A CONTI NUOUS PROCESS AND AN APPARATUS FOR THE PREPARATI ON OF BI ODI ESEL
FI ELD OF THE | NVENTI ON The invention relates to a process for the
preparation of a biodiesel and nore particularly, it relates to a

conti nuous proc I o) f {ﬁ, I -ﬁ§$ TRACKGROUND OF
THE | NVENTI ON Bﬁﬁ?@pﬂ@Uﬁaﬁeﬁ ro%l\gllgg’e‘%gb e ‘glklAs gtbsB greases, or
ot her sources of triglycerPREPARAVPBONCOBBIOESEL prepared by a process of

acid or base catalyzed transesterification. Biodiesel may be prepared by a
singl e-stage or a two-stage transesterification reaction process. These

processengEtDb?FarﬁEt SﬂV]ﬁ‘Iﬁf@ﬁs or a continuous process. The conpounds
that are conmonly usec} I'n these transesterification reaction processes are
triglycerides oil, a |ower alkyl alcohol and a catal yst.

Transesterjfi.cation reaction process of the conmpounds take place in a
reactor by fofveRieRnIRAcs 7,4 B@O"F’Ff'eifrr Hhsi pearites ﬁﬁi tflﬂf@esfegvﬂﬁ %S |

al cohol i BakidglaRYy &% R14es Rfa ddMinuG @i RbYss fovithdibleBaanbss bia ity eseeact or and
subjecting the reaction mxture to heat to reach a tenperature sufficient
for the reaction to take place. In sone cases, prior to introducing the
three co j J.eactar | cohol and the catal yst are

pre-m xed mﬂa{}?o 0 ‘/mwﬁ@lfol ution before the solution is

adm xed with the triglycerides in the reactor and heated to reach the
reaction tenperature. In yet sone _cases, the triglycerides is heated prior
to admi xi Bipdigsehistmadeafreminsietahle ailsefatneasages, op pthepseuicesef tHebicaiidesd

al cohol / caf al ¥Sty: Sql:utJ ho .t X e
corrpounds@osSk glrogﬁiailgh{éeﬁ fd(]? raré}gge%gﬁfgﬁg?ﬁgésgec\g] ] pesgéxg%??%{aégﬁggiﬁ' rring
reactor, a chemcal mxing punp or a static mxer, etc. In the above

processes, .in order to obtain good dispersion of the three conpounds to aid
in the reBiqdiess! mapbepicraresiy Henglitage s ajtwortage iranseisHication Pacion cases,

good 1 dg%%ggsg sé)fpr(g&gsegolqu Wedg GAM Plodass JFMN RYfRThuIGS Brb&sR PhONIi Ng

the mxin uration
compounds that are commonly used in these transesterification reaction processes are

triglycerides oil, a lower alkyl alcohol and a catalyst.

Transesterification reaction process of the compounds take place in a reactor by for
example, mixing the triglycerides and the lower alkyl alcohol in the presence of the
catalyst simultaneously in the reactor and subjecting the reaction mixture to heat to
reach a temperature sufficient for the reaction to take place. In some cases, prior to
introducing the three compounds into the reactor, the alcohol and the catalyst are
pre-mixed to form an alcohol/catalyst solution before the solution is admixed with the
triglycerides in the reactor and heated to reach the reaction temperature. In yet some
cases, the triglycerides is heated prior to admixing with the alcohol and the catalyst or
with the pre-mixed alcohol/catalyst solution. In these processes, mixing of the three
compounds is traditionally carried out using devices such as a stirring reactor, a

chemical mixing pump or a static mixer, etc.

In the above processes, in order to obtain good dispersion of the three compounds to aid

in the reaction process, long mixing time is often required. In some cases, good
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These processes are generally not cost effective due to inefficient mxing
nmet hods being adopted, resulting in long reaction tinmes. Inefficient
m xing results in poor dispersion of the conpounds. This reduces process

ef ficiency i 0 ncre i chem ¢al s .cons t.ion and waste. It
is the ob}éésg%“ I%g)?‘ pﬁéﬁel ﬁ@gﬁ{"ﬁ%ﬁ %%S%tr g\e/iatfgleé{e‘%rdgé%‘ S pfog{’?%lﬁ%qb? SN2 i on of
a bi odi esduratioht h i nproved efficiency over the prior art or to at |east

provide the public with a useful <choice. It is also an object of the
present invention to provide an apparatus for the preparation of a

bi odi esel Ty ' v 1.6 V, . i, Or: . . rovi de
t he publi %&Pﬂkg%g%ségﬁ fngﬂﬁlg}’ g@?@%@@b@ﬂ% l&%ﬁ'&ﬁéﬁg{ ﬁl?%m# ?1?65 O(gss pect

t he presebeingradepteipresultingiist long rpactior timérintfifieiept efiringt fesultsofn poor

bi odi esel from a f.eedst ock é:o%gi n(iﬂng a triglyceride by trangesterjfication
of the tASEPLSIoBOf e SRmpeuads. diisredncryprogess sRiencyplsadipg ieansingtsass Mses

m Xi ng t hendrhicAls ¥&RuhP&on Whd Walbe | ower al kyl al cohol in the presence of a
catalyst in a high-shear mxer to forma reaction m xture, heating the
reaction mxture in a heater to a tenperature of 50 to 70C, transferring
t he heategd .reacti.on pixture into a reactor to.allowa transesterification
reaction gr%?}fs%bj?%o JIpFILiog t Br(fvé‘ferﬁ BroepssStor the RiepARtigs s“té‘PS‘F’?@ati on
product angth@hpRReQbificRARRbortRpridtartdr Y& 8 1edst plo9MetthepdtiicShitttd wideul
transesterification product and subjecting the first crude

