2 6 MAY 2006 1 A nethod for the esterification of a fatty acid The invention
relates to a nmethod for the esterification of a fatty acid and a plant for
the production of fatty acid ester by nmeans of a heterogeneo:ié ‘?tl gysi s
using the nmethod in accordance with the invention. In this ﬁhod one of
the Cl2-, Ci4-, Cl6, C18-, Cl18'- or C18"- fatty acids, nanely lauric acid,

myristic acid, palnitic acid, stearic dcid, oleic acid or |inolenic acids
can be used for esterification with one of the follow ng alcohols:
met hanol , et hanol, n-propanol, isopropanol, n-butanol, isobu- tanol or

2- et hyl - hexanol . According to a customary nethod, a pre-determ ned anmount of
fatty acid 1is esterified in batches. In this the fatty acid is placed in a
heat abl e con- tainer with a stirring nechani sm and heated to approxi nmately
100 to 250 C. A catalyst is added and the esterification is carried out at
a tem perature which is kept constant, and with a constant infeed of

al cohol. A stream of vapour fromthe container is led into a separating
colum, in which water which is released during esterification is separated
fromthe co-vaporised alcohol. The water can be thus renoved fromthe
process, by which neans the conversion is inproved. On conpletion of the
est eri fA gaethod fompthye esterifieaticmwmif mdfatty atical cohol and water are renoved by
further heating. A continuous nmethod for the esterification of fatty acids
is de- scribed in US-A- 6 069 261, in which a "permanent” auxiliary gas is
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plant for the production of fatty acid ester by means of a heterogeneous

catalysis using the method in accordance with the invention. In this
method one of the C12-, C14-, C16, C18-, C18'- or C18"- fatty acids,
namely lauric acid, myristic acid, palmitic acid, stearic acid, oleic acid or
linolenic acids can be used for esterification with one of the following
alcohols: methanol, ethanol, n-propanol, isopropanol, n-butanol, isobu-

tanol or 2-ethyl-hexanol.

According to a customary method, a pre-determined amount of fatty acid
is esterified in batches. In this the fatty acid is placed in a heatable con-
tainer with a stirring mechanism and heated to approximately 100° to
250° C. A catalyst is added and the esterification is carried out at a tem-
perature which is kept constant, and with a constant infeed of alcohol. A )
stream of vapour from the container is led into a separating column, in

which water which is released during esterification is separated from the
co-vaporised alcohol. The water can be thus removed from the process, by
which means the conversion is improved. On completion of the esterifica-

tion process the remainders of alcohol and water are removed by further
heating. A continuous method for the esterification of fatty acids is de-

scribed in US-A- 6 069 261, in which a "permanent"’ auxiliary gas is used

for removing water continuously. An auxiliary gas of this kind, which is



2 hydrogen or nitrogen for exanple, does not enter into a chem cal reaction
with reactants of the esterification. The object of the inventionis to
provide a further method for the esterifica- tion of fatty acidgg miyi mican
be carried out continuously and in which no auxiliary gas such as hydrogen
or nitrogen has to be used. This object is satisfied by the nethod defined
inclaiml. The nmethod for the esterifdcation of a fatty acid Fis carried
out in a col- um with a one or nulti-part packing. In addition to its
function as a reactor, the packing has the function of a stripping section.
It is formed as a reaction zone, at |east in an upper part, in which a
heteroqgn Qus ca- tghésis of the fatty aci Is carried out with an al coho
: T
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count erw[tlhoyga{'&am%gp?ﬁggﬁg&gﬁggt@gnp by vaporisation. Water is renoved from
y

t he reaction zone unter-flow acting as a stripping gas. The
| oaded stripping gas is at least partially liquefied at the head of the
colum. The head product is separated into a water-rich fraction as well as

an al cafiet objedt off thaciivemtidies &b ¢ebolde’ 4 ¢hrfHedGhMod Jof g&g eQEifi0a f e
process as a starting material for the esterification an or the

