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Process for preparing alkyl esters of fatty acids and acrolein from
triglycerides The present invention relates to a process for 5 preparing
fatty acid alkyl esters and acrolein from triglycerides using suitable
catalysts. Triglycerides can be described, for example, by the following
formula: 0 CAZ-O-C-R1 1l CH-O-C-R2 ip CH2-O-C-R3 10 in which R1,
to R3 = Clc to C3o-alkyl. These triglycerides are, for example, an
iRt IBPConRiitRAT dFPSynteticantisatifl Ris crakegetdtd Silsand
facexample patsmott xIuriflowwer Diesoya oil or rapeseed oil, which is used
in biodiesel production. The triglycerides used in accordance with the
invention may be present in contaminated form or in the form of 20
mixtureS E&H acid alkyFadersor BiGdid5&fare t8scribed T HE Preseht™
corgextthynthe followmgdormulaz HkR-O«3 R 25 inwhichk R ¢RL 1o R3om
and B! 7 CotoC10-alkybor G3+ to.G6-cycloaliyls Mixtures of these fatty
acid alkyl esters are the main constituent of biodiesel. R' is preferably a
CH3 or C2H5 30 group, but usually a CH3 group, since methylates in
Triglycerides can bke described, for example, by the

fcllowing formula:

i
CH9-0-C-R|
L
CE-O-C-Ry
!
. |
CH»-0-C-R3
in which
Rl to Rg = C]_G Lo C3o—alkyl.
Thege triglycerides are, Ifor example, an important

constituent of synthetic and natural fats or vegestable
oilsg, for example palm oil, sunflower oil, soya oil ox
rapegeed o©oil, which 1g used in Dbicdiesel production.
The triglycerides used in accordance with the invention

may be pregent in contaminated form or in the form of

mixtures.

Fatty acid alkyl esters or bicdiesel are described in

the present context by the following formula:

1 .
R-G-C-R »

in which = Ry To Rz and R' = € to Cip-alkyl or C:- o
Cs-cycloalkyl.

Mizxtures of these fatty acid alkyl esters are the main
constituent of biodiegel. R' ig preferably a CH; or CiHs
group, but usually a CHy; group, since methylates in

methanolic solution are usually used in Dbicodiesel



U1

10

20

25

30

35

methanolic solution are usually used in biodiesel - 2 production. The
transesterification of the tri- glycerides can also be performed with other
alcohols to give corresponding fatty acid esters. 5 An overview of the

state of use of vegetable oils and further fats for preparing biodiesel is
described in 0. Knothe, J. Van Gerpen,-J. Krahl, The Biodiesel

Handbook, OACS Verlag, 2005. 10 In general, the transesterification of
FigHlefbesto fatthfhcid aikyesRis tan'be adcetdtate by acidic or “X*"
ldsiceatadysis. darindustry, predomifiamthz thewhble vapidhomeyggreousto
%gecqggwggmgmgr%fgf%@cea@i givend@ psing sodium methoxide or
potassium methoxide. 15 In the industrial production of biodiesel,
important process parameters for the optimization of the yield include the
doncentatioof the catalyst the tempe-Tature the peidercestinme, the and
mgisture;content, the,20 preseaea abfree: tatly asids and thesaleehialed in

excess 4@

. Freedman, E.H. Rryde, T.L. Mounts, Variables affecting,:t
yield of Tatty esters fr:)brr? ?rangg’)ét%%ﬁéd \'I;Aégeta ;I%%%Ié, Je.%'r\h. (géirgﬁér%e%el
Sa19bPOt638PUB4Y 25 The trdIycerides used contain about loo by
weight of glycerol, which is preferably isolated from the biodiesel fraction
asa 5%%%‘,ﬂ?t%féa%59§r@’e% -phase;separation.or %@i‘?@ afterthe
trans- esterification. Both fractions are then very BOVsubs% tlallydfre dof
WateFYadids Catatlsts, aftohol Safts and By=prodtctsiin ?ﬂﬁstaﬁé e oes
wrarkip steps: JAcrokein iSan impbeintintermedidte andis ihus eh@smore
greateconomicsignificanceder therpreparafionofused. rreference is

given to using sodium methoxide or potassium methoxide.

In the industrial production of biodiesel, important

3]

rocess parameters for the optimizatien of the yield

-
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(M

che concentration of the catalyst, the tempe-
rature, the residence time, the moisture content, the
presence of free fatty acids and the alcohol excess (B.

ing

t

Freedman, E.H. Pryde, T.L. Mounts, Variables affec

£~

the vield of fatvy  esters from transesterified

vegetable oile, J. Am. 0il Chem. Soc., &1, 1638, 1884) .

The triglycerides used contain about 10% by weight of
glycerol, which is preferably isolated ZIfrom the
biodiesel fraction as &a contaminated Ifraction by a
phase separation or extraction after the trans-
esterification. Both fracticns are then very
substantially freed of water, acids, catalysts,
aleohol, salts and by-products in multistage workup

steps.

Acrolein is an important intermediate and is thus of
great economic significance for the preparation of
acrvlic acid, D,L-methionine and the methioninehydroxy
analogue (MHA, = 2-hydroxy-4-methylthiobutyric acid).

Methionine is an essential amino acid which i1s used,
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acrylic acid, D,L-methionine and the methioninehydroxy analogue (MHA,

= 2-hydroxy-4-methylthiobutyric acid). Methionine is an essential amino
acid which is used, 3 inter alia, as a supplement in feeds. Nutrition-
improving feed additives are nowadays an indispensable constituent of
animal nutrition. They serve for better3 utilization of the food available,
stimulate growth and 5 promote protein formation. One of the most
impBfEnt 6fL #ifese additivies i§'HRE £3861tTal anfino agEGfethidfing 1 t=on-
witigh assumes aqrominent posiion as afeed addiivenin poditgpensable
buegdiog inpaglicular-Jp thisifield, =p: called mefhigning ieplagesents . . o
such as the methionine 10 hydroxy analogue have, though, gained not .
ifon- sfderable Significince; 3thce ey Havé sirfiitar Growtr: stitlilatng =<
prapetties to the:amind acidambwn. fobthis cgurpose. dsAcdandirgttarthe of
prior art, gerglein s synthesized bysheteragenepusly catalyser selestive, e,
oxidation of propene over migega oxide Catalgsts. EP 41772§a¢680gb€% .
LA SRthESIS B RomPloX FXEA TItE oide Cifalysts B ~ooitive
témperatiresiof 806 #5:380C Bind pressifes 20 of 14 16 212 bdr: elifhanA's-
Encyclopaediaof Jadustrialhemistyn6th edition, 1399 descrikesthenine
oyerall process including workup, in whigh a plurality, ot by-productsare ..,
rémoved. onée thie %aptant mixture c‘ompgoé'ed of propene, air and water
hasdeendonveied 25iaaeasy partly 6vertheicatayst, §udncring & oven-
remove 1Bigh-hoiling-hy-prdaducts sucthas polymerscactylicaeid dnd this
aggg}%ggig_is effected first. In the downstream absorber, acrolein is
extracted by washing. After the desorption, to recover the absorbent, the
crude 30 acrolein obtained is purified by distillation in

According to the prior art, acrolein is synthesized by

hetercgeneously catalysed selective oxidation of

propene over mixsed oxide catalysts. EP 417723 describes

fag

the synthegis of complex mixed multimetal oxide

catalysts at temperatures of 300 to 380°C and pressures
of 1.4 to 2.2  bar. Ullmann's Encyclopaedia of
industrial Chemistry, 6th edition, 1959 describes the
overall process including workup, in which a pluralicy
of by-products are removed. Once the reactant mixture
composed of propene, air and water has been converted
at least partly over the catalyst, gquenching to remove
high-boiling by-products such as polymers, acrylic acid
and acetic acid ig effected first. In the downstream
absorber, acrolein is extracted by washing. After the
desorption, ta  recover the absorbent, the crude
acrolein obtained is purified by distillation in

several stages.

Seientific studies of the gynthesis of acrolein from
isolated glycerol are known. It is alsc known, foxr
example, that glycerol can be dehydrated in the

presence of acidic substances to various products.
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several stages. Scientific studies of the synthesis of acrolein from isolated
glycerol are known. It is also known, for 35 example, that glycerol can be
dehydrated in the presence of acidic substances to various products. - 4
According to Organic Synthesis 15-18 (1964), treatment of a mixture of
pulverulent potassium hydrogensulplate, potassium sulphate and
glycerol at 190 to 200C affords acrolein in a yield between 33 and 5 48%.

OWTG O HE lovi JieldeZaithe highSatddens, Tthis process is, {19847 -
howeven=unsuitable fer thenindustrial scdle. Inthe€ouisenof the studtesiofm

modelyhslanqanel. 10 bomass Pifolysis: %é'ﬁaﬂl@ calalyticreatment of,-
Xcero ver H-ZSMS zeglites at 350 to 500C has alsq been studied -

UDaS R Bt BE KEE BRI St 1376 (FyrdlySis oS BIbHiAss)® 279
3B:34 D1988) £ Hywhrocarbeny aed fismetconiy:in loheyiekss] bubthedtss

fermatign-et-acrolein is pejptad-out. WQ.2006/092272 discleses-apencess 1
for ' eparing acrylic acid or acryllc acid polymers by dehydrating glycerol
t64 ehydration product comprising acrolein, 20 gas phase oxidation and
subsequent isolation of acrylic acid and subsequent polymerization.

Hoeweyek agpraeess tof canteolled aerotein preparatien issah gleserhed. of
L& 412%8549%3993@9@%% the, gilg-catalxaed 88'3\!1%%%0“ 25 glyegrolfo ¢

acrolein in the'gas phase and In the liquid phase. DE 42 38 492 further
rara:fé?seme%%ﬁ]e% 61, 2 AL %r&pan%a?m by dehfdratfigs a+s°
diycerol swithd high yields.eTHesglycetra used Btusaally iang@uresform. obmr .

the form of-an-agyeous soldtions 30 p:omass)  328-341  (1988) .
Hydrocarbong are formed only in low vyields, but the

formation of acrolein iz pointed ocut.

WO  2006/092272 digcloses a process  for preparing
acrvlic acid or acrylic acid polymers by dehydrating
glycercl to a dehydration preoduct comprising acrolein,
gas phase oxldation and subseguent isolation of acrylic
acid and subgequent polymerization. However, a DrCCess

for controlled acrolein preparation is not described.

