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=

The literature discloses the esterification of free fatty acids with methanol with the aid of 2
homogeneous acidic catalyst, e.g. p-toluenesulphonic acid or H,S0O, (Mittelbach,
Remschmidt, Biodiesel — The comprehensive handbook 3rd ed., 2006, p. 60). However, this
process requites 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 camried 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
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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



30with at least a portion of “the al cohol unconverted in step 3), WO
2009/ 056231- 3‘70@@2%8/ 008763 fixed-bed, in the fRGH/BP2G08/008763
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lard, etc. |ngthe teaniantwepht the present invention, fatty acids are
all aliphatic carboxylic acids of the formula (1) 15R1-CO OH(1), or

m xtures of different coppounds corresponding to formula (1), which
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15 R'-CO-OH m,

or mixtures of different compounds corresponding to formula (I), which are already present
in the starting materials as fatty acids, referred to hereinafter as free fatty acids, or can be
obtained by hydrolytic cleavage (saponification) of the fatty acid glycerides present in the
starting 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 conmection with the present invention, alcohols refer to mono- or polyhydric C; to Cs
aleohols or mixtures thereof, Preference is given to monchydric C; to C; alcohols. Very
particular preference is given to methanol. In this context, the hydricity of an alcohol

describes the number of cavalently 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.
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2terogeneous catalyst in the conversion, for exanple, in step 3)
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fatty ag ds, er. lower the activity of the
acidic l((;‘jat al lénlé%PSOHﬁ%f %&as?Xm &a Cmgthtrv?An Lﬂn e present invention,

catal yst poisons include, for exanple, the ions of alkali net als and
al kal i ne ear tWheret iapcion ot femes |avtem€eﬁfarrnﬁww inetep i2bnbdle Hexcified clatde
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preferably comprises fatty acid glycerides, or mixtures thereof. Likewise preferably, step 2)

is performed by a customary process known to those skilled in the art, such that minimum
20 proportions and preferably no fatty acid glycerides are present in the reaction product, and a
maximum amount and more preferably all remaining glycerides have been converted to

glycerol and fatty acid alkyl esters.

TN

Step 3} of the 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 sulphenic 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
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cat al yst5 hourlrye Byshes eorefertad cintbpdimeng e theopraessy aagrding saiflfei inveetinn, step 3) is
conver si ons r
space-tinme y iq%ffg%?d %%eg&gtgf{aeﬁgcsr% gc?f?ﬁ’g gsf E%ggﬁ‘@%%%% i(%ogc)légfr%%t? éEf%r%qu’ \t/}}ea
adj ust nent oftempreatiya gt whichitep 3) tof hef precsssf agtargingtd the invontiond pefomeed isof

the amount ofpeaRbAbYRE120°C. Most preferably, the temperature is between 80 and 95°C.,

In a likewise preferred embodiment of step 3) of the process according to the invention, the

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-Wirmeatlass 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
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fol | oned by &iddMhsarhowevsusies ﬁ}ﬁfthermromsepcce)imeto mhevqymwesefoan@mm@h g

to the inventjpomVhen .3 récwgﬁ&oﬁmxef s%apwy oftﬁe ﬁse& a@or&gg ih B8 1R QRESS

according to the invention is not intend e process
agcor di ng t o if veRREpRSR 63¢h case dreeanesr thib F@lﬁh@? eWerﬁeﬁh@l tp therside b6 the

i s advagy agequsiut® viaOMP lrenot;heofnﬁ‘er évesrr@iaqemefn at ;ﬁ'o@sﬂﬁé t00£o1mﬁe ?{?91@1%5&
according to the invention to Per ormance of step 5)

process accorr@hegrs dighre %P?F\‘/'é‘ﬁtel Jisldssppiise ergcticelibvaai é?ﬂc'é h@ommeqﬂy
formed as a hyeRreduedonai@ilsi onal Iy together with at least a portion
of the al cohol unconverted in step 3), without further conversion in

step 5) of t roceS1 ccording to the invention, becones
ener geti cal | Steava st g‘ﬁé’f?ﬁ%ss RFFEImg o fhg ipvsesion 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 portionlof 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