pr oducttiom offfattiveacitlsj pihiin qas be Terdepent eohtioh@insly AridirP widaBeid
advant ageous enbodi nents of the nethod in accordance with claim 1. A plant
for thAWaHAJY g§sotHchasthydroges epaiirogendrauty betussd. Thuismtject Fhe
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The method for the esterification of a fatty acid F is carried out in a col-
umn with a one or multi-part packing. In addition to its function as a
reactor, the packing has the function of a stripping section. It is formed as
a reaction zone, at least in an upper part, in which a heterogeneous ca-
talysis of the fatty acid F is carried out with an alcohol A used in the same
molar ratio or in excess. A gaseous alcohol-rich counter-flow is produced
in the sump by vaporisation. Water is removed from the reaction zone by
means of a counter-flow acting as a stripping gas. The loaded stripping
gas 1s at least partially liquefied at the head of the column. The head
product is separated into a water-rich fraction as well as an alcohol-rich
fraction. The alcohol-rich fraction is returned to the process as a starting

material for the esterification and for the production of the stripping gas.

The dependent claims 2 to 9 concern advantageous embodiments of the
method in accordance with claim 1. A plant for the carrying out of this

method is the subject of claim 10.

The invention will be explained in the following on the basis of the draw-

ings, which show:



.3 F|g 1 aplant wwth a colum, in which a catalytic reaction zone is
arranged, which is used for carrying out the nethod in accor- dance with the
“invention, Fig. 2 a section of the catalytic reaction zone, Fig., 3 E[ﬁ d
region of a preferred enbodi nent of the colum and Fig. 4 a parztﬁ Hg‘f EI ant
~ for cleaning the fatty acid ester, which has been produced. The pl ant
“illustrated in Figure 1 conprises a cdd um 1, out of whose sunp an

i nternmedi ate product, nanely a m xture, which contains the fatty acid ester
obtai ned in accordance with the invention, can be extracted via a line 51
and fed to a part of a plant 7 for cl eaning and concentration. The present

descrlp applies.to, the manufacture fatty acid ester E, for exanple
a fatty :?d i sopfdign té@ﬁ% 2R b |"‘I%§1Cﬁ‘lﬁ‘§aé%t§iﬁlchaﬁét0q Fene is

correspondi ng fat S roduct s the thod i n
accordance with t%%ra?l 7 |’1t|1<.5§Ipl Ilse&g%(%é af%gpifbngﬂ%% 918(:%0% The
internmedi ate prodg&ﬁcgml%qﬁg inehf®n colum 1 still contains remains of the
starting products as well as inpuri- ties. The internediate product is
further treated in a separatlng colum of the part of the plant 7, so that
eventually a fatty acid ester E can be ob- tained, the purity of V\/nich s at
| east 9Bigkdy wei gisectidheoictleaceihiptiodaattionzonextracted via the line 71. A
remai nder of fatty acid F separated in the separating columm is returned to
the method via a line 72. 2 6 MAY 2006 4

Fig. 3 a head region of a preferred embodiment of the column and

Fig. 4 a part of a plant for cleaning the fatty acid ester, which has

been produced.

The plant illustrated in Figure 1 comprises a column 1, out of whose
sump an intermediate product, namely a mixture, which contains the fatty
acid ester obtained in accordance with the invention, can be extracted via
a line 51 and fed to a part of a plant 7 for cleaning and concentration. The
present description applies to the manufacture of a fatty acid ester E, for
example a fatty acid isopropy! ester, which boils more easily that the

corresponding fatty acid F.

The starting products of the method in accordance with the invention are
the alcohol A and a fatty acid F. The intermediate product obtained in the
column 1 still contains remains of the starting products as well as impuri-
ties. The intermediate product is further treated in a separating column of
the part of the plant 7, so that eventually a fatty acid ester E can be ob-
tained, the purity of which is at least 99 % by weight. The cleaned product
is’extracted via the line 71. A remainder of fatty acid F separated in the

separating column is returned to the method via a line 72.



*The colum 1 contains a packing part, which is forned as a catalytic
reaction zone 3, in which an esterification takes place by neans of a het-
erogeneous catalysis. A nixture containing an al cohol A and a fatth§ Mt BI0F
is applied to the packing part 3 via a line 10 and a distributor 30. A sec-
ond packing part 4 with a distributor 40 is arranged under the packing part
3. Additional alcohol Ais fed into tie process via a line 11 and the

di stributor 40. The packing consisting of the two parts 3 and 4 has, in
addition to its function as a reactor, the function of a stripping section.
The alcohol Ais wused in the sane nolar ratio or in excess. Thus a gaseous

