"METHOD FOR PRODUCTI ON OF ALKYL ESTERS FIELD OF THE
| NVENTI ON The present invention relates to a nethod
for production of alkyl esters frommxtures 5 of
glycerides and free fatty acids, in particular

m xtures of glycerides and free fatty acids from
grease trap waste, tallows, aninmal fats, vegetable
l'ipids and other high fatty acid content lipids. In
addition to these lipids it has been found to be very
effective in efficiently producing al kyl esters from
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lubrication of diesel engines. B10d1esel may also be successfully used as a Iubricant,

a hydraulic fluid and as a multi-purpose solvent.

Furthermore, biodiesel is attractive froni a commercial and environmental viewpoint
betause the raw materials applicable to this invention may be sourced from renewable
oilseed feedstocks, used vegetable oils, palm oil, coconut oil, soapstock materials as a
lipid-rich byproduct of vegetable oil refining, tallows, animal fats, or from grease trap
waste which. would normally be disposed of in land fill and other waste disposal
facilities. |

The widespread adoption of biodiesel as an alternative to petroleum-based diesel fuel

is hampered by inefficient methods for the production of biodiesel. Known methods

for the production of biodiesel are limited by incomplete esterification of all fatty
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relatively long reaction tinmes, contam nation and
separation difficulties associated wth co-production
of glycerol, and saponification of the starting
material under <certain reaction conditions. 5 The
Boocock method for formation of nethyl esters from
vegetabl e oils has sought to accelerate reaction
times for a two-step acid then base-catal ysed
met hanol ysis of vegetable oils by formng a single
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I NVENTION I n accordance with a first aspect of the

pr eashiig aftheaalityl esiert here i s provided a nethod for

production of alkyl esters froma m xture of _

gl TheHaaes: ahthefipd dorf snthysinof duty acid mpptliys iesigrs frony soapstock

addition of an acid to an alcoholic solution of the

m Xtvolves stlge twestereprotees phereh the soapstock is first saponified and then
esterified in an acidic alcohol solution. Haas er al reports that a 60% recovery of fatty
acid methyl ester is achieved with this method. The method is characterised,
however, by high consumption of the reagents.
The present invention affempts to overcome at least in part some of the
aforementioned disadvantages and fo provide new advantages including low or nil
glycerol production and the method is amenable to low capital plant costs and plant

mobility.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention there is provided a method
for production of alkyl esters from a mixtare of glycerides and free fatty acids,

comprising:
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the solution to about 1 to 2 to effect acid-catal ysed
al kyl esterification; b) treatnent of the solution
fromstep a) with a concentrated al koxi de solution to
rai se the pH of the solution to about 12 to effect
base-catal ysed transesterification 5 of glycerides
contained in the mxture; c) treatnent of the solution
fromstep b) with acid to decrease the pH of the
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Throughout t specification the termfree fatty acid
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te tal |l ows,
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vegetable oils and tallows with short-chain alcohols such as methanol, ethanol,

content of free fatt
triglycerides comp

propanol, or butanol to produce corresponding alkyl esters.

It will be understood that grease trap waste encompasses a highly variable mixture of
organic fats, greases and vegetable oils, comprisiﬁg a high free fatty acid and mono-,
di-, and triglyceride content, contaminated by detergents, water, soaps, inorganic and
particulate matter. Throughout this specification the term free fatty acid (FFA) and
glycerideswill be taken to mean the total content of free fatty acids and mono-, di-,
and triglycerides comprised in grease trap waste, tallows, animel fats, and other
natura]ly occurring lipids, and available for alkyl esterification. Typically, the grease

trap waste is between 80 to 100% free fatty acid and glycerides.
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propanol, and butanol in their single-chain and

i sonerised forns. However, it is envisaged that

| onger-chain al cohols can be utilised in a simlar
fashion in accordance wth the present invention. 5 A
m xture of free fatty acids and glycerides, in the
formof grease extracted from grease trap waste,

