-1- Continuous method for the heteroenically catalyzed esterification of fatty
acids The invention relates to a continuous process for esterifying free fatty
acids in vegetable and anlmal fats Wlth alcoholls usmg a heteroeneous
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éeffect that raw materials with a high content of free fatty acids are unsuitable
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Edition, Topic "Fats and Fatty Oils", p. 30). Such a removal allows the acid
lhumbey pfethetiais to be faducedtdovaluesdogjonmd@s@yrguchiiiat the cesultiogree
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connection, the acid number specifies the mass of potassium hydroxide in

mg ity PEGIRLSE HawE2L g of the sample to be analysed (DIN
53402, newest version 20 DIN EN ISO 2114). The literature discloses the
esterifﬁiatféf%wﬁéléqiaﬁv dedeidiliftHometeratist rfthandielofiar Homideehestyal
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However, this” process requires a relatively difficult catal st removal {
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catalystlusediedecredave tedaneigbsasnrisectss. considerable amounts of
wastewater. EP 0192035 and DE 196 00 025 describe a process for
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2Qatty abRSHY E¥riéértbut without preceding removal of the free fatty acids in

the overall mixture of fatty acid and oil. Since the free fatty acids in most
cases ’Phak@napra discloses the esterification of free fatty acids with methanol with the aid of a

homogeneous acidic catalyst, e.g. p-toluenesulphonic acid or H,SO, (Mittelbach,
Remschmidt, Biodiesel — The comprehensive handbook 3rd ed., 2006, p. 60). However, this
process requires a relatively difficult catalyst removal by neutralization and washing with
25 alcohol or water, which does not allow the catalyst used to be recovered and gives rise to

considerable amounts of wastewater.

EP 0192035 and DE 196 00 025 describe a process for deacidifying fats or oils, in which
acidic solid ion exchange resins are used as catalysts, and whose removal from the reaction
mixture is followed by removal of the water by-product. In this case, the esterification of the
30 free fatty acids is carried out without preceding removal of the free fatty acids in the overall
mixture of fatty acid and oil. Since the free fatty acids in most cases make up a

comparatively low proportion of the overall amount of fat and oil (usually 2-20 per cent by



comparatively low proportion of the overaglEa}mount of fat and oil (usually 2-20
per cent by -2- weight, in rare cases even more than 30% by weight), this
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the pre-esterification. Under some circumstances, this can serve to reduce
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process. However, no fundamental solution to the technical problem of
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stem from a later process step and are therefore subjected to further
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fatty acid methyl ester per litre of reactor volume and 15 hour. For
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1§he fre}tle fatty acids with high space-time yield and simultaneously enables
recovery of the esterification catalyst. 20 It has been found that, surprisingly,
this object is achieved b}% a continuous process for esterifying free fatty acids
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deacidified starting material remaining after step 1) in thé form of a
transeSRRGHBH I YRR ORI B iendifythe free fatty
acids with alcohols using at least one acidic catalyst in a fixed bed, in the
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1) removing the free fatty acids from the remaining starting material by means of a

customary deacidification process,

25 2) optionally reacting the deacidified starting material remaining after step 1) in the

form of a transesterification to obtain fatty acid alkyl esters,

3) reacting the free fatty acids with alcohols using at least one acidic catalyst in a fixed

bed, in the form of an esterification reaction,

4) optionally removing the water formed as a by-product in step 3), optionally together

30 with at least a portion of the alcohol unconverted in step 3),

5) optionally further converting the dewatered product obtained from step 4),

optionally with addition of further alcohol, using at least one acidic catalyst in a



