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Process for preparing alkyl esters of fatty acids and acrolein from
triglycerides The present invention relatesa process for preparing fatty
acid alkyl esters and acrolein from triglycerides using suitable catalysts.
erides can folLowing formula: for example, -R'0 Il CH-O-C-R2 It
Cil7-0-C:-R 3 10 in which RI to R3 = These triglycerides are, for example,
an important constituent of synthetic and natural fats or vegetab!; oils @r
BRaAfE pafth oR ShAOWE oft-&8ya &iF B?Fﬁegéaf 8if, Swhich 1S Tiséd i
biodiéselprodustion.i FThetryghdesides used in accordance with the
invention may be present in contaminated form or in the form of
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preparing fatty a&cid alkyl ssters and aocrolelr
1

crigiyrerides using sultables catalysts
Triglycerides can be described, for example, Dy “he
foilowing formula
o
I
CHn-0-C-1y
g 0
CH-O-C-Ry
! )
1
g
CHo-O-C-R3
in which
R, o Ry = Cip TO C_go"w..LJ'xuyﬂ.
These triglycerides are, for example, an important

and natural fats or vegstable
cile, for example palm oil, sunflowsr oil, soya oil or
T

el production.
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patty acid alkyl esters or biodiesel arve described in
the presant context by the following formula

G

!
R-O-C-R
in which B = Ry to Ry and R’ = Ty to Cig-alkyl or G- to
Ci-cvoloalkyl,
Mixtures of these fatty acid alkyl estars are the main
conarituents of biodiesel. R ig preferably a CH; or CoHs
group, bobut usuaily a (H; group, since methylatss in
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20 mixtures. Fatty acid alkyl esters or biodiesel are described in the
present context by the following formula: 0 R-0-C-R , in whiff R = R1 to R3
and 06-cycloalkyl, 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 methanlic solution are usually
used in biodiesel - 2 - production.Thetransesterification of the tri-
gijEefides Can also'bé perforettwith othérdieérsls togive the  tri-
cofresponding fatty acidcesters.performed with other aloohols to

give corresponding fatty acid esters.

further fats for preparing bilodiesel is deszcribed in
G, Knothe, ¢. Van Gesrpen, J. Frahi, The Riodisgel

Handbook, CACS Verlag, 2005.

In general, the transesterification of triglvecerides oo
fatty acid alkyl asters can he acczlerated by acidic or
basic catalysis In idndustry, predominantly the more
rapid homogeneous base catalyvsis i1z used. Prafsrence iz
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In the industrial production of biodiesel, important
procese parameters for the optimization of the vield
include the concentration of the catalyst, the tempe-

rature, the resgidence time, the molsture content, the

presence of free fatty aclids and the alcohol excess (B,
Freedman, E.H. Pryde, T.L. Mounts, Variables affecting
the yield cof fattn estars from  tfraneesterified

glycerol, whiich is preferably isclated from ths
biodiesel <fraction as a contaminated fraction by a
phase separation or extraction after ths trans-
esterification, Both Lractions are thnen very
substantilially fread of water, acids, cartalysts,
elcohol, salits and Dby-products in multistage workup

great onomic significance for the preparation of
acrylic acid, D,L-methicnine and the methioninshvdroxy
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5 An overview of the state of use of vegetable oils and further fats for
preparing biodiesel is described in G. Knothe, J. Van Gerpen, Krahl, The
Biodiesel Handbook, OACS Verlag, 2005. Hj In general, the
transesterificat ion of trislycerides to fatty acid alkyl esters can be
accelerated by acidic or basic catalysis.-In industry, predominantly the
more rapid homogeneous base catalysis is used. Preference is given to
usiig Bodidm Tethokide 6r pétassitmTiiéthoxide. 159A the inbtstal o0 -
prociuction:ef biogneselidmportant proecess parameters:for te eptirdzation
ofthe.yield inglude the copcentration. ofithe catalyst, the-temperature, the,.
residence me, the, moisturg cantent, fhe, 20 presence pf free fatty acids
and the afcohol eXcess (B. Freedman, £ H- Pryde, T.L. Mounts, Variabies
affEctiv thebyiglPoftfatty ‘@stérsTrom tFen sesterifrediisgetablecsilsz - Amt
Oil:Ghema8acs 5154538, 1984 ) 25=The iriglycerides:used eentain-about,
10%: by weight,of glycerol, whigh.is preferably.jsolated.from fhe biodiesel .
fraction as a cgntqmiggga% fraction by a._ hgg,g separ%plqnﬁor ;g)g[%:tion .
after the transesterification, Both fractions are then very 30 stibstantialy”
frééd of Wallst - Béiels - B4talysts. AFCOHIL Salts hdl bysprodactsif-nionine
mieitiStage workup steps. Ackotein is ahdmygortantiitermediatecand: isdhus
of-3% greatiaconomic significance.for, the preparation of agric.acid, -1, -

B&;m{%@gnme and the math|on1nem/\idro>§¥lgggl_o§gg I\/g\j_;lquE fo h

e

2-hydroxy-4-methyithiobutyric acid). MEthONING is an essential amino ac
whithFisiised, - 3 - inter alia, as a supplement in feeds.
Nutrition-improving feed additives are nowadays an indispensable
canstituent-of animahrutyition. Theyserve.for better;utilization of the-food-

avallable, stimulate growth.and . .. 4

18
|

selectivs oxidation oI
propens over mixsad oxide catalyvsts. EP 417723 describes
the svnthegisg of complex mixed mulzimet

&
catalysts at temperatures of 300 1o 380%C and pressures

of 1.4 to ZzZ.2 Dbar. Ullmann's  Encyolopasdia of
Industrial Chemistry, 6th edition, 18%% describess the
overall process including workup, in which a pluralicy

cf by-products ars removed. Once the resctant mixbure

£ propene, air and wabler hag besen convertesed

nrgh-boliling by-products such as polymers, acrylic acid
ted Ifirst. In the downstiream
ebsorber, acrclein is extracted by washing., After ths
L o1, Lo recovsr the abgorbent, the orude

e
acrolein obtained is purified by distillation in

Serientific studies of the svnthesls of acrolein from
isclated glycerol are known. It 1s zalse known, fo

w2t glyeerel can  bhe dehvdratsed Iin the
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5 promote protein formation. One of the most important of these additives
is the essential amino acid methionine, which assumes a prominent
position as a feed additive in poultry breeding in particular. In this field,
so-called methionine replacements such as the methionine 10 frydroxy
analogue have, chouph, gained not idconsiderable significance, since they
have similar growth-stimulating properties to the amino acid known for this
pUFpoSe 18 ccording 16 e prior aff @&tdieth is synthesizedl by (19647
hetersgenrasuslyéatalysedrsalective oxidatianofgroperreovepntixed: . um
oxide-catalysts. R 4d 7723 descrines the,synthesis ek gomplex-mixed -

ultimetal oxide catalysts at temperatures of 300 to 380C and pressures.
20 of 1.4 t0 2.2 bar. Ullmann's E;ncwygTopaegia&of Industrial éQefﬁisTfy, 6th
edition, T08HesLribes thé Bverai procass inchidiRgIWorkap SintWhRTCR™E
plurality Bf by=produets arremoved: Gnde el reabtantimixtureccomposed
okspropene, air and water has been converted 25 at least partly over the
catalyst, quenching to remove high-boiling by-products such as polymers,
acrylic acid and acetic acid is effected first. In the downstream absorber,
acfolein' s extracted 57 wasting® After tie Gesofption. torecovérties ©f
abserbent, theverudes36 acrolein obtaired isspwifisd by distilatiomin  of
severatstagesy Scientificistudies of the:synthesis of acroleindrom isolated
glycerol are known. It is.alse known, for.example, that glycerol can be
debydrated,.in the presence of acidic substances to various products. - 4 -
AZESrding'to’ OFganic Synthasi§ 1,15518(1963), treatrieit of a mixturé of -
pHRFGIERE potassitint hyeregensulphate, petassivm siiphite ard:glyderel
at196:4a 200G affardsaerolein $n aoieltddgetween 22 and 5 42%. Owing to
the low wields and the high salt burdens, this process is, however,

u%uitabg)e fo thﬂeqinglustrial scale. In the course of the studies of model
stibstafices f 72° '« discloses & process  for  preparing

acrylic acid cor acrylic acid polymers by dehydrating
glycercol to a dehydration product comprising acrolein,
gas phase oxidation and subseguent iscolation of acrylic

cid and subsequent polymerizatlion. Howsver, a proces

Q

n

for controlled acrolsin preparation is not dssacribed.

DE 42 38 4583 describes the acid-catalvssd conversion of

he glyvcercl used ig usual

or in the form of an agusous solution.

The glycerol obtained after the phase separation in the
biodiesel production 18, howesver, generally of low
value, since it 1s highly contaminated, for example, by

]

excess methancl, catalvst and socaps.

