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WD 2004/ 048311 PCT/ AU2002/ 001594 " METHOD FOR
PRODUCTI ON OF ALKYL ESTERS " FI ELD OF THE | NVENTI ON

wab@4fpus3sent i nvention relates to a nmet hod forPCT/AU2002/001594

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, aninal fats, vegetable
l'ipids and other high fatty acid content lipids. In
addi ti on “METHeTRFORPRODUCTHON OFALKYLWHETERDE very
effective in efficiently producing al kyl esters from

lower fatty acid, frkgpEOFFHRANVIENTEONt ent |ipids. 10
BACKGROUND OF THETTNVENTTON ATKyT esters of fatty

T&%I(?gqssgétgﬁgg%:pg r&%tey {oail me't}R)'d%r 1%8{15[ Pogll of o Witefd rom mixtures

| ecomng 1 ncre Sin recaogni se
t fo I
HERE a&t?%ciﬂvﬁfﬁwaré?ﬂééﬁw%fw%f@‘fwﬁ? b s

poIIutants and |nprove the |ubrication di

agidgifrras gr@ise diapswdasterdgllons enpealsigis Segsialle ;lln@%%lldagfhﬁr high
| ubricant, 15 a hydraulic fluid and as a

ot hcldpammns ¢ipiisl vEInadditian tdéresodipidshit dds ésen found to be very
attractive froma comercial and environnmenta

Y QROINfficiB Rt ERAutiAg allglVesaiscfidrallowaPfatty @atd, digher glyceride
this invention may be sourced fromrenewable oil seed

s, used vegetable oils, palmoil, coconut
08&§%ﬁég§%stock materials as a I|p|d ri ch byproduct of

veget abl e mlmml s, or from

gr ease trap 2 i Me di sposed
inland fill_ and ofher waste disposal _.facili .

Aﬂhél estere op fasiyrcissdprndin patuml Hpidescommenly knayp & ﬁ?&ﬁ?ﬂ?@l are

to petrol eum based diesel fuel is hanpered by

Hepahinigdhemssimgly hevdgnisest asm@blprmni@a@ﬁn@hvasffot)dl@aﬁléggmes They

Known net hods for the production of biodiesel are

ard Rhdvastdnedidechepiptieofamitivul dté, dadicarboh pallitah&tang improve the

lubrication of diesel engines. Biodiesel may also be successfully used as a lubricant,
a hydraulic fluid and as a multi-purpose solvent.

Furthermore, biodiesel is attractive from a commercial and environmental viewpoint
because 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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WO 2004/ 048311 PCT/ AU2002/ 001594 acids in the
starting material, lengthy purification nmethods such

w@gomaissil washing, relatively |long reaction tPEEAP2002/001594

contami nation and separation difficulties associated

Wi th co-production of glycerol, and saponification of

the starting material under certain reaction

acids di theostarting Mkteridlp dengtiy patfication anethodsnsichas wéter washing,
nmet hyl esters fromvegetable oils has sought to
rél SR L It rdaChe itigdes) tomamination ahepdraporadiffictltien associated
base-cat al ysed net hanol ysis of vegetable oils by

it g LGk SIRRASE 2h@AGHAARCATIOR OF SheliShAfhgematerial und
‘{I%Sg?gg)r@cgﬁg%kggsm?girahydfr)of ur an (THF) or grmaterial thdet

cg@%\ﬁ%ﬁ{tg@é@g&)@ﬁgﬂ%y her (MIBE). Boocock reports that a

et hyl ester is achieved with this
nmethod. A ycerql js a. byproduct and.10 the resultant
The Bppeeek bbb rdPTgatoB i TP B P sgriATiF Ois PRpught t
i ncluding water washing of the al kyl ester. The Haas .
aetelexhtermsattiivn fimes $9in e Hawrsewaciathey bass-entplysad, methepalysis of
from soapst ock involves another two-step process
vebaitde oils be formipgtaosikgle phbser whctimpaintiteatsingnal codobrent such as
esterified in an acidic al cohol solution. Haas et al
tétRR9AtoPurhA e HE) &Q?(eth?lﬁéﬁﬁ%ﬁtyyl&lﬁerf(MIBlE%l Baebek pbAythat a 99%

ester is achi eved w this method. The nethod is

rgéa%x&ﬁcifg&é@ﬁgeséerrgg‘gﬁiﬁ%ed Wit i P FRRE UBRILRN 105 bgglﬁ)guct and

reag Invention attenpts to over

at least i.n part sone.of the aforenentiaoned . .

