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atty Acid Methyl Ester and Egui pnent for Realisiny eﬁ@&r@f@ne

ToNn relates to a met hodeainidd Ghns&@bM PoE Gernfa@ar producing fatty acid

met hyl ester, nore particularly diesel fuel for vehicles, whereby saturated
and unsaturated 5 higher fatty substances of vegetable and/or animal origin
are conpounded with a potent al kaline solution, particularly a potassium
solution, and dissolved in alcohol, particularly nethanol, and the two

component s I eaclyefh il OMMBIudRL FART £LdMethif PUO R RAIIMER AN OF the
mxture in ar . Whereby the
fats are transesterified into faResisng thefRdnneyl ester, and on reaching the
| 0 chem cal bal ance state the residues such as triglycerides, glycerine,
soap, nontransesterified fats, etc. are separated fromthe fatty acid

met hyl esThe invBHtidn melhteods aamethkd @nd , anwdygiiehgnt tthe paddaaing nfetty atidt methy!
conpounded in al cohol, is mxed in a mxing tank wwth the fat or oil for
about 20 $AtTuttere pariglarly, digsel fyel dpr mew%@, whersbyy sptugated jaad | wsptupadedst and.
Thi s sedi 13 i 17 B . Fears i ation,
he g1 ycen Eae Ho SuRKARES ST L ARSI AR htairpa IR ook e e
wi t h et halkelingsolwis) partieklkay b petasdhmtsolution] indrnkissebgdiity alcalid, pangcytarbcess of
m xi ng and renoval s repeated. The transesterified liquid is then

neut r al i sBEtHAPl pRdsthRotve gemgonents rieachy g gchemical hbalapes gdate WHEPWEY soap
and the p { t : -AG] 0 d . At 0s
nsed w CRCpmcaibs 3 ufe B iR Kol sEiith TRt B pidsh SALRIGE SETon

sol uti on, whteby th fatplans aansestatified irasofiey aciQuinsthgliesttd, \and ahlrekcting tiod

cl eani ng steps are possible, The process of stripping is also possible,
wher eBy  athemicgnbalapce, stabeifher resigies Suelhease figlycarides,  SEUHIS 9aP-oRER: The
di sadvant D r.pc i i ressure

transest e?fglﬁegtfg?%igdrlfaﬁs?ggé%g%e?%gte %@ ° otrlllg?%r%ga EQF’?%I&P&F%E Apart fromthe

m Xi ng process, long standing tinmes are also required in the 25

i g ot at PR SRR e JOR N erahat T Ui posngo e HeBF ¥ T
di sadvant gfiged ML nHRMgHafRWiAN{RIBt Bf ollNBr KBAWDITREMAL IS ;cslggi%%gﬁ\ﬁwat

there is always nore or |ess contamination of the fuel. ~ ~~9em
6ee~def er mixingctlie suxwretisdeft testand. i Thks sedimewatingl gropess takes approX. -8 Bowg—~ A D

1~~ 0,.MA' ~ .200 tified t | at i F th
v er S ar Afn shueniapty e Siceriegiedt Mreselnthie Recha s phe A 484t on,
Vol . 2, Gegtafoukidc@ WRth\REthah] PotbkdiGRr dIkANRW syRikn, 1P Bbesdand And gfbdrogesssf hod

for the production of fatty acid nmethyl ester is known Werein distillation
i s carri efiining &k wmoyaliisgencatedod heftrasestegifiedeiqyid isdhen ingwiralised, with

separator | r.der. .t 0. pur i d fractionate 5 the nethyl. est iof
Fequn red. PRPLBTERid, Gl iad br B AGRE PR Sorn AL LRIESIET Bl oLl be
accel er at geld9yrel REMRASII Un bbife CARPAE & HAiRd aVith Whieh) Wikgetdyahe waterabkabs ne or
acid catal ysts. The di sadvantage of this nmethod is the fact that the
preci p? t athecivapmetassigi setian, pieeThisehssr igwlsoremavadh Subssguendlyoal! kinds efen t he
possibilit% t.0 accel erate [hﬁ,reaction ti.nme dogﬁ not ﬁﬂorten t he production
ti me notab ?ﬂ&gﬁ%m 81F RATRG he REEGS L AHRP1BE [T HY Bosivle REP AHOWAT. Ps
398 777 conhalobfitefldR b @k EREr inNg s&hBBMLNEWe, TIRWMIVRRSHAR! 6f fHid pRIES S,
whereby the vegetable oil ester is obtained by al kaline
t r ansest emhighciabased onEhlow: prassiestranse§terifcation precesss isgthe damgwireductien bigreol i n
excess, wW,th the addition of potassium hydroxide as a catalyst. The, raw
veget abl e PPt Eré’fré?tg? smpflg%t@rch’t O%tsé‘?vn gy SRS Rife yr%fx’bﬁeﬁicg} ?‘h‘é phase
i's pregucegiimeiatibn iphade8MNEDver, Thd BbfaiRERGBGSre A MiITSIpYL. TheHig Bgtis S
required for transesterification, and the disStilled al cohol can be recycl ed
af ter receessiof heavyaodstsuctioh and foundationsris a Hoviev disadwntege. net hods based on a
hi gh- pressure transesterification process are also known. Thereby,
transesterification takes place in an autoclave with a relatively short
reacti on tAnother Tsaddinsapdwdthakpovad metid isdiehfadsthet theguis pheays niaresr lasst he
fact that an 20 ecoggg%ﬁégroduction of fatty acid nethil ester, fq
il

for di eseCoRtaminatign s, is absolutely mpHWW WMfogergﬁﬂ y* Ifj/é’
eby e yke

transesterification process in two steps is als
internms of quantity and quality is certainly highensidan with (S Alger beaideter %
i ==,

‘

. . . . . . . . und eriki
transesterification in one step, but again econom c efficiency age(ru;?,f,fm

possi bl e due to the high plant and production 2 t ask¥of firdnesh
invention is to create a nethod and equl prent f mmnwmﬂmummmktion o fatt
acid nethyl ester, in particular for diesel fuel fo,rGo%oghlc es, whi DRE
one hand avoids.~~~~ ) ~n9r . ~~ 'gem b~"~ Q@ , Z -~9¢él~hC,~ (D
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, Certified translation fromGerman ' ~ ~ NAY 2002 the di sadva ta s of the
known net hods, and on the gt hlerd har] . E’ (gs a rational prﬁtj

economi cal |y accept abl e pl GHBISPRTPAEPR ™ hdust ri al - si zed pI ant ut i's
al so economic in small plants. The net hod according to the invention is
characterised by the fact that the boundary 5 surfaces of the m xture are
enl arged by high or dynam c turbul ence. This inventi on enabl es for the

ccol ogieam e GisFidin seershian feBricont Hopeao B CRonde brkemon biigas™ ne
advant aggs ot beb0Thiclk Werldll Sl HRRELForkD BRI big: E5PNAThEnBdoPaRl 0l Cal

argunents are provi ded, ic stinmulate a e I'ntensive di scourse on
t he r olprodictioe rod\iatipt ectd@n@kmdreg;er aankinmes ourereis . ditiilatibeis sarripd iost afjeradvant age

resultsfromthel vention, ﬁl ly in the field,of vvashg enent or
hazar dos A R0 B PRTOR 8 o SURRF IR O 'p SURFCOMpDGIRE 1o
recycl ahangiyd¢ser Hsr ife@DMorQiver, 850l a dt3lateYof 1R ErafigSteRticatidifeadnaRtl € oi | in

t he method according fo the inveition is possible wthout reservations due
to the dwcgihrapnglrbyt Werhsing thelismperdtupe antlieits thellls of alkelind anacidikaslysts. possi bl e

ynanm ol eevenestil Hamenst it Beded B by Br RACODRbSP o e S geor

pover f WondiaaHitke §e‘ﬂﬁﬁ%ﬂreaﬂ8%ve1{ e ﬁ%bﬁlﬁh@fftotatﬂ@el%fégﬁe té&cﬁ&?tﬂde%’egn&hases i's
effectively reduced, so that nmuch small'er drops are produced, resulting in

a nmuch Shartgetheauodhmuen tide notabdhcorepared withtthedton: ctte dfthaade state is
reached faster. Reaching the chem cal balance state may take |l ess than a
m nute. This neans an enornous shortening of the production tine. However,
t helonetMonhoaelcox"ﬂ-iPrSgH&) 77hicentaing entriettodi fornhé ckiahingdoff caw tvhgetstle @il | ed

sedi nent ati on, net hqd, since e sedinentation times woul d pe toqg | ong due
to the §SteA® Whereby thYe@ﬁwgk ‘tlﬂéStﬁfr Bpebraped Ry adkading grangester E@E?Ial Thecature of

the i nv V! t Wi
physi ca (b)ér?glrefééaIEE or e?(a)%cle hhtﬁﬁpgla@%gsgf @E%lggﬁ&?ﬁ van%lage t her eby
ist hath)tdh@uddneara fceuaryes Thahravh vegaalslerdilaiestey i ereated awith memaapmm I Y,

produce ~~QD* or, g.~, ~~~~de;er unj=~;ich~~h Zp~=r Dol ¢c~efsch * a
~' = ' 9-Whergby 2 @ycmne phesa is prodercely afhighalsi @mow%rﬂndélnwawcesse INEREIYED02 nuch

norg p r
exp‘éns?"@?ﬁt s o] 8P Snaclbifondi SR WA IR WD ot pELRRBLAERLTY
|nventlmaovdrjﬂmehdgﬁllati’onmmm.ul turbul ence is created by crack

enul sification. The crack creates a high flow of the penetrating liquid, 5
which turns into high. turbul ence or whirlpools at the end of the crack.