5) optionally further converting the dewatgegegd product obtained from step 4),
optionally with addition of further alcohol, using at least one acidic catalyst in

a -3- fixed bed.jn,the famehar ssiedficationLeagion. 6) mixing the reaction
product obtained from step 3) and/or the reaction product which may be

obtained from .step.5) with the remainin rtin terial gbtained from st
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oil, paRreisitnjatroptiencid, satnaundistidtcyiNdnexetssiv@rexaiaples bestartintgids
materigis of @animalwriginnare bovine tallow, fish oil, pork lard, etc. In the
context of the present invention, fatty acids are all aliphatic carboxylic acids
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corresponding to formula (1), which are already present in the starting, _
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presentdadhge siapmingmatedals.fatty acid alkyl esters therefore describe

the alkyl esters of fatty acids 20 which are obtained after esterification and/or

transetarification o are aligadyarsseatinge Staming materialoDithiSias of me
context, R' in formula (1) preferably includes aliphatic carbon chains having 6
to 22 a8 Atoms and optionally one or more double bonds. Fatty acid
glycerides are mono-, di- or triglycerides of the fatty acids described above.
195 In connection withRhEPFddent invehtion, alcohols refer to mono- or
polyhydric Ci to Cs alcohols or mixtures thereof. Preference is given to
monolydrix@istof @8fatwo hotpovascopastiouliar préfeneld®d.igigphenetaready present
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covalently bonded hydroxyl groups present in the inventive alcohol. Step 1)
of the %brt(%/élggsb NS xetate] ?Sat%a S AVBRUGRI R B d retsihpRy Bifs Present ih the

custorsfamyng materials. Fatty acid alkyl esters therefore describe the alkyl esters of fatty acids
20 which are obtained after esterification and/or transesterification or are already present in the

starting material.

In this context, R' in formula (I) preferably includes aliphatic carbon chains having 6 to 22

carbon atoms and optionally one or more double bonds.
Fatty acid glycerides are mono-, di- or triglycerides of the fatty acids described above.

25 In connection with the present invention, alcohols refer to mono- or polyhydric C, to Cs
alcohols or mixtures thereof. Preference is given to monohydric C; to C; alcohols. Very
particular preference is given to methanol. In this context, the hydricity of an alcohol

describes the number of covalently bonded hydroxyl groups present in the inventive alcohol.

Step 1) of the process according to the invention is effected preferably by a customary
30 process known to those skilled in the art by the terms of distillation, rectification or

extraction.



30 process known to those skilled in the arf by the terms of distillation,
rectification or extraction. -4- Step 1) of the process according to the
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ions of SEURTHC B LS AUM O AItERT Wi, etc. When a reaction in the

form of a transesterification in step 2) of the deacidified starting material
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those skilled in the art, such that minimum 20 proportions and preferably no
fatty agi glycerides arg,present in e teagtion product. And o MEXTMD. v,
amount and more pre erab(fy af remaining glycerides have been conver ed {o.
glycerolsnd! fesmpiaiel HIRyFesterds Stepls) dharisasiditeds ettt e ghmaterial
inventigardmpreianphlyscaitiad oub using, 3k leaalengcasidiserial pationbighis 2)
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Amber] stg%ordaf g@tal%lst which is sold by Lanxess under the name
“ghycerdl and ratty acrd alkyl esters: . ..
Levatlg%. Likewise preferréd are catalysts which possess an activity of at

least Osgpk% 8; Iﬁee fatty acid

e process according to the invention is preferably carried out using at least one

acidic catalyst, which is characterized in that it comprises a strongly acidic ion exchange

25 resin. More preferably, the at least one acidic catalyst is a polymeric, macroporous resin
with free sulphonic acid groups. Most preferably, the at least one acidic catalyst is a catalyst

which is sold by Rohm and Haas under the name Amberlyst® or a catalyst which is sold by

Lanxess under the name Levatit®.

Likewise preferred are catalysts which possess an activity of at least 0.5 kg of free fatty acid
30 per kg of catalyst and hour. This activity is particularly advantageous in that the process
according to the invention is performable reliably with the advantageous catalyst hourly

space velocities in step 3) and/or 5).

