-1- Process for heterogeneously catalysed esterification of fatty acids The
invention relates to a process for esterifying free fatty acids in vegetable and
animal fat with alcohols over heterogeneous acidic ion exchange resin
catalysts at temperatures of 60 to 120C. 5 Vegetable and animal fats and
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fatty acids is reduced by conversion to fatty acid alkyl esters. The literature

disclodds TREBERE G ATEN B R B RN A i PRES S SRR Y S (R Ro Y
with thevaithsfial Himpgeneous! dcidfetivatadystnior bxemspié with methanol to give the
pP-toluepesPRRIGAG theid HERWEME!Ss thiS REOFRSS Rt Retelative lyighficy Ity
catalyst removfal, since th mirg&rsa‘lmcid catal st(p S o be.gglftralised art]ld

tra ses{ rification of (r écFr methano da eads, to Yll ?sses ﬂ% to the result
removed with an Immisci IC]UId entrainer added actually béfore the

1@sterifibaition (BaBreitrmiler drgh Godemg OrerafiseeiGhemimsgdblcGenigodiesel
Thiemgrodesiad, A9éredtdeaditians Riid Mehstore 490414, ) ifEkhRA 920SRtent of free
descrip%s a process f%rbdeacidif{in%?ttts gc(rﬁﬂlﬁgn which acidic solid ion 20
S, and w

a acC1ds 1S reduce onversio esters. .
exchangé resins are useydC as ca aﬂys ) se removal from the reaction

mixture is_followed by removal of the water by-product. However, a high

excess S HEREGM L re quirea iAoy i dbe BE S Re A d igh Odléﬁ‘()g'rgtﬁtﬂaml

of the frle fizttyidoifisy Ronexamplejcidic aafalty.atid compsrieneh&sicaic acid.
lmeIar WQQiutsopt%%ésa&fglféyQeﬁtlgéﬁldlﬁlﬁgg Qgﬁg/stl: Iglrnomiﬁ giﬁg"@g\fﬁneral acid

removal of the water by-product from the reaction product, the methanol used
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followed by removal of the water by-product. However, a high excess of methanol is
required in this process to achieve a high conversion of the free fatty acids. For example, for
a fatty acid conversion of 95%, a molar methanol to fatty acid ratio of 35:1 is required. For
the distillative removal of the water by-product from the reaction product, the methanol used
25 in excess likewise has to be evaporated owing to its lower boiling point, which causes a very

high energy consumption.

According to EP 0192035 (Example 1), an addition of 0.2 1 of methanol per 11 of oil with
an acid number of 10 (corresponds to a content of free fatty acids of 5% by weight) is
required. In order to achieve a conversion of the free fatty acids of 90%, i.e. a reduction in
30 the acid number from 10 to below 1, according to EP 0192035, an amount of catalyst of
7 litres per litre of oil per hour is needed, which gives rise to considerable reactor volumes

and correspondingly high capital costs.



7 litres per litre of oil per hour is needed, which gives rise to considerable
reactor volumes and correspondingly high capital costs. -2- DE 19600025
describes a two-stage process for esterifying free fatty acids with
heterogeneous catalysts analogously to EP 0192035, wherein the water
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silica gelshased satalysisda prpResads heidhese appear disadvantageous for
the following reasons. 20 Under some circumstances, all catalysts exhibit the
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which also include the ion exchange resins, is thus advantageous. The
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generalyvinesemseskilled in the art and encompasses the discharge of catalyst material into the

product. It is advantageous in this context when the catalyst consists of substances which are
at least chemically similar to the starting materials, or products of the process within which
it is used, in order that contamination of the product by leaching has a lesser adverse effect
25 on the product quality. In connection with the preparation of alkyl esters, the use of
hydrocarbon-based catalysts, which also include the ion exchange resins, is thus

advantageous.

The person skilled in the art is also aware that increasing the temperature generally increases
the reaction rate of a chemical reaction and hence, within a given time, an increased,
30 economically advantageous conversion to product can be achieved. DE 19600025, however,
points out the inadequate thermal stability of the ion exchange resin catalysts and the use of

other heterogeneous acidic catalysts in applications under high temperatures.



the reaction rate of a chemical reaction and hence, within a given time, an
increased, 30 economically advantageous conversion to product can be
achieved. DE 19600025, however, points qut the inadequate thermal stability
of the ion exchange resin catalysts and the use of other heterogeneous
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further reactimgnhtheifiieedaityaecids witkxetleghotsiatiemperatures between 60

and 120C using acidic, heterogeneous ion exchange resin catalysts. 15
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fats and oils whose content of free fatty acids by nature is not sufficiently low
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of natural fats and oils are coconut oil, palm oil, palm kernel oil, 20
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are obtained, for example, by at least partial esterification of 25 glycerol with
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ZWeget&b{ﬁ)tﬁﬂéd&Hﬂ/[@ﬁe@wﬂﬂm, (gill&lndnut oil, olive oil, linseed oil, babassu oil, tea oil, olive

kernel oil, meadowfoam oil, chaulmoogra oil, coriander oil, soya oil, castor oil, lard oil,
bovine tallow, pork lard, fish oil, jatropha oil, recycled cooking oils, fatty substances from
algae, and sunflower oil. In addition to the natural fats and oils, it is also possible to use
synthetic fats and oils. These are obtained, for example, by at least partial esterification of

25 glycerol with fatty acids.

