Met hod for the heterogenical catalyzed esterification of fatty acids
The invention relates to a process for esterifying free fatty acids
in vegetable and animal fat with al cohols over heterogeneous acidic

i on exchange resin catalysts at tenperatures of 60 to 120C.
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20 exchange resins are used as catalysts, and whose removal from the reaction mixture is

; 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 rezction 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 0.21 of methanol per 11 of oil with
an acid number of 10 (corresponds to 2 content of free fatty acids of 5% by weight) is
required. In order to achieve a conversion of the free fatty acids of 50%, 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.



DE 19600025 describes a two-stage process for esterifying free fatty
acids with heterogeneous catal ysts anal ogously to EP 0192035, wherein
the water by-product is renoved between the two reaction stages and

t he amount of al cohol required is divided uniformy between the two
reaction stages. Wien the esterification is used as a prelimnary 5
stage for a transesterification reaction with the sane alcohol, this
enabl es a reduction in the energy expenditure for the distillative
renoval of water and excess al cohol, since the alcohol can remain in
the reaction mxture after the second reaction stage. DE 19600025
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other heterogeneous acidic catalysts in applications under high temperatures,



usi ng acidic, heterogeneous ion exchange resin catalysts, 2)
optionally renoving water, and optionally al cohol at |east partly
together with it, 3) optionally further reacting the free fatty acids
wi th al cohol s at tenperatures between 60 and 120C usi ng aci dic,

het er ogeneous i on exchange resin catal ysts. 15Useful starting
materials for the process according to the invention include all fats
and oils whose content of free fatty acids by nature is not
sufficiently low that they can be supplied w thout esterification
directly to further processing by transesterification of the fatty
acid glycerides present therein by a custemary process known to those
skilled in the art. Nonexclusive exanples of natural fats and oils
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rapeseed oi | gwgusmmla amnlu fat®hddMBoiRivlith aicbﬂaﬁe@rdndaieéel prb@@m suls%uk an ea
oil, olive kernel i cor.li

oi | r
oil, soya oil, &%t %ﬁﬁed‘i‘vf““"‘l‘ Qrda""—@}’ﬁpf°ﬁawmﬁﬁ "'td&ﬁe %W"“‘;S'Br"%ﬁﬁeé‘"’r“éﬂ a""?slt%h
oi |, jatropha oihk denrapdsyti ddngewkimgsigificgion figktty veubdtirmoeg®dn hdhpnng a

al gae, and ssunf |; gmavegioh of thd ¥reRE] LRk oheQurdaNEnpBiad. el Ak er@it)§ 2IBRE eRdeksS
it is also possi use s%nthetlc fats and oils. These are

obt ai ned, for eX¥&hpF e B7ecsft EORRA < IEP Pt nelt é"ra?ef“i“t‘faﬁe?dof’r'i'd ggnee in the
25¢gl ycer ol wit hrefiated gppamsdm asPorefaed waidthsprar sripngessdt eri al s are
vegetable fats, aninmal fats, vegetable oils and/or aninmal oils,
especial l'y pal mtmaslb,eenpraJnmh&azuwls:agj %edtos& bdjécaﬁg @&IeQJRI%ADmeejssat)rrr&ﬁaag
g.lnlj b{)\e/::%gl ?SJ T %\?V COan];?l(lzf omé%ﬁat%? ac1cfgg?ne5éa§t%g matenals charfl eélzégg ﬁl ast b,e( thc ]SIGH:S ﬁfe ani ng,
pr esent |nvent|on the term"fatty acid §F¥cer|des" shoul d be .
under st 0od!%30t o mBhrieSnE U1 fi7e Gty Adds st aedfiolsyat ppeguresj beeenifigiapd 291G
acid triglycerides asigk ®idic/espedmnehiuign éxaliabs ramicdalpar ti al gl yceri des,

such as nono- and diglycerides, and m xtures thereof. |In the context
of the present i NYLRbddly rdrdlihywdds]aBopbr@i LG §tt169§?galﬁ)fl0 WVith it,
al i phatic carboxyllc acids of the formula (I): R CO CH(I |n WhICh R

is an ali phatl C, j Ry t?o%al@%n{ﬂfr%&ﬂgﬂe ﬁgerfggr-Améf?ﬂ{l)l%%L E%\C/i mper, ures bet ecn .