Likewise preferably, step 3) of the process according to the invention is performed such that



30 per kg of catalyst and hour. This activity is particularly advantageous in
that the process according to the invention is performable reliably with the
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preferably, step 3) of the process according to the invention is performed
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wer éatﬁ }(/:sll!: ourly spa(];e Velochy is’ 1ne more {rec abtg eam% could be
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The C%E%%%ﬁi%%'i%%?&&?&fﬂg ity can be set via adjustment of the mass flow
of the free fatty acids, or adjustment of the amount of catalyst. 10 In another
preferred embodjment of the process according fo the invention, step 3).i
porforiEd SUAR (A b Zeeh S e Heg et S0 Grenerl i o SRR e e
materi@ftaleighor isliirsaeniniiislzmaxcessNore preferably, the molar excess
is between 5 and 40. Most preferably, the molar excess is between 10 and
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at elevated temperature relative to room temperature (20C). More referabllé,Ost
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performedrighbdtweeh7&a@ndil 20@edvid 8t qreté rablysthaatbnmpdeatlyedigween 10
betwegr; 80 and 95C. In a likewise preferred embodiment of step 3) of the
process according to the invention, the 20 reaction is performed under
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the pressure of the process according to the invention in steOE 3) is selecte
such BSHPTREDASLPBIRAL BPFELNErS tHE VA ST Preseite othe Xleshsitealy. the
under thepother prodess secpndlitidnse Phecvapaurddre ssuhesmtitieninyveativeed is

alcohqjg ynden Vi Py EMBLE M RAMIIAR S G LN VWRIQ PG SliiYeet in the

art, or are tabulated in the VDI-Warmeatlass or similar 25 reference works.
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fssf)ep és of th mg? tion is

embodiment o € process accor o the Iinven
20 reaction is performed under elevated pressure relative to standard pressure (1013 hPa). More
preferably, the pressure of the process according to the invention in step 3) is selected such

that it corresponds at least to the vapour pressure of the alcohol used under the other process
conditions. The vapour pressures of the inventive alcohols under various ambient conditions

are known to those skilled in the art, or are tabulated in the VDI-Wéirmeatlass or similar

25 reference works. Very particular preference is given to pressures below 5 bar.

A last preferred embodiment of step 3) of the process according to the invention is
characterized in that the superficial velocity of the fluid phase in the fixed catalyst bed is
between 1 and 5 mm/s and the length of the fixed catalyst bed is between 1 and 10 m. This
achieves a likewise preferred residence time of the free fatty acids and alcohols of less than
30 30 minutes, this residence time being independent of the concentrations of the free fatty

acids used in the starting material.

It has been found that, under the inventive and preferred conditions, a conversion based on



characterized in that the superficial velocity of the fluid phase in the fixed
catalyst bed is between 1 and 5 mm/s and the length of the fixed catalyst
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followed by a further conversion in step 5) of the process according to the
inventith§! RAREACS ASANENESHUE FRIGHRT St8f5 828 thd Rsibuees 4lbrding to
the invention is not intended, step 4) of the process according to the
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When, however, step 5) of the process according to the invention is
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achieving higher space-time yields under energetically and hence economically

advantageous conditions.

When step 4) of the process according to the invention is performed, it can be performed
with or without removal of at least a portion of any residue of alcohol still present therein.
30 Preference is given to a removal of a minimum portion of any residue of alcohol still
present. More preferably, no alcohol is also removed. The removal is effected preferably by
membrane processes or evaporation. Particular preference is given to effecting the removal

by means of membranes.

For energetic and/or physical reasons (for example formation of an azeotrope), it may be



achieving higher space-time yields under gnergetically and hence
economically advantageous conditions. When step 4) of the process
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removal of at least a portion of any residue of alcohal still present therein. 30
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to the invention, and also conceivable transesterifications of the fatty acid 5
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intended, this can be done with or without further addition of alcohol.
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regardtohesandératntecairddorobressure and/or catalyst hourly space velocity
as step 3) of the process according to the invention. Further preferably, the
same prifetced superficiahvelodiiye andifived catalysil beoviengthitaselseldéciethity

