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
continuous process for the preparation of a nmethyl ester. BACKGROUND COF

THE | NVENTI ON Bi Qdi i V, t abl i ases, or

ot her sources of &%ﬁﬁ@@gﬁéwﬁﬁﬁﬁgﬁﬁggﬁﬁé%’% s of acid or
base catal yzed transesteri f PREPARATIONPRBEODYEBEPAI esel may be prepared
by a single-stage or a two-stage transesterification reaction process.
These processes nmay be a batch process or a continuous process. The
conpounds m ﬁs@lq in these transesterification reaction
processes tellﬂrigh)ﬁrjlﬁg ycer;q}(%g oil’, a lower alkyl alcohol and a catal yst.
Transesterification reaction process of the conpounds take place in a
reactor by _for, ex.arrplg, m xi ng the 1[ri | ycerides and the, | ower _ al kyl

al cohol i n 1ReMBFESBNEEISS (4 ReProgatsaleysihe srararatinteshisy Piadipselhand éetor and
subj ecting Eltﬁ_%ul%ﬂ?,% teMled Tt dbhBnddhs Pestesd Br tHe ﬁiotn%m%&flﬁﬂregte?m ficient
for the regctlon o take place. In sone cases, prior to 1ntroducing the

t hree conpounds into the reactor, the al cohol and the catal yst are

pre-m xed I [, olution before the solution is

adm xed wi méﬁéﬂﬁgéﬁﬁ%gﬁﬁﬂer eactor and heated to reach the
reaction tenperature. In yet sone cases, the triglycerides is heated prior

to adm xing with the al cohol and the catalyst or wth the pre-mxed
al cohol / caPidjese] isanadeiform vegetae ods,Jriscgresses, ormithdrrsguises phtrighyneddes.

conmpounds | agi tional | rried out. usi ng devices such as. tirring
react or, amoghﬂéﬁ?fg%ﬁl 5 r)%?%ag?p}ﬁ A OF SSaOfsaP'éft(l’rg’a?ﬁ %?flyzeélttﬁaps?sﬂeqfﬁga%ove
processes, in order to obtain good dispersion of the three conpounds to aid
in the reaction process, long mxing tinme is often required. In sonme cases,

good 1 di Bjsehieselorasobe pispared iy dutelc-slagmer a Beo-slasn sansestergation rgacipengi ng
the mxi ngprogé’srs?tmgs% processes may be a batch process or a continuous process. The

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




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

efficiency, leading to an increase in chem cals consunption and waste. It

is the obj t he 4 nhyention to proyide a cess for the prepar.ation of
a bi odi es eﬁ%&’\?&g["ﬁ Pﬁg%eo&ela%%ﬁ‘r?jf c(fag‘ﬁ%tyg%\?gplef/%é%ﬁq%r pré)ﬁqngbr}g @53 iR ast
provi de theugptibhic 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 with inproved efficiency over the prior art or at |east provide

the publ i 14 Beieil oiBAlIG Sror SHUMARYGEF ah VNN Aol Latncspect
the present Tnvention cornsists’ a process for € preparation a
bi odi esel beiognaopieddstsolting cantbag meavgon timésg Myeffciene mbying rresidgsihesdok i cat i on

. of the triglyceri with a |oywer alkyl alcohg]. The pr.ocess conprises

m Xi ng thedgp%/raogggﬁ}ecfgmwg ' lérqa%\gépr_gpq@pi%lgql%ﬁdpaqmg o8 1geeeenke of a
catal yst | ghénibhl9BoshgMiolax@valte fOorma reaction mxture, heating the
reaction mxture in a heater to a tenperature of 500 to 70C, transferring

the heated reaction mxture into a reactor to allow a transesterification
reaction pracess.to.take place to forma first,. crude transester.if.ication
product an l_ﬁﬁVc(_)ele%qt P?ggplg?{%{ﬁ]ioﬁéo PFPé{“§ Jeeree fr R HETH aﬁtpa{l}gse
transest er withG@ptoBd eflcRAdg bva ik SrithiafGr ket 18REprolIde iheSPublie with a useful
transesterification product to further treatnents to obtain the biodiesel.