15 conversion, for exanple in step 5) of “the process according to the
i nvention, isWARBNYEH23The stream fromEtep 4) woul d PET/ERJOGSANST63 n
t he product of the process according to the invention, be conbined
again in stepugpssgly dldeetoproees portd@scfdhnglcbiml.t Tie mimwmi ir@movili bh alcohol
ei ther the repai.ning t erial, fr.om st 1 r .the remainin
starting materia ré@é‘%gthggrq?fﬁr%gaﬁqaﬁgﬁ%ﬁt avéfa%{eh%’r SWB’S%?@%?&?&&? dthg
to the invent subseqidnt procdseistides Thsomphelesdspieialin the thethebjonveetio: in 218p 5) of the
intended. Ar - water. w thout t further.conversjion.js
ot -conduc v baatrefant BB il B a3 QU Bl P PR
the free>fatt gyessilespragint in thei steiningpatreiali pftne theipalods addbrding thbavevertion. St ep
5) of the process according to the invention is performed once or
more than oncemeds RiGGRBIAIASE [RIBRAGE lotd GBa) oflindi M PIRHR P
according to the invention is advantageous In" each case, ecause T s
shifts the eqdh ity presessrssrdingie thoinyemeonisdutengtd, tiiecands doneoditic oswittioat
the renoval ofyhheai@bels Aol @RESerkd idl Sydlas sfﬁcbaldgitiBIQ oBRLNE AddFol More
probl em of achi eving_ hi gher space-tine yields under energeti carl y and
hence econoni B&FEYYely smtatrddesindeneise isdewer tandle astonp added o steih?) of the
Process18CCOr shis dolordifigiolbiRREARMNMS pREEHR! HE foorlol refidfla BEe-BRE Pl AR
with or without renoval of at |east a portion of any residue of
al cohol stil Iprﬂqeésjsaéﬁ?fdlf'&é’r@f’ Pﬂ"el}t@@ IW@F@FieHE‘éW@TQﬂ‘—'M‘éh step 33 it porfywradd
of a m ni mum pEEt heRak pARYed eslitidss Rfin %%thglter%ei"altdw %c@%?]ﬁﬂés%m%@ﬁcgor

e ecte

preferably, no al cohol is also renoved. removal 1s ef
pilef er abl y by RERDICHHE SHFORESEEE P 0046 PEOFsS ACCOTE ) tanypntion. Further
preference i Sprefevly, thedkab bREkENGpENEIalREBMAInd Bi¥ed BANS vod 1cARNREA06S:q
WO 20092{)56231- 7-ECT1 EP20Q8/ 008763 necessary al so to renove portions
of the & cohdP S¥tHé it TrORrEFraby> SiPCUIfarshismdiTrreHEen afifsagh witkas
t he advant agdutieaindidr rdphcedaiich@bl e for further reactions in any
subsequent process stages. This includes especially the further
conversion i 5) of .the process accordin o the ipventiaqgn, .and
al so concei ngﬁgeseut%?na%)gréd;?aétr R Eafﬁeézﬁg&%@s’taﬁé’v‘?‘%}i f%‘?"%fﬁ?’lj&gsﬁli %%ﬁ”?é‘%@’
present in theidgtmthe novytwoatetitvnadagesafftrere thdne9 prodcebvedccor di ng to the
i nvention. Wien a further conversion of the dewatered reaction
product obtai f ; 1 § of nr S ccarding. to
Phe i venti o 1o i e odeq it hieaL BB cobeon (IR RLOSERE BRER T By
addi ti off of &P &rfdhan oppe Patieuis erefasengt saiver t» fetfermirgdhd segrnafof Stap Hheu
al cohol . Mor g .ft : ' is case is |ower than
t he amount a%dg3?(?%%{?%%“5%&%}2@%§QE’f%g%?glg%s%kgﬁc%br ding to the
invention. Mpst preferably, the alcohol renoved after stefp 4) of the
process accordf fFRHn e ‘%ﬁf/@ﬁtﬂ%?ﬁs jaecopding) ta ednventidecap beeifried asinbihy
s{ep 5) is perdiadaBemuRFer addie seRPPwiM Bk S8t Lot 1 Ans (Ws?ep 1? goaLd
to tenperature and/or_ pressure and/or catalyst hourly space velocity
as step 3) ofT¥HE ab‘ioﬁj(’:‘%sté’ the EuFHen gnd/ess EfWéPIPPWnWtBﬁge ity aeiéplkyl ester
preferasly, tob@insdemtepiBrorant srbqRey fdesiml 1/ @leaflehiond Bl sfdn¥ e given to
catal yst bed l.en %h ar.e ?rel ected 15 in step 5) as in step 3). Mire
preferably, &1138&%9 § Pogvrd fPmiteRs) of hepatest 4o6rdiag tosheisvefiongvitihihe grodersr
and/ or repl adesth stdpC)ROkhe prdced ascolBR o RURELERAThis UNHRT thd B8S&! maximum
conditions, an overall conversion (based on free fatty acids) in the
now two reactPEHRE HFESOSF WV t han 99. 5% i s achi eved. When it
is desired to further increase the conversion, preference is given to
perform ng stepri2aly frefered didbodimnaef hPafvtitionl bapritds cBIHRNGE plodesPWHRR
e o RS SO R R A 8 Fndls S oIS e