7o date, the above-described stepng have never bpeen

combined in order to use triglyveeridss directly for the
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10 biomass pyrolysis oils, the catalytic treatment of glycerol over H-SSM5
zeolites at 250 to 500C has also been studied - see Dao, Le H. at al. ACS
Symb. Ser.: 376 (Pyrolysis Oils Biomass) 328-341 (1988). Hydrocarbons
are formed only in low yields, but the 15 formation of acrolein is pointed
out. WO 2006/092272 discloses a process for preparing acrylic acid or
acrylic acid polymers by dehydrating glycerol to a dehydration product
COMpHSIAE HErleiR: 22 YAk pivdse Oxidatior AndSiitseuértisStats f
aeryliecacitlandsubsequent=polymerization. sHowever, a process for
controlled acrolein preparation is not described. DE 42 38 497 describes
the acid-catalysed conversion of 25 glycerol to acrolein in the.gas phase.
af it the TaCid phihse, DE 43 3207 furiher Telaes (0 the synthects of -
15228nd B propaneticiy debydratingyisicerol witly Righsields “The ©*
ghyceretuseduiswsualty mepure form oripihe: forme of amagbeolsysolution.
30-The glycerok ghtained afterthe phase.separationdpdhe biediesabi <=1
production is, however, generally of low valug, singe it S ghly. .o,
contaminated, Tor examp%, by excess met%anof} catalyst and soaps.
SHiUlETE6US pFépaTafion f fatly acid afkyl-estérs; edpéciafly BF hivdiese?
and acroleire Qo thie ope hand, thelseparate'odieset: ifrom trigfyceridescs
apd-acrolein drom propene-er glyeeral-gives rise-to-a comparatively high =
level or apparatus complexity, and hence corresponding,capi.costs, Singe,
synergies in the combined preparation an integrated system are not uti ~

lifée- $FRat also arises

On the other hand, thes disadvantage of the classigzal

s

acrolein production to date, by selective oxmidation
from propene, 1s considered especially to be the
compliceted procese in which propens has to be preparad
in the gass phase and has to e dsolated 1in the
multistage woerkup, and =lsc that propens is 2

comparatively expensive starting wmaterial

whose costs
ars additionally increasing in S greater-than-

proporiional manner at the current time.

It was therefore an cbiect of this invention to provide
a process for simwltaneocusly preparing acroisin  and
fatty acid alkyl esters, especially bicdiesel, f[rom
triglycerides, and hance of avoiding the disadvantages
of the prior art.

in particular, i1t was an oblsct of the invention to
discover & Droaess in which the primary
traneesrterification of triglvecerides succeads 1in  a

manner. The glvcercl removed should additionally be

dehvydratable catalytically to acrolein substantially
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10 is corresponding logistical complexity and hence correspondingly high
variable costs, for example transport and energy costs, order to convey
glycerol. On the other hand, the disadvantage of the classical acrolein
production to date, by selective oxidation from propene, is considered
especially to be the complicated pr’oc@sé in which propene has to be
prepaced ivthe:-gasphase and has o peisolated in.the;20 multistage
W ), Iso_that propene is a coirparatively expensive starting
m%%g[rjc%l ﬁ%geggggtsgg?é adcﬁﬁgﬁg‘ﬁy”ﬁ%?é;‘as%gﬁ?\ea?“Or art.
greater-thanproportional manner at the current ti therefore an object
ofithisinventidhita- providesasprocess for simultaneously-preparing acrolgin
ane fattyeaeid-alklesters, @speciall biadiesel from fifgf yerfaes, and hence
of. avqidi thebdci)%%dvan{t)argesh%f the prior art. 30°In particular, it was an Y
object of the inverition, T6 discover a Procésstin wHieH e Pfifidry =2t ion
trafisEstetificationrof #riglyeeRdesisuteeetistin a simpleandaffigidnt:t 1 on
mEhnerwithdnexpensive catalysis; and-thewglyeerol obtained.as the .
peEmasY preduet-can bgremoved from the fatty acid alkyl ester in an
efficient manner. The glycerol removed should additionally be
dehydratable catalytically to acrolein substantially - 6 - directly and again
& sHfpie ARd et GEREmanher Herie avoidingthedisddvarntages ofthe
piior dhtl itwas:afarthenebject ifl this: cennectionto.Miseover-=5,Very sar«
Crary ansestarication bisdiosel ot dycardl ormatog) and (e L=
dgﬁ%laclj rgtio‘ﬁ)g%f“ ﬂl?le?gly%ééor%ﬁ “HCTGlein ?v%ﬁ%%ﬁn%%eeﬁ% as'the’secondsry <
ré%&“r&’r?‘ié‘ﬁ?adﬂﬁioﬁ%?%j‘é%@ is directed to providing a process in which
an aqueous acrolein solution which can be sent directly to its use,
especially as a starting material for preparing methionine compounds or
atiME3EH 15 derivatives, is obtained. Summary

In a first aspect, there is provided a process for

preparing a fatty acid alkyl ester of the general formula
I:
!
ﬁ D
R'—Q-—C—R

and acrolein by reacting a triglyceride of the general

formula II:

(D)



20 In a first aspect, there is provided a process for preparing a fatty acid
alkyl ester of the general formula (1) 2511 and acrolein by reacting a
triglyceride of the general formula 1l: CH2-0 -C-R1 30Il CH-O-C-R2 V
CH2-0-C-R3 - 6a wherein a) said triglyceride is reacted using an alcohol
R'-OH in the presence of a catalyst to give said fatty acid alkyl ester and
glycerol; and b) said glycerol is dehydrated catalytically to acrolein,

wherein R is RI, R2 and R3, and - 6a -
wherein
a) gaid triglyceride is reacted using an alcohol R'—0H in

the presence of a catalyst to give said fatty acid

alkyl ester and glycercl; and
b} salid glycercl is dehydrated catalytically to acrolein,

wherein

R is Ry, R; and R., and

Ri, R; and &; are all the same or some are the game or
all are different and are each a straight-chain or
branched, and optionally mono- or polyunsaturated Cio-Csio-
alkyl radical, and

R' is a C;-Cip-alkyl radical or a C3-Cs-cycloalkyl

radical.

In a second aspect, there is provided an acrolein-
comprising mixture, comprisging:
said fatty acid alkyl esters of the formula I; and

sald acrolein;

wherein sald mixture is prepared by the process according

to the first aspect.



Ri, R2 and R3 are all the same or some are the same or all are different
and are each a straight-chain or branched, and optionally mono- or
polyunsaturated CI0-C30alkyl radical, and R is a C1-C10-alkyl radical
or a C3-06-cycloalkyl radical. In a second aspect, there is provided an
acroleincomprising mixture, comprising: said fatty acid alkyl esters of the
formula I; and said acrolein; wherein sgid%iyix__ture is prepared by the
process according to the first aspect. - 6b - Descrtion of the invention
These objects and further objects which are not stated explicitly but are
immediately derivable or discernible from the connections discussed
herein are achieved by a process according to Claim 1. Appropriate
embodiments:and madificatens: bbthe process according to the invention
are protected in the subclaims referring directly or indirectly back to Claim
.. By virtue of employing a process for preparing fatty acid alkyl esters of
ﬂ;wneegeeenéjt%? formul& 0 ‘(i)ug‘ﬁpéegcr‘é n%%/gco‘ﬁ“\%é?%hg“ﬁ@lﬁ% ides of tite
§eR S ¥6ruENE eFR-OltaRrgiately derivable cor discernible

from the connections discusssd herein are achieved by a

process according to Claim 1. Appropriate embodiments

(1]

and wmodifications of the process according to th

b

invention are protected in the subclaims referrin

143

‘directly or indirsctly back to Claim 1.

By wvirtue of employing a process for preparing fatty
acid alkyl esters of the general formula I:

1
R-0-C-R

and acrolein by converting triglycerides of the general

formula II:



0 CH-O--Rg CH2-0-C-R3 which is characterized in tl a) the triolycerides
are reacted by means of alcohols 5R'-OH 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 is 1/,, R, and R3,
and R,, R2 and R3 are all the same qr some are the same or all are
different and are each a straight-chain or branched and optionally mono-or
polyunsaturated C10-030-alky}yadical, preferably C33 020-alkyl radical,
and R is a C7-C,0-alky! radicallf preferably Cl-Cc-alkylradical,a
03-C6-cycloalkyl radlcﬁlﬁpréfe@aﬁly Ce-cycloalkyl radical, it is possible to
avoid the dlsadvantag s of the prlor art which are specified above in
detail. Particular pref iven to using, in reaction step a),
triglycerides in which l%? iR, are each a 012-018-alkyl radical. 25
Preferenceadditionally given t smg, in reaction

Png}-C Rz
(I1)

which is characterized in that

-

ne Lriglycerides are reacted by means of alcohols

F

a)

U1

-0H in the presence cof a sultable catalysr to

give the fatty acid alkyvl ester and glvcercl and

b the glycercl formed is dehydrated catalvitically to
acroleln,
where R is R., R, and B;, and R,, R, and k; ars all the

ame or gome are the game or all are different and are

3]

zach & straight-chzin or branched and optionally mono-

or polyunsaturated Cig-Cie-alkyl radicel, preferably Ci,-

et
in

Cog-alkyl yadical, and R' ils & C1-Cig-alkyvi radical,
preferably  Ci-Cg-alkyl  radical, a Ci-Ce-coycloalkyl
radical, preferably Cg-cycloalkyl radical,

it is possible to avold the disadvantages of the prior

art which are specified above in detail.

Particular preference i1z given to using, in reaction

step &), triglycerides in which R, R: and R; are each a

|38
£
il
re
£
h
D
In]
]
3
0
0]

i additionally given to using, in react

i
step a), alconols R'-0H in which R ethyl or ethyv
Very particular preference is given to using methancl,
gince the fatty acid methvi esters thus formed are most
frequentiy used as biodiesesl.

30
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step a), alcohols R'-OH in which R' - methyl or ethyl. Very particular
-reference is given to using methanol, since the fatty acid methyl esters
thus formed are most frequently used as biodiesel. The simultaneous
preparation of the two target products can be achieved by various variants
of the process according to the inventjon. A distinction can be drawn
between two main variants. 5 The first variant comprises a process in

whigh reagtions g9 and B)-are-perfarmed, simultanegusky-inane stepqi:e+in

oneatage and,is shown In Fibie:L, 10 A2.3 testlLof yge ofa sullafle, .
catalyst or of a mixture of §, the two reactions proceed in paralleﬁjl—ic))r

eHmMpie d Fighyterids-caiiySimitture® opfichaifAhitha préderce tzawn
selpénts isiraastedawith terakeohel R'OH over anacidic catalyst in the 15
liquid phase. For reactions a) and b), it is possible to use a homogeneous

orrheterageneous geidic catalyst andlor salts of mineral acids or optignally
a suitable biocatalyst. 20 Preference is given to processes using a

hémbgengbiis acidic Cataly Stidspetially 3 RBmdyEhebas eatlyst with a7c
piawt c 7.-25 Suitableecataysts are,Jor exaimple, strorfy Bronstéd acids
such as sulphuric acid, phosphoric acid, toluenesulphonic acid or

mgthagesylphonic agid. Sutablesalt tpecalysisate foramale, 30;
potassium sulphate, sodium sulphate or caesium sulphate, potassium

hviirdgensul Rate, Sodtumhyttrogenssulptiate of cabsit?  Pocee in
hydrbgehsulphite; oraixtdres of the hydrogensidphates bnetsulphatess
mentioned lithiuamphosphaie -isen phosghate, ziag sulphate; eptienadly i
3% the,hamogeneous phasegnd.optionally in the presence;of g salyent,, .

liguid phase.