15 in sfeRph @R D SER RhcMArgRIEIRIRRYMSIYR $), CONGHIES a repetition of

step 3) with further and/or replaced alcohol. It has been found that, under

these gqonditions, an.overall conversion (based on free fatty acids) in the .no
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step 4) and step 5) of the process according to the invention more than

once. The mixinehinptep Hef R RLcEsEiREEPIING LaHheiRVENtian 6aAske the
effeCtepgogl?cltr;q"rE)qg step 4) and/or step 5) with the remaining starting material of step 1) of the
process according to the invention and/or, if appropriate, with the fatty acid alkyl ester
25 obtained from step 2) of the process according to the invention. Preference is given to
mixing the product from step 5) of the process according to the invention with the product

from step 2) of the process according to the invention. This allows the desired maximum

space-time yields to be achieved.

A particularly preferred embodiment of the invention comprises a continuous process which
30 is characterized by a reaction stage according to step 3) and/or one of its preferred variants,
a reaction stage according to step 5) and/or one of its preferred variants, and a removal

according to step 4) and/or one of its preferred variants.

As compared with processes for esterifying free fatty acids with homogeneous catalysts



products from step 4) and/or step 5) with _t@q remaining starting material of
step 1) of the process according to the invention and/or, if appropriate, with

the fatty,acid alkyl §SHer - abiainepkfrem KteRim) Af e RIRGESAGIANG IR as

the invention. Preference is given to mixing the product from steP 5) of the
bf

proce S BEEBING o te FYUBHEUR WiHAHYE grotitt foniPstep sy bftrgactor the
procedstaogordimgriolseisnvedtion. fikhisedlons the desilee reaxyahinmot required),
spacezfimevigldsde He.aghieyrd: A particularly preferred embodiment of the
invention comprises a continuous process which 30 is characterized by a

g eaCtHPi?F%gs?bgco%pﬁ%? DOIASIERALANRL QUERIIT RIS G AN 4o arty

reaction stage according to step 5) and/or one of its preferred variants, and a
remov%ﬂldééifﬁb?ﬁﬁrtﬁf isss) ﬁ%oé?rﬁ‘ffo‘i‘tfﬁrfé SRGHer préfefray Varfahes cpgple, example
comparegdaithproeespsestios esterdyigyfres fatiyyheids witbsBhgmeg@neausactor

cataly$tfif SAHSHPAAUNGILNG ALY Al INEIRNQELTHATEAINE € enables a

invention enables, as well as dispensing with the complicated catalyst
removaFIAhEHVEMRIVE Ha BT O ”hterBYe BBLSEatilEtds REt e in the
1Gixed bédyesueohdivdteaacpialyiste@moivakisndgtlretuired), an increase in the
space-time yield. 5 It is possible by the process according to the invention to
achiey® spiagrstimeryields, afid ityccacic-on@tiytoastan@htiphtm380 H1pesi fitrecaltly

reactoy yolume;and hout, Farexample, £xz IEL“\B[E Lgivasfing Eoofafr%E"f(‘Tﬁ AR as

yield o?sfsatty acid methyl ester of 380 g per litre of reactor volume and hHour.
As coifarEef With threPHFoH GPFYESET IR DE IO BR84S EnRisRbY gpectrum
dramadiraediactiondmathie reactor size by more than one order of magnitude

(in the 10 abovementioned example, there is a size ratio of 11:1). For

1piodiesgrpradustianmtie Prorgss-ascRIgHNIE I RS HaMIoN iSIRRARI|SH detail

signifi%apgy less exgensixe roces.shinlgt of fattﬁ raw materials with a high

elo 1th referefice to drawings, without restrict t thereto.

proportion of free fatty acids as’ comparea with‘the prior art processes and
thus covers a larger and less expensive spectrum of fatty raw materials. 15

