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15  After sedimentation, the glycerine phase is removed. Then the liquid phase is again

compounded with methanol potassium alkaline solution, if necessary, and the process of
mixing and removal is repeated. The transesterified liquid is then neutralised with
phosphoric acid, citric acid or other acids, whereby soap and the potassium salts of the
acids are sedimented. In some cases, it is rinsed with water, whereby the water absorbs

20  the soap, potassium solution, etc. This phase is also removed. Subsequently, all kinds of
cleaning steps are possible. The process of stripping is also possible, whereby air flows
in a counterflow to the ester in a scrubbing tower. The disadvantage of this process,
which is based on a low-pressure transesterification process, is the long production time.
Apart from the mixing process, long standing times are also required in the

25 sedimentation phases. Moreover, the containers require a lot of space. The high static
cost of heavy construction and foundations is a further disadvantage.

Another disadvantage of the known method is the fact that there is always more or less
contamination of the fuel.
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particul ar for diesel fuel for vehicles, which on the one hand avqids
15  mixing is required for transesterification, and the distilled alcohol can be recycled after

recovery in a distillation column.

Howevet, other methods based on a high-pressure transesterification process are also
known. Thereby, transesterification takes place in an autoclave with a relatively short
reaction time. The disadvantage of such methods or equipment lies in the fact that an
20  economic production of fatty acid methyl ester, for example for diesel fuel for vehicles,

is absolutely impossible.

Moreover, the transesterification process.in two steps is also known. Thereby, the yield
in terms of quantity and quality is certainly higher than with transesterification in one
step, but again economic efficiency is not possible due to the high plant and production

25 costs.

The task of the invention is to create a method and equipment for the production of fatty

acid methyl ester, in particular for diesel fuel for vehicles, which on the one hand avoids %
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t he di sadvant ages of the known nethods, and on the other hand enables a
rational production i n Gertiseddransidtion from Gaxmaapt abl e pl ant, preferably an
i ndustri al -sized plant, but is also economic in small plants.

The met hod according to the invention is characterised by the fact that the
boundary 5 surfaces of the mxture are enlarged by high or dynam c
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due to the high purity of the 15 end products. This i nvention nakes

It possible to accelerate the reaction by enlarging the boundary

sur f aces, Thisdnvéntion eyabdesi for thedirstaigs thd prodiugtidm diesel ding eadheds debalidselosr. Due to
t he hi gh power ful dynam c turbul ence, the size of the dro s in the
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shortening of the production time. However, the nmethod according to
this iAvefBsranandrepecesyi ted for the so-cal | ed sedimentation nethod,
since the sedinentation times would be too | ong due to the fine

di stribution of the drops.
Another surprising advantage results from the invention, namely in the field of waste

management or hazardous waste disposal. With this invention, it is also possible to
recycle and reuse used table oil ecologically. The use of used table oil in the method
according to the invention is possible without reservations due to the high purity of the

15  end products.

This invention makes it possible to accelerate the reaction by enlarging the boundary
surfaces, and with dynamic processes during the transesterification. Due to the high or
powerful dynamic turbulence, the size of the drops in the liquid phases is effectively
reduced, so that much smaller drops are produced, resulting in a much larger surface,
20  which means that chemical balance state is reached faster. Reaching the chemical
balance state may take less than a minute. This means an enormous shortening of the
production time, However, the method according to this invention is not suited for the
so-called sedimentation method, since the sedimentation times would be too long due to

the fine distribution of the drops.

25 According to a special feature of the invention, the high or powerful dynamic turbulence

is produced by physical forces, for example mechanical shear forces. The advantage
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25 +According to a special feature of the invention, the high or powerful
dynam c turbul ence I s produced by physical forces, for exanple
mechani cal shear forces. TheCetifieditangation from Getwancpby is that the shear
forces, which can certainly be created nechanically, produce

Certified translation from German much nore powerful turbul ence,

t hus increasing the nunber of drops at the expense of the drop size.
In accordance with a further feature of the invention, the high or powerful
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rate in the narrow sections of t he reaction section, which in turn
creat 8 a“ﬁ?@ﬁ’turbul ence at the end of the narrow 20 section.

In accordance with a further feature of the invention, the high or powerful turbulence is
created by cavitation emulsification. With this process step, the reaction time can be

shortened even further, since it takes only about 20 seconds with this optimisation.

In accordance with a further feature of the invention, the large boundary surfaces are
15  created by ultrasound. Using an ultrasound device, large boundary surfaces can also be

created in the reaction section by additional division of the drops.

In accordance with a further feature of the invention, transesterification takes place
under high pressure. The high pressure creates a high flow rate in the narrow sections of
the reaction section, which in turn creates a high turbulence at the end of the narrow

20 section.

In accordance with another feature of the invention, transesterification starts under high
pressure, and the pressure is reduced during the transesterification. It is proven that the
length of the reaction section can be all the shorter, the greater the pressure loss is. It is
proven that the pressure loss benefits the enlargement of the boundary surfaces. The
25  advantage thereby is that the pressure at the beginning of transesterification can be up to

200 bar. Naturally, this increases the dynamics of the turbulence. The pressure loss is




In aecordance with another feature of the invention, transesterification
starts under high pressure, and the pressure is reduced during the
transesterification. It is pFetiied trapglptiop fyem German| angt h of the reaction
section can be all the shorter, the greater the pressure loss is. It is
proven that the pressure |oss benefits the enl argenent of the boundary
surfaces. The 25 advantage thereby is that the pressure at the begi nning

of transesterification can be up to 200 bar. Naturally, this increases
t he "dynanirarstesmedpirtotaneplargemest ofithe beumdery surfa¢es gad dynamics in the course of
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t he course of t he reaction section. I n accordance with a
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In accordance with a special feature of the invention, the separation of the emulsion
phases is performed by exploiting the surface forces, in particular by means of filtration.
With this method of separating the phases of the mixture, a high economic efficiency is

achieved in industrial production.

15 In accordance with a further special feature of the invention, the phases of the emulsion
are separated by multiphase filtration. Thereby, the glycerine phase is separated in the
first step, and the triglycerides are separated as residue in the second step. In a third step,
methano] is separated from the fatty acid methyl ester. Such a filter unit can also be
designed as a cross-flow filter. With this advantageous process step, any number of

20  steps can be performed and the desired purity achieved. Thus, the production of summer
or winter diesel as eco-diesel or bio-diesel depending on the fatty acid chain is quite

conceivable.

In accordance with a further feature of the invention, filters from membrane technology
are used for filtration, for example in the ultra and/or nano and/or micro range. With the
25  technology of today, such filters guarantee trouble-free operation, whereby these filters |

are also very easy to clean,




are separated by nmultiphase filtration. Thereby, the glycerine phase is
separated in the first step, and the triglycerides are separated as
residue in the second step. Fetifedisgpglationfrap German  npt hanol is separated
fromthe fatty acid nethyl ester. Such a filter unit can al so be

designed as a cross-flow filter. Wth this advantageous process step, any
nunmber of 20 steps can be perforned and the desired purity achi eved. Thus,
t he production of sumrer or winter diesel as eco-diesel or bjo-diesel
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filtrati ohereby methanol is removed at the same time. It is also conceivable that distillation be

performed after filtration.

In accordance with a special feature of the invention, multiphase distillation includes at
least one vacuum distillation. With this advantageous process step, a targeted separation
15  of the individual substances is possible, whereby the temperatures at which the process
is carried out can be reduced by the vacuum. Basically, pure fatty acid methyl ester can

be produced with distillation.

In accordance with a special design of the invention, multiphase distillation includes at
least one evaporation, in particular down-flow evaporation. With this type of

20  evaporation, a more effective separation of the substances to be separated is achieved.