transest efhdi¢cat i on product to further treatments to obtain the biodiesel.
Preferably the further treatnments of the first crude transesterification
product conprises mxing the first crude transesterification product with

an additi ] : gﬂﬁfa {td
cat al yst ?nMéSds%\é%\%&hii(%ﬁhP géﬁgg:ﬁw r%ngglgtoiﬁgg‘?g?%? seéggr\%?ﬂ‘f%?%g%:%tlfb%?\dfm xture,
heating tfbiodisse wdthriswreviedeffidisrteyioner the priseerbordit leasttpeovidotha publéawithat ur e of
50 to 70C z@aﬁsf erring the heated reaction mxture to a second reactor
to al | ow A"EEUSHREt age transesterification reaction process to take place
to forma

SUMMARY OF INVENTION

In a first aspect the present invention consists a process for the preparation of a
biodiesel from a feedstock containing a triglyceride by transesterification of the
triglyceride with a lower alkyl alcohol. The process comprises mixing the triglyceride
with the lower alkyl alcohol in the presence of a catalyst in a high-shear mixer to form a
reaction mixture, heating the reaction mixture in a heater to a temperature of 50° to
70°C, transferring the heated reaction mixture into a reactor to allow a
transesterification reaction process to take place to form a first crude transesterification
product and glycerol, separating the glycerol from the first crude transesterification
product and subjecting the first crude transesterification product to further treatments to

obtain the biodiesel.

Preferably the further treatments of the first crude transesterification product comprises
mixing the first crude transesterification product with an additional lower alkyl alcohol

in the presence of an additional catalyst in a second high-shear mixer to form a second
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second crude transesterification product and glycerol with an overall
conversion rate of at |east 99% and separating the glycerol fromthe
second crude transesterification product. Preferably the process further
conpri ses_t ste of ralizi t SeCOr r S rification
o oduct . tepaliys RERRE B ok SRRy MR AR HITR dBICRRIA b e er
t 0 r enovetehipptatirt b€50° t6 A0 akdmseriiheths deatad racticlemixtarese a tsedantl iretdaron

product to hase separation to renove the, water phase, apd drying the
second crigqdlow arsgeendsstagy trapssetelHCF o8 FastAoPToRESS; A t‘FIFFep@F?)(ﬁ? é%‘é‘% a

Pref er abl ycc?ﬁ?c ﬁgﬁﬁrﬁ%tgﬁ'ﬁ&ftioh Doy el Ofﬁ&icérél%ﬁ BeovdrMi€onversion rate of
transesterification product 1s” carried out in the reactor that Is

confi gur eat least H9& randr sepmating|thoghycetod finy dles edcond drede tremsestedfieasioni nuousl y
fromthe reactor. Preferably the crude transesterification product is

subj ect tB©° ¥t her separation in a separator for renoval of glycerol.
Preferably the triglyceride is selected fromthe group consisting of
naturally occurring vegetable oils or aninmal fats including palmoil,
coconut oPteferghly thé pracess firther cemprisesdhe steps of sviralizing theosseandicrudgnd

soybean oj |l . Prefer.abl he .| ower .al kyl al |1 nol Pr efer abl

t he cat al r\}'@}se%t%n 1R l?é‘f(*ucgéf%%% tﬂ.)‘e fe%o;ﬁ‘g g%%(%ﬁraan 5‘§Sf)ec cgﬁﬂlg pf)ordélg{eﬁ{ltﬁ Y

i nvent i onwgRPR fhibva impRRsabitedting thd Sedohe RAIdR! tiadBestdrifitatibh pebidastdo from a
feedstock containing triglyceride. The apparatus conprises at |east two

mi xi ng urphase f spargfiQn ntp trpBove cthist o‘@r@rmpgwea angnektyigg kihe speadolcrudsd a
(catal yst to 1 xt f -Aat- ast two transesterification units
each conn&® Sésgéqr%cagﬁgbﬁlod%?ﬁa%bgﬁﬂuﬁ%eiblﬁiti)le% Tow introduction of the m xture
product fromthe mxing unit to the transesterification unit, at |east one
separation unit downstream from each _transesterification unit dand. at | east

one puri fRieteratdy thesepaation of F@a&lﬁ’f?rehfrf’ﬁ’ethla é’E‘fde et GHOBRFAYSt Bvi ded i n
the appargliss oftfifi il ABik: AP iPHipbfedlih Aintifte} dRRIREHS BR AybhrSitoear

- m xer, a phase separation
removed continuously from the reactor.

Preferably the crude transesterification product is subject to further separation in a

separator for removal of glycerol.

Preferably the triglyceride is selected from the group consisting of naturally occurring
vegetable oils or animal fats including palm oil, coconut oil, palm kernel oil, rapeseed

oil, canola, Jatropha oil and soybean oil.

Preferably the lower alkyl alcohol is methanol.

Preferably the catalyst is an alkali catalyst.

