

12

13.

14.

15.

The method according to any one of claims 1 to 7, characterized in that an
ion exchange resin and in particular a strongly alkaline ion exchange
resin is employed as the heterogeneous catalyst.

The method according to any one of claims 1 to 7, characterized in that an
alkali is employed as the homogeneous catalyst.

The method according to any one of claims 1 to 9, characterized in that
transesterification takes place at a temperature of 20 to 100°C, preferably
30 to 80°C and in particular 50 to 75°C.

The method according to any one of claims 1 to 10, characterized in that
transesterification takes place at a pressure between ambient pressure
and the vapour pressure of the monovalent aicohol.

The method according to any one of claims 1 to 11, characterized in that
extraction is started after the employed fatty acid triglyceride is converted
by at least 80% and in particular by 80 to 95%.

The method according to any one of claims 1 to 12, characterized in that
extraction takes place in a countercurrent column (C) to which the extrac-
tant is supplied in a lower region thereof and to which the reaction mixture
to be extracted, comprising the formed fatty acid ester, is supplied to a
middle region of the countercurrent column (C), and the extractant en-
riched with fatty acid ester and alcohol is withdrawn at the top of the col-
umn, and the glycerol substantially freed from fatty acid ester is withdrawn
at the bottom of the column.

The method according to claim 13, characterized in that the extractant
enriched with fatty acid ester and alcohol is freed from fatty acid ester in a
rectifying column (D) by reduced pressure and/or increased temperature,
and fatty acid ester is withdrawn at the bottom and extractant enriched
with alcohol is withdrawn at the top of the rectifying column.

The method according to claim 14, characterized in that the alcohol is
separated from the extractant in a condenser (E) and is optionally sup-
plied to further conversion with fatty acid triglyceride.

-2.
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16. The method according to claim 15, characterized in that the extractant

freed from alcohol is condensed in a condenser (F) and optionally recy-
cled to the extraction column (C).
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