Thi s t UHbwWEedS 6thef nmyhdds MBS oh QShikh-ptddsiad tRNbatgHETTRAGN plodehieakeadlsdar y
surfaces. According to a special feature of the invention, the high or

power f uknqygmélﬂtetebw raRgestgalcationjakas lecs lpyatuwaﬁﬁte wiith & relatively short f or
exanple rb 1 ase h r 0ls again
result h&wa}t {é’?*ge‘fniéﬁ?%‘?““ 5%%335%@%%?&8%1? regmB gfﬁg«‘s L oaértt t)%?uérg In
accmy dameomld Produétiont drefmtt] ecill wicthydfesieh) €oi enaaipld &t dlésblefdel @it vehicpyer f ul
turbul ence is created by cavitation enmulsification. Wth this process step,
t he realstabsplutelynimpossiblée shortened even further, since it takes only about
20 seconds with this optimsation. In accordance with a further feature of
the invention, the | arge boundary surfaces are 1 s created by ultrasound.
Usi ng aMon¢avenshe transssterifieationgrgreshoumdattgpssiaaisadewwnaiheteby the yisikat ed in

the reaction s ctlon by.additi.onal |, on of the dro n accordance
Weh o e f Auily g% A0gh if ottty Sishef ot drpheiiticafion B 8 ol ace

under hygh p g a?H re@o ohf€ e @h ERHUSsible \‘;‘ﬁeQﬁ % Righ Iﬁ‘ﬂiﬂt%}’tﬂ fRictidh t he

narrow Secti on e reacti oh sect’ on, n crea es a high
t ur bl ecoses. at the end of the narrow 20 secti on. In accordance w th anot her
feature of the invention, transesterification starts under high pressure,
and the pressure is reduced during the transesterification. It is proven
that thgh¢ @@gbhtmfmtféiﬁoﬁeﬁmtdr@ate 5 atlicdmng aquipeeat fortthepdasticr of fhine great er
the pressure |loss is. oven that the pressure | oss bhenefits the

enl ar geffddmestyl epler, b@g@r@gulyr Emdfeg@lg“gel fyhechicles, which on the one hand avoids

o
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.25 advantage thereby is that the pressure at the begi nning of
transesterification can beCepifitbtrd@Btityeirom Retmaral |y, this ingy Mnéqfszupg
dynam cs of the turbul ence. The pressure loss is a * ry .~ ~tge b?=r"tte; er
~,; and gereirx;h -, , 1~ ~ierte~ Celrrrtsch "''. * ~r Engiisch ~Anr t~
f Certified translation from German 8 MAY 2002 transforned into an

enl argenent of the boundary surfaces and dynam cs in the course of the
react i othesdisddvamagés o tirchmrvdanethots) hnd oapshei @herf kaiduemabids 4 hatiomavent i on,
separation of the phases, of the emulsion is achieved physically. This
advant aBeULIqH g EBesonqraisally peogptahlegiandy prefesablyan ﬂfkﬁélsifﬁi}i?w%l ant Myhses of

t he mxfs‘éﬁ%ec\%ﬂ&hﬁ% IAf gﬁgg ment ati on phase known fromthe state of the
art is no longer perfsorr’ré) mechanically, for exanple in filtration units,
but is replaced by rational, nodemindustrial nmethods. In a further feature
of the i j LA I i r

cepar at 16 iayhesccREne 8 e RELAGIES Warihha b7 68 PAPTEnThE Bouddlly oy
can de naffeodfhehiviuidart RhBrgeddsdsgh st dmamidtuaindarcdance with a speci al
feature of the invention, the separation of the enulsion phases is
performed by exploiting the surface forces, in particular by neans of
filtrat TeR. inWnkidn leRhled Rl ARAfiRE tiRRABE BiddRBINEicRN FQSuet ad BR-Mkeddl ke, a

hi gh economic efficiency is achieved in industrial production. is 20 25 In
accor dahedigiel in £cologichldy opiimel apndieertsuefeprotiuctinn whiemaintaininghellphases of

the enmul sion are se d by multiphase filtration. Thereby, the glycerine
phase. | 3R fPs Pefor Witk s fiveption, sfASS eeaetié prfolesicat Bbimeaafal ar ed
as resi girided, WhicH QP REM A0 a MBreiriélisivé Sk&RurseTBA IBO@blei 6T RBPRAREed from
the fatty acid nethyl ester. Such a filter unit can also be designed as a
cr 0$&- f Prargy pid gsourgyst h t hi s advant ageous process step, any nunber of steps
can be perfornmed and the desired purity achieved. Thus, the production of
sumer or wi nter diesel as eco-diesel or bio-diesel depending on the fatty
aci d chanothes soyprisingcdvamageatsisalts frnmathe dndantion, nammély dn fthe fikklr of waster e of

the invention, filters from memran chnol a are used for filtration,
for o amnasment or Tardalo R Wisatd. G O SferdioR o 2194 PResiglE 10

technol agycRfaniAda% ussH&ibIE ot Shofogtiifly SThesd bPURIICHbI Sl APRIAhE@Bd Wher eby
these filfers are also very easy to cfean. ~p~~ [*~9,.. a" un,’. '""-eMetei
Z ze ~ acdobdinp t¢ Mherinvertion is-possiblé sdtholityres&rvatidisrduk fto det highpstigt ofothef r om
German - € M-, Y 2002 In accordance with a special feature of the invention,
|i pdphi FREPRHES: hydrophilic and/or anphoteric filters are used. The
property of the filter is selected with a view to the intended purpose. 5

10 15 In_accordance with a special feature of the invention, separation of
t he phad® Eventid makessit passille de ces}aratecthe reackionyby enlenging theihoyndyy

et mont e, PTG PRRNS ah oot AR AR TR PSR P AR

m nut es 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

\.in
thereby is that the shear forces, which can certainly be created mechanically, produc Q‘(\ 9r,

& x O
E‘D Algs= baaggrey 4
U ikt

26y

S22 ¢t Dolmetgeh  *
i 2gieh

*

(%)

S4 DEN



.I'n accordance with a special design of the invention, nultiphase
distillation is performed once chem cal bal ance state is rea , \pl y
after separation of the pleaifes trehsldtioe fremdesnon. Distillati Onc@gﬂﬁb\gcm?
performed directly on reaching chem cal bal ance state, whereby nethanol is
renoved at the same tine. It is also conceivable that distillation be
performed after filtration. In accordance with a special feature of the

i nvention, mnultiphase distillation includes at |east one vacuum

di sti hwhimere poiebfut turbuletbeariue devetsingr the aambst ePdrops bathgaikpehssefar at i on of
t he individual substances is possible, whereby the tenperatures at which

t he pthscdeB siz§ earned out can be reduced by the vacuum Basically, pure
fatty acid nmethyl ester can be produced with distillation. In accordance

w th a special design of the invention, nultiphase distillation includes at
| east Ipaecosdanse vati afurthpinfeptre pibie anveation-the bighearapsovestul sbulpheenist hi s t ype
of 20 I ef.fective. separatj of - Lhe substances, to be
cepar STait bl e BafRidord T8 RO G SR Bk STnZhe LB bBIRGR of Che

i nyentwiich turtd inte highaudbufdnid balvh@ipdoicdt UAE Sndibf HRaGhcko ThieaRQaREI On, in
particul ar thin-layer evaporation. This type of evaporation also permts
targetoé(‘,l"}%ré@%)rl%lteﬁ‘é%mcﬁn anfsgerness o tedwundary serdetegance with a further feature
of the invention. multiphase distillation includes 25 fractionated
condensation. Wth this advantageous process step, any nunber of steps can
6 ~ ~rAccerslng to sspecial featung ofthe isredtidm th@highar powetfulndynamiq tubbulgnce