In a second aspect the present invention consists an apparatus for the preparation of a
biodiesel from a feedstock containing triglyceride. The apparatus comprises at least two
mixing units for mixing the feedstock with a lower alkyl alcohol and a catalyst to form

a mixture product, at least two transesterification units each connected to one mixing
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and a vacuum dryi ng device. BRI EF DESCRI PTI ON OF DRAW NGS For the purposes
of illustrating the invention, there is shown in the drawings a form which
is presently preferred. It is being understood homever that this invention
i s not ted ClS rran nent ure 1 is a rocess
f1ow di ag‘i‘rg t%le%{o@f i ﬁocf“ﬁgmbr gc@‘ %t R Bf)tpgrl‘)ﬁ} lﬁlée g@éﬁ’& BP%G& % h the
prepar at i @insedtedii@tivas @hit, RiETANabERNESEHrAidrONHF ddvmstrBMENTEN dduh

foll owi ng description uti lizes Fi gure 1 which depicts the process
associ at e@anspsterificatien dmiorndhaieagf onenpurification tunithdemmstisams Bemt the last

preparatiQl gal%{I hﬁ{igg&,e ed1 @l#et%_p%:d}a%sl y a nmethyl ester and an apparatus for

such process th reference to Figure 1, a feedstock
10, a | ower al kyl aIcohoI 12 and a catalyst 14 are first introduced into a
nmechani ¢ erated, m xer 16. The feedstock 1Q nmay be of any kind of

nat ur al | r&é&ﬁﬁ thegpuyidisation pait gpmprisss adpghrahear mixer; ﬁeh@;ﬁa.Sﬁ@arwwn
coconut  Bigla vRALMIHH g%bv@él rapeseed oil, canola, Jatropha oil, soybean
oil or other sources o triglycerides. Preferably, the feedstock 10 is
triglycerides. In the preferred enbodi ment, the | ower al kyl alcohol 12 is

met hanol i ali catalyst. The al kali catalyst

may be so@ﬁﬂ%ﬁﬂﬁm%%éﬁg?ﬁ%ﬁaﬁﬁéyl ate or netal hydroxi des, such as
pot assi um hydr oxi de or sodi um hydroxide, in liquid form 4 Those skill in
the art will however appreciate that other alcohols and catal yst which are

sui tabl e If(mrthclpeqjosestdfeillpstmgahé nvenfiorhithate és showrmin theskabmgaddptmd. About

70% - 90% .the | al cohol and the catal yst .14 are added into
the i xerw}ilﬁ isrpresquf P’d%rffg %{J&g l?ﬁ‘)ngFleg Jﬁ%ﬁm?veiﬁwaﬁas {IyENUQIK By ROtc at al yst

14 are m t r 16 under a hi gh-shear condition for
1ffed 3R é‘gfe YRe erh%erﬁe‘ﬁ?s Wh!

a period of about 1 to 10" seconds under a pressure of about 1 x 105 Pa
to 3x 105 Pa to forma reaction m xture. The m xi ng of the triglycerides

10 and t nmet.hanol 12 resence of the alk cat al yst 14 u der a
i gh- shednEBBdn & sacsss Py Sefinatephine ]P%P’Pﬁ?séénaé‘i‘Fp%‘lPﬁE?é‘Y i xed
by bei ng vifh the preparation of biodiesel.

DETAILED DESCRIPTION OF THE INVENTION

The following description utilizes Figure 1 which depicts the process associated with
one embodiment of the present invention for the preparation of biodiesel, particularly a

methyl ester and an apparatus for such process, in flow chart form.

With reference to Figure 1, a feedstock 10, a lower alkyl alcohol 12 and a catalyst 14
are first introduced into a mechanically operated mixer 16. The feedstock 10 may be of
any kind of naturally occurring vegetable oils or animal fats including palm oil, coconut
oil, palm kernel oil, rapeseed oil, canola, Jatropha oil, soybean oil or other sources of

triglycerides. Preferably, the feedstock 10 is triglycerides.

In the preferred embodiment, the lower alkyl alcohol 12 is methanol and the catalyst 14
is an alkali catalyst. The alkali catalyst may be sodium methylate, potassium methylate

or metal hydroxides, such as potassium hydroxide or sodium hydroxide, in liquid form.
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intimate contact with each other before they are subject to heat and/or
before they are introduced into a reactor 20 for reaction to take place.
The intensive mxing helps to accelerate the reaction by effectively

reduces t . ' . met hanol
12" and ¢ norose R i e Al Al Rzl Al ity WObflls s PERAL b e

met hanol suztabledot live mkﬂeqireparai(ﬁi qfﬂilodlésehmdy abobe adopted elalses 70%e- 8@t act i ng
surface area of the |jiquid hase posed to the t ri des 10. By

i ncr easi n‘bftb%@WFﬂﬁﬂ‘éﬁla]Gf’hOld‘Pg f‘e‘iaéa d‘s‘raé?ﬂ& @ntpﬁée%‘ﬂ’éﬁeiét si ze, cheni cal
equilibriumstate can be reached quickly. This enormously shortens the

reaction tinme, reduces chem cal consunption and therefore, inproves
ef fi ci enchhs mgimerldnsd}ﬂaﬁﬁmﬂmmﬂ b2 exxbthe hﬂcatlmmbfsei‘baneaniXﬂbmantWé’nn xer 16

is a highs shear | ott ed-.hol.e or hear screen.
The reacttih‘aﬁl?‘ﬁ %’&Pﬁgﬁlﬁfc% iR, orlarﬁeé‘ﬂgggab?ﬂtgolntﬁ 1%§gY9{'§ﬁupﬁle§nsf erred
to a heatgpresshit ydoAt 1:16° P@%ﬁl@%ﬁ“ﬁf&ﬁﬁaﬂeﬁcﬁtﬁﬁhﬁ&u&omehﬁﬂﬁ bfther e of
about 50 to 70C before it is transferred to a first reactor In the

first r ed@gb«cemes ) anid e rmtbg@l fl2 am ghespresanpe @ﬁtheoaikalemlwsinl%u@iségs t akes