carbon atons 5 and nexcl usi ve
exanpl es t hereof ar éoé‘&d?%FéSI@@F'éﬂc heterpgeyaopsdonsgthange 2351éFfF?}MS‘Prexan0| C
acid, capric acid, lauric acid, isotridecanoic acid, nyristic acid,
mmnmamdpwwmmmwmmemmmwmmmmmmmmmmmac

acid, elaidic agig COQ@I& op§@=lfau§ aé}@slbgmatllrle RQ\Lt%ht@icn@rﬁl&(ﬂ)w th: QY ﬁﬁ‘b&sugﬁkcﬂ
eleostearlc acid, arachic_ acid h%a ol eic acid, behenic ac

eruci c acid, an¥™ORCHRTIEE N firsehy, Pethehrspeassing by mapsrsteuficpign Al MpEHY & t he
starting nater|ahxmnsmﬂeupkmmessm@mmﬂwﬂbmgkmmmmhamenﬂbmmMEmtnay be up

Nonexclusive examples of natural fats and oils are coconut oil, palm oil, palm kernel oil,
20 cottonseed oil, rapeseed oil, groundnut 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 andfor 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.



to 200 ng KOH g, preferably 5 to 60 ng KOH g and nore preferably 10
to 40 ng KOH g. In this connection, the acid nunber indicates the
mass of potassium hydroxide in ng which is required to neutralize 1 g
of the sanple to be studied (DI N 53402, newest version DIN EN I SO
2114). 15The inventive acidic, heterogeneous ion exchange resin

catal ysts are preferably strongly acidic polyneric nmacroporous resins
with free sul phonic acid groups. The ion exchange resin catal ysts
used preferably have an activity of at least 0.1 kg of free acid per
kg of catalyst. This activity is particularly advantageous because it
ensures that the process according to the-invention is performable
reliably with the advant ageous catal yst 20hourly space velocities in
step 1) and/or B)the konkegwpfse preeghiemedliop, fathecidcireivadersiet er ogendgus | on

exchange resin gabahysissbonddbesgpd. in particles or particle beds, the
particles nore preferably having a di aneter between about 0.5 nm and

1 mm When particle b%ﬂﬁ%aﬁe useg they are used preferably in
the formof a fixed bed. Preference gis given to configuring the
particle bed in the formof a fjxed bed such that the fixed bed,
using the abovePd&R R 5@y 2Phtis e oupelied FEn rgiedl having Ode SHPR O of
not nore thlan 0and op@ndlimoneRr eberpdtt boekgiohsclafive skppipleathéreof ed cdpedt acid, t he

f orm of . a part i &Lghcbﬁgi @‘-’étﬁ 1&?%\4‘@%&,%&1@%1&%&% acid, igtrfdecgrroic%ﬁ, Igfristg:Ui de
plates in the bed. 1t has 1 kew se been found t hat, surpr|S|ng¥yJ t he
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behenic acid and erucic acid, and technical mixtures thereof,

10 The acid number of the starting material in the process according to the invention may be up

to 200 mg KOH/g, preferably 5 to 60 mg KOH/g and more preferably 10 to 40 mg KOH/g.

In this connection, the acid number indicates the mass of potassium hydroxide in mg which
is required to neutralize 1 g of the sample to be studied (DIN 53402, newest version

DIN EN IS0 2114).

15 The inventive acidic, heterogeneous ion exchange resin catalysts are preferably strongly

acidic polymeric macroporous resins with free sulphonic acid groups.

The ion exchange resin catalysts used preferably have an activity of at least 0.1 kg of free
acid per kg of catalyst. This activity 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 mmand 1 mm.

When particie 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,



especially preferred since, contrary to the information in the prior
art, they can be used at the 5higher tenperatures in accordance with
the invention during the performance of the process according to the
invention. Preferred alcohols in the process according to the

i nvention are nonohydric or polyhydric CI to C5 al cohols or m xtures
thereof. In the context of the present invention, the hydricity of an
al cohol describes the nunber of hydroxyl groups covalently bonded to
carbon in the 10 al cohol. Nonexcl usive exanples of nonohydric,
preferred al cohols are butanol, isopropanol, propanol, ethanol and/or
met hanol . In addition, it is also possibbe to use water-soluble

pol yols, for exanple ethylene glycol and/or glycerol. Particul ar
preference is gpnwerefgodepbtdaniplbed. The al cohol is used in step 1) of
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t hr ough evapor af¢tatclduri ng t he conversion. It is thus avallable in a
maxi mum anount during the conversion, such that the desired
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of using specialized pressure vessels ormt rocess
according to th@“WHV%W?#&hme*ﬁ@¥§ﬁgﬁﬂé1ﬂ?@H“ﬁPé@?ﬂF%"W%§§@P§Ya?@“hnre
expensive as a eesult of their

The reaction of the free fatty acids in step 1) of the process according to the invention is

carried out preferably at temperatures between 80 and 95°C.