Certified translation. fromGerman - 8 M AY .2002 erforned and the
desiréy pbm?£%§%@§d‘?m$ﬁ§§?thlhé%F FilBrft B’Fg'gﬁtﬁﬁé{“ tE}}S #5fit ©F di esel as
eco- dit@balensd ob vAHghRIEho e REMM Merlitebhibnd G th¥ Bhindas RifcdSindet €
conceivable. I n accordance with another special featuife of the i1nvention,
ndf-t mxBwet eri fi ed substances are separated and returned to the fats
upstream fromthe reaction section. J 10 15 20 ?5 This increases the yield

of ecol ogical fuel obtained fromthe basic substance input. The aimof the
i nventlh @ncdrdance afiths® firtherd Bgaane ehitheyintentian, thehignantovwenful turplilenenisat i on of

t he proces The equi prnent. according to the invention js characterised by
the T AEERHEY CPYlt%"ﬂae&gtﬁghaﬁnqneﬁ@ Bt PSR PRy thedraqiion YBe can By at | east
one t aRkn&RARVEL uriIE sRRE l?c'}%kélolﬁgj d0dGt SPbh@witR thil b ixﬁ{sﬁf?&eh as well ‘as

at | east one m xing vesse or conpoundi ng, and that at |east the container

and the m xi ng vessel are connected to the reaction section, and that there
is a [ td | O omt he
react fegeBinE Rt 3 Ahfer REPTOFER Blakllh, B IRCBpRMMLIRBRAET TS for
t he fickadted byraltpeasidd Ugingainr €lethdonad idbd criage Touadao saifags lcan tlye benvent i on
in an efficjient manner and with negligible environnental pollution. The
equi prigsatedindthe Ragkion sctionby additienad diveiersekthe Heopsdvant age that it can be
built in a space-saving and thus costefficient manner. Construction as a
maj or industrial plant for econom c operation is possible. In accordance

wi t h dnsaseendancer withug éurder tfhatuienof fhei wmentidve transestaridicatient taksh papssi sts of a

stati ixer. With this .design of the inveption .hi.gh or powerful. dynam c
¢ ur burRee i i, PR Biokle? brehiéS A AE N Hs b b heftoulRHBR b &7 el e
devi cehe TdlcEos sedtidal WhetdvinC@rha®ates @Vlﬁ%h avaRhOLOMS dndl ofle Watrbwt he
equi prent according to the invention. Tn accordance w th another design of
t R8 i rfeelAn.on, the static mixer preferably consists of a pipe filled with
ball s of various size and/or possibly with devices such as baffles,
propellers, resistors, etc. This device is easy to install and does not
r equi rle ageardanteiwittearmtive featuiernd tigBrverttioon traf$estetificitidnestarts wrsler hight ed

. . . . N .
(%I g?nrglgl saggl glitlcp ﬁ@[}%@%&gﬁé%ﬁ%@% hg%gmm?é%a&lgaq?gr?fycggoén? isbgrlolvgﬁ chlt thrf]:I e

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
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ot i N Certified translation fromGernman - 8 1v9 AY 2002 I n accordance
wi th anot her feature of thg,li. (ol jc emulsifier is includ i.n
the reaction section. Sincgﬂgﬁxﬁﬁﬁﬁgﬁggﬂwgdg@g%e produced in tﬁkﬁdéﬁ%%ﬁaﬂ
section, i.e. aliquid with two phases maintai ned i n suspensi on by Braun
nmol ecul ar novenent, such a device is particularly suitable for reaching
this objective very quickly. J 10 15 20 2~ In accordance with a further
desi gn N i Lsifier is cracking.emul sifier. The
advant aguslspiel T8 3h el REMe Bold iy b e L RF LRERRS RS of engr
dependig readtioespetibenment s. Thus, an influence on the turbul ence or

whi rl pools downstream fromthe crack is possible. In accordance with a
further design variation of the invention, a turbulator is included in the
react i om £e6tdafte wiHEsRCRE Vdahere AIfSRe MVeli6n,f Rpara¥R B IS BHse g RF Wgenent  of
the boundary surface within a short tine. In accordance wth a speci al

desi gn @nulsiga ip achderedhysigaliy. ddis ddyentegdous maedesepted sllpwen sapataten bfil ator i s

i ncl_udeg i.n,. r ti section, ,for anpl.e consi sting of t | SCS
movitng o P RERCARSS' n® BRE R O TR RN Ehist bt diEeq i n

t he m dehte o@ftheeiio fongerdpesfotmed RRcREANAMyALR KRhmPUCIA MBI GRit Bt be seen
in the extrenely short reaction tine thus possible. In accordance with a

f ur t herisdendpepd byartienal,nodstn indastripbmethpdm, a cavitation emulsifier is
included in the reaction section. The advantage of this device is that it
achi eves the shortest possible reaction time wi thout any |l oss of quality or
quant i tIn a Ifarthercfeatemot thei tnivestidn, théd éattydasd gnetligr esidri isnclednet hedter 1theent i on,
an ul trasound devij.ce is jncluded in.the reac%&iugln sectign, The inteegration
of an UIPREUBRRI B, FRElsieR PRASEY chosiclin PHffe IS, aGHnmetiph SSIEF can b

trafbseslgl%a{léédc\,@itﬂ;gﬁls}%&sg)gtegpcel erated specifically through | arge border
surfaces. In accordance wth a special feature of the invention, the unit

for separating the phases of the enulsion is a filtration unit. Wth this

advant aﬂlegéé,ﬁrc\%ﬁ& Ghth asﬁlg&gagg%ﬂﬂreoéf {hgeln{/ﬂi Jol! ﬁféaéepﬁ{mﬁﬁ%fgh %g@lé_ﬂfft U?L:e can

be achi ev ereby t ment at 1 on phase; phi

, . . 4 FTghased islperforined by-¢xploiting tHe-surfacd fordds-inQadticutarlby, meQof #iltraticar t i f i ed
transl ation from German a MAY 2002 known fromthe state of the art is no
| onger Natedisingthgd of senssaiing the phases Heibe aHrEe, adigh eeenomie efficiensyiinced by

pr ocessa&tigg?iﬁnﬂhsﬁéﬁgggﬁ&ghﬁed using rational, nodern and industrial
p €

equi pnent, ants an vices. I'n accordance with another feature of the
invention, a surface filter using nenbrane 5 technology is used as

fil Esr at hP&tchHaL e ﬁﬂﬁ'& f@nﬂé’r"sip&?al%&}’lieto% tﬁ{"é}%kﬁ‘&?%ﬂaﬂa&’&%ﬁr%'err{u‘i’s?&ﬁ ts, both
in terns of quality and in terns of quantity.
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,
methanol 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.




,to ks 20 25 In accordance with a further feature of the invention, the

surface filter consists 6frtifiedymmgladondeany Germapnd a | ayer appl i.eg Mg\\rrz[mz
carrier that acts as a nenbrane. Wth such an advant ageous sur i

the plant can be operated with maxi mum efficiency and maki ng best use of
energy. The surface filter can, of course, also be designed as a plate. In
accordance with a design feature of the invention, the carrier is designed
as a Ipi pwordihee adihantspgualofeatie ofdbeiigventiont higophalic antlar hydoaphilinuous
process f|OWI ranteed, ,eyen with v i.nfl.o ol.ynes. In accordance
B ©h Sy e Rl s e o piS ey i T e seBeled SR Vi B it um
oXi deghe PREAWY fikFR8, Or silicates, for exanple. 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 menbrane has

|1 POPI dictrARE By SRk 3101 B! ShBE OP3RS bies WL the chol ce

of these properties, I'sS possib ne whi ch ase of the mxture
pas s eemulsionug lachibeedf ¢Hetm¢alkyn Suetha mtlpmhsfesapemiom ss ad;vam&gedwefor the accor dance

with a special feature of e inventjon, r atln menpbrane is a
Cer anteBS OB LA TRIE o SRR o BPBaca by EBrFum di oxi de,
silicom wirehdel t@Mimpapounds, etc. On this layer with the CI ted materials,

a covering layer of fatty acid nmethyl ester forns, which will not al | ow t he
gl ycerine phase to pass through, for exarrpl e. Aglycerine layer will not