For reactions z) and b}, it is possible ©o use a homo-
gensous or heterogensous acidic catalyst and/or salts

of mineral acids or opticnally a suitabls biocatalvst.

Freference 1g given to processes uging a homogensous

acidic catalvst, especially a homogenecus catalyst with

Suitable catalysts are, for sxample, strong Brenstad
acxzds such as sulphuric acid, phosphoric acid, toluens-

d
sulphonic acid or methanesulphonic acid.

Suitable salt-type catalysts are, Tor sxample,
potassium sulphate, sodium sulphates or caesium
sulphate, potassium hydrogensulphats, sodium hydrogen-
sulphate or caesium hydrogensulphate, or mixturss of
the hydrogensulphates and sulphates mentioned, lithium
phogphate, iron phosphate, zinc sulphate, optionally in
the homogeneous phase and optionally in the presence of

a solvent.
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- 9 - In the case of use of a heterogeneous acidic catalyst, preference is
given to those having an Ho of ¢ +2, preferably < -3. 5 The Ho value
corresponds to the Hammett acid function and can be determined by the
so-called amine titration using indicators or by adsorption of a gaseous
base (see Studies in surface scienceand catalysis, Vol. 51, "989: "New
solids and bases, their catalytic 10 properties”, K. Tanabe et al., Chapter
21especialyspages S =Chapter Lepages dreftheaforgmentiongd -« |
dpeument names numeroys solid agids from.which the pegson 15 skilled
in the art, if appropridate after determining,. the Hovalue, can select the
shitabis citak st Stitableheterogeneouscatalystsarepreferably

zeolites, solid acids, mixed base metal oxide catalysts 20 or acidic ion
exthange resing: Prefereedbheterogenequs catalysts- includes (il unct ion
ngmalegw%@etacé@%&ﬁggst%@ﬁ%@ssﬁr&%@%m%%@teaj_mdt ion

montmorillonjte and acidic zeolites, especially HZSM-5, MCM-22 anc
Z8611t8 beta (T 80PPsTt Materiils, EePatrily Bxidic or BiliEateons  base
308GHstaREs spreférabiyr ARmsinitm exitie, aitshigmeXide isilicom dioxide,
zitearsium divxde or mixtures thereof, coated with mono-di- arpolybasie
inorganic:acids, especially phosphoric, acid, sulphyric.acid or acidic salts,
oLnorgagie,, ‘

Chapter 1, pages 1-3 of the aforesmentioned document

names numercous scolid acids from which the p

0
t
0
O
!

gkilled in the art, 1f appropriate after determining

f b

the He value, can sslect the sultabls catalyst.

Suitable heterogeneaus catalyets are praferabnly
zeolites, solid acids, mixed base metal oxide catalysts

or acidic ion exchange ressgins.
Preferred hetercgensocus catalysts include:
(i) natural or synthetic sillcatic substances,

especially mordenite, montmorillonite and acidic

zeclites, especially HISM-5, MOM-22 and zeolit

{p

beta,

(149 support materizls, espescially oxidic or silicatic

L

Fad

substances, preferably aiuminium oxide, titanium
oxide, esillicon dioxide, zlirconium diocxide or

mixtures therecf, coated with mono-, di- or

£
1]

polybasic inorganic acids, egpecially phosphoric

H

b

acid, sulphuric acid or acidic salts of inorganic

acids,
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35acids, - 10 -) oxides and mixed oxides, especially aluminium oxides,

zinc oxide-aluminium oxide mixtures or heteropolyacids, or

SY(ﬂiv)poI styrenesulphonicacidresins,especially Lewatit or Amberlite resins

0 Be%f&/%ﬁ):ﬁgt@jgﬁﬂymeric sulphonic acid resins, espe&aikFN&fdn] 4661669
Suitablebiocatalystsarelipases,esterases, hydratases and/or hydrolases.

The use of a solvent is preferred, since this lowers the concentration of
reéactive interhtithateicompourdst15antdninimizesside sdactions torgivel un
oligomers-palymers and-othes high-boilers.:Merepver, the-addition 9fan  or
alcohol is required fgéthae ester formation. The solvents and diluents used
are known 1o those skifled in the art and examples include methyl

tert-butyl 20 ether, ethyl tert-butyl ether, tetrahydrofuran, 1,4- dioxane,
diglyme, teluene rmethyt isobutyd ketone and/or the alcohel, R'-Otb pitilizesh 1+

for the transesterification. The,trglycerides used may alsoact as SOlvents, .

as may the glycerol which is formed as an 25 intermediate and the fatty
acid alkyl BSt¥Ehich forfitaRd Watér forffeddin thesdeiratior SPRe1a1 1y

solvent is Preferably added in excess and is preferably identical to the
alcohol R'-OH used for the
Suitable biocatalysts are lipases, gsterases,

hydratases and/cr hydrolases.

The use of a solvent is preferred, since this lowers
the concentration of reactive intermediate compounds
and minimizes side reactions to give oligomers,
polymers and other high boilers. Moreover, the addition
cf an alcohol is reguired for the ester formation. The
selvents and diluents used are known to those skilled
in the art and examples include methyl tert-butyl
ether, ethyl feri-butvyi ether, tetrahydrofuran, 1,4-
dioxane, diglyme, toluenes, methyl isobutyl ketone
and/or the alcohol R'-0OH wutilized for the trans=-
esterification. The triglycerides used may also act as
solvents, as may the glvcerol which is formed as an
intermediate and the fatty acid alkyl esters which form

and water formed in the dehvdration.

The solvent 1is preferably added in exgess and is
preferably identical to the alcchol R'-0H used for the
transesterification. Methanol and/cr ethanol are used

with very particular preference.

A reaction tfemperature between 30 and 500°C, preferably
petween 50 and 350°C, more preferably between 70 and
300°C, is employed. The pressure is adjusted such that
the liguid state of the reaction mixture is maintained.

Typically, the pressure 1is between 1 and 300 bar,



i

1G

=
mn

(a8
11

340

30 transesterification. Methanol and/or ethanol are used with very
particular preference. 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, preferably between 1 and 150 bar, more preferably between
1 andSQ:har, Theprocedure cagbe pefermed in thereaction.vessels 5.,
known, oe}lhqisea%lgll%% in gﬂﬁe art, for example fixed bed reactors, stirred ~
tanks, flow tubes or combinations. Acrolein formed can be removed from
the resulting. 10 reaction mixture in a known manner, alone or together
witha portionofitle selution opdilttiomenedium @nd/orasatet -preferablyl =
by stripping.or distillation:; Wneenvested intermediates or glygerol xemain n
the reaction stage and are converted further continyally. 15 S&g\g/ghgihg of
the acrolein removed with water (quenching) affords an aqueouis acroleif”
sOltiGH Wiicl28n be sent directly to use or to a further purification. 20
According to the intended use, impurities or byproducts in the acrolein can

betolerated or shewid besamoved by sperkup stepsyatel. acetaldehyde,
formaldehyde or acefic acid and further unreactive byproducts are ..
preferably not ié"f)%fed" fro% tiajl_e a%?o“féﬁnf‘}? he %?e’seﬁf(;%)?dt:ecs)_‘s' va‘iﬁgﬁtﬁg e
coitsequentlyPetiaracterized ifr #fat the'atrofin fofmed in réddtion Bt um
reproved fromtthe reactidie nairiyre aloneorigptionallytogetherwitk at.or .
leastapestior of the setvent: 30dhe aerolgin.can-be remeved.fromthe ne
reaction fpixture by stripping, distillation. gxtraction. phase sgparation,or,
use of membranes. = L . ,
Scavenging of thies acrolein removaed  with wate:

(quenching) =sffords an agqueous acrolein solution which
can be sent directly to use or tc a further
purification.

According  te  the intended use, impurities or Dby-
products in the acrolein can be tolerated or sghould be
renoved by workup steps. Water, acetaldehyvde,
formaldehyde or acestic acid and further unreactive by-

products are prefsrab

The present process variant 18 congseguently charac
terized in that the acrolein formed in reaction b) is

removed from the reaction mixture alone or opticna

1
}_l
st

vogether with at least a portion of the sclvent.

The acrolein can be removed from the reaction mixture
by gtripping, distiliation, extraction, phase
geparatlon or usse of menmbranes.

Very particular preference is given to removing the
acrolein from the reaction mixture by distillation

during the reaciion.
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35 Very particular preference is given to removing the acrolein from the
reaction mixture by distillation daring the reaction. For the simultaneous
synthesis of biodieselfromtrigly-erides,as involvement of dehydration
steps, esterification is required. nce the aorolein forms water which, in

the fatty acid alkyl dehydration t-ct, ,}The simultaneous removal of the

acrolein during the chemical reactior’sfrom the reaction mixture is

passible f@@tlve&%gsl%bﬁgﬂgansgygﬁgg iQn angkis tgeregorg n  and
prg{%rcgeg TTIS is caused flrsg}%n);((j the great dlfferences In the b0|I|ng

The
points of acrolein ont e one anagtrlglycerlaes fatty acid aﬁkyl <
involvement of vdraf;;on steps, selective Lrans-
esterification 1s reguired. Since the dehydration to

acrolein forms water which, in the Zfatty acid alkyl
ester synthesis, can likewilise lead to the undesired
2

id, water should

eguilibrium as well as glycerol, which is essentially
congumed Dby the subsequent reaction to give acrolein.

