Met hods for Producing Al kyl Esters BACKGROUND Al cohol ysis of vegetable
oils and animal fats has been investigated extensively for producing fatty
acid al kyl esters, which can be used as diesel fuels. Commonly used

catal ysts for al coholysis include al kali hydroxi des and al cohol ates. These
non-enzymatic 5 catalysts are di sadvantageous as they have to be renoved
with glycerol, a by-product, and cannot be reused. Further, purification of
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cost - ef f ect i veAlRpitohysip Qffvegsiahie aidt andiangnad ifaty hasheer inyedigated enigpsyay Bl y
appl i cabl g.g6a I, 1y v i k i I I S~ 0l SUMVARY
T i o 1 afeetaty b AT EsLche FrlohToh BEull ok B TRt o ahbiY S ™ Beters
~can be reathlysis for ddeledsisfiindndeatkadi hydfeddts bod kcélmlages. Thegenmbinzymatics or

ani | fat l i pase-catal yze reaction, .in ich,inactivyation of
s Rathelarf g RAR GGG B e AT et ki VB RGOt a8 3 o,
- pr oduci ngeaatiotdle katlsed: SE@the ipirificatibh 3NgIOSr6lrik Hifbald £t htBstHadek hedtnon

reaction.fTh%bnethod includes (1) mxing an oil source 20 containing a
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m cr oal gagphtdble scald] MBVhiéH Inactivation of lipases is minimized.

SUMMARY
15 This invention is based on the discovery that high purity alkyl esters can be readily
produced from an oil feedstock (e.g., vegetable oils or animal fats) by a lipase-catalyzed
reaction, in which inactivation of lipases is minimized.
In one aspect, this invention features a method for producing an alkyl ester via a
transesterification or esterification reaction. The method includes (1) mixing an oil source
20 containing a triglyceride or a carboxylic acid with a first primary alcohol or a first
secondary alcohol in a first organic solvent to form a first solution; in which each molecule
of the first organic solvent contains 4-8 carbon atoms and a heteroatom; (2) reacting the
triglyceride or the carboxylic acid with the first primary alcohol or the first secondary
alcohol in the presence of a first lipase to produce a first alky! ester, in which the first
25 solution does not undergo phase separation throughout the reaction; and (3) separating the
first alky! ester from the first solution.
Examples of a suitable oil source include plant oil (e.g., microalgae oil), animal oil

(e.g., fish oil, lard, rendered fats, or tallow), waste grease (e.g., waste restaurant grease), or
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(e.g., fish oil, lard, rendered fats, or tallow), waste grease (e.g., waste
restaurant grease), or | a hydrolytic fraction thereof (e.g., carboxylic
acids). Before the mxing step, the oil source can be heated to 150-215C
and cooled down to the reaction tenperature. Before the reaction, the oi
source can be mxed with the first primary alcohol or the first secondary
al cohol in the first organic solvent to forma one-phase sol ution. Exanples
5 of the first primary and secondary al cohols include those containing 1 to
18 carbon atonms, such as, nethanol, ethanol, isopropanol, isobutanol,
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gl ycer ol hanqgeneifycd dhelirsesobyriopdyeing the reaction, thereby minimizing the inactivation of

the first lipase. The term “lipase” refers to any enzyme capable of catalyzing a
transesterification or esterification reaction. Examples include candida antarctica lipase,
thermomyces lanuginosa lipase, pseudomonas fluorescens lipase, pseudomonas cepacia

20 lipase, or chromobacterium viscosum lipase. The first lipase can include a single lipase or a
combination of two or more lipases. It is preferably immobilized on a carrier in the first
reactor. The transesterification or esterification reaction can be carried out at 0-95°C (e.g.,
20-95°C) for 1-180 minutes (e.g., 10-90 minutes or 20-60 minutes) to obtain the first alkyl
ester.

25 During a transesterification reaction between an oil source containing a triglyceride
and a first primary or secondary alcohol, glycerol is produced as a by-product.
Unexpectedly, the first alkyl ester can be easily obtained by phase separation between the
first alkyl ester and the glycerol after removing the first organic solvent and the unreacted

first primary or secondary alcohol by evaporation. The just-mentioned oil source may also

2




Unexpectedly, the first alkyl ester can be easily obtained by phase
separation between the first alkyl ester and the glycerol after renoving
the first organic solvent and the unreacted first primary or secondary

al cohol by evaporation. The just-mentioned oil source may also 2 contain
nonogl yceri des, diglycerides, or carboxylic acids. Mnoglycerides and
diglycerides react with the first primary or secondary al cohol in a manner
simlar to triglyceride. The carboxylic acids react with the first prinmary
or secondary al cohol via an esterification reaction, in which water is
produced emsitan papglpauides, digthceddeshe cadadilioyachisr damoghycetides mgi t he
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solvent, to forma_ second solution. Each ecu the second organic
sol vent cighvaptidesdiglyesaides ot aroonglyeenides tediretraigd ester cBhée obleeddh e gani ¢

sol vent ¢ SAE i romthe first organic solvent. The 20
second pr@%gd%?ﬁgecond%rﬁwgﬁggﬁagﬁ%}%pg preferably the same as the first
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reaction,  the second sol ution does not undergo phase separation. The
second | i%@g@c&% thedimsiadkyd gtar can be mixed with a second primary alcohol or a second

secondary alcohol, optionally in a second organic solvent, to form a second solution. Each
molecule of the second organic solvent contains 4-8 carbon atoms and a heteroatom. The
second organic solvent can be the same or different from the first organic solvent. The
20 second primary or secondary alcohol is preferably the same as the first primary or
secondary alcohol. The monoglycerides, diglycerides, triglyceride, or carboxylic acid in the
second solution can then react with the second primary alcohol or the second secondary
alcohol in the presence of a second lipase to produce a second alkyl ester. In the reaction,
~ the second solution does not undergo phase separation. The second lipase can be the same
25 or different from the first lipase. The first and second alky! esters thus obtained can then be

separated from the second solution. Preferably, the second alkyl ester is identical to the first
alkyl ester.