Pr ef er abl yCltOriu%e-f urther treatnments of the first crude transesterification
product conprises mxing the first crude transesterification product with
an additional |ower alkyl alcohol in the presence of an additional

catal yst i Rifal&PiRIMeddbOiic pRAA! ifVelB86n fobrbRBEhRagtRERTor the HRGRAABR offl Xt Ur €,
heating the second reaction mxture in a second heater to 3 tenper at ure of
50 to 70C abiodigsed matrimpgovedeffirdency @ verghe pioraririnet leas pravide the pulrlit widlact or

Eg ?lolr(r)nwaaaa%%%ﬂ‘)%'age transesterification reaction process to take place

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
conprises the steps of neutralizing the second crude transesterification

product, treat.ing the second crude transesterification product with water
to renove iWpUrt %Fg@fm’s ‘55%}[3]& ﬁ’r‘?gsetcﬂﬁ srﬁ?:cg’r‘?ﬂ B é”né‘gcé’f‘&r I 8n
product t o teripasi@reSHBor AL7000 , AnSFRFRY thelhaBieWaRlioPRka fre 188 dedhY k@idr he
second crude _transesterification product to obtain the biodiesel.

Pr ef er abl y 1@ lowepageand siage fransestegifipationoteagtiamnproaessdp taks place to form a
transesterif| | I I in the reactor that is
configured S%dr?ﬁg%}ﬁl@ﬁr?gfrl &tg %glgicgfqnd)\%é& "{ch%%ggq g‘]f;:eéér)lo‘fn{df%n%veemclﬁ %Or?geféﬁ’n&tﬁtolf nuously
fromthe reabasr99%r aidsghtating ke iyed®] tiroan S8 k&ohll | gadd Rimspit@ifitetioh s
subject to further separation in a separator for renoval of glycerol.

Pr ef er abl ypfc’:%](‘-:"“tri glyceride is selected fromthe group consisting of
naturally occurring vegetable oils or animal fats including palmoil,
coconut oil, palmkernel oil, rapeseed oil, canola, Jatropha oil and
soybean oi Prefgmblyethalprgeesh urtheneomatises| thalseph of nestratiitpatiel secorf efude abl y

the catalyst is a | kali . catalyst. In a second aspecf.the present,

i nvention %WF%EIEC%?ndﬂB%‘fC&t%¥m% the ?Fé’c"b(? ﬁﬁ%ﬁifeéfqné%t%ﬁcénorbp@éhl@s‘éqthf rom a
feedstock qamtad RinectifdpdhN&E kifEetinEiRe §RBAd 2buds AIRIFR SR rbﬁecittot Vo
mxing units for mxing the feedstock with a | ower al kyl al co%o and a

cat al yst t Bhaser pepasatiohx tarremovediiet water phasst ando dtyiagisthet sscohd caudon units
each conne ne nm.xjn g} uni,t Jto..allow introduction of the mxture

pr oduct fr%gnﬁﬁgﬁég%&ﬁﬁ%)r?ﬁﬁlfﬂoto tat“ﬁg‘e btl?dd?‘% sterification unit, at |east one
separation unit downstream from each transesterification unit and at |east
one purification unit downstreamfromthe |last separation unit provided in

the appar abifscralpy dbesepprajion e thruglyearelafipmithe arude drmprsicsidisatiomprgrua iear
mXxer, a PAASEd SGRATRS tABot lat is configured in a manner that allows the glycerol to be