Preferf&t h?ﬂ%ﬁﬁﬁ@ﬁf%?ftﬂé’aﬁ%‘@é‘gé e HF(S‘iﬁﬁ't’t%dﬁ’?‘é‘lfnygﬁffﬁ?ﬁi%ifflﬁgial (1) is
illustraterdrited étaileb Bloivtivithhaeferenoditg drawinyspiwitHout restrictifagyitacids in

theretqp, Eigr.d gpwhiandiagram ofapartishatyrielered embediment Bheud
5 tarting material ﬁel) IS se {elrat_ed in step 1) of the process accordl?agto tthe,1 )
vent B POG HELTalt 508 - ABpAVAHS LY R VL edrieril )

streans detprisingusyesiduatstarting FRtENat(2)endiaRo sreandomprisinge
free fagty.aGids(3) IR SHBambEOMPHSNGRSIGA! Btasting matenald@e process
according to the invention. The stream of the free fatty acids (3) is then fed to a first reaction

stage (30) in step 3) of the process according to the invention, for example consisting of a

25 flow tube reactor which contains a fixed bed consisting of a bed of catalyst particles
(particle diameter 0.5 to 1 mm) with a length of 1 to 10 m, together with a stream of alcohol

(4). The diameter of the fixed catalyst bed arises from the volume flow of streams (3) and

(4) such that the mean residence time of these two streams in the catalyst bed is 5 to 30 min.

The superficial linear flow velocity of liquid phase is 1 to 5 mm/s and the frictional pressure

30 drop in the particle bed is less than 0.5 bar/m. The conversion of free fatty acids at the outlet
of the first reaction stage (30) is then at least 95%. From the product stream (5), in a
separation stage (40), in step 4) of the process according to the invention, the water by-

product and the excess alcohol are evaporated and removed as stream (6). The separating

stage may, for example, be a falling-film evaporator or a distillation column, which are



is fed continuously to a reaction stage (20),for transesterification (though
other multistage processes for transesterification are also conceivable here)

in step, 2} ldhe HERSSRS:AGFQLdiRG R AhE IOVRRLOH. TRE.SHERAM.QE thelfige ) is
fatty acids (3) is then fed to a first reaction sta e(()(BO% in step 3) of the

! . th .
procesEOHAROHE TR Mddhtiony tof ERamps YRSty B s B iga®
reactostephichf tomains acdixdthpedeonsistiing Biarbedootcatalystspendiciesrms of
(particlgdiameiab the QiR Wit atenah Qfidner H MM EPASIO G WALt of the

5stream of alcohal (4). The diameter of the fixed catalyst bed arises from the
Volum&E AW SR AR E?}“ﬁ??d’“i‘i)t%ﬁ%eﬁ“fh(gpthsea%%§n99g"s}°&é%ic"e“ i &spm from
these tedistreasnenisagee Datalystehe @95 % basg0omire sThe supéifitial nemn stage
flow velgcity afrlianid)Riaserise k48, adnmisianshikenfridionabRiassweidd dieR is
in the %%[tcilcl.e bed is I@j thap 0.6§ bfagm. The convi?rsion tgf free tf.attytaﬁidstat
the outfét ‘of tHe st rédctionBtage’ (305 & el at 1east’dbv. Erom the' < *re™
produdct Steeamt®) nirieaiabepiahation ey ¢ao)tionstess Lodftheapiestasdisation and
1@ccordingiiRshe in@ntinnetbe waleyibypyodue! andvbn, excassnmlconolrig of
evapoglgot gsgrgfrizgemoved as stream (6). The separating stage may, for
example, bea alling-film evaporator or a distillation column, which are -9-
operated at atmospheric or reduced pressure. After the separation stage, .
strear ‘(%ﬂ%e‘%iﬁ’ﬂéfaﬂﬂﬁ{fﬁ}e&riﬂ;?&%hEeé‘ﬁ”d'%% RSaeP esrtR Y 4 EBH IR tesicted
furthetheetotion stage (50) in step 5) of the process according to the
invention. This reaction stage corresponds in terms of construction to the
reacti@xsigae (30). The conversion of free fatty acids at the outlet of the 5
second reaction stage (corresponds to stream (9)) is at least 90% based on
13he streamdrant dhenfirst reaction stage (5) and at least 99.5% based on the
stream into the first reaction stage (3). The stream (9) of the free fatty acids