tall ows, aninmal fats, and other naturally occurring

ani mal _or . vegetabl e, | j pids, i i.xed and. agi t.ated .i.n
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gl Persnriag en fhe compesiop o the sisfuss; 47 immpiscibleigprasigp of lipids may
al cohol to afford about 50% v/v al cohol.ic_sol ution of
t héry iithe alcohph Imihis casq thgaspspensian & coghigally %ﬁ'ﬁ‘iﬂ% pypvent
excess of the total free fatty acid content,

pr adpavatient §f the,lipid apd, algehod fintq twdydistincy phases. Hon thegyEpasespf the
proceeds satisfactorily with a |l esser or greater ,
pr dyertiono theorgitalpd Ghprnstay. is| ophegreganded i frogtek af @acilrabalic
proceeds optimally at about 50%v/v. 4 Certain

i seluticasf 8k nfixiaee of Yipidy andglyestidesd gl yceri des, such as
tal |l ow and vegetable oils, may not forma .

si Mgitler fyngsef mixashd deperdsnien. o TequiRR g0 solppfolnothe process.
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However, use of such co-solvents will not impair the reaction or its final alkyl ester

-t

product. Co-solvent usage may marginally increase the reaction rate but the reaction
is quite rapid and goes to completioﬁ in the absence of co-solvent.

Preferably, the mixture of free fatty acids and glycerides is dissolved in a similar
volume of alcohol to afford about 50% v/v alcoholic solution of the mixture. In this
way, the alcohol is in molar excess of the total free fatty acid content, preferably in a
range of 1:10 to 1:25.

The reaction proceeds satisfactorily with a lesser or greater proportion of alcohol to

lipids, however the reaction proceeds optimally at about 50% v/v.



t wo- phase honogeneous sol uti on throughout the reaction
procedure effects simlar results with regard to

al kyl ester production. 5 The al coholic solution of

the mxture is first treated with an acid catalyst to
effect acid-catalysed al kyl esterification, then
treated with a base catalyst to effect base- catal ysed
transesterification of glycerides contained in the

m xture. The resulting. reaction mxture is final

t r & Mirtpes ghtrerdply ecdsang styeerifepsichcas talkqm%‘teg?%%ﬂ&
al kyl erlflcatlon of residual _saponifjed

by Wd’&h%‘(’% 2 SIef hapfyaleghety sqhion, SAvsue: W@rgm’i&ﬁc’r&# the
steps.. Preferably, the acid- catal¥sed esterlfl

on
andveralase é%&l%ﬁeg}%%la SP‘PBW% Quspot e feagiipn Repesure cts Smilar
perfo u reflux conditions, although said steps
na?”&&%@g%@g“ E%%Wﬁiﬁﬁap “QHETent tenperatures, al beit
with longer reaction tinmes unless high pres S are
Sus e algaiOf EoBTH BB RS 8,068 vetsi N B3 pagayst fo offee
preferably perfornmed at anbi ent atnospheric_ pressure.
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successfull performed _under higher pressures wth
us Eately’ tﬁp@g@aﬁ@m@ &5 glyreridss conigasd inythg é’l“§‘6~‘ée The resulting
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acid-catalyst to total fatty acid content is about

101: sps-n the first acid-catalysed al kyl esterification
reaction step, and about 1:5 in the second acid-
caPrefyyahdyy the tasidrtalyzed epferification epd dpgepcatabyyed trapsesipriicagon
i nclude, but are not limted to, alcoholic solutions
of stspslPrgrasipepesk uader t5fwy @pnqsfmnas glithmwﬁadomfemab ralso be
sodi um or potassi um di ssolved in the short-chain
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al koxi de solution is used as the base catalyst, such
t hatessupps aseassdo of added base-catalyst to total fatty

acid content is ) . .
15  The method of the present invention is preferably performed at ambient atmospheric