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 however that this invention
is not limted to the precise arrangenents shown. Figure 1 is a process

fl ow di agram depicting, the .process and the aratus associated wth the
pr epar at ?oﬁnﬁftobﬂgﬂ?e‘ggﬁmﬁ%fﬁ&%ﬁ BEdER PR fﬁgml' e PNgARgTYIER tenie

fol l owi ng geadkicatitAbnUtink Z8S 1FOWR LephthGdh 8B dotvshEand" BORS Seach
associated with one enbodi nent of the present invention for the

pr epar at i offapfesisrifgationeinit pad ai tabtaenoy parifieatioh wnitedaverstramd faomathpdasat us f or
such proce N flaw chart. form Wth reference to Figure 1, a feedstock
10, a Iome?gpgf#{;’fluélﬂ%%véﬁedlllﬂt%nﬂ)pﬁraggt alyst 14 are first introduced into a
mechani cal ly operated m xer 16. The feedstock 10 maybe of any kind of
naturally occurring vegetable oils or animal fats including palmoil,
coconut  offefergbly i ayrHaqatign pnit compprscs @ high-shean Avxes, a phase sepraatisin unit oy bean
oil or oth i.glycerides. Preferably, the feedstock 10 is
triglyceri§%%$9%%ﬁ§ﬁ%9%¥e g?ged enbodi nment, the | ower al kyl alcohol 12 is
met hanol and the catalyst 14 is an alkali catalyst. The alkali catalyst
may be sod] tassium nethylate or metal hydroxides, such as
pot assi um hﬁ%@ﬂébgﬁgggﬁﬁ %W > inliquid form 4 Those skill in
the art will however appreciate that other alcohols and catal yst which are
suitable for use in the preparation of biodiesel nmay also be adopted. About
70% - 90% Faf the parposwes! Alukiydting|tho nlentior] thére i€ stioahynt thd drawigeaddesh i nt o

the m xer 16. . The trigl yceri 0, the methanol 12 and . the al kali catalyst
14 are m x®§ichit Brrseny) 5F

es, 10, L !
e eﬁeg-tiﬁ@ ingpndegstopiibeweyeh thh this B entéesniginot on f or
a period Olfimﬁp@ﬂ)tthgpﬂecisg_a}rgn%ﬁfeﬁ&%o%der a pressure of about 1x105 Pa to

3x105 Pa to forma feaction xture. The mixing of the triglycerides 10
and the nethanol 12 in the presence of the alkali catalyst 14 under a

hi gh-shear..condjtion is e sure({hat. the three cgm)ounds are well m xed
by being ilﬁgure 18 a process flow diagram depicting the process and the apparatus associated

with 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 the size of the liquid phase droplets which conprises the nethanol
12 and the | kal i

Th th
net hanol Sﬁfkflhléﬂg? %ﬁm” é‘é‘f’%‘@éﬁpr&% %gﬁlﬁ%sﬁgﬁﬁécgl?cﬂgﬁfgg@égyﬁ I’i‘é“@o%? acting
surface a@@ieawsf fok f& mwre @H@&ﬁo@i@dags%ﬁmw alsB®e Ta&d);%d/ qtﬂfdu%i?@%ﬂbowy

i ncreasi ng the nunber of dropl ets and reducin ropl et size, chem cal
equi | i bri uef thedoweradiy] plsohelzoddbe cajalyglityare ﬂdﬁglrémﬁlermwt )1(6shortens t he
reaction tinme, reduces chem cal consunption and therefore, inproves
efficiency in the preparation process. In the preferred form the mxer 16

i s a high- Sheaiglydcxdes M, tHe rodtbiriot 42 Bad te @lkali SaHBEEH QL trikéDiRtehkiOal i$Cr een.
The reacti on n xture obta| ned from¢the intensive mxing is then transferred
to a heat efhe migepipundes ypighshearicgpditipn faragerigd ﬁ%%i'toé‘élo{ldoéols@}?péﬁ* endst e of

about 50 tg Bgeg%é@ &f fﬁal[oﬁt 1)21 05 Pa td -39S i‘g 1§ Ff) I Onegct{ !nrn%(tlfrg fﬁé)ﬁmglg 0# tHe the

first react rst stage transes FCAt O P eact i on Prodess takes
pl ace. A higlpreddexcto gidymerm)dtha'hbl 12 ifi drenprasentdief (he alkai Mys;taﬁ whdesaty as

conpared t rest..af ,the co ds. in the reaction _m xture, the
gl ycerol ggb&ﬁ%&OPﬂgP’é{S&Os‘?@ﬁHgﬁlﬂ &‘eathﬁae cempeyRds agg wel dniggd th?lﬁguihe