DE 42 38 493 describes the acid-catalysed conversion of
glycercl to acrolein in the gas phase and in the liguid
phage. DE 42 38 4%2 further relates to the synthesis of
1,2- and 1,3-propansediol by dehydrating glycercl with
high yields. The glycerol used is usually in pure form

or in the form of an agueous solution.

The glycerol obtained after the phase separstion in the
biodiesel production 1s, however, generally of low
value, since it isg highly contaminated, for example, by

excess methancl, catalyst and soaps.

To date, the above-described steps have never beesn

combined in order to use triglycerides directly for the
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The glycerol obtained after the phase separation in the biodiesel
production is, however, generally of low value, since it is highly
contaminated, for example, by excess methanol, catalyst and soaps. 35
To date, the above-described steps have never been combined in order

to use triglycerides directly for the 5 simultaneous preparation of fatty acid
alkyl esters, especially of biodiesel and acrolein. On the one hand, the
SEpBateAseParatien DPbictidsdt 5Fomtfiglyterifeshnd atidteiFRom=S
prepene O 1glyeerat givesdisel tozadomparativety. high level of apparatus
complexity and hence corresponding capital costs, since synergies in the
combined preparation in_an integrated system are not utilized. What also _
4¥i5e5 1D iSRBreEpthdifg fogiticar GomplBXiGrand hente OF Piodissel
correspondinglyshigh vasiable zosts, ferexample tramsport gridogsergy ©r

dngrdeg 1Q.canvey-glycerol,15Qnthe otherhiand, thegn 1evel of
Isadvantage of the classical acrolei é)rgductionvto date, Q selective. .
o%é“é)ép’tﬁ)?\t‘f%mcp?gﬁgﬁéflié%onaﬁbgere‘ especidily 1o be the- complicated =~
proeess in which prapenechiastto be pedpared i iieegaoplvaserand fiss tor
he isolated i then2Q puttistage workip, @nd alse that prepenglis@ arises
comparalively. expensive stating material whose,sosts aye addjtionally ..
inCreasing in afgreﬂater-c{han- p?oporthna manner at the current time. 25 It
VRS EFRTERIRE Bfcobject B Bis inveftioHtoSrovis Sprocdefor example
simultaneously preparirgractplein and tfatty adid alkyt-dsters, especiailyvey
béqq}'gg%]oﬁrgm triglycerides, and hence of avoiding the disadvantages

On the other hand, the disadvantage o©f the classical
acrolein production to date, by selective oxidation
from propens, 1s considered esgpecially to Dbe the
complicated procesg in which propene has To be prepared
in the gas phagse and has to be i1solated in the
multistage workup, and alsoc that propens 1s a
comparatively expensive starting material whose costs
are additionally lncreasing in a greater-than-

proportional manner at the current time.

It was therefore an object of this invention to provide
a process for simultanecusly preparing acrolein and
fatty acid alkyl esters, especially biodiesel, from
triglycerides, and hence of avoiding the disadvantages

of the prior art.

In particular, it was an object of the invention to
discover a process in witich the primary
transesterification of tfTrigivcerides succeeds 1In a
simple and efficient manner with inexpensive catalysts,
rand the glycerol obtained as the primary product can be
removed from the fatty acid alkyl ester in an efficient

manner. The glycerol removed should additionally be

: dehydratable catalytically to acrolein substantially
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of the prior art. 30 In particular, it was an object of the invention to
discover a process in which the primary transesterification of triglycerides
succeeds in a simple and efficient manner with inexpensive catalysts, 35
and the glycerol obtained as the primary product can be removed from
the fatty acid alkyl ester in an efficient manner. The glycerol removed
should additionally be dehydratable catalytically to acrolein substantially -
6-idirsttyanda#§aindn alsimple andéffieient mafne? - hehedavoitig e -
disadvantages of the-prorart dbwas ecfyetherobjertinthis-eonnection to
discover 5 very efficient, easy-to-handle catalysts which are very suitable
both for the primarx transesterificationkQb,iodiesel or glycerol formation)

ard HRSdehy8rition=Bf theigiyéerofto Getdlein SAER proteeds adtiecver
secondafyf teaction., 1@ Asvadditidnral dbfect iscditected tovprovidiaga very

RrOgess,1in which an a%eﬁoustq%olel?%&oy which gan be.sent ; directly,
to, its use, esi)emglly as a start;{ng ma er@! for pre% ring met ionine____

COMPEGRES or atrylie héfF 13 defivatives: % dbtdined. Desc ftha ™™
ingentior Theseobiects and further bbjects whichharenerstatsel 205 the

exlisitly-ut are immegdiately derivable or discernible from the
connections discussed herein are achieved by a process according to

Claim 1. Appropriate embodiments and modifications of the process

decording e e inventn arérofectisd prithé QUBEIAIMS refering 2B e s
direcily ortindirectlyback 40 £&faim1 2:in sclution which can be sent
directly to 1ts use, especially as a starting material
for preparing methiconine compounds or acrvlic acid

derivatives, i1s obtained.
Desgcription of the invention

These objects and further objects which are not stated
explicitly but are immediately derivable or discernible
from the connectiong discugssed herein are achieved by a
process according to Claim 1. Appropriate embodiments
and modifications of the process according to the
invention are protected in the gubclaims zreferring

directly or indirectly back toe Claim 1.

By virvue of employving a process for preparing fatty
acid alkyl esters of the general formula I:

)
R-O-C-R

(I)

and acrolein by converting triglycerides of the general

formula II:



10

20

25

30

By virtue of employing a process for preparing fatty acid alkyl esters of
the general formula I: 0 Il R-O-C-R (I) 30 and acrolein by converting
triglycerides of the general formula ll: 7 - CH? O-C-R7 | P CH-O-C-R2
CH2-O-C-R3 (Il) which is characterized in that a) the triglycerides are
reacted by means of alcohols 5 R=OH in the presence of a suitable
catalyst to give the fatty acid alkyl ester and glycerol and b) the glycerol
formed is dehydrated catalytic&lly to acrolein. 10 where R is PO, R, and
R3, and RI, R2 and R%@{g_@ll ,lﬁcsame or some are the same or all are
different and are eacha straight-chain or branched and optionally mono-

‘or polyunsaturated C10-C30-alkyl radical, preferably C12 15 C20-alkyl

radical, and it, is a Cl&%%{?yk@dical, preferably C1-C6-alkyl radical, a
C3-C6-cycloalkyl radical, preferably C6-cycloalkyl radical, it is possible to
avoid the disadvantaggs of thei rior art which are specified above in
detail. 20 Particular pr@ﬁr@@@i&@iven to using, in reaction

(IT)

which is characterized in that

al the triglycerides are reacted by means of alcchols
R'-OH in the presence c<f a suiltable catalyst to

give the fatty acid alkyl ester and glycercl and

b) the glycerol formed is dehydrated catalytically to

acrolein,

where B is R,, R; and E;, and R;, R, and E; are all the
game or some are the same or all are different and are
each a straight-chain or branched and optionally mono-
or polyunsaturated C¢-Cie-alkyl radical, preferably Ci.-
Coo-alkyl radical, and R' 1ig a C1-Cip-alkyl radical,
preferably Cy-Ce-alkyl radicai, a Ci-Ce-cyoloalkyl
radical, preferably Cs-cycloalkyl radical,

it is pogegible to aveid the disadvantages of the priox

art which are specified above in detail.

Particular preference 1s given to using, in reaction
gtep s}, triglvycerides in which E;, R; and R; ars each a
Cip-Crg-alkyl radical.

Preference i1z additionally given to using, in reaction
gtep a), alcchols R'-OH in which R' = methyl or ethyl.
Very particular preference is given to using methanol,
gince the fatty acid methyl esters thus formed are most

frequently used as biodiesgel.
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step a), triglycerides in which R1, R2 and R3 are each a C12-013-alkyl
radical. 25 Preference is additionally given to using, in reaction step a),
alcohols R' -OH in which R' = methyl or ethyl. Very particular preference

is given to using methanol, since the fatty acid methyl esters thus formed
are most frequently used as biodieset. 30 -3- The simultaneous
preparation of the two target products can be achieved by various
@%n%&%%%%%@@s% Ricebrting t&'th eFihvéntiont BCdishrcion Gkt
drawn etweenitwo=mainyvariaats. GuEhe fisst viariaat comprises aprocesss
in xhichy reactions.g) and-p).are performed simuylianeoysly in OngStep.awn
i.e. in one stage, and is shown in Figure I. 10 As a result of use of a
SURtABRECatal)st BF of a “Mixtdre-6f catalysts, the two reactions proceed in
parallel. For example, a triglyceride-catalyst mixture, optionally in the
presence of & solvent;is:teacted ith thesalcahol RiQHQver an acidigh i ch
catalystin the 15 lidujd phase, Forreactions.a). and.b) . tis possibleto
use a Romo- geneous of iweférogené“ous SGdic catalyst andror saits"of <
rAinekal acids of-Bptivially e sditaliie biocatalystip0-PreféEaes given to
processes using a homogeneous acidic catalyst, especially a

hemogengcous Gatalyst witl, a pKa of <.(,,25 Ruitable.catalysts ate. far- -,

example, strong Bronsted acids such as sulphuric acid, phosphoric acid,
B NBT Sulptioni¢ AER e ThEthanestlphofic atiff c-1oms  proceed  in
parallel. For example, a triglyceride-catalyst mixture,

optionall in the presence of a solvent, is reacted

Y
@

with the alcohol R'OH over an acildic catalyst in the

liguid phase.

For reactions a) and b), it is possible to use a homo-
genscus or heterogeneous acidic catalyst and/or salts

of mineral acids or optionally a suitable bioccatalvst.

Preference is given to processes using a homogeneocus
acidic catalyst, especially a homogenescus catalyst with

a pKa of < 7.

Suitable catalysts are, for example, strong Brensted
acids such as sulphuric acid, phosphoric acid, tolusne-

sulphonic acid or methanesulphonic acid.