al cohol . | ter-fI. 5 n. be produced. in the, sunp by vaporisation
whi ch, Tégﬁ& rllléﬁl;}gqa%srf%lggiahga %Ba,Pt’ r“céj]?r’ﬁgje’ss %ép'éqd WP & Bﬂgaflﬁgcr eaction
zone 3. [ j | | i to an apparatus 5
by hesi g oul B2 R I L PR A e BB RS eEB BFEohol ‘A 1
al r eadyerogeerous dtalfils SAMTIDEIG Efta®lirdiahMCHAYPR A b hff abRPFSITP-
ping section out of the liquid m xture which emerges fromthe ‘reaction zone
3. The iscapplied toithpi parljag gartrdwiHa)lins 18t ahdastispeaibiitat 130.14 geef i ed at

the head of the colum in an_apparatus 6 (heat extraction Q) and separated
i nto tviend mackingPag? awitles. diskebuter #0ds B3aoged henderathppaduigi s wat er

rich and roportion, of water, Wof 80% by weight for exanple. The

al cohol Pc?ﬁqg??r Rationa %150983.% dopds, PYOGRSSgHE 2ofingl lcorod the or
exanpl es: L urned to the process as a starting material for the
esteri -dlfsll:%g%‘l?%#]aghd to produce the stripping gas 50. The separation of the

head product into the alcohol-rich fraction 62 and the water-rich fraction
63

The packing consisting of the two parts 3 and 4 has, in addition to its
function as a reactor, the function of a stripping section. The alcohol A is
used in the same molar ratio or in excess. Thus a gaseous alcohol-rich
counter-flow 50 can be produced in the sump by vaporisation which,
acting as a stripping gas 50', removes water W from the reaction zone 3.
The heat needed for the vaporisation is supplied to an apparatus 5 by
heating a branch flow 53 (heat supply Q). Water W and also alcohol A is
already taken up by the stripping gas 50 in the lower part 4 of the strip-
ping section out of the liquid mixture which emerges from the reaction

zone 3.

The loaded stripping gas (arrow 60) is at least partially liquefied at the .
head of the column in an apparatus 6 (heat extraction Q-) and separated

into two fractions 62 and 63. The fraction 63 of the head product is water

rich and has a proportion of water W of 80% by weight for example. The

alcohol rich fraction 62 contains 95%-98% by weight of alcohol A for

example. It is returned to the process as a starting material for the esteri-
fication and to produce the stripping gas 50. The separation of the head
product into the alcohol-rich fraction 62 and the water-rich fraction 63

can be undertaken for example by means of a membrane process, per-



can be undertaken for exanple by neans of a nenbrane process, per 2 6 MAY
2006 5 vaporation, by nmeans of a phase separator or by neans of a
distillation colum. The al cohol A which is fed in via the | oggriAY 2008
distributor 40 is vaporised on the packing 4 and thus contributes to the
stream of the stripping gas 50. The necessary heat of vaporisation is given
up by the stripping gas 50, which is drought into an overheated state in
the sunp by vaporisation. In the exanple shown, the catalytic reaction zone
3 is made up of vertical layers 31 and flow passages 32 for the stripping
gas 50'. A m xture 10 whi ch contains the starting materials A and F,
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flow pagsrggn32 Wwith the stripping gas 50° and a |layer 31, which contains a
granul ated material 310 of a catalyst. A fabric 311 froma durable material
forms pockets in which the granulated material 310 is enclosed. The m xture
10" flows inside one pocket and on the exterior side of the fabric 311,

i nsi de The alocket Awvhich iefatier viw the @wpatﬂlnstrﬂﬂﬁto@tﬁ@Indeaﬁari%etirdr@k' e film
Water Wenters_ into the streamof the stripping gas 50 rough the surface
of the th¢ PReKIng Angnddhuseentiteutesrisl the Smemmglthepsanplpahg[gaessﬁﬁlre of the