a reaction stage according fo 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



The nixing in steg 6&5 of the process accordicng to the invention can
be effected usYRgoeHeBRbducts from step84) and/ or st ePCHEPMASOSHES
remai ning starting material of step 1) of the process according to

t he i nventi oncarespooding tof thapperogpt; ikatpeocessi sbdordinpetofimt nyend@i ehablbk yé welsher

25 obtained fr en.. f the. ce ccordi o the jnvention

Preference is s e\r}%# t"‘c;)igj)mtxel r?am?lhcggé%r %c??fé r?nf’%'% Zﬁeﬁj}“’%jnv%’?mf W& % odBss

accordi ng to hétgogensoentatalyst sifixkd inhefixpd baiugth fhnomagityeqre@yvabik nbthrequired),

process accorgr'}%gmisgi the. L@ﬁ‘%{%éﬁ on. This allows the desired maxi num
$°to be Achi o

space-tine yie chi'eved. "A particularly preferred enbodi nent
of the invention conprises a continuous process which 30 is
char act ePi zedIthypossipleby the precess eagerding trothelinmegtivrotosithdgye 3)acatinlé pirldo offatof

one of 1 5 or SCPy i af FE R B-RBRa5 ST BRI, il Yt

and/ or one of 1igives preep er spexs-umgr ik o8 fatty Wi 2609) 5628350 Bper litre of reactor

- KT/ EP2008/ 00’6301@1?\: 49 %5&?.&9%#9%? L H&gn&r escﬁg%l’inb%ewaﬁ)@ge s}_lenfxlf_lles a
aples, asS we S al e

according to the invention e . a spensing W
conpl i cat ed cér@Eptizstedyctipn yinlthe( jepriar htizei by eptei then eeeactder ¢f mhgnitude (in the

het er 0ggpeous e andhiictha bimbiefde 51 <36 hlixgd 1 gd, such that a catal yst
renoval is not required), an increase In the space-tine yield. 5t is

possi bl e by the process according to the invention to achieve
space-tine yi Erdediseel prodysion dheprprstasrordiag Brthovepson husgebles Hieificently e

of reactor VolettRpeatiok (60Esing/oD Fatt® XeW At Qials N A plopBhiR 5t FdeIReylaBiaas
s;ﬁace-time yield o ﬁ%Eitty_amd net hyl ester of 380 g per litré of