first reachimatOcdiRact Woth!B8EHIRPHOBAL hBYHES- suﬂ]légt tglh)é hordbt (é'@
separated fromthe reaction m xture can opti onal e renove gtl nuously

fromthe mmoducheawtmaﬂor %fdrereadwnrte@cmpdmec d‘rhtuntnmﬂve)mvhag helpeved aft er
the reaction ref.erred

form the ?’8? {]gr‘?ﬁ ?ﬂ%efg ytrSdUé’ 8‘@38 hﬁbf]‘lﬂ%’ﬁﬁ%‘%ﬂ(ﬁ%"@*wli he

reacti on ngothpiises &RAnéthgnddy 2 rah@@mcalkamcaﬁﬂgstqut TRfs ikdpeoveS At BpersidhBf
continuous process hel ps to reduce the overall process tine required fo

the prepathgmpeshanet 12 ped ticodiadiseatalysh 16 nd derteoincresses tbe cafoctingsirface 90% i's

usual ly ob transes erjficat
oroduct | b Efhedlibid Bt Rliiisel 19 Gletger s 0BT RIS S pupichEbt on
process whdrohletoant reslaang&hﬂldyolﬂéwﬁ% nghehiydal @ghitibriumU BRAEIEHe reached
triglyceri des ngyceroI r al k%il al cohol, catal yst and ot her

i mpuriti esquigily This enormous shortens the reaction time, reduces chemical consumption

and therefore, 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 tinme 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 t hrough a separator 22. The separator 22 can be a settling tank or

a highly efficient centrjfugal separator, w thin which different phases of

The orutle: fPREDiRFTRTEe BhePetaid e dbb et Hased sos frgprida

di f f er encegohthuodeNsvtdfaRe rddeford MitthR dn@Whs 8Y pRiduct h £ld Jherdeessd, in the

crude net h%ldi ester and the distinct density difference, separation of the
r

gl ycerol f riémoonbnuaug deoeass thelpsetet isducegtheerwirall pusessr Smguiequirsd by ther el y

standi ng t ansesterification produgt | o, SE€Pparatoy 22 for
about 2 ° s e? gelli) g@ﬂ?@ Og{hﬁ:o% llj?cgles(? eperd g oh Pﬁtﬁgyﬁ?ﬁtg%%ohg%ﬂ &t &"ﬂﬁy ?étalnﬁ%\t has
been adopt églthe Tie rdac@h 20 ph asele hbbBdcdtionPrédiRt RDBEMATRRM BleifRE sG@APr | Ses

mai nly crude nmethyl ester ;the unreacted triglycerides, |ower alkyl alcohol
and cat al y&ansesiReficaiony {eaghen dresssp rvhies caIPARss mninly| grode gnethylaestelet t | es

at the bot r b . - ar at or
22 ci'thor cOmcd SUBRRAL BBkl fower s G TR e BB BB 01
phase obt arqaeio:f timmiri the firktass:taedfds approximagely B0 Mo 6Whjimaes.t 0 a second st age

transesterification. Prior to that, the light phase is adm xed with a
remai ning 10%to 30% of the |ower al kyl alcohol 12 and the catalyst 14 in

a second ml’ﬁ@ﬁex@ﬂte&% fiRdRss 8 PRARAS LA &@lﬁi@t}i&é‘fr&seém?ﬁ&%gﬂ ?godtﬁfhﬁ(er 24

is preferably of the sanme kind as that of t I rst m xer at the
same ef f ecTheerude trinsgstedBedtion poatucbie passhd threugh aeparaton@?. The seydratal 2dhol 12

and t he catal.yst are. preferably. the s t hose used i.n the first
stage tr an%agls]%le_ear Sfe# le%f%r?rraé’é%@’ S#Cb@g(‘}@ggﬁ‘g%p%‘ ot lﬁé’élilFlbﬂ‘Ef\f’?fe){’f ure is
i nt ensi vel yhased ofehk ¢rddé henseoeRAchtShpRIduddis Yeededbdibd bn Bleaatirsendisti on for
a period of about 0.1 to 10 seconds, under a pressure of about 1x105 Pa to