pressure. However, it is envisaged that said method can be successfully performed
under higher pressures with use of a pressure' vessel, or under antoclave conditions.
Acid catalysts include, but are not limited to, concentrated strong inorganic acids such
as sulphuric acid, hydrochloric acid, phosphoric acid, and perchloric acid. Preferably,
20  the ratio of added acid-catalyst to total fatty acid content is about 1:20 in the first
acid-catalysed alkyl esterification reaction step, and about 1:5 in the second acid-
catalysed esterification reaction step.
Base catalysts include, but are not limited to, alcoholic solutions of sodium hydroxide

and/or potassium hydroxide, or sodium or potassium dissolved in the short-chain



about 1:5. The alcohol is removed fromthe resulting
reaction mxture by distillation or by 5 separation
with mcrofiltration nmenbranes, with or w thout vacuum
assi stance, |eaving a two-phase heterogeneous m xture
of alkyl esters and a solid phase. The alkyl esters

are separated fromthe solid phase by decantation, and
further purified by filtration or separated by
filtration alone. Once the al cohol has been remved

f r gleohglof ehoiger Peferphly. P Wiy aliratiimetal glkogide selutiopds used as the
mcrofiltration, and the al kyl ester has been .
s e paseaalyst surh thatche wiip of pired bassycatadist iorfotat fagy agid content is
filtration, the al kyl ester can be treated with a weak
bagboutd:5ef f ectively neutralise residual acid

remaining in the alky ester phase, or alternatively by
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the pH of the al kyl ester phase will be neutralised

5t o seistption pHtts microfilrativre membranes, | with jop rivigioah vheyum assistance,

achi eved by addition of small anpunts of sodium

bi deavips raive-nbesechetasoggnsona nbenngtaf alieyl geteyn @sd @rpplid phase. The
carbonate to the al kyl ester phase. It .is envisaged

t hatkylasteesy arquedparafed dvom the salid phagse byalgeantativs jand) fysihernugified by
as elution of the |iquid phase through an ion

ex ilitatige orr sepirated by fdmtinnaalamesepar at i on, can be
successfully enployed to effect neutralisation of

r eSinguidtie aledbgl bt héen emeved| ko the reaction gixugdy. distillation or
Resi dual water can then be renoved by conventi ona

10rre anigoBliretiona sing fbs iatkyl etter baskiden separaied domstheosplid phase by
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hygrosopi ¢ dessicant or by heating the al kyl ester
s uidédaptetion ¢ryfiltraiony theralicyl esteream bgttregfedwith lhavedak bise éaseffpctively
or under vacuumor by microfiltration. 6 Depending on
t haettialisel reidual rdildremgimingf intthe alkly kegter ebaser or altegnativdly by ion
anount of entrained water may be acceptable and its
r e exohadgeromynicrofiltiotiom elt Esmaissged Shat fhei i ofythy alkyhester phase will
i nventors have found that the al kyl esters produced by
t hée netrhlisgd of about pH 6-7.
The neutralisation step is achieved by addition of small amounts of sodium
bicarbonate or calcium carbonate or magnesium carbonate to the alkyl ester phase. It
is envisaged that other well known means for neutralising pH such as elution of the
liquid phase through an ion exchange resin or membrane separation, can be
successfully employed to effect neutralisation of residual acid within the alkyl ester
phase.
Residual water can then be removed by conventional means such as passing the alkyl

ester phase over a hygrosopic dessicant or by heating the alkyl ester sufficiently to

remove steam af atmospheric pressures or under vacuum or by microfiltration.



the present invention remain uncontam nated by

gl ycerol byproducts fromthe acid- 5 catal ysed
esterification and base-catal ysed transesterification
reactions of this invention. An exception was found
fromthe treatnment of fresh unused vegetable oil
whereby a small quantity of good quality glycerol was
readily separated. The anount of glycerol byproduct
was at |less than 8% of the starting oil and noticeably
| eBepentliiag ontthpefinghiniamdedyess f dhectik ) \2ster, gSpall amount of entrained
esterification nethods. No noticeable gl ycerol 10

pr watermiybe aseepiableadld ithesmoval auayinatbegieprsiary.i pi ds such as
pal moil, coconut oil, animal tallow or grease tra
naSeprisifiip theisvetss hage Suné thatthe @MWVIPI@?@W the method of
separation showed no signs of glycerol

¢ hthe metsoj rimyshijont resreinngconfimingedby chqrﬁ\léfnmﬂ@qis {ipm the, agid-
be illustrated according to the follow ng exanpl e.