t zestliant, ke Sirra OB e, Sengve misalion, fufing water
| ow or nil ql ycerol production and the nethod is
vepsking of theradkylgfieeapi t al pl ant costs and plant 20
mobility. SUMVARY OF THE | NVENTION I n accordance with

Thef Haast etaghuethodf for reynthesis enft faitpivanid inggthylhestess jfrom soapstock
provi ded a nethod for production of alkyl esters from
ivolvestanbthed tweHstep aroctes whardif theesobpdtdgk Rdirsissaponified and then

conpri si ng:

esterrzfrfled in angacidic alcohol solution. Haas ef 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 attempts to overcome at least in part some of the
aforementioned disadvantages and to 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 mixture of glycerides and free fatty acids,

comprising:



2 WO 2004/ 048311 PCT/ AU2002/ 001594 a) addition of an

acid to an alcoholic solution of the mxture to
waelewnossel t he pH of the solution to about 1 tBCRAUZ002/001594

ef fect acid-catal ysed al kyl esterification; b)

treatment of the solution fromstep a) with a

concentrated al koxi de solution to raise the pH of the

a¥ aldditicnnoft an athd t ard lcpbolisf sodationbefsthe grikhirg se decrease the pH of

transesterification 5 of glycerides contained in the

m tké sélatiotdo dboaat tehio affect idd-satkalyisedalkyr etaricetior))

wWth acid to decrease the pH of the solution to about

b tQualiest thaGbAneAt BN S8 HSWAR S tGRbh@ied blkogRleHobltion to
saponi fied by-products fromstep b); d) renoval of

al [ fir B : .
o &9 2 11 ST OLE R Bl 6, ToEP o B ity Rhigifcarion
THE. | NVENTI ON, The, present, i nventi on descri bes a nethod

3 fo‘&%ll%cz?@ ?%?gonéalm@c'?‘lﬁeemﬁ?miee fatty acids and
gl ycerides, commonly found_in grease trap waste, )
c) dr¢agment of thergplutica %qm P oyih acig g dergease the pH, 9f the solution
ot her naturally occurring lipids, including waste or
f riesbourliwexffetbacidgathlybtdestirl fcationl of mwiidualssappnified by-products
short-chai n al cohols such as nethanol, ethanol,
Pr@aRedp,b)or butanol to produce correspondi ng al kyl
esters. It will be understood that grease trap waste

a§ %ﬁ{mﬁsﬁ%%oﬁohﬁgﬁlltﬂe é’cﬂ‘ﬁt% GmMeptd) sgof  organic

ats, greases and vegetable oils, Conprising a high
ree fatty.aci.d an no-, di-, and triglyceride
10 e&osrﬂ’%rﬁ 1?n§%1‘r?§%}ﬁ-]1%gﬁ(§gg% Sdetergents, water, soaps,

i norganic and 20 particulate matter. Th hout this
specification w&%&&%ﬂ IO  and
glyceridesw || be taken to mean the total content of
The pecstattinyention dsscaibds armethod fait reactingraimixtingl of diseifetbisacids and
conprised in grease trap waste, tallows, aninmal fats,
ghdridésh ebmniadl yi fadrldy i grease imap Wwaspe, dsllows)daramal fad| galm oil,
for alkyl esterification. Typically, the grease
coconut oil, and other naturally occurring lipids, including waste or fresh unused

15  vegetable oils and tallows with short-chain alcohols such as methanol, ethanol,
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