Preferred starting materials are vegetable fats, animal fats, vegetable oils and/or animal oils,
especially palm oil, palm fatty acid distillates (PFAD), jatropha oil, recycled fats from used

cooking oils and/or wastewater cleaning, and bovine tallow and poultry grease.

In the context of the present invention, the term “fatty acid glycerides” should be understood
30 to mean all glycerides of fatty acids, i.e. both fatty acid triglycerides and corresponding fatty

acid partial glycerides, such as mono- and diglycerides, and mixtures thereof.



especially palm oil, palm fatty acid distillates (PFAD), jatropha oil, recycled
fats from used cooking oils and/or wastewater cleaning, and bovine tallow
and poultry grease. In the context of the present invention, the term “fatty
acid glycerides"” should be understood 30 to mean all glycerides of fatty

acids, fenbathhfatyoRain tiolvreridesiandragrmRsRonding fatisoasis arialiphatc
glycerides, sluch. S meno- anld giglycerides, and mixtures thereof. -4- In the
context 0 Hécﬁfégeont invention, atty acids are understood to mean aliphatic
carboxylic acids of the formula (I): R"CO-OH (I) in which R"is an aliphatic,
linear or branched cafbbf f4dical havﬁli)g 6 to 22 carbon atoms 5 and
optionally one or more double bonds. Nonexclusive examples thereof are
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ydroxide in mg which  is required to neutralize 1 g of the sample to.be
1 o TS Shes i SR DR 60 Sy s e ity b o
acidic hete regeREG sTRbeTSRch rene S It e ta/ s cares fpidies rdo A8t reig R &

acidic polymeric macroporous resins with free sulphonic acid groups. The ion
exchahgsisesimcatalystsicis ednprafechiblyshby evan dgtivityioh aydeastedrilnkgydich

free aigi%eﬁfelﬂgt(?fng@tlﬁi&%t'lgqiff "f\g'\lﬁﬂfé R@rﬁ&%lﬁél&a@@ﬁm%@west version
because it ensures that the process according to the invention is
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velocities in step 1) and/or 3). Likewise preferably, the acidic, heterogeneous
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particlesdieneypeeterablyphavingsadiamete s bgiweerialaups0.5mmand 1mm.

When patrticle beds are used, they are used preferably in the form of a fixed

bed. Prefasansenadg it givemipcantighinetnenaarticle-had ior theeioron akas free
fixed ba% %grclpg toi}aétatta ?stf%%gs la'-l)(:etlfilzity is particularly advantageous because it ensures that the
process according to the invention is performable reliably with the advantageous catalyst

20 hourly space velocities in step 1) and/or 3).

Likewise preferably, the acidic, heterogeneous ion exchange resin catalyst is present in
particles or particle beds, the particles more preferably having a diameter between about

0.5 mm and 1 mm.

When particle beds are used, they are used preferably in the form of a fixed bed. Preference
25 is given to configuring the particle bed in the form of a fixed bed such that the fixed bed,

using the above-described catalyst particles, has a pressure drop of not more than 0.5 bar/m.
Preferred lengths of such a fixed bed in the form of a particle bed are between 1 and 10 m.

The person skilled in the art is aware of suitable methods of achieving the properties of

fixed beds just mentioned. Nonexclusive examples include suitable compacting of the bed,



using the above-described catalyst particles, has a pressure drop of not more
than 0.5 bar/m. Preferred lengths of such a fixed bed in the form of a particle
bed are between 1 and 10 m. The persongskilled in the art is aware of
suitable methods of achieving the properties of fixed beds just mentioned.

Nonexglusive SxRmpliesinelude suitable compacting of the bed, -5- or use of
guide plates in the bed. It has likewise been found that, surprisingly, the
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starting material in a molar‘ratio ot 5 to 20, most preferably of 10 to 20. The
reactidif itk free fatty acids in step 1) of the process according to the
invention is carried out preferably at temperatures between 80 and 95C. 20
LikewiSee plestestidb Npedia ptap) bifiike progss acariémialin gieontsetipneratistplsin a molar
1 Farried-eus ahsededradedipeassy teide st e tm ambigint Iass pradlddlonbRa)ent, the
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according to the invention in s%ep 15 such that it corresponds at [east to'the
vapoufbressure of the alcohol used under the other process conditions. The
vapour pressures of the inventive alcohols under various ambient conditions
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Warmeatlassuop.sionilay keferrncadotkacy eovuReyieular preference is given
to using pressures below 5 bar.

20 Likewise preferably, step 1) of the process according to the invention is carried out at
elevated pressure relative to ambient pressure (1013 hPa). Particular preference is given to
selecting the pressure of the process according to the invention in step 1) 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

25 are known to those skilled in the art, or are tabulated in the VDI Wirmeatlass or similar

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

The preferred pressures are advantageous because this prevents alcohol from escaping from
the reaction mixture through evaporation during the conversion. It is thus available in a
maximum amount during the conversion, such that the desired space-time yields are
30 achieved. An increase above the magnitude of 5 bar is only disadvantageous because this
prevents the necessity of using specialized pressure vessels to perform the process according

to the invention. The specialized pressure vessels are more expensive as a result of their



The preferred pressures are advantageous because this prevents alcohol
from escaping from the reaction mixture through evaporation during the
conversion. It is thus available in a maximgim amount during the conversion,
such that the desired space-time yields are 30 achieved. An increase above
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In connection with the present invention, catalyst hourly space velocity refers to the mass of