Suitable salt-type catalvsts are, for example,
potassium sulphate, sodium sulphate or caesium
sulphate, potassium hydrogensulphate, sodium hydrogern-
sulphate or cassium hydrogensulphate, or mixtures of
the hydrogensulphates and sulphates mentioned, lithium
phosphate, iron phosphate, zinc sulphate, opticnally in
the homogeneous phase and copticonally in the presence of

a solvent.
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Suitable salt-type catalysts are, for example, 30 potassium sulphate,
sodium sulphate or caesium sulphate, potassium hydrogensulphate,
sodium hydrogen- sulphate or caesium hydrogensulphate, or mixtures of
the hydrogensulphates and sulphates mentioned, lithium phosphate, iron
phosphate, zinc sulphate, optionally i 35 the homogeneous phase and
optionally in the presence of a solvent. - 9 In the case of use of a
Réterdtfenedts atidid Ctalyst, referéicedis it Ptothdse hadingahiEo:
pfr< #2repreferably <3:&rThedHe valuescorrespordsdo thB.Hammett aeid,
functien .and.can be determined by the so-called amine titration using
indicators or by adsorption of a gaseous base (see Studies in surface
science and catalysis, Vol. 51, 1989: "New solids and bases, their
Gatalytic 103propertiesr Kz Tandbe atcal t GhapterPeespeeially fagestion
8:9). Ghaptee 1pagest-3:0f the-aferementionedidocumentsnames at ion
numerous gglig aé:ids fro(rjnqu:i)ch th(eil person 15 skiuedain 'gg]esart if.

1183 3 CaLors oY haye) i) agsedius bage
appro%rla‘te after d%fermlnlng e Ao va‘Tue, can sélect the‘swta% e

catafyst Siitabie hbtefogercttis Tatdysis atepréfarably Zedlite& solid L -
acids,:mixedibase metalioxide catadysts m2(:eracidicioniexchange #asins.c
Breferred heteroggneous catalysts inclyde: (i}-patyral or synthefic silicatie .,

Substances, 25 especially mordenite, montmorilionite and ‘acidic” zeolites;
E§55Tal HZSM-5. MCM-22 and zeolite beta, (i) support materials,
especially oxidic or silicatic 30 substances, preferably aluminium oxide,

WAy 1, pages 1-3 of the aforementioned document
names numerous solid acides from which the person
gkilled in the art, if appropriate after determining

the Hy value, can select the suitable catalvst.

Suitable hetercgeneocus catalvysis are preferably
zeolites, golid acide, mixed kase metal oxide catalysts

or acidic icn exchange resins.
Preferred heterogenecus catalysts include:

(i) natural or synthetic silicatic substances,
especially mordenite, montmorillonite and acidic
reolites, especially HEZSM-5, MOM-22 and zeclite

bata,

(ii) support materials, especially oxidic or silicatic
substancesg, preferably aluminium oxide, titanium
oxide, silicon dioxide, zirconium dioxide or
mixtures thereof, coated with mone-, di- or
polvbasic incorganic acids, especially phosphoric
acid, sulphuric acid or acidic salts of inorganic

acids,
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oxide, silicon dioxide, zirconium dioxide or mixtures thereof, coated with
mono-, di- or polybasic inorganic acids, especially phosphoric acid,
sulphuric acid or acidic salts of inorganic 35 acids, - 10 iii) oxides and
mixed oxides, especially aluminium oxides, zinc oxide-aluminium oxide
mixtures or heteropolyacids, or 5<iv}. polystyrenesulphonic acid resins,
especially Lewatit or Aberlite resins or perfluorinated polymeric sulphonic
ddid Fesirs-e3pacialy Nalivnc 10 ShitdbR bioBSRASIE ard lipggednt i um
esterases;xhydratases and/ardiytrelases. i Theiusewfalsolventisures  or
preferred, since this-lowers, the gancentration of reactive intermediate
compounds 15 and minimizes side reactions to give oligomers, polymers
and other high boilers. Moreover, the addition of an alcohol is required for
théeester forhyation: Shessolwentsiand diluerts usekarsknowa o Hosel 1y

skilled inthe art:and gxamples include methyltert-butyl 20 etheroethivhced
tert-butyl eth]er, te;rahydrofqra , 1,4- dioxane dig!yéne, ntcS)Iuenedsm%tfb:\ﬂ/la 1
isobutyl K&tone" andfor the alROReIR-OH Tlifized T6r the Trans— = - - Y
esterificafigit. e triglycerides used may also act as solvents, as may the
glycerol which is formed as an 25 intermediate and the fatty acid alkyl

esters %ﬁigh form. QQ é’\éalt%fr.o med g#tge dehyidggté;%@ The SQQ@Q££§SES’

preferably added in excess'and is preferably ideritical to the aicohol
RO #7630 tr EHsEReAfi&ition. Methanol and/or ethanol are
used with very particular preference.

The use of a solvent 1lg preferred, since this lower

the concentration of reactive intermediate compounds
and minimizes side reactions tc give oligomers,
polymers and other high boilers. Moreover, the addition
of an alcohol is reguired for the ester formation. The
solvents and diluents used are known to those skilled
in the art and examples include methyl tert-butyl
echer, ethyl tert-butyl ether, tetrahydrofuran, 1,4-
dioxane, diglyme, toluene, methyl isobutyl ketone
and/or the alcchel R'-OH utilized for the trans-
egterification. The trigiycerides used may alsc act as
solvents, as may the glycerol which isg formed as an
intermediate and the fatty acid alkyl esters which form

and water formed in the dehydration.

The solvent is preferably added in excess and 18
preferably identical to the alcohol R'-OH used for the
transesterification. Methanol and/or ethanol are used

with very particular preference.

2 reaction temperature between 30 and 500°C, preferably
between 50 and 330°C, more preferably between 70 and
300°C, is emploved. The pressure is adjusted such that
the liquid state of the reaction mixture is maintained.

Tvpically, the pressure 1is between 1 and 300 bar,
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A reaction temperature between 30 and 500C, preferably between 50 and
350C, more preferably between 70 and 35 300C, is employed. The
pressure is adjusted such that the liquid state of the reaction mixture is
maintained. Typically, the pressure is between 1 and 300 bar, - 11
preferably between 1 and 150 bar; miore preferably between 1 and 50

bar. The procedure can be performed in the reaction vessels 5 known to
fH6SE Skitteti¥in the BHE Tt exampietixed” Bed Péactord SfifredRAAKS Frow ¥
tubeseencambinatibAsbAcrolein formed can be removed from the

resulting 10 reaction mixture in a known manner, alone or together with a
portion of the solution or dilution medium  and/or water, preferably by
StppiRG B Histiiiatsi— URGomverted intermatiates or giycerol remain ih-
theoveaction stage anglate tofveited firtherEdntinbally. 258avenging e
ofdhe acralgiptemoved with water (quenghing) affordsan agquesds  or
cho{}l}ejn gglijtipln which can be sent direct-y to use or to a further

purii ication. 20 %‘bcording to the intended use, impurities or by- products in
the acrolein can be tolerated or should be removed by workup steps.
Water] acetaldelimes formaldehydesracetic acitkand further unseadtiveng
e products geepreferably not iseited tramyde acioleln 25T he pueseit.,

process variant is consequently charac- terized in that the acrolein for de
it reHctién by & réffovedfrom the r@&ction Miixture aldre 8F optiondify>™ ™
tegether with atteast aegartion bf thessobent.i80ing or distillation.

Unconverted intermediates or glycerol remain in the

)

reaction stage and are converted further continually.
Scavenging of the acrolein removed with  water
(guenching) affords an agueous acrolein solution which
can be gent directly to use or to a further

purification.

According to the intended use, impurities or by-
products in the acrolein can be tolerated or should be
removed by workup steps. Water, acetaldehvyde,

formaldehyde or acetic acid and further unreactive by-

productsg are preferably not isclated from the acrolein.

The present process variant is consequently charac-
rerized in that the acrolein formed in reaction b) is
removed from the reaction mixturs alcone or opticnally

together with at least a portion of the solvent.

The acrolein can be removed from the reaction mixture
by stripping, distilliatien, extraction, phage

gseparation or use of membranes.

Very particular preference 1s given Lo removing the
acrolein from the reaction mixture by distillation

iuring the reaction.
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The acrolein can be removed from the reaction mixture by stripping,
distillation, extraction, phase separation or use of membranes. 35 Very
particular preference is given to removing the acrolein from the reaction
mixture by distillation during the reaction. - 12 For the simultaneous
synthesis of acrolein and biodiesel fit@m-triglycerides, as well as the
involvement of dehydration steps, selective trans- esterification is, .
Ftitired Sinceth&' tehyaration to 5%eFotsmforms Wwate Avhich it the 57
fattycacidialkyl eStersynthesiglcarelikewise leackt thewgddesireds  the
]‘:ﬂﬁ%‘@g%ﬁﬁ@ free fa@éﬁ?@rW%%%ﬁhOH@eE”@ferali&\l élﬁelb?rgm@&ds-
rom the reaction mixture or_equilibrjum gs well a cerol, which Is_ .
ESsdrtiafly 10 corsuméd Eyefﬁé"%fu%%equ%h*r‘r’e“act%%eyco%g%%”v%e%wéi‘ﬁ? £e
Thiscanibe effected direetly invihié fifst rebBtioRlStep oF fiva déwAstrdarmy 1
stage-The simuitaneous semoval ek thesacroleinduring thesl5 chamicat=d
reactions from the reaction mixture is - ible ively easily,by mean
ot distiliation and”is theﬂr‘éfo:g:ljf)tr%caeferrerg%%llé?‘gﬁ}s3 is géeé%%éd fi_;%s%y by the %%é%td
giffefence’in tiie BeiliRg pofite bR acrotéif onMhe Giic hand, dhdt=vrs ©F
wighcetides fatty acidalkyl 2@ estegscanchglycerbl o thiesotherswand. They
'H&%%%%%% removal of the,acrolein formed from the reactionmixturg: o ; 1.
additionally allows the yield to be increased, since acrolein in the reaction
Mmixtire f€2 ver§ réadtve ompound Which can lead co undasired Side 257
reactions: The goodhdistitlatherremavability of the acrolein from the
reaction mixture comprising fatty acid alkyl esters becomes clear in
Example 2, i{]_which

The 'simbltanecus removal o©0f the acrelein during the

chemical reactions from the reaction mixture is

- poesible relatively easily by means of distillation and

is therefore preferred. This is caused firstly by the
great differences in the boiling points of acrolein on

the one hand, and triglvycerides, fatty acid alkyl

M

aters and glycercl on the other hand. The immediate
removal of the acrolein formed from the reaction
mix-ure additionally allows the vyield to be increased,
since acrolein in the reaction mixture 1s a ver
reactive compound which can lead to undesired side
reactiong. The good distillative removability of the
acrolein from the reaction mixture comprising Ifatty
acid alkyl esters becomes clear in Example 2, in which
acrolein has been removed guantitatively from the

biodiesel by vacuum distillation.