20  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, animal fats, and other
naturally 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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trap waste is between 80 to 100%free fatty acid and
gl yceri des. 3 WD 2004/048311 PCT/ AU2002/ 001594 The

wa@b@elked3d1i ncl udes | ow boi l i ng poi nt al cohol s, PCT/AU2002/001594

preferably nethanol, ethanol, propanol, and butano

in their single-chain and isonerised fornms. However,

it is envisaged that |onger-chain alcohols can be
Theidlcated inoludes ilowitmilirfga phing naleohods cpredaply mgihanolt raghanol,
present invention. 5 A m xture of free fatty acids and
pAIPMEE ba@utdndl ih ehelrosinplefchginearieisenieriseat Gutnfsr oHowever, it is
grease trap waste, tallows, aninal fats, and ot her

eﬁ?ﬂgé‘gﬁ& kiha¥ l(ﬁfg‘éﬂﬁﬁeﬁﬁ‘ H1cBRBISBAn B utilied ¢4 aRingi1drifdhetHh iniaScordance
m X

and aditated in the alcohol to forma niscible
S) | e- ph oholic solution of the m xture.
%&g%meﬁedﬁirﬁle?ﬁé&conposi tion of the mxture, an
imnscib syspensi.on of |ipids, 10 formin the
Ak of finS TrBe adS nd ehiccBAdSs i ble, o oL B ehfiisd from
agitated to prevent separation of the |ipid and )
grdaso b Waste talewsi ewimed tfatsh a8 sotheropatiradly pegeyBEes agimal or

- the invention, the agitated suspension is to be

vegablel igidanid mixed bedlagititahinghe elvohdldo fomh atriseiblsf single-phase
m xture of |ipids and glycerides. Neither type of

alFokbIi R lhtondTReNESAtreON, Or requires a co-solvent in

the process. 15 However, use of such co-solvents wll
ﬂé?g%dlﬁ?gﬁ Etbetclaﬁ‘tﬂogiﬁ‘éﬁ loPtheQhixklrs, dni iRdhis@bkYusRakidh of liﬁids may
product . -SO [ e

\ vent usage nay marginally increase t
f@%ﬂgﬁ I{I%n@%%?e?ﬁghlls Pcﬁsc{,ﬁ & él%sgngrrl]sgér? (1)?8%1%1’?1&%1?}5 Iélglitﬁg({j to prevent
sepegasin elcbe 1o LR aFoeY i oGPk Phasgy| i T Purposes of the

al cohol to afford about 50% v/v al coholic solution of )
invreation,xther agitafed suspensiarO isnéy bet iegarded ging| treated gs Ay aleoholic
excess of the total free fatty acid content,

sprueibe batheymixkturaof igidgandglyderides.t o 1: 25. The reacti on
proceeds satisfactorily with a | esser or greater

NUBRP He08Y RfixtatCRN@pehdent on, or requires a co-solvent in the process.

However, use of such co-solvents will not impair the reaction or its final alkyl ester
product. Co-solvent usage may marginally increase the reaction rate but the reaction
is quite rapid and goes to completion 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.
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i pids, however the reaction proceeds optinmally at
about 50% v/v. 4 WD 2004/048311 PCT/ AU2002/ 001594

w@zootmis31m xtures of free fatty acids and gl yceeT/dE2002/001594

such as tallow and vegetable oils, may not forma

si ngl e- phase al coholic solution. However, vigorous
agitation of the two-phase honogeneous sol ution
Cehsiaugisomes dfhfeeer fatty tacids apd glyedtidas, sdcheasttallesy and aegetable oils,
results with regard to al kyl ester production. 5 The

nidk GRP Brht a SPigld-pieRe @fcohblée §6lxtioi. eHowevdr! sigotdusaigitation of the
wth an acid catalyst to effect acid-catalysed al kyl

tv@«? Pﬁ:!s'ef eﬁébust%ﬁﬁlohrt%ﬁﬂéﬁoﬂ’!‘ B BadiRBSproaddaty stfedt® similar

- catalysed transesterification of
des m xture. The resulting

q%glisc‘fvfthﬁeg?f(gfuarl %@1% H?[?ont reated with an acid

cat st tg effe t aC| d ca.t sed
TB@@@&%@% selpion 8 tl}ee%%‘%‘i?l is H?aft?cLﬁ’y 'byaﬂp?%@j &e‘iaé‘/sf to effect
resultlgg fromthe previous treatnent 10 ste
adidehtalysbd plkyl testerificationa thany teated 3ty ¢ foa%EaﬁatélﬁstaWdeffect base-
base-catal ysed transesterification steps are
caelybar raskestarficatioaf dflglycaritds tdontatnedaint the ugixtwai dllst egpslting
may al so be performed at anbient tenperatures, albeit

rclibh HRRERY is rﬂ%ﬁﬂg itRAtek WillP an BbigSeatdl B o efft@SBid-Qfalaged alkyl
used. 15 The nethod of the present invention is