In accordance with another special design of the invention, multiphase distillation
includes at least one evaporation, in particular thin-layer evaporation. This type of

evaporation also permits targeted separation of the substances.

In accordance with a further feature of the invention, multiphase distillation includes

25  fractionated condensation. With this advantageous process step, any number of steps can




In accordance with a special feature of the invention, nultiphase
distillation includes at | east one vacuumdistillation. Wth this
advant ageous process step, aCetifiedduandptionfromGeimyn 15  of the indi vi dual
substances i s possible, whereby the tenperatures at which the process
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subst ance alkalmg solution and the alcohol, as well as at least one mixing vessel for compounding,

10 and that at least the container and the mixing vessel are connected to the reaction
section, and that there is a unit for separating the phases of the emulsion downstream
from the reaction section. With this equipment according to the invention, it is for the
first time possible to realise the process according to the invention in an efficient
manner and with negligible environmental pollution. The equipment according to the

15 invention offers the advantage that it can be built in a space-saving and thus cost-
efficient manner. Construction as a major industrial plant for economic operation is

possible.

In accordance with a special feature of the invention, the reaction section consists of a
static mixer. With this design of the invention, high or powerful dynamic turbulence for
20  the transesterification phase can be achieved with a simple device. This standard device

has proven advantageous in use with the equipment according to the invention.

In accordance with another design of the invention, the static mixer preferably consists
of a pipe filled with balls of various size and/or possibly with devices such as baffles,
propellers, resistors, etc. This device is easy to install and does not require much
25  maintenance during operation. The turbulence is created primarily by the rapid flow of

the mixture around the balls.




The aimof the invention is realised i ndependently by an equi pnent for
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propel lers, resistors, etc. This device is easy to install and does not

requi re e ficcdftancewiting Gurthiee desility vanigtiowef the irventioh) @ tirbulatel énineluiled ior eat ed
primarily by the rapid fl ow of | the m xture around the balls
7 10 ~ the reaction section. Such a device also allows fqr; advagtageoys snlargeswrt P thecer man

In accordgg&rlf\dr?wmfa‘@%}ﬁemras ?‘?we'e of the invention, a dynamc emnulsifier

i s include reaction Section. Since an enmulsion is to be
produced in the reaction section, i.e. a liquid with two phases

ral nt al ne(i‘n Lapco%laigee Qvﬁh %nspgéalBJe%féﬂ o'%?llleel%%ﬁ’%{on,ng Y& f”ohnSoLfcc?aci emulsifier
and turbulator is included in the reaction section, for example consisting of two discs

moving in relation to one another, whereby the emulsion is introduced in the middle of

15  one of the discs. The advantage of such a device can be seen in the extremely short

reaction time thus possible.

In accordance with a further design variation of the invention, a cavitation emulsifier is
included in the reaction section. The advantage of this device is that it achieves the

shortest possible reaction time without any loss of quality or quantity.

20  In accordance with a further design variation of the invention, an ultrasound device is
included in the reaction section. The integration of an ultrasound device has proven
advantageous, since the transesterification can be accelerated specifically through large

border surfaces.

In accordance with a special feature of the invention, the unit for separating the phases
25  of the emulsion is a filtration unit. With this advantageous device, separation of the

individual phases of the mixture can be achieved, whereby the sedimentation phasg



deviece is. particularly suitable for reaching this objective very quickly.

5 In accordance with a further design of the invention, the enulsifier is
a cracking enul sifier. Geréficddxansiationé&romiGermans device is the free choice
of crack width and/or |ength, dependi ng on requirements. Thus, an

I nfl uence on the turbul ence or whirl pools downstream fromthe crack is
possi bl e. In accordance with a further design variation of the

invention, a turbulator is included in 10 the reaction section. Such a
devi'ce al ¥pow ffrows theostate df 4t arjdone lengeamgenssany aph residt of the menhasiaaly
surface w,thin accordanc

.Sshort tine. n with.a speci si gn of
The § nvenArdres: T 1 ASHltpefl b rinatess pisctBh A GR P Bped usthé ol BiPln S5 2
i ncl uded fisdubtig] @ fmidn® PlEREIddMRVickOr exanpl e consisting of two discs
novi.ng in relation to one another, whereby the enulsion is introduced in

the mddle of 15 one of the discs. The advantage of such a device can be
seen i n t e a8okdaRBE WithSiHokHer feature "3RS iRRnfidd % dutfase BRSSIhE membrane | N

accordance with a further design varitation of the Invention, a cavitation

emul si i etechology is used| asdfiliration tuni. Seelc tidewics quermits advdntagaohshnoptimalof t hi s

device is _that i‘thtachi evgs the ., . shortest, possible reaction tinme wthout
ik Gy gnd in

any | oss &% ip kgps @ tergs of qu rdance with a further design
variation of the invention, an ultrasound device is i ncluded in the

reaction section. The_ integration of an _ ultrasound device has ,proven
advant agedt@ccosdanse Withea tﬂ“%%é%%“é‘ﬁiqfi‘%ﬂ‘@ﬁﬂ% ¢ Surkaes Aty £OBYUSE S fical |y

t hr ough | : . Si. . r gﬂﬁﬁ” | peci al
feature o?gfhhgc?rﬁl\?re%ﬁ%%?mts%ylgﬁﬁ@Soﬁméeé;%ért%fﬁ%%t ep aéé\?gmégu& of the
enul si on iadvantdgedus Quirfacd filtet, tthe YWahb cihbé opebared !t wigle abirthenti efficiessypardat i on of
t he I ndi vi dual phases of the m xture can be achi eved, whereby the

sedi mdfAt amabinghestsuse of energy. The surface filter can, of course, also be designethas 4 plateq

transl ation from German

In accordance with a design feature of the invention, the carrier is designed as a pipe.
The advantage of this design is the fact that a continuous process flow is guaranteed,

even with varying inflow volumes.

In accordance with a further feature of the invention, the carrier is made of aluminium
15 oxide, porous glass or silicates, for example. Such materials are fairly easy to process

and have proven their worth in the process.

In accordance with a further feature of the invention, the layer acting as membrane has
lipophilic and/or hydrophilic and/or amphoteric properties. With the choice of these
properties, it is possible to determine which phase of the mixture passes through the

20  filter and which phase remains as residue.

In accordance with a special feature of the invention, the layer acting as membrane is a
ceramic membrane made, for example, of titanium dioxide, zirconium dioxide, silicon
or silicon compounds, etc. On this layer with the cited materials, a covering layer of
fatty acid methyl ester forms, which will not allow the glycerine phase to pass through,
25  for example. A glycerine layer will not form as a covering layer on this layer of titanium

dioxide or zirconium dioxide.




knowr fromthe state of the art is no |longer necessary as a result of the
nmechani cal devices. It is replaced by process steps that are perforned
using rational, nodern and CertifiefitransiationfroeGermakent . pl ants and devi ces.
I n accordance with another feature of the invention, a surface filter using
menbrane 5 technology is used as filtration unit. Such a device permts
advant ageousl y opti nal results, both in terns of quality and in terns
of quantity In accordance with a further feature of the i nventi on,
the surf acIé aP‘qu@*’é‘PG @@thgns dssig ofthe inventjen, theslayen agting asamlaanealy@ra poel i ed to

this.carri ane. van ous
surface filte % ?‘5‘%‘? %hcnggg%g%plgrpﬁf@ %Wlﬁ’ ?‘rﬁ%?r?ﬁ%@f gypoé?ﬁd 10
maki ng. bemzeasmbépxemamhﬁh@d@m&m@ biiEliave ABlivepdd éi&éﬂei@resﬁ‘lltsso be
designed as a pl ate. In accordance with a desi gn feature of the