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



- 6 - specialized design and are therefore di sadvant ageous under sone
circunstances in the context of the economic viability of the
process. Likew se preferably, step 1) of the process according to the
invention is performed such that the reaction tinme of the free fatty
acids with the al cohol does not exceed 30 m nutes. This 5neans that
fluid elenents, on average, remain only for a tinme of |ess than or
equal to 30 mnutes in the reaction zone in step 1). The reaction
time can be established, for exanple, by passing the free fatty acids
and the al cohol over the acidic ion exchange resin catalyst at a
particular rate. The preferred reaction-¢tme i s advant ageous because
it has been found in the process 10 according to the invention that
this time const fPEHtEY epen pidmrg thaeforsi disadianteghouiiudsr sconsvaireusisiaress of the he
free fatty aci demeanfat scaady beiligehhepmadss. such that a further
increase in the reaction tine can no | onger positively influence the
space-tinme yiel gi_k@@:!@'pﬁ%%@ly?s&}fIfdﬁhte?l%fsess alc&ro‘?rfé% thd ﬁ?&ntio‘nﬁs,p@r@cﬁm%%ﬁcﬁ alapUNd
that this limt is independent of the entry concentration of the free
fatty acids. 151"H™IPURPHYMeFE Y Pt W dlcAshiocotor grep 3Q pinges. The
process aceor di mepng hattflg elemwen o ovrragd heaiprotlg 83 tind oD RSIEh @dedubiah 3d hat
a particul ar capah¥sh mbRuGLY-¥8h9gihy of the acidic, heterogeneous

i on exchange resin catalyst is established. This is preferably

est abl i shed as function of the acid nunber of the startin

material . I?\hcc%aﬁthoélél S %eft%bh?ﬁ%q%reé@? t 2% MY EA e b faE%linglsﬁ%dtthe
hourly space veteshployer thefcdicgort eychadee repin sasalof at 20fticde riat ty aci d per
unit mass of acidic, heterogeneous ion exchange resin catal yst and
time, expressedTherprifgred h@ctatialeyis tdviadgeduy bacalsO Qi Hay bRS rabd irShe grob®Ry

general |y Ilée 0. a’]cccgr&?ng]‘tg th%gwengtgn%f-la? 'Eh‘?sq{rrx cgrfst::It&esK& limI}]t wkug%gvhich high conversions
of the free fatty acids can already be achieved, such that a further increase in the reaction
time can no longer positively influence the space-time yield achieved any further. In
addition, it has been found that this limit is independent of the eniry concentration of the

free fatty acids.

15 In a further preferred embodiment of step 1) of the process according to the invention, the
process is operated such that a particular catalyst hourly velocity of the acidic,
heterogencous ion exchange resin catalyst is established. This is preferably established as a

function of the acid number of the starting material.

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,

expressed in

kg-h

The catalyst hourly velocity established may generally be 0.1 to 10 %, preferably 0.15
g .
k
to 3 g , more preferably 0.2 to 3 —k§-— .
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

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



to 5, nore preferably 0.2 to 3 kg hkg h Wen a starting materi al
with an acid nunber |ess than or equal to 40 by the above
25definition is used, a catalyst hourly space velocity of 0.1 to 4 kg
i - s preferred. Particular kg h -7- particular preference is then
given to a catalyst hourly space velocity of 0.2 to 1.6 kg kg h Wen
a starting material wth an acid nunber greater than 40 by the above
definition is used, a catalyst hourly space velocity of 0.3 to 10 kg
is preferred. Particular preference kg h is then given to a catalyst
hourly space velocity of 0.4 to 5kg. Very particular kg h 5preference
is then given to a catalyst hourly spaceZvel ocity of 0.5 to 3 kg kg

h A lower catalyst hourly space velocity is inefficient in each case,
SI nce nore f r eepi;ﬂ%{lfﬂly ré’i}&énge 1991!3” gqlvep% a%gﬂ%ﬁﬁohﬁﬂﬁzﬁgg lo@%y ?82& h1e6 akgm Of a
hi gh space-tinme yi el 'd has not been et cata yst hoky Iy
space velocity leads to no longer sufficient conversions of the free
fatty aci ds andwienfQarlsSfudi@ JiOWE ci§ R %réa%?mx.{ gd £lSine QbQJ;ha%?rﬁt%a' yst

hourly space velocity can be set via adjustnment o he mass
the free used, a catalyst hourly space velocity of 0.3 to 10 is preferred. Particular preference
y p

kg -h

k,
is then given to a catalyst hourly space velocity of 0.4 to 5 ﬁ Very particular
g-

kg

5 preference is then given to a catalyst hourly space velocity of 0.5 to 3 o
g (¥ £3