[ I
e% r%(,ea[ﬁ%g of tré%ﬁyag%e{ﬁggﬁg g@'@g@%% I%gﬂﬁﬁg El%g{ %\ng@sutﬁ%tment
successfully perfor msd under hi gher pressures with

SGBS of a pressure' vessel, or under autoclave

conditions. Acid catal sts i nclude, but are no

Preferiablyg the aclﬁb%@qua?@@rlﬁ%ﬂ@ﬁgandn Srssasatalysed H%nsgér%ﬁcaﬂon
as sul phuric acid, hydrochloric acid hosphori c acid,
siapsl goe rpenfoomed wodlied refhefeendibibys, gamgg i istepsf mayicdep be
acid-catalyst to total fatty acid content is about
péif@khddnatt Adbleht Sdmpeatingds C albait ysiddl 1addey Iresesibartihesc atliessn high
reaction step, and about 1:5 in the second aci d-

phalabyaedsgsterification reaction step.

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 autoclave 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,
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
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Base catal ysts include, but are not limted to,
al coholic sol utions of sodi um hydroxi de and/or
wW@oiassi3um hydr oxi de, or sodi um or potassi um dPCEaAUY®A001594

in the short-chain 5 WD 2004/048311 PCT/ AU2002/ 001594

al cohol of choice. Preferably, a 10% w w al kali netal

al koxi de solution is used as the base catalyst, such
atcohsl dffehoicat Prefahbladsl £oPobe'sealkat mietad alkbride solatiof &t uspd as the
acid content is about 1:5. The al cohol is renoved
bhéOERAINR, sRAUhAL thE ritRP6F hdld Ba¥é-vitelyBYytoCiotd ifattyahdi@ Rodlent is
by 5 separation with mcrofiltration nmenbranes, with
ﬁ §hout vacuum assi stance, |leaving a two- phase

el% erogeneous m xture of al kyl esters and a solid

BRG] 16 et R, Ceotror PG HER Ugr 1PRg y deeifid o by

filtration or sef)aratedb f||tra%|on al.one. Once the
seirassing Withs nierefiltration mgmiorasss.t Mathy ah Syithmt rﬁ%@?‘aﬁeawtaﬂw
distillation or 10 mcrofiltration, and the al kyl

lestrey 2 Inss-pheenheiepgemebasi nfixtorn ofelkybesters pndsesdid phase. The
decantation or filtration, the alkyl ester can be

alliy adterd avé édpaﬁté&@&nhﬂéﬁalidq)}aﬁé by teosatayionwndt fugthérspirified by
residual acid remaining in the alky ester phase, or

iR R sk pdeheéa BY £ flltgeﬁlgn%{gange or microfiltration. It

'S envi saged t ha H of the al kyl ester phase wl|

Cg}cg MRy arlc%élﬁf' %gis é)g%r?%}g})v Hfrgm elﬁeagtlt[' M@lb S@Eﬁl%on or

I eve on o anount s

SOdI m . bi car,b or ca m carbo a or n

R fog, 2gd¢ aﬁﬁéyPSt%rs %Sr quaggparq ?& effcgn etﬁagsggée%‘ase by
t hat ot her well knovvn nmeans for neutralisin
dgeangation; oy filtsatiams the alky]igsigr prmbetreded Hgh %Weﬁ%bl?ﬁse to effectlvely
exchange resin or nenbrane separation, can be

nsutcalze gbsitlhayl aeip royadingainetht eatky metat phbdes at ialtarnafively by ion
residual acid within the alkyl ester 20 phase.

cRESINGY Bt nmiBrbHltridn, Hﬁﬁ%nbﬁa%&i@‘dﬁﬂlel}ﬂ{ ephealkylaRek phase will

means such as passing the alkyl

be neutralised to 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 at atmospheric pressures or under vacuum or by microfiltration.
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ester phase over a hygrosopic dessicant or by heating
the al kyl ester sufficiently to renpbve steam at
W@RemsgH3er i ¢ pressures or under vacuum or by PCT/AU2002/001594
mcrofiltration. 6 WO 2004/ 048311 PCT/ AU2002/ 001594
Dependi ng on the final intended use of the alkyl
ester, a small anpbunt of entrained water may be
Deparixigbn ¢heafinhliihtendeimsealf thapllybestor angealksmpynt of entrained
Surprisingly, the inventors have found that the al kyl
watth §la5 teraeeipate M fdReniRhinas Adt betdeeewagsent