20 free fatty acid per unit mass of acidic, heterogeneous ion exchange resin catalyst and time,

kg
kg -h

expressed in

k
The catalyst hourly velocity established may generally be 0.1 to 10 k—gh’ preferably 0.15
g .

to5 k_g , more preferably 0.2 to 3 k_g .
kg-h kg-h

When a starting material with an acid number less than or equal to 40 by the above

25 definition is used, a catalyst hourly space velocity of 0.1 to 4

is preferred. Particular

kg -h

k
preference is then given to a catalyst hourly space velocity of 0.15 to 2.5 —g. Very

kg -h



kg At kg At When a starting material with an acid number less than or equal

to 40 by the above 25 definition is used, a catalyst hourly space velocity of
0.1to 4 kg is preferred. Particular kg At preference is then given to a catalyst
hourly space velocity of 0.15 to 2.5 kg . Very kg .At-7 kg particular
preference is then given to a catalyst hourly space velocity of 0.2 to 1.6 |ﬁ% h
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converted and hence the aim of a high space-time yield has not been met. A
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conversions of the free fatty acids and hence also to lower dgabe-time yields.

10 The catalyst hourly space velocity can be set via adjustment of the mass
Flow obttferéreeisfaiktly aicid sy oradjssimentsithelarinpofift. Dfoch .Ina
preferred development of step 1) of the process, the acidic, héterogeneous

ion exchange resin catalyst in the reaction zone is present in a continuous
alcohahidopliassaipsiinaty thacdretofiitys ardtisiareifinedy dispensedolsivteans acid
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static ikBracerigRARRSMeteHRPBUINEIXS!Jrocess technology measures, for

instance changes in the flow regime in the reaction zone.
10 The catalyst hourly space velocity can be set via adjustment of the mass flow of the free

fatty acids, or adjustment of the amount of catalyst.

In a preferred development of step 1) of the process, the acidic, heterogeneous ion exchange
resin catalyst in the reaction zone is present in a continuous alcoholic phase in which the

free fatty acids are finely dispersed.

15 Means of achieving a fine dispersion of one phase in another include construction measures
within and/or upstream of the reaction zone, for example in the form of internals which
promote specific phase conditions (perforated plates, static mixers, nozzles, etc.), but also

process technology measures, for instance changes in the flow regime in the reaction zone.

Preference is given to process technology measures. A particularly preferred measure is that
20 the reaction zone in which the conversion is performed is flowed through vertically from the

top downward.

In the preferred development, the reaction mixture, at the entrance to the reaction zone, is a
biphasic mixture of fatty acids and alcohol, the density of the alcoholic phase generally
being lower than that of the fatty acid phase. As a result of the density difference, fractions
25 of the alcoholic phase thus collect at the upper end of the reaction zone in the course of
stable operation of the process in its preferred development. As a result of the flow through

the reaction zone, these are subsequently entrained vertically from the top downward



Preference is given to process technology measures. A particularly preferred
measure is that 20 the reaction zone in which the conversion is performed is
flowed through vertically from the top dowgward. In the preferred

development, the reaction mixture, at the entrance to the reaction zone, is a
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dlsperéed form. It h{a\s now been found that, surprisingly, the alcohollﬁ%o, a?se
has a SIRITERREG ORI Lt "gp%sb%%ﬁi?%ef"tﬁ%"éé'ﬂﬁ%é‘f PIEST R AR TRy 0
1Gycid phetseal asaneesiiisoflwhichragloperatioivdrahithite alatieolfiovmns with the
continyyssPhase: ity whighethe. fatty acid is present in finely dispersed form
allows the physical properties of the two phases to be exploited in an 10

optima}, MaRA&H: s Moy pRCUALY Wﬁ@%%ﬁe&‘?&t%% e Jeaghions droplet

mixture with the catalyst surface to be achieved. In connection with the

presertivErtiol G HibPafspati6a fBA mE e brastfitsof drBisTe thai e s This
the fatfinadishghiaséeidstine amooh dbploase wf, ondagerage caetysdrehhaacBomrone

15This fing, dispessiRRLatR i3, MALNRMRARNEYIFloading of the catalyst in
the reaction zone 15 with the two phases, which in turn leads to enhanced

yieIdsT};Qe advanta e%vghich have S, risip(glllydbeen fouqd in.&ogﬁgj&ction

. dvanta €S 1C ave surprisin cen , 11 CONjunc 10h W ase ratio in
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energy 20 inputs into the Ig.roc.ess, which is economically advantageous. The
2hroced@PaE AP IRF te HHAtiEr IAtiTR B AshE agF dsvelopment of step 1) is

The process according to the invention in the preferred development of step 1) is
advantageous since the conversion based on the proportion of free fatty acids is already

greater than 98.0%, and so the object of improving the space-time yield is thus achieved.

The process according to the invention and its preferred developments can be performed
25 with or without removal of water in step 2). Preference is given to performing a removal of

water and if appropriate alcohol at least partly together therewith.