A lower catalyst hourly space velocity is inefficient in each case, since more free fatty acid
could be converted and hence the aim of a high space-time yield has not been met. A higher
catalyst hourly space velocity leads to no lenger sufficient conversions of the free fatty acids

and hence also to lower space-time yields,

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, nozzies, 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



fatty acids, or adjustnment of the anpbunt of catalyst. In a preferred
devel opment of step 1) of the process, the acidic, heterogeneous ion
exchange resin catalyst in the reaction zone is present in a
continuous al coholic phase in which the free fatty acids are finely
di spersed. 15Means of achieving a fine dispersion of one phase in
anot her include construction nmeasures within and/ or upstream of the
reaction zone, for exanple in the formof internals which pronote
speci fic phase conditions (perforated plates, static mxers, nozzles,
etc.), but also process technol ogy neasures, for instance changes in
the flowregine in the reaction zone. Pr&ference is given to process
technol ogy nmeasures. A particularly preferred nmeasure is that 20the
reacti on zone |Hmmﬁ1%%m¥ﬂ@“@5hwer@w 15 alchojiraihpss plirays foras e eppigows phastigh
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result of tshe defsidisyerdtfdher ence, fractions 25 of the al coholic
phase thus collect at the upper end of the reaction zone in the

course of stabl g QPSR Fould thﬁthglrpplgngﬁﬁl?e Al&hél&: %)hi@g ﬁzIse‘xr eﬁ&gﬁcantly bette
devel opnment. As a result of the fl reacti on zone, thes
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finely d|SﬁFrsed orm This process techno Blre t

al l ows, in'Ya pafRiPguragperfhisg P%{@@BU%IH&W%?%% twﬁﬁ@ﬁ ,rrmmew"h the
est abl i shment OfatafystGafikd 0 tivusievad.cohol i ¢ phase in which the fatty acid
phase is present in 5finely dispersed form It has now been found

that, surprisinglancdide wal e Qiethn\Qmﬁaﬁea 1R SiisFersitn Gikhds | tlﬁap%én& ct?q['oﬁ)ﬁ{
mettlng capaC|t e fatty acid phase, as a

catal yst use an
result of which & SOf%)?%ﬁ$%H %mﬂﬁﬁﬁﬂ‘{ @”8%8%H6Vg?B¥WQBHHE6WPfHUbUS
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al | ows thelsphysa,mhetmsﬁn@whféﬁln% bl iRndltds&s to be exploited in
an 10opti mal manner is allows particu arly I ntensi ve contact of

the reaction m %&elﬁﬁ\%m}{\geg whut:h %vecsg‘ltpral‘sluxgﬁztbeesn%ungqg cgnﬁnc%gn \%% tlw ];ﬁase ratio in

the reaction zone, according to the preferred development of step 1) of the process, make it

possible to reduce the temperatures at which the reaction is performed, without having to
accept a significant loss in the conversion achieved. This in turn causes reduced energy

20 inputs into the process, which is economically advantageous.

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.



In connection with the present invention, a fine dispersion nmeans the
presence of droplet sizes of the fatty acid phase in the al cohol
phase of, on average, not nore than 2 mm This fine dispersion |eads
to a nore honogeneous | oading of the catalyst in the reaction zone
15with the two phases, which in turn | eads to enhanced yields. The
advant ages whi ch have surprisingly been found, in conjunction with
the phase ratio in the reaction zone, according to the preferred
devel opnment of step 1) of the process, make it possible to reduce the
tenperatures at which the reaction is perfornmed, w thout having to
accept a significant loss in the convers?on achieved. This in turn
causes reduced energy 20inputs into the process, which is
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I e
particularly advantageous because the apparatus design is particularly simple and hence the

15 costs of the process can be reduced, such that it becomes more economically viable.

When a further conversion of the free fatty acids in step 3) of the process according to the
invention is desired, this preferred process variant can be carried out with or without further
addition of alcohol. Preference is given to adding alcohol once again to the further
conversion in step 3) of the process according to the invention. Particular preference is given
20 to adding, in step 3), an amount of alcohol less than or equal to the amount of alcohol in
step 1). Very particular preference is given to adding, in step 3), an amount of alcoho! 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.



5t he purposes of achieving the object. Possible nethods of renoving
water and, if appropriate, alcohol at |least partly together with it

i ncl ude, as nonexcl usive exanples, distillation, rectification,
evaporati on or menbrane processes, whose suitable enbodi nents are
known to those skilled in the art. Particul ar preference is given
to selective renoval of water with the aid of a nenbrane. 10Very
particul ar preference is given to selective renoval by neans of a
hydr ophobi ¢ nenbrane, for exanple comercially avail abl e m croporous
pol ypr opyl ene nenbranes. Likew se particularly preferred is renoval
of the water in step 2) of the process -ddcording to the invention
together with a portion or the entirety of the al cohol by
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condi tions vmthabi”té"gard to tenperature and/ or pressure and/or
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If it is desired to increase the conversion further, preference is given to performing step 3)

more than once. Particular preference is given to performing the sequence of step 2) and

step 3) of the process according to the invention more than once.