3x105 Pa beéfmsities. Pug t thedawrsohybdity of the glgcerebnticesadeemethgl ester andghsecond
heat er 26, -Ltilﬂ-% 1.0 Lt ure. | eated-to t enper at ure of about
50 to 70C dijs e tﬁaggﬁgg d{sfgeg%}r‘fg’ ?eé)g%: liog noefrrlilhfgdg.lri cémi)elsﬁ?lﬁetﬁle Wg«%g}e@}y:f & o a
second r eagdmerall3&céat ghicklydsanadlystadimetthanmds trefidebtedAtdtin predet indhe
process to take %I e}_ce to forma second crude_transesterification product.

separator 22 for about 2 seconds to 2 hours depending on the type of separator 22 that

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 that 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 optionally be renmoved continuously or discontinuously at any

de5|redt|rrea int st st esterificagtion. In the preferred
form the § rh(?F‘teﬁ?g f&t %ﬁ%ﬁ?&@%&%}ﬁ#id sqepng geacpp Wt&reclérh@atﬁ@&g fl ow
of the rea@éﬂlﬁé?aﬁ]}exbﬂ ra%oatn@o@t e 7vc PRdUthteiNsRBAd QehctBh hbure” RAFELAT - AN
overall conversion rate of nore than 99%is obtained in the second stage

transester |t1farlifaltr¢¢)m0 raesecend maptoo&és@r thi¢ seqoad citagentratsaserificatine remtiond
reactor is XL matel

transester |p1r| Cat t:‘%on %C&y]%? ot %%OE@%ﬁ? ﬁa%se%ﬁﬁ%ﬁ’?’nwgm@}%de nmet hyl ester,

the gl ycerol and |npur|t|es i s subsequently passed through a second
separator 30 forofhase separation to separate and renpove any glycerol from
t he second The glyserol 2 hfpsmed dyning the second atam@tsestqmﬁ@npg igsgpppisddem tbe r educe

any form OE (g?lgi% @@%Iahéégterlﬁgﬁlon 81%8&(9 %eﬁl%r%}l%r %gll § ISafOESE& .?h&lg tank

or a highly efficient centrifugal”sep 4rator as escrl above. e phase
separ at i onsépardtée isethonfirss erpamat an. meoglgwral i21 che @aioRallyrbenmevadt hat
descri bed abave fqr the first separator 22. The |ight phase gbtained from
the phase SERUgRsty o oF oMissqniiauousty Aty apy desiedt fine st dp HiKd fegmatage

| mpuri U s u@RdsiehficaldhAy R 1ARrER k], SR gfyb&ogbyq;fe%o‘%% coiifiofliyggr ol 21

recovers fromthe bottom of the separato read e rermve romthe
separ at or albomlatdwahnmtﬂorvuoﬁﬁlleyemlonahmxumamd\timkgd-pmdmcta]myncﬂesu ofetet i me.

The |i ght hase bt ai ned fromth cond,s transes fication is

opti onal | y RBACEAT oA GopvesIat RO mors (han SR traeds the secppigs  of
remai ni ng ﬁ&?s;@&énﬁéé%ﬁhofeaé”@oﬂ\@ﬁ&essf eTRt r8btioRT ﬁlfn@r abhte sbdvpdalcaabplis
stripping device 32 ogerat es under a vacuum condition of approximtely 4 x

103 to 7 xaproexipwielnpy &y ohmimu¢sy, a falling film evaporator can be

adopted. 7 The light phase is then subject to neutralization by adm xing
with a strong acid 35 or an acid conplex 35 in a third mxer 34. The third
m xer 34 | Thpseedad ady transstcAlibit@hpedtRat which comprises mainly the crude methyl

ester, the glycerol and impurities is subsequently 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 methy! 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 is 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 nmay have been formed during the transesterification reaction

processes iRt Qophecis meﬁghﬁe&% heéutdfishtidn afdﬁﬁf[{l}‘t% gﬁﬂggl_ssg?g%yiﬁﬁgg opgshi ng