the invention, acrolein is

Fh

In a further embodiment o
not formed immediately at the start of the esteri-
fication reactiocn, but rather glycercl formed is
removed first after the majority of the triglycerides
have been converted to fatty acid alkyl esters. The
glycercl formed after the transesterification is then
converted to acrolein with the aid of a dehydration

catalyst. The catalysts may consist o©f the acidic or
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acrolein has been removed quantitatively from the biodiesel by vacuum
distillation. 30 In a further embodiment of the invention, acrolein is not

formed immediately at the start of the esteri- fication reaction, but rather
glycerol formed is removed first after the majority of the triglycerides 35
have been converted to fatty acid atkyl esters. The glycerol formed after

the transesterification is then convert d to_acrolein with g)h girg gtas £
FeRydratict GATATE- The CaEfysts r%%y consist 8? the aci eDc or-13 basic

demponenisdescried gesEcoliporents of Gékyttatidh catdlysts-knowhe
1g-those skilled in the art. 5 This further process variant comprises a
process in which reactions a) and b) are performed in separate steps,
and is shown in Figure 2. In this process, first reaction a) )
Trarsestetifiéation)FTAR§Heridd with alcoRBIFR OFF fo gfycétoPand fatty
acid-alkyl-esters 2@4biedieset)ds performed ipthe presencelof asstlitabe e

fist catalyst.;Subseguently,; a separationintom, glycerokcontaining phase:
anda fatty acid alkyl ester- gorltairlingé phas ismegfe%tegi. Thg I 'CC%OIJH h
#e glycdrolcontaiig PRESE Témbved 1§48 hy‘drate&i“r?ﬁ?é presence
aflashitable seEondcatalystto atroteid (feaction HC TFhedaty acig alGr s
ester,gan he ysegas, fuet o hicdiesel ditectly-eraftessuiiable afiertanle
treatment, for example a substantial dewatering. 2 éye yse of the, .

défytiration catalyst in asz“é%%{?%léepega?c%bn g?epa_é”\%ogl; s the f?pfmatign of
active dritermeaistes whiehecen foRM &t st Font fortions of the*s ==+
trighiceridesor afthe glycerol weles theabovethe glycerol in  the
glycerol-containing phase removed is dehydrated in the
presence of a suitable second catalyst to acrolein
(reaction b). The fatty acid alkyl ester can be used as
fuel or biodiesel directly or after suitable after-

creatment, for example a substantial dewatering.

The wuse of the dehydration catalyst 1n & separate
reaction step avoids the formation of reactive inter-
mediates which can form at least from portions of the

z

triglycerides or of the glycerol under the above-
specified conditions. The reactive intermediates
otherwise form undesired by-products to an increased
degree, which lead to deactivation of the catalyst or
to a reduction in the vyield. When these intermediates
are minimized, the vield of acrolein and fatty acid

alkyl esters can be improved.

Thig can be effected firstly in a batchwise operation,
in which case the dehydration catalyst, after a certailn
reaction time, is added to the reaction mixture which
is then biphasic. For this purpose, Lor example,

performance in a stirred tank is suitable.

Secondly, the dehydration catalyst can be fed in not

until a point removed from the reactor inlet in flow
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specified conditions. The reactive intermediates 25 otherwise form
undesired by-products to an increased degree, which lead to deactivation
of the catalyst or to a reduction in the yield. When these intermediates

are minimized, the yield of acrolein and fatty acid alkyl esters can be
improved. 30 This can be effected-firstly in a batchwise operation, in
which case the dehydration catalyst, after a certain reaction time, is
daded o the reBictioh mixttire-Which™ fREReR biptiasic. For i Purfose: 76
example; i3mperformanee iraStireddankis stitableiSecandly dhgcexrol

defydration cafalystgan he fed.jonot. unfil,a pointremoyed from (e« 5 or,
reactor inlet in flow - -14 direction or in a further reactor section aitera .

(hase "Eepatatfoirtids Beh efretfil By e it giycerst sdifidy * Ve
and: thereatalystreach thisipoint, apporton cof the geerol say akeadyized

converted:toreactive intermediates: This operationscan he realiaed-y or
indystrially, f%r example, in a stirred t@nlgnbgttecr)%or{:ﬁeﬂoyvpt\lr@% Inthis _,
Embodithent'8fthe Mverition, tha-piTase-sEparation tan be accéTeréfedtby
SUbsegUeREPEMdVAICST watel or By distiffaterenicial oPBxcessPFRIuent
aleahelz Whish easesthesubsequent dehydration intbecglycersl phasesAs
further advantage, of dehydratiqn_in co ep ists in.the fact t
tﬁgcy?éagjof ggl% ef})n gﬁéy e1£5 fgft%/ a%u} alié/‘}g gﬁérséﬁ%@%ﬁﬁgﬁ%ﬁ e
SECHEREX. tethFetature profile or temperature programme optimized with
reference to the reaction behaviour of the reactants can be established

separgiely for eagh step, or instance, the-transestedficgtion.ofdhe trg - e
consists in the fact that the vyields of acrcolein and
fatty acid alkyl esters can be enhanced because &
temperature profile or temperature programme optimlzed
with reference to the reaction behaviour of the
reactants can be established separately for each step.
For instance, the trangesterification of the tri-
glycerides reguires a significantly lower activation
energy o©r reaction temperature than the activation of
glycerol and itg first dehydration step for the rapid
preparation of intermediates, for example hydroxy-
propionaldehyde. The fatty acid alkyl esters Zormed
rend, in contrast, to unselective IZurther reactions at
higher temperatures of from approx. 150 to 250°C. The
performance of the combined preparation of fatty acid
alkyl esters and acrolein by means of passage through
two reaction stages under different reaction conditions

thus constitutes a preferred empodiment.

& preferred embodiment of the process is characterized
in that reaction a) is performed with the aid of an
alkaline catalyst for which the pKa of the
corresponding acid is > 13.

=

Mantion should be made in particular of alkali metal

alkoxides of the alcohol R'OH used for the <trans-
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20 glycerides requires a significantly lower activation energy or reaction
temperature than the activation of glycerol and its first dehydration step
for the rapid preparation of intermediates, for example hydroxy-
propionaldehyde. The fatty acid alkyl esters formed 25 tend, in contrast, to
unselective further reactions at high&ktemperatures of from approx. 150
to 250C. The performance of the combined preparation of fatty acid alky!
EsteRF and Gefolei by ieahs Bt passagethiéigh™ two 18action stagls ==+
underdifierent feadtionGoriditiohs <30 fris comstitited aypreferel: metal
embadiment. A preferzed, smbadiment of theqrocess-isieharagterized dium

that reaction a) is performed with the aid of an alkaline catalyst for which
fAe pKs Ofthe 35 corresponding acid is > 13. Mention should be made in
particular of alkali metal alkoxides of the alcohol R'OH used for the trans -

15, estgrification. Preference.is given 1q the alkali retad -akaxides of the he

Cl-C4-alcohols .especially alkali metal methoxides or ethgxides and most
gr]é?é?gﬁﬁ/%§ordﬁdﬁ"1c%n“elﬁ%xid'ér? 5 The possibility oi using‘a%kaTiﬁe "

cetalysEfor the aFaRSESIEficatfon eactiBn @) consiittesSan aditisral
adventage inthe secondpreaess mariant L becdusetthe subseguent phase

fﬁ&oevaméggﬁ%'y%f%gh}%%%@}hefﬁor%%%té&qutu@émmgreeqtmt%mq
e

place with acidic_catalysts cq be used in the dehydration._Just like in
th8T a8 G reatiormSie sted, s W& passiblethete At aattion a) is
performed with 15 the aid of a homogeneous or heterogeneous acidic
catalyst; This catalyst mayadditigrally-he-differentn one step, it is
also possible here that reaction a) 1g performed with
the aid of a homogeneous o©r heterogeneous acidic
catalyst. This catalyst may additionally be different
from the acidic catalyst to be used in the dehydration,
which further increases the variability and flexibility

of the process,.

In the case of use of a homogeneous acidic catalyst in
reaction a), preference i1s given to using catalysts

with a pKa of <« 7.

In the case of use of a heterogeneous acidic catalyst
in reaction a), preference 1s given to using catalysts

with an Hy of < +2, preferably < -3.

Beth the alkalil- and thes acid-catalysed trans-
esterification a) is performed at temperatures of 20 to
150°C, preferably 25 to 100°C, preferentially of 25 to
goeC.

In this way, it 1s possible, through selection of
optimal reaction conditions, to form glycerol as well
as Dbiodiesel in a first reaction stage and then to

convert 1t selectively to acrolein in a second stage.
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from the acidic catalyst to be used in the dehydration, which further
increases the variability and flexibility of the process. 20 In the case of
use of a homogeneous acidic catalyst in reaction a), preference is given
to using catalysts with a pKa of < 7. 25 In the case of use of a
heterogeneous acidic catalyst in reakfion a), preference is given to using
catalysts with an HQ of < +2, preferably < -3. Both the alkali- aﬂndjthe -
&G AE Ay Sed ransi 80 eSteHficatidh a) i petforfied at tBftperaturesdr>"
26:ta-15600C, )preferably 25:10=t00G, Preférentdlly of 25:t00 80Ca hethisst
way, it is possible, through selection of 35 optimal reaction conditions, to
form glycerol as well_as biodiesel in a first reactiggétag%and the_\Lq 10 oo
Cotvert iPSE8&HT1 16 Acroldifi it a setond stage, - 16 Actording 1 the
ingeRtiv g dtis dIv6ipossiBlesthal resdction-alf Bperformed with the aid of a
biocatalyst. The biocatalysts used are preferably lipases, 5 esterases,

hydratases or hydrolases. In.the progesg.variant with separate reaction
steps’a) a%dqbci : the gfly'cercﬂ formed as the primary product is removed
coMiplBtely ¢iFartly HeRTthe réadtittemixturé 46 of Fédidion ay*ardct *#
dehydiaied catalytically.in the reaction b) proceedingrseparately taixture
acrolein, For. the dehydration reaction ) its possiblein iaé‘&ingan(i%Wi@ne
the invention to use a homogeneous or 15 heterogeneaus acidic catalyst.
INTAE TASE OF horGyEiEote Catdysts 2pretérehte IS given th those

having a pKa. of < 7.
For the dehydration reaction b), 1t is possible in
accordance with the invention to use a homogenscus or

heterogenecus acidic catalyst.

In the case of homogeneous catalysts, preference 1is

given to those having a pKa of < 7.

In particular, it 1s possible here to use sulphuric
azid, phogphoric acid, toluenesulphonic acid or

methanesulpheonic acid as the catalyst.

Furthermore, the homogensous catalysts used for the
dehydration reaction b) are preferably salts of mineral

acids, opticnally in the presence of a sclvent.