which Naventhuis RRRR CPORYRLLEH IR BIkYILRGHS IRoRFARE WA SRR (OP}rdfarty

step 6) of the r{)rocess according to the invention, to the stream 2811) of

startintf iiateri STaHicH SR O ToR e tedctidh MAEE Caprer:: 20 meKOH/g) were
transesterdiceation’éatl 20 haklikewisebeenmconieisd 4ol alkydsesters 4derasith a

to obtainyfarLypmpie; frsiieam Qfribiadigsel(12). Hapdnventigrisillisiaigdion

n detail below by the examgles, but without being restricted thereto. |

2¢£xam FISEES BB BAPSIRBEARHIS: 7 48 Y SH rffiRtlre 57 PPt deg g had 2
oleic atiihetadoifdl eim avidwwithrenpbritedtioh fieedfbdtyreadtid svoh 20961yt heditghith
(corregpongisa R Acid R RSROE AMBERX s SLINBIBGNI) VK of free fatty acid per

kg of catalyst and hour, and a superficial velocity of 2.3 mm/s. In the reaction product, an

acid content of 0.25% by weight was determined.

25 A conversion of 97.5% with a molar ratio of methanol to fatty acids of 20.8:1 was thus
achieved. This gives rise to a space-time yield of fatty acid methyl ester of 123.4 g per litre

of reactor volume and hour.

Example 1

253 g/h of a mixture of oleic acid and linoleic acid with a content of free fatty acids of 100%
30 by weight was passed with 605 g/h of methanol at a temperature of 83°C and a pressure of
4 bar once with a residence time of 15 min over a fixed catalyst bed composed of 650 ml of
acidic ion exchange resin (corresponds to 121 g of catalyst mass (dry)). The catalyst

particles had a diameter of 0.8 mm and were immobilized in a fixed bed reactor with a



passed with 178 g/h of methanol at a tempgrature of 83C and a pressure of 4
bar with a residence time of 15 min over a fixed catalyst bed composed of

650 m&é?if&'ﬁ’é&l QR O ENANGES %593 &99(5%%&%@@?&&&@%&9@&@&@%%2 1 kg of

mass (dry)). The catalyst particles had a diameter of 0.8'mm and were

immobIfizettih5 fixEu et FALERAIMACA cARAS UL IBnGIRCBr .38 M™4nlg the
gives risetion gpedtaly st hourlyogpacefvakieityy of 9266 kg ok fraafatty.acidfger acid
kg of Q%@B@Bﬁ‘@%hQW&BQCQ%EQFﬁEQ'QW@JQQWa LSREYR1dRARayeaatimhy
fproduct an a9c|d cont?nt of 0. 25% . Welg:t was determined. 25 A
ConvefSiaw bt a7 S0 itR & FRiSISr YAHS FiastHanol to fatty acids of 20.8:1
was thus achieved. This gives rise to a space-time yield of fatty acid methyl
ester §8488%2q per litre of reactor volume and hour. Example 1 253 g/h of a
mixture of oleic acid and linoleic acid with a content of free fatty acids of
100% 230 %y sheighttwasipassed dvitodssgm( O 1fretharedhak aleenapérand tmdéic
83C aﬁtdda\@neaswﬁe@f & bk engeaith ¢ residencectimeval Baseinavese g/h of
fixed calglyst hed compased o 650,m! of, ACCIC [on, GXChANGR e gpuce ime of
(correspon g fo 151" 5 catalyst mass Brys)s) The cata yst partlc es dﬁ
1Qiametersr 8 minflad atresinissobimiademh of fidddbed @aﬂe@o}owmaifa%e resin
catalystdaechiaagib of12:Q3 muawktisnggye&yj;saﬂara eatalysphaurySpaGecontent of
Ve'oc"éfﬁ%z by K88 fre%eﬁ%mf,s - tli Of GRRANSELANG R APE Eum and were