I nvention, the carrier is designed as a pipe. The advantage of this

desi gn i s Inhecdrdfrice twith andthe Rlatutd! fthe RARAESS thd Ailkatisn Qﬂﬁ'i@&l isesa EGVeN
wi th varying inflow vol unes. In accordance wth a rther feature of

t he i nventpeigculensievefilier élrmpbcmime\@fmtahbmm |Surprmﬁlg1}oﬂ1eckepargtmmmfmog¥ ass or
silicat es e fair eas, r ogess and
have provenh %e ?ﬁﬁr‘?’ﬁﬂf%% o ester is a}l% ]red‘é(’r‘i Such snecial f yr ¢ her

feature offiltdai€ i nvention, the |ayer actl ng as nenbrane has | i pophilic
and/ or hydrophilic and/ or anphoteric properties. Wth the choice of these
properties, it is possible to determ ne which phase of the m'xture passes
through t R adbbrdirck tvith 2RdtheP ir&hre Q??I?e TSoRd F@Sﬁlﬁgﬁﬂpﬂlﬁt is design:

accordance with a special feature of the Inve ayer |ng as
menbr ane is¢veral phasescBepenilingroarthe dmredrde@ee bpurix afrmbefaitsoémd m‘eﬂiyl esergli oxi de,

zirconj.um di 0 e, silicon I con, conpounds, etc. On this |ayer
with the &% éjau—n (= éma%geéd@é‘fr}eﬁﬁrl-“é@éale b fatty acid methyl ester
forms, which will not allow the glycerine phase to pass through, 25 for
exanpl e. ayer will not formas a covering |layer on this |ayer

of titani ﬁ’ﬁf]%célor ! IcQ %mh a special feature of the invention, a distillatien whit cenpistingre€latt i on
from Ger Mgt one evaporator and one condenser is included downstream from the reaction
section, or possibly downstream from the phase separation unit. This unit according to
the invention also makes it possible to realise the process according to the invention in

15 an efficient manner.

In accordance with a further feature of the invention, a down-flow evaporator is used as
evaporator. Such an evaporator has the advantage that the supplied heat can be used

optimally. Evaporation in a vacuum is also possible.

In accordance with another design of the invention, a thin-layer evaporator is used as
20 evaporator. Evaporation in a vacuum is also possible with such an evaporator. In

addition, optimal results are obtained with such a device.

In accordance with a special design of the invention, a rotary flow evaporator is used as
evaporator. Due to the centrifugal force of the rotary flow evaporator, the evaporator
film is particularly thin-layered, so that the plant can be operated with maximum
25 efficiency and making optimal use of energy.

10




In aecordance with one design of the invention, the layer acting as

menbrane has a pore size in the nano and/or mcro range, in
particular with a size of 1-9gtfigdtransiption ingpGerman si zes can be produced
with nmodem t echnol ogy, and have delivered excellent results. In

accordance with another feature of the invention, the filtration unit is or
conprises a b5 nol ecul ar sieve filter or nolecul ar sieve nenbrane.
Surprisingly, the separation of non- transesterified fats fromthe
fatt’y aci & rasedrjanceswish nother steatyess of bthe imiveriony dhere piscd ajeparating yngt) t er .

I n accordgnce withe.a further. f.eatureof the invention,. t LJ tj.on unit
i s desi gnga&ﬁ ot fmms{g’\?e(ﬂ% na&)‘ﬂ@s}’g& BRBE P SPERA .%13m(t:rells‘1’?ifi é%f L(ggfg}ra{ese of
purity of glylerideadahbeaolidett® bdrill 268 HRY qualify de@uhel, Depbdddigsort the qualigr r anged
in series or in parallel. . I n accordance with a special feature of
t he i nventousd, thg farther procedureis then determingdst i ng of at | east one
evapor at or and one condenser is included downstream fromthe reaction
section, or possibly downstream from the phase separation unit. This unit
accor ddng In ;accordancet Wwithi anogheri featusd of the kmyentionp dbere biseat sspangting sumitt he

process accordin o the invention in 1 n efflgient nney. . In
accor danc omngﬁagx ?’8}’% r“’?l\éighrs@afﬁmgh eiﬁ@é‘ﬁt?é}ﬁ’ﬁ anﬂ‘g\%ﬂ‘- gyowlgg/zfporator
i's used ageparating ﬁﬁfﬁ‘%ﬁéﬁé&%u&%%l?&rﬁ!%ﬂ@é QoA LAy amMadt agRlityhat the
suppl i ed heat can be used optimally. Evaporation in a vacuum'is al so

possi bl e. determined. Dependisgonl thecmality foundnthie Herthed pxicgdure is théreddtermdngdi on, a
thin-layer evaporator is used as 20 evaporator. Evaporation in a vacuum
is al so possible with such an evaporator. In addition, optimal results
are obt ai medcoordafceswith admdiesr ifesure of the invenfioncthe seharatiag whit fis contpeted @l desi gn
of the invention, a rotary flow evaporator is use evapor at or. Due

to t hdOcets (omperiiogpinedEomd therqpntamst Hrfhe fa&mmﬁa‘?@?&?ﬁ%w@%&?&m or
filmis pgmefsppams ﬁﬂh@'s%ﬁ}’a%&ng‘aniﬁﬁ?&%t hie &4&%&%&&&%&%@9 Wi th
e y and nakPng optina gy

maxi mnum 2 I Cl enc use of energy.
Certifi ed thesaoal v tranSestdrifivd GgaifHThis increases the yield.

In accordance with a special design of the invention, a pump, in particular a high-
pressure pump, is used to supply the liquid to the reaction section. The integration of a
15 high-pressure pump has proven advantageous because the turbulence for

transesterification creates strong dynamics and thus a large border surface.

In accordance with a further feature of the invention, the excess methanol evaporates in

a flash reabtor. With this step, methanol is removed from the methyl ester.

The invention is explained in more detail based on the design variation illustrated in the

20  figures. They show:

Fig. 1 a flow chart of the process flow with a distillation unit, and
Fig. 2 flow chart of the process flow with a filtration unit.
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I n accordance with another feature of the invention, there is a separating
uni t downstreamfromthe distillation unit. By using a separating
unit, residues such as Geryified trangation from&Gepmin ect ed easily and the

qual ity determ ned. Depending on the quality found, the further
procedure is then determ ned. 5 . In accordance with another feature of
the invention, there is a separating unit downstream fromthe unit for
separating the phases of the enulsion. By using a separating unit,
resi'dues Byotayad inftoduetiomisisawtedsbatdn tHealecswibed designy vaxiation kisnticah pauts/or

det ey ni ned, . Dependi t Lity f . the furt s th
ot of m nodtates s Taehiba SR S st Ereintnge itthoriad pah, MHFEOB A FEAPTR, | on
the separ abhthidled i thd Sve&aIDABEHPHoN @ard Be dpPBed Qéwﬁﬁﬁ%'lﬂgo RAMEICAI putst bie

cont.ainer for the fats to the reaction section. If the analysis of the
subst ancestates witle thecsameaeferance numbers onnamies t Furthemeore,r indiyidual features of
non-transesterifie ats, . t hese can, be transesterified in..This

i ncreases ?ﬁe‘nid%? 2 (g_({emgn variapt, cag. gbslbegﬁglgewr?mesgng P%ﬂde]ateg‘ﬁgﬁorgf T he

i nvent i on accbrdhd®withthd@védtier! ar a hi gh- pressure punp, is used to
supply the liquid to the reaction section. The integration of a 15