Thiz can be effected directly in the first reaction

The simulitansous removal of the acrolein during the

chemical raactions from the reaction  mixhure is

L

possible relatively easily by means of distillation and
is therefore preferred. This is caused firstly by the
great differences in the bolling peints of acrolein on
the one hand, and triglvcerides, fatty acid alkyl
esters and glycercl on the cother hand. The immediate
removal of the acrolein formed from the reaction
mixture additicnally allows the vield to be increased,
since acrolein in the reacolon mixture is a very
ctive compound which can lead tfo undesgired aside
reactions. The good distillative removability of che
acrolein from the reaction mixture comprising fatty
alkyl esters becomes clear in Example 2, in which

i has been removed guantitatively from the

i
bicodiesel by vacuum distillation.

In a further embodiment of the invention, acrolein is

not feormed dmmediately at the start of the esteri-

fication reaction, but rather glycercl formed i

[i2]

q

removed first after the majority of the triglvcerides
have been converted to fatty acid alkyl esters. The

glycerol formed after the transesterification is then

6]

converted to acrolein with the aid of a dehydration

catalyst. The catalysts may consigt of the acidic or
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ps esters and glycerol on the other hand. The immediate removal of the
acrolein formed from the reaction mixture additionally allows the yield to
be increased, since acrolein in the reaction mixture is a very reactive
compound which can lead to undesired side 25 reactions. The good
distinctive removability of the acrolein, from the reaction mixture
comprising fatty acid alkyl esters becomes clear in Example 2, in which
aeselein has-beemtemoevediguantitatively from thef biodiesebye vasuuns &
digtillation. 30.n a further.embaodiment of the-inyention;;:acrolein isok e
formed immediately at the start of the este fication reaction, but rather
diycerol formed is removed first after the majority of the triglyoerides 35
have been converted to fatty acid alkyl esters. The glycerol .7:crated after
the transesterifica i is-then convered tocaenpleirswit the aidofazs in
dehydration.catalyst. The catalysts may.consist-otthe-acidic.orsbasieat e

components described or of components, of deh chation gg&% sts kEEQWQ-
t5 those skilied i the art. 5 This further %rbcé"s’]?s )\%a“r:ig’ntpcomp%sés a

preesds imwhith féa@ionds)sand by are perforrtedih sepirate stepd ar
isshewnlin Figure 2clndhigqrocéss; fitst feaction af {tansesterifieatiom)s
of friglyceride with-aleohol R'Qkhto; glyeerol and fatiy-acid alkyl esters 0
(iodiosel) s nerformed In.the Presence of a suitgple. Mgt gatalvet o
ub“sfé“queﬁﬁy, é%eparatioﬁ info'a grfchrbl-contammg phase and a fatty
aBid alkyPésteritontainiig pHEsiseffedted e giycerdl it the =527~
gtycerakcontaining ohaseremenisttistdehydrated insthe<ks preseiice 6f e
syitable second catalyshio acrolein {ieastion b).sThe-fafty.acid alkyhesiee
cagebe used as.fuel or b|,QQ|g%§I€d|_r%%t%%aftgg§%§,@§ af{eg-trggg%gti .

o1 exsamh%ﬁé a%hbs?ant‘?é’lfcfewatenng. 20 The use of the dehydration
CAFRYStin A séparate feactiohsteh Hvofds e form&fiorn of redctive™" &9
interrhediateowhithecamn fordd at tedst from padions ofthe-trighfcerdessor
of the.glycgrol under the above-specifiad genditioas.Ehe: raacfive
intermediates 25 otherwise form undesired by-products to an increased
dedree, which lead to deactivation of the catalyst or to a reduction in the
yielE, WHSh thiese termEGiates ard fnimized  #ie yietd of Acr&iehfand ©
fatbyeacidalkyt estersiwan Be improved:80THis carf inwasich Ye&ctionHig™ -
theM-ates which can form at least from portions of the

triglycerides or of the glycerol under the above-

5
0

iate

3
W

spacified conditions. The reactive interms

{]

D
o}

otherwise form undesired by-products to an increase
degree, which lead to deactivation of the catalyst or
to a reducticon in the vield. When these intermediates

3

are minimized, the vieid

P

acrolein and fatty acid

o
alkyl esters can be ilmproved.

This can be effected firstly in a batchwise opsration,
in which case the dehydraticn catalyst, after a certailn
reaction time, is added to the reaction mixture which
is then biphasic. For this purpose, for example,

parformance in a stirred tank is suitable.

Secondly, the dehydration catalyst can be fed in not

until 2 wmoint removed from the reactor inlet in flow
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be effected firstly in a hatchwise operation, case the dehydration catalyst,
after a certain time, is added to the reaction mixture which biphasio. For
this purpose, for example, 35 performance in a stirred tank is suitable. -
14 - direction or in a further reactor section after a phase separation has
been effected. By the time the glycerol solution and the catalyst reach this
point, a portion of the glycerol may already be converted to reactive 5
interraediates. Jhis gperation-¢an-be Lealized industrially sfor example ina
stirred tank battery or.a flow tube. In this embodiment of the invention, the
phase separation c?apbbe accelerated by subséquent removal of water or~
by chstitiative fétnovalof BxcEsy £0 afcotol whici edseS'the stibBedilieit™
deliydratonzinthe ghycerelyphasesAdurther advartageoaf dehydration inva
second-step: censists inthe fact thatthe yiglds of acroleinand 154atty acid
alkylesters ean.he enhianced begause a femperaure profle oL, . .y o
temperatire programme optintized with réference o the reaction — °
b&havi6lr G1RE redctarte -canbe estabhisheddepaiate i for dach step 2
Forarstance;thedransesterdication of the tri-20:glyderides reguiresiaent
Sig&ﬁi&_@@ﬂYf&?N%&%W%@ S,@de%hQE i@%@@ﬂv@ Tﬁ&l‘?%@ tg@ﬁ" thece g8
actjvation of glycerol and its first dehydration step for. the rapid preparatjon
of itarmediates. for exariple hydroxypropionaiden de. The atty acid alky
e§te¥& formed283&nd, in contrast, to unselective further reactions at
higher temperatures of from approx. 150 to 250C. The performance of the
cembined iprepazation ot falty acid adkylestersand agroleinday:-pmeans okp
passage. through two, reaction stages under different f&%‘d&?&%‘i%qiﬁo%ﬁpd

30 thl;I_S constitutes a preferred embodiment. A preferred embodiment o

the*frotesd|is thatattélizedin What rédiction™8) isperiornted wittrtheb4id 6f

aemperature proflle or temperature programme optimized
with reference to the reaction Dbehaviocur of the

reactants can bes established separately for each step.
For instance, the transesterification of the tri-
glycerides reguirss a significantly lower activation
enercy or reaction temperaturs than the activation of
lyecerol and its first dehyvdration step for the rapid

on o©f intermediates, for example Lydroxy-
ldehyvde. The Ifatty acid alkyvl esters Iformed
tend, in ccontrast, to unselective further reactions at
higher temperatures <f from approx. 150 to 250°C. The
performance of tThe combined preparation of fatty acid
alkyl esters and acrolelin by means of passage through
two reaction stages under different reaction ceonditions

thus constitutes a preferred embodiment.

I

preferred embodiment of the process 1s characterized
in that reaction a) is performed with the zid of an
alkaline catalvat for which the pKa of the
corresponding acid is = 13,

Mention should be made in partcicular of alkall metal

alkoxides of the alcohel ER'OH used for the trans-
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alkalinecatalystfor which the pKa ofthe 35 corresponding acid is > 13.
esterification. Preference is given to the alkali metal alkoxades of the
Ci-C2-alcohols, especially alkali metal methoxides or ethoxides and most
preferably sodium met hoxide. The possibility of using alkaline catalysts
for the transesterification in reaction g; constitutes an additional
advantage in the second process variant, because the subsequent
resaeval of theglyserobphase-4Q here resulisdn virtuathena reactiontaking
place with.the acidig,catalysts to.be ysed in the dehydration, Justlike in, ,
the case of reaction in one step, it s also possible here}}hat reaction a) Is
pEIfSrined Fith 15%he Hid oF 53finoGeReolie 8F hetérog@habuy ackiig*
catatyst:Thig catalyst may additionally be different from the acidic catalyst
to be used in the dehydration, which further increases the variability and
flexibility of the pracess. 20 In the case-of use of a hamogeneous acidic,

1 SAnNGY o .1 0e Jata R =
catalyst'in reaction a), preference s given fo usi C?g ‘catalysts with a pKa of

< 7 2B9RThe Case 6 usE of a Retetdgetiesirs acidic cafalyst i té&ctiona™
ap prefereneé is givemtorgsingicatalysts withzamHaocafoc e 25 preferably
-3 80th the alkali- anckthe acid-catalyseshtraps- 30esterificatioma) sz se

p%%%”%% %Eﬁr}?pﬁ@t%ﬁ%%fa%% 120G preferably 25 191000, e witn
preferentially of 2510 80C, o . T
the acidic catalysts to be used in the dehydration.

Just like in the case of reaction in one step, it is

also pessible here that rsaction a) lsg performed with

from the acidic catalyst to e used in the dehydration,
which further increases the varlability and flexibility

oL the process.

In the case of use of a howmogeneous acidic catalyst in
reaction &), preisrence iz given to using catalvsts

with a pKa of « 7.

In the case <cf use of a hesterogeneocus acidic catalvst
in reaction a}, preference is given to using catalysts
<

with an He of < <2, preferably < -3.