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 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



- 10 - Analogously to the preferred devel opnent of step 1), as has

al ready been described above, it is also possible here, through such
an operation of the process, to achieve better wetting of the

catal yst and hence to achieve an increased conversion. For step 3) of
the process, this is particularly advantageous, since, especially in
the case of a further conversion, the wetting 5 and honbgeneous

| oading of the catalyst are particularly inportant. This is caused by
the fact that, at the entrance to the reaction zone of step 3), the
proportion of starting material in the streamis lower than in step
1) of the process. According to principllds which are common know edge
to those skilled in the art, the expected conversion under otherw se
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processes according to the invention, or preferred enbodi nents
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t he |nven5p La plﬁ{ejerred varlﬁnt t hereof continuously with a
fixed bed Teact Br‘“ UTTH ERRTQOnCRRTEMPHR NYing AR ATBLN PR reted enables a
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i nventive steps. 5Wen the process according to the invention in
steps 1) and/ orFOB})i,Odi?Sﬁ pspdpytierf. dliy emgbles 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



enbodi ment, is perforned continuously, the preferred reaction tine
specified for these steps should be equated to the residence tine of
the starting material and/or alcohols in this process step (for
exanple in a fixed bed reactor). By virtue of the process according
to the invention and its preferred variants, it is possible 10 for
the first tinme to performthe esterification of free fatty acids in
vegetabl e and aninmal fats and/or oils using a heterogeneous acidic
i on exchange resin catalyst with a high space-tine yield at a | ow
al cohol excess for any concentrations of free fatty acids. The
surprising finding that it is possible t&-increase the reaction
tenperature enables a significant accel eration of the reaction and
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enbodi ment!® The'&t %ﬁ’t%igﬁ@“dnfﬁf AT afop§%5& bEE?gﬂ'b FF‘%’H“gd’Effﬂ'F'riUdiﬁﬁ?yﬁfsw th
t he al cohol (2)retcgotsmee.first reaction stage (10) in step 1) of the
process according to the invention. The reaction stage consists of a

fl ow tube reactgg MAbwah diagradh 2f 2 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 comprises 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. The diameter of the fixed catalyst bed is
calculated from the volume flow of streams (1) and (2) 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

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 reacticn 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



conprises 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 The

di aneter of the fixed catalyst bed is calculated fromthe volune flow
of streans (1) and (2) such that the nmean residence tine of these two
streans in the catalyst bed is 5 to 30 mm The superficial linear
flow velocity of the liquid 5 phase is 1 to 5 mms and the pressure
drop due to friction in the particle bed is less than 0.5 bar/m The
conversion of free fatty acids at the exit fromthe first reaction
stage is, for exanple, about 95% Fromthe product stream (3), the
wat er by-product and the excess al cohol-1dre evaporated in a
separati ng stage $20) and renoved as stream (4). The separating stage
may, for exanpl@elﬁgﬁﬁmwé?$ﬁng filmevaporator or a distillation
colum which is 10 operated at atnospheric or reduced pressure.
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stream (7) )5 , Jor exanpl e, about 90% based on the starting materi al
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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



1120 g/ h of a m xture of rapeseed oil, oleic acid and Iinoleic acid
with a content of free fatty acids of 12.5% by weight (corresponds to
an aci d nunber of approx. 25 ng KOH g) was passed with 267 g/ h of

nmet hanol at a tenperature of 83C and a pressure of 4 bar with a
residence tinme of 10 mmover a fixed catal yst bed conposed of 650 mni
of acidic ion 10 exchange resin (corresponds to 121 g of catal yst
mass (dry)). The catal yst particles had a dianeter of 0.8 mmand were
i mmobilized in a fixed bed reactor with a catal yst bed I ength 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 Hdur, and a superfici al
velocity of 3.5 mmis. In the reaction product an acid content of
0.21% by wei ght ST Hed% pivaieél (comespands dh yreciingmben o DBo3G4 Mk KBH/D Wt ar
rati o of met hanpdssetl eidh ailztph @ GiethGnoOft a]tﬁnpgrature]of e aﬁ&ﬂﬁr&s’ﬂﬁhbﬂ&ﬁﬂwuﬂ%' S

gives rise to are?ﬁ)e%geehme 0 nnélll %velgf fﬁced ca?l Eg%edacminpeosege ?%ﬁ fs Am% rl,rst@}BB#Tf

per litre of reaction vo nverS|o
fatty aci ds 3793dliqjon cgharnge fgsiat (@erssnghds rt%lﬂél%efdc‘ﬂ@iypt mgsk €dry). Jb¢ detadysdl

linoleic ad d wpdrdtlea h&ON Bighdter of 0 fé Fnﬂleand 2Rre fidhdbiliz@Cih ASixed vt %R BYwikel ght