form ks ' A oxi coni um
i ol e PPN a SRR aBld B e keBlio mAlkp ARG WS Reomtld 0T P
f D  *oraei ¢hiemical tbfa}ance Slatet lsfnemheﬂ,r mib@t afm $eparnierofahe phases Mf ABE 2002 | n
accordance wi th, one design of the jnvention, the |ayer actl ng as nenbrane

his aeIBBIIS@I‘S Digfillation xgn he pericamied c%lﬁéﬂmﬁoreaﬂamwh%m@% plapgsestaten
parti &/H%n%f) 81 Sl éﬁ ﬁefd at t%oﬁ%n{én&mgﬁzﬁ RY Snfbieie ?r?a@ dRﬁuQﬁ&%@ed Wi th
I'ver ed exce

noder n hno ogy, an ave ent resul n accordance wth
anot hpgrfdrart after fifiratibe i nvention, the filtration unit is or conprises a

nmol ecul ar sieve filter or nol ecul ar sieve nenbrane. Surprisingly, the
separation of non transesterified fats fromthe fatty acid nethyl-1 ester

i s al BPadesfdahéd withatdpesibicRamRess @b idvehti®d, Snultiphase 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 ewaporation, 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
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In accordance with a further feature of the invention, the filtration unit
is designed in several p 0GR he desi red degree of
the fatty acid nethyl es%?ﬁgg%ﬁ?ﬂﬂ?wt e{hsa%can be arranged |&O&1AYIE?SOQ2
in parallel. In accordance with a special feature of the invention,
distillation unit consisting of at |east one evaporator and one condenser
i s included downstream fromthe reaction section, or possibly downstream
from has t Thi t r di o the i ion al so
T 1
ef fi ciliesd] agBeiesel lon basdiesdd aelssﬁdmgtdh the Fattytdoad clfaﬁﬂisLt[L@te @bnde@bleavent i on, a
down-fl ow evaporator is used as evaporator. Such an evaporator has the
advant age that the supplied heat can be used optinally. Evaporation in a
Vacuufy iazcedafeeP @it inbthet NspRGigOfEAMEe o the aRhiieH, d6staRscRferitibe
invention, a thin-layer evaporator is used as evaporator. Evaporation in a
vacuumhstﬂn&%s@fepﬁ@ﬁ@‘mﬁﬂeﬁr@i rehirsgdc o the letsagistaawr fromnthadedctivo rsectpt. i mal

| n.accorda nce wi.t h @ speci al

Eigzlul Irﬁlc§fm?e ﬁ%%g \7é?1fi 08%&15%?%;@61%%% gfé%}lée[ RpIG S ﬁtg%%? BRYeyaporat or. Due

to the centrifugal force of the rotary flow evaporator the evaporator film

2 2 ey e B B RE B

9. BPthei)rmfess Tlae@qv)u ment adcording to the inveh®on 15 chatactérised by the fact it~ 1
u~E'~/~h ¢;a;,9 1 rtified translation from German -© 8 MAY 2002 In

accor danclades atHeaﬂh@mhepnthsmr toretheffats,handi at\least iooe fankheach fosthe mdqdr at i ng
uni t str mfro istillation unit. By usin separatjng unit,
s onReRa R 40kt ARaBo ks el bt et bt Fote fr ERBDARARD,

deg er ghd ht d@q@m%moﬁﬂalﬁebeﬁn@%& ihikidgOVedel hidCcdnubLtBEto RROGEAMOR 1S then

det er m ned. I n accordance with another feature of the invention, there is
a sepa@r@mnngldjﬂlat thboavissa niforf separating thenphastopf ﬁ@ptanalslonglmtrpdmses of the

emul si.on n ti.n nit, re e uch a Qer ne can be
Col| oEomh e e hefic 7R Lhif Ro Bt AERLENE B Bty Fbichn R GOTRE 1y

found girdtNemb Wosiisle R REESLIHE P%ﬁ%ﬂeﬁbcg?&lﬁé  nRE- 1nvéht1%ﬁqgrgii@?f?c1¥ﬂtt h a

further feature of the iInvent , separating unit is connected to to
t he cormmeet arrdgwphmeghgimtn eindronorentl pelutior. Theeedquiisent actdrdingetactheon

section. |.f t aa |s of fhe subst s, in the se arat| unit show s
that {HEpEoy ofte tag?é éé@é?%ﬁa‘é‘aﬁflatespil%é% ngz3ndy ﬂ"%ﬁrcé’ﬁtsesteri fied

agal Neffidhdr mﬁ}ﬁfeﬁaé&%stﬁlbemy'aela%afop ﬁﬁdgﬁ 35;&& 8 teRosbriiPSsepltiotlei gn of the

invention, a punp, In particular "a sure punp, is used to supply

t he Ipqsalbieto the reaction section. The |nt egration of a 15 high-pressure
punp has proven advant ageous because the turbul ence for transesterification
creates strong dynam cs and thus a | arge border surface. In accordance with
.a fur heaccordmicevdthnd spdeeal ifeataretafahe inveatiay ks seavtdh sertibn evagisis afas in a

The | RABAFIGH. Uit GRS the DBt P OTReSuRateb AYRARGIe JpisHon B at 1 on
| bh us%ﬁ?ﬁ%ﬂeét@mﬁ%%oﬁ%h&ée%% -acH136¥d %ﬂﬁ"é[ salﬁbﬂe deic?. *Fhﬁ‘@ta%ﬁ%rdtdegfcet he
a disti

proces ow wit ation unit
has proven advantageous in use with the equ1pment 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 baftles,
propellers, resistors, etc. This device is easy to install and does not require much
35  maintenance during operation. The turbulence is created primarily by the rapid flow of

the mixture around the balls.

Lol A .



Fig. 2 flowchart of the process flowwth a filtration unit. Phil. ~ 'a

, 4Lgxh .ye~pr ~tv~~Do arh, ~ EN ~ to 15 20 25 Certified_t tq
from German - 8 M 4Y 200 e%{ae%\ﬁ?‘s‘(?fio"i'ﬁ‘f'?g’gﬁgf’i on it is noted tagﬁﬂﬁ Zq@
descri bed design variation identical parts or states are identified with

the sane reference nunbers or nanes, whereby the disclosures contained in
the overall description can be applied accordingly to identical parts or

states with the sane reference. nupbers or panes. Fuythernpre,. individual

f eat ukease a??feWﬁ?ﬁa%fL?ra@@wed%fstﬂam‘@a}%ﬁtfyeaﬁlq ﬁnfl{%ah%é% {pelided it esent

| ndepgRdeRtictildn? Bhce AnAREALHRRCR Y biddhik HMHEBLARBN stidhcepr flance wi th
Fig. 1, container 1 contains higher saturated and unsaturated tats of
veget Adplie vatidiver plasésmhintiinegl in.sugpensink b Brsurpmoldcdiad nfovemanpetand al kal i ne
solution, partijcularl) ot assj um sol uti,on, whi|e another tank 3 is

provi ‘éi%vdcq’lﬁrpa'ft’r‘féﬂ‘éip'é%@?? Poﬁé?alc H@%FI%JCFHYCWHHW Y- The al kal i ne sol ution
is dissolved in the al cohol and this operation is carried out in a m xing

vesse| 4. For conpounding the al kaline solution with_ the alcohql, the

mi i niy ferordaneg With &g (HESE dlesign rofathsi Waentipn, the coupsifigr 1S Ac@agkiig t he t anks
2, 3 BRIl Pk WpaBOBE i dUAL S tnefred DRIGON AhdEHidtn Whd/Br [Bgf at s and
the m xing vesse are connected 1o the transesteriticatlon s8ction 8 by
connedé¢pendingi pesreQuidetdertf). Thbg aorinfedncagopithe stubbudénde 16r avtdripepls pped wi th
additional control valves 7, and a high-pressure punp 11 is provided for

i nt r oBRWNYIE o Shescrapkistpresitlel ution to the transesterification section 8.
The transesterification or reaction section 8 consists of a static m xer
12, in this case made of a pipe 13 filled with balls of various sizes 14.

The pltpeeconlanes wish afiuthes design Namatinintafdhainvertions e ubularords inshifdetl dg |

propell ers,..etc. .Theqstati.c i xer swhrls the liquid to b

P8 hetecteRidht feeot s B dEviBt £8P 458G valiese ol Pofiea ofiibgn or

power botindatyf fufa@eGehinlditori@ael ts in strong enl argenent 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
consi ger@lkdancEwWithts $gedias @SS &l bf theahiRohSa filQl fiPm SUrhdCaniRAREI On, the
reaction rate is correspondingly increased by the enlarged surface area, so
t hat emdmirbulatopas inchsledtinttee reactiansdetidn,vior examplekdopsistipe-iof twe dis@s/ .
re~~9er~i,C~, h.er h' vVE~~~ ~I , ~h . , = 12 . Certifi.ed transl ation_.from

Gor Vg yxeieBp 0 Pre st pesehy fscisioR s tsmgbosghing P YRR urt her
the PHRESSShd HRYS. 'ﬁecﬁfvﬁhﬁ& 8P kud a JRGiEL chi bbaRBE AN E8trenly IshofgOMTENCes
wth high pressure that is reduced in the course of the process.