Both  the alksli- and  the acid-catalysed trans-
egterification a) i1s performed at temperatures of 20 o
150°C, preferably 25 to 100°C, prafersntizlly of 23 to

goel.

I this way, it is possible, through sslection of
optimal reaction conditions, to form glycerol as well
|

a8 biondiesel 1in & first reaction stage and then to

cocnvert it selectively o acrolein in a second stage.



15

b2
j]

e
L

Lt
53]

In this way, it is possible, through selection of 35 optimal reaction
conditions, to form glycerol as well as biodiesel in a first reaction stage
and then to convert it selectively to acrolein in a second stage. Accordino
to the invention, it is also possible that reaction al is perrormeci with the
aid, of a biocatalyst. Thebiocatalygtsygegiarepreferably 5 esterases,
hydratases or hydrolases. In the process variant with separate reaction
stepsa:and:b)the ghycerokiermedas the primary psedust issremevedhat
completely or.partly from.the reaction mixture 10:0f reagtign a),and., ...
dehy rateél1 cafalytically in the reaction b) proceeding separately to -
acroleino For the dehydration reactpossible in  accordance with the
inVenation to eseta hpatcgeneotisdr 15Heterogerdoussacidic catalyst 4 .
the-gase-ethomogeneoiis-catalysts, prefereaee riven to those having a
pKa. of ¢ 7. In particular, it is possible here to use sulphuric acid,
phosphoric acid, toluenesulphonic acid or methanesulphonic acid as the
cafalystFdrtiemiore e fidmogendo i Bataly/sts a8&¢ forthe STePS &)
dehydration réectionyy=are préferalsly saks shmineralacids, optionatly ins
the-presence of g1 selvent. Yery-particular preference:is giverHto using ur=

potassium sulphate sodium.sulpbatg:or cagsiumsulphate, 30;potagsium, .
hydrogensulphate, sodiu)g}n‘ hydrogénsulphate or caeSium
I)

hydrogehshiphat8 =6 mixtires SFthieydrogensutphates ahd sulphates

mentioned, lithium phosphate, iron phosphate, zinc sulphate, optionally in

the-presence otasbiventoas aeatalysin »), it is possible in
accordancs with the invention to uze a homogesnecus or
heterogenecus acidic catalyst.

In the case of homogenecus catalyvsis, preiervencs

FJ
0

£~

given to those having a pKa of < 7.

=t

n particular, 1t ie possible here to use sulphuric

cl

Al

: phosphoric acid, toluenesulphonic acid  or

methanesulphonic acid as the catalyst.

Furthermore, the homogeneocus catalyvsts used I0r the
dehyvdration reaction b) are preferabls

acids, opticnally in the presence of a scolvent.

Very particular preference 1s given to using potassium
sulphate, sodium gulphate or cassium sulphate,
potassium hydrogensulphate, sodium hydrogsnsulphate or
caesium hydrogensulphate, or mixitures of the hYdrcgen-
sulphates and sulphates mentioned, lithium phosphate,
rron phosphate, zinc  gulphate, optionally 1in  the

presence of z solvent, as a catalvst.

In the casgse of hesterogsnecus catalysts

glven to those having an Hy ol <« +Z, preferably « -3.
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- 17 - Preference is given to using zeolites, solid acids, mixed base metal
oxide catalysts or acidic ion exchange resins as the heterogeneous

catalyst. 5 Suitable heterogeneous catalysts include in particular: (i)
nafuralCérssinthetielsilicatic substances, PCT/EP2007/061669
especiallymordenite, montmorilloniteand;acidic zeolites, especially

HZSM-5, MCM-22 and 10zeolite beta, (ii)

stppdrtmaterials, especgiallyoxidicOr siicaty zeolites, solid acids,
%&%@”%@%@Q'Xa@m'e%‘%gx'gﬁSF'MU@P'%%%@C%H'%‘%&%e

zirconium d|0X|de or mixtures thereof, coated with mono-, di- or polybasic
ifoTgamic atits-BEpEaiali RESEHOMC dcid: Shipharic acid or acidic salts

of inorganic acids, 20(iii)oxides and mixed oxides, especially aluminium

oxigesazine oxide-alyminium;exide MmixtuEes;on heleropolyacids: OF : cular
(iv)polystyrenesulphonic acid resins, especially 25Lewatit or Amberlite

resins or pe fluorinated .
(i) natural or synthetic silicatic substances,

especially mcordenite, montmorillonite and
acldic zeolites, especially HZSM-5, MCM-22 and

zeolite beta,

(ii) support materials, especially oxidic cr
silicatic substances, preferably aluminium
oxide, titanium dioxide, 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 acids,

(i11) oxides and mixed oxides, especially aluminium
oxides, zinc coxide~aluminium oxide mixtures or

heteropoiyacids, or

(iv} polystyrenesulphonic acid resins, especially
Lewatit or Amberlite resing or perflucrinated
poelymeric sulphonic 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 vwvariant.
Cnly the reaction temperature of the second reaction,
of the dehydration b), compared to the first reaction,
the transesterificaticon a), 1is at higher temperatures
of 50 to 400°C, preferably 100 to 350°C.

Preference is equally given to performing the

dehydration reacticn b) with the aid of a bioccatalyst.
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polymeric sulphonic acid resins, especially Nafion. The reaction conditions
to be established with 30 preference correspond to those which are
employed in the above-described first one-stage process variant. Only the
reaction temperature of the second reaction, of the dehydration b),
compared to the first reaction, themtralrgse;sterification a), is at higher
temperatures 350f 50 to 400C, preferably 100 to 350C. - 18 - The
biocatalysts used are, for example, dehydratases, hydratases or
hydrolases, 5 The reaction.step h)ds performed preferably in the presence
of a solvent. Prefgrrgd solvents are methyl tert-butyl ether, ethyl
te}?ﬁféﬁtﬁlfe‘atﬁgﬁte?faﬁyﬂ%fgjrﬁﬁ,‘"';flg,’4-dioxane, 10 diglyme, toluene, methyl
isobutyl ketone and/or the alcohol R'-OH already utilized in reaction step
a)ri@nepeossibility isthapthe glycerolisremeaved fromethe-tedction mixtine
a)-by distillation. 15 The.glycerol can be removed in a distillation column
attached to the first reaction apparatus by a vacuum distillation of reaction
mixture a). 20 A particularly advantageous embodiment of the process
COHgiSS A TEMEVRY Yy ceroifrori tidrdacher miktis a) by redctivet vl
distitation:and, at thetsame time -dehydrating fiiiv=acrolein over fhexzne,
simultapeously. present acidic.gatalyst geaction steRP)ke  andjor the

alconol R'-0H already utilized in reaction step a) .

One possibility is that the glycerol is removed ILrom
th

(0

reaction wmaxture a) by distillation.

The glvcerol can be removed in a distillation column
o

tne Ifirst reaction apparatus by a vaguum

A particularly advantageous ermbodiment of the procseas
congists in removing glvyveersl from the resaction mixturs
a) by reactive distillation and, at the same time,
dehydrating it to acroclein over the gimultaneously

pregent acidic catalyel (reaciion step b)),

in this case, a heterogeneous dehydration catal
preferably of the type (1) to (iv) described in de
above, which sgimultanecusly acoelisrates the conversion
cf the glveercl to be removed tTo acrolein, 1s present
in the distillation column. The temperature 1in the
downgtream column 1s between 50 and 200°C, prefervabhly
between 80 and 250°C, more preferably betwesen 100 and
2009, The pressure there is bhetwesen 6.1 and 1500 mbar,
praferably between 0.5 and 1000 mbar, more preferably

between 2 and 100 mbar.
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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 bgg/vqen 80 and 250C, more preferably
between 100 and 200C. The pressure there is between 0.1 and 1500

mbar, preferably between 0.5 and 1002.pbar, maredreferalyy<19t e
solid, generally insoluble, acidic.dehydration gatalystis installed within the
dT§tT1%%%%“co‘ilgmﬁngys"g%e%%‘or as a coating. The advantage of performing
reabtivhs*&) ah b) if tio’Séparate steps also consists in the fact that the
stability of the process is improved owing to delimited process steps in
continuous. pperation: 19dr additionstodistitatiansorreactive distillationyit
Issgggz%?:sesmget%%éjseafyétcberﬂ%%q%ugg removing,. facc chat the

T = ] 4 T e ; T P T Ll
stability of the process ig LmMproved owlng to delimited

rrocess steps in continuous operatior.

in addition to distillation or regotive distillation,
it is also possible to use further means of removing

whe glycerol.

A further preferred embodiment of the process aceording
o rhe invention is characterized in that glycercl is
removed from the reaction solution by gimple phasze

: o +iaiT fot e
separation after a lipophilic phass A comprising Latty

yeerol~containing hydrophilic
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Preferred phage peparators ars walel and/or an organic

solvent and/or facty acid alkyl esters.

The combined preparation of acrolein and fatty acid
ailyl esters can also be achieved in accordance with
rhe invenrion by deliberately promoting the phass
separation inte a lipophilic phase A comprigsing txri-
glyeeride and fatty acid alkyvl esgters and into a watey-
and glycerol-containing nydrophilic phase B actually at
the start of the trangesterification, and by wvirtue of
resctione a) and b) proceeding in parailel in the two
different liguid phases (biphasic cata vsig) . This <an
he effected firstly by the additlion of water or cther

-

20lVentcs.
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the glycerol. further preferred embodiment of the process according 15 to
the invention is characterized in that glycerol is removed from the reaction
solution by simple phase separation after a lipophilic phase A comprising
fatty acid alkyl esters and a glycerol-containing hydrophilic phase B have
formed. 20 This phase separation can additionally be enabled or
promoted by adding a phase separatot. ~ Preferred phase separators
arg water a ran ic 25 solvent and/or fatty.acid alkyl £sters. The
comblerggd prrbgé%rgtlo%g?&acrofem and fatt tty 7 acid al nyesters%can also he
adHiByEa T Hccordahce Wit e n?\%nhoﬁ%?ﬁéh@é’raf@f prombtingthe 2
plfase 30 separatoreintd a lipbphilic phase #oeomprising tiihghyceride and

faity.acid alkyl esters anddnte-a walel-i i z=d in each case can be
usead for the transesterification reaction a) and for
the dehvdration rsaction bj. The two reactlons
additcionally procsed separately 1in  the particular

rhases without influencing one anothe

Preference is therefiore given To a procsgs in which

it

saction &) is performed in the lipophilic phase &,
which comprises triglyvceride and £

esters, and reaction b) in
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which comprises glycerol, water and acrolein.

exr of the acrolein from the lipophilic
rhase A comprising fatty scid alkyl esters to the
agueous hydrophilic phase B bzcomez clear in Example 1,
in which acrolein is found predominantly in the agueous

:
phage.