hi gh-pressure punp has proven advantageous because the turbul ence
for i BELRENES With F8¢. 110 BofhiRH £Eortdind HFhEPYARMIES sl ihshittfted fP60C
border surftace. (?I?% éc%lgélganceoém&'?ﬁﬁfg %ur. er feature o? t he

i nvent i on vegdiable and/es aniedah arnigin. e agmbr 21tie pravided for aapdtém sdtkalima sbbrtion\W t h
this step, nethanol is renoved fromthe thy] ester., The i nvention
i s explai M 1cp£ﬁm Botgssium soliien.gwhike ?R@H%e%r’?’ {raproyided for fhealepbpleq i n
the 2Qq, fi SHARUF - Ei : f4: oggss flow
Wit h godi é’tgﬁcﬁ%fl?'ﬁ%}n A, The alkalmgisgm%nﬁfé%vé%%g??ﬁg‘?@tfa%ﬁ%r%@ess f1 ow
with a filoperatiowis cartiéd out in a mixing vessel 4. For compounding the alkaline Sedutionf i ed

transl ation from German
, v‘pﬁh the re‘lrlcohol, the mixing vessel 4 is equipped with a mixer 5. The supply lines 6 to

the tanks 2, 3 are fitted with control valves 7. The container 1 with the fats and the

-

mixing vessel 4 are connected to the transesterification section 8 by connecting pipes 9
15 and 10, The connecting pipes 9 and 10 are equipped with additional control valves 7,
and a high-pressure pump 11 is provided for introducing the fats and the solution to the

transesterification section 8.

The transesterification or reaction section 8 consists of a static mixer 12, in this case
made of a pipe 13 filled with balls of various sizes 14. The pipe 13 may be fitted with
20 additional devices such as baffles, propellers, etc. The static mixer 12 swirls the liquid
to be transesterified from triple ester to single ester by means of high or powerful
turbulence. This results in strong enlargement of the border surfaces. This is achieved by
reducing the drop size of the liquid to be transesterified in the turbulence, and thus
enlarging the border surface considerably, Since transesterification is a border surface
25  reaction, the reaction rate is correspondingly increased by the enlarged surface area, so

that chemical balance state is reached very quickly.

12



By way of.introduction it is noted that in the described design variation
i dentical parts or states are identified wwth the sane reference
nunbers or nanes, whereby th&erdfiedirapslationdrom Germangnt ai ned in the overal |
description can be applied accordingly to identical parts or states
with the sane reference nunbers or nanmes. Furthernore, individual features
of 5 the illustrated design variant can in thensel ves represent

i ndependent sol utions in accordance wt h t he inventi on. In
accor dancén @fden tq:lféluellce tbema@nmm qveh tfanthes, WS%E@W&F@@C@W at

or o ded FHEIRt ey ol RGNS Ron BB Bl fheleed) h et

sol uti on, ofktel o@gg)t her tank 3 is prow ded for the aI cohol 10

partlcularly met hanol . The al kaline solution is dlssolved in the

al cohol and thls operation is carried out in a mxing vessel 4. For
conpoundi Ehldrf@ndit kot thd oy Wukfatks is aldepb&mm@ a!n@&ﬁ%f uttﬁemmdx Mg vessel
4 is equipped with a mxer 5. The supply lines the tanks 2, 3 are

fittedSw ttherefora quite condeirableto equip theawacsion eecnpnmﬂammxﬂ@aspméd@m t he

m xi ng vessel 4 are connected to the transesterification section 8 by
connecting pipes 9 15 and 10. The connecting pipes 9 and 10 are equi pped
wi t h addi tThenlduid omtchehicab bslesce7state is intnodjxced liniltgm distHationeugitirty wa 4 s

provi ded for ucm t he, fat nd the. s o o the

transest e leﬁﬁ?g[g 8r\m§ 18 0”%“31’4‘?1"@1? %‘ﬁ eé’? Px0Rls B ACEP-oRact i on
section 8 of a pipe
131111 ed B Fbe PGt yfint Bom i, lslddsuntiin e ppdBETTY Lo wrt h 20
addi tional devices such as baffles, propellers, etc. The static mxer 12

oot L1 i A9 bt A OBLE LSRRI S BAE whley 191 ©

enl ar genenke eifstmdiﬁnbmﬁtdlesr is sieglgﬁéaeﬁ a Vdtumi distlahibie VRl THe target subs@uiedsng t he
drop size of the liquid to be transesterified in the turbulence, and thus

enl ar gi ng sieheatde datfy anig methyl eslers rgesomssnendgliciemoredh Srem the segesat8§ oh i s a

border su I on, the reaction rate is correspondingly increased
by the enltfée?‘gig%lﬁ%o??‘@gggar ea, that chem cal bal ance state is

reached very quickly.
12 Of course, various forms of evaporator can be used. For example, a down-flow
evaporator, thin-layer evaporator, rotary flow evaporator, etc. can be used. In addition,
15  the distillation unit 15 also comprises fractionated condensation. With the design of the

distillation unit 15, the degree of purity of the fatty acid methyl ester can be influenced.

Non-transesterified substances are separated and collected in a separating unit 19, which
is connected to the distillation unit 15 by a pipeline 20. A pump 21 is provided in the
pipeline 20 for introducing these substances to the separating unit 19. These parts are
20  analysed it the separating unit 19 and then accordingly processed further. If necessary,
part of the non-transesterified substances are returned to the fats upstream from the
reaction section 8 via a pipeline 22 with a pump 23. Certain substances are removed

from the separating unit 19 by a recovery unit.

In accordance with Fig. 2, container 1 again contains higher saturated and unsaturated
25  fats of vegetable and/or animal origin. Moreover, there is again a tank 2 for a potent

alkaline solution, in particular a potassium solution, and a second tank 3 for the alcohol,

13




Certified translation from Gernman In order to influence the
reaction tinme even further, the process flowis carried out at

specific temperatures, or it Cegfisderandationfon GsreA? pressure that is reduced
in the course of the process. Enl ar genent of the border
surfaces is also possible by nmeans of ultrasound. It is 5 therefore
quite conceivable to equip the reaction section with an ultrasound devi ce.
The liquid in chem cal bal ance state is introduced into a distillation unit

15 Via a in partighloe|methanpy.. The atkaljng selytion isrdissolved finr the ralcohohpg| this

net hanol , for,.exanpl e own-f . aw VApPor at.or . .. be, inst al

upst,‘r eam Pp%rﬁl?xhésn%nﬁ‘f?‘ﬂa i HIRE es_fgl :‘:‘nﬁ%h%miﬂoﬂ‘%@ﬁggh elgl'khh%e gohlnfogrilhe

di still at ivath 8 alcollsl, hensixigSvesdel Atis bfMsHed With £¥RESATRE s@iply b Ewndenser ,
whereby 10 the distillation unit 15 Is designed as a vacuumdistillation

uni t. The theataghs 2s3isee Htiedwith controkvalvesal Theecomiainey lawith thefatypaddicer, are
corr esgon%@gwegs%w \égedco%gc% @g?%%%%%ﬁg@@ %Bréts%c}iontSkb%r (g)lnﬁééd&lg el uni t

15. course, various T or can “be used: r “exanpl e,
a down-f| and 10. ThevsdOstaigOpipest bt 1 QYR eqi¥iied vittoidditicHaBEdhtiol @dlvey @por at or
etc. can be used. In addition, 15 the distillation unit 15 al so conprises

fract i onatasd abighdprassure pap W istprevideddfos infrpdu¢ing phe fats and ghessolytionttp #i¢ uni t

15, the degr [ rity.of, the fatty acid nmethyl ester can be influenced.
Non-transeagf’éeeﬁe'ﬁlhgﬁ% tﬁ%%t{oglns(ies are separated and collected in a separating

unit 19, which I's connected to the distillation unit 15 by a pipeline
20. A pu 21 is pravided in the . I pel.in 0 for introdugi ng.these
subst aﬁ_crergrhf%‘_'af‘%& g‘ﬁ%{'}”&tqrﬁ@ac AR ts_ec}gx_x 8%‘?8§‘§}ts ﬁgﬁﬁgnﬁ?‘& sﬁ?gﬁél, Wi n the
separ api NGaddthhdeldt Lol ?ﬁﬁ BRI g bmsoéf%ﬁé&segizésuﬁ@ﬁ{pe 2bimAesRasary,

part of the non-transesterified substances are returned to the'fats
upst r eam fbeditted wath additiongdalevicensushk as baffle§ propellerspesistbisnetc 2bheinnlsifiepunp 23.