pl ace. r oduc cerol [ I ity as
Ponpar ed HigieRee? Pdingh 1 et el The BT ppBad e il AR e

gl ycerol Aémhe donthct Wetheheh sBRAbEORShaY dre subjelct ®sheat aidier lbsibﬁeqmy)aret he
first reactor 20 as the reaction continues. The glycerol 21 that is

separ at ednirpdieed ietoragigaetpA) fandeagtionda faksdlacsn aThe, intsasive Mk hedpi tonuous| y
f th d af
T e e 636 RO, B0 SO AR O RN o1

form theobhfprizes thesnetapi d and thsalkali patahysdm érhmmi;bmmsahs dfspensiomfoft he

reaction mxture and the b roduct in out, of the reactar
cont i nuouke m&l%éﬂ‘b@%%kaﬁb?ﬁﬁ%lﬁtt r‘}eang Pafmmg%%%%l? ‘iqn?‘?étl%ﬁ\!ﬁ-lf-ﬁ‘c@d for

the pre A5 90% i s
usual |y g%%ag{’%@g lﬁﬁné P%sgf&? S%a(raéghc#o \éﬁ&% cr uc?gfnﬁéé%llg st ermﬁﬁecat i on
product idroplbtsaamiecediciam mbeirbplmsslze,t d@aucalr@qmldn‘immstatcaamdn reacledi on
process whi C ri ses y crude nethyl. est act ed
triglycerduesy: @Hg@é?%‘ilqus yo%i)é’l‘ te@ﬁ reg¢tigshme, ‘éﬁs mé cop§yEpption

| mpuri ti &gy tld}€fore, improves efficiency in the preparation process.

In the preferred form, the mixer 16 is a high-shear mixer with slotted-hole or

square-hole high-shear screen.

The reaction mixture obtained from the intensive mixing is then transferred to a heater
18 where the reaction mixture is heated to a temperature of about 50° to 70°C before it is

transferred to a first reactor 20.

In the first reactor 20, a first stage transesterification reaction process takes place. A
by-product glycerol 21 is formed. Due to its heavier density as compared to the rest of
the compounds in the reaction mixture, the glycerol 21 formed thereto separates and
settles at the bottom of the first reactor 20 as the reaction continues. The glycerol 21 that
is separated from the reaction mixture can optionally be removed continuously from the

first reactor 20 while the reaction continues or be removed after the reaction in the first



reaction tine in the first reactor 20 is approximately 30 to 60 m nutes.
The next step in the process i s phase separation of the crude
transesterification product. The crude transesterification product is

passed th . r [ 22 . can a_settli t ank or
Dt gl y PHBEo8 i CRRIALE 1Ak peLRERTHRN Whe Forfien isiPeiad of oF B oV 3 20 6
t he crudecdéntimnsestlewidfithkaidactiormixiiet andshs paredirt ihatkeeut@T thdfiattor.

differences in  densities. Due to the |l ow solubility of the glycerol in the
crude net h)¢ certinious myosese helps foj ieduceythgsoveyalliprgcere e, reguised de5 818 of t he

. . - QUi I
gl ycerol {){?ggpaﬁ&?o%g%%d@tebyz& chE\tre%mn GROGE Aduy Isﬁ‘&fﬁ(g% 1§1H§u%hgt¥>8§¥rbege rely

st andi ng crude transesterification product separ for
about 2 smcbhaflsst teactdr RO.UX srude pemsested ficationtpeoducp s obfaimelfeom therfirdstadeat  has

been adopted. The |ight phase obtained fromthe phase separati pn conpri ses
mai nly cﬁrﬁ‘H‘@StWég‘Fﬁ}‘PgeEeﬁgtr‘ont IPEOSG Y %&éomﬁ?%é%@ﬂewﬁgdﬁé&ygleﬁw’ al cohol
and cat al Mﬁ%acté&lﬁtglﬁ@ﬁéféé, pRassl, mrall@?ﬁcﬂﬁdlma‘fal%i%n@ﬁt?@l}?i?@urittiﬁétmet tlhes

at the bottom of the separator 22, ready to be renove m t he separ at or
22 ei t herreadinn tirae irsthg fiwst refickar@0tis approxinately 304m§0 désitessd tine. The |i ght
phase obtained fromthe phase separation is then subject to a second stage
transesterification. Prior to that, the light phase is adm xed with a

remai ni NgTHOYxt Step &PHe Prodekifis pRARsepdritidn 6t tROErale ﬁ’&ls@ﬁérrl;ﬁéh%oﬁ%tr@dd&t 14 in

a second mxer 24 to forma sSecond reaction mxture. The second m xer 24
i s pref er Bl gruds transesterifieation peodust isipassed throwghen separgtor 22 xBle separatoriZBat t he

same effective m.xl esult ap- be. achi.eved. The |ower alkyl..al cohol 12
RASRRC S R T G AR T ST e R B R e

stage tr othd ¢roaé irgnestenfitdtion ppsdue e Sepafited baea e thcpediffeRAcds vt ure is
intensively . mxed in_the second m xer 24 under a hi gh-shear condition for

a peri od ¢mnsitiss Jougto thedow solubdlity fdhe glygete!l i thecsudy methyl egienanditheos Pa to
3x105 P L S f . 6 6 t d
noater acipf Aebliny Siekh LS o ot SPEEATRofoM: P metllt Bers OO0

50 to 70(gendfailybeairsquiskiydydnéreBasttandingth trikle tradsesfedificationgnedit frethet 0 a
second reactor 28 for, the secqond stage transesterification reaction

process t¥PaloE 24 faraboub 2 seronds tost Bewe depanding omihe dectfseparator 84 thatoduct .

has been adopted. The light phase obtained from the phase separation comprises mainly
crude methyl ester the unreacted triglycerides, lower alkyl alcohol and catalyst. The
heavy phase comprises mainly the glycerol that settles at the bottom of the separator 22,
ready to be removed from the separator 22 either continuously or discontinuously at

any desired time.