The vield of the two targetr productis can thus be
enhanced overall by wvirtue of fewer ungelective side
eactlons procseding. It is also desired to bind
residual wmolsture or added water exclusively in the
lyoarol phase, singe 1t otherwise leads to an =nhanced

degree of undesired formation of free fatty acids.

The catalyst systems for the transegherificatien and
for the dehydration are, in the casse of biphasic

catalysis, adjusted such that, in the case of uze of
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tion catalyst

dlssolves in the trigifceride phase and the de!
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catalyst in the glycercl-containing phase and not vice
1

versa, sc that a catalvest preferab

lipophilic phase A accelerates reaction a) there, and a
catalyst preferably in the hydrophilic phase B

accelarates reaction b) thers



(93]

L0

joot
[ W2}

20

L]
Ut

L
oy

Ly
o

and glycerol-containing hydrophilic phase B actually at the start of the
transesterification, and by virtue of reactions a) and b) proceeding in
parallel in the two different liquid phases (biphasic catalysis). This can be
effected firsty ny the addition of water or other solvents. - 20 - On the
other hand, the excess alcohol usedr}for the transesterification can be
removed by distillation in order to actélerate the phase separation. This
has the advantage that catalysts optimized in each case can be 5 used for
thf: transes;eqificatiog reaction a; and for the dehydration reaction b). The
two' reactions additionally proceed sesp’a‘ruatté‘ff/riln tHe parficuiar phases *
wiRBGt ifffghcih§ ot GRothél 10 Preférehcedbinéreiere/givErrsgary
ptocess inwhieh reactionyahrs perfonmeddn the lippphilic phased; niche
compyitrighyceride apd fatty acid alkyl esters, angyreactioph) indhe . o5
hydrophilic phase P which comprises glycerol, water and acrolein. The
e&sy transfer 6f thre“éaé”rjb(jféfn from the Tipophilic Phasé A comprising fatty”
adidRy| e3f7546 the &Gtecud HydiSphilRFstigse B bégemes-tleartint tv
Example. 1-iri whicheacrotein is fourid:predominabtly i:the-aqueois:20 on

phase The yield.of the.twotarget products.can thyshe c.vaa  workup,

and the overall process can thus be simplified. This

~also becomes clear in Example 1.

the reaction conditior

i
n

5
in the embodiment of biphasic catalysis
removing glycercl as the reaction product from the
phasse comprising triglyceride and fstty acid alkyl
ester and hence from the eguilibrium. Reaction a) is
thus accelerated to an enhanced degree in the direction
of fatty acid alkyl ester or hiodiessl, and a back-
reaction teo triglyceridss i1g minimized. As a
on

reaction  conditions  which weuld otherwi

se not Dbe
optimal for ths production of bicdiesel can  be
established, or the range of suitables reaction
conditions can bs widened. For sxample, the sxcsss of

alcohol can be lowarsd,

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

purification.

Lorolein is obtained from the hydrophilic phase B and
can be used as a starting material for wmethionins
products or acrylic acid directly or cptionally aftcer

further purification.
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enhanced overall by virtue of fewer unselective side reactions
proceeding.. It ia also desired to bind 5 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
hiphasic catalysis, adjusted such that, in the case of use of homogeneous
catalysts; the transestefificatiorr catalyst;disselves-in the triglyceride.phase
and the gehydration catalystn the glygerol-containing phase and not vice,
35 versa, so that a catalyst preferably soluble in the lipophilic phase A ™~
aCCeiérarés féadtion™d) thére and a'catdlyStpreferatiy in tHechydrdpHifid »
phiase P-aeceleratesaeactiond) there.coB4 L In &enigfal, a homogeneous-
salytien is advantagesusfor gaod massdransier; bulis-net absaldtely : o
necess e. This is even.exploited deliberately by the 5 principle of |
b% asi?gé\éa%gclgysis,Bv%(fﬁg\éﬁgeéacro%eﬁﬁtﬁ%ﬁu&Cl)é‘ réadily Sc,}orlublen inthe =¥
aqiEGuE §fcérot phaSe. AePoieiédn thig Ve Esiar &BBFFGTh tRE fatty < 1e
acidraikyestesinla simpteimannerby. phase separatioploradditienal and
extraction withgut complicatedaverkuo, 40-anekthe; overalliprocess ga-o1
thyis he. simplified. This, also becomes cleat in Example 1., The ester .,

cleavage is an equilibrium reaction which can .
geparation is elifected without & separate workup step,

which lowers the preparation costs.

For instance, glycerol can, in accordance with the
lnvention, alisce be removed by membrane filtration from
the reaction mixture of reaction a). Suitabls membrane

1y organic or ceramic materials.
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The dehydration reaction can alsc be =ffscted by means
of suitable catalysts immobilized on or in the membrane
O

T
or by neans of a separate catalyvst addition inte the

O

b

permeate, The cavalyvticaelly active components for the
dehydration mway also be an insoluble constituent of the

maembrans .

Suitable membranes ara, for - example, golubilicy

membranes or diffusion membranes from mioro- or ulfra-

£

filtration, which, owing to their functional groups,

polarity or pore structure, retain the tr
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but are permeabls to glycercol. BSuitable membranes are
especially formed from organic wmaterials such as
polyether sulphones (PES), cellulose esters, polvimides
or pelyethesr imides, poly(fatty acid amides) or poly-
acrylionitrile (PAN), or from ceramic materials such as
aluminium oxide, titanlium dioxide, silicon dicxids,
ziroconium dioxide {baddeleyite] and combinations

"
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be directed in one or another direction according to 15 the reaction
conditions. This is exploited deliberately in the embodiment of hiohasic
catalysis described by removing glycerol as the reaction product from the
phase comprising triglyceride and fatty acid alkyl ester and hence from the
equilibrium. Reaction a) is 20 thus accelerated to an enhanced degree in
the direction of fatty acid alkyl ester OF biodiesel, and a hack-reaction to
taglycerides is-minimized: As-asesulteaction-conditions whieh weauld o2
otherwise not be optimal for the production of hiodiesel can.be 25.... =4
e%fa?é?i%ﬁ%ﬁ;?orat%(g rANge of Stiitable reaction cﬁrglglgﬁb%s caér]rll beivlléidened.%
For eXafiple e exceas ot dlcdhol Ean e IGREretd Eaty atid akyFesters
of the fermula karesprefetably 30=obtamed fremrthecligoghilic phase A ahd
cap be used agafuel directly,or optionally-after furber putification.  and
Acrolein is obtained from the @yﬂd{gggpjﬂlig phase E and 35 can be used as a
stHrfiflg TrateRar for methionine products or acrylic acid directly or
optionally after further purification. - 22 - A further embodiment of the
invention:is chasactenized inthatthedtiglyceriescysdd ate conmered-cte
catalytically, to fatty. acid.alky! gstersand acraleimin the presence ok be
alcohol. R'OH, the trans- 5, esterification reaction. a),and.the.dehydration, ,
ré5ction by being pertormed ‘érr%mf%%q&% é? Es}EJa'gialls seg arately %&e
membrdresRSIABFArE-Sepabation): The Membrane sél&tively retains -
thestriglycerides:ang fatty aeid @lkyd esters (rétenratey, whilesglygerat. 100
formed.passes-into-thepermeate. As a result, the separation is effected
without a separate workup step, which lowers the preparation costs. For
instance, glycerol can, in accordance with the invention, also be removed
byF AfemibraRe Tat chFem thE Teadton miktors of feaktion ). Suitablé
membranémmateridls arelespeciadiyorgaie DR Eefamicymaterials. The- =52
dehydrationseactiomean also-he effectedehyimeansre, and a mixture

which comprises fatty acid alkyl esters of the formula

[£3]

T and has been prepared by the process according to the

- iy £ A

invention deteaeiled here.

The exammies which follow are intended to illustrate
the invention described in detail, bur in no way to
f

have any restrictive etfl
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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 he an insoluble constituent of
the membrane. 25 Suitable membranesare,for example,solubility
membranes or diffusion membranes from micro- or ultra- filtration, which,
owing to their functional grouts, pdlarity 6r pore structure, retain the
triglycerides, 30 hut are permeable to glycerol. Suitable membranes are
especially formed from organic materials such as polyether sulphones
(PES), cellulose esters, tolyimides or polyether imides, toly(fattv acid
arfiies)-o¢ polyacrvionitrile (PAN), or from ceramic materials such as 35
aluminium oxide, titanium dioxide, silicon dioxide, zirconium dioxide

(bagdgleyite) and,combinations thergof. ~ 23 - The advantageg afthe .

simultaneous preparation of biod-iesel and_acrolein described consist in_

increased orodiittivity “addifior"of valithe antt savifgoF tife APthe Saife -
tirhié; the NANRPORENFeneigy costs arss rduscagcOverall thiEo g of
produetion of biodieseland:-gerotein begcomesimore.ecenomically viable ~n

At same.tme.Jglatively high-boiling by-praducts which are gbtaingd in
the acrolein synthﬁsis can be 10 added to the biodiesel as additional
i

calbrific vafte or it Appropriate *E feft fh the biddiesel. These fay: for "9
exatiprel be'difners Br#ihers efdcroieinof etherstof glyeares  ©f gas
chromategraphy to  determine the acrolsin  content.
COverall, 323.4 ¢ of acrelein were obtsined in the
agueocus phage Iin this way. Even in the case of simple
gingle-stage extraction with water, it wag thus
posgibie to remove a largs porticn of the acrslein from

the biodiesel,
Example 2:

The flask of a rotary evaporator was initially charged

with a mixture of 50 g of picdiesel and 50 g of
gcrolein and heated to 25°0 in
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of a water-jet pump, the wmixture was placed under

vacuum slowly. In the cooled distillation reaoesive

50 mg o©f  Thydroguinones were initially charged to

stakilize the acrolein distilled. Within one hour, a

disgtillate of 49.1 g of acrolein wag obtained. The
o

purity of the distillate was confirmed to be at least

9%.5% by means of gas chromatography. 50.£6 o rems

3t
p
(I
&

in the flask of the rotary evaporator.