i nvenfion remai n uncontam nated by gl ycerol byproducts

gig?_ngg{ft Cihge('?t s SR AMNRE thaf eIkl St ABaaad bfy the method of

alyse ransesteritication reactions of this

i nvention. An exception. was nd fro he n .
s resea S L ap S R eted AR bGeli e bR e acic-

uantity of good quality glycerol was readily . .
calalyBnd  SteTTEREOT i Daseptaly e PANSBiFISHIRY Toectiogy of this
| ess than 8% of the starting oil and noticeably |ess .
irtviention.t As expention wasrfonad Edmbthe trepimrent of &ieslt 1eused yagetable oil
nmet hods. No noti ceabl e glycerol 10 production occurred
whBeBy tarsaall quaniyligigobd pualiy glychrohsvap adadilpiséparated. ot amount
oil, animal tallow or grease trap waste. The residual

$f RRKIR $t&fing RAVWRR nofieslPRSs th

°g%®gﬁ§£2%¢%?%%§kéﬁfgﬁ% ogr aphy teggi ng. Tnhe E)r egeni o
i nvention w|| w he i di .
e gt D) OB ot op@ A hARGR, N9 At elyeerol
nmet hanolic sqQlution af grease.frap waste 00 nl). i. .
PrRRBRTY PecEB a0 e Peidue D Upidy <SR EEPER bt B i animal
the grease trap waste indicated that the mjor |
tajlompongeass tedp waste. gTeatssiduplprodpcadtenalksl eteragpaghien showed
acid and n- hexadecanoic acid. The pH of the

noeighandiycerwbbypaswhrahatggepketestiagd wast e was 4,
reflecting a high fatty acid content. 20 Concentrated

T pRRUAt ifivedsio wifl 3% HeB1lbst@itedwrsorditbed thé follosing Eiangple.
to'the nmethanolic solution resulting in a solution pH

E?(famg?et ween 1 and 2. The net hanolic sol uti on was

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
major components of the grease trap waste were octadecanoic acid and n-
hexadecanoic acid. The pH of the methanolic solution of grease trap waste was 4,
reflecting a high fatty acid content.

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.
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refluxed for 30 mnutes. 7 WO 2004/ 048311
PCT/ AU2002/ 001594 A sodi um net hoxi de sol ution of 10%
worve4MesdH | n et hanol (160 M) was then addedPdr/ap2403/001594
to the stirred.refluxing methanolic solution resulting
ina final pH of 12. Concentrated sul phuric acid
(98% (21 m) was added dropwise to the stirred 5
Ar efdiun imghositd aolotios of A0k wow NeQH! ini mgthamola(160 nal) vpdd then
of 2. Excess nethanol was renoved by distillation. The

ad RAWrbpwise PRIHRMIreS relikinBhbthiahdlic yHitorsepdtiag ada finelpH of
a sem solid basal residue (64.5 g) by decantation,

ﬁnd_finally filtered to renove fine sedinent. It was
estimated that there was a better than 91% conversion

of sfe tr rease hyl.. est er 1Q. A._sim .
Chpistatcgs o Babe S oiohlne Al Yol SPoscaldsd droBPl i g, stimed
t he present invention _as descrjbed_in the
refhgingrasthanplie golukianpestltingdn aitmabpiR&B81 , rather than
met hanol, was used as the solvent. It was found that
Eacesi mdtlamot egs eemafeddnndistidaton. oFhet tesulting aathyltesters (825 ml)
waste to correspondi ng ethyl esters was achi eved.