When removal of water in step 2) of the process according to the invention is desirable, in
this preferred process variant, the stream obtained therefrom is either sent to further
processing by a transesterification of the triglycerides by a customary process known to
30 those skilled in the art or, if appropriate, to a further conversion in step 3) of the process

according to the invention.



advantageous since the conversion based on the proportion of free fatty
acids is already greater than 98.0%, and so the object of improving the
space-time yield is thus achieved. The prgcess according to the invention
and its preferred developments can be performed 25 with or without removal

of watef.ig-steri2ivEl iSRRI el 10 Reporming-arigmeval af e RAGhat
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furthen psREESEINEE: bvantiansesiaificrtionel thaitrigMeakides bypa-clusio mayror
roce§§ekr11]ovgsré tng }Q?Setﬁek(i,%ee%tin the art or, if appropriate, to a further

conversion'n's ep 3) 0 tie pro&es's according to the invention. -9-

Preference is given to performing step Zg of the process according to the .
inventfo EUTAATs Shigruosite: 1a're oVEaP RIS IEr oAty 4Y Pty together with
unconienddialesmohischtiiivavaiable tdisfilitier. progéssimg bymration or membrane
transegteufication Qririet fUMEEHONdRIeR 3 18ldbgIRIGRS.ACCOrding to
the invention, and the process thus leads to an increased space-time yield for
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and, if appropriate, alcohol at least partly together with it include, as _
Ihonex¥Ri%ivarEsth PIEETEISt AtV rdRtifestivh "R raticRe B¢ ik mbyapehobic
processesyrulaoeecsuiiipl leambadinentiigeenknown dodblgseskilecdmitecart.
Particular preference is given to selective removal of water with the aid of a
membyaneisd favienadasticetan prefesence s giveniiQseisclive pesrayalddyding to
means, of.a iydrophapic  membrane, for example coms c%ﬁgif}” Syalable ;i
microporous poflyp pylene membranes. Cikewise particularly preferred is

removeirBfHiReNparer Agests P2 BE the ProEessIatebidmtitelathie implsitiofence the
130getheswithia pedianar theedtualycpiithe alcahal hyesaparatian vikbis is
particularly advantageous because the apparatus design is particularly

simpleyapd hange thetacasisef the RIQCRRE GaNpe)reduesthsuchdhatit o the
becomes more econ nt%all)e/fgrir%gle. When a further conversion of the free

G d cant t with thoyt th
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preferrdditsrocésgophriadtrdarstise cadied dutaddingorlopithloanderteen dditionrther
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preference is"given to a djlng, In S‘iep , an amou 1{0 alco o?'llesst an or
equal ststHe Xpnopmtigfa|pwkeatiee is given to adding, in step 3), an amount of alcohol which

corresponds exactly to that which has been converted and/or removed in the preceding

steps 1) and if appropriate 2).

Likewise preferred is a performance of step 3) of the process according to the invention
25 under the correspondingly preferred conditions with regard to temperature and/or pressure
and/or residence time and/or catalyst hourly space velocity, as have been specified in step 1)

of the process according to the invention.

In a preferred development of the process according to the invention, step 3) is performed in
such a way that, in the reaction zone in which the further conversion is performed, the
30 acidic, heterogeneous ion exchange resin catalyst is present in a continuous alcoholic phase

in which the free fatty acids are present in finely dispersed form.



step 1). Very particular preference is given to adding, in step 3), an amount of
alcohol which corresponds exactly to that which has been converted and/or
removed in the preceding steps 1) and if gppropriate 2). Likewise preferred
is a performance of step 3) of the process according to the invention 25
under g1 6185 ROME RAY-RiCISHIBshANGitiops) Wit h JegRld 0 e MRERBIH B ove, it
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entrance to the reaction zone of step 3), the proportion of starting material in
the str¥&M¥is lower than in step 1) of the process. According to principles
which are common knowledge to those skilled in the art, the expected
conversidgirlindsrcathargeeitedtiest oppsaitin glaohditibasis thiuri¢éxsentaangiven
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2iiven to performing step 3) more than once. Particular preference is given to
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the inv@mioazdnoraiftancaneesion based on the free fatty acids in the starting material before

& of

performance of the first esterification reaction of more than 99.7% is achieved, and so the

object of achieving an improvement in the space-time yield is thus achieved.

A very particularly preferred variant of the process according to the invention comprises all
25 steps 1) to 3), wherein water, optionally together with alcohol, is removed in step 2) and the
alcohol converted and/or removed in step 1) and/or step 2) is added again in such an amount
that the same molar ratio of alcohol based on the amount of fatty acid originally supplied to

the process as in step 1) is re-established.

All processes according to the invention, or preferred embodiments thereof or preferred
30 individual steps thereof, can be performed continuously or batchwise. Preference is given to
performing at least step 1), preferably step 1) and step 3), of the process according to the

invention and each preferred variant thereof continuously with a fixed bed reactor. In this



20 The process according to the invention in the preferred development of
step 3) is advantageous since a conversion based on the free fatty acids in
the starting material before performance ¢f the first esterification reaction of
more than 99.7% is achieved, and so the object of achieving an

improvgment ifkte,sPaGe MR ¥igleris tHS.ARRIBYEheA YEEN RATICMHRIY through
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addednagaiihiRrsiveké@l amount that the same molar ratio of alcohol based

on the amount of fatty acid originally supplied to the process as in step 1) is
ge-estaplished AlbRIOCESSRRACEOMINGLIRRG invention anpiefarred . preferred

embodiments thereof or preferred 30 individual steps thereof, can be

perforftE CORtN AGER BT IS AEERURLL) BHePETSHEL TE G SHSEHE RGeSt steps
least stepld)bprgferably dtepeliianed stepoB)hofsthegrocesslascrdidgplolshe this

inventigp.andigash Brafsired.variant shereq) continuously with a fixed bed
reactor. In this -11- case, the fixed bed reactor more preferably comprises a

bed ofgalalyst pRKiclen thiouah, MGh siartind MR'eplaand Alealiols) fow.