25 or different fromthe first Iipase. The first and second al kyl esters

t hus obtained can then be separated fromthe second solution. Preferably,
the second al kyl ester is identical to the first alkyl ester. 3 The
details of one or nore enbodi nents of the invention are set forth in the
description below. O her features, objects, and advantages of the invention
w ll be apparent fromthe description and fromthe clains. DETAILED

DESCRI PTION 5 This invention relates to a nethod of preparing al kyl esters
froma feedstock via an enzymatic transesterification or esterification
reacti on. Bel ol detagla o€ mangi reore tmbodinehaof treiimgntbk e setstbeth &1 thEi rst, an oil

Fource Copl e al BB B SR R e Bl - o

or gani ¢ sfbmeld ddsérifgion aad frodthaglbymgly, ous C4-C8 tertiary al cohol or anhydrous
pyridine) in a first mxer to forma first solution, which remains
one- phase t hroughout the transesterification reaction described herein.
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carried out at _the reactl on tenperature or at any other suitable

t enper at u]il%elnB@h%?’é squiee qRmbiedggusmnapst onBng; [Prefoighlyeit cemains s oinimueat ed to
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down to the reac ure.
amount of ﬁrst primary or secondary alcohol is about 10-50 mol% in excess of the

15 stoichiometric amount required for the complete conversion of the oil source. The first
organic solvent is inert in the subsequent lipase-catalyzed reaction (i.e., does not react with
triglyceride to any significant level or inactivate the lipase). When the oil source contains
fatty acids, pyridine can be used as the first organic solvent. Optionally, the first orgémic
solvent can be mixed with another organic solvent, such as an alkyl ester. Use of an alkyl

20 ester as a co-solvent prolongs the life span of a lipase for the subsequent transesterification
or esterification reaction. The mixing step can be carried out at the reaction temperature or
at any other suitable temperature.

Before the mixing step, the oil source can also be heated to 150°C to 215°C for a
period of time (¢.g., 5-60 minutes) and then cooled down to the reaction temperature. The

25 heating time varies depending on the oil source used. Use of heat-treated oil sources
unexpectedly shortens the reaction time.

Next, the first solution thus obtained is fed into a first reactor, which is filled with a
first lipase immobilized on a carrier. The first reactor can be a packed bed reactor (e.g.,a

plug flow reactor), or any other suitable reactor known in the art. Typically, the first reactor
4




25 heating time varies depending on the oil source used. Use of
heat-treated oil sources unexpectedly shortens the reaction tine. Next,
the first solution thus obtained is fed into a first reactor, which is
filled wwth a first lipase inmobilized on a carrier. The first reactor can
be a packed bed reactor (e.g., a plug flowreactor), or any other suitable
reactor known in the art. Typically, the first reactor 4 is kept at a
constant tenperature (e.g., 0-95C) during the reaction. The first solution
preferably contains |ess than 10,000 ppm (e.g., less than 5,000 ppn) by
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the ot T SRR RARC B8 BAR o SIS e N L Idhst DTS L 0T %1
The ef f | uembpdsitiomof e firstrselutiveaTyicallysit tanges Fea 11180 oninutkd, rBdringaeium
nitrogen or deaerated superheated
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evapor at OfhereBy ﬁﬁﬂﬁﬁﬁﬂn@ﬂﬁ&ﬂaﬁb@6fth9&ir§'ﬁ)6as‘étb§%lycpi%yb1ttﬁ9 kgt pMARR @t or known in
the art. The tenperature and pressure in the first evaporator can vary

dependi ngseﬁﬂnqaﬁéff‘lf"?mbt organi c solvent and the first primary or secondary
al cofpol 15 usegpd &gﬁethﬁﬁ%ﬁﬁgﬂks@ﬂeaEt%?&tth&%d?}ﬁ&h%%Bé(cu §va prafidre s
nd the an (

| ower than 120C a pressure 1s | ower i er (either
cont ai nedcdnrbetstripped Withmitragen or dgemthdoagerheltied stgint. HEhervaamtnh eveppratdread i r st

organi ¢ spl vent nd the unreacted first prinmary or secondar al cohol are
renoved iﬁe ﬁa@uﬁ evé‘]\’/%{ﬁt(?f’&t%@?l.fﬁjﬁﬁé’frpoégﬂgﬁﬁ eﬁv_@fﬂr?t@’é?éﬁfl%ﬂ 'separ at ed
(in a pugetableenmipiat@Skndwitl iX {He @) THeQé&WBre%ﬂ@feshﬂeﬁlﬂh@ﬁfb‘{@i}éﬁo%ﬂ , whi ch
consists of a series of 20 |iquid separation or renoval units. Water
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st ep ment prossack is lower than 100 mmHg. Water (either contained in the oil source or produced
during the reaction), the first organic solvent, and the unreacted first primary or secondary
alcohol are removed in the first evaporator. They can then be collected and separated (in a
pure form or as a mixture) from each other in a recovery unit, which consists of a series of
20 liquid separation or removal units. Water removed from the recovery unit is typically sent
to a water-treatment facility and discarded. The first organic solvent and the unreacted first
primary or secondary alcohol can be recovered and re-used in the mixing step mentioned
above. Preferably, they contain a minimum amount of water so that the first solution
contains less than 10,000 ppm by weight of water before it is sent to the first reactor.
25 The residue leaving the first vacuum evaporator can then be cooled down and sent
to a first liquid-liquid separator. The temperature of the separator can be maintained at 20-
80°C to minimize the formation of any solid. In the separator, the residue is allowed to sit
to form two layers. Glycerol, a by-product, forms the bottom layer. It can be easily

collected from the separator and further purified by removing the residual amount of water,
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above. Preferably, they contain a m ninum anount of water so that the first
solution contains |ess than 10,000 ppm by wei ght of water before it is
sent to the first reactor. 25 The residue |leaving the first vacuum
evaporator can then be cooled down and sent to a first liquid-liquid
separator. The tenperature of the separator can be maintained at 20- 80C to
mnimze the formation of any solid. In the separator, the residue is
allowed to sit to formtwo |layers. dycerol, a by-product, fornms the
bottomlayer. It can be easily collected fromthe separator and further
purified thy fire organhicgolving, a{r&ﬂhﬁim&’ea@fﬂ)ﬁmtpxﬁﬁarwat ﬁconcﬁ\r}t dleotol 1rsd vaotgani ¢
solvent, and t reacted first pri sec al.cqhol in a vacuum
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a car boxylrpm apesterifratiomreact@dclotenam ailsogicy cettahings darbodyidestidadan
by-product e first ester obtaihed above can further react with an