Wekl §dpafaidd BomSd BrhidgolidXiRssl 1eeidts (6465 g by drehmationyrand finally
al koxi de solution rather than a 15 sodi um hydroxi de

fifQlelth Q&nge;&ﬁﬂé? SHiBbAt | [ kvak @3tnhd ABattthas SyAXE BRter fth091%
I'n the abovenentioned Exanple. Although the residual

sedi ment. formed from .ONn m xture using
c%?]‘ﬁﬁsﬁ%} of %ISten%%R %rs?gslel}Ir)n eyglléﬁ%%le%qé was | ess crustiform
than the sedinent described in the EX le, . It S .
A SablET EB A ErEde fIAB MR OVE el LAeRg,(F the prssat grention
20 On testing, the crustiformresidue was found to
ag desoribed imibstaby vesanitioned Bxpnpleavhreln ethangb ratben thap mesghanol,
nmet hyl ester that conbined with the sodi um sul phate
wasuadd :dhO86lant. WievayHoumf thatresistilar dégree off @asersionayf the grease
wast e. The conversion of grease trap waste to
trap waste to corresponding ethyl esters was achieved.
Furthermore, 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 methyl 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
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nmet hyl ester therefore exceeded 91% The entire
processing tine to final product alkyl ester is |ess

W@ b@a/ods3nour . Furthernore, by increasing the apOUAU202/001594

acid in the 8 WD 2004/048311 PCT/ AU2002/ 001594 fir st
step it was found that the reaction tinme was

accel erated thereby reducing the overall reactions
fstosteys & was found. thahthepreadionstine wast acselasited thereby 1educing the
damaged by residual water contam nating the starting
dveplldeaddiohs pioseingaphe] and ef fici ent process and

nmet hod that can be nmade even faster by increasing
TIRAHILA] K1 MRTASHPY tb e BRSBE Byh EestctiaB whltdrCedi@aRi@igting the
amounts and/or many well known nethods i ncl uding

Malels d heat, pressure and agitation. The fina
Slﬁroo%@ﬁiaal kyl ester does not require water washing

thereby. elimnpating a nmajQr _pLocessin te omonN .t
It g i ARsSTigient prgoass pd elbod e i, e e P faster by
polluting. dycerol byproduction is elimnated in st
in¢rpasing weeetianokinetiesdat wgreasing thacaalytia dasage seoyigts and/or many
permts design of conmercial plants that should be | ow
well laswirt mkthodomtcludsgahéreased heatepresdurdand agitapomduct i on
rates and be portable as truck nounted,

THeAfih prédieP afk§] Uhtet GoesOfiotasqwires tvater Gvazhimgtthereby eliminating a
Modi fications and variations as woul d be apparent to a

II;I% g}p gf‘ogfﬁ?%reg%ﬁ ggré%f(ﬁl fesied meﬂlﬁ)_?_lﬁ Fhdteis Mot tithe! Bhsuming and

i nventi on. e process and netho

al | ows e lLkyl esterificat.ion,of vari.ous t

e, CenrstaSiBhEs b AR S 7YE I8 S tRTespee. The
A nmet hod for production of al kyl,L esters from nﬁxture .
raythed gacbpiogess Pareity destgn atsomynsigipflans g PRI Be 10w in Capital

cost, small in size, with high production rates and be portable as truck 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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a) addition of an acid to an al coholic solution of the
m xture to decrease the pH 5 of the solution to about
wda2ae/083t0 ef fect aci d-catal ysed al kyl esteri fPCERAU2I02/001594
b) treatnment of the solution fromstep a) with a
concentrated al koxi de solution to raise the pH of the
solution to about 12 to effect base-catal ysed
transesterification of ¢gCLk&adMSies contained in the
m xture; c) treatnment of the solution fromstep b)
Wi t h Aagietholl Fodgrodeaioa dffatkyd kktefs fidie a ixtigelofiglyoerides and free
about 2 to effect acid-catal ysed esterification of

& 'cijdéaéor?ﬁi@ﬁ%@fi ed by- products fromstep b); d)

rénoval of" al cohol fromthe solution fromstep c) to
enove..al cohol ;. . - r e ' I

oot opaaifiyf S aciih an HeoBERERHHET o el Bt 10 dodftad¥hme i

aracterised in that aglcohal is r ved 15 fromthe

0§gwl§9 uGAn e B éﬁbgé‘? 6%9“ afidrqafalyseq gﬁﬁy??s%terﬁ%@“ﬂ%& hod

according to claim 1, characterised in that al cohol is

b) enpiteaiment ofithe selugion fopbster pbvrithacenegniygied alkoxide solution to

mcrofiltration. 4. The nethod according to claimany

raiseethe fpE bAihesolution 18 abattdaotetfectsbateicatalysad trandesterification of
al coholic solution of the mxture is forned by