15 The invention also provides a mixture which comprises acrolein and
has been prepared by the process_az%?prding to the invention detailed
here, and a mixture which comprises Tatty acid alkyl esters of the formula
and has been prepared by the process according to the 20 invention
detailed here. The examples which follow are intended to illustrate the
Clg_lvegtjon. described in detail, hut in no way to have any restrictive effect.
7/ Examples Example 1: SO of of biodiesel and 50 9 of acrolein were
mixed and formed a homogeneous mixture. In a separating funnel, this
homogeneous mixture was admixed with.250 g of water, shaken and le
L BoRBOEGHe Coota SERALN Hoo brSEs Tov e ALY e Tob ARt of
ththegpimese10 terfade; the lower aqueous phase in the separating funnel
was removed and analysed by means of gas chromatography to
determine the acrolein content. Overall, 33.4 g of acrclein were obtained
in the aqueous phase in this way. Even in the case of sigjple 15
single-stage 'extraction witl@water, it was thus possible to remove a large
portion of the acrolein fromﬁhe biodiesel. Example 2: 20 The flask of a
rotary evaporatoR\vas Ghitiafly cHarged with a mixture of 50 g of hiodiesel
and 50 g of acrolein and heated to 35C in a water bath. By means of a
angyaieriet Pl ph the Adédiire Was plattd uHter 288 et §lodR #7 tHe
£o500led distillation receiver, 50 mg of hydrocuinone were initially charged to
stabilize the acrolein distilled. Within one hour, a distillate of 49.1 q of
acrolein was obtained. The purity of the distillate was confirmed to be at
least 30 39.5% by means of gas chromatography. 50.6EIeDmained

O

CHZE”O—““"C‘“"""“R]
G

CH =n Qe C oo R

CHy==Q==C==R3
wherein
a) said triglyceride is reacted using an alcochol R'-OH
in the'presence of a catalyst to give said fatty
acid alkyl ester and glycerol; and
b) said glycerol is dehydrated catalytically to
acrolein,
wherein
R is Ri, R; and Ra, and
Ry, Ry and Ry are all the same or some are the same or
all are different and are each a straight-chain or
branched, and optiocnally mono- or polyunsaturated Cip-Cszp—-
alkyl radical, and
R’ is a Cy~Cip—alkyl radical or a C3=-Csg-cycloalkyl

radical.



in the flask of the rotary evaporator. -25- Claims: 1. A process for
preparing a fatty acid alkyl ester of %_general formula I: (I) and acrolein
by reacting a triglyceride of the genéral formula Il: CH2-0 -C 0
CH-0---C-R2 0 CH2-0-C-R3

2. The process according o claim 1, wherein R:, R

and Ry are a Cyp~Cip=alkyl radical.

3. The process according to claim 1, wherein

R'=methyl or ethyl.

4. The process according to claim 1, wherein

reactions a) and b) are performed simultaneously in one

step.

5. The process according to claim 1, wherein said
catalyst for reactions a) and b) is independently
selected from the group consisting of a homogeneous
acidic catalyst, a heterogeneous acidic catalyst, a salt
cf a mineral acid, combinations thereof and a

biocatalyst.

6. The process according to claim 5, wherein a

homogeneous catalyst with a pKa of <7 is used.

7. The process according to claim 6, wherein said
catalyst is sulphuric acid, phosphoric acid,

toluenesulphonic acid or methanesulphonic acid.

8. The process according to claim 5, wherein said
catalyst is potassium sulphate, sodium sulphate, caesium
sulphate, potassium hydrogensulphate, sodium
hydrogensulphate, caesium hydrogensulphate, mixtures of
the hydrogensulphates and sulphates mentioned, lithium

phosphate, iron phosphate, or zinc sulphate,



wherein a) said triglyceride is reacted using an alcohol R'-OH in the
presence of a catalyst to give said f %\/ acid alkyl ester and glycerol; and
b) said glycerol is dehydrated catafi% ally to acrolein, wherein R is RI, R2
and R3, and RI, R2 and R3 are all the same or some are the same or
all are different and are each a straight-chain or branched, and optionally
mono- or polyunsaturated 010-030- alkyl radical, and, R'isa
WhETCd- SRy ratiical of 8'03:65- Y EinaligH atigaicd 26 ths, pygsence
ofprocess. aeearding to claim 1, wherein RI, R2 and R2 are a C12-C10-alkyl
radical. 3. The process according to claim 1, wherein R'=methyl or
ethyl. 4. The process according to claim 1, wherein reactions a) and b)
aredperfurmedsiandianaeusly iione step:1aib. Theylieeessracearding to
laim 1, wherein said catalyst for reactions a) and., b) is independentl
£ LiaH fioin td I BAIESING A RGN behabts RO ATa 85
<-+Reterogeneous acidic catalyst, a salt of a mineral acid, combinations
thereof and a biocatalyst. 6. The process according to claim 5,
wherein a homogeneous catalyst with a pKa of <7 is used. 7. The
pracess aceonding-tosclame Sowherein said:Gatalyseis suiphaicracid,id

= R93phoric acid. folupnesulphonic Acid or methanesulphonic adid

oxide catalyst or acidic ion exchange resin.

11. The process according to claim 10, wherein said

catalyst is

(i) a natural or synthetic silicatic
substance,
(ii) a support material coated with mono-, di-

cr polybasic incrganic acids,

(iii) an oxide, a mixed oxide or combinations

thereof, or

(iv) a polystyrenesulphonic acid resin,
perfiuorinated polymeric sulphonic acid

resins or mixtures thereof,

12. The process according to claim 5, wherein said
biocatalyst is a lipase, an esterase, a hydratase, a

hydrolase or mixtures thereof.



8. The process according to claim 5, wherein said catalyst is potassium
sulphate, sodium sulphate, caesiu[rhéqlphate, potassium
hydrogensulphate, sodium hydrogensulphate, caesium hydrogensulphate,
mixtures of the hydrogensulphates and sulphates mentioned, lithium .
phosphate, iron phosphate, or zinc sulphate, -27- wherein said catalyst is
optionally used in the presence of a solvent. 9. The process according
to claim 5, wherein said catalyst is a heterogeneous catalyst with an Ho
valug of B+@. prdde Thejgsroceskiacrotding e eiaih,9, wihierbinisaid

pe FRIAYSLIS a zeolife, $§ggggg;g, agnixed base metal oxide catalyst or

acidic ion exchange tesin.  11. The process according to claim 10,
wherein said catalyst is (i) a natural or synthetic silicatic substance, (ii) a

support gaterial,coated with tonas,,of Rolybasi inorganic. acids, (iikan
oxide, a mixed oxide or combinationis thereof, or (iv) a

SOb@WStyréﬁg@tﬁGMc"é@iﬂh'e@mt ﬁbrfﬁf@ﬁiﬁﬁt’edeﬁéflyrhe‘ﬁ@%ﬁmﬁmlacid
et £ESINS ppmpdures thergal, 12, The PLAGESS a&f%ﬁ% (0 ¢lgim S e,

wherein said biocatalyst is a lipase, an esterase, a‘hydratase, a hydrolase
me g vdixtufedtheydoftketone, the alcchol R'—OH utilized for

the transesterification in reaction a) or mixtures

thereof.

15. The process according to claim 13, wherein the
acrolein formed in reaction k) is removed from the
reaction mixture alone or optionally together with at

least a portion of the solvent.

16. The process according to claim 15, wherein the
acrelein is removed from the reaction mixture by
stripping, distillation, extraction, phase separation or

use of membranes.

17. The process according to claim 16, wherein the
acrolein is removed from the reaction mixture by

distillation during the reaction.

18. The process according to claim 1, wherein
reactions a) and b) are performed in separate steps.

19. The process according to claim 18, wherein
reaction a) is performed with the aid of an alkaline
catelyst for which the pKa of the corresponding acid is

>13.



-28 -  13. The process according to claim 1, which is performed in the
presence of a solvent.  14. The puggcess according to claim 13, wherein
the solvent is methyl tert-butyl ether, éthyl tert-butyl ether, tetrahydrofuran,
1,4-dioxane, diglyme, toluene, methyl isobutyl ketone, the alcohol R'-OH
utilized for the transesterification in reaction a) or mixtures thereof.  15.
The process according to claim 13, wherein the acrolein formed in
reaction b) is removed from the reaction mixture alone or optionally
togeétherwith atdeastsa partionrafthe solveni.z 1ml 6.9 hevpracess the
213650100 g claim. 15, uherein,the gcroleln s remgued.fiom the egtion
mixture by strlpp?}ng, dllssﬁllaﬁon, ex?ractlon, pahase separation Or use of
almembraiésOH WF¥edhéqrotéss accordingtte claincks, wherein the

a li%rﬂeiﬁ% ésclée_{no%g%rp C{Qe cgle:acet‘;k nor}r{j%x&%re by distillation during the
reaction. 18 The procéss according to claim 1, wherein reactions a)

and b) are performed in separate steps. 19. The process according to

clajm 1 erej tion.a) is performed with. the.aid af an alkaline
o Tacly S L e
reFRe process actapgingaoretaimwid; whareinathd atialinelcatalystisans or

heeg@g&%@g@@og@g(ﬁéh. Q‘PQP?E%';OH used for the transesterification

or an alkali metal methoxide or ethoxide. - 21. The process according to
claim 1, wherein reaction a) is performed with the aid of a homogeneous

or heteregenequs adidiccatalyst n g 22, The pracess, acgording fo claim
21, wherein a'homogeneous acidic catalyst with a pKa of <7 is used.
hopagFRePiscesistcording 26 ERiimvZit vrereiica hétefdgdriecusadtalyst

with an Hoof <+2 is used.