wat er \A{.\tl resent .in O[tJ Al cohol ,A is transported in_both directions
t hr ough® PR&SE§SFabe Bt of FaPerisahan 1§ gienoup Flﬁ%ﬁt@pﬁmgﬁgée,or t he
6 650 or, in EP-A- .0 631 813.
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In the example shown, the catalytic reaction zone 3 is made up of vertical
layers 31 and flow passages 32 for the stripping gas 50'. A mixture 10',
which contains the starting materials A and F, flows into and onto the
layers 31. Details of the reaction zone 3 are illustrated in the cut-out of
Figure 2, namely a border region between a flow passage 32 with the
stripping gas 50’ and a layer 31, which contains a granulated material 310
of a catalyst. A fabric 311 from a durable material forms pockets in which
the granulated material 310 is enclosed. The mixture 10' flows inside one
pocket and on the exterior side of the fabric 311, inside the pocket with
meandering flow paths and outside as a trickle film. Water W enters into
the stream of the stripping gas 50’ through the surface of the trickle film
10", because a relatively small partial pressure of the water W is present
in this. Alcohol A is transported in both directions through the surface of
the trickle film 10". Suitable packings for the reaction zone 3 are de-

scribed in EP-A- 0 396 650 or in EP-A- 0 631 813.

The starting materials A and F are already partially reacted together to
advantage in a pre-reactor 2, wherein 10 to 30% of the fatty acid F is

converted to ester E. Thus a mixture of alcohol A, fatty acid F, ester E and



advantage in a pre-reactor 2, wherein 10 to 30% of the fatty acid F is
converted to ester E. Thus a m xture of alcohol A fatty acid F, ester E and
2 6 MAY 2006 6 water Wflows into the colum 1 through the Iirjg B8 200ben
further 20%to 70%of the fatty acid F is converted in the reaction zone 3.
A further packing 8 and a distributor 80 - see Figure 3 - is advantageously
built into the columm 1 above the strbpping section 3, 4. Fatty acid F,
which carries with it the stripping gas 60, is caught in this packing 8 with
a part 68 of the alcohol-rich and returned fraction 62. Figure 4 shows the
part of the plant 7 for cleaning the fatty acid which has been produced.
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al cohol -low m xture is led into a separating colum 70 through the |ine 91.
The extraction of the cleaned ester E (line 71) takes place there. The head

productA funithler qrrKingeX anhaca elisfriloutar 8ONdsESEIgUe 3 t his adgArabéfgs]

contains alcohol A and volatile inpurities, in particular air. Fatfy acid F
(1ine Miltamdortbe edvichy bebave sbe stmppingisstion 8g47FatoaacidE, ext ract ed
fromthe sunp to which heat is supplied using a heating circuit 73. The
part ofVRIR8 ¢AIIRS Wikhit HyWeUaPPHIS 82p O P seyEintds this dankingd moth col um.
In Fig I.ch may be used when the

fatty g‘éﬁ%ﬁ%@ﬁq reg%]]'cggog{r? esﬁ%\ﬂl&%&éﬁ%éhﬁ%&ﬁ%ﬂ n the corresponding
Figure 4 shows the part of the plant 7 for cleaning the fatty acid which has
been produced. One component of this part of the plant 7 is a relaxation
vaporiser 9, in which the intermediate product of the line 52 liberates a
greater part of the remaining alcohol A in vapour form. This alcohol-rich
vapour is led away via a line 92. It can be used further for the esterifica-
tion. The alcohol-low mixture is led into a separating column 70 through
the line 91. The extraction of the cleaned ester E (line 71) takes place
there. The head product which can be extracted from a condenser 75
through a line 76 contains alcohol A and volatile impurities, in particular
air. Fatty acid F (line 72) and not easily volatised impurities (line 74) can
be extracted from the sump to which heat is supplied using a heating
circuit 73. The part of the plant 7 can however also be arranged as a

distillation column.

In Figure 4 a separating process is described, which may be used when
the fatty acid ester E boils at a lower temperature than the corresponding
fatty acid F. In the case of fatty acids, which are esterified with higher
alcohols (for example 2-ethyl-hexanol), inverse ratios apply with regard to
the cleaning in the part of the plant 7. The fatty acid ester is received in

the sump of the separating column 70 and has to be worked up further



fatty acid F. In the case of fatty acids, which are esterified with higher
al cohol s (for exanple 2-ethyl-hexanol), inverse ratios apply with regard to
the cleaning in the part of the plant 7. The fatty acid ester is receiv

the sunp of the separating colum 70 and has to be worked up furﬂmeHNQﬂﬁ
2006 7 (not illustrated). Fatty acid and remai ning al cohol, which can be
extracted in the head fromthe separating colum 70, are returned to the
process. The following starting materials can be used as fatty acid F or
al cohol A for the esterification. As F one of the Cl2-, Cl4-, Cl6-, C18-,
C18' - or Cl18"- fatty acids, nanely lauric acid, nyristic acid, palmtic
aci d, s{e as A one of the alcohols
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acid formand the ion exchange resin is preferably nade macroporous. |If