Enl ar geswton tinfe thisepdssibber surfaces is al so possible by neans of ultrasound.
It is therefore quite conceivable to equip the reaction section with an

ul trasound device. The liquid in chem cal balance state is introduced into
a di sin hé¢catrdanne withta fifither designpvapiatiomef thé. invéntioaga cawithtion enmuldifidGsf or t he
removal of .nethanol,, for exanple a down-flow evapaqrator, can be installed
upst r @%ﬂ%dolﬁl ths deafitign; Septin: otheadvantaes ph thip degicp s g it pckipvepipe

di sti j j : i, Sk f ﬁm;ator and one condenser,
wher eEﬂQ&.ELéSP%%%‘% rset& ?(H%g(?? %ﬁﬁtgﬂl?(tanﬁo%sg?aﬁe%ll ﬁggﬂas a vacuum distillation
unit. The target substances, such as the fatty acid nmethyl ester, are

9% ¢ PROAGLY iBrP Wihet LOILD el A0S E S bRyl BbROLA T 15 O
cOurse, "various Torns of evaporator can be used.” For exanple, a down-flow
evapoimiwled inhthe-eayioh RvEGnBicoitegiNiodr of id alrBSvanbdeatics hacpfoveaan be

used. | n addition, L .
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 phas



15 the distillation unit 15 al so conprises fractionated condensation. Wth
the design of the distillation unit 15 the degree of purity @Mé{k?engzw
acid nethyl ester can be iGertified troadntion from/ermanw ansesteri fi ed a are
separated and collected in a separating unit 19, which '7 is 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 20 analysed in the separating unit 19 and then accordingly
pr oces &edwh (frarhehe stafe pethesanisyno peuger abcdskery more- tesalh o€ themechadca ubst ances
are retur.ned.to thle fats ggstreamfromthe reaé:ti.on section via a

pi pel | HEVISSS-j tFeR aﬁipﬁfw CeRHFRY HakpsReRionaEed 45iag ralioRAk P Ae

separ at;lildwtrwpg&uiﬁgegﬁpﬁn{s%g\dgﬁgcyni t. In accordance with Fig. 2, container
1 again contains higher saturated and unsaturated 2s fats of vegetable
and/or animal origin. Mreover there is again a tank 2 for a potent

al kal i i | i r i i d tank 3
For thar o Sohal S it Snpfeh KatleElopane ARRANL™ AALLL G NG RcRBRERD | A0C 2
~~, 5* ftéchn&le@y ,isyised-las FiltrattorNunit5Stch 4 HeRibe2Ferfats tadvinetdgdouslysomimain from
German 8 ?/Aﬁq%goz in mti,cul r. met hanol . The al kaline solution is

di ssol VEYHt; 0 i plgual HR eI QUPYHYi s carried out in a mxing
vessel 4. For compounding the alkaline solution with the al cohol, the

m xi ng vessel 4 is equipped with a m xer 5. The supply lines 6 to the tanks
2, 3 ad® aceqrdeanseivith actimthen feajuae \wé ghey inveREoR the Surfase iy eonsisieof at s and
the m xj V. I ted. to t ransesterificat tion 8 by
connect’l ﬂ‘g‘sp"?’%{e"’g agégﬁiéfeiggﬁ ir%e:toctglnsnceag ?qﬁgétpal%%eag %l%g}rrl%m%g’ g‘ﬁ@ %ggiaﬁped W th
addi t i edeantggeohs ghridel HR&, the plagt darhbgbpBfa@IswitB Makimuil efffidiicowinded f or
introducing the fats and the solution to the transesterification section 8.
Thd0t r apakarg bast pyecefteneigy ofhe suface SHerseant plnpussecalps be desigiedas aplated ¢

enul sifier 25, in this case made of a coiled pipe 26 filled with balls of
various sizes. The pipe 26 may again be fitted with additional devices such
as baf flh@scordarspevitlen siesige featwraf, the invenfitng therodrsief isedesiphed \as al ipe.he |i qui d

to be ansesterifred fromtriple ester to.single ester hy neans of high or
pover f MECaaRPEn b B APSER it B fBes sk pomiart ARGEReIT™ oF EPHEnBSTder

sur f acesen WithSvalin@fiflo@v@fufys r educi ng the drop size of the liquid to be
transesterified in the turbul ence, and thus enlarging the border surface

considerably. Since transesterification is a border surface reaction, the
reacti i ; i Yrfl I area, Sso
hat | o R, e e U AER  ymar ¢
emubsi faxede, Pbrova glasa®k sdivates, for examplet Sudtuimatesinls @e fairlyi cesd td pragessf crack
emul sifier and turhulator,, of even a cavitation emulsifier could be used.
O courid haye PIoyen they worthin the Bi9SFSPabl e to have two or nore emul sifiers in
series or in parallel. Enlargenment of the border surfaces is al so possible
by nmeans of ultrasound. It is therefore quite conceivable to equip the
react | dR aserdanss with A furthen featurs ofi dke Hwontian, thenlagercreting gs meniianccRast he

reacti i f f i: i cific
rooct) RobATE G50 KA, shBE: RHOGFRRG A 0R6) ) e B8 e
is prefpopdniss, ietusasibiento deemiité whidi phdie JIrtbe asisturd\ phaop eiratghf ether ange in
whi ch the surplus nethanol evaporates in a flash reactor and the nethyl
est8r ifdter apd whighddhaggiremains asfresiditenanol coul d al so- be sel ected. 14
~~hil,1n9~~ U "' be ~,;;;.w

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.




z.--,,~~'= ~xr,~~.~c¢c~k;; =~e; ~I~h ~.~a,;~,; ~"--~" ...l .0
Certified translation from German ~ 8 MAY 200Z The liquid in hmga? )
bal ance state is introdudadtfiedtrendationiromZerthawr separ ati ng the%p S gg t he
m xture via a pipeline 17. If required, a device 28 indicating the pressure
can be introduced in the pipeline 17 upstreamfromthe unit 27. The unit 27
consists of at least one filtration unit 29. In accordance with the design
of 5 the unit 27, the individual phases, e.g, the fatty acid nethyl ester,
are segpacaidaicandhronaaesign af tHehgvangionvie Yayepading3. mebhisrage haxed psre phase can
be renoved for further use at the recqvery point 31. Wth the design of the
filtr&edn timnanopand/enmicie gangs, BY PHLFYLES Wih & Hae PAH 1300 dSwelt PYE ester can
be in : ' Ler so be

ub] ooraeEEs p ol iR bbbl I e e i ¢ 32, 11t
is also conceivable that the filtration unit 29 is equipped with a

Ol o0 8 AlebAYE il dBfer FRE AL ORI, BRelidy Raf W LRSS
manuf act ured usi ng nenbr ane technol ogy and consi Sti ng of a porous carrier,
fos exastpdudaraheval fliter bF hivledxlad sievirirdralel Sugeisinghie theagparapbwef nand a | ayer
applied to the carrier, for exanple a layer of titaniumdioxide. The 15

| ayer teasesaied fas e the fgnopad maks! axpsrieglsorprssiblsr withispeh sgeqidl t he nano
range.gion-transesterified substances are separated and collected in a
separa]tlng unit 19, which is connected to the distillation unit 15 by a

pi peline 20. A punp 21 is provided in the pipeline 20 for introducing these
subst gnces 0 the. .separati unit .19. These pafts..are anal,ysed in the

cepar Al Egriiee i® BB o e s ER o Rl f FrRdY ¥ Bes sary, 20
part @bvdrhlephasdy. Depditiasd 61 tiel @@ir@@%&@r&q&u@y 8t fiRtfuftyedd nfethyl@sfedt S
upstream fromthe reaction section 8 via a pipeline 22 with a punp 23.