continuously. In this connection, "continuous” describes more particularly the
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time specified for these steps should be equated to the residence time of the

starting, material and/or alcohgls in this, process steb (for example na fixed.. ,
bed reactpﬁ. By \glrtue_ (507'[ e proc. SS according tot e m_ventlon %né It_S )
preferretifisiaatscIrid Pod sis s D Tapdhentiest Whsendr pasforiiapace-time yield by

1 esterifipatianoidseesfaityoacitlsadvegatahler andianitiskiaisarnaiOE8aUSH) Ghis

a heterogencons acidic Ion exshanae resin catalyst wiih. a high space-time

yield at alow afpoﬁlcl)la%ggce.ss for any oncentrations of free fatty aC|des.e%lHreed and
surpridtig AT thaLRIEIS34EIBIRSto increase the reaction temperature
enables a significant acceleration of the reaction and hence a substantial

rise inAHerdonebaimge plahd bycdss ferordire ¢f Bibovesity 20eohpiedetedheion of
prior agfe hn-dpslustidal sgaledmplementation, this corresponds to an
approximately corresponding reduction in the reactor volume required and

ZGhUS r?é%tﬁlé&iﬁ%ﬁ%@ﬂ%mIQp%\(mg/%alving the amount of methanol required enables a
reduction in the energy requirement for methanol removal of 3.28 MJ per kg of free fatty
acid which is supplied to the esterification (in a typical industrial plant with a capacity of

12.5 t/h of oil with an acid number of 25, this corresponds to an energy saving of 0.9 MW).

For biodiesel production, this enables significantly less expensive processing of fatty raw
25 materials with a high proportion of free fatty acids compared to the prior art processes and

thus opens up a larger and less expensive spectrum of fatty raw materials.

Preferred embodiments of the process according to the invention will be illustrated in detail

hereinafter with reference to drawings, without restricting them thereto.

Fig. 1 shows a diagram of a particularly preferred embodiment. The starting material (1) is
30 supplied continuously with the alcohol (2) to the first reaction stage (10) in step 1) of the

process according to the invention. The reaction stage consists of a flow tube reactor which



A further advantage of the process according to the invention arises through
the reduction of the alcohol excess required. 20 In industrial application,
approximately halving the amount of methanol required enables a reduction

in the energy requirement for methanol removal of 3.28 MJ per kg of free
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catalyst bed i$ calculated from the volume flow of streams (1) and (2) such

that th¥afid 3N fadraBnek!frassr tHesdMivea <R A1 FRRRRLtdRSeHd 188 130)-
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bar/m. The conversion of free att}j/ acids at the exit from the first reaction
13tage IS4 R8MTBNe [ ASBHPBISOA R S TR 1S AP SEAT (3T (Waftbhe firs

by-producioanddghe excess alcohol are evaporated in a separating stage (20)
and removed as stream (4). The separating stage may, for example, be a
fallingffilmewaporatafen acisiiiatien colemaditddendd. aperated @iaterial (1) is
atmospheric, of reduced o mﬁﬁéjf;%aAﬂef E{Eﬁe 2R &h }a S SUERM {? 'B10), in
essentlaﬁfy anhydrous %]m IS mixe h further alco supplied to a
furtherstF@aJétPéﬁheswggészser)wmnfesfm%eovwgtwn@%@ﬁ@ﬁ%ﬁ@?@%ﬁ%ﬁ%ﬁaw tube
2(Correspands taitkachighn stagditdd bed bengamgersiarnaf reeafatly acidgeat {heticle

exit fr%‘“&&%&%‘?%“fjnﬁ%?%%”ﬂﬁgﬁ éF?r{oeﬁP%”‘f'ﬁetﬁﬁa%tJt%%? th)idRa | %[al st bed is

example, about 90% based on the startin ég material (5) of the second
reactldﬁlgtléﬁ’é 10 e V@R’Qﬁ{fﬂg A LY %%%@%@&%ﬁ%@eﬁ?ﬂﬁﬁlﬁﬁaﬁ fige of
(1) of thedirst reawiton skagealyst bed is 5 to 30 min. The superficial linear flow velocity of

the liquid phase is 1 to 5 mm/s and the pressure drop due to friction in the particle bed is less
25 than 0.5 bar/m. The conversion of free fatty acids at the exit from the first reaction stage is,
for example, about 95%. From the product stream (3), the water by-product and the excess
alcohol are evaporated in a separating stage (20) and removed as stream (4). The separating
stage may, for example, be a falling-film evaporator or a distillation column which is
operated at atmospheric or reduced pressure. After the separation stage, stream (5) is
30 essentially anhydrous and is mixed with further alcohol (6) and supplied to a further reaction
stage (30) from the top, such that the reaction zone is flowed through vertically from the top
downward. In terms of its construction, this reaction stage corresponds to reaction stage
(10). The conversion of free fatty acids at the exit from the second reaction stage
(corresponds to stream (7)) is, for example, about 90% based on the starting material (5) of