kyl
al cohol i aOhgﬂ%ﬁlf'loe%lycef@é%érggW@Plaf Fgﬁ’tpf br esterification reaction to

remove cont am TiRMirst all§p esed dbtahddabotd\@anf flrftBdr reabPwith ki hic68d181a £@thePe sent to
a second m xer and m xed wi.th a second primary or secondary al cohol,
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reaction described herein. Pre e secon y or secondary
al cohol i dcahieb optiprallydn @ kesond pganlplsolmﬂyméonn s srondisniyticu, wbivhlremdibs \WWien t he
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t he seconbrefesablly theascondpeingsipoidecsiidatyeconeTio it RfeB e Mkt wRERPEAry al cohol
and the secortﬂ%g 903!@ solvent is such that the second sol ution does not
under go aity Laratl on during the subsequent transesterification or
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conpl etion of the subsequent reaction. It can up to the sane anount as
t hat solution with the first alkyl ester, a second organic solvent has to be included in the second
solution. The amount of the second primary or secondary alcohol and the second organic
solvent is such that the second solution does not undergo any phase separation during the
subsequent transesterification or esterification reaction. This amount can be in excess (o
20 expedite the completion of the subsequent reaction. It can be up to the same amount as that
added in the first mixer.
When the second primary or secondary alcohol alone can form a one-phase solution
with the first alkyl ester, a second organic solvent may or may not be used. In other words,
the second solution may or may not contain a second organic solvent in such a situation.
25 The second solution is then sent to a second reactor, which contains a carrier
immobilized with a second lipase. The second reactor is kept at a constant temperature and
is typically the same as that of the first reactor. The residence time in the second reactor is
generally less than that in the first reactor, and can be determined empirically. The effluent

from the second reactor is then sent to a second vacuum evaporator, in which water, the

6




added in the first mxer. Wen the second primary or secondary al cohol
al one can form a one-phase solution wth the first al kyl ester, a second
organi ¢ solvent nay or nay not be used. In other words, the second
solution may or may not contain a second organic solvent in such a
situation. 25 The second solution is then sent to a second reactor, which
contains a carrier imopbilized with a second |ipase. The second reactor is
kept at a constant tenperature and is typically the sane as that of the
first reactor. The residence tinme in the second reactor is generally |ess
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| ose®) act infintain RhIREDIL BlaRGfacEBXROSSEE. 1A A agé %érﬁ@%a;ﬁ%k%sgﬂ@girvﬁ'& W& degpond a

time limt, the flow process may be stopped t0 anot hér reactor
syst em af ¢@psasige pacievtied tsmparatiee beyiond p aimedimit fthe flowe pgwesmsnaydbe spoppedog t he

life span i .f.e span .of | i pase vari dependi ng on the
reaction %vgeﬁﬁ%%@got%?ro gl,%feﬁcet {@'ﬁéee{noaf%ef E%eri‘tfoﬂ 62 cegﬁgl Eeﬁlgdtogﬁgleg % e organic
sol vent . pobng ltlosife Spameifhiscdlipiey Tietlifeea dfa lipascSiadipp@sheding vh tiehed to

‘anot her react or Séstem vl\gen tt%e transeﬁﬂ erification or esterification
react i on JCECHORAPRRAtYTE: e dyRsof tha LS Bdihe dvRset e prganic sphyent nEhe Hgw

exanpl es RethednAl ot Qe KOAGIYH 8 s\tchiB iCinbitiel st dlsichwnangle not
limtative of the remainder of the disclosure in any 'way what soever.
W t hout fUi#nspsgrification or esterification reaction is carried out at or below room temperature.
The specific examples below are to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever. Without further
claboration, it is believed that one skilled in the art can, based on the description herein,
20 utilize the present invention to its fullest extent. All publications cited herein are hereby

incorporated by reference in their entirety.

Example 1
Soybean oil was used as an oil source for preparing alkyl esters. Specifically,

25 refined soybean oil (55.4 wt%) was mixed with anhydrous methanol (8.6 wt%), and
anhydrous #-butanol (36.0 wit%) in a first mixer to form a one-phase solution. The solution
was then sent to a first reactor, which was filled with NOVOZYM 435 (a candida antarctica
lipase; Novozymes A/S, Bagsvaerd, Denmark). Specifically, NOVOZYM 435 was

immobilized on a carrier (a macroporous resin) and was then placed in the reactor. The
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el aboration, it is believed that one skilled in the art can, based on the
description herein, 20 utilize the present invention to its fullest

extent. Al publications cited herein are hereby incorporated by reference
intheir entirety. Exanple 1 Soybean oil was used as an oil source for
preparing al kyl esters. Specifically, 25 refined soybean oil (55.4 W%
was m xed wi th anhydrous nethanol (8.6 wt%, and anhydrous t-butanol (36.0
wtl/o) in a first mxer to forma one-phase solution. The solution was
then sent to a first reactor, which was filled with NOVOZYM 435 (a candi da

ant ar ct i clampkiapasef thileacy wes4 RS, ThBagsaetithe wae 6Pratikytes. et itfe reaiiby
NOVQOZYM 435 was . i bilized on a carrier (a nmacropqorous resin) .and was

then pl ac¥ef GHPRIFHE tReRofusion v dedzntogymepyp gy @oston e theaadidid-igd 45C. The
reaction {ehiRioMaSotifin Mpdtiues THcbBbodiién Sﬁ%gﬂogﬂct vyﬁ@%f:ﬁﬂﬁﬁgc?f))?ﬁPLghe

solution was fed into a vacuum evapor ator an en a l1quid-I1qui
separ at or (colwmob LanaSaCp@H2<4.6five, phenposickj roobitefphties: methahodthewams, and