superficia velocny 0¥V2 3 mm e reac on product, an acid content o

2.8% ByRBIbFCRS festeheifsasion with K sty e ke deraerSioABSR Fhisgg odise to a

achievaduykhisgiyestisekeiay spacefinende eftaityeacichnaeting: arasi@r oind a
1$97.1 &&%Jiﬁ%&&@@s}q y%mer’ﬁmip &g mRERAMRIGR %éﬁl&@cs?ﬁéswﬁé&%ethe

of fatty acid methyl ester (97.2% by weight), oleic acid and linoleic acid with

a cont@ﬁ‘ft&“fi’é‘édféit?él’:‘?d@iﬁfeﬁtﬁ W\}vé‘?éﬁt%srﬁ%%@éﬁfﬂﬂﬁe%@% %rﬂgf"d for
methanahate itetnpepatir 8 0éBICHantdeaspréssuhe Hifsdebarifiradenwitheaa fatty acid
residegge Jimg fbGd MRV eLA.fixed catalyst bed composed of 650 ml of
acidic ion exchange resin (corresponds to 121 g of catalyst mass (dry)). In

the reaction product, an acid content of 0.24% by weight was determined.

The catalyst particles had a diameter of 0.8 mm and were immobilized in a
fixed bed reactor with a catalyst bed length of 2.08 m. This gives rise to a
catalyst hourly space velocity of 0.06 kg of free fatty acid per kg of catalyst

and hour, and a 15 superficial velocity of 2.3 mm/s. The starting mixture of

this example corresponds to the



reaction product of the first esterification sfage after removal of water, as
described, for example, in example 1. Based on the feedstock of the first
esterifisgliph stage, a fatty acid conversion of 99.76% was thus achieved.

-11- Claims 1. Continuous process for esterifying free fatty acids present in
startlng_ nlat%!)%lts ugurgar%%ggg I%&deg¥rg§/ilrlea§r%éhf t yteagl%smc rleze';ﬁrpnms/tlzg nth(ranggrleals,
fatty acids from tlfqe remaining starting materia aby means 5 of a custo ary
deacidificatich¥oeess by pojstivHEINcPe4Eting the deacidified starting material
remaining after step 1) in the form of a transesterification to obtain fatty acid
alkyl esters, 3) rBactingihethirdecéttyy acidsiwithial cotoleaa simtjratiershonemeans
fcidic catalyst in adixedsRadnRdhafermaiarsterification reaction, 10 4)
optionally removing the water formed as a by-product in step 3), optionally

together with atjeagha,patian. of '&%%l%@f&ﬁléd%?é?m{gebﬁﬁggd% SR by beer step 1)

optionally further converting the dewatered product obtained from step 4),
optionally with additidhe&¢irherareskol aimdearaadrormsddint Sitalyst in
a fixed bed, in the form of an esterification reaction, 15 6) mixing the reaction
product obtained frisast&te f13jremtibr arids rad asah Prosinetavisichorsairipis catalyst
obtained from stepib) Witk the, iemaibing Siading fimasefiakehtained from step
1) and/or the fatty acid alkyl esters obtained from step 2). 2. Process

1@ccording to Claim chicharaeigsigeddn thatthenatleastope Reldiceateystidiy
comprises a strongtla/ agidic,igr%h xchange resin. 3 Prqcess accor.ding tg)
a

Claim 1, characteris&a I thial the At 163st8ie Belfie Chtafy S He bR

polymeric, macroporous resin with free sulphonic acid groups. 4. Process
according to any’orRBUgrHe BroeeEiRY CRs Y, ERarEelanody intRRedHEom step 4),
deacidified, remainipgostalstinghmateirialbofstep dydsotrarisestérifiech¢éadditycatalyst

acid 25 alkyl esterg,; pr; RI0£QSH ARGOMHIDLIQ ANHERR Ak felaims 1 to 4,
characterized in that a removal of the water formed as a by-product in step

15). optionally togetherwith at least 8 AR ok 1S Aegngl HhGoRYerieg,In
step 3), takes place.
product which may be obtained from step 5) with the remaining starting
material obtained from step 1) and/or the fatty acid alkyl esters obtained

from step 2).