Very particular preference is given to using potassium
gulphate, sodlium gsulphate or cassium sulphate,
potassium hydrogensulphate, sodium hydrogensulphate or
caegium hydrogensulphate, or mixtures of the hydrogen-
sulphates and sulphates mentioned, lithium phosphate,
iron phosphate, zinc sulphate, optionally 1in  the

presence of a solvent, as a catalyst.

In the case of heterogeneous catalysts, preference is

given to those having an He of < +2, preferably < -3.
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20 In particular, it is possible here to use sulphuric acid, phosphoric acid,
toluenesulphonic acid or methanesulphonic acid as the catalyst.
Furthermore, the homogeneous catalysts used for the 25 dehydration
reaction b) are preferably salts of mineral acids, optionally in the
presence of a solvent. Very particular preference is given to using
potassium sulphate, sodium sulphate or caesium sulphate, 30 potassium
RydrbgeRs@phats, sditifthyffogetiiiishatest chesium o1+ acics,
hydredebsiphater oit mixtures afdthe hydtogenr salphates and: selphatesse
meptigned dithium phosphate - ironphosphates zinc sulphate, optionally in
the presence of a solvent, as a catalyst. 35 In the case of heterogeneous
catalysts, preference is given to those having an Ho of < +2, preferably <
B1: 170 Preferéroecigagivenito using zeelites isolididéids niiRed bage ax :
metal oxide catalysts or acidic ion exchange resins as the heterogeneous
catalyst. 5 Sultable heterogensous egalysts include ip partioylar, i) .,
natural or synfhe%(; silicatic su%%iance_s, especially mordenite,
montmorillGriitessrid: ‘akidic zBSKES Especially HZSNES: MERR25and §6:
zeolite beta; {H)}Buppardnatesials, espesciallyigxidicipesiicaticiCM-22  and
subgtancgszg %fg]é%bl}ggggninium oxide, titanium d_ioxide, silico_n dioxide,
15 zirconium dioxide or mixtures thereof, coated with mono-, di- or
polybasic inorganic acids, especially phosphoric acid, sulphuric acid or
adidit saltssofinarganic acids; 20(1ii oxides apelomixethoxides: especiallyz
aluminium ¢i1icacic  substances, preferably  aluminium
oxide, citanium dioxide, silicon dioxide,
zirconium dioxide or mixtures thereof, coated
with meno-, di- or polybkasic inorganic acids,
egpecially phosphoric acid, sulphuric acid or

acidic salts of inorganic acids,

(111} oxides and mixed oxides, espscizlly aluminium
oxides, zinc oxide-aluminium oxide mixtures or
hetercpolyacids, or

{iwv) polystyrenesulphonic acid resins, especially

Lewatlt or Aberlite resgins or perilucrinated
polymeri gulphonic acid resins, especially

Nafion.

The reaction conditions to be established with
preference correspond to those which are employed in
the above-described first one-stage process wvariant.
Only the reaction temperature of the second reaction,
of the dehydration b), compared to the first reaction,
the transesterification aj), 1s at higher temperatures
of 50 to 400°C, preferably 100 to 350°C.

Prefereance 18 equally given to performing the

dehydration reaction b) with the aid cf a bilcocatalyst.
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oxides, zinc oxide-aluminium oxide mixtures or heteropolyacids, or (iv)
polystyrenesulphonic acid resins, especially 25 Lewatit or Aberlite resins
or perfluorinated polymeric sulphonic acid resins, especially Nafion. The
reaction conditions to be established with 30 preference correspond to
those which are employed in the abé¥e-described first one-stage process
variant. Only the reaction temperature of the second reaction, of the
dehydration b), compared to the first reaction, the transesterification a) ,
iEtat higher temperaitsres <3510150°0 400C, FrERTaBIy 10015 850es 2522

B@g@n&gég egually-given:tesperforming the dehydration reaction b) with
the aid of a biocatalyst. - 18 The biocatalysts used are, for example,

dehydratases, hydratases or hydrolases. 5 The reaction step b) is
Bérformed preferabRLiAthe® pres8nce T 208olvént. refeiretPedlivents are'®
methyt tertbutyl ethes; ethyt tent-butyl ether, tetrahydrofuran,

1,4-dioxane, 10 diglyme, toluene, methyl isobutyl ketone and/or the
alcohol R'-OH already utilized in reaction step a). One possibilit |s thqz

thesfycersrhis Retmaved from® the Feadtion miture Ay b dls?ﬁa on. 15 The-
giy@erebcarybe remsvieehin a distitatiorhcolumhuatiached td tefirspxane,

?%ti QRnapparatys bya vaﬁautamy@lIstlﬂgmw_eaqt@ednmuea@)/ 20 Ache
cularly advanta %ri?us emb |g1ent ?f the Rrocess cong
r

ARy glycerdi front tife Feattion mixtura’ a) by reactive dlst Iatlon and,
at the same time,

One possibility i1s that the glycerol 1is removed ILrom

rhe reaction mixture a) by distillation.

The glycerol can be removed in a distiliation column
attached to the first reaction apparatus by a vacuum

Aistillation of reaction mixture a).

2 particularly advantageous embodiment of the proceag
consiste in removing glycerol from the reaction mixture
&) by reactive distillation and, at the same time,
dehvdrating it to acrolein over the simultaneously
present acidic catalyst (reactlon step B

In this case, & heterogeneous dehydration catalyst,
preferably of the type (i) to (iv) described in detaill
above, which simultaneously accelerates the conversion
of the glycercl to bes removed to acrolein, is present
in the distillation column. The temperature 1in the
downstream column ig between 50 and 300°C, preferably
between 80 and 250°C, more preferably between 100 and
200°C. The pressure there i1s becwsen 0.1 and 1300 mbar,
preferably between 0.5 and 1000 mbar, wore preferably
between 2 and 100 mbar.
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dehydrating it to acrolein over the simultaneously present acidic catalyst
(reaction step b)) 25 In this case, a heterogeneous dehydration catalyst,
preferably of the type (i) to (iv) described in detail above, which
simultaneously accelerates the conversion of the glycerol to be removed
to acrolein, is present 30 in the distillation column. The temperature in the
downstream column is between 50 and 300C, preferably between 80 and
I56C, riere preferabybetwesn 100 8RHDO0C. Trie-pressurehsrs g+ on
betveepdd 1 andithOembar, preferably:-betweent(is amdi1000cmbstn as
moye, reggr_aéb aSSCQQty\@%.Z and 1(_)0_mbar. - 19_ T_he sollq, gen_erally
insoluble acidic dehydrationn catalyst is installed within the distillation
column as a bed or as a coating. 5 The advantage of performing
relastiond/ahandb) inftwoe séparate:stepsatsul comssists irethié fact that theo

stability.eftherogess is inpraved.owing to delimited process steps iNche
continuous operation. 10 In addition to distillation or reactive distillation,, it .
SR pocsb oo 1Sk (BRSFRRARS of FEGVIRG METeearsl, Aturis =
preferests emibadiment ofthe iprocess astofding©T5 to the invention is
characterized in that glycerol is removed from the reaction solution by

simple phase_ senaration after ainophilic phase. A comprising.fayy acid,,
aJﬂE*yI esters and a“g?ycero?—contalningzhygr'bpﬁ_iﬁc ‘phase Bhave formed. '
20 THi§ pRdsesepafation-€antadditofalyBe-ERabl&E 6 HrémotEG By + ¢
adding; aphaseiseparator.

A further preferred embodiment of the process according
to the invention is characterized in that glycercl is
removed from the reaction solution by simple phase
separation after a lipophilic phase A comprising Iatty
acid alkyl esters and a glycerol-containing hydrophilic

phase B have formed.

This phase separation can additionally be enabled or

promoted by adding a phase separator.

Preferred phase separators are water and/or an organic

solvent and/or fatty acid alkyl esters.

The combined preparation of acrolein and fatty acid
alkyl esters can also be achieved in accordance with
the invention by deliberately promoting the phase
separation into a lipophilic phase A comprising tri-
glyceride and fatty acid alkyl esters and intc a water-
and glycerol-containing hydrophilic phase B actually at
the start of the transesterification, and by virtue of
reacticrs a) and b) proceeding in parallel in the two
different liguid phases (biphasic catalysis). This can
be effected firstly by the addition of water or other

solvents.
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Preferred phase separators are water and/or an organic 25 solvent and/or
fatty acid alkyl esters. The combined preparation of acrolein and fatty acid
alkyl esters can also be achieved in accordance with the invention by
deliberately promoting the phase 30 separation into a lipophilic phase A
comprising tri- glyceride and fatty -acidbalkyl esters and into a water- and
glycerol-containing hydrophilic phase B actually at the start of the
fransesterificalion, aRay virftetof $8a&chs &) 4REDY progéédingh t2e
parallekintbe two3b-different liguid: phases(eiphasic catalysis).zEhis:can n
e gliected sty the addijen ghwater gLothet salvente, 20 ARG .

other hand, the excess alcohol used for the transesterification can be

RATGVEFBY distiftdtiondh 2order fo SECEIBrATE the' phasdEeparation® This™®
hasthe fadvantage thaicatalysts optimizedin eachcasercambe Bused or
for. the transesterification reagtion @) andfor thergghydrafion reaction ins

The two reaqtions additionally proceed separately in the particular . 1
S AfGURinfUSTGiTgroe ATOAGF 10 Prefetnce & therbfors gher:"
toreprocesstihwhich réactiorra)z perforaredtingkie lipophilic phase A,
which comprises triglyceride and fatty acid alkyl esters, and reaction b) in
the Jpiophilic phase B_which.comprises alyceral wialecand aggleip, 13,
The easy transfér of the ac[o?eln from the lipophilic ﬁase A corﬁf)rismg
fafy Aeidalkyl estefs ta et %?ﬂ%%‘usﬂﬁyd?o%ﬁniéﬁﬁ&é}é‘-sltie%oﬁ%%%ﬁ?eaﬁr
ipExampleckhpthiwhieh acroleinvisdauntd: presomindmtlycn theaggeousd 200
Qgﬁﬁgrs, and reaction b) in the hydrophilic phase B

which comprises glycerol, water and acrolein.

The easy transfer of the acrclein from the lipophilic
phase A comprising fatty acid alkyl esgters to tThe
agqueous hydrophilic phase B becomes clear in Example 1,
in which acrcolein ig found predominantly in the agueous

1

phase.