phases:  mePRARBRE L HEREST TN AT A, Opineedit bF Pgie s Aiecs AScny
Japan) . Unexdeatosdiowtys Beylseeie 59 oAt @haeidlyceitdds ahd‘ﬁ%lﬁ@r-icﬂe%, Ml kyl

esters, 3.59 w % ngnogl yceri des and di gl ycerides, a 0.22 wm%
triglycer VHe&ielysmideot her experiment, an al kyl ester was used as a

co-sol vent. SpgGhi i f'nqgg_,, ' 4 ' with
anhydr ous net ha%gf’ﬂhggéxgxwé}?’,é anh;}ggtg%‘g%ﬁ&i(gh%%éoa%é%n%@egw\%tawé%%g an
al kyl estwbgappilg 40wl wgt74) vag nfikedswithranbeydrone niethanold 7 orva P hahgdrosol-ut i on. The

reagtyi on (% r h ane hgse d ri.be bove except that the
Feact on SRR LEIRL g 3R 528 R0R e A ShT piteide IR TG ai no
cont ai nedsod@ioh0 Theisctidkgondidhewste tBe shthnevids Yhd¥® degliy&ribotte sxRpekhat the

di gl yceri des, and 7, %triglycerides. In still another experinent,

. 6
t-amyl al CBHE" Cawaﬁeéﬁﬁi ig PR Jymigues  Upgxpectpdiydherrodent gaigingd containedh@e.i4 i cal | v,

refined sqyberyl Gtdrs, 649 oM SodMasrifisad aijdrathysd @ : ided- 3
wt %, anhydr oug t_-ésrryl al cohol0(371.‘13 wt %%%ngﬁghﬁiﬁwﬁﬁg%g&g w% in
a first m xer Ingsgllpaotherexperéngticdsenyd elcakdlend amhllylrester vierrnsed aviolvenss wer e

the game @ ifoRe rdfs E&}%%Ql oil (40.8 wt%) was mixed with anhydrous methanol (6.3
wt%), anhydrous z-amy] alcohol (37.3 wi%), and an alkyl ester (15.6 wt%) in a first mixer
to form a one-phase solution. The reaction conditions were the same as those described
above except that the reaction completed in 53.0 minutes. Unexpectedly, the product

obtained contained 96.96 wt% alkyl esters, 2.64 wt% monoglycerides and diglycerides, and
20 0.40 wt% triglycerides.

Example 2
~ An alkyl ester obtained from Example 1 was mixed with anhydrous methanol and
anhydrous -butanol in another mixer to form a one-phase solution. The solution thus
25 formed contained 70.00 wt% of the alkyl ester, 2.8 wt% of contaminants (i.e., 2.47 wt% of
monoglycerides and diglycerides and 0.31 wt% of triglycerides), 7.28 wt% of the methanol,
and 19.94 wit% of the z-butanol. The solution was then sent to another reactor, which was
filled with NOVOZYM 435, Specifically, NOVOZYM 435 was immobilized on a carrier

and then placed in the reactor. The temperature of the second reactor was 45°C. The
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above except that the reaction conpleted in 53.0 mnutes. Unexpectedly, the
product obtai ned contained 96.96 wt % al kyl esters, 2.64 w % nonogl yceri des
and diglycerides, and 20 0.40 wt%triglycerides. Exanple 2 An al kyl ester
obtained from Exanple 1 was m xed wi th anhydrous nethanol and anhydrous
t-butanol in another m xer to forma one-phase solution. The solution thus
25 formed contained 70.00 w % of the alkyl ester, 2.8 w% of contam nants
(i.e., 2.47 wt % of nonogl ycerides and di gl ycerides and 0.31 w % of
triglycerides), 7.28 w% of the nethanol, and 19.94 wt % of the t-butanol.
The sol uticactiondsng wisnl 7seminutes. Afict thercacdac tvag c;omlﬁétedh e lutfonlvas dednintch

NOVQZYM 435 S ecifica a carrier and
hen pl acBieh Veamar o Bksrlior SREen tiogisr HRaog ThEe GECOtRn 8 2HBH vas 45C.
The 8 rea"cme@imgommianwmqu?oc@cmmﬂemrﬁawq{m reaction was conpleted, the
solution was fed into_ another vacuum evaporator and then anot her

l'i qui d-1i quid Ié’é"ﬁﬁ?%{?(g)ﬂ thegpragich phiaincd pbrygcentainyh 8924 w6 Ale evens0.9he

pr odyct oduct obt ai ned above
cont gl ne\c/i@g/éqg%@é é?glgif/}?ﬁmb’ée;rngw%ﬁ%gqi Sqd/%/glkonog ‘'ycerides and
diglycerides, and 0.11 w%triglycerides. Exanple 3 G| sources other than
soybean Oji'xa ¥$5§ used as starting materials for preparing alkyl esters in
a manner 3 to that described in Exanple 1. Q| sources used included
10 waste rest abil antrcgrotias ﬁlaﬁeﬁjﬂﬁhﬂﬂbﬂ &ehd gbd by @atihahiaperiaifeiSprepaist €

rest aur ant rease containing low free fattr)éxam ds, taI l ow, lard, fish oil,

pal m oi | , YEAFSESIN §mapper s dp thabdeseribeddn Exappletle Oif sowroes Maadtingrdeds e
cont@i ni nﬂaeh‘.é &Bta{ura E@E Tcé/nt@iﬁin%%%&?ﬁ acid Rkt t&allahe %ﬁe&% bR

cont ai ni ng NOV was uti on containi ng such waste
rest aur aniew @eéa@éa((l@tallow logrd, fighn b, mabm Qll,rmldh:aﬂm oi, ﬂn@nm%enmenbmaauaol

(20.5 Wt %eg dta@ljaﬁlt aﬁ&s@k&“&mﬁ%%ﬁg’t’hhf}e% fﬁti%;a& us:tacﬁ psepegg 8%:@[’ Wefﬁaé: ({IOZYM 435 vas

i mmobi | i ze carrier en p A enperature
of the reantanng®OVIELYMHSS waded vith atsb]lntaomnﬁﬁm@ siihnWdsesSrestadagr pr oduct

fromthe r n rmn HPL
om the eaCt &5 1 \‘%%?) Iangyd?t l?sdmglqanoll }7'56 ?—%Imtailgl (2(\),\%1 wt‘%sta%d an alek?fl gs¥er c
15 (22.8 wi%). Specifically, NOVOZYM 435 was immobilized on a carrier and then placed in

the reactor. The temperature of the reactor was 45°C. The reaction time was 24.0 minutes.