Cecovery  dapats the lididth Batabetsrifisd femh Aipl SS3b Stogle ion Y meadpt B on ai ns
hi gher satyy glgulqt ulASA Ts3b&its %ﬁstronE%%Efé%?negﬁ%g?gﬁéﬁema%s. Ry Rl

origin. Mreov ere Is agaln a tan
achieved by reducing the drop size of the liquid to be transesterified in the turbulence,

15  and thus enlarging the border surface considerably. Since transesterification is a border
surface reaction, the reaction rate is correspondingly increased by the enlarged surface

area, so that chemical balance state is reached very quickly.

Instead of the dynamic emulsifier 25, a crack emulsifier or turbulator, or a mixed form
of crack emulsifier and turbulator, or even a cavitation emulsifier could be used. Of
20  course, it would also be conceivable to have two or more emulsifiers in series or in
parallel. Enlargement of the border surfaces is also possible by means of ultrasound. It is

therefore quite conceivable to equip the reaction section with an uitrasound device.

In order to influence the reaction time even further, the process flow is carried out at
specific temperatures, for example 40-70° C, or it commences with high pressure that is
25  preferably reduced in the course of the process. A temperature range in which the
surplus methanol evaporates in a flash reactor and the methy! ester is thus rendered free

of methanol could also be selected.
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for the al cohol, Certified

transl ation from Ger man Certified;typnglatiop frem|GsFmaget hanol . The al kal i ne
solution is dissolved in the alcohol and this operation is carried out
Iin a mxing vessel 4. For conpoundi ng the al kaline solution with the
al cohol, the m xing vessel 4 is equipped with a mxer 5. The supply lines 6
to the tanks 2, 3 are fitted with control valves 7. The container 1
with the flhe diquiddint ghengcal halatcs gtateetssiairoducgd dntoon wait t27dfor separating the

transesterjfication.section 8 npecti.n l,pes . .. .ang 10, The
connect i nahﬁﬁ)gftsﬁi@ K rﬁﬁla&@pgé\ﬁﬁgpgﬁm ’ g&g\’“ﬁ 2%151(1“’88% &%ﬁl’f?’ﬁé J\}']"es 7,
and a hi ghadbeEmtbdiRed Whe bipelifie PT Bpte@d tfoad thehiteduci ng the fats and the
solution to the transesterification section 8. The
transesterification or reaction section 8 consists of a dynamc emulsifier
25, in thithe bt 27CRR8stSBES: RhistPnt HitrRHnRINR292 ¢ hédotRcMivith thalidsten0éf var i ous
sizes. The pipe 26 may agal n be fitted with additional devices such as
baf f| e§, heopat R3rtbe individualophasesee@. tikhfattyragidsinethyt ester, arepSpawated] and: he
liquid to_be trangesterified fromtriple ester to single.e by means of
i gh - TEROYSH LR ooV BRI AR el herlyerine BRsE car e BOITRG (G IPRGNER of ¢ he
bor der  surfAeESerypUift 315 achi eved by reducing the drop size of the
liquid to be transesterified in the turbul ence, 15 and thus enlarging the
border surface considerably. Since transesterification is a border

surface reﬁﬁ# L0 T | $1..C @g@g | t he

enl arged sur g%nédes%eof;tﬁggi?ﬁéglgnt g‘? gé Eheem&’&ég{es airtlggk )éh[e'ai;ﬁgfr i%gﬁ(raﬂel%t?%led very
qui ckl y. ester can Heriaflemded Oficharselythafhitty aeiduhathyliester 2auld also bashbjected ®i fi er or
turbul ator, or a m xed, form of crack enul sifjer and t,urliul ataor, or

even d0cafbither pseessing ini & dewnstisam pugiBicationnit2. Jpis alsasganseivable b ey al so
be concei \@p : r . I £ in series or in

parall el . n‘l’tgornéglge@%;{?%%eg 1{(;1?({ e?ﬁ%ﬁgéécdggﬁ@% al so possi bl e by neans of
ultrasound. It is therefore quite conceivable to equip the reaction

section ws,th ul tr nd devyi c In.order to, influenge the
reaction tlﬁlﬁéﬁ e %atf%ésr% S ﬁage S’fh&@é‘gu@?tg{ﬁdiugn@ﬂ?@%“%kffﬁggogy ‘ri}_ld

speci fi ¢ 1caRRanglofaPdrous Qhrriex I x8mpR- of AlfminRim bid& PreTerABR deviohdl & Oh
pressure that is 25 preferably reduced in the course of 'the process. A

t enper at umpipe; andje layerwpplidd tohthe carrier,sfior pkamplerst layeroif tienipwyr dioxide.i Fhen f | ash

;Fggt glrg 2 gyg%; ?agjoh_r%%g %lphoetgrtice Ir)roi)grtitésr,] lxj’v%erre 9 eerpeca(rje ;iéeei% in the na1(1)c]; rar&get"hanol coul d

Non-transesterified substances are separated and collected in a separating unit 19, which
is connected to the distillation unit 15 by a pipeline 20. A pump 21 is provided in the
pipeline 20 for introducing these substances to the separating unit 19. These parts are
analysed in the separating unit 19 and then accordingly processed further. If necessary,
20 part of the non-transesterified substances are returned to the fats upstream from the
reaction section 8 via a pipeline 22 with a pump 23. Certain substances are removed

from the separating unit 19 by a recovery unit.

In conclusion, it must be pointed out that for better legibility the individual components

and component assemblies are not shown proportionally or to scale in the figures.

25 Individual features of the design example can also be the subject of independent

il lng \
S et
o e

k  firkugicy
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inventions, either alone or in combination with other features. In particular, th
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14 - . Certified translation from German
The liquid in chem cal balance state is introduced into a unit 27 for

separating the phases ofCertified frapslatipefrom Germapi pel i ne 17. If required, a
device 28 indicating the pressure can be introduced in the pipeline 17
upstream fromthe unit 27. The unit 27 consists of at |east one

filtration unit 29. In accordance wth the design of 5 the unit 27, the
i ndiyidual phases, e.g. the fatty acid nmethyl ester, are separated and
renoved atindfyidupkdesigns ilystrated iBthe Agueesotandierthe subjéra o imepertdent sobatioas f or

further us pe.recover oi nt 31. . Wth the design qf the
filtrati onﬁu%%?r%? ‘{lﬁ]ethﬁ é‘bvregﬁo%fﬁﬁ J&FY"W dnctips qnd; so{utions garbg ﬁ\%‘lﬂd m

ester can Medémﬂémaqﬂiongfmgwﬁgqms; he fatty acid nmethyl ester could al so
be subjected to 10 further processing in a downstream py=gati on unit
32. It is also conceivable that the filtration unj «ilgBgui pped
with a nolecular sieve filter. The filtration g 7\ surface
filter manufactured using nmenbrane technol ogy and
porous carrier, for exanple of alum nium oxide, pref¢
pi pe, and a layer applied to the carrier, for exanpl &
di oxi de. The 15 | ayer can have anphoteric properties <phere y ¥
size is in the nano range. Non-transesterified hgyppres” are
separated and collected in a separating unit 19, which —tS connected to
the distillation unit 15 by a pipeline 20. A punp 21 is provided in the

pi peline 20 for introducing these substances to the separating unit 19.
These parts are anal ysed in the separating unit 19 and then
accordingly processed further. If necessary, 20 part of the
non-transesterified substances are returned to the fats upstreamfromthe
reaction section 8 via a pipeline 22 with a punp 23. Certain substances are
removed
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fromthe separating unit 19 by a recovery unit. I n conclusion, it
must be pointed out that for better legibility the individual conponents
and conponent assenblies ar Centified yrpplatiopirapGemabnal [y or to scale in the

figures. 25 Individual features of the design exanple can al so be the
subj ect of i ndependent I nventions, either alone or in conbination
with other features. In particular, the '