The vield of the two targst products can thus be

enhanced overall by wvirtue of fewer unselective side

reactions proceeding. It is also desgired to bind

residual moisture or added water exclusively in the

glycerol phase, since 1t otherwise leads to an snhanced
£

degree of undesired formation of free fatty acids,

The catalyst systems for the transesterification and
for the dehvdration are, in the <case of biphasic
catalysis, adjusted such that, in the case of use of
homogeneous catalysts, the transesterification catalyst
dissclves in the triglyceride phase and the dehydration
catalyst in the glycercl-containing phase and not wvice
versa, so that a catalyst preferably soluble in the
lipophilic phase A accelerates reaction a) there, and a
catalyvst preferably in the hydrophilic  phase E

accelerates reaction b) there.
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The yield of the two target products can thus be enhanced overall by
virtue of fewer unselective side reactions proceeding. It is also desired to
bind 25 residual moisture or added water exclusively in the glycerol
phase, since it otherwise leads to an enhanced degree of undesired
formation of free fatty acids. The catalyst systems for the
transesterification and 30 for the dehydration are, in the case of biphasic
catalysis, adjusted such that, in the case of use of homogeneous
catatysts; the fransésterification.catalystudissolvésinafuangiyeeide for
phase and.the dehydration. catalyst in the glycesal-containing phase and-
not vice 35 versa, so that a catalyst prefer blydc,oJLuq:I)e J|fn{_:1;heel lipophilic .,
PRaSe A acteferate’ reatidn aftiere. and a catalyst preferably inthe ~
hydrophilicephase B- apteletatesaeacior bptheréneZe |- génertp tein
homegepeous sahation; is.advantageeus for gend massitransferchytis not
absolutely necessary here. This is even exploited delib lyhy.the S,_ .
Brinciple o‘?‘%?ﬁ%%c%a?aaﬁsé W Sergjfhesaé(cgglgl%f %?%dbﬁ%%tf reé;%/?ly ) §t -
solublesinlttie ag@kbis §lycersl iphase. Werdlgin can s He sépatated ™
from thesfattyoasid alkylester iva simptenmanner byphase separation:wy .
additional extraction without camplicated-workup, 40 and thesoverall s

process can thus be simplified. This also becomes clear in Example 1.

| PHEeshFERRgeEHh Uil Téaction which can be directed in

one or another direction according to 15 the reaction conditions. This is
exploited deliberately, pthe embodiment obhiphasie catalysis: deseribeddan
removing glycerol as the reaction product from the phase comprising. -
tﬁﬁlygéﬁfggﬁ&faﬁl§ adid alkyt BIScheL mr"mp?“o Coe W co
the reaction conditions. This is exploited deliberately

in the embodiment of biphasic catalysis described D

G

®

removing glycerol as the reaction product ZIrom th
phase comprising triglyceride and fatty acid alkyl
ester and hence from the eguilibrium. Reaction a) 18
rhus accelerated to an enhanced degree in the direction
of fatty acid alkyl ester or biodiesel, and = back-
resaction to triglycerides i1s minimized. As a result,
reaction conditions which would otherwise not bs
ootimal for the production of biodiesel can  be
eztablished, or the range of guitable reaction
conditions can be widened. For example, the excess of

alconel can be lowsred,

Fatty acid alkyl esters of the formula I are preferably
obtained from the lipophilic phase A and can be used as
a fuel directly or opticonally after further

purification.

rcrolein is obtained from the hydrophilic phase B and
can be used as & starting material for methionine
products or acrylic acid directly or optionally atfter

further purification.
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ester and hence from the equilibrium. Reaction a) is 20 thus accelerated

to an enhanced degree in the direction of fatty acid alkyl ester or

biodiesel, and a back- -reaction to triglycerides is minimized. As a result,
reaction conditions which would otherwise not be optimal for the
production of biodiesel can be 25 established, or the range of suitable
reaction conditions can be widened. For example, the excess of alcohol
EantbE [dviere§ B BE0 Al estBRs of tHE Toriia Sre Praférabiy” 36°°
obtained-Hfsam thetlipophilic iphasesA-add san besgskd as ra fuel divecty bed
optionally after further, pagfieatiop -Agrolgincisiobtained-fromthe scrolein
hydrophilic phase B and_35 can be used as.a st tj%mategﬁl for e
MBthionie préducis Br acrylic acid Uirsetly or optionally aftéi Turther -~
purifieatién c222 on furtiet embodimeRbof thEnENDA S Eharactsrired on
in that theitriglycepides used are converted catalytically tofatty agict-alkyll v
esters and acrolein. in the presence of alc R!OH, S5 v e
ess?gﬁﬁcaa%i%ﬁy}eélc?i%%ga) g??%ﬁeaﬁgﬁyd?ﬁ%%%%%%ﬁoné%%%rg%@lﬁéfo}méél -
SiRRARBEUSIY O SFAHAIR. Eepdiately B8ing TRémbranesi(iémbidie 21
separation): The meémbrare: selestively setaimnsithe)triglycerides anid, fatty>1
acid alkyl esters (retentate), while glycergl 10 formed pagses intpithe ¢ ne
permeate. As a result, the separation is effected without a separate
WEkaptep  whith Towefsthe pepatation Eosts Forinstaice, giycefoi™s -
celn} madcordance mdthither s inventioncalse be removed by membrane
filtration from the reaction mixture of reaction a). Suitable membrane

For instance, glycerol can, in accordance with the
invention, also be removed by membrane filtration from
the reaction mixture of reaction a). Suitable membrane

materials are especially organic or ceramic materials.

The dehydration reaction can alsc be effected by means
of suiltable catalysts immobilized on or in tThe membrane

@]

=

by means of a separate catalyst addition into the
peyrmeate. The catalytically active components Ifor the
dehydration may also be an insoluble constituent c¢f the

nenbrane .

Suitable membranes are, for - example, solubility
membranes or diffusion membranes Irom micro- or ultra-
filtration, which, owing to their functiconal groups,
polarity or pore sgtructure, retain the triglycerides,
but ars permeable to glycerol. Sultable membranes are
especially formed <from organic materials such as
polyether sulphones (PES}, cellulose esters, polyilmides
or polyether imides, poly{fatty acid amides) or poly-
acrylonitrile (PAN), or from ceramic materials such as
aluminium oxide, titanium dioxide, sgilicon dioxide,
zlirconium dioxide {(baddeleyite) and combinations

theresct.
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materials are especially organic or ceramic materials. The dehydration
reaction can also be effected by means 20 of suitable catalysts
immobilized on or in the membrane or by means of a separate catalyst
addition into the permeate. The catalytically active components for the
dehydration may also be an insolublé tonstituent of the membrane. 25
Suitable membranes are, for example, solubility membranes or diffusion _
Fefbrares bR fticroCer ultras filtBtivH WRChCBRind totha#r Fimctional -
Qrodps = pelarinnar pere siractureisetain thedrighypcarides, 30 butargcased
Rermeable to glycerol Suitable mempranes argsespecially formed fiom ne
organic materials such as polyether sulphones QDES : gel[gloseoggtgrs,
pokimidég=or pdl%ther“iﬁﬁdesﬁ%F;f(?a?%%ci&%mid%s‘?b%olyg o=
acrylonitrlle (RAN);20r from ceramipnateralsSuchas 3% akddiffm  and
axide, titaniup. dioxide, silicon dioxide: zisgonjurndipxide (baddeleyite)

and combinations thereof. - 23 The advantages of the simultaneous
preparation of biodiesel and acrolein described consist in increased
productivitys adgition bEvalFe ARd Sasihy offive AP itheameting 1he<=*
transpart and engrgy cests are 5 rediced: vesalh the/prodectien afan  be
blodiesel and acrolein heeames moLe ecanomicallyviable At the same e
time, relatively high-boiling by-products which are obtajned in tge ac%eln
syHthesié ca¥BECTE adtEd tothe biddiesetas additionst alonific valdé or ©
itappropriate cbesteftlin theobiodiesel-These mayndorexampie; breldiners
oL fimers of aﬁgjgglr%rl ethers of glycerol.

are

The invention also provides a mixture which comprises
acrolein and has been prepared by Che Drocess
according to the invention detailed here, and & mixture
which comprises fatty acid alkyl esters of the formula
I and has been prepared by the process according to the

invention detalled here.

The examples which follow are intended to illustrate
the invention described in detail, but in no way CoO

have any restrictive effect.
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15 The invention also provides a mixture which comprises acrolein and
has been prepared by the process according so one invention detailed
here, and a mixture which comprises fatty acid alkyl esters of the formula
and has been prepared by the process according to the 20 invention
detailed here. The examples which fellow are intended to illustrate the
invention described in detail, but in no way to have any restrictive effect. -
Fxammdffples Example 1: 5 50 a of biodiesel and 50 g of acrolein were
mixed and formed a homogeneous mixture. In a separating funnel, this

ol epeous mixture was admixed with 250 g of water, shaken and left
to stand, in the course of which two phases formed. After the formation of
the phase 10 interface, the lower aqueous phase in the separating funnel
was remdvediant enalysed:by feags ofgas- chicmatographytéxed and
%%tﬁﬁ@@eéh%éﬁ{ﬁéﬁé%@%@nwyg@él . _33551& gof %@?@BH;&.&EQ obtainec ,
in.the agueous phase in this way. Even in the case of simple
ﬁﬁél%-s&%oéﬁga%%%ﬁ wfﬁ’-lf}\‘7“\}:altle9;“:,3 it Was thﬁf@§ m&o}%@sclﬁle“t%%mjgiseog I%i:{rg‘eO‘jE
pertien of #ieaemleindroht the BodiéSeldExample®  20TResask ofla-ch
relyy evaperatorwagdaitially eharged hwithramixtuie-af 50ig of ibiodiegseke
and 30 9.9l acrgleln %ﬂgwa%ateg%@e%%g in g, water bath. By means,,0f a; g

Water-jet ﬁuerﬁp,ti e mixture was placed under 25 vacuum slowly. In_the

CoBIEE distilfation FEERRIERS 505G of AYdrodtfitbne Werd inftiafly charged®®
tohromatography to determine the acrolein content.
Overall, 32.4 g of acrolein were obtained in the
aquecus phase in this way. Even in the case of simple
single-stage extraction with water, it was thus
possible to remove a large portion of the acrolein from

the biodies=l.
Example 2:

The flask of a rotary evaporator was initially charged

~with a mixture of 50 g of biodiesel and 50 g of

acrolein and heated to 35°C in a water bath. By means
of a water-jet pump, the mixture was placed undex
vacuun slowly. In the cooled distillation recalver,
50 mg o©f  hydroguinone wers initially charged to
stabilize the acrolein distilled. Within one hour, a
distillate of 4%.1 g of acrolein was obtained. The
purity of the distillate was confirmed to be at least
99.5% by means of gas chromatography. 30.6 g remained

in the flasgk of the rotary svaporator.
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stabilize the acrolein distilled. Within one hour, a distillate of 49.1 g of
acrolein was obtained. The purity of the distillate was confirmed to be at
least 30 99.5% by means of gas chromatography. 50.6 g remained in the
flask of the rotary evaporator. - 25 - Claims 1. Process for preparing fatty
acid alkyl esters of the general formpk |1 R'-O-C-R 5 (1) and acrolein by
converting triglycerides of the general formula II: ?1 CH2-O-C-R1
CH2dmE-R2 i CH2-O-C-R3 (I_I) characterized in that 10 a) the
triglycerides are reacted by means of alcohols R'-OH in the presence of a
suitable, catalyst to-give -acid alky ter.a lycerol and 15b) . -
the alycaral Eaed 1 dehsalatod batayteaty 1 acroi wnore R s RL.
R2 and™R3, &7*PRFR2 SRd"R3 are “all the same or some are the same or
all are 20 different and are each & straight-chain or branched and
optionally mono- or poly- unsg‘t%zg%{cm-cw-alkyl radical, preferably

(I)
and acrolein by converting triglycerides of the

general formula II:

CHQ-O—E»R}

7

CH-0O-C-R2

9

CH-0-C-R3

H
i

characterized in that

a) the triglvcerides are reacted by means of
alcochols R'-CH in the presence of a suitable
catalyst to give the fatty acid alkyl ester and

glycerol and

b) the glycerol formed is dehydrated catalytically
to acrolein,
where R 1s Ry, Ry and Rz, and Ry, R, and R; are
all the same or some are the same or all are
different and are each a straight-chain ozr
branched and opticnally  mono- or poly-
unsaturated Ci1o-Csp-alkyl radical, preferably
Ci2-Coo-alkyl radical, and R' is a C;-Cig-alkyl
radical, preferably C.-Cg-alkyl radical, a
Ci-Cs-cycloalkyl radical, preferably Cg-cyclo-

alkyl radical.

2. Process according to Claim 1, characterized in
that
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C12-C20-alkyl radical, and R' is a C1-C10-alkyl radical, preferably C
-C6-alkyl radical, a 25 C3-C6-cycloalkyl radical, preferably C6-cyclo- alkyl
radical. 2. Process according to Claim 1, characterized in that - 26 RI, R2
and R3 = C 2-C,8-alkyl radical. 3. Process according to Claim 1 or 2,
characterized in that 5 R' = methyl ér‘ethyl. 4. Process according to one
of Claims 1 to 3, charac- terized in thqge ctions a) and b) are performed
simultafieoddly i Oné&stdp “10 5 Prdc gs?agc?of ’

g, .
INgt0 one of Claims 1 to
4, charac- terized in that a homogeneous or heterogeneous acidic

eatalyst andlog salts-efminefal acidscora; hiocatalystare ssedéorterized
reactions a) and b). 15 6. Process according to Claim 5, characterized in
that a Homog&neous catalyst with a pKa of < 7 is used. 20 7. Process
according to Clal6: charatéiized in that sulphuric acid, phosphoric
acid, toluene- sulphonic acid or methanesulphonic acid is used. 8.

rocess aceaudling fo. Clale, characlerigad i 25,bal POIRSSIUM narac-

sulphate, sodium sulp ateFor‘ﬁcaes*_lum sulphate, potassium o F ormed

hydrogéf&iiBRate I BobRMT hydrogenStiphite dr'caeSilimydregen-o=me

sulphatej anmixtuses efitheihydrogessidphates and sulphates mentioned,

lithium phosphate, iron 30 phosphate, zinc sulphate, optionally in the

5. Process according to one of Claims 1 to 4, charac-
terized in that a homogeneous or heterogensous
acidic catalyst and/or salts of mineral acids or a

biocatalyst are used for reactions a) and bj.

5. Process according to Claim 5, characterized in
that a homogenecus catalyst with a p¥Xa of <« 7 1ig

used.

7. Process according to Claim 6, characterized in
that sulphuric acid, phosphoric acid, toluene-

sulphonic acid or methanesulphonic acid is used.

8. Process according to Claim 5, characterized iIn
that  potassium sulphate, sodium sulphate or
cassium sulphate, potassium  hydrogensulphate,

sodium hydrogensulphate or caesium hydrogen-
sulphate, or mixtures of the hydrogensulphates and
sulphates mentioned, lithium phosphate, iron
phesphate, zinc sulphate, opticonally in  the

presence of a solvent, are used as a catalyst.

O

Process according to Claim 5, characterized in
that a heterogeneous catalyst with an He value of

< +2 1g used, preferably <« -3.

10. Process according to Claim 9, characterized in

that the zeolites, soclid acidg, mixed base metal
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presence of a solvent, are used as a catalyst. 9. Process according to
Claim 5, characterized in that a heterogeneous catalyst with an HO value
of 35 < +2 is used, preferably < -3. 10. Process according to Claim 9,
characterized in that the zeolites, solid acids, mixed base metal - 27
oxide catalysts or acidic ion exchange€ resins are used as the
heterogeneous catalyst. 11. Process apcordicg tg Cclgignﬂléo, resins are
charact&rized ifi°5 tHat 1) hafiiralor Synthetic silicatic sUDStances,
especialy:thordenite; mente Angitloniteanddcidit Zeolites, 10 especially
HZSM-5, MCM-22 and zeolite beta, (ii) support materials, especially
uidic qr. slicalic subsanees, preferaply, I alupinium adde. Iaakn in
ioxide;, silicon d|0X|dCe, zircormum dioxide or mixtures thereof, coated with
mono-di2Br polybasic inorganic acids, especially phosphoric acid,
sulphuric acid or 20 acidic salts of inorganic acids, (iii) oxides and mixed
ox_ides,(%pecially %iam oxide_%lzinc oxg:iﬁigwgy'@icgm oxi_gieligat ic
mixtures or heteropolyacids, or 25 (iv) polystyrenesulphonic acid resins, .
especially Lewatit or ATt YesShs of Perfiadrmated Poiymieric sulphonic

acid resins, especiatlypNafibnnarezused =3¢ acidic zeolites,
especially HZISM-5, MCOM-2Z2 and zeolite

beta,

{1i) support materials, especially oxidic or
gilicatic substances, preferably
aluminium oxide, Titanium dioxide,
ailicon dioxide, zirconium dioxide or
mixtures thereof, ccated with mono-, di-

or polybasic inorganic acids, especially
phogphoric acid, sulphuric aciac or

N

acidic salts of inorganic acids,

(1141} oxides and mixed oxides, egpecially
aluminium oxides, zinc oxide-aluminium

oxide mixtures or hetercopolyacids, or

{(iv) polystyrenesulphonic acid regins,
egpecially Lewatit or Aberlite resins or
perflucrinated polymeric sulphonic ac:id

rezins, especially Nafion, are used.

12. Process according te Claim 5, characterized in
that lipases, esterages, hydratases and/or

hydrolases are used as a biocatalyst.

13. Process according to one of Claims 1 to 12,
characterized in that the reacticn is performed in

~the presence of a solvent.
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12. Process according to Claim 5, characterized in that lipases,
esterases, hydratases and/or hydrolases are used as a biocatalyst. 35
13. Process according to one of Claims 1 to 12, characterized in that the
reaction is performed in the presence of a solvent. - 28 14. Process
according to Claim 13, characterized #n that the solvent used is methyl
tert-butyl ether, ethyl ter:;-butyl ether, tetrahydrofuran, 1,4- dioxane, . .
HiglymBZ f5iGéiTe, AeBRA Fedbity FRetone?s Bndior thé RbRGIR=OH ™
utilized-for the transsdsterificatisr @ccording to ClaireL tProeess ether,
accordgildglgflonet%frglag%ylto 14 characterizeddnthatihe agroleiny | 4 -

formed.in 10 reaction b) is removed from the reaction mixture alone or_
optionatfytogether (vg\)frt% &dst éo%“olﬁ%%’of %“é%gl?enjt? fé).ul5 aicerg{sebon“

accordimgitooClaimha 5 zcharhicteriZed-int 15 thiat #i€ acrdieth I8 temoved = -
from thesieaction Jnbdue by-stipping; distillation, extraction, phase
separation or use of membranes. 17. Process according to Claim 16,
characterized in 20 that the acrolein is removed from the reaction mixture
BY distilae6s astualy RFNEHe FEActiBRS18. Process HeEording t&one bf
Claimschto-3+ 25chasdctetized irtthat redctions:ayand 1) are perfoimedn

in sepajate steps. 19, Pracess accarding,to Clair, 48 .chasagierizeg it e

that reaction a) is performed with the aid of an 30 alkalf'qne %%talyTst for

which theKa ofthe WBHreSHBnding acid '35, ¥**© Teast

portion of the solvent.

16. Process according to Claim 15, characterized in
rhat the acrolein is removed from the reaction
mixture by stripping, distillation, extraction,

phase separation or use of membranes.

17. Process according te Claim 16, characterized in
that the acrolein is removed from the reaction
mixture by distillation actually during the

reaction.

18. Process according to cone of Claims 1 to 3,
characterized in &that reacticns a) and b} are

performed in separate steps.

1¢. Process according to Claim 18, characterized in
rhat reaction a) is performed with the aid of an
alkaline catalyst for which the pKa of the

corresponding acid is > 13.

20. Process according to Claim 1%, characterized in
that the alkaline catalysts used are alkali metal
alkoxides of the alcohel R'-OH wused for the
rransesterification or alkali metal mwethoxides or

ethoxides, preferably sodium methoxide.
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20. Process according to Claim 19, characterized in that the alkaline
catalysts used are alkali metal 35 alkoxides of the alcohol R'-OH used for
the transesterification or alkali metal methoxides or ethoxides, preferably
sodium methoxide. - 29 21. Process according to Claim 18, characterized
in that reaction a) is performed with e aid of a homogeneous or
heterogeneous acidic catalyst. 5 22. Process according to Claim 21, =
charact8figEd i tat aomBgentbus adidit' catélyst With 2 pKaof 287 isit
used. 28nRtrocess actording)to Claim24f charatterized int A6 thatad of &
heterogengoys catalystwith,an Ho s 42, preferably <23, s ysed. 24.
Process accdrding to Claim 18, characterized in that reaction a) is
performed with the aid of a 15 biocattalyst. 25. Process according to
Claim 28y chearacterized it that adipase, asteradé, hydrates<iorrized 1in
hydrollasgds used asJhe:biecatalysts 20 26 Rrocess accarding 40 opg ofo ¢
Claims 18 - 25, characterized in that the glycerol formed as the primary
7R use%~ ) 4 .
product from the réaction mixture of reaction a) is removed completely or
partly and is 25 dehydrated catalytically to acrolein in reaction b). 27.
Processaeeerding 4@ £&dainy 26, charactedzed inithat erhomegeneousior in
heterogenegus agidic. 20 gatalyst s used fardhe debydrafionfeaction b),
28. Processﬂaccord"lng to Claim 27, charactérized in that a homogeneous
catalystRFitt apKa 6f & 7igr 18 used.