The product from the reactor was isolated and its composition was determined by HPLC.
Unexpectedly, the product obtained above contained 96.63 wt% alkyl esters, 3.17 wt%
monoglycerides and diglycerides, and 0.20 wt% triglycerides.

20 In another experiment, fish oil {(an animal oil) was used as an oil source.
Specifically, fish oil (52.4 wt%) was mixed with anhydrous methanol (7.8 wt%), and
anhydrous pyridine (39.8 wt%) in a first mixer to form a one-phase solution. The
reaction conditions were the same as those described above except that the reaction
completed in 25.0 minutes. Unexpectedly, the product obtained contained 95.63 wt% alkyl

25 esters, 3.03 wt% monoglycerides and diglycerides, and 1.34 wi% triglycerides.

In still another experiment, palm oil (a plant oil) was used as an oil source.
Specifically, plant oil (46.5 wt%) was mixed with anhydrous methanol (7.5 wt%), and
anhydrous 7-amyl alcohol (46.0 wt%) in a first mixer to form a one-phase solution, The

reaction conditions were the same as those described above except that the reaction
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Unexpectedly, the product obtained above contained 96.63 w % al kyl esters,
3.17 wt% nonogl ycerides and diglycerides, and 0.20 wt% triglycerides. 20
I n anot her experinent, fish oil (an aninmal oil) was used as an oil source.
Specifically, fish oil (52.4 wt% was m xed with anhydrous nmethanol (7.8
wt %, and anhydrous pyridine (39.8 % in a first mxer to forma

one- phase solution. The reaction conditions were the sane as those

descri bed above except that the reaction conpleted in 25.0 m nutes.
Unexpectedly, the product obtained contained 95.63 w % al kyl 25 esters,

3. 03 wt % erorefeq edli. Gesnutasd Liexpopedlyi the prodanicbbiaital aahtsintediogly oati aled. | n

still ano eL) nent al.m oil,. (a pl.ant pj .used. .as an oil source.
Speci fi ca%ﬁla%’ 131?8§‘rﬁA’ I(])GFFOE? ?lgesvﬁn%dlg(}\%cseﬁfjf%(%?ﬂﬂ/&b% ﬁ%ﬁlﬁé&egﬂgs_' met hanol (7.5
wt% , and anhydrous t-anyl alcohol (46.0 % in a first mxer to forma

one-phaseEsoI ati on. The reaction conditions were the sane as those
descri be except that the reaction 9 conpleted in 41.0 m nutes.

Unexpect edl y, fhiRarhaREHGE “@mﬁk@%dstﬁﬁﬂé gﬁféﬁ% %&p‘%zpa%g%%iééré}eéseﬁ% ers, 1.95

wt % nonogl yceri des” and di gl ycerides, and 1.08 w%'tri s. Exanple 4

5 Pri mar ymanespistikr (gethet dgsaiped in Example hgAlmahes nsddsndladedpnasivanol, mthaadlky |
esters in e m hat scrijhed jn anple .1 cohol s used
i ncl udednlﬁg? t%%g In"‘f%g klgin(\%ﬁt?ngl&ée%gsql’a%gﬁd’ él? et %&ﬁl&pﬁ/ﬁglg%%qu ﬁnoenfanol ,
oct anol , ecpeament, thamehctoaonthinmlgddDGOZ YIMI 4Dh@as £24 peth ahitiontcbRtain@acisar

o o NI Rt B SO B0 gl | (52

Speciiof i caNOWOZOVMNIYVAY nh3biiveSor PRk dnd ¥bnPlacRd GRHhE k&ktoRNEhd hen pl aced
in the reactor. The tenperature of the reactor was 45C. The reaction tine

was 39.0 nREREES ofithe rspiotiwes 45°Cr dibererstiprtime ovas RB.8 misulent Bee randict t s
e L e T
di gl ycer i thegrodasicbblaidet! alw 96 ¢antajpeddrdddeds alk @ esrersahat ety mxpetice®dds, hexanol
(3,55 2 RGBS P R T o1 ol (hegy T cally: sobean ol
15 In another experiment, hexanol (a C6 alcohol) was used as a starting material.
Specifically, soybean oil (53.7 wt%) was mixed with anhydrous hexanol (26.6 wt%), and
anhydrous ¢-butanol (19.7 wt%) in a first mixer to form a one-phase solution. The reaction
conditions were the same as those described above except that the reaction completed in
46.0 minutes. Unexpectedly, the product obtained contained 95.06 wt% alkyl esters, 4.11
20 wt% monoglycerides and diglycerides, and 0.88 wt% triglycerides.
In still another experiment, lauryl alcohol (a C12 alcohol) was used as a starting
material. Specifically, soybean oil (37.2 wi%) was mixed with anhydrous lauryl alcohol
(33.6 wt%), and anhydrous z-butanol (29.2 wt%) in a first mixer to form a one-phase
solution. The reaction conditions were the same as those described above except that the
25 reaction completed in 66.0 minutes. Unexpectedly, the product obtained contained 95.03

wi% alkyl esters, 4.07 wit% monoglycerides and diglycerides, and 0.90 wt% triglycerides.