Capt aisaveraliEltcan eusbesareangedrinasdes eoimpetallebeparating unit 19 by a recovery
unit. In conclusion, it nmust be pointed out that for better legibility the
i ndi vi dual conponents and conponent assenblies are not shown proportionally
or to Is@atadancetwich & ispreia Seat@s dfnblé irvelntadn, faghistillation amittdoasistigg ghatexanpl e

can al.so be the subject, of i ndependent ]I[uigvinti ons, either_alone or in
conbi MRSt SREVEROGIH A 83 GPRENSIIiSpiaptuded donsirpam dfgm he rgaction__gem
Geei dgb&or, %P?B’s‘s‘?bcl_y;%lb“ﬁst’r‘éaﬂi‘Tram*thbgj’haé%?%:ériéé ufiit TR Unit, 4eB6ididg @4
translation from German - g SAY 2002 indfvidual designs illustrated in the
fi gur ébe caventien tlse nsakbs aqiosaibleitodeghise denprossk at¢wding 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

ffici d maki timal f : TN
efficiency and making optimal use of energy m Bf\
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.in accordance with the in~-ention. The relevant functions and solutions can
be found in the detail ed desified pansketien fodm Ghrewe fi gures. ~, ~r+ 8 M}g\{ 2002
~~em ~~deter * le dive ~eDol ~~~sch ~~glis~ ~~90EN 16 8 MAY 2 7
CLAIMS: 1. Method for producing fatty acid nethyl ester, whereby saturated
and unsaturated higher fatty substances of vegetable and/or animal origin
are conpounded with a potent al kaline solution and dissolved in al cohol and
t he tvwm cofpadarst sitheawdtha 6aene caf tixaliavendos,t altee tibr augpamting sudit cat i on of
the mxture in reaction sectiqn with a phase separati on section, whereby
the fafevnstean, HABeHrAisyialipn wilb f?%ltuts‘?ga‘giS%Paﬁ%t%meés’Eeé‘:A}le%\ﬁEFhoﬁs r eachi ng
t he cham lang : j e g +@cid
met hyl & glé%e re, &\i/a\lher e?lﬁét%ﬁtgg%y@gﬁﬂgﬁlru?l gtgec%%g@h%ﬁ'eﬁﬁf) iﬂjﬁréeggrtﬁe@éﬁ{gfged by
hi gh ofoupdyde fthed pregilwre ishbuHetaneined t he reaction section. 2. A nethod
according to claim1, wherein the fatty acid nethyl ester produced is
di esel fuel for vehicles. 3. A nethod according to claim1 or 2, wherein
t hes polrenkc@bialei Méths ahathérofedtsre aoPahaSaventiosOlthidre 013. adsephratidphaslit accor di ng
to any one of clains 1 to 3, wherein the_ alcohol is nethanol. 5. A nmethod
accor dfienynstesamn jrogh éheounit| Loy psparating Ahe \phasesiof thsecmulsionuddy asiag a
triglygeri , yeenine a . -t terhfi t A net hod
accor d?e(li;)a} aglgga%lg{’olﬁgd{é (S:‘?Cgll FQTSB g@@? éﬁ){% ,CH&)V\krlbeer é(ﬁ%%feaegﬁlg ha%gr h%o uarIEYJI dynam c
t ur bul @gteenined. Depdudiag o theduasincohinf Ah€ Rther profedié htlendaomsined to claim
6, wherein the physical forces are nechanical shear forces. 8 A nethod
according to any one of clains 1 to 7, wherein the high or powerful dynamc
t ur bul BNERotdantd A6t GERIrthyr fehitafkofan lirweﬁt_i&ﬁtth@gbpa&ﬁn@ uRRti$eshReeandi ng to
any one of clains 1 to 8, wherein the high or powerful dynam c turbul ence
i slpr othgceanesping\nipenfremdhefasitdinerafor the. fatsdo the meagtiondeetéan iiithagnalysigl ai m 9,
wher ei n.t he nam ¢ enmulsificati.on is . produced in a turbul ater 1. A
et nod b e aPRAG e & B et inif ol BABHEER Sl B B power f u
dynam gebslERibERaRedSiROPRE ThiRinGRMel Bleiyaadenul sification. 12. A nethod
according to any one of clainms 1 to 11, wherein the | arge border surfaces
are produced by ultrasound. 13. A nethod according to any one of clains 1
to 12, pyhesdiidhck RS @SREf ldeabd OF the iRRALiOE, "B PuRdeh RkthiR £aipHe. 14. A
nmet hod according to any one of "clains 1 to 13, whéerein transesterification
st ar t spwissure ipuglp, presd te supphyl teHegud esthereadtion sectione The umtegrgtion of a

net hod _accor di nlg‘teto any one of

transesterification. - s MaY zooz 18 15.
ol & o PR Ressire \ RUNG; hash PIBHELS o SOy IARR RS DFerts o BEWIFEEedfBy

physi ¢ghniBRR%icatiGr créyBEHRAG d9rARICE LADHUS a it¥e BOReLurfdcal M 1 to 15,

wherein after separation of 'the phases of thé enmulsion a purification of
the fatty acid nmethyl ester is perfornmed. 17. A nethod according to any one

of cl amcc%rciaglcéq'fi%l\é%ﬁ#@lepf&&?e gﬁﬁ%ﬁﬁveﬂ ioh,1e € §hﬁﬁlaﬁfﬂe?\§a{f)r8nﬁ§§fiﬁd by

wher ei n

maki ng use of sur rces. 13. nmet hod according to ¢
t he phadgsh edactoneWéthnthis istep, 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.

11



separated by neans of filtration. 19. A nmethod according to any one of
clains 1 to 18, wherein the phases of the enul sion are separgfmgyy mgés
of nmultiphase filtration. 2Qertifkdtmniionn fooddednsng to claim 18 \ ei n
filters based on nenbrane technol ogy are used for filtration. 21. A nethod
according to claim 20, wherein filters in the ultra and/or nano and/ or
mcro range are used for filtration. 22. A nethod according to any one of
claims 18 to 21, wherein |lipophilic and/or hydrophilic and/or anphoteric
filters BreajsidirodBtioAitnvhbted tiet diothdi degeribed aosigw reriafondtaitival fartsor2?2,
wherein the phases_.of the enmul siqgn are separated by chem cal ,neans. 24. A
met hod AESAIT r@ntlﬁe wynabﬁesme@ CAPIHEE PHMOSTS0Y naesy Wherehy ﬁ@rdlﬁ%&msng

chemi cal : Bp@[}s Sl ad i B:S o Reff met hod
accordi ﬁgﬁtt%léﬁglqgi %Eg%%\ri%lgyﬁch rlru tg ?lgbﬁgs bh‘lé’(i‘t%1 ?(fblrd}al? F@n{oi fsareggr ﬁ%d& after
separ at istatesovith hlse pdvas edfereficd hemberslos inames. 2Burthdrmeitel adiiddodr fdateestaf cl ai m
24 or 25, ereir& he mul t.i phase, disti IJ ation conmprises._ at I?ast one vacuum
di st P11 489 drustmied desten Karerceady B Miymiss!vahyeryRenb rindgrgndant Sp oS 6N wher ei n
the mul Liphasse Wit thk i@fehQ8n.cONpri ses at | east one evaporation. 28. A

met hod according to claim27, wherein the at | east one evaporation is
down-fl ow evaporation. 29. A nethod according to claim27, wherein the at

| east o p: i sithin.lay i ) ording to
any one ACARERI@ AT ) Db CLofiRPRicRl Qe oo FRHIBRIRENE 10
at | eastvegetablersmdidremimeldofigind @nsaki Dis prolvidel fietdpotear elkalinggolutiony one
of clains 1 to 30, wherein the resjdues are non-transesterified fats which
are sepdegicipring notassivake goltdon, hwhilg arothers tank ais perwidede farcthetalephobect i on.