5 Excatglysed 1&stetificition] andphassecatplysed, /xanspsieriBesspn cre@s@%ﬁ jof nthis
of grease trap waste (800 ml) in nethanol (800 m
wainventiopa becxcehti@Onvonrbirga it toptmanbolfiah seused pge ble oil
waste indicated that the major conponents of the
gr wherebyt « syplhqusttiey eftgoed @mhad@mmi wes reedily sgprgated. The amount
hexadecanoi ¢ acid. The pH of the methanolic sol ution
of oftglpasu bypraductverat at luwwathan 8% ofdh¢ astingiojl andwagiheablytlesp than
acid content. 20 Concentrated sul phuric acid (98%

( 8ths agount Fewerdald by atlier stsierifigatign troethdde. o hegtigeable glycerol
solution resulting in a solution pH of between 1 and

10 2. prothestine biaured wbersiodating othembirgds sueli hupadad oflogocgat oil, animal
m nutes. 7 A sodi um net hoxi de sol ution of 10% w w NaOH
i ntaltew oapehse(thp Ovaste.) Tharesithed prodaddéor allod pstersepardionfshowed
stirred refluxing nmethanolic solution resulting in a
f i medignshdf glycerdichy g@ochrandtogephg tastihgphuri ¢ acid (98% (21
m ) was added dropwi se to the stirred 5 refl uxing
meThepradehicinention wilmowds tllusicratgd aagordingitothe felldwirdg example.

Example

15 A single phase 1:1 v/v methanolic solution of grease trap waste (800 ml) in methanol
(800 ml) was prepared. A GC/MS analysis of the grease trap waste indicated that the
maj or components of the grease trap waste were octadecanoic acid and »-
hexadecanoic acid. The pH of the methanolic solution of grease trap waste was 4,
reflecting a high fatty acid content.

20  Concentrated sulphuric acid (98%) (8.5 g) was added with stirring to the methanolic
solution resulting in a solution pH of between 1 and 2. The methanolic solution was

refluxed for 30 minutes.



Excess net hanol was renoved by distillation. The
resulting nethyl esters (825 m) were separated from

a sem solid basal residue (64.5 g) by decantati on,

and finally filtered to renove fine sedinent. It was
estimated that there was a better than 91% conversion
of waste trap grease to nethyl esters. 10 A simlar
anmount of grease trap waste was treated according to
the present invention as described in the

abdviodiva mehegdesalviimeot fer v NaPRhingnethangt (6P i gps then
nmet hanol, _was used as_the solvent. It was found _t hat

a ajdsfl dropwise dp e sEredasiipdnesneihienghic solwiogresultiog 1 ¢ fipal pH of
waste to correspondi ng ethyl esters was achi eved.
Fulfhernmore, similar experinents using a potassium

al koxi de solution rather than a 15 sodi um hydroxj de.

sofordeniigd SHpRES 2610 {9839 (b o))t Wasyadded ghepviaice i the sidged

in the abovenentioned Exanple. Al though the residua

5 s etpllieing mpibpoalig selutinm resyling inefipab BHOE %t ur e usi ng

et hanol and potassium hydroxi de was | ess crustiform

t hBxresiaethbagl antemauedchy ¢iatdlation. + hiee reruting mothyljepterg825 mi)
readi |y separated fromthe ethyl esters by filtratiaon
20wel SbEseRHhGom eiemt palishored reAdie d6416) R dceaaien, e Anally
conpri se nostly sodium sul phate with minor entrained
nefiligred logemeve fingtsedioesi Jbwanpstimater dhag gherauwasstbgtsnthan 91%
totalled 9% by weight of the starting grease trap
waemersigh ef wastpleap grease o Mmefybesiss- trap waste to  net hyl -
ester therefore exceeded 91% The entire processing