The light phase obtained from the phase separation is then subject to a second stage
transesterification. Prior to that, the light phase is admixed with a remaining 10% to
30% of the lower alkyl alcohol 12 and the catalyst 14 in a second mixer 24 to form a
second reaction mixture. The second mixer 24 is preferably of the same kind as thét of
the first mixer 16 so that the same effective mixing results can be achieved. The lower
alkyl alcohol 12 and the catalyst 14 are preferably the same as those used in the first
stage transesterification reaction process. The second reaction mixture is intensively
mixed in the second mixer 24 under a high-shear condition for a period of about 0.1 to

10 seconds, under a pressure' of about 1x10° Pa to 3x10° Pa before it is transferred to a



The glycerol 21 fornmed during the second stage transesterification is
separated fromthe second crude transesterification product in the sane
manner as it is formed and separated in the first reactor 20. The gl ycerol
21 can optional | epnV. |_ YOS ' [ y
desired tﬁeﬁ@@ea%/eﬁl}t%hén | rsggons f%]gerr%é P g%s%g edrllqe ?tgog%%)ﬁ&%ﬁghtxﬁg& E)%f erred
form thaegby@ai®lof2dbous J08niveePC: oTlid husted | secoml redctionv mixtwmt isnthens f | ow
of the reaction m xture and the_by-product in and out of.the reactor. An

f
overal | dewserEida & secenerearione2t Ham thegsgepad GEﬁgSitF?é’a‘_’%thqqgog SR st age
transest %rbéésg%&ﬁgﬁlé§€ﬁ;fogg a&% de'tihsE8AdH0n prdiRict.n the second

reactor i's appr oxl m nutes. The second crude
transesterification product which conprises mainly the crude nethyl ester,

the glycerol .and inpurit L bseguent | d..t hrough a.second
sepa?a%/orﬂﬁglyqeé‘i’l a@iﬁ%&éiﬁsﬁlﬁﬁ&%‘gg‘%@ﬁﬁ’é % gfﬁff&“?%}?&g 8%9%‘6%@‘& ol from

the second giidRide! AREQSH Ralibh GROARR iR BEUGIne Hhahteri & itOisPfoevedtandr reduce
any formo? ack reaction. The "second separator 30 can be a settling tank

or a hi ghdeparefefli o ¢t fostnreactongdl. Thpagliewsel 24 caewptippdly MSotemovede phase

separation i.n the second separator 30 ocecurs.ip the s er t hat

descri bed™% Bwsﬁ'prort SCPP? lfouglé’pé\t af'dr }r%c}.hgm}ei %ﬁt ?‘gﬁg‘s?gq@ taslta%gd from

t he phaser§R8%ratdaltn. JANRE pederrdiothy e gigeerdb hyd resived cangimpasly to

impurities and the heavy phase caonprises the glycerol 21. The cerol 21
(&

recover s dllovns comtinyous Sawaif the ecacten mixtusy ahth r%’aléf?d‘t“ii 1p @ngl é’H‘bg °from t he
AR o prredda At NorfiP RS BHIMPafe 8F mofd B6R B0V URaNed in BEXCARRIARR L1 ™™

The Iightre?) I'né romthe second stage transesterl S
opt i onal lyanRess&RtatibAreuaiona pedcea OThes treddpph ngmeein e 32cdndr reaetoovial  of

remai ni ng excess al cohol 33 when required. Preferably, the al cohol
st ri ppi nepppeaximateBP3 Glocddamiiitender a vacuum condition of approximately 4 x
103 to 7 x 103 Pa. Alternatively, a falling fil mevaporator can be
adopted. 7 The light phase is then subject to neutralization by adm xing
with a stTiewgcan dudsStrarsestarifieatiod pradupt ehichsomprises mainty the xarde3dethithe t hird
m xer 34 is preferably al so hi gh- shear

ester,pthe glycerol gnd impurlf%ies %sgsubsequently passed through a second separator 30

for phase separation to separate and remove any glycerol from the second crude

transesterification product. This is to prevent or reduce any form of back reaction. The

second separator 30 can be a settling tank or a highly efficient centrifugal separator as

described above. The phase separation in the second separator 30 occurs in the same

manner as that described above for the first separator 22. The light phase obtained from

the phase separation comprises mainly crude methyl ester and some impurities and the

heavy phase comprises the glycerol 21. The glycerol 21 recovers from the bottom of the

separator 30, ready to be removed from the separator 30 either continuously or

discontinuously at any desired time.