(corresponds to r ox assed
with 474 g/ h of Caﬁ%tsab gﬁ“‘ggypgg nrérarlfadera "befcéoo%r%%d‘" %Vdg‘éwﬁrp@ dehieidt 4
bar with a resi eaiseecftd458 of weldht was dteamingg, 4. edetycmtdadoystsiohetl 9 wposed
of 650 m of aChcdie?ed'ﬂ@c@?éEtQﬁ@:ﬁ&uﬁli%l$krzﬂ fArfQf & HRARS irf tRe d2donva®d.239%
catal yst mass (dr %%t '}F{Ie cata st particles had a diameter of 0.8 nm
and were i nmobi P Z&d T gaﬁ‘m’?(%r "Hed reactor with a catal yst bed
length 25 of 2.08 m This gives rise to a catalyst hourly space
velocity of 1. SEhek'Ej“CB?“ PrP@UEt patt qolfecise iin 2 reliectiy ofsel caad asErredaiech ey |
andda superfi C:c alapoveddr OFiltH tie Od of Zhe JotdEvGporakdd, tﬁehﬂcoﬁ&&&tﬂm@ﬁno@ﬁnﬁd}dt@ﬁ werdN
acid content o 9 eterm

conver si on of 9?%2‘%71\]{%%& ‘%‘Sgcaé"&‘m’%ﬁxq““ vf’cum&&“@gﬁo\'} ar‘gateéﬁongeﬁd’}( K
conver si on of fW@é‘tFé‘tetdwﬂé@é?‘tfssmeWi’fséﬁﬁffﬂrﬂmﬂthe top - 14 - acids of
15. 4% by wei ght (corresponds to an acid nunber of approx. 31 ngy

KOH g) wer e pasBred thwidishlld@dPregdub, 1098 ghebdramolithabo gh blangaahdivee @as@fl aB3C
and a presgure Qf,dhag s‘é%ct J}.dqplfe@sﬁaeqﬁmf;aﬁ whth ?&ﬁgc@mlem%vg al P d

catal yst bed conposed o acidic io
exchange resin {35 Ef?pf)‘?‘i‘ﬂ’gse? d)f1§3mb °6fA’Eb§’t'3§‘l O rigidis iy reyghynge Tpsin
catal yst 5 par tcbrek@sdshad2ig o @nBtiefiasoldry). 8hermmﬂ@swbawe1eehddmmb.teler zed
in a fixed bed gegacto t. engt h

di amet er of 20 mgn a & wﬁ% Enltx:l'léo%%&al% (ﬁl‘!l g)?egapaergaclor wgh agaflyst%ae? %%qﬂ c?frbq)é 48%
by wei ght was d@ﬁé‘r‘fﬁ“ﬁ@ﬂ"f 30 rem. The Foatioy %qrﬁwwmé%frem the flopg T setle
achi eved. 0he contientonsfwanabedd mlaugahvemzaﬁlyffﬂﬁﬂrmd t@SdoambMd PIue dugtfician
the reaction wa % in.t reaction

reaction pr oduc?do\%gééc%%)%éac\é\ﬁe T ‘glasclogl érgst |%n em\)'eg{getﬁe Kt 31 gearﬁ%c ‘Erred
to a rotary evaPporetEs suppled Hraupher widp WCht%@SF@{OHPS‘}'CI@&a@p@ﬂa}tadw circplpre
unconverted net fianokimarghmdetfoswar € renoved by vacuumdistillation.
After the vacuumdistillation, a water content of 0.04% by weight in
the distillatiop heskdues s %@éda@% %4 ﬁ&m i 0

resi due, 1098 /ht toéet hsélr Wlpth 290 %/ i hanoi11 erlLs lagéosgn “at
15 terrpera?tsure {grmaepcof arrgntiguoys aedypkrhge "H‘hﬁé‘?i’ r@ﬁ"t“rPféherr%‘iOHéh‘é’@‘:fWﬂrre
of 10 mm over adrbjlxedracatsalt sdispbed fol mﬁs&dd&i‘ly Gldifimic @ith reference to the
Anber | yst OBD20 gédqlf& c'er% eXE e r 121

catal yst mmss % S ft gh Ellsg)t thg gr 959 Aﬁggﬁgﬁ%g?le a{neter of?pp

and were i nmmbi ?PTeﬁSPF‘fﬁ "éd@F?e%é’ﬁ ARER: zrsé}i‘lfftw "Wi*%"ﬁd &hichral ti)@tfﬂgtyéﬂmly

length of 2.08 ma&ndaxathdmmﬁ;ﬁﬂﬁCIQrfveB&ymhe Ehgion ARGl 48 scmt mﬁs%ﬁlms
Suppl ied f3]bom tt?(ﬁn Rr?spthat {ﬁ%éi?()toplcts an 01? [cEaCnt.ril.‘I?;"otﬂe %}({)I’IE ey\@?c ndmo
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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