10t i Axsinitar panoait opErgeba drep wastR yias Beated-acperding dosthe peesent invention
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hour. Furthernore, by increasing the anmount of acid in
t hes degeribipd it the ahqyementigaed Fxpmply wheaein ethanol.aaiber then mpthanol,
was accel erated thereby reducing the overall,
r ewastuserhas ther wbvents iliwpstfound that b sinplendagees of eoniersion of the grease
sensitive to or danag;d by residual water
c otrarevdstede povepspanding sthatk astersgvasiaghieved. 1t is a rapi d and
efficient process and nethod that can be nade even
f aBurthernppe, similar experiments using a potassium alkoxide solution rather than a
sodium hydroxide solution produced similar results as those exemplified in the
abovementioned Example.
Although the residual sediment formed from the reaction mixture using ethanol and
potassium hydroxide was less crustiform than the sediment described in the Example,
it was readily separated from the ethyl esters by filtration.
On testing, the crustiform residue was found to comprise mostly sodium sulphate with
minor entrained methyi ester that combined with the sodium sulphate totalled 9% by
weight of the starting grease trap waste. The conversion of grease trap waste to
methyl ester therefore exceeded 91%. The entire processing time to final product

alkyl ester is less than 1 hour. Furthermore, by increasing the amount of acid in the



i ncreasing reaction kinetics by increasing the

catal yti c dosage anounts and/or many well known

nmet hods i ncluding increased heat, pressure and
agitation. The final product alkyl ester does not
require water washing thereby elimnating a major
processing step conmon to other nethods that is both
time consuning and 10 pol | uting. C]ycero

bypr oduction i m nat ed, i n, nost ald f eedst ocks

D e aion ih s GoRE ok Tseeon dsmens feederiied Hisehy rediding the

connerglal pl ants that should be lowin capital cost,

sneVFrall fpacticns progesiine Wngh product i on rates and be

por abl e as, truck ppunted,, tr er-coupled units,
2 st Rcis bR E P o PR A Tt (st te
mould bzlgfparent to a skilled addressee are deened
Pifr t hin the scope of the present invention.

'The proces thod aIIo th al kyl esterification
Sof Ty 5§ G0 §"t“gP epf Brogess agd cpeipogithaty cah b %’é‘@ﬁrir‘oaverl ter by

produci ng al kyl _esters.froma_m xture of glyceri
andirGagias fe&%w kipstigs by psrepiingthn gawlsﬁ%lﬁoswfaﬁﬂﬁgaﬂ Hr many
al cohol i c solution of the mxture of cerides and .
f r dvellkpewnmgthodsduclyhing ingrgasedaeat, RIS a\&\gﬁéﬁﬂwﬂt h an

acid catalyst and effecting acid-catalysed a] kyl) . .
estide nalgapdushalkyl) esier doagsi 1ok Teapise wgter Faghng theshs e ga
with a base, 10 catal yst and effecting base- catalysed

t r &GS PLERISHIZCHAD eommongte qihes Jpsthags dab iss bath dimg consiping and
step c) wth the acid catalyst and effecti

105 el eyt Burahoni eliomatea s Mo e ackisred. The
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fromthe solution fromstep d); _ and
method and process permits design of commerclal plants that should be low in capital

cost, small in size, with high production rates and be portable as fruck mounted,
trailer-coupled units, or as a static plant.

Modifications and variations as would be apparent to a skilled addressee are deemed
to be within the scope of the present invention. The process and method allows the

alkylesterification of various stated lipids.
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15 f) separating the resulting al kyl esters. 2. The

nmet hod according to claim1, wherein the m xture of

gl ycerides and free fatty acids is in the form of

grease trap waste, tallows, animal fats, palmoil

coconut oil, 20 and other naturally occurring lipids,

i ncl udi ng waste or fresh unused vegetable oils and

tall ows, renewabl e oilseed feedstocks, and soapstock

materials as a lipid-rich duct of vegetabl e oi

refining. 25 3. The nethoégéccéfding toclaim1l or

cIain12 wherein alcohol is in nolar excess of the

tota f.at acid conte t he m xture.