step 37 is then carried out 'to renove any renal ni ucts and/or
i npurities a¢1d somples 35iighthiphaser 3dhiitethad nmikirsS4ss agpérablp aispiaddgh-gedan| y t he

saits forniirerds frigbenebob AR s GRigta P hennhSelBiedryt foge ° U7 ©
gl ycerol . hdvpid#e TRE Sifdiaraer m@”ﬁé?ﬂ%%jﬁf&w ablichnRudHIed %af branifatieReiliakes pl ace
step 3

before the water washi ng is so as to reduce the anount of
wat er requpic&dalily thﬁ)ﬂleflc weid iy vegd ol dn eidrdomimexis userd thepasid porplex 36 is

The orude PRTRU SPEReLE A RR A o s JERE R Aub e ER RS PR R ntcr go o

phase sepaidatd gplitisbap tiee Midyl Rdvg Decs EPaticll QiringOthe QrapERURITHCaBNE BSS1iNE
contacting tinme between the crude nethyl ester phase and the water phase

39 so as tBOFesseRiBto waleheablp saltsiapd dree [#Pgacidsysi s from taki ng pl ace.

Addi ti onal washing steps may be adopted as desired. The crude nethyl ester
phase obtained thereto is then dried under a vacuumdrying device 38 to
remove resAdwuattr wasties sep IVaisethen Threied st donreinyvengnydematend dyopedadtes at  a

pressure of abaut 4.x X, 104 dried nethyl ester is suitable
for use as™4/OTImpHFIEES et% ﬁ?&é’éﬁt‘?sﬁu E@hﬁ&%%tg%ﬁomweamme duderi bed
above is nﬁ%ﬁpea@ﬂ bt Byp ﬂéﬁhé’tg ahd8r nhsa%arém% waker {%ysa@ts%ﬂﬁécpl | ed

flowunit wth baffles that allows the glycerol to rea separates from
t he react Mbh‘lngt ﬂtmneutseélzattrmmsoap,sestabm fqrcatyl dfwerglaoﬁrobrtlnptlmcm‘:nrm t he

reactors cont ues The ¢ rat,i f the cer ol e
reactors a‘?‘ﬁl e, ?’ﬁé‘m&f@j mgﬁspﬁ g ¢ W?tﬁﬁgﬁ%tlﬂg ?t?lb#r?tjh\’es
react ors as s bs feRaGRIAS a@ﬁﬁlt&ﬁwat&&e@hredtmﬁwa@t hamied add® hR@aiRBe This

conti nuous renpval of the glycerol reduces the tine
potential of emulsions forming when the wash water is added to the crude methyl ester.

The crude methyl ester and the water from the water washing then undergo a phase
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



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
invention, a nore efficient mxing of the conpounds and a nore favorable
reaction kinetics can be achieved to provide for shorter residence tines

and a nore econom cal process for the preparation of the biodiesel. The
2-stage t ey rth%F 6%??‘@@ cpRURqUSY T Hiedsacters ap i sgpaales an ?ﬁviwton

al 1 ows a higghy el 621Hefreact 8RO BoMRMUES RinRiVaPOLhENARIRAS rBdkRH tHJI QNS
removal of the by-product, 1.e. glycerol, from almost every stage of the

reaction prapaed o Ty eitfd sdperate sapaiatign petdessdanduisedrri, it redoedsithabvarall wi t h
the continuous transesterifi cati@g‘ﬁor cess results in an efficient process

for the prBW&F%?ttf%‘?ﬁre&‘ur? 'Q HSFRSHT '¥¥fii's combi nation al so hel ps reduce

the anount of chemicals, particularly alcohol, required for the process.
This reduces _ chem cal s consunption. The apparatus used in the present
i nventi on 8ol preenttingertionp 8 iapres elficient mismgt oft ths conepawndsmndrd mwrand a

| ficati | - ' i i ey d
R par at - on EAQHM ceabRRRMRRE N Hilche BIROYRE R 3t Fheiadhel 8L B ¢ 21T 2

provi ded dewsécoaamical pgrbeessefoar did @aepapitionobf athet biydigseRcThon2yagé So as

to provide for a,_continuous flow of the preparation_process. The m_xer

used in thB2peestficationyesntiop precesy of Hiegprosmt arveptiqn allaws gdugh deeree shove.