35 the second reaction stage and, for example, about 99.7% based on the starting material (1) of



Fig. 2 shows a diagram of a particularly preferred embodiment. The starting
material (1) is supplied continuously from the bottom with the alcohol (2) to
the first reaction stage (10), in step 1) of the process according to the
invention. The reaction stage consists of a flow tube 20 reactor which
comprigeg:a fxashpag.eonsisting of a bed of catalyst particles (particle
diameter 0.5 to 1 mm) with a length of 1 to 10 m. The diameter of the fixed
catalyshpeg iuGRIRURIGH, 10T ey M w AL SHEATS LA hnou
that the mean residence time of these two streams in the catalyst bed is 5 to
30 milCSFHESUPEHERI linear flow velocity of the liquid phase is 1 to 5 mm/s
and the pressure drop due to friction in the particle bed is less 25 than 0.5
bar/m Exsmplesversion of free fatty acids at the exit from the first reaction
stage is, for example, about 95%. From the product stream (3), the water

oipgnt €loevessaess e agis evaporated in a separating stage (20)
and removed as stream (4). The separating stage may, for example, be a
falling4filzn gvaperatairebargistiatorneolushawhiablds: epesatedcadtent of free fatty
atmospherig: 9p aeoqd BreR,Allerde %@@%%9&?@@%,&%@@_@Hﬁg)?)@as

essentially anhydrous and is mixed with further alcopol (6) and supplied to a
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fatty acids at the exit from the second reaction stage (corresponds to stream
(7)) is SHYPLLHh B e GH0 4 yRE i eshite S by FRRE AP (55t ek length
secondfredtioMistagecansk fornexainpleoualyopt@Na1dcityagedlohdhé tarting acid
materi r(lgg) é?fcatlﬁfsttgﬁifﬂ@&f%ﬁ??@ﬁbé@&ﬁ-vﬂ&é&%@ﬂﬁ%ﬂ@ |ﬂ“§1@%§éﬂ1éﬂ roduct,
detail below with reference to the examples, but without restricting it to them.
Examplet SRR pig A CntarBioR o8 1ty acids 1120 g/h of a mixture
of rapeseed oil, oleic acid and linoleic acid with a content of free fatty acids
L0f 12.396WysmEy Rt (8ot fediBrdadar driacomifiuse fofaparsk. 25 tig KOrygys
was pabzeeiviiths 26/€sgife af meibanat ateal iemperaidrecofy B3Erandia g per litre of
pressuyre of 4.barwith 8, fesidence time of 10 min over a fixed catalyst bed
composed of 650 ml of acidic ion 10 exchange resin (corresponds to 121 g of

catalyitX gpna§sz(_%r Jzérlihgoﬁtgg gttt aagHg:Ieg had a diameter of 0.8 mm and
were |mm%%|12€o&rn’a‘ﬁxgd‘f)€§‘r£rc{m with a catalyst bed length

379.5 g/h of a mixture of rapeseed oil, oleic acid and linoleic acid with a content of free

HC G

20 fatty acids of 49% by weight (corresponds to an acid number of approx. 98 mg KOH/g) was
passed with 474 g/h of methanol at a temperature of 83°C and a pressure of 4 bar 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 catalyst bed length

25 of 2.08 m. This gives rise to a catalyst hourly space velocity of 1.54 kg 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 1.27% by weight was determined, i.e. a fatty acid conversion of 97.4%

was achieved.

Example 3: Conversion and further conversion of free fatty acids - flow from the top

30 740 g/h of a mixture of rapeseed oil, oleic acid and linoleic acid with a content of free fatty



of 2.08 m. This gives rise to a catalyst hourly space velocity of 1.16 kg of free
fatty acid per kg of catalyst and hour, and a superficial velocity of 3.5 mm/s.
In the reaction product, an acid content of .21% by weight was determined.
15 A conversion of 98.3% with a molar ratio of methanol to fatty acids of 16.8
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acid content of 1.27% by weight was determined, i.e. a fatty acid conversion
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velocity of the reaction mixture was 1.39 mm/s. On entry into the reactor, the reaction
mixture was supplied through a nozzle which, at the narrowest cross section, had a circular

orifice with a diameter of 0.5 mm.

In the case of such a procedure in the further conversion, it was possible to observe
25 formation of a continuous methanol phase in the top region of the reactor, in which oil
droplets were present in dispersed form. This was clearly identifiable with reference to the
speed of descent of the droplets of the disperse phase. At a mean droplet diameter of approx.
2 mm, a speed of descent of approx. 28 mm/s was measured, which was thus significantly
greater than the mean superficial velocity of the reaction mixture, and so it was concluded
30 from this that the droplets are oil which, under the experimental conditions, has a

significantly higher density than methanol.

In the reaction product, after removal of the methanol, an acid content of 0.07% by weight

was determined. A conversion, based on the free fatty acids at the entrance to the reaction



removed by vacuum distillation. After the vacuum distillation, a water content
of 0.04% by weight in the distillation residue was determined. From the
distillation residue, 1098 g/h together with,290 g/h of methanol were passed
at a 15 temperature of 83C and a pressure of 4 bar with a residence time of

10 minquesanixecthsatalslihedreonpasgdai.6_0 ml of Amberlysf(r)BD20
acidic ion exchange resin (corresponds to 121 g of catalyst mass (dry)). The

Cata'yﬁv%ﬁ,i%'E%)%af‘ﬁg%:aagm{%%‘?{i&f oP Farm.and,yepe immobilized in a fixed

bed reactor with a catalyst bed length of 2.08 m and a diameter of 20 mm.