Lot hOa ELEERARE (T Oe Sgf<sin & Theadedinig: giintive of

thr&bﬂ‘EdeWthl@l fréderad wphaliids, sAattdrariaf:t he mxture

IS forned by dlssoIV|ng the m xture of q%¥cer|des and

free2)10 PRPYYIERY 37 i AlEORPH F aF O viot LR Hedhbftiee of

qalkardaalouhy BA% viaa ceheld,c sol ution of the

m xture. 5. The nethod accordlng to any one of clains

2 tobka, Srmbt@@ntbhe sellodhon hakstla powalgsdl igrfalyst and
' : _ rdj{n f clainms 2

S i L Lo S AT

conpchingreaEiM@nmhg etdlariglon pfopansiepard bwigmola, base

|nc 1 ro al cohol , .n-but I al cohol , _. .

<pLapVsbyind) EoR8T P SR taioRs) FreBeshhept fication;

al cobpl , trbatyhgatsehebluiodhersrt Bedpacgonrdithg i acid

any_one of clains 1 to 6,
catalyst and effecting a01d catalysed esterification;

e) remeving alcohol from the solution from step d):
and

f) separating the resulting alkyl esters.
2. The method according teo claim 1, wherein the mixture

of glycerides and free fatty acids is in the form of grease
trap waste, tallows, animal fats, palm o0il, coconut oil,
and other naturally occurring lipids, including waste or
fresh unused vegetable o0ils and tallows, renewable oilseed
feedstocks, and soapstock materials as a lipid-rich

byproduct of wvegetable o0il refining.

3. The method according to c¢laim 1 or claim 2, wherein
alcohol 1is in molar excess of the total free fatty acid

content of the mixture.
4. The method according to any one of the preceding

claims, wherein the alcoholic seclution of the mixture is

formed by dissolving the mixture of glycerides and free

10
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wherein the al coholic solution is a single phase
honmogenous 15 solution. 8. The nethod according to
any one of claims 1 to 6, wherein the alcoholic

sol ution contains an inmm scible suspension of |ipids
in the mxture. 20 9. The nmethod according to claimS8,
wherein the alcoholic solution is agitated during
steps b), c¢) and d) to discourage separation of the

f%h C}h%dea Sql UtaJ %hﬂlrltaq' txy&urﬁm Cé écﬁq&ha&?safgérc} about

netho according to any one o e precedi ng
SPitaiviy, abhehel hc anyl wniecmofo S tEpEs nb)(t@):e or d) are
performed under reflux conditions. 30 11. The nethod
according to any one of the preceding clains, wherein
S.he atied maeﬁraj@/shcé:smmgr ang AMPr @aeri Cof acildimdl A2+to0 4,
he neth d a cor%Lq? to claiml, wherein the acid

§P§s aSaPHy TS i W TRAIAIEN SPBaci d,

phosphorlc acid, perchloric acid and m xtures
thereof. 5 13. The nmet hod according to any one of the
for ecEBENGIetdIof NBCCARRERY n theabas&ncat af ystladBaprd sée 5.

“@%%ISE? %}g’éegéllﬁBgBi‘SSlém‘sBXQEQéad%r‘&ésg' Ve LBfprising
methanol, ethanol, propanol and butancl, including n-
propyl alcohol, n-butyl alcohol, isopropyl alcohol,

isobutyl alcohol, sec-butyl alcohol, t-butyl alcohol,

7. The method according to any one of claims 1 to 6,
wherein the alccholic solution is a single phase homogenous

solution.

8. The method according to any one of claims 1 to 6,
wherein the alcoholic solution contains an immiscible

suspension of lipids in the mixture.