The light phase obtained from the second stage transesterification is optionally passed
through a alcohol stripping device 32 for removal of remaining excess alcohol 33 when
required. Preferably, the alcohol stripping device 32 operates under a vacuum condition
of approximately 4 x 10°to 7 x 10° Pa. Alternatively, a falling film evaporator can be

adopted.



m xer as descri bed above, although it is envisaged that other type of m xer
can al so be adopted. The strong acid may be phosphoric acid, hydrochloric
acid or sulfuric acid and preferably phosphoric acid i's used. If an acid
conplex is used, the acid conplex 35 is preferably citric acid. An acid is
added at this stage to neutralize any residual catalyst and to split soap
that may Thyéghadasd e theadubject to gebthdizatiGnbesdntixind with 4 iforigeREd 3 D6k an
processes into water-soluble salts and free fatty acids. A water washing

step 37 i &cifgemplex35iipa third mixer3dndhethisdymixendd isipreferaplyptlenia bigb-shasrd/ or

| mpuri ti eﬁﬁﬁr%@dtembkarggﬁvepamghmg Shyiloch t?l;ha?rﬁ)ﬁ{e?%e THRE BB Y the

crude net ester. by-products an uriti'es can be water-sol uble
sal t s f or adapted] The simortgaeidmay baphosphoraracid; hggrochlatiahyidor sulfiaivyacid ad
glycerol. In the preferred.  .enbodipent, the neytralization step fakes place
bef ore thBre&\]ﬁ?@V p&ﬁ%ﬂw’ﬁ{j agidds useg. &T‘m%‘“d FamplgX Jssused. the agideeompleXddint  of
wat er r eqyidrgabll OfitriBdchd. AVPadid NhdABd af RisCidleth ZButtdlSe aRP L& t
enul si onstorm' %g 1vvhen t he vvésh wat e? ilss%ged t‘(l) tﬁzg c$u§e dr?g%éﬁ%%sester.
The cr udeambtchsplitesoae thatmoayt havenbdenr fofmedndutieg Wt tansastetificagionhreactionder go a
phase separation in a centrifugal, separatar, 36 to prevent excessive
contactin OICF%SIB&O[%%HS&P &S ]Ei%’é”i‘iﬁ‘{)ﬁ@}'aﬁ‘gf'er phase and the water phase
39 so as to reduce the possibility of hydrolysis fromtaking place.

Addi ti onal washing steps nay be adopted as desired. The crude nethyl ester
phase obt Ai Walgr washiag staps37 kfethed roamiedupmtcio rempae @oynreamgining bytpradiets3s t o

renove resjdua .aces of ter. The,vacuum dryi ng _devi ce .3 erajes at a
pr ggsur e %4(9(%1 ott ﬁﬁg‘&ﬁﬂﬁéh‘\fl\@g@ p)?a%x' h& .at{%ﬂé St&%?’ecg%ltgwpal ttglg cf@tesui tabl e
for use amethyl kstedi Heecby-prodacts amd/orUgiparifiesrexaibe Ghatbhe 1 ely GeliP fordRgcr i bed

above is nade possible by using the reactors 20, 28 having a controlled
f1 ow uni t dyiingh theamentealizafion. s0apoestalyse @ pewrfste @b’ce@}a(ﬂﬂltge separtedes from

the reactigy dﬂrﬁéﬁtuf.h% ﬂ%gtrlélgz%{ilﬁﬁ %ﬁ%&? fabd Ei@ftoleotﬂ? Q\%geg%alggiggisgeﬁ%ﬁzﬂﬁe the

reactors continues nuous separation O

reactors Blsbawso reduidibe ghoust of witer Rquit@hfoy echter Oshingud hy nfifigiiyé He
reactors as it _ separates and settles at. the bottomof the reactors. This
cont i nuoulotprdiahobemulsiops, forpmng-whey the s@gh water fraddpdio the crude methyl ester.

The crude methyl ester and the water from the water washing then undergo a phasé
separation in a centrifugal separator 36 to prevent excessive contacting time between
the crude methyl ester phase and the water phase 39 so as to reduce the possibility of

hydrolysis from taking place. Additional washing steps may be adopted as desired.

The crude methyl ester phase obtained thereto is then dried under a vacuum drying
device 38 to remove residual traces of water. The vacuum drying device 38 operates at
a pressure of about 4 x 10 to 1 x 10* Pa. The dried methyl ester is suitable for use as a

biodiesel.

The continuous removal of the glycerol described above is made possible by using the
reactors 20, 28 having a controlled flow unit with baffles that allows the glycerol to
readily separates from the reaction mixture as the transesterification reaction process in

the reactors continues. The continuous separation of the glycerol in the reactors allows
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required to carry out a separate separation process and in turn, it reduces
the overall process tine required to prepare the biodiesel. In the present
i nvention, a nore efficient mxing of the conpounds and a nore favorable

reaction kinetics,.can be achieved t.0 provi de for shor resi ti mes
and a rth‘E gB’(?SWiFﬁ @%’fenborvtgg 8%’%“9“8?’51?@% eﬁﬁ?cé?risc?gl rl]tosfe}) ?rrﬁtgs %ﬁ% |e§%t. The
2-stage the dOREM T thé réRidr® THiS a6tindBuPreptRab oDthet digcapsleeeides ithe diftiei on
allows a high degree of reaction conversion and enahles a continugus

rempval oeqeirs ieycapiyORI G SepRiate sepAEiaR Brocess puhinalurbdt redyessythe oxgllor t he
reacti On.&Bge%gﬁfl}eg%g\gget%ftg!p?épgp%th@‘bi(dd?&eﬂm hods used in conbination with

t he conti‘nuous erirtrcatiron process results in an efficient process
for the preparation of the biodiesel. This conbination al so hel ps reduce
the anount of chemcals, particularly al.coho uired for the process.