react or vol un®"&H8 e PRE EiArprsTsetrnilitiun RV 2 ¥ es ridlets caeestivs pedruimn
DE 19600025, sfitits remabkags.a dramatic reduction in the reactor size by
nore than one order of magnitude (in the 10abovenenti oned exanpl e,

there is.a si rafl f 11:1). For bhiodiesel .productjon, the. process
~accordi 2% to %rgfg”?érﬁ?n%ﬁ 1?8%5 ?%%%prgﬁésoﬁc%%gug tﬁﬁi‘ef’i?‘?%cfnl”vh ﬁ%‘glgs%g?ﬁgh%f Ve
processi ng of beleat with refaveneeeit drivaks withduhrestritting it thgreapor t i on of free

fatty acids as conpared with the prior art processes and thus covers

a |l arger and i : I erl@l S, . .
T5Preterr od enbodt ot St oFEFEEaHEY ot ol M A ol
wi | be il ustpamtedinisiepderhtbe pinstsewcopidin tp dfednenitra from tie dwk figs acids in

O 5L OB RSB o SR £ Al o
separ at &Y i n Se@pconpriging frprefapy aridsdd). Fesowea pryprising tesidiah vienting watefial ¢in
the free fatty fChalSubdily to a reaction stage (20) for transesterification (though other multistage
processes for transesterification are also conceivable here) in step 2) of the 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 angd the excess alcohol are evaporated and removed as stream (6). The separating

stage may, for example, be a falling-film evaporator or 2 distillation column, which are



apparatus (10 i sults in a stream conpfising a residual '
starting mat egv%%b()%;ééﬁd a 20 steam cohprising freemk}m&éfo@y@
(3). The stream conprising residual starting material (2) is fed
conti nuously ¢R§T2dra AERGsBeris top getupedonresswe- At ibe sapiicn $aged et bisgh
ot her mul ti st agQ.iBEIBCARRESs b is FIANB IS zllédhgl(‘{g)' 198 figthér r@éc§ staoe (50) in
concei vabl e here) in step 2) of the process according to

i nventi on. Th¥ersy PEEAHPIEFest areertipgte tregpyeptione flygreetipn $t%et3‘?¥€ﬂﬁp°ﬂéﬁt}ﬂtt@na0f

first reacti Ofnstd tf %@}eabﬁbns.{agdo(saj) m,fcoﬁﬂ%l&ro@@reéﬁﬁ@&ﬁ@Eﬁh@&ﬂkpofme
i nventi on for exanple consistin fl ow tube reactor which

cont ai ns” a f i EERIBREFBSHER @PF??B"’%F thS“B%I (9& is gtdeast 3PS basudlranithq wrgam from

(particle di afeh@iredtién dise E)@?i@at‘ma&bﬂi g%'b@é&@%ﬁ‘th@fstxelmtuﬁo 0 FiFe reﬁﬁgﬁgtgg%r
with a stream of al cohal di anmet er of e fixed catal

arises from tHk Thoftsam (1) ‘%\%‘ed:fee &ty aeifls Whigh haé[ﬁ&*“{ ban sqyeted fragliot H@er{ﬂrﬁan
residence ti nRa&f id hRSer (60 iSHEPHNE tebrédl® Lakdheyd tihddfdniich, B HO st’r?hgm

mn. The supéflmal linear flow'velocity of |iquid phase is 1 t

nm's and the ?‘|cﬁf?@ﬁ&?"“ﬁ?%é@lﬂ“é“”‘%@“ﬁF}Sﬁef’i‘cﬁm’tsﬁ’ée (34} T'E%néﬁsﬁéﬁcaingn 41@55
than 0. 50 bar /ugs HEbEseCRRY RbieAst Bf alfyl @Gtedk alot ¥ BCAbES, Fr dxRBpIOU kedamOfs
the first re C,tdé @ %éage (30) is then at |east 95% Fromthe pr oduct
stream (5), &Har ati on stage (40), in step 4) of the process
according to the invention, the water byproduct and the excess
al cohol are eWrpowaieads dheraeinn\dedi! deos by eirmxa@)les, birtevitepaeak irfigicted
st.age may, fog e[xarrpl e, be a falling-fil mevaporator or a