nmet hanol, ethanol, n-propanol, isopropanol, n-butanol or isobutanol is the
al cohol TRe follb&ing Beagai@hysterialk Rabhbs 1G3€ ' iQ - must be
able to be used gat terrp%r atures between lzoa%&]%ﬂrgg%lc%%?aft%cnﬁg?l%nl y | ose
acti vi tipr thedestatidication. tAs § drespétiae @ k24, @ btyal 164 fC PRetdyk-haxanol is the
al cohol A, then the catalyst - in this case an inorganic catalyst - has to
be usabté8 afattepsidatnamelvlaubo-azdd, myristia heid, gdloviticpadf stearat ues of
met hod ¥ara ters will.be e estei_liﬁ&ication of palmtic acid

b .ven for t
(PA) wi 1% O6pF SRl B b g5 ore fgft%»etalﬁg Bi5thrsok ethamoland F = PA a
respect e MH1l {8 Fopaniél, n-butanol, isobutanol or 2-ethyl-hexanol.
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An ion exchange resin or an inorganic catalyst can be used as a catalyst,
wherein the catalysts are preferably present in a strongly acid form and
the ion exchange resin is preferably made macroporous. If methanol,
ethanol, n-propanol, isopropancl, n-butanol or isobutanol is the alcohol A,
then the catalyst - in this case an ion exchange resin - must be able to be
used at temperatures between 120° C and 140°C; it must only lose activity
moderately in this temperature interval. If 2-ethyl-hexanol is the alcohol
A, then the catalyst - in this case an inorganic catalyst - has to be usable
at temperatures of 150-230° C.

In the following a few values of method parameters will be given for the )

esterification of palmitic acid (PA) with isopropanol (IPA).

For the starting materials A = IPA and F = PA a respective purity of 95%
and 98% (% by weight) is preferred. However other values are also possi-
ble, namely, in the ranges 88% - 100% for IPA and 95%-100% for PA. The
pre-reactor 2 is operated at 100° C and 2 bar. It can however also be
operated at temperatures of up to 140° C and at correspondingly higher

pressures of up to 4 bar. As a rule differing amounts of IPA are fed in



and 98% (% by weight) is preferred. However other values are al so possi-

ble, nanely, in the ranges 88% - 100% for |PA and 95% 100% for PA. The
pre-reactor 2 is operated at 1000 C and 2 bar. It can however alsozﬁpMN{ﬂmﬁ
operated at tenperatures of up to 140 C and at correspondi ngly higher
pressures of up to 4 bar. As a rule differing anounts of IPA are fed in Z 6
W 206 8 through the lines 21 and 11. fthe ratio of IPA (line 21) to IPA (line
11) is preferably 2.5, can however also be in the range of 1 to 4. The head
pres- sure in the colum 1 anounts to 2 to 5 bar and correspondingly the
tenperature in the reaction zone 3 amobunts to 1200 C to 140 C. The
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and 140sre anchsitothimrontainasirfi%tbn? 13% wat emdMéotke bﬁaﬁ@?%ﬁ%ﬁe product in
the line 53 contains 50%to 80% ester and 2% to 10% | PA. el axati on

vapor i siEerperagure insihe srhation avné hamaeundtslG0120° 16 T40°rC. THes t he
proportion of [PA is decreased to about 0.5% The separating colum 70 is
oper at étegmediats produsdy (linthad) snheatadung tona thmpesatiersof betw@sni s reduced

to a va et 8Q .and 100 C and a tenperature  between 220C and 240 Cis
pr oduce ndataﬁ‘\éfﬁggt Erh'j’ tg}er gﬁ?fmﬁfpwwﬁp%elrt 9amhewsrer plee benper at ure can
al so bqlga'}\%gi.rg'#\f@ igxpapd es of esterification in accordance with the

i nvention

A stripping gas 60 (Fig. 1) is present in the head of the column above the
packing 8 (Fig. 3), which has a temperature between 115° C and 140° C
and which contains 5% to 12% water W. The intermediate product in the

line 53 contains 50% to 80% ester and 2% to 10% IPA.