2. Process according to Claim 1, characterized in that the at least one acidic catalyst

20 comprises a strongly acidic ion exchange resin.

3. Process according to Claim 1, characterized in that the at least one acidic catalyst

comprises a polymeric, macroporous resin with free sulphonic acid groups.

4. Process according to any one of the preceding claims, characterized in that the
deacidified, remaining starting material of step 2) is transesterified to fatty acid

25 alkyl esters.

5. Process according to any one of Claims 1 to 4, characterized in that a removal of the
water formed as a by-product in step 3), optionally together with at least a portion of

the alcohol unconverted in step 3), takes place.

6. Process according to any one of Claims 1 to 5, characterized in that the removal in

30 step 4) is followed by performance of a further conversion in step 5).



6. Process according to any one of Claimg 1 to 5, characterized in that the
removal in 30 step 4) is followed by performance of a further conversion in
step 5). -2- ﬁpgéggg&%ﬂi%qg%m&%w ﬁ%&ﬁ%@&%@&%@g&@ MSnat step 5) is
characterized in that step 5) is performed more than once, and the sequence
of step 4) antFEEPs) T8I PerfbTifdchie™ HEROARL I8P Bl SpREeravly
according torariyrone ofrthikapreceding claims, characterized in that the 5
alcohol is added in step 3) in a molar ratio between 5 and 40, preferably in a
molar rato lretweenbdiand2byand shosppreiiablyibetveantclianct2Othd.
Process according;to, any ane of the, Rsceding SIS shameierizes, i M.

reaction (step 3)) and/or further conversion (step 5)) are carried out’at
temperatureSAieRFEER Krahd® roh ot ratkrabin setiradi 86 Zhd 95C. 10 10.
Process according to any one of the preceding claims, characterized in that a
catalyst RouFlpsperseovdisditpf@spidhe Origybigidamattharddipred kghef reaction
catalyst and Reyn))RiRferabii-baiivesnnl@anasH kg mera piefeially-hatyeeieen
1.5and 4 kg Ipdligolgcﬁep%ts 'rll step ‘3’)1 Q@gr{&’ﬁf" p 5). 11. Process according

CICI. - .
to any one of the preceding claims, characterized in that the 15 pressure in

step 3) and/or step 5) is selected such that it corresponds at least to the

1Qapour presdirs BT e Ao RN SBGO 11 BREHlECHURs NI ARy DHE B et
preceding claimnty gherackeriizetd(n thad kgroh&re dopholliscakddddinlstembhour,
13. Process according to any one ofkghe preceding claims, characteriz%g in
that the 20 reisvblyibratets Apnd Sffecteertsyanisftsbinkspivsedssen ér
evaporation. 14. Process according‘it]o any one of the preceding claim§
characterizedxinttiatithe) superfiaid)velocity of the fluid phase in the fixed
catalyst bed is 1 to 5 mm/s and the length of the fixed catalyst bed is 1 to 10
m, SO as ta.resulsinaecoesigencajime of {esprthanindCeriinutasriedld Uisehaf the

14he process aecording 9, anyane KL SAMaLAR LhPR RN LA RRBIACESRIPh the
producing biodiesel. ¢ the aleohal used
vapour pressure o € alconol useda.

12. Process according to any one of the preceding claims, characterized in that further

alcohol is added in step 5).

13. Process according to any one of the preceding claims, characterized in that the

20 removal in step 4) is effected by membrane processes or evaporation.

14. Process according to any one of the preceding claims, characterized in that the
superficial velocity of the fluid phase in the fixed catalyst bed is 1 to 5 mm/s and the
length of the fixed catalyst bed is 1 to 10 m, so as to result in a residence time of

less than 30 minutes.

25 15. Use of the process according to any one of Claims 1 to 11 as part of a process

for producing biodiesel.