The reaction mixture was supplied from the top, agd sp the 20 reaction zone
was flowed through vertically from the top downward. I he superficial velocity

of the reaction mixture was 1.39 mm/s. On entry into the reactor, the reaction
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remov(z);lrlﬁfl)(f t@ﬁhn;lgmggglb 5ancuirq content of 0.07% by weight was
determined. A conversion, based on the free fatty acids at the entrance to the
reaction - 15 zone for the further conversion, of 87.8% was achieved. _
Overalf R StAT M AbieH ARUETERSA 8F 86 B9R8 LatB il EXathfple 4. by weieht
1Furthevssoleension dt fowerstemiperdiurds {ifeovitsorvidhe thpermomethethe reaction
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were 5 passed at a temperature of 65C and a pressure of 4 bar with a
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From the distillation residue of Example 1, 730 g/h together with 192 g/h of methanol were
20 passed at a temperature of 83°C and a pressure of 4 bar with a residence time of 15 min over
a fixed catalyst bed composed of 650 ml of Amberlyst® BD20 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 catalyst bed length of 2.08 m
and a diameter of 20 mm. The reaction mixture was supplied from the bottom, and so the
25 reaction zone was flowed through vertically from the bottom upward. The superficial
velocity of the reaction mixture in the reactor was 0.92 mm/s. On entry into the reactor, the
reaction mixture was supplied through a nozzle which, at the narrowest cross section, had a

circular orifice with a diameter of 0.5 mm.

In the case of such a procedure in the further conversion, it was possible to observe that a
30 continuous oil phase formed in the bottom region of the reactor, in which methanol droplets

were present in dispersed form. This was clearly identifiable with reference to the speed of



and a diameter of 20 mm. The reaction mixture was supplied from the top,
and so the 10 reaction zone was flowed through vertically from the top
downward. The superficial velocity of the fgaction mixture was 0.92 mm/s.
On entry into the reactor, the reaction mixture was supplied through a nozzle
which gt BENRQUPRSL 6f ARSIRGELOPhRA A Lk AR AEHIEEMMIP A e{%i@fﬁieﬁ%m a
of 0.5 mm, In the rea ction p£qdl%r(]:/t after removalhoﬁjthe ethan% [ acid 0
contert SF O gB5%b m?é’u it B Wa Y HetsiiRed A EE A RSO Baley SR He"
free fattty Ia@qdsuafrﬂifeabmnﬁeftélqh@%am@ﬁurzowé fonttes feanpleded from this that
COnVe[ﬁéodﬁroﬂfatg%I%Wméﬂﬁﬁcﬂi(w}iﬁ:ﬂedn@r\/&{@Qxﬁeﬁﬁ{éﬁtﬁﬁﬁynaﬁiQn@oﬁﬁéezfsei%ﬂ&cfantly
?9 7%1&5 Cc cul Exar ple 5: Conversion and further conversion of free

atty acids - ?ﬂ)v\y fom the bottom From the distillation residue of Example 1,
730 g/h together with 192 g/h of methanol were 20 passed at a temgerature

of ssd“aﬁl?& VRSN St A RAR LG A il U MR 8V ! Hikedeieht
catalystabddecompodedrof 650 miedfoA mbieb/Si(yYBO20( acidic R9h excivhigal.
resin (corresponds to 121 g of catalyst mass (dry)). The catalyst particles

had a diamietetoel g mimcandivwerefiosvmhilizedisea fixed bed reactor with a
catalyst bed length of 2.08 m and a diameter of 20 mm. The reaction mixture
was supplied from the bottom, and so the 25 reaction zone was flowed

through vertically from the bottom upward. The superficial velocity of the
reaction mixture in the reactor was 0.92 mm/s. On entry into the reactor, the
reaction mixture was supplied through a nozzle which, at the narrowest cross
section, had a circular orifice with a diameter of 0.5 mm. In the case of such

a procedure in the further conversion, it was possible to observe that a 30
continuous oil phase formed in the bottom region of the reactor, in which
methanol droplets were present in dispersed form. This was clearly
identifiable with reference to the speed of -16- ascent of the droplets of the
disperse phase. At a mean droplet diameter of approx. 5 mm, a speed of
ascent of approx. 20 mm/s was measured, which was thus significantly

greater than the mean superficial velocity of the reaction mixture, and so it
was concluded from this that the droplets are methanol which, under the
experimental conditions, has a significantly 5 lower density than the oil. In

the reaction product, after removal of the methanol, an acid content of 0.19%
by weight was determined. A conversion based on the free fatty acids of only
64.2% was achieved.