|, re
Thi s redu@ethe RIRESH ABYRUEBNS URPIE: Ccieph iXPga P thes g?l‘?@?i‘mrdﬁ atlﬁlea!cfp ent
| nventi Onfag&gﬂfe!réfcﬁggc HEIRANR YcRiePEd & prb¢ide Forl shBrter RAAEARRNMMY nd a2Nd &

purification unit. reaction unit conprises a mxer, a reactor and a
separ at i anomeniecondmicalheracese nfolr ethef greparation wifxthe dfiodiessh rlhacPrstageunit is

[0 pr ovi dEABERerBER FFaRtIn PFoeonob e RE ABEPRPR AOBP e ae SR U6 xor

used in tRE{ISREMsion'48lchMled $ continb@irebhtRAl ofMih¥ & -6dwleS@. bhreropbove.
The separation unit preferably is a settling tank or ~ a centrifugal

separ at orfromabmesievérnyctage®f thaweactisin priecsapbhe effigisnpinéfing msthpds yagstinses an

ali,cohol stri.pping device, m xe a_.phase. separat.i nj t ryi ng
devi ce. ﬁ?ém_ﬁ%@ %tédt%f’ ncotnﬁguoplﬁr r?’rfsg%{? 'I@%a%oa ¢ 8%25 rggsm%érie %I?%gﬁ @erg

hi gh- sheagrofdsy €6 thal frissgdibn 6f ihe RedieseATEls cbatbiiibe ralsoylpdss flducdritieer can
be adopted. The foregoing describes the invention includi n% preferred forns
t her eof . amquat :afi chemicalndparberlenly #lqobak raguirgd forptheoproresss This fadyse ski | | ed
in the art are.int 0o be incorporated within the scope hereof as
defined BY© ceal%‘go@?fg‘%gﬁ?ﬁ'ng claims. 9 Cains

The apparatus used in the present invention comprises the components of at least two
reaction units and a purification unit. Each reaction unit comprises a mixer, a reactor
and a separation unit. In the assembled form, the mixer of each reaction unit is provided
downstream of the separation unit of another reaction unit so as to provide for a
continuous flow of the preparation process. The mixer used in the present invention is a
high-shear mixer as described above. The separation unit preferably is a settling tank or

a centrifugal separator.

The purification unit of the apparatus preferably comprises an alcohol stripping device,
a mixer, a phase separation unit and a drying device. The mixer used in the purification
process is preferably a high-shear mixer, although it is envisaged that other types of

mixer can be adopted.

The foregoing describes the invention including preferred forms thereof. Alterations
and modifications as will be obvious to those skilled in the art are intended to be

incorporated within the scope hereof as defined by the accompanying claims.
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1. A process for the preparation of a biodiesel froma feedstock containing
~a triglyceride by transesterification of the triglyceride with a | ower

al kyl al cohol, conprising the steps of. mxing the triglyceride with the

| ower al k@laidé cohol in the presence of a catalyst in a m xer under a

hi gh-shear condition to forma reaction m xture; heating the reaction

mxture in a heater to a tenperature of 50 to 70C; transferring the heated

reaction m xtur re i ion

process tg] takegp @%gsstaf 8{ ?{% Cévr?gar%??lg%) t g\r“tljcf%és‘tépgﬁg{egt%%s@cac??tggﬁﬁ‘%%oduct

and gl ycarxglyceﬁéqoaxyatramstbhﬁcagioylcef the frigiyedarhde fithsa lowadelkyl alcohol,

transesterificati roduct; mxing the first crude transesterification

product WRPIEHPE 8? PHRa1 | ower alkyl al cohol in the presence of an

addi tional cat alpgihgithe FiNGEQML Witk Ghe YOWE' alRyl BicOhoISTeME presdtd bpa to form

a second reaction mxture heating the second reaction mxture to a

t enper at ucatalpst 115@mmermer amghfsbemqondngonmfmmmcmmmtm m xture into in

a second reacto | ow a ond s nses eaction
process to take t’é‘@é ?E?afr‘taﬂlw %‘é’&%ﬁ 1i‘j’ea e’E“lp ts&i Og)thm pr oduct
and further glygergbningNGhsCRSHE | RACHSE SHMERS Ohntd r@ﬁ\rééa&)rsqsoaﬁoﬁr ude
transesterification product to obtain the biodiesel. 2. The process
accordin gtramestémlﬁmlmn réaatlomlalroccssnp takeiplage to foaont & fatst Qlludg tramStseﬁ@ﬁmnc rude
transesterifi .duct treating the second crude transesterification
pr oduct vﬁ’rf’ﬂu‘%&fl %%enpbve inpurities; subjecting the second crude

Lransester i i catéapa ?Qﬂélgltycérel RbASRe ﬁ?d%ﬁﬂ%'tﬁﬁses%ﬂﬂicaﬁéryplﬂﬂuéthe second
criude transesteri f| cation product to obtain the biodiesel. 3. The process

according to cl aiining, ﬂlm/rfre$te¢rnd<t tensesterifigationaprodnctowith Hea additional lewerde

transester at. product gar ri Lr
hi gh- shea?’ i(yl %ﬁ%ﬁ‘ﬁi nthB)Pr?ﬁe% taﬁe d?eco Jut cétal eh{]r as%ggﬂes el’l#n'%gel on
product i higRREéM @bidivibh fo form a second reaction mlxture,

heating the second reaction mixture to a temperature of 50° to 70°C;

transferring the heated reaction mixture into in a second reactor to allow a
second stage transesterification reaction process to take place to form a second crude
transesterification product and further glycerol; and

separating the glycerol from the second crude transesterification product to

obtain the biodiesel.

2. The process according to claim 1, further comprising:-

neutralizing the second crude transesterification product;

treating the second crude transesterification product with water to remove
impurities;

subjecting the second crude transesterification product to phase separation; and

drying the second crude transesterification product to obtain the biodiesel.