- B .RAY : pas at for y { or M. e h rding to any
one 1§f 612“%? &n%a}% foé @?@m\?&ié?@?n& ar%lélrgesoﬁlgmét ' Iraégsg%‘}egnléln@gn g?hﬁég%ggg#&t he
fats, angemiontiarkrrRdcdutlinra indéngatBl 4aFsntdmpounaing therlkdlhet dogutiincohol ,
as well as at | east one nmixing vessel for conpounding them and that at

| east t etk Bigtadeahel. theaixing vepsel hgs cauprad witl aé@ﬁ%&-?@tf fuppbniénasatet i on
secti on,gangukhaty RS 4 3 c‘dﬂﬁ&[ [Qles>f eaEémc@ of At‘bsﬁ; ARABES 0 gl

enul si on doOWNSET Eam fTom LHe Teact i on sect o 33 An appar atus accor di ng

to cl ai miking Wasglel dre icbndcRRAICHI thé trameiteBficdtionl séetesh & b lcahnetifik pifes 934. An
apparatus according to claim 33, wherein the static mxer is fitted with a
pi pelst i 1anddl GniThe coangcsing piRasrq and 1€ apecaquappedovitly addisienal contrel walves dm
baffles, ngr | ' . ol 0 any
one of - ergieaiyyisors BB RO HRY B ol IRP B AP URRERNEN RO pie

react i onrafne&stdrifivatiold secfiondppar at us according to claim 34, wherein the

emul sifier is a crack emulsifier. 37. An apparatus according to any one of
claims 32 to 36, wherein there is a turbulator in the reaction section. 38.
An apparpiciaeserifiéationtd datiofNRctidn §lcohdTBis 32 al Rati/ mixdrereiin tids Bhgeed form
of crack enulsifier and turbulator is included in the reaction section. 39.
An apparmadssofax pipe didnflledowith balls aBvadinus sizes dheThd ripd 1Bonay bé figted avith

| sifi ..and bul at i d t di i, J | at |
Shotfler SiriRaL gk il et PEer onalfenn sReanF R R F s Br R L e
di scs. 49 beMtaRRORAALY TS RPN erl @ Afe R Ay FedhTbBBigk0oB Bowddar i 1

there is a cavitation enulsitier in the reaction section. .
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.
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41.. An apparatus according to any one of clains 32 to 40, wherein there is
an ul trasound device in Sid-Sagld00 s6S 42. An appar at fong to
any one of claims 32 to ?%,'\?\ﬁeresllanl tﬁe uﬁﬁ"?’nfor separati ng @M%m of
the emulsion is a filtration unit. 43. An apparatus according to claim42,
wherein the filtration unit is a surface filter based on nenbrane

technol ogy. 44. An apparatus according to claim43, wherein the surface

filter i d 0 r l.ie o.this carrier, which
et s IO K EMIRARCR R RO Rhe E0E Ry iy RBREb Bkl RaF ALY e
carri giecific @openads, a$ itcophenced Gith Mgl pRAsaE Usat ICRALEENE the ceh@é m 44 or

45, wherein the carrier conprises al um nium oxi de, porous glass or

si | i caf &g procegs.| ~AY 200Z 20 47. An apparatus according to any one of clains
44 to 46, wherein the |layer acting as nmenbrane has |ipophilic and/or

hydr oghi lic and/ or anphoteric properties. 48. An apparatus according to any
one oEnlgrgamant 4f the Wordervpateset ig labsol pogsibleady | mgamss ofrultasawed. i & ia ceramic
mepbr gne, .~ 49. . aratus according to c¢laim48 erein.the ceramc

renor RCerais e Lo 3ot Bk reatfen 5o L i PG BbE e e A “appar at us

according to any one of clains 44 to 49, wherein the |layer acting as
menbr ape .has,a pore.size in the nango and/or m cropo .range. 51._ An apparatus
accor gﬂﬁdl%’)d ¢P ﬁgng@i 6%@1“%? Nt & Hﬁ?‘?g}l%ﬁﬁlel Ly Q‘SBg?téoq’sP?é]]éf V. 300nm 52.
AN apBifefhé$7.a€ ek % Gt B HRerefiovAl FIAGh4RL By fé}gaimﬂ@ el WA- e

filtration unit i's or conprises a nolecular sieve filter or nolecular sieve
menbr avaporger, cAmbamstatlad upstmemdrain tlge distilbatpneng 16fin tiepipelik2l 2 0 52, wherein
the filtration unit is designed for multiphase filtration. 54. An apparatus
according to any one of clainms 42 to 53, wherein there is a distillation

uni t Theldisfillatiomunit ddfonsise of daasiadmrevapstanhand oneeosdensetpwhsicbgam f rom
the reaction section, 55. An_ apparatus according to claimb54 wherein the
dilgt i theadisbitation; yniy 5 ispsiened and vaowine Aistillation pgf. Thearest sehstasces.ne phases.
56. Al i ' o ' = f
evapo?%tcﬁlg?@{hg%\% gg’égigg%géegpagé g?lg%%é%@iﬁ"&ﬁre%\éggc{r grtbgls&lggga %ilgg)wt o claim
54 or tledistiiwgioaiunitd 5t hi n- | ayer evaporator is provided as evaporator. 58. An
apparatus according to claimb54 or 55, wherein a rotation flow evaporator
is provided as evaporator. 59. An apparatus according to any one of clains

54 t 0 (i8cowbgr @irfout ks i avapeRBsratirObe Uikel. FOWNShADEIN £ rdommt-fiew
distillation unjt. 60. An apparatus according to any one of clains 32 to
59, wWE¥RRArafor, HBindayes eyapaspier.avtasn flomi tvanerains: eteasAnf beonsedhn eddition,or

separ at i . he.. | sj.on. 61. .An i to claim
5% or St MR 2w sl T adliPRrs LonghbaBBRAVRL 1o B658LE B8, Soct Ton
by a distitiatidon ngit b5 ke Gegee dhsuritpof tedaty doid methg] éérscan ®2 infiena@par at us
according to any one of clainms 32 to 61, wherein a punp is

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 in 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,
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provided for introducing the liquid to the reaction section. g n
apparatus according to claim62 wherein the punmp is a high pft SM%YM

- 8 MAY 20A 21 64. An appiedifisstranstationdr oy Gerdnainy one of clains 32 to 64,
wherein surplus nethanol is evaporated in a flash reactor. 65. Fatty acid
met hyl ester prepared by the nethod of any one of clains 1 to 31.

A A H . AR A@. As. Af . Ayfr. AS. A&, . Ayf. A. Aby. Ay. A. Afyl . ASf. AY. AI5 . Al,. A .All&
7-rv26\W
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. A AUlc: al ¢ al =AW Al * id_z

o d oA L AR iR lop SR IR S B T RN 0520
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t ok e calcalc a] calcal.cal call cal.ca] cal cal ¢ G a c(aUl ca
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]ca area, so that chemical balance state is reached very quickly.
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1 10% & () -
10% & ()-112""") ##dEMLY) ! 10% & () -f &L0% & () - $#10% & () -#s! 1 ' % Y&
' ()(i F !()10% & ()2##1$=$%’//e)&_&cfE?VE"9$ )1'6%‘&?&0'( %rs"? TeRS & %)- (1? 10% &‘93 ﬁo&%% ' %)-
110% & ()- +110% & () -_8a&&&&&KE&S&r S11$10% i & ()-FY10%& ()- 10" 10"
100 119% 10% & ()-! (% 10%& ()-sf> 10% & ()-&0 €' g' (P)) dEr S1! $10%! 10%& () - !
109 ()- & 109%& ()- 109%& ()-y&LOY%& ()-y! 10%& ()-)))****dEr S1! $109%L610%& () -
s, 10%& () - L$109%& ()-3! 10%&' ()- 10%& ()-S310%& ()-*Vv-...... / ~pbT5! 910%& () -
10% % Thesliguid gurchgmisplgbalanseostate is introduced into a unit 27 for separating the
& 01 SR e AR & bigfind 78irbdquided! 4 Gedits IFDReAR O Phshdre 1078 O)
)10:%%'0& a)&'d(n% Bg?{t_ﬁifggggd(d;iﬁg%ﬁibélixﬁ, 170%&iréam FomlBd kit dELTS! 910&* ! 10%& () - (! 10%& (
| 109 ()-yY" 109 () -445h555V6dEbT5! 910S5! 109%& () - @10%&: () - 0! 10%& () -
1 10%& (Dhe tait10 Eonksists| Il Ydast dne/ARAGER QRH 190 Tv hedot@ivbe With heGRsibARE 1066
T397109%66& ()- @ Y3%10% () - @ .
= 108& (he fl@&ﬂf@%‘&&jn@)vid]ﬂa? PhawrsselELTE! ity Greidomgthy) €ster, are separated and
| 10% ()58 0P b2 b 50 QL IRV ) 2 SRR SR AL YOS 10%: O
I‘Flocé&;(;})ziﬁgﬁfa@?%&mg%%«g;&g)-ys !6 109%&' () - y3109%& () - <>h?2?2?7a?bT5! | (0#7Z10%&
1(()?)/&' ()-1! 10%/5&' ()2'_! 109/ ()- g.>2.>:?'S?'?'?'?'?'?xrmc:! 1°10% h& ()- 10 10
e () -y P e O 0] R el ey PR A - 2008
- 0 - 0 - 0 - 0 - 0

h& () - Fesarassieyiobaried! Of d0isd) dhe( fattg a8k micthyl-cvtet 0061d &150) bel subfsctes! t6) - | 10%

! - 0 ! - ! 0 ! - ! 00 ! - - 00
2 ) B SR A A he o b ()
@ 10% &' tidsttar 99 & obihis 9% &' M= 10hh! 06" 10%h&' () -
VB I] flasion ARPES & hlpidl %%9"%1%%&? ;ﬂwéffil}%% & ()- 10% & () ()S@ 10% & ()-S
. 109% & ()-/J2J5J8IKKGLAEr S4! S! 10f LI 1096 & ()-f!10% & ()-S! 10% & () - &@B10% &
é‘)z-lg%%gfﬁ)éaffp%g%@%&%ig %s@i%%gﬁ“{frw HFhctired ubfg hehBing tketinoldgy'ahd 0 & () -
10% & ( cofsifidgdaRpdraliadditet! O 8RAUAPHET @luniaitd Ode Firéfetgbl glexipidaga( ) - M@ 1
0% & ()-f9S10% & ()-f8!10% & () - zPPPPPPP+Q QuV7! T
L10%& ()pJpel@a)@a( l)ayg'#qpp@o;@‘-t(e yoergaroot, foy exapaple a layer of titanium dioxide. The

15  layer can have amphoteric properties, whereby the pore size is in the nano range.