24, Progess according to Claim 18, characterized in
that reaction a) is periormed with the aid of a

biopcatalyst.

25. Process according to Claim 24, characterized in
that a lipass, esterase, hydratase or hydrolass is
used as the biocatazlyst.

26. Process according to cone of Claims 18 - 25

r

characterized in that the glycercl formed as th

3]

Fh

primary preduct from the reaction mixture o
reaction a) is removed completely or partly and is
dehydrated catalytically to acrolein in reaction
b).

27. Procesg according to Claim 26, characterized in
that a  homogeneous or heterogenesous acidic

catalyst is used for the dehydration reaction b).

28. Procesgsg according to Claim 27, characterized in
that a homogsneous catalyst with a pKa of <« 7 is

used.

29. Process according to Cleim 28, characterized in

that gulphuric acid, phogsphoric acid, toluene-
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used. 35 29. Process according to Claim 28, characterized in that
sulphuric acid, phosphoric acid, toluene - 30 sulphonic acid or
methanesulphonic acid is used as the catalyst. 30. Process according to
Claim 26, characterized in 5 that salts of mineral acids are used as
catalysts for the dehydration reactiofb) 31. Process according to Claim
30, characterized in that potassium sulphate, sodium sulphate or 10
caesiuri SHiRte CpGasSiuRT hf bGEnSipHaE Sodiufc - ¢ 8 used as
hydrogéhsulphatelgrstaesium hydrogen- sulphate, or mixtures of the
hydrogensulphates and sulphates mentioned, lithium phosphate, iron
phosphate, zinc sulphate, optionally in the 15 presence of a solvent, are
uded ad acatalyst 32, Pr %% a%%/or&ﬁ@‘ 16 Clglcm 26, Gharactenizedin *
that a helflérogenedds eatalyshwit an Molefx #Ze prferable< 3§ bged s
for the dehydration =29 seagction:h)33.ARrosess according to Claim 32,
characterized in that the zeolites, solid acids, mixed base metal oxide
catalysts or acidic ion exchange resins are 25 used as the heterogeneous
catalyst BACPF§ceds GeErHild t& Clafm 33 chaPactefized # tRat36 ¢) 1
natural orsynthetic: sifieaticn substandes; especiatly inordenitel phgnte  or
morillonitg.and;Acdic eglies.. espegiali HZSM:S. MOM:22 end zealite:
e godium hydrogensulphate or caesgsium  hydrogen-
gulphate, or mixtures of the hydrogensulphates and
gulphates mentioned, lithiom phosphate, iron
phosphate, zinc sulphate, cpticnally in the

presence of a sclvent, are used as a catalyst.

32. Process according to Claim 26, characterized in
that a hsterogeneous catalyst with an Hy of < +2,
preferably < -3, is used for the dehydration

reaction b).

33. Process according to Claim 32, characterized in
that the zeclites, solid acids, mixed base metal
oxide catalysts or acidic ion exchange resins are

used as the heterogeneous catalyst.

34, Progess according to Claim 33, characterized in
that

——
[
—

natural or synthetic silicatic
substances, egpecially mordenite, mont-
morillonite and acidic zeolites,

egpecially HZSM-5, MCM-22 and zeclite

bets,
{(ii} support materials, especially oxidic ox
gilicatic substances, preferably

aluminium oxide, titanium dioxide,
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35 (ii) support materials, especially oxidic or silicatic substances,
preferably aluminium oxide, titanium dioxide, - 31 silicon dioxide,
zirconium dioxide or mixtures thereof, coated with mono-, di- or polybasic
inorganic acids, especially phosphoric acid, sulphuric acid or 5 acidic
salts of inorganic acids, (iii) oxides aid mixed oxides, especially
aluminium oxides, zinc oxide-aluminium_ oxide mixtures or

heteropolyacids, or 185G PBlystyrétiesiifohonic a6iatesis, Espetily ©F
Lewatit or Aberlite resinstorrperfluiosinated, patymerc sulphbniccacid , 4~

resins, especially Nafion are.used: 15 35. Process according 0.Claim 26,
characterized in that the dehgldratlon reaction b) is.p rformed with, the ai

of a biocatalyst. 20 38" PFotsss accordifg to Claim 35 tharactefized in %
that a dehydratase, yetatasesr Hyglrolase isousad: 68 the dsigcatalyst. 37.
Process according to one of Claims 26 to 36, 25 characterized in that
reactio ) s)performed the Rresence. of a.solvent. 38 Proc S ciall
accordi gTo Claim 39 éharacterlzed in fha??he solvent used s efhEI1 7
ter--butyl ether, 30 e%H;HTFéﬁ*JdnyI Ethéflestrahydrbfurafi<i; Ql@dléikaiﬁén um
diglyme, toluene, metiyd isobuiy ketene andfertbe aledhol Ri<RH utiized

for the
(i) polystyrenesulphenic acid resi
egpecially Lewatit or Aberlite reging or
perfluorinated polymeric sulphonic acid

regsins, especially Nalfion, are ussad.

35, Process agcording te Clalm 26, characterized in
that the dehvdration reaction b) ig performed with

the aid of a biccatalvst.

36. Process according to Claim 35, characterized in
that a dehvydratase, hydratase or hydrolase iz used

as the biocatalyst.

37. Process according to one of Claims 26 o 36,
characterized in that reaction b) is performed in

The presence of a solvent,

38. Procegs according to Claim 37, characférized in
that the soclvent used 1s methyl tert-butyl ether,
ethyl tert-butyl ether, tetrahydrofuran, 1,4-
dlioxane, diglyme, toluene, methyl iscobutyv]l ketone
and/or the alcohol R'-0H utilized for the

transesterification according to Claim 1.

39. Progesgs according to one of Claims 26 to 38,
characterized in that glycerol is removed from the

reaction mixture a) by distillation.



10

[
wu

20

30

transesterification according to Claim 1. 35 39. Process according to one
of Claims 26 to 38, characterized in that glycerol is removed from the
reaction mixture a) by distillation. - 32 40. Process according to Claim 39,
characterized in that glycerol is removed from the reaction solution by
reactive distillation and, at the same3time, is dehydrated to acrolein over
the acidic 5 catalyst pres nt simultaneously. 41, Process according to

Gfie of CHaifE6 163 Sotétized inthat glycerot [§etioved from the”
reaction healution bycrrepibrarie filtratom 9942, Provess aegordifgastion
Claim 41, charagterized o, thatthe menbrangs used:are organie ®E same
ceramic .materials. 1 %3 FProcess according to one of, Claims 26 t0 38, .
charactetized in‘that giycerol is removed . from the  reaction solution by

phase Separati6n afteE & lipophiit pRase Admprising fatty acid alky!
esters and a glycerol-containing hydrophilic phase 20 B have formed. 44..

Rrocess according fo. Claim 43, characierized i thatthephase .. 15

separation is enabled or promoted by addition of a phase separation
agent. 9553 PrEEESESAbchrding 3o it &4 That&ctefized it tHatthe ©1e
phase separatiom agentstused are waterramd?or an organicsolvent and/or
fatty acid alkyl esters. 30 46. Process according to one of Claims 18 or 21
to 38, . , ‘ , e
42, Procegs according to Claim 41, characterized in
thar the membranes used are organic or ceramic

materials.

43, Procsss according to ons of Claims 26 to 38,
characterized in that glycercl is removed from the
reaction solution by phase separation after a
lipophilic phase A comprising fatty acid alkyl
esters and a glycercl-containing hydrophilic phase

B have Fformed.

44 . Process according to Claim 43, characterized in
that the phase separation is enabled or promoted

by addition of a phase separation agent.

1A
1

Process according to Claim 44, characterized in
that the phase separation agents used are water
and/or an organic solvent and/or fatty acid alkyl

SSTers.

46. Process according to one of Claims 18 or 21 to 38,
characterized in that reactions a) and b) proceed

in parallel in two different liguid phases.

47. Process according to Claim 46, characterized in
that reaction a) is performed in a lipophilic
phagse A which comprises triglyceride and fatty

acid alkyl esters.
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characterized in that reactions a) and b) proceed in parallel in two
different liquid phases. 35 47. Process according to Claim 46,
characterized in that reaction a) is performed in a lipophilic phase A
which comprises triglyceride and fatty acid alkyl esters. - 33 48. Process
according to Claim 47, characterizecbin that a catalyst which is preferably
soluble in the lipophilic phase A accelerates the reaction a) 5 there. 49.
Process according to Claim 47, characterized in that reaction b) is
pérforntecbirea hydrophiticl iptasa 8 whichicomprisesglycersk watépdndin
10 acrolgin: 50. Rrocess acconding:toiGlajm 49- eharagtesizedinthat ache
catalyst which is.preferably soluble in the . hydrophilic phase B lerat
the reaFcLﬁév)JrﬁJ By-15" ?hef’epf 1% Pr%cegs” 58%5%6%%%% one of C‘leii%?sgd%%ﬁ SS,g }
charactefizéd in that the fatty acid alkyl esters of the formula 1 are
obtained from the phase A. 20 52. Process according to one of Claims 46
250, characterized in that agrolejn is obtained from thephase 2553,
Acrolein-comprising mixture prepared by a process according tQ one of

Claims 1262 522bdare chmprising P&ty 8citiatky estefs of e I5rmaia®

- T, preparetsby aprocess @deccordingotoienss 30of Glainwsll - 52ater and

acrolein.

50. Process according to Claim 49, characterized in
chat a catalyst which is preferably scoluble in the
)

hydrophilic phase B accelerates the reaction b)

there.

{3l

51. Process according to one o Claimg 4¢& - 50,

characterized in that the fatty acid alkyl esters

of the formula I are cobtained from the phase A.
52. Process according to one of Claims 46 - 50,
characterized in that acrolein is obtained Ifrom

the phase B.

£3. Acreolein-comprising mixture prepared by a process
according to one of Claims 1 ~ 32.
54 Mixture comprising fatty acid alkyl esters of the

formula I, prepared by a process according to one

-

of Claims I - 52.