Certified translation from German i ndi vi dual designs illustrated in the

figures can be the subject of indBAIENRCIAIMS| ons in accordance with the
i nvention. The relevant functions and solutions can be found in the
detail ed descriptions of these figures.

1. Method and equipment for producing fatty acid methyl ester, more particularly

diesel fuel for vehicles, whereby saturated and unsaturated higher fatty substances of
vegetable and/or animal origin are compounded with a potent alkaline solution,
5 patticularly a potassium solution, and dissolved in alcohol, particularly methanol,
and the two components reach a chemical balance state through emulsification of the
mixture in a reaction section with a phase separation section, whereby the fats are
transesterified into fatty acid methyl ester, and on reaching the chemical balance
state the residues such as friglycerides, glycerine, soap, non-transesterified fats, etc.
10 are separated from the fatty acid methyl ester, characterised by the fact that the
border surfaces of the mixture are enlarged by high or powerful dynamic turbulence

in the reaction section (8).

2. Method according to Claim 1, characterised by the fact that the high or powerful
dynamic turbulence is produced by physical forces, for example mechanical shear

15 forces.

3. Method according to Claim 1 or 2, characterised by the fact that the high or

powerful dynamic turbulence is produced by crack emulsification.

4. Method according to at least one of Claims 1 to 3, characterised by the fact that the
high or powerful dynamic turbulence is produced by dynamic emulsification, for

20 example in a turbulator.

5. Method according to at least one of Claims 1 to 4, characterised by the fact that the
high or powerful dynamic turbulence is produced by cavitation emulsification.

6. Method according to Claim 1, characterised by the fact that the large border surfaces
are produced by ultrasound.

—
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16 - . Certified translation from Ger nan

PATENT CLAI M5 1. Method and equi pment for producing fatty acid
met hyl ester, nore parti cul drertified translation frop Geramnt ye| for vehi cl es, whereby
saturated and unsaturated higher fatty substances of veget abl e

and/or animal origin are conpounded with a potent al kaline sol ution,

7. Method according to at least one of Claims 1 to 6, characterised by the fact that

transesterification is performed under high pressure.

8. Method according to at least one of Claims 1 to 7, characterised by the fact that
transesterification starts with high pressure and the pressure is reduced during
5 transesterification.

9. Method according to at least one of Claims 1 to 8, characterised by the fact that the

phases of the emulsion are separated by physical means.

10. Method according to at least one of Claims 1 to 9, characterised by the fact that after
separation of the phases of the emulsion a purification (32) of the fatty acid methyl
10 ester is performed.

11. Method according to at least one of Claims 1 to 10, characterised by the fact that the
phases of the emulsion are separated by making use of the surface forces, in

particular by means of filtration.

12. Method according to at least one of Claims 1 to 11, characterised by the fact that the

15 phases of the emulsion are separated by means of multiphase filtration.

13. Method according to at least one of Claims 1 to 12, characterised by the fact that
filters based on membrane technology, for example in the ultra and/or nano and/or

micro range, are used for filtration.

14. Method according to at least one of Claims 1 to 13, characterised by the fact that
20 liphophilic and/or hydrophilic and/or amphoteric filters can be used.

15. Method according to at least one of Claims 1 to 14, characterised by the fact that the

phases of the emulsion are separated by chemical means.

e
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5 : particularly a potassium solution, and dissolved in al cohol,
particul arly nethanol, and the two conponents reach a chem cal

bal ance state through enul si%erifgd trapslagipn frope German m xture in a reaction
section with a phase separation section, whereby the fats are
transesterified into fatty acid nethyl ester, and on reaching the chem cal
bal ance state the residues such as triglycerides, glycerine, soap,
non-transesterified fats, etc. 10 are separated fromthe fatty acid
met Hyl estteMethddaacsording toeat lbast ohe of Elaims Hato 1Sheharacterised byphe dast thatr f aces

'n Uhe. reactlaoRaity i batncd Sake oS serplitihed e PR e

char act eri seghuiod, BRitiphese difdlatibh & Rk@Bhn&d, pover f ul dynami c
turbul ence is produced by physical forces, for exanple nmechanical shear 15
forces. 3. Method according to Claim1l1l or 2, characterised by the

fact that 19 MethddaccBfding to at least 0B WEClaiths X6 28] chafabteRsHdYYqBe f2t hhO@ECed by
crack emul sification. 4. Method according to at least one of C ains
1 to 33 chamagtiphass digtillationlvemprisds at least ontgacuum distillatiph.gh or power f ul
dynam ¢ turbul ence is produced by dynam c enul sification, for 20

exanple in a turbul ator. 5. Method according to at |east one of

d ains 1 18 Methahaccanding tesatdedsy ohdof Chaitns tihiat 17, lkkaracterised by the gt ahatpower f ul

dynam ¢ turbul ence is produced py cavitation enul sification. 6.

Mt hod accorhlfiphass disillatancongmarest lnst oue CpAPOFaians BRI doye-floy ge
border surfg ation are produced by ul trasound.

Certified tra a%lbnfromGerman 7. Method according to at |east

one of Clains 1 to 6, characterised by the fact that

transesterd f L on, rf.ornmed un .hi gh sgure. . hod

accor di ngi?'(}\’@?&} g%cs?fd?%%go %tfole%?gp?rg%i?ﬁ%s% toc arc’g%r?%etﬁlssegc})yb@e ?%%I}%ct t hat
10 multiphase distillation comprises at least one evaporation, in particular thin-layer

evaporation,

20. Method according to at least one of Claims 1 to 19, characterised by the fact that the

multiphase distillation comprises at least one fractionated condensation.

21. Method according to at least one of Claims 1 to 20, characterised by the fact that
15 non-transesterified fats are separated and returned to the fats upstream from the

reaction section (8).

22. Equipment for realisation of the method according to at least one of Claims 1 to 21,
characterised by the fact that there is at least one container (1) for the fats, and one
tank each (2, 3) for the potent alkaline solution and the alcohol, as well as at least

20 one mixing vessel (4) for compounding them, and that at least the container (1) and
the mixing vessel (4) are connected to the reaction section (8), and that there is a
unit (27) for separation of the phases of the emulsion downstream from the reaction
section (8).