The separ ajd, @ | f i i g L

separ at or. }é%ﬁ%brgﬁnﬁ?@%gtaﬁg %p%%\ileét 2 Sﬁmtﬁﬁéﬁga% gg’P’ éltadt}? h%?’é P gbrdggﬁ g’léb%g%?élﬂé es an

al cohol st fromplmgstobseiycstgee of thd peectjongprpteas d heeifitiei enti mixingintthadslusad di yi ng

device. The mi.xer used in the purification .process is preferably.a

i gh. shear SHHER Lo MACE PP PP i P GRS FoTUfpa 1 SOTRer can

be adopt egj)ro&k@ ﬁpflﬁqghﬂgatﬂﬁz&fg ﬂh@%ﬁodi&%l.'ﬂﬁ@@&*&%&tﬂi&?ﬂdg iHpsREgierhed forns
and nodi

t her eof . terations ications as wl e obvious to those skilled

in the artameentoft ehetuerls, opdveculsntic elqpbelatreqhisgdt for rthe peoessw pEhiheedises as

defi ned bycﬁe&qcaeiscgé)nrg&%g%nr_lg claims. 9 O ains

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 kyl alcohol 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
reacti on moidise into a reactor to allow transesterification reaction
process to take place to forma first crude transesterification product
and gl ycerol; separating the glycerol fromthe first crude _
transesterification prodsuct. and ubj ecti.ng t first ude .
transesterificat i‘oR" Oro Q& g Brepﬁrraﬁ%lpﬁgrbé%(ﬁ?ggﬂfrgrq 6%66%{05€ﬁ0?tﬁ’émlﬁ Bdi esel .
2. The procegsceside WydimagsdsRrificaion &f v edigieeridaewittr 4 Newert bR§t HRIpLS], of the
first crude transesterification product conprising the steps of: m xing
the first EPUP@SIPE BSSEPEOFrfication product with an additional |ower alkyl

alcohol 1N the PLaseRafe fieRRedfliiih A2 10 wa! ALYSlichibi dn IRE PUlXG  UNder a

hi gh-shear condition®to fofma second reaction m xture; ing t second
reaction ncablystdn amiaeswriond hiphashesar coadiioh enfeeimai ii&ionfmx@iret o 70C;

transferring the heated reaction mxture into in a second reactor to allow
a second stage Dralingdhe sarionmixiyg i a fealerdn ajempergiire of 3056 7pfGce to form

a second crude ergfi Lon uc t%g cero ith, an_overall
conversion rate %I%ﬁgg?ﬁ@gastbég g#otécpalﬁeg&goglpaélé I ngq %e A(‘::;I {/egé\éf);él tof r%l?ﬂ he
second cr uttensesterifS@sive rédctiompioeesspo it place to3formhhadingr wadsiBamsest@ifibation t 0

claim?2, further gogpri ing: neutralizing the second crude
transest er PRARLEPA 8136F®WEUCt : treating the second crude transesterification

product with wat gl t8ink 0¥ S cerdlirom the first crude transesterification product; and
subjecting the first crude transesterification product to further treatments to

obtain the biodiesel.

2. The process according to claim 1, wherein the further treatments of the first
crude transesterification product comprising the steps of:

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

heating the second reaction mixture in a second heater 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 glycerol with an overall conversion rate of at Jeast 99%;
and

separating the glycerol from the second crude transesterification product.