(Stl | lation co?unn whi ch are WD 2009/ 056231- 9 - PCT/ EP2008/ 008763
operated at at m)spherl c or reduced pressure. After the separation
stage, strearfixafpless substantially anhydrous and is fed with further
al cohol (8) to a father reaction stage (50) in step 5) of the process
accordi g to ¢ARahMeeRidAN. This reaction stage corresponds in terns
of construction to the reaction stage (30). The conversion of free
fatty acids at f the 5 second reaction stage

e _outl et
(corresponds ¢ Bg)g‘t"f %H‘l‘h“(r@)’f rapeseeg oily Qleis peidpyelingleie acid it ﬁéonéep?‘géf?F F%m
the first reagids on1®t ageaveldh) (cafehp@ids ks heid Quntie @fiﬁ%ﬂ)xofﬂ):h Fi)?
the free tatty

into the first re acti St . The strea

Lo ds. whi ch 1S Pt R AT BERYED it adore e gl EECIeY & e ide ik 5
m'hxer (60), ( illimc&h?pmﬁe oDli5 inheofer QCRES \Xh&@@ﬂrﬁiﬂ l&gmﬁc?eci Bleﬁﬂr(])ﬂﬁ(&!ﬁdcﬂﬁb ioh O
t he stream of startin t er. al ich ste romthe reaction
Stage (3b) 1 oo R IEFTPTERN ) Bde 1O 481 (8 So e e R &
to al kyl est eﬁmetesofcasmmmeﬁummotﬁmedaxafrﬁdemd fea@érvamnm eklybivediass!
(12). The inv frate ta|I bel o

butwi t hout | EEPRG™ TEE Firecha e g aPrisaits e SE ke o et BRER B o
7{8 g/ h of a kgioftawlyst efd hicap esee shpeificial *&lloeitj:om:?o BmANG thd laatied frodkt, dn
with a content. of fre of 10‘V by wei ght (corresponds to
an acid nunbér’ o?ma%p@o‘{g@l%%wr)e V\% e passed with 178 g/ h of

met hanol at a tenperature of 83C and a pressure of 4 bar with a
resi dende ti recwfverditn pf .99 evitha hilaradtic af mtdrmb] fodatycoiip 0f 2@18:0fwaé Hs

of acidic io f

mse (dry)) - fheeEPARE LIS, LRk, GRAPEDy hd deby el o TR e o
i Mobi | i zed iofireactfrivekunhe Bedhopeact or with a cat al yst bed |l ength of 2.08
'm This gives rise to a catalyst hourly space velocity of 0.65 kg of
free fatty adg,pef kg of catalyst and hour, and a superficial
velocity of 2.3 =I's. In the reaction product, an acid content of

0. 25% by wei ght was determ ned. 25A conversion of 97.5% wth a nol ar

ratio of met Hahgh of bkl §f ol 4gd apd linpfpiopa wikhe cpmens offeenifasy eeids of 4page
gives rige t QyaveHRArRphdstPwii st%lhogf heBahif a@&{eglpéfﬁ&@)ék SPELAL 2 Plessteded

g.per litre o reactor vo]l ume and_hour .
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



Exanple 1 253 g/h _of mixture of oleic acid and*linoleic acid w

a content of W‘Cg%oqg’z%x%E’lam ds of 100% 38%by wei ght wad PHEEE$S 09957153
605 g/ h of methanol at a tenperature of 83C and a pressure of 4 bar
once with a r@ﬁﬁﬂbﬂéb?éé?ﬂgﬁhr?éZ r@? m Bhipgives oiveele agatblystdohryspask ydecityefi2.1 kg of
conposed of 65Q #i, ?&k%o?cétﬁ t%&?ﬂ&?%‘ﬁd%%ﬁﬂeﬁic&a‘?%% RPRASuhA, I?x%%e g
of catal yst nmass (dry) he cat al yst Pal’tIC |arreter 0