gg}'céﬁ&)és\@oﬂglﬁ%iﬁlq{etrﬁixiuﬁg; the m xture 20 of glycerides
and free fatty acids in a simlar volune of alcohol to

cgf f %Igat?ff%@ﬁgf N %olﬁ%é% BofiP Ql%*) Ok 1200 QF addisTid Pfrrlleof the

od according to ctarm4, characteri sed

3B SRR BB B el Qe or-

to claim4 or_claimb5, characterised in that the
PEgdustsdrom SiEP 8| ect ed from a group conprising met hanol ,

et hanol, propanol, and butanol, including n- pré)h%l
dal coherhgvahobalcghol ditooothelsolutien froopstep o) toaempye dlseiinltand

al cohol, sec-
e) separation of resulting alkyl esters.
2. The method according to claim 1, characterised in that alcohol is removed
from the solution from step c¢) by distillation.
3. The method according to claim 1, characterised in that alcohol is removed
from the solution from step ¢) by microfiltration.
4. The method according to claim any one of claims 1 to 3, characterised in that
the alcoholic solution of the mixture is formed by dissolving or agitating the mixture
of glycerides and free fatty acids in a similar volume of alcohol to afford about 50%
w/w alcohol solution of the mixture.

5. The method according to claim 4, characterised in that the alcohol has a low

boiling point.
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butyl al cohol, t-butyl alcohol. 5 7. The net hod

according to any one of the preceding clains,
w@bmnaetseri sed in that step a) is performed uPdBAU2002/001594

reflux conditions. 8. The nmethod according to any one

of the preceding clains, characterised in that step

b) is perfornmed under reflux conditions. 9. The nethod

6ac c orTthe myethad asvgrdimetoodlainhé opckimdi, wharattarises], invthagrthé alcohol

the acid is 10 a strong inorganic acid including but

i Qblebie fr@d & OprStl RdHriEingCindthahiyldredledhodr propagild and butanol,

phosphoric acid, perchloric acid and m xtures thereof.

i%ﬁ%qiﬁg ’%-ﬂgﬁ%il%%o%ﬁ %l%ltﬂ%al{:(ﬂng?ﬂlﬁoﬁ@ﬁylojlc&hﬁﬁ iRAR GHiddhol, sec-

acterise t'he ‘concentrate
al koxi | .uti0 onpri ses sodi um and/ or potassi um
WEP@QF@@QI&V}S@S%&U in the al cohol used in step a),
or sodi um or potassium di ssolved in.the, .15 al cohal ..
Tased i ma3taps deporcing P Ope o1 s PRecAgicI T aRS R that
characterised in that the concentrated al koxide
steplay is pemformagh nindes sefixotondiion®o% w w al kal i et al
al koxi de solution. 12. The nethod according to any one
gof t Ntheprethablacegrdingiormy onbaf thetpeededing claims habtaractehised in that
residual acid remaining in the solution resulting from

s iPerfdnel RBd@ rkilx @HdRIons20 resulting fromstep e)
I'S neutralised to about pH 6-7 by treating the

ol ut ’ . i _ g
B et lod SR 55 IAEpASURRE IS Sl i
mcrofiltratian.or, i.on,exchange., 13.. Al kyl . .
ArRGHBCRRIER DAY IHIIOF BTbrotgriet P qulpiit op e hRdgric acid
aci ds _obtained by the nmethod of any one of clains 1
phespheric agid, perchloric acid and mixtures thereof.

10.  The method according to any one of the preceding claims, characterised in that
the concentrated alkoxide solution comprises sodium and/or potassium hydroxide
dissolved in the alcohol used in step a), or sodium or potassium dissolved in the
alcohol used in step a).

11.  The method according to claim 10, characterised in that the concentrated
alkoxide solution ;:omprises about a 10% w/w alkali metal alkoxide solution.

12.  The method according to any one of the preceding claims, characterised in that
the residual acid remaining in the solution resulting from step d) or the alkyl ester
resulting from step €) is neutralised to about pH 6-7 by treating the solution or the
alkyl ester with a weak base or by other acid removal means including but not limited
to microfiltration or ion exchange.

13.  Alkyl esters produced from a mixture of glycerides and free fatty acids

obtained by the method of any one of claims 1 to 12.
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