3. The process according to claim 2, further comprising:-
neutralizing the second crude transesterification product;

| treating the second crude transesterification product with water to remove

10



inmpurities; subjecting the second crude transesterification product to
phase separation; and drying the second crude transesterification product
to obtain the biodiesel. 4. The process according to claim 3, wherein the
neutralization of the second crude transesterification product is carried
out in a third.m xer under a high-shear condition by mxing the second
crude trandBBYESSt i cation product intensively with a strong acid or a

strong acid co ”Eﬁl?jéctﬁ@tﬁ&?;e%@mi érﬁﬂé 95&%9@1%&&@10?}%éhuch%qfhgg'geﬁﬂaﬁoﬁ%ﬂl’

sul furic acid, citric acid . The process according to clalns ,
wherein the sepdr}angﬁw Smondr@eldgltmefvsmrlﬁcwmmdect@ obteinthahdisdr i fi cati on
product is carried out in the reactor that is configured in a manner that
allows the glycerol to be renoved continuously fromthe reactor. 6. The

process aceor di Mye tRodtkabEBoRdindIEcRif 3, NehdtdBe ncanaIeation lo‘i"tl@@Eéc@ﬂd product
is subject to further separation in a separator for renoval of glﬁ/cerol 7.
The pr oces§ru§€étﬂnéﬁ5|tﬁjlftcé ien pragduet isvgaaied Aut inea diphmixesrundsr 4 kigh-shdang t ank

Cont Bl o7 SRR AL cofind TGP [RGB ASARN I DS BN Sl o1 N

pr eced| ng rern the mxer 18 m Xer € Process
accor di ng stoo@amd)mea sifongheidpoapel seipcalddiomn phwmom acill eydrdchlaggicyesy, i de is

sel ected frlgtm I hegfjrpug consisting of naturally occurring vegetable oils
ani mal WG 80, GHF @Clg‘ Imoil, coconut oil, palmkernel oil, rapeseed

0|I, canola, Jatropha oil and soybean oil. 10. The process according to
any one of the preceding clains, wherein the |ower alkyl alcohol is
met hanol . 11. Thke prroessecardmgrtdickgms ¢ cady udmmimﬁletslamrplﬂc&mﬁhaglymbmi s,

wherein the catalyst. 11 is al ka cata 12. The ocess.acc r di ng
o CCrar m 1TomhEPR iR aE Bt tuict SEdintaut injfia 2ot Bt REsrdes
net hyl at e, indOiasir Wit AMEH O 8y ceFol SOBK 1M LoMiBusly from the reactor.

6. The process according to claim 5, wherein the crude transesterification product

is subject to further separation in a separator for removal of glycerol.

7. The process according to claim 6, wherein the separator is a settling tank or a

centrifugal separator,

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

a high-shear mixer.

9. 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.

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

alkyl alcohol is methanol.

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

11



13. The process according to any one of the preceding clains, wherein the
bi odiesel is nmethyl ester. 14. An apparatus for the preparation of a

bi odi esel froma feedstock containing triglyceride, the apparatus
conprising: at least two mixing units for mxing the feedstock with a | ower

al kyl al cohol A catalyst to forma m xture product; at |east two
tra%sester?%”r”c@?ﬁ’o‘ﬁ%tts gach connected to one Ir[1)1'xi ng unit to allow

i ntroduction of the m xture product fromthe mxing unit to the
transesterification unit; at |east one separation unit downstream from
each transé3t er Th¢ pecessracaerding tarvdaimat 1, Ivdwstin dlecatalystfis sadiimmmmethitate,

downstreamfromthe |l ast separation unit provided .n the apparatus. 15. An
appar at us B%tg%sruﬂ?rllngeﬂ%yga%’lpé}%%?lmhy%ﬂ%?g?Wﬁpoﬂgmbg}"g%léﬁti on unit conpri sing:
a mxer; a phase separation unit; and a vacuumdrying device. 16. An

apparatus according to clainms 14 and 15, wherein the m xer is a high-shear
m xer. 12 13.  The processaccording to any one of the preceding claims, wherein the biodiesel

is methyl ester,

14.  An apparatus for the preparation of a biodiesel from a feedstock containing
triglyceride, the apparatus comprising: |
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 unit to allow
introduction of the mixture product from the mixing unit to the transesterification unit;
at least one separation unit downstream from each transesterification unit; and
at least one purification unit downstream from the last separation unit provided

in the apparatus.

15.  An apparatus according to claim 14, wherein the purification unit comprising:
a mixer;
a phase separation unit; and

a vacuum drying device.

16.  An apparatus according to claims 14 and 15, wherein the mixer is a high-shear

mixer.
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