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

inventions, either alone or in combination with other features. In particular, th
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leo% # &? ]Pyaseyé%ﬁpgt?@y@c%@, Wﬁe%ne@dd)é?fgs are tl}/:lr[sesterlﬂedy into fatty acu? metlhyl c(es?ter, Y

and on reaching the chemical balance state residues are separated from the fatty acid
methyl ester, wherein the border surfaces of the mixture are enlarged by high or powerful
dynamic turbulence in the reaction section.

2. A method according to claim 1, wherein the fatty acid methyl ester produced
is diesel fuel for vehicles.

3. A method according to claim 1 or 2, wherein the potent alkaline solution is a
potassium solution.

4. A method according to any one of claims 1 to 3, wherein the alcohol is
methanol.

5. A method according to any one of claims 1 to 4, wherein the residues are
triglycerides, glycerine soap, and/or non-transesterified fats.

6. A method according to any one of claims 1 to 5, wherein the high or powerful
dynamic turbulence is produced by physical forces.

7. A method according to claim 6, wherein the physical forces are mechanical
shear forces.

8. A method according to any one of claims 1 to 7, wherein the high or powerful
dynamic turbulence is produced by crack emulsification.

9. A method according to any one of claims 1 to 8, wherein the high or powerful
dynamic turbulence is produced by dynamic emulsification.

10. A method according to claim 9, wherein the dynamic emulsification is
produced in a turbulator.

11. A method according to any one of claims 1 to 10, wherein the high or
powerful dynamic turbulence is produced by cavitation emulsification.

12. A method according to any one of claims 1 to 11, wherein the large border
surfaces are produced by ultrasound.

13. A method according to any one of claims 1 to 12, wherein transesterification
is performed under high pressure.

14. A method according to any one of claims 1 to 13, wherein transesterification

starts with high pressure and the pressure is reduced during transesterification.
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emulsion are separated by physical means.

16. A method according to any one of claims 1 to 15, wherein after separation of
the phases of the emulsion a purification of the fatty acid methyl ester is performed.

17. A method according to any one of claims 1 to 16, wherein the phases of the
emulsion are separated by making use of surface forces.

18. A method according to claim 17, wherein the phases of the emulsion are
separated by means of filtration.

19. A method according to any one of claims 1 to 18, wherein the phases of the
emulsion are separated by means of multiphase filtration.

20. A method according to claim 18 or 19, wherein filters based on membrane
technology are used for filtration.

21. A method according to claim 20, wherein filters in the ultra and/or nano
and/or micro range are used for filtration.

22. A method according to any one of claims 18 to 21, wherein lipophilic and/or
hydrophilic and/or amphoteric filters are used.

23. A method according to any one of claims 1 to 22, wherein the phases of the
emulsion are separated by chemical means.

24. A method according to any one of claims 1 to 23, wherein after reaching
chemical balance state, multiphase distillation is performed.

25. A method according to claim 24 wherein multiphase distillation is performed
after separation of the phases of the emulsion.

26. A method according to claim 24 or 25, wherein the multiphase distillation
comprises at least one vacuum distillation.

27. A method according to any one of claims 24 to 26, wherein the multiphase
distillation comprises at least one evaporation.

28. A method according to claim 27, wherein the at least one evaporation is
down-flow evaporation.

29. A method according to claim 27, wherein the at least one evaporation is thin-
layer evaporation.

30. A method according to any one of claims 24 to 29, wherein the multiphase
distillation comprises at least one fractionated condensation.

31. A method according to any one of claims 1 to 30, wherein the residues are
non-transesterified fats which are separated and returned to the fats upstream from the

reaction section.
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32. An apparatus for performing the method according to any one of claims 1 to
31, wherein there is at least one container for the fats, and one tank each for the potent
alkaline solution and the alcohol, as well as at least one mixing vessel for compounding
them, and that at least the container and the mixing vessel are connected to the reaction
section, and that there is a unit for separation of the phases of the emulsion downstream
from the reaction section.

33. An apparatus according to claim 32, wherein the reaction section includes a
static mixer.

34. An apparatus according to claim 33, wherein the static mixer is fitted with a
pipe filled with balls of various sizes and/or devices selected from baffles, propellers,
and/or resistors.

35. An apparatus according to any one of claims 32 to 34, wherein there is a
dynamic emulsifier in the reaction section.

36. An apparatus according to claim 34, wherein the emulsifier is a crack
emulsifier.

37. An apparatus according to any one of claims 32 to 36, wherein there is a
turbulator in the reaction section.

38. An apparatus according to any one of claims 32 to 37, wherein a mixed form
of crack emulsifier and turbulator is included in the reaction section.

39. An apparatus according to claim 38 wherein the mixed form of crack
emulsifier and tubulator includes two discs moving in relation to one another, whereby
the emulsion is introduced in the middle of one of the discs.

40. An apparatus according to any one of claim 32 to 39, wherein there is a '
cavitation emulsifier in the reaction section.

41. An apparatus according to any one of claims 32 to 40, wherein there is an
ultrasound device in the reaction section.

42. An apparatus according to any one of claims 32 to 41, wherein the unit for
separating the phases of the emulsion is a filtration unit.

43. An apparatus according to claim 42, wherein the filtration unit is a surface
filter based on membrane technology.

44, An apparatus according to claim 43, wherein the surface filter includes a
porous carrier and a layer applied to this carrier, which acts as a membrane.

45. An apparatus according to claim 44, wherein the carrier is designed as a pipe.

46. An apparatus according to claim 44 or 45, wherein the carrier comprises

aluminium oxide, porous glass or silicates.
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acting as membrane has lipophilic and/or hydrophilic and/or amphoteric properties.

48. An apparatus according to any one of claims 44 to 47, wherein the layer

acting as membrane is a ceramic membrane.

49. An apparatus according to claim 48 wherein the ceramic membrane comprises

titanium dioxide or zirconium dioxide.

50. An apparatus according to any one of claims 44 to 49, wherein the layer

acting as membrane has a pore size in the nano and/or micro range.

51. An apparatus according to claim 50 wherein the membrane has a pore size of

5-200nm.

52. An apparatus according to any one of claims 42 to 51, wherein the filtration

unit is or comprises a molecular sieve filter or molecular sieve membrane.

53. An apparatus according to any one of claims 42 to 52, wherein the filtration

unit is designed for multiphase filtration.

54. An apparatus according to any one of claims 42 to 53, wherein there is a

distillation unit including at least one evaporator and one condenser downstream from the

reaction section.

55. An apparatus according to claim 54 wherein the distillation unit is

downstream from the unit for separation of the phases.

56. An apparatus according to claim 54 or 55, wherein a down-flow evaporator is

provided as evaporator.

57. An apparatus according to claim 54 or 55, wherein a thin-layer evaporator is

provided as evaporator.

58. An apparatus according to claim 54 or 55, wherein a rotation flow evaporator

is provided as evaporator.

59. An apparatus according to any one of claims 54 to 58, wherein there is a

separation unit downstream from the distillation unit.

60. An apparatus according to any one of claims 32 to 59, wherein there is a

separation unit downstream from the unit for separating the phases of the emuision.

61. An apparatus according to claim 59 or 60, wherein the separation unit is

connected to the reaction section by a connecting pipe from the container for the fats.

62. An apparatus according to any one of claims 32 to 61, wherein a pump is

provided for introducing the liquid to the reaction section.

63. An apparatus according to claim 62 wherein the pump is a high pressure

pump.
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