nm and were | 1#BR PTofedh amacid ponkeatl ob8d@%r Bawright st detegmingfDie. a fatty acid
2009/ 096231 JQuFIeF F70A%008%05% 48k ikl Bl ERgE ieplor ByOnu o
gives rise to a catalyst hourly space velocity of

fatty actd petstekef 387.1 e aerditg of regpiet vilbme anddad a superfl ci aI vel ocity of
2.3 mm's. In the reaction product, an acid content of 2.8% by wei ght
was determ negg,amb_h a fatty acid conversion of 97.2% was achi eved.
This gives rise to a space-tinme yield of fatty-acid nethyl 5ester of
397.1 g per reactaor_ vol u nd hour . 2 253

mixture of faﬁﬁaﬁ e e i’f@*} eﬁ%(ﬁ@%@wﬁnﬁ}lﬂ oéqlfe?fed a@llam&m
| i nol ei ¢ aci dach #ith a contaiteftied ffatht RaisfAAaY, Bf mdRhOkas2pa884 Byithvedis Ght of
was passed with 6015 %/h of rret{%q‘gl Cﬁt ate er ature OLn 83C, and. a
pressure of 4% BHPOlGH & ST S O BT BN 2 Brepyret SrbaR ered &t fesiiae t&“e of
fixed cadal ysts ﬂﬁﬁdw@tomﬁd?d‘,a@]fystﬁﬁﬁ :fdmp@sfed asfi 630 enl | FMucRIKC RANGEhah &S rddin

(corresponds to 121 f nas reaction

b oduct an deTEEBiTel BT YR Gedbi bt Garirhit Rt of
cat al yst par t0.zPelsy waght aradciefmfﬁlhﬁi‘ Tbefca&l)Bt pxmc&mﬂad\/raﬁzenetdmﬁbs hhzedwer a
f(xed bed react o wWi.t.h t t bed t.h ves
rise to a cat'al ﬁ%mﬁléﬁ? i{/e%gbﬁgce\é&?fe lglm a%{}gtfbeﬁ%ﬁ%tg 853 B ésegnfegpf%,to a
acid rrrpﬂer kg o:htabfattmmjoss{pacawdlohbmf fD Oéhgioﬁewaﬂs:apépérlkg|oﬁ¢atal§§tmdlhbr;t,:mﬂa
2.3 eR ex nds_to

reacti on pr o?igu%&ﬁcrmﬁ1 nggm{yf‘%%lrzls%{ estrgh %Ia%tm I?qgﬁl st ag (Saeaafrr&% comsﬁondtsqo &F
wat er, as deseactityepfodifcbpf ‘éx@mple@enﬁcmoeﬁagphﬁer I@mCBalsqfdvm gshiescribed, for
feedstock of the 1éirf tiepldd i I 0 n
of 99. 76% Wase t hus la%{'i‘mgé * %@Hcgld%&%?m%ont@%t %\%flgﬁlg)hgtra %éggg&%ﬁ
esterifying fqoé\@rﬁoapf?ﬂw‘d@t@ﬁemdl n starting materials,
characteri zed




by at least the steps of 1) renoving the free fatty acids fromthe
remai ning starting material by neans of distillation or

rectification, 2) reacting the deacidified starting materi al
remaining after step 1) in the formof;a transesterification to
obtain fatty acid al kyl esters, 3) reacting the free fatty acids with
al cohol s using at |east one acidic catalyst in a fixed bed, in the
formof_ an esterification reaction, 4) renoving the water forned as a
by-pro 5in step 3), optionally together with at Ieast a portion of

t he al cohol unconverted ] urt her cony t he .
owat etad pFSRGUP OBt ErwisteFo g s, By s RSRER Y et ¢ g
further al cohedlcastiht stgpsaif | east one acidic catalyst in a fixed bed,

in the formof an esterification reaction, 6) mxing the reaction
product obt &j ned rdnicvingsthefred) famndcios fibethe eambinmp sEridguobtend phmemys of
be obt ai ned fron1s ﬁ % ch the remaining starting materi al