In the case of such a procedure in the further conversion, it was
possi ble to observe 25 formation of a continuous nethanol phase in
the top region of the reactor, in which oil droplets were present in
di spersed form This was clearly identifiable with reference to the
speed of descent of the droplets of the di sperse phase. At a nean
dropl et dianmeter of approx. 2 mm a speed of descent of approx. 28
nm s was neasured, which was thus significantly greater than the nean
superficial velocity of the reaction mxture, and so it was concl uded
30fromthis that the droplets are oil which, under the experinental
conditions, has a significantly higher -dénsity than nethanol. - 15 -
zone for the further conversion, of 87.8% was achieved. Overall, a
total fatty aci #neriekglicosnsisiood! $0R% wasedieradl at ed. Exanpl e 4:

Furt her conversion at |ower tenperatures - flow fromthe top Fromthe
di still ation re8vediie tahl fiiy atippdoavedion #30.6@/idrakOget her with 192 g/ h of
net hanol were 5 passed at a tenperature of 65C and a pressure of 4
bar with a resi gange4tFuir @hvekbn MiideP¥Bferaturd: L HRGRhaby St bed
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Overall, a tOtQQﬁﬁﬁ&ﬁydmchqu? ver5|on of 99.7%is cal cul at ed.

Exanpl e 5: Conver'sion an f' T TAEM conversion of free fatty acids -
flow fromthe bottom Fromthe distillation residue of Exanple 1, 730
g/ h together wi Iflhheigt?m@ Prdust: aftes raqrab pf thegpeghanol, an acid content of 0.05% by we:ght

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

zone for the further conversion, of 89.8% was achieved,

Overall, a total fatty acid conversion of 99.7% is calculated.

Example 5: Conversion and further conversion of free fatty acids - flow from the bottom

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



20 passed at a tenperature of 83C and a pressure of 4 bar with a
residence tinme of 15 mn over a fixed catal yst bed conposed of 650 mi
of Anberlyst(r)BD20 acidic ion exchange resin (corresponds to 121 g
of catalyst nmass (dry)). The catal yst particles had a dianmeter of 0.8
nm and were inmobilized in a fixed bed reactor with a catal yst bed

| ength of 2.08 mand a dianeter of 20 mm The reaction m xture was
supplied fromthe bottom and so the 25 reaction zone was fl owed

t hrough vertically fromthe bottom upward. The superficial velocity
of the reaction mxture in the reactor was 0.92 nmis. On entry into
the reactor, the reaction m xture was suppplied through a nozzle

whi ch, at the narrowest cross section, had a circular orifice with a
di anet er of 0. 5aseat of the draplgtsiofibe ¢ispgree ihseshie mea duptscEdiustegofi approx & mm, a
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oi | phase forne% ion.of the re

net hanol droplef%mﬁgfﬁmgfﬁhﬁﬁ?wo g%??ﬂ%?@&&cWﬁ?ﬁtﬁﬁﬁ§dﬁﬁ§ﬁ@T@&ﬁP9
identifiabl e w thhdropltie penesthatd whitk wiredtd egferimentd] GonditigsclBanta sighifitdngy
dropl ets ofs t hejdieRRiSGmRage. At a nmean dropl et diameter of approx.
5 mMm a speed of ascent of approx. 20 nm's was neasured, which was

t hus significan r h rficia of the
reaction nlxtur%t%rgﬁﬁ%gmmFQngr%%ﬁ%nﬁteﬁaﬁﬁﬁﬁ?f dameﬁc%gﬁﬁixﬁ YU et s
are methanol whPsHecmigeA cphersigxisead iomdn treglfaty eqidsiof nbrfd.2%vasachieved.
significantly 5l ower density than the oil. In the reaction product,
after renoval o0vadie tomitfhanod conanicaci 98.9&@ontaemitedof 0. 19% by wei ght was
determ ned. 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. dCains 1.Process for reducing the content of free fatty
acids in fats and/or oils, characterized at |east by the steps of 1)
reacting the free fatty acids in said fats and/or oils with al cohols
at tenperatures between 60 and 120C using acidic, heterogeneous ion
exchange resin catal ysts, wherein said acidic, heterogeneous ion
exchange resin catalysts are present in a continuous al coholic phase
in which said free fatty acids are present in finely dispersed form
and wherein the reaction zone in which the foregoing reaction is
perfornmed is flowed through vertically fromthe top dowward, and 2)
optionally renoving water, and optionally al cohol at |east partly
together with it, 3) optionally further reacting the remaining free
fatty acids in the product of step 1) or optionally 2) with al cohols
at tenperatures between 60 and 120C using acidic, heterogeneous ion
exchange resin catal ysts.