Example 5
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anhydrous t-butanol (19.7 wt% in a first mxer to forma one-phase
solution. The reaction conditions were the sane as those descri bed above
except that the reaction conpleted in 46.0 mnutes. Unexpectedly, the
product obtained contained 95.06 w % al kyl esters, 4.11 20 w%

nonogl yceri des and di gl ycerides, and 0.88 w% triglycerides. In still

anot her experinent, l|auryl alcohol (a Cl2 al cohol) was used as a starting
material. Specifically, soybean oil (37.2 wt% was m xed with anhydrous

| auryl al cohol (33.6 wt%, and anhydrous t-butanol (29.2 wt% in a first
m xer to form $econdarpilasi®ls wok usddon stafting maaddls fon prpadig dligyl Sstwerieat he same

as those I ept hat n 5, r.eact,.o eted i n

m nut es. %%%;%e'?’? ﬁ’&,ﬁgt e%"r%’r@ uc)famcpo?g ﬁﬁcah%lﬁ)ﬁ?eg‘llﬂcg‘&‘feggpo@ﬁop WPI(%‘ kyI
esters, 4alfdhot %bmnol%ﬂﬂ@idoﬁieﬁ dddecbn@hry gedcind @R ohal el C8 aRBhaW. %n one
triglycerides 10 Sec&ndar al cohol s were used as starting

mat eri al se"rPBPH‘B%g’ﬁF?%’Tanpmg %YQ%Y[M 435 anhied Vil ol uioncente g descri bed

i n Bsanmpl @ndscedbi® 0 I Qzﬂ?rhr X 2- but anol
(a A4 al coﬁol e, la%@sgﬁ%gpﬁ%cgm Wﬁgﬁ‘& Oﬁét%% ﬁé&ﬁh :3)I’(l} one

exper i mentt’e}. h@eﬁlﬁﬁ@b@N%@Z 3agvandvariilizaden avaarlﬁlamd\ﬁhetnrpla:egl ditarthicon

cont ai ni 91895 9 sOp angl (14.1 and anhydrous
t-anyl alr]%oﬁoﬁr' ai?%?% ré\}k%%o(f%ﬁg%c% |<Q(’:35I4I5y(,9 WWP&% as‘%g@ ml%}tﬁsi zed on a
carrier afl product floactbe rdanbowbdigolatedand 0 coxﬂ'ﬂiteltioﬁlm r(i&ﬁetlﬁﬁe@f)y HIpeCr eact or
was 45C. The rea

s 39.0 mnute roduct fromthe reactor
was i sol aP RGPS, S&V’t e%ﬁ’b‘ﬁ?ﬁ%”&a ahpye CHB’iaB’Farpﬁé %M@wmiﬁhﬁﬁ%t edly, the
product obbaddrdriakane d@y&ﬁa&eﬂlﬁﬁzﬁ&%{gi cfiiés. esters, 4.86 w% 10
nonogl ycerides and di gl yceri des, and 1. %triglycerides. In another

experiment, 2-Bdnahe cxpgEmersedtbugnal Véqsalsqd 3 steating maﬂerlals;semlﬁcaﬂm ly,
Zﬁ%?ﬁ?gui*dty?é%?ﬁ%%ﬁ%’?ﬁf SPGB liRoRa R4 A8 sl 20c
sol ut i on. arfyleloobelc {A8cmwi’6ingi ﬁristomsemerfa‘nt henspimse adutidio Skhedeston bed above

o oduct  onrdlRBa ERTbS PGSBS s RrbRL ARy ispiha he ou B G ycer | des
and i gl y¢®o hdeses. dntbxgecRAyMitopréd@t Magntd@miained 92.84 wi% alkyl esters, 5.08

wt% monoglycerides and diglycerides, and 2.09 wt% triglycerides.

In still another experiment, secondary n-octyl alcohol was used as a starting
material. Specifically, soybean oil (46.4 wt%) was mixed with anhydrous secondary -
octyl alcohol (29.3 wt%), and anhydrous ¢-butanol alcohol (24.3 wt%) in a first mixer to
20 form a one-phase solution. The reaction conditions were the same as those described above
except that the reaction completed in 42.0 minutes. Unexpectedly, the product obtained

contained 94.69 wt% alkyl esters, 2.45 wt% monoglycerides and diglycerides, and 2.86
wit% triglycerides.

25 Example 6
An alkyl ester was prepared using lauric acid and methanol as starting materials via
an esterification reaction in a manner similar to that described in Example 1. Specifically,
the reactor containing NOVOZYM 435 was fed with a solution containing anhydrous lauric
acid (77.7 wit%), anhydrous methanol (17.6 wt%), and anhydrous z-butanol (4.7 wt%).

11




In still another experinment, secondary n-octyl alcohol was used as a
starting material. Specifically, soybean oil (46.4 W% was m xed with
anhydrous secondary n- octyl alcohol (29.3 wt%, and anhydrous t-butanol

al cohol (24.3 wt% in a first mxer to 20 forma one-phase sol ution. The
reaction conditions were the sane as those descri bed above except that the
reaction conpleted in 42.0 m nutes. Unexpectedly, the product obtained

cont ai ned 94.69 wt % al kyl esters, 2.45 wt % nonogl yceri des and di gl yceri des,
and 2.86 w%triglycerides. 25 Exanple 6 An al kyl ester was prepared using
| auri ¢ acNGVA MeBhavas immebidized ¢n neprriertand itkehdnto itlee reagtore Jihe tarfiiecatttie on
reaction | iopi har to.that descrijbed in-Exanple 1. ecifically,
t he react(l(’)f{r}héérg %Qﬁﬁ{mﬂ%’ %W%‘?&tl%? 4 g%bvrﬁl?lﬁesa %Ipl%#ugtn&%%n earFErllclt%rg
anhydr ouswhsaisslated agtitdedmpbsifionts#y detarmhiviel! BUSCITRS INEN SR, (USA ;G ohin: Mxnd

anhydr ous 5hr-buljt anol g@.Y w9 . 11 NOVQZYM 435 was i nmobilized on a carrier
and t hen $3% PREE (B 0. 1 GRS 1288 e Tlow rateem/ BURs tiBiEC SPIEB a0 The

reactsi on 44 . {HnBt ct fr e reactor was isolated
and itst S c%dn%géy@?pgﬁ%&gs Zufi ’e‘%ﬁ?"ﬁ%@%’; te %1(%&03%?’ |, USA; colum: MXT-
65TQ | engt h:  J0ndxpectddlpthe ot ohtaimad shoae co@sineds.0 twnétayldaurdte mhd M n;

i njector: @%Jt ratioc 5 20 to 1, tenperature: 300C, detector: FID,

t enper at uF BV EIHEC dhexpect edl y, the product obtained above contained 96. 0
wt % nethyl laurate and 4.0 wt% |l auric acid. Exanple 7 10 Al kyl esters were
prepared usi ng soybean oil and nethanol as starting materials in a manner
simlar t Tdescribed in Exanpl e 1 except that the soybean oil was

heatygd f ' i f i ficall , Ol
T ot heat od cripindVas pfaRELa0E stk P MR ks s SMRERIA' | o
cool ed dowennepsittiler foghastdesmibed impEaatply kexceSubhsabgigiybéan, oil s Isaywbdan oi |