L
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transesterification starts with high pressure and the pressure is reduced

during 5 transesterification. 9. Method according to at |east
one of Cains 1 to 8, char acCentifihteanslgtion/fromiGerman hat t he phases of
the emul sion are separated by physical neans. 10. Met hod according

to at least one of Clains 1 to 9, characterised by the fact that after
separation of the phases of the emulsion a purification (32) of the fatty

acid nethyl 10 ester is perforned. 11. Method according to at
| east one %fEmmem an;cqrdmgmq Chimr22¢ clmracsarised hy thecfadtabat thereactidmesection

phases of the en{.su 3 qare separated by making use of the surface forces,
in ra BPRBans of filtration. 12. Met hod accordi ng

to at Ieast one of Clainms 1 to 11, characterlsed by the fact that the 15

has f I t f |t | t
D Nt hod B PP e e PoaBi gRcomos. Chanieised b s eh e ectifisbd by
the fact thapixer is fitted plferératﬁy withes Bide Y06)BIRY RAR bABC N ARRY sikOan@aanpl e in

the ultra and/ or nano and m'cro range, are used for filtration.
14. Method ad@medsu@ascbaﬁlestqsﬂﬂemnmsmors;bm mse 1 to 13, characterised by
the fact that 20 | i phophilic and/or hydrophilic and/or anphoteric
filters can be used. 15. Method according to at | east one of O ains

1 to 14, QjaEquipmentseedordingttbeat fleast odenaft Claitas 22 to 24, chapdetesised by thenfacenul si on
are separate tilﬁg chem_cal ,nmeans

Certified tr 1%?\‘1?1}38}*?@@]“%“25)lntherea%on%'ﬂ%@)accord| ng to at |east
one of Claims 1 to 15, characterised by the fact that after
reachi ng chem cal bal ance state, possibly after separation of the phases of
t he 26. Equipment according to at least one of Claims 22 to 25, characterised by the fact

that the emulsifier (25) is a crack emulsifier.

10 27. Equipment according to at least one of Claims 22 to 26, characterised by the fact
that there is a turbulator in the reaction section (8).

28. Equipment according to at least one of Claims 22 to 27, characterised by the fact
that a mixed form of crack emulsifier and turbulator is included in the reaction
section (8), for example consisting of two discs moving in relation to one another,

15 whereby the emulsion is introduced in the middle of one of the discs.

29. Equipment according to at least one of Claims 22 to 28, characterised by the fact

that there is a cavitation emulsifier in the reaction section (8).

30. Equipment according to at least one of Claims 22 to 29, characterised by the fact

that there is an ultrasound device in the reaction section (8).

20  31. Equipment according to at least one of Claims 22 to 30, characterised by the fact
that the unit (27) for separating the phases of the emulsion is a filtration unit (29).

32. Equipment according to at least one of Claims 22 to 31, characterised by the fact
that the filtration unit (29) is a surface filter based on membrane technology.

W
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errul sion,. mul ti phase d| stillation is performned. 17. Met hod according
to at Ieast one of Clains 1 to 16, characterised by the fact that the 5
mul ti phase distillation conﬁ%‘@é“&ﬂ%@?'ﬂﬁﬁ@a‘)awum distillation.

18. Method according to at |least one of Cains 1 to 17, characterised by
the fact that mul ti phase distillation conprises at |east one
evaporation, in particular down-flow evapor ation. 19.

Met hod accor di ng to at |east one of Clainms 1 to 18, characterised by the
fact® t hat33%&quipment aegording tset laass e o& Claims 33rtor32s ebaraaterised Jy thedact

evapor ation i cpl.ar thin-l.ayer rati
Met hod acco;ﬂlﬁt rp}beps%tta H‘t%ra“é)lns%ﬁ é)fgfpogguglcﬁglei a?%q@}fg’g éﬂggé? g}l(‘f’ gar&e%y t he
fact that t Réhich acts as a méfbhhddhase distillation conprises at | east one

fracti onated condensati on. 21. Method according to at | east one of
Claims 1 to 20, characterised by the fact that 15 non-transesterified

fats are 3¢ hﬂﬁ&@lt a&@rdlﬁg H5 BERadh ot b8 (It 20PBI T ARG the fact

reaction sect i on ) . Equi pment for realisation t he net hod
accordi ng tdjhmthd@ml&)daalg@édﬁaaplps 1to 21, characterised by the
fact that there is at |east one container (1) for the fats, and one

tank each (2, 3) for the potent alkaline solution and the al cohol, as well

- as at | ea3i. Edipment accmrdingrt«hmlgastme@lf (Ild)nsfﬁrtoc&;hpbarmiéniugdtﬁyeﬂm faotd t hat
at | east the c nt ai ner m Xj.Nng vess éﬁ% are connected

to the reacthd es“@l??eirﬁﬁéségﬁ ?Oraqxampha?fqlmmélm gXige, porous g ass ijicatesy ) for

separation of the phases of the enul sion downstream fromthe reaction
section (8).
(38, Equipment according to at least one of Claims 22 to 35, characterised by the fact
that the layer acting as membrane has lipophilic and/or hydrophilic and/or

10 amphoteric properties.

37. Equipment according to at least one of Claims 22 to 36, characterised by the fact
that the layer acting as membrane is a ceramic membrane consisting, for example, of

titanium dioxide, zirconium dioxide, etc.

38. Equipment according to at least one of Claims 22 to 37, characterised by the fact
15 that the layer acting as membrane has a pore size in the nano and/or micro range, in

particular a pore size of 5-200 nm.

39. Equipment according to at least one of Claims 22 to 38, characterised by the fact
that the filtration unit (29) is or comprises a molecular sieve filter or molecular sieve

membrane,

20  40. Equipment according to at Ieast one of Claims 22 to 39, characterised by the fact
that the filtration unit (29) is designed for multiphase filtration.

41. Equipment according to at least one of Claims 22 to 40, characterised by the fact

that there is a distillation unit (15) consisting of at least one evaporator and one

A
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Certified translation from German 23. Equi pnent according to Claim
22, characterised by the fact that the reaction secti on——coOnsTIstsS

haract ol Sed by the fact tnat e etacie oo to o IMAVIRMEAAIAN
preferably with a pipe (26) filled with balls of various sizes tand/ of 5

devi ces such as baffles, propellers, resistors, etc. 25. Equi pnent
according to at least one of Cains 22 to 24, characterised by the fact
that there icendenseydavmsiream fremfthereagtion)sertion (8 nossiblyidemnsieram Ham(ths

26. Equi prent . ' | east one of Cainms 22 to 25, characterised
by the fact %1&&'%8}%?&!}%1&%%@%%“ sifier (25) is a crack emulsifier. 10
27. Equi pnent according to at |least one of Clains 22 to 26, characterised
by the fa . that there is a bul atyor i,n fhe reacti ection
(). 42 Bggiomen pocoftfibe bl TFar RS ob Cighths 20p 4inehalfertarai by Wo 3 57
charact eri s¢kht R\oWwheldw&taporator is providéPds vaporg@el form of crack emul sifier
and turbulator is included in the reaction section (8), for
exanpl e consisting of two discs noving in relation to one another, 15
wher eby t i FiintaP Bedofdihd!td BeER Gnb B3f Mm99 &0 EhRRReRkd HyahEifRES

29. Equi pnment” according to at | east one of Clains 22 to 28, Characterised
by the fact thata thin-layer bnapotatrisprosided esesiapaatoon enul sifier in the reaction

section (8). 30. Equi prent according to at |east one of Cains 22 to
29, characterised by the fact that there is an ultrasound device
i n the redtBqaipneat hécorditBio at le2d one 3T Cldimei 2ntert3, gharaciehised Hyothatfadteast one
of Clainms 22 to 30, characterised by the fact that the unit (27)

for separ at it arofatiomtlans svanoraterds prayiderd @heYaportati | tration unit (29).

45. Equipment according to at least one of Claims 22 to 44, characterised by the fact
10 that there is a separation unit (19) downstream from the distillation unit (15).