9. The method according to claim 8, wherein the alcoholic
solution is agitated during steps b), ¢} and d} to
discourage separation of the alcoholic sclution into two

immiscible phases.

10. The method according to any one of the preceding
claims, wherein any one of steps b) c¢), or d) are performed

under reflux conditions.

11. The method according to any one of the preceding
claims, wherein the acid catalyst 1s a strong inorganic

acid.

11
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a), or sodiumor potassiumdissolved in the al coho

used in 10 step a). 14. The nethod according to claim

12 or claim 13, wherein the base catalyst is a 10%

w w al kali metal hydroxide solution in alcohol. 15

15.. The nmethod according to any one of the preceding
clains, wherein the pH of the solution is decreased to

a lowpHin step b). 20 16. The nmethod according to
claim 15, wherein the pH of the solution is decreased

to about 1 to 2 in step b). 17. The method accordi ng

120 alreonetdfodt hecprediady ngo oflaiims, 1 wherheireinhetipH ofacid

the.solut.ion is raised to an, 25 elevated pHin ste .
cer 178t e mh R SECaF dthg Mo TS T ek " RhSpporic
alcsd,r pesedl bpi @boeid lhd misitefre6) thd@ed®. The net hod
according to any one of the preceding clains, wherein

the pH of the solution is decreased to about 2 in

1Steprdr. A Hedmihed f6Coih NG dd 24y A8 Obréd&ding
precedlgg)| clainms, wherei'n any residual acid renaining
claimge slegeilon theshisengatpdusst @ererisest Hodilugy| and/or
e ' r pif) {1$eN 0 ;
FERE S gh B bRIobT IRt ) L nEMERL} ZB0ckE in e
aMiepebypodium or potassium dissolved in the alcohol used in

step a}.

14. The method according to claim 12 or claim 13, wherein
the base catalyst is a 10% w/w alkali metal hydroxide

solution in alcohol.

15. The method according to any one of the preceding
claims, wherein the pH o0of the solution is decreased to a

low pH in step b).

16. The method according to claim 15, wherein the pH of

the solution is decreased to about 1 to 2 in step b).

17. The method according to any one of the preceding
claims, wherein the pH o©of the solution is raised to an

elevated pH in step c).

18. The method acceording c¢laim 17, wherein the pH 1is

raised to about 12 in step c}.

19. The method according to any one of the preceding
claims, wherein the pH of the solution is decreased to

about 2 in step d).

1z
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neutralization to about pH 6-7 is effected by treating
the solution resulting fromstep e) or the alkyl

esters with a 10 weak base. 22. The method accordi ng

to claim20, whereby the solution resulting fromstep

e) or the alkyl esters are treated wwth sodium

bi carbonate. 15 23. The nethod according to any one of

the preceding clains, wherein base-catal ysed
transesterification of glycerides contained in the

m xture is effected in step c). 20 24. The net hod
ZaccoEUéngmethqﬁn/ammendﬁnghetpre&mﬂirqpe Clod@i nshewhereceding
@ch-catglgsed esterifi Lon of residual sapqglf P ‘
By odtREESHY off ¥t BpS YU s BFTRCE TR ITH I o dyie Stution
rAkkykiegt ersmastepodcedr f tam Tah&y[[Etehﬁ@r%S ®d Al reichg Nfrom

25 any one of clajns. 1 to 24. 13
step £] 1s neutralized to about pH 6-7.

21, The method according to c¢laim 20, whereby
neutralization to about pH 6-7 1is effected by treating the
selution resulting from step e) or the alkyl esters with a

weak base.

22. The method according toe claim 20, whereby the solution
resulting from step e} or the alkyl esters are treated with

sodium bicarbonate.

23. The method according to any one of the preceding
claims, wherein base-catalysed transesterification of

glycerides contained in the mixture is effected in step c¢).
24. The method according to any one o¢f the preceding
claims, wherein acid-catalysed esterification of residual

saponified by-products from step c) is effected in step d).

25. Alkyl esters as produced from the method as claimed in

any cne of claims 1 to 24.
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