3. The process according to claim 2, wherein the neutralization of the second
crude transesterification product is carried out in a third mixer under a high-shear

condition by mixing the second crude transesterification product intensively with a
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10 strong acid or a strong acid conpl ex selected from phosphoric acid, _
hydrochloric acid, sulfuric acid, citric acid. 4. The process according to
claim1l1, wherein the separation of the glycerol from the crude

t r ansest atrofig acid ooa sporgiacid cormpler seleetdd from phosphricrasit; hydrochlariciasid,
configured in a, manner_ that allows the glycerol to be renoved continuously
from t he SPHWES 8fid, tricpgid- pr ocess according to claim 4, wherein the crude
transesterification product is subject to further separation in a
separator for renoval of glycerol. 6. The process according to claimb5,
wher ei n t#he sdpermocess ascoadisgta tlaing 1t whirein the sepasation olihalelyrepd depmpr . 7

r. 7.
The process agcordi ng ..o .any one of the, precedin LS, i he m xer
e D oS e ooy P rit by AU TP A% Bhf sothfed b
precedi Ngngndt fHas allWY t8BE BlycR! td B fthiveed coltinuduslgfioat 4@ rédctun t he group
consisting of naturally occurring vegetable oils or animal fats including

palmoil, coconut oil, palmkernel oil, rapeseed oil, canola, Jatropha oil

i me. wher ot etees DB RAGE RS AR £ htn e S RRRApg ORI R 1

accor di ngs kubjédyo Athepéephiationties eehargorcioaremovalbfglgierol.he catal yst is an
al kali catalyst. 11. The process according to claim 10, wherein the
catal yst is sodium nethylate, potassium nethylate, potassium hydroxide or

sodi um hﬁ roxi tlﬁégﬁs Zgﬁ%r&ﬁg &5 2R &¢ Wq@fé?& tl{eoseﬁ%}%to% g@ a Qéttlid¥etaiit 6£ 81 NG

clainms, wierein odi ese I's mefhyl ester. An apparatus for the
pr.epar at icentrifhgad sépapstoesel from a feedstock containing triglyceride, the
apparatus conprising: a first mxing unit for mxing the feedstock with a

| ower al kyl al cohol and a

7. The process according to any one of the preceding claims, wherein the mixer is

a high-shear mixer.

8. The process according to any one of the preceding claims, wherein the
triglyceride is selected from the group consisting of naturally occurring vegetable oils
or animal fats including palm oil, coconut oil, palm kernel oil, rapeseed oil, canola,

Jatropha oil and soybean oil.

9. The process according to any one of the preceding claims, wherein the lower

alkyl alcohol is methanol.

10.  The process according to any one of the preceding claims, wherein the catalyst

is an alkali catalyst.

11.  The process according to claim 10, wherein the catalyst is sodium methylate,

potassium methylate, potassium hydroxide or sodium hydroxide.

12.  The process according to any one of the preceding claims, wherein the biodiesel

is methyl ester.
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catal yst under a high-shear condition to forma first reaction mxture; a
- first heating unit downstreamfromthe first mxing unit; a first reactor
adapted to receive the first reaction mxture fromthe first heating wunit
to allow reaction to take place to forma first crude transesterification

product and by-product;. a first separatqr. unit .downstr from.t.he first
reactor fidr sebarEPAAYS fthe Fr§?araté‘$)‘h8€aﬂ?%\‘ﬁ§5§ilﬁé’m Pi%ﬁ‘ﬁ?‘g’]rl? EOERIEE from
t he by‘prtﬂggﬁéﬁdét&e%?&%um%ms%t for mxing the first crude

| 0

transester catron uct with -an additi onal |ower alkyl alcohol in the
presence of are ficktlimikimgainitcfer aiying the desdstack withha doveerralkd rdigahioband 8 form a

second reaction m xture:. a second heatin nit .downstreamfromthe second

M Xi ng urﬁa{éyséugg%&ﬁﬂg}?' ) Mb{&eﬁwg%gtgg?ﬁlgnﬁlé&g%cond reaction

m xture from thepREAIRE unft @B WnBiedni iont tBe Erdt ixinagit, on to take place to

forma second crude transesterification product and further b?{_ product ;
(&

and a second sefirst reactor adrpteddtowprsi vesthefirst seactipr midsegom dbg fivst heating An
5 o ng to ol alm 13 . AN
DOF T PoarFBH B Mo Pictclate 8 ihEh st MyaRRRAkAlethnibd Pl o1 70 @
d

phase sepgiglodee; unit and a vacuumdrying device. 15. An apparatus
according to clains 13 or 14, wherein_the first, the. second, an tf{le third
mixing units e frsésenaraonnyhdayasirear frem, the first reactor for separating the first

crude transesterification product from the by-product;

a second mixing unit for mixing the first crude transesterification product with
an additional lower alkyl alcohol in the presence of an additional catalyst under a
high-shear condition to form a second reaction mixture;

a second heating unit downstream from the second mixing unit;

a second reactor adapted to receive the second reaction mixture from the second
heating unit to allow reaction to take place to form a second crude transesterification
product and further by-product; and

a second separator unit downstream from the second reactor.
14.  Anapparatus according to claim 13, wherein the apparatus further comprising a
purification unit, the purification unit includes a third mixing unit, a phase separation

unit and a vacuum drying device.

15.  An apparatus according to claims 13 or 14, wherein the first, the second and the

third mixing units are each a high-shear mixer. .
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