A relaxation vaporisation 9 is carried out at 1 bar and 160° to 210° C. In
this the proportion of IPA is decreased to about 0.5%. The separating
column 70 is operated at 15 to 40 mbar. The temperature in the condens-
ser 75 is reduced to a value between 80° and 100° C and a temperature
between 220°C and 240° C is produced in the heating circuit 73. The

upper limit of this temperature can also be 250°C.

Two examples of esterification in accordance with the invention which

were obtained in pilot experiments are given in the following.
Example 1: The exterification of palmitic acid with isopropanol was con-
tinually carried out in a column at atmospheric pressure under the follow-

ing conditions:

Reaction column:



were obtained in pilot experinments are given in the foll ow ng. Exanple 1:

The exterification of palmtic acid with isopropanol

carried out in a colum at atnospheric pressure under the follow ing

conditions: Reaction colum: 2 6 MAY 2006 9 inner diameter: 50 @fMAY 2006
Enri chnment section and stripping section:
catapak-S/ filled with strongly acidi & i on exchanger, which is stable at
tenperatures of up to 140 C. Feed streans: palmtic acid (feed 1):
- isopropanol (feed 2): 1.44 kg/h Product streans: head product: 1.2 kg/h -

sunp product 2.4 kg/h Operating conditions: head pressure: 1013 nbar

return .

sunp terrpera-

was con- tinually

Sul zer packi ng BX Reaction zone:

2.16 kg/h

.0 e ure in the reaction zone: approxinmately 98 C -
dla‘& E %@%C Measured sunp concentrations (in % by weight):

| Sopr opghRhEd A ﬁeé&o%nd SaebARANCLedA: §&1zerg§45ﬂi[fg05ﬁc' d: 74.5 - water;

0. 83 Exanple 2:

pres- SREcHEGh wBhe: l:até;Bm& N fiedeRRAy $renakt hvidi€thd %ﬁeh%gek's\%mrw th
which a pre-reactor could be sinulated. By means of slight “excess pressure

a tenperdhbleat temiperatungs of uphte 14€@tCi.on zone of approximately 140 C was

e sane const on as 1 n exa was realised in

Feed streams:

palmitic acid {feed 1): 2.16 kg/h - isopropanol (feed 2): 1.44 kg/h

Product streams:

head product: 1.2 kg/h - sump product: 2.4 kg/h

Operating conditions:
head pressure: 1013 mbar - return ratio: 0.2
temperature in the reaction zone: approximately 98° C - sump tempera-

ture: 157.9° C

Measured sump concentrations (in % by weight): isopropylpalmitate 14.04

isopropanol: 10.61 - palmitic acid: 74.5 - water; 0.83

Example 2: the same construction as in example 1 was realised in a pres-
sure column. In this an already pre-activated feed was used, with which a
pre-reactor could be simulated. By means of slight excess pressure a

temperature in the range of the reaction zone of approximately 140° C was
set in the reaction zone. The following operating conditions led to a signifi-

cantly higher reaction conversion.

Feed streams:

feed 1: 2.3 kg/h with the following composition (in % by weight):

a



set in the reaction zone. The follow ng operating conditions led to a
signifi- cantly higher reaction conversion. Feed streans: feed 1. 2.3 kg/h
with the foll ow ng conmposition (in %by weight): 2 6 MAY 2006 10

i sopropyl pal mtate: 24.3 - isopropanol: 21.6 - palmtic acid: 527§ MAYWAer :
2.0 feed 2: isopropanol: 1.84 kg/h Product streans: head product: 1-43 kg/h
- sunp product: 2.71 kg/h Operating cb@ditions: head pressure: 5100 nbar -
return ratio: 0.2 tenperature in the reaction zone: approxinmately 140 C -
sunp tenpera- ture: 192C Measure sunp concentration (in % by weight):

i sopropylpalmtate 64.0 - isopropanol: 7.7 - palmtic acid: 28.3 - water:

0.06. 2 1.1 _Patent ¢l ai A hod for.the g rification of a
fatty g‘égﬁp@ﬁ’ 1 %g&éé’iﬁt&n%t"'(?)' @Aoﬁhgﬁ%&%ﬁeﬂjﬁ ‘nﬂ?]ﬁ?ltbca??ldgﬁil ng“eseT ) |
which, i addition to a function as reactor, has the function of a
stripping section and which is fornmed as a reaction zone (3), at least in

an uppefeefa:tisobitpaabh-1.Buskg/hi xed in the packing, in which nmethod a
het er ogeneous catal y-
Product streams:

head product: 1-43 kg/h - sump product: 2.71 kg/h

Operating conditions:
head pressure: 5100 mbar - return ratio: 0.2

temperature in the reaction zone: approximately 140° C - sump tempera-

ture: 192°C

Measure sump concentration (in % by weight): isopropylpalmitate 64.0 -

isopropanol: 7.7 - palmitic acid: 28.3 - water: 0.06.



sis of the fatty acid Fis carried out with an alcohol A used in the sane
nolar ratio or in excess, a gaseous alcohol-rich counter-flow (50) is
produced in the sunp by vaporisation, water is renoved fromthe eﬁ@ﬁh@@
zone by neans of the counter- flow acting as a stripping gas, t

stripping gas (60) is at least partially liquefied at the head of the
colum, the head product is separatedlinto a water-rich fraction (63) as
wel |l as an al cohol-rich fraction (62) and the al cohol-rich fraction is
returned to the process as a starting material for the esterification and
for the production of the stripping gas. 2. A nmethod in accordance with
claim1, characterised in that, in a |ower part (4) of the stripping
section (3,4), water and alcohol is separated with the stripping gas (50)

out of Ii%gnltiCMH%MXture which | eaves the reaction zone (3). 3: A nethod

in acc claim1l, characterised in that a further packing (8) is

i ncor por at ech aRoRd e e edRiTa3RH bPA h8yMcid P iR £cHMmA0Q9 widhwhi ch
fatty acid, which the stripping gas (6) carries with it, is caught wth a
part (68) ofa bhe ol mntitipartchaciicgr @, 4l patitham additi6R)to £4fukctiehhod in
accordance with one of the clains 1 to 3, characterised in that alcohol is
fed i nto thasatbprhassbe Bncsionbef awtiippingisehtioncand iwluicksist o t he 1 ow
of the stri pf,pi n% gas (50, 50') in é/apori sed. .

ormed as a reaction zone (3), at least in an upper part with cata-

lysts fixed in the packing, in which method a heterogeneous cataly-

sis of the fatty acid F is carried out with an alcohol A used in the

same molar ratio or in excess, a gaseous alcohol-rich counter-flow

(50) is produced in the sump by vaporisation,

water is removed from the reaction zone by means of the counter-

flow acting as a stripping gas,

the loaded stripping gas (60} is at least partially liquefied at the head

of the column,

the head product is separated into a water-rich fraction (63) as well

as an alcohol-rich fraction (62) and

the alcohol-rich fraction is returned to the process as a starting

material for the esterification and for the production of the stripping

gas.

2. A method in accordance with claim 1, characterised in that, in a
lower part (4) of the stripping section (3,4), water and alcohol is
separated with the stripping gas (50) out of the liquid mixture which

leaves the reaction zone (3).

3 A method in accordance with claim 1, characterised in that a further

packing (8} is incorporated above the stripping section (3,4), in



form 5. A nmethod in accordance with one of the clains 1 to 4, characterised
in that the separation of the head product into the water-rich frac- tion
(62) and the al cohol-rich fraction (63) is carried out by neans ?héﬂﬁ Qﬂﬁ
pervaporation, in a phase separator or a distilling colum. 6. A“fethod in
accordance with one of the clainms 1 to 5, characterised in that a partial
esterification is carried out with th¥2starting materi- als A and F in a
pre-reactor (2) and the so-fornmed m xture of fatty acid F, alcohol A, ester
E and water Wis applied into the reaction zone (3) of the colum (1) or
above it. 7. A nethod in accordance with one of the clains 1 to 6,

characteris | t. a,pant. f.the liqujd su m xture. (52) js

pr epar ed fuf‘-gh%‘#@fé@ %ghy}g?ﬂgﬁ?ﬁeﬁéﬂlpgr‘ge&a rqagg?’és(@)tho‘ft’ P Bﬁa‘égi‘gl ation
colum and ?adqgr ' I 7 ' lLy: a ty acid ester
Eis obtai ndggha? e pL‘l?l jtgpg?@%&i @E%tﬂ%ggﬁirﬁo‘;ﬁﬁﬁl\?& @2}: 8;'" A nethod
in accordance with one of the claims 1 to 7, characterised in that, for the
esterification, the following starting materials are wused as fatty acid F
and/ or 4l cohbiméthaxhen efccohiaod &+ith Gnkdef, tHe dkrimsz1 GoMAYCHARG tdRs&118-, C
18'- or C 18"- fatty acids, nanely lauric acid, nyristic acid, palmtic