46. Equipment according to at least one of Claims 22 to 45, characterised by the fact
that there is a separation unit (19) downstream from the unit (27) for separating the

phases of the emulsion.

47. Equipment according to at least one of Claims 22 to 46, characterised by the fact
15 that the separation unit (19) is connected to the reaction section (8) by a connecting

pipe (9) from the container (1) for the fats.

48. Equipment according to at least one of Claims 22 to 47, characterised by the fact
that a pumpe (11), in particular a high-pressure pump, is provided for introducing
the liquid to the reaction section (8).

20 49. Equipment according to at least one of Claims 22 to 48, characterised by the fact

that the surplus methanol is evaporated in a flash reactor.
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32. Equi pnent according to at |east one of Claims 22 to 31, characterised

by the fact that the filtration unit (29) is a surface filter
based on nenbrane technol ogy.

Certified t Wh8¥201on from Ger man 33. Equi prent accrRCTIATI3/O00ZB4at

| east one of Cains 22 to 32, characterdlgd@d by t fact t hat the
surface filter consists of a porous carrier ,a Iay applied to this

carrier, whi ch acts as a nenbrane. Equi pmrent accordi ng
to at |east one of Clainms 22 to 33 charact rM/ by he fact 5 t hat
the earrier is desf S a p| i prent according to at

|.east one of d aracterlse by the fact that the
carrier consi st g of al um ni um oxi de, porous gl ass or
sili-cates. 36. Egoffpment according to at |east one of Cains 22 to
35, characteri se | tirat e | ayep—aetag—as—Henbr ane
has |ipophilic g hydfgophi I i£{and/ gr 10 anphoteric progerties.
37. Equi prment ag i | dapt one of Cllaj ms 22} to 363 chardcterised
by the fact t hat {t he | pr acting ag fmenbrape is=a cerarfic

menbr ane consiii'-g gxanpl e \Lof titani ym di oxi de, Zirconi um

di oxi de, etc. EQui pnrent accoyding to at ai s 22

to 37, characterised by the fact 15 épat the | aye i ng as nenbrane
has a pore size in tHe nano and/ or nge, | 1 particular a
pore size of 5-200 ni 39. nt acc ing to a§ | east opge of
Cains 22 to 38, characterise e+ et iLLL(h I on
unit (29) is or conpﬂlses a sieve filtér or ar sieve
menbr ane. 4
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20 "40. Equi prent according to at | east one of Clainms 22 to 39,

¢characterised by the fact that the filtration unit (29) is
designed for nultiphase filtration. 41. Equi prent according to at

| east one OVO@/a9s 22 to 40, charact e_ri'jf_d by the fact PCT/AT98/b0284 t her e
ista distillation unit (15) consisting st one evaporator and one

Certified translation from Ger man condenser downstream

fromthe reaction section (8), possibly dﬁqmzmphe

unit for separati t he phases. 42. Equi prent according to
at | east one o, Zl characte by the fact

to

that a down-flpw evapor provi ded as evaporator. 5 43.

Equi prrent accofding to east one of Clains 22 to 42, characterised by
the fact t hat a s hin-layer _evaporator i provided as

evapor at or , 44. gui prent accqxding tlo at | east ohe of O ains

22 to 43, charhcterised by t hel
evaporator is brovided ab evap$

t hat rotagion fl ow
45, ui pnept accordi ng

to at least onp of Claink 22 t\p4 d/i sed by the fact 10
that there | SCISERATALTON unit oS! eam f r et e—mes e Rt i on unit
(15). 46. Equi pment gccegs di to at |east, e of Cains 22 to
45, characterised by the fact 2 r? t thehE&s a separation
unit (19) downstreamfromthe unit _(274) for sepydating th

phases of the enul sfon. 47. Equi phent 3 gtg a5|east
one of Clains 22 to]46, charActeris¢d by the fag that the
segaration unit (19) is conpected t¢ the reacti¢ cetion (8 by a

connecti ng ipe (9) jfromthe_cod RRL (1) for thg fats.
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48. Equi pment according to at least one of Caims 22 to 47, acteri sed
by the fact that a punpe (11), in particul fv&»i"ﬁ%
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Produktionsbedingungen herzustellen.

(54) Title; METHOD FOR PRODUCING FATTY ACID METHYL ESTER AND EQUIPMENT FOR REALISING THE SAME

(54) Bezeichnung: VERFAHREN ZUR HERSTELLUNG VON FETTSAUREMETHYLESTER UND ANLAGE ZUR
DURCHFUHRUNG DES VERFAHRENS

(57) Abstract

‘The present invention relates to 2 method and an equipment for producing fatty acid methy)
ester, more particularly diesel fuel for vehicles, wherein said method allows for a rational production
in economical equipment, preferably in large—scale industrial equipment. A container (1) contains
saturated and unsaturated higher fatty substances from vegetal and/or animal origin. A tank (2) is
provided for a potent alkaline solution, particularly a potassium solution, while another tank (3) is
provided for the alcohol, particularly for methano). The alkaline solution is dissolved in the alcohol
and this operation is carried out in a mixing vessel (4). The container (1) containing the fatty
substances and the mixing vessel (4) are connected at the transesterification section (8). The reaction
or transesterification section (8) comprises a static mixer (12) that creates a whirlpool in the liquid
due to the action of high or powerful turbulence. The phase separation surfaces are thus substantially
increased so that chemical balance can be achieved more rapidly. The liquid which is at the chemical
balance state is then supplied to a distillation unit (15). The target substances, such as the fatty acid
3ncthy} ester, are comespondingly removed from the stages (18) of the distillation unit (15). ‘This
invention enables for the first time the production of diesel fuel such as eco—diesel or bio-diese] in
ecologically optimal conditions of production while maintaining all the advantages thereof,

& Zusammenfassung

_ Aufgabe der Erfindung ist es, ein Verfahren und eine Anlage 2ur Herstellung von Fettsiuremethylfester, insbesondere von
pncsc!kraftstoff fiir Fahrzeuge, zu schaffen, das eine rationelle Herstellung in einer wirtschaftlich vertretbaren Anlage, vorzugsweise in
einer industriellen GroBanlage, erlaubf. Der Behilter (1) beinhaltet hohere, gesittigte und ungeséttigte Fette pflanzlichen und/oder tierischen
Ursprungs. Ferner ist ein Vorratsbehilter (2) filr eine starke Lauge, insbesondere fiir eine Kalilauge, und ein weiterer Vorratsbehilter (3)
fiir den Alkohol, insbesondere fir Methanol vorgesehen. Die Lauge wird in Alkohol geldst, wobei dieser Vorgang im Mischbehilter (4)
erfolgt. Der Behilter (1) mit den Fetten und der Mischbehilter (4) sind mit der Umesterungsstrecke (8) verbunden. Die Umesterungs—
bzw. Reaktionsstrecke (8) besteht aus einem Statikmixer (12). Der Statikmixer (12) verwirbelt die FlUssigkeit durch hohe bzw, starke
Turbulenzen, Dadurch werden dic Phasengrenzfiichen sehr stark vergrdBert, so daB sich das chemische Gleichgewicht sehr rasch einstellt.
Die sich im chemischen Gleichgewicht befindliche Fliissigkeit wird einer Destilliereinrichtung (15) zugefithrt, Entsprechend den Stufen
(18) der Destilliereinrichtung (15) werden die einzelnen Stoffe, wie eben der Fettsduremethylester, abgezogen. Mit der Erfindung ist
es erstmals mdglich, Dieselkrafistoff, sogenannten OKO-Diese] oder Biodiesel, mit allen seinen Vorteilen unter optimalen 8kologischen