23. The process according to claim 21, wherein a

heterogeneocus catalyst with an Hy of <+2 is used.

24. The process according to claim 18, wherein

reaction a} is performed with the aid of a biocatalyst.

25, The process according to claim 24, wherein a
lipase, esterase, hydratase or hydrolase is used as the

biocatalyst.

26. The process according to claim 18, wherein the
glycercl formed as the primary product from the reaction
mixture of reaction a) is removed completely or partly

and is dehydrated catalytically to acrolein in reaction

b).

27. The process according to c¢laim 26, wherein a
homogeneous or heterogeneous acidic catalyst is used for

the dehydration reaction b).



24. The process according to claim 18, wherein reaction a) is performed
with the aid of a biocatalyst. ~ 25. The process according to claim 24,
wherein a lipase, esterase, hydratase or hydrolase is used as the
biocatalyst. 26. The process according to claim 18, wherein the
glycerol formed as the primary product from the reaction mixture of
reaction a) is removed completely or partly and is dehydrated catalytically
to acrolein in reaction b). 27. The process according to claim 26,
wh2fein Brtvorpagersosisaor deteldgentous aeitlic catalyshisnssed for the
dehydration reaction b). - 30.-. _28.The process according to claim 27,
hovmvﬁg%e?r? 2 Sorﬁg(;tgn ogu% A a?stawﬁ%{g p(kga 6%? <‘§§ fj"ls%egj .~ 29.The
process according to claim 28, wherein sulphuric acid, phosphoric acid,
tolugne honic acid or met phaoni id s used .catalyst.
302 The braboos SRSy 6 B 95 UGS Salts bf Aareral Bcids are
sulipbd as catatysts fothe plebydationirdactionlbenesglphmtessacid or
ne EESAING 0, ARIM S0 hereln sd palalyshis patassium sulphate,
sodium sulphate, caesium sulphate, potassium hydrogensulphate, sodium
hydrogensulphate, caesium hydrogensulphate, mixtures of the

hydrogepsulphatesand sylphatgs mentioned, lithiupg phosphate, irgn + 5

phosphate, or zinc sulphate, wherein said catalyst is optionally used in the

of pragepicelofacdshfertre Wed haspreeésd s&dordingio didim 26, wherein
de@aq@quggegg;gg%t with an Hoof <+2 is used for the dehydration

réaction b). 33. The process according to claim 32, wherein said
catalyst is a zeolite, a solid acid, a mixed base metal oxide catalyst or

acigic iop,exchange Lesin.g; n 34 J Newregessaceprding e claim3s,

wherein said catalyst is .
catalyst is potassium sulphate, sodium sulphate, caesium
sulphate, potassium hydrogensulphate, sodium
hydrogensulphate, caesium hydrogensulphate, mixtures cf
the hydrogensulphates and sulphates mentioned, lithium
phosphate, iron phosphate, or zinc sulphate,
wherein said catalyst is optionally used in the presence

of a solvent.

32. The process according to claim 26, wherein a

heterogeneous catalyst with an Hy of <+2 1is used for the

dehydration reaction b).

33. The process according to claim 32, wherein said
catalyst is a zeolite, a solid acid, a mixed base metal

oxide catalyst or acidic ion exchange resin.

34. The process according to claim 33, wherein said

catalyst is



-31- () a natural or synthetic silicatic substance, (i) a support
material coated with mono-, or polygsic inorganic acids, (iif) an oxide,
a mixed oxide or combinations thereof, or (iv) a polystyrenesulphonic
acid resin, perfluorinated polymeric sulphonic acid resins or mixtures
thereof.  35. The process according to claim 26, wherein the

dehydration reactign,b).is peformed with.a biocatalyst -+ 36. The
process according to claim 35, wherein a dehydratase, hydratase or
sulydreleseris used as the biocatalyst. 37. The process according to

claim 26, Whereinée%(;&gsbwsreaeﬁf@yrsﬁ in.the presence of gnolvent; .-
38. The process according to claim 37, wherein the solvent is methyl
ortgrebilyh effer IohyceRisut§cetAer, tetrahydrofuran, 1,4-dioxane,

diglyme ;tpluene, methyl isebutyl ketone; the aleoholR-QibytllizedJpsthe
transesterification in reaction a) or mixtures thereof. 39. The process
thggesring®® claim 26, wherein glycerol is removed from the reaction

mixtyre, of step a) pyHstllatione n 82:r1 ph AL EN BROFEss écgording to

claim 39, wherein glycerol is removed from the reaction mixture by
PeFdcive dhistirtior ahdmaithe sSimétifk! s dehydr&@ai8%crdlein over
miapaeidic catalyst present simultaneously.  41. The process according

to claim 26, wherein glycerol is removed from the reaction solution by

membrane filtration.
35. The process according to claim 26, wherein the

dehydration reaction b) is performed with a biocatalyst.

36. The process according to claim 35, wherein a
dehydratase, hydratase or hydrolase is used as the

biocatalyst.

37. The process according to claim 26, wherein

reaction b) is performed in the presence of a solvent.

38. The process according to claim 37, wherein the
solvent is methyl tert-butyl ether, ethyl tert-butyl
ether, tetrahydrofuran, 1,4-dioxane, diglyme, toluene,
methyl Isobutyl ketone, the alcchol R'™—CH utilized for

the transesterification in reaction a) or mixtures

the:eof.

39. The process according to claim 26, wherein
glycercl is removed from the reaction mixture cof step a)

by distillation.



42. The process according to claim 41, wherein the membranes used are
organic or ceramic materials.  43.Jhe process according to claim 26,
wherein glycerol is removed from the reaction solution by phase
separation after a lipophilic phase A comprising fatty acid alkyl esters and
a glycerol-containing hydrophilic phase B have formed. . 44. The
process according to claim 43, wherein the phase separation is initiated or
promoted by addition of a phase separation agent.  45. The process
acé@rdir{m@ glainT44,swhereincthenghdse séparaticr? agenitds sefected
8P roup SopSg pLeIL. a0 010 G P oERL ALY AL M ve
%Ster and mixtures thereo The process according to tlaim 18
digiheldintréactionsth) and hprocesd irt parallelin tdordifferane iqtid
achﬁi‘%%% e S Té‘le rSC‘E}%Sc%ﬁEOJ %’%9&85%%'9‘ é@.ﬁﬁq’&rﬂ{ééﬁ%
Is performed in a pop Ic phase h comprises triglyceride an
fatty acid alkyl esters.  48. The process according to claim 47, wherein

a ‘?ﬁa'y%‘é!hﬁ?d%é%'QbL?c'EJE‘Ei'R8p*E'JJC@féﬁ%ﬁl Agccelprates; the

reaction a) there. he process according to claim 47, wherein
glyesatioh B)ds ]p@iff@ﬁﬂéd ﬁmrhyamprmfeagﬁagéls SPHieh Eemphiges

medVceral, water. and.acrolein.  50. The process according to claim 49,

wherein a catalyst which is soluble in the hydrophilic phase B accelerates
the reaction b) there.  51. The process according to claim 46, wherein

the fattyacid alkyl esters, eithe Jorgulad are potaingd fiome he; phase.A.

52. The procéss according to claim 46, wherein acrolein is obtained from
menhs phgse Bsed 53¢ %noé?(ﬁ‘élfé%rﬁc@rﬁpﬁ@ﬁ@%ﬁ&t@i@t%}ﬁﬁﬂ@mg said fatty
acid alkyl esters of the formula I; and said acrolein; wherein said mixture is

prepared by the process according to claim 1.
43. The process according to claim 26, wherein

glycerol is removed from the reaction solution by phase
separation after a lipophilic phase A comprising fatty
acid alkyl esters and a glycercl-containing hydrophilic

vhase B have formed.

44. The process according to claim 43, wherein the
phase separation is initiated or promoted by addition of

a phase separation agent.

45, The process according to claim 44, wherein the
phase separation agent is selected from the group
consisting of water, an organic solvent, a fatty acid

alkyl ester and mixtures thereof.

46. The process according to claim 18, wherein

reactions a) and b) proceed in parallel in two different

liguid phases.
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47, The process according to claim 46, wherein
reaction a) is performed in a lipephilic phase A which

comprises triglyceride and fatty acid alkyl esters.

48. The process according to claim 47, wherein a
catalyst which is soluble in the lipophilic phase A

accelerates the reaction a) thers.

49, The process according to claim 47, wherein
reaction b) is performed in a hydrophilic phase B which

comprises glycerol, water and acrolein.

50. The process according to claim 49, wherein a
catalyst which is scluble in the hydrophilic phase B

accelerates the reaction b) there.

51. The process accerding to claim 46, wherein the

fatty acid alkyl esters of the formula I are obtained

from the phase A.

52. The process according to claim 46, wherein

acrolein is obtained from the phase B.

53. An acrolein-comprising mixture, comprising:
said fatty acid alkyl esters of the formula I; and

said acrolein:

wherein said mixture is prepared by the process according

to claim 1.