(49.1 w9 wmas.m xed.wi th anhydr gus, net hanol. (7. % ,, 15 anhydrous
t - but anoI/Be( %.OEWW%,M%W(?' gﬁe‘%ﬁq . thgFaype ].‘&a r%vﬁqa/??dteﬁgerlﬁt 2@9 th!ér forma
]9 _nlel- gha_s@m:i‘amitﬁtdr@m1OTOQ”OISDhcuIriaﬂ@th&ﬁ%oél@@ﬂb\ﬁﬁﬁtthé ottt tERP&GERFe. Wi Ch was
illed w
éuq)sequently, the soybean oil (49.1 wt%) was mixed with anhydrous methanol (7.6 wt%),
15 anhydrous ¢-butanol (20.5 wt%), and an alkyl ester (22.8 wi%) in the mixer to form a one-

phase solution. The solution was then sent to the reactor, which was filled with
NOVOZYM 435. Specifically, NOVOZYM 435 was immobilized on a carrier and was
placed into the reactor in advance. The temperature of the reactor was 45°C. Each product
from the reactor was isolated and its composition was determined by HPLC,

20 Unexpectedly, it took 50.3 minutes and 47.4 minutes to obtain a product containing
less than 1.5 wt% triglycerides using soybean oil heated at 200°C for 5 minutes and using
soybean oil heated at 210°C for I hour, respectively. In comparison, it took 53.8 minutes to

do so in a similar reaction condition using soybean oil without prior heat treatment.

25 Example 8
LIPOZYME TL IM (a thermomyces lanuginosa lipase, Novozymes A/S, Bagsvaerd,
Denmark) was used as a catalyst for preparing alkyl esters in a manner similar to that
- describe in Example 1. Specifically, it was immobilized on a granulated silica carrier and

then placed in the reactor. The reactor was then fed with a solution containing soybean ol
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NOVOZYM 435. Specifically, NOVOZYM 435 was i nmmobilized on a carrier and was
pl aced into the reactor in advance. The tenperature of the reactor was 45C
Each product fromthe reactor was isolated and its conposition was

determ ned by HPLC. 20 Unexpectedly, it took 50.3 mnutes and 47.4 m nutes
to obtain a product containing less than 1.5 w% triglycerides using
soybean oil heated at 200C for 5 m nutes and using soybean oil heated at
210C for 1 hour, respectively. In conparison, it took 53.8 nmnutes to do
so in a simlar reaction condition using soybean oil w thout prior heat

t r eat ment (4926WExh ApvEr@s materyiVE. 6‘|‘~Lft%)lwlﬂafdtdﬂe¢ hrainyal¢20.5 anbigyiand smalkibase,
Novozynes a ) catal.yst. faor paring
al kyl est gsr%s §?%§§Q%nﬁé€tes S ﬂg?%% ?%%Eo%"w eési%)r%’l ﬁfehelr%achén Elmle Wa_SLgrl%

Speci f i cahlipytes. tThagsodunniiddh thezestt@rwa iglaadimiietosipbiiden ¢as diétﬁ'hnﬁ?ddd)y t hen
pl aced in}—lfPE% reactor. The reactor was then fed with a solution containing
soybean o 2 (49.1 wt%, anhydrous nethanol (7.6 wt%, anhydrous
t-butsanol (20. Enptediznte prddattblaine@abéve cfo%‘%n&d%%ﬁl m%ﬁ@r%gagﬁr%yre of

the reactor was 45C. The reaction tinme was ) m nut es he product from
the react ¥i” \Kﬁ@ogléfé‘l’réieéGH%WQIYP@@e&c?ﬁﬁéﬁltWﬂHWGMerm ned by HPLC. 5
Unexpectedly, the product obtained above contained 94. 04 wt % al kyl esters,
3.65 w % nonogl ycerides and diglycerides, and 2.31 wt% triglycerides.
OTHER EMBODI MENTS 10 Al of the features disclosed in this specification

may be conbined in any conbi i C disclosed in this
specification may be repl acedn@?i@ﬁlgﬁﬁgﬁmff eature serving the sane,
equi val ent, or simlar purpose. Thus, unless expressly stated otherw se,
eachl(f eat ure dAHolf deecfdatines dmbmsalnnaxasmbﬁc@ﬁom@emd@iﬁeaﬁhaﬁy of equi val ent
or sim’lar f.e%% %Fg mth Qve descriptiaon, one skilled in the art
can easi | SPHUAHI,; CIE t”é% ISHpse IInt gifiealiondpaycde replaged dysn alemetive
i nventi onfea@masefmhgl%tsaﬂ@pe’qhwarégt bf amibAGuERE! Thud eSS é?({af‘ess@%{e@m can

n

make various changes and nodifications o he invéntion to adapt it to
vari ous Otherwise, each feature disclosed is only an example of a generic series of equivalent or

similar features,

15 From the above description, one skilled in the art can easily ascertain the essential
characteristics of the present invention, and without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions. Thus, other embodiments are also within the scope of the following

claims,
20
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usages and conditions. Thus, other enbodinents are also within the scope of
the followwng clains. 20 13 1. A nethod for producing a first al kyl ester,
conprising: mxing an oil source containing a triglyceride with a first
primary al cohol or a first secondary alcohol in a first organic solvent to
forma first solution; wherein each nolecule of the first organic sol vent
contains 4-8 carbon atons and a heteroatom reacting the triglyceride with
the first primary al cohol or the first secondary alcohol in the presence
of a first lipase to produce a first alkyl ester, wherein the first

sol ution does hot uwndetgd fphaséuckgnalint iy ckibr, ooigpdditg:t he reaction and

glycerol is produced.as a by-product; and obtainpin st al kyl ester
by phase separtiE ATl %H@ﬁcf’ mfr}grastpg}e‘(f‘ e"é‘gbcfé séﬁtamaryﬁLp é‘i’lféélikgl after