2. Process according to Claim1, characterized in that the reaction of
the free fatty acids in step 1) is followed by renoval of water.

3. Process according to Caim1l or 2, characterized in that the
reaction of the free fatty acids in step 1) is followed by renoval of
wat er and al cohol. 4.Process according to Caim3, characterized in
that the renmoval of the water is carried out selectively, wth the
aid of a nmenbrane. 5. Process accordiqﬁ'to Claim4, characterized in
that the water is renoved together withh™a portion or the entirety of
the al gqhgls by evaporation. 6. Process according to Caim]l,
characterrzed in that the reaction of the free fatty acids in step 1)
i s fol howedphyes iR sdhOhFB @t 0B doUltlyNeills MERS EddRR olld) cBERR 12 20fecadt BPthe
free fatty acids with al cohols at tenperatures between 60 and 120C

usi ng aci di 8P*&t er ogeneous i on exchange resin catal ysts. 7. Process

according to Cains 2 to_ 5, characteriz in that the renoval in step
2) is foll oned By &PHEFt %F%ﬂ@em&lﬁ Bty ﬂ‘ﬁgﬁ@ﬂs ngﬂa%ft‘%lﬁ 2} fHeRTEesetyten 00
the free fatt wgaaizofﬁ: wdifghacidic; Mbetogerbust ieﬁmﬁdhaﬂigdrréﬁn baalym? Rvhefdinadaidl acidic,
120C usi ng aci,dj c, heterogeneous i.on exchange resin catalysts, . .
cont i nuous. al CEIRGIEFEOR CORETRE A S F SR FRA F FORp o (AP Sl hase in
are present i rwHi¢hneldyfred fgtyerisedte petan inFinelFddpasd faracar gihagintthe @fyio0Ade

of Clains 1, 6.tQ.8, racterized .in that.the r tion and/.or
Pur Chor T east i yhid of MEAGCIRARE it Dol i Rl EARARN BRCUS fropp st top

.10. Process acoerdirdgnto any one of Clains 6 to 9, characterized in

that the further reaction is preceded by addition of additional

al cohol . 112) PrtenaBgrenerios diiay andrpsinnally pleohsf atidast prtly ceedibergritliai ns,
characterized in that step 3) is perforned nore than once, pref era_bl¥
t he sequenc® cptigubplupherappgting tigyrempinipg fige fainpridsrie the proguct pr girpelg &r optionally

accordi ng to anWwingcddbls tdd CrRcRGRE NOv&h F0NEd 105 BGEELEIAS thelelbgtRBls ion
the al cohol is added to the starting material in step 1) in a nolar
ratio of 5 to AEPAngrdFsin (FHa8PErably of 5 to 20, nost preferably of 10

to 20. .13. Process accordjng,to any one of the preceding. clains, i
char acPer | 7 EHoRh SERAE B L R ES B R GRS o xR Sy et 1 i
cat al ysts afoflowtd Bnghyvadesiviit®. pol yneri c nmacroporous resins with free

sul phoni c acid groups.
3. 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.

© 4, Process according to Claim 3, characterized in that the removal of the water is carried out

selectively, with the aid of a membrane.

5. Process according to Claim 4, characterized in that the water is removed together with a portion

or the entirety of the alcohol by evaporation.

6. Process according to Claim 1, 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.

7. Process according to Claims 2 to 5, 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.

8. Process according to either of Claims 6 and 7, characterized in that, in the course of the reaction

in step 3) in the reaction zone, the acidic, heterogeneous ion exchange resin catalyst is present in a



14. Process according to any one of the preceding clains,
characterized in that a catal yst hourly space velocity of 0.1 to 10
kg , preferably of 0.15 to 5 kg, nore preferably a catalyst hourly
kg hkg - h space velocity of 0.2 to 3 kg, is present. kg h

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

9. Process according to any one of Claims 1, 6 to 8, characterized in that the reaction and/or further

reaction is carried out at temperatures between 80 and 95°C.

10. Process according to any one of Claims 6 to 9, characterized in that the further reaction is

preceded by addition of additional alcohol.

11. Process according to any one of the preceding claims, characterized in that step 3} is performed

more than once, preferably the sequence of step 2) and step 3) more than once.

12. 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,

13. 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 suiphonic acid groups.

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

velocity of 0.1 to 10 £ , preferably of 0.15 to 5 k_g , more preferably a catalyst hourly
kg h kg-h

space velocity of 0.2 to 3 , is present.