Overall, a total fatty acid conversion of 98.9% is calculated. - 17- Claims 1.
Process for reducing the content of free fatty acids in starting materials,
characterized at least by the steps of 1) rgacting the free fatty acids with
alcohols at temperatures between 60 and 120C 5 using acidic,
heteroggfigous ion exchange resin catalysts, 2) optionally removing water,
and optionally alcohol at least partly together with it, 3) optionally further

reacting the fige. fatty, acids.ith alcehals At lemReraiires; RENVESR £ ekrars,

120C using acidic, heterogeneous ion exchange resin catalysts. 2. Process
according to IS LAY BHPE S TRt in the course of the reaction in 10
step 1) in the reaction zone, the acidic, heterogeneous ion exchange resin
catalyst is presenttinzahedisaniibirsidicoHoteopplagelamrettiers thevrse faayd 120°C
fcids are presenting afinelyhdispansads fiorexBaldracassatearding to Claim 1

or 2, characterized in that the reaction of the free fatty acids in step 1) is

followed by rgmayahafyatlirkowAF Ha8e58.a0FPLRNBIIR ClaiIPArdyQbRiher with it,

characterized in that the reaction of the free fatty acids in step 1) is followed

by removal Oéf) ;’;}’@gﬁ?&@fﬂﬁ APk, RCEFS AGEP NI RCIRIRAR: at remperatures

characterize hat the removal of the water is” carried out selectively, with
the aid of a merBP4AROGI eSS iectiding Y6 eaaITA™ I HAFARIETIZED fAthal:
the water is removed together 20 with a portion or the entirety of the alcohol
by evaporatiBiecds Peestdiag cebialinhgetorlaiired ipthat. éhiaeterigetiths teagtion in
1ahe reaction géghe ifree feityioacids, sieRpid histollaned by apRHQ rBanegBft is
a further reaction in ste of the free fatty acids.wi cohals at .
fomperatur et Bt tet B e T e e B A e R e presentn
exchange re8i§lydtagsed. f95'8. Process according to Claims 3 to 6,
characterized in that the removal in step 2) is followed by a performance of a
furtheBreactioncisstapr@npfdtitdaine b dattylacidsrizithindleo o s atiterpipbedter égty

between 60 angh 1206 HWSNGIRGEIGyhEIRFAOaRERYS ion exchange resin
catalysts. -18-

15 4. Process according to Claim 1 or 2, characterized in that the reaction of the free fatty

acids in step 1) is followed by removal of water and alcohol.

5. Process according to Claim 3, characterized in that the removal of the water is

carried out selectively, with the aid of a membrane.

6. Process according to Claim 4, characterized in that the water is removed together
20 with a portion or the entirety of the alcohol by evaporation.
7. Process according to Claim 1 or 2, characterized in that the reaction of the free fatty

acids in step 1) is followed by a performance of a further reaction in step 3) of the
free fatty acids with alcohols at temperatures between 60 and 120°C using acidic,

heterogeneous ion exchange resin catalysts.

25 8. Process according to Claims 3 to 6, characterized in that the removal in step 2) is
followed by a performance of a further reaction in step 3) of the free fatty acids with
alcohols at temperatures between 60 and 120°C using acidic, heterogeneous ion

exchange resin catalysts.



9. Process according to either of Claims 7 and 8, characterized in that, in the
course of the reaction in step 3) in the reaction zone, the acidic,
heterogeneous ion exchange resin catalygf is present in a continuous
alcoholic phase in which the free fatty acids are present in finely dispersed

form. 5 10. RReaIaRELAMEIDYiIRANCRRROS LalPdMBalactrizetPiPiaN A At eraedor

in that the reaction .and/or fu3rther reaction is carL'ed out gt temperatures

between 80 SRd°8BE" P13 B3t EsSREEEI AN BRy ORe BF CPSS {3 pchanee
characterizettiimn thabthes fuetserire setiondsspredetie dhpye additigntlest zdditionalds

alcohol. 12. Rxasessiacaaédingjaanpene of the preceding claims,
characterized in that step 3) is 10 performed more than once, preferably the

sequenge of SRR 2) A0 HIeD.) PR ElaRs ONLe-d §: RIRCRSSAGEHAIRY Mction

any one of the preceding claims, characterized in that the alcohol is added to
the starting rHSfEHEMIF'SEE LT h AHEGISH AhERMBIa U HiotEC preterébly of 5
to 20, most preferably of 10 to 20. 15 14. Process according to any one of the
precedihg clBiRvsSScirarittgrizethirPthad thbinacidie, | HetbtgeHedus igpf the further
exchange resintaial yeisaiebstianghy aciditqpoedy meHE. macroporous resins
with free sulphonic acid groups. 15. Process according to any one of the
preceding claigssschasreietizad thdhatik satalyst hawlyrsrace xelpcity: akPsl is

0 10 kgkg h , preferably of 0.15 to 5 , more kg 20 preferabl
16(:3"[;51|yst houﬁ)eﬁs{)gg%dgr{ll‘% ot([;lﬁl)ll Oonfﬁﬁr?g%hg’g&e S?éluﬁlr’lé% g% ife;P 5) ang ste}y 3% more than
once.

13. Process according to any one of the preceding claims, characterized in that the
alcohol is added to the starting material in step 1) in a molar ratio of 5 to 40, more

preferably of 5 to 20, most preferably of 10 to 20.

15 14. Process according to any one of the preceding claims, characterized in that the
acidic, heterogeneous ion exchange resin catalysts are strongly acidic polymeric

macroporous resins with free sulphonic acid groups.

15. Process according to any one of the preceding claims, characterized in that a catalyst

k k
hourly space velocity of 0.1 to 10 —g, preferably of 0.15 to 5 —g, more
kg-h kg-h

20 preferably a catalyst hourly space velocity of 0.2 to 3 , 1s present.

kg -