aci d, steariie dtdlcehel és & intorthe readdine zaoed3hnd bedewdt, whéchal cohol s

met hanol , ethanol,, n-propangl, isqpropanol, n-butanol.  isobutanol or

2- et hyl - hex&fBtriBtes tﬁ’eﬁ??oﬁownofifg&?ﬁ AR EREH (eS8 inn@psrisad 1 to 8,
characteri s%rm_

S. A method in accordance with one of the claims 1 to 4, characterised
in that the separation of the head product into the water-rich frac-
tion (62) and the alcohol-rich fraction (63) is carried out by means of

pervaporation, in a phase separator or a distilling column.

6. A method in accordance with one of the claims 1 to 5, characterised
in that a partial esterification is carried out with the starting materi-
als A and F in a pre-reactor (2} and the so-formed mixture of fatty
acid F, alcohol A, ester E and water W is applied into the reaction

zone (3) of the column (1) or above it.

7. A method in accordance with one of the claims 1 to 6, characterised )
in that a part (52} of the liquid sump mixture (52) is prepared fur-
ther by means of a relaxation vaporiser (9) or a distillation column
and in a separation column (70), so that finally a fatty acid ester E is

obtained, the purity of which is at least 99 % by weight.

8 A method in accordance with one of the claims 1 to 7, characterised
in that, for the esterification, the following starting materials are

used as fatty acid F and/or alcohol A: one of the Ci12-, C14-, C16-,



in that an inorganic catalyst is used as a catal yst, which can pref- erably
be used at tenperatures of 150 to 230 C, or an ion exchange resinis uaﬁd,
which only |l oses activity noderately when carrying out the netho@ﬁ&ﬂYl

t enperatures above 1200 C and up to 140C, wherein the catalysts are
preferably present in a strongly acidic form and the ion exchange resin is
preferably made macroporous. 10. A pl&&t for the production of the ester E
by neans of a heterogene- ous catalysis with a nethod in accordance with one
of the clains 1 to 10, characterised by a colum (1) with a part (3) of a
packing (3, 4) for carrying out the heterogeneous catalysis, the packing

includ- in ou t toaS orts,(31) and.flow channels (32) for the
Is'?ri ppi ng ga(g'?%é’oé)l%gem fﬁg&é’ﬁ%‘#%? g}pﬁ&é@pgf: 3 ré‘PW,IS’i(iﬁ acadry- ing
out the net 1 : af,. t:he I S...the m xtur to be
tlrjeat ed forggﬂéhgloémgg}acgﬁtgéggr%%{aé %%@Y%%)r?#gﬁ%fcﬁﬁ%?n 1fa1e gﬁl?'ﬁpi ng gas
forms an upvaiedhpldiiaeien]f £QvaRad it Bropa g ds ndl;sni-gu?zh‘i&“ cont act

to the gaseous phase, so that a nmaterial” ex- change can take place.
isobutanol or 2-ethyl-hexanol.

9. A method in accordance with one of the claims 1 to 8, characterised
in that an inorganic catalyst is used as a catalyst, which can pref-
erably be used at temperatures of 150 to 230° C, or an ion exchange
resin is used, which only loses activity moderately when carrying
out the method at temperatures above 120° C and up to 140°C,
wherein the catalysts are preferably present in a strongly acidic form

and the ion exchange resin is preferably made macroporous.

10. A plant for the production of the ester E by means of a heterogene-
ous catalysis with a method in accordance with one of the claims 1
to 10, characterised by a column (1) with a part (3) of a packing (3,
4) for carrying out the heterogeneous catalysis, the packing includ-
ing porous catalyst supports (31) and flow channels (32) for the
stripping gas {50') between the catalyst supports, wherein, on carry-
ing out the method in the pores of the catalyst supports, the mixture )
to be treated forms a downwardly directed flow of liquid (101, the
stripping gas forms an upwardly directed flow and the liquid phase
is in direct contact to the gaseous phase, so that a material ex-

change can take place.