obt ai ned from st 88" ‘¥m5 HEEHEHR fatty acid aIkyI esters obt ai ned
ot ER 2h 2. R R BRRST A e B Ane PR, TR MR r s
exchange resin. 3aﬁbﬂﬁff3:ﬁt1®dﬁﬁbtd&hlﬂ@tyta@1d@ll@l ¢xteds, char act erized | n that
the at | east one acidic catal yst conprises a polyneric, nacroporous
resin with Byee subipahé Geaitgd agdousalcehoRnoine ssleat ooy atidigedtaysanya Hxoal

of the preceding,cl ai ar act el .0 that step 5) is perforned
nore than once, gﬁ%n’tﬁgfc’ggc‘fu%neséenﬁf:&lof”eacf)n and step 5) is preferably

per f or med e than o 0cess ccordln e.0
precedi ng gﬁ i ms mm%’mrgqg %%Frzfrg i'n £ Aat rofd (i aﬁt%)oﬂ glogaqgéoée%l%mﬂh ?t igast
3) in a nol ar ratiportibetivhe aicGhohmaodh@rtedinafepBpbly in a nolar ratio
between 10 and 25 and nost preferably between 10 and 20. 6. Process
accordi ng t 6) any fotier obnvehiag phe deditergd pr@iesobtahar fion estépz d opioralatwith

reaction (step 3)) g ({f‘%ﬁrthe}’%&%f a?ﬁg%g&?&%@ &&Egﬁaﬁ?%l alifed b8l u'lﬁl form

out at tenperatures ween pre era ween
95C. of an esterification reaction,
6) mixing the reaction product obtained from step 3) and/or the reaction 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 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 step 5) is
performed more than once, and the sequence of step 4) and step 5) is preferably performed

more than once.

5. Process according to any one of the preceding claims, characterized in that the alcohol is
added in step 3) in a molar ratio between 5 and 40, preferably in a molar ratio between 10 and

25 and most preferably between 10 and 20.

6. Process according to any one of the preceding claims, characterized in that reaction (step 3))
and/or further conversion (step 5)) are carried out at temperatures between 70 and 120°C,

preferably between 80 and 95°C.



-12- 7. Process according to any one of the preceding clains,
characterized in that a catal yst hourly space velocity of 0.5 to 10
kg of free fatty acid per kg of catal yst and hour, preferably between
1 and 5 kg , nore preferably between. i 5 and 4kgexists in step 3)
and/or step 5). kg hkg h 8.Process according to any one of the
precedi ng clains, characterized in that the pressure in step 3)

and/ or 7st ep Phjcedsscmeliacth @ty seofithebatedidg domns, ebpandizedin tha asitalyo htnrly

vapour pressure qgf .th | cohol cuse 9..Proces cordi,ng to.any .one
of "the br ocstisTs it S IR BT P e RETRED PR AT A §Feen
added in st?p Sé.ﬁgO.Process accord%gg to anggone of the preceding
cl ai ms, charaed o MOFF RTIERDY et weehby a1d 4 1 s esisgyn s Bfpdiet s Sby

menbr ane processég'or evapor at i on. 11.Proces%'5ccording to any one of

t he precedi clainms, characterized ip that the superficial velocit

of t he%f | ui g’g%ﬁ%‘écoﬂ‘nngt 'Rany oneed ﬂl?é’fﬁ’éF%% ‘H?i@& gheragierizgd g tﬁ?*ﬁ#’é’fﬁﬁaﬁt P
| engt h of tBgafd/xagpcatiakyisdedoreh tist & chReshbhddat HAstas theOvapBEUréssird ol the
resi dence tipe f lLess than 30 m nutes. 12.Use of the process
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added in step 5).

10. Process according to any one of the preceding claims, characterized in that the removal in step

4) 1s effected by membrane processes or evaporation.

11. 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.

12. Use of the process according to any one of Claims 1 to 11 as part of a process for producing

biodiesel.