renovi ng éeta@ndahra%oh@r G it @?M@m}ve@a@% foﬂﬁ almgt%a&h@& vme&aﬁ eRhiffRENIOT
secondary al cohol by evaporation . A method for producing a first al kyl
ester, co®ffhe El"shgfgaiii#? solgnt gantaing 4<Soarhoe aécﬁnﬁ@dmh@r@@t@ar boxylic acid with a
first prlnary i.r.st | organic
solvent to f orl?hgcg%g ?l#estlg %lﬁ?m{ |v§)1ﬁl g ]?S(Pg ﬂé’a%}%gg%l ﬂéé fls ?Seckﬁcfa}‘:?’e first

or gani ¢ sdtalshin the)pteswms ofa Brsc Eipdsem pmdum adfivek adkxyhester; whtn@m the &esct i ng t he

carboxylic cid wt e first rlnar ohol or the f| econdary
al cohol i 8%%@ r%‘ ergy phase § fathPéﬁg%é’PBt f Bration apdy 3f‘°§‘i°?§l kyl ester,
wher ei n t@@dmmaagab§@hﬁmhpauﬂoes not undergo phase separation throughout

the reaction and water is produced as a by-product; and separating the
first alkyl estténipg ﬂreéiféwl@é estprebyrrhags scpargiion ketweanvbe first aliged agier ankt ed

first prlﬁg %l 9 &0, 3. The
met hod of ¢ |c % %ﬁ%r %gtﬁ)@gglﬁéﬁ%n%eg %zte?\fﬁ&?)%ﬁ%& ester thus
obt ai ned wcmdawéeﬂmhblyg&rapmnynal cohol or a second secondary al cohol,
optionally in a second organic solvent, to forma second

2. A method for producing a first alkyl ester, comprising:

mixing an oil source containing a carboxylic acid with a first primary alcohol or a
first secondary alcohol in a first organic solvent to form a first solution; wherein each
molecule of the first organic solvent contains 4-8 carbon atoms and a heteroatom;

reacting the carboxylic acid with the first primary alcohol or the first secondary
alcohol in the presence of a first lipase to produce a first alkyl ester, wherein the first
solution does not undergo phase separation throughout the reaction and water is produced
as a by-product; and

separating the first alkyl ester by removing the first organic solvent, the unreacted

first primary or secondary alcohol, and the water by evaporation.

3. The method of claim 1 or 2 further comiprising

mixing the first alkyl ester thus obtained with a second primary alcohol or a
second secondary alcohol, optionally in a second organic solvent, to form a second
solution, wherein the first alkyl ester is contaminated with monoglycerides, diglycerides,
triglyceride, or carboxylic acid, and each molecule of the second organic solvent contains

4-8 carbon atoms and a heteroatom;
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solution, wherein the first alkyl ester is contam nated with

nonogl yceri des, diglycerides, triglyceride, or carboxylic acid, and each
nol ecul e of the second organic solvent contains 4-8 carbon atons and a
het eroatom1 14 reacting the nonogl ycerides, diglycerides, triglyceride, or
carboxylic acid with the second primary al cohol or the second secondary
al cohol in the presence of a second |lipase to produce a second al kyl
ester, wherein the second sol ution does not undergo phase separation

t hroughout the reaction; and separating both the first and second al kyl
esters from t heagmgaoincmemiglcendes, diglyddrizlesyetifipebridt, anyrbokyll aidwitiltheo 3,
wherein the first or ol vent, or the ani c oIve is a C4-C8
tertiary Hf 8%41%“”5 aﬂ‘a?ﬂ ﬁg%elﬁ‘?ﬁ?ngfse%mé'falc@ﬁ ﬁ&eipr sﬁn‘ZF ofy ‘Foé];lhlpﬁ?e first
or gani c sa»lpt@mtcearsedoha al@?&%%@r&ﬁ%&e%d"s@ﬁttmh aoés &%@J&@é phase

2- met hyl - 2- but_ anol , 3- dlnethyl- -butanol, 2- nethyl-2- pentanol

3- et hyl - %epﬁ@ﬁ?%wughsméEWF‘Gt@npm anol , 2, 3- d| met hyl - 2- pent anol ,

2, 3-di et hyl - ?ﬁf&hh%ﬁfﬁmém%éﬁﬁ§§Q%%9%§¥§@%ﬁ%%hwfﬁyﬂ5§9%h 2- hexanol or

3- net hyl - 3- hex e net clains wherein the
first organic solvent or the second organic solvent is pyridine. 7. The
nmet hod of any pf cl rein the flr . al cohol ,, the
first secondar‘g al co &etﬁ?‘i]%f%é’mam& § o yhsie '#?8?”“8?3 éogg%tﬁﬁgle
secondar yseabebfrginic ssiidmdissC4-O3erdifryeddonen atons. 8. The nethod of any of
claims 1 to 7, wherein the oil source is plant oil, animal oil, or waste
grease. 9. The nethod of any of clains 2 to 8, wherein the oil source is a

hydrol ytic fracti omeQhebdSfan9iof clafill MBl4, Unbreirlihe YRS bEaHc S8R Ent of el O-  The

met hod of any of clains 1 to 9 mﬁgreln t he F?%steﬁ%% & or t&% second

| i pase i ssqcpmebeyiginio ealvent isg- h}@a‘npi, @rmethyl-2-butanol, 2,3-dimethyi-2-butanol, 2-
methyl-2-pentanol, 3-methyl-3-pentanol, 3-ethyl-3-pentanol, 2,3-dimethyl-2-pentanol,
2,3-dimethyl-3-pentanol, 2,2,3-trimethyl-3-pentanol, 2-methyl-2-hexanol, or 3-methyl-3-

hexanol.

6. The method of any of claims 1 to 3, wherein the first organic solvent or the

second organic solvent is pyridine.

7. The method of any of claims 1 to 6, wherein the first primary alcohol, the
first secondary alcohol, the second primary alcohol, or the second secondary alcohol

contains 1 to 18 carbon atoms.

8. The method of any of claims 1 to 7, wherein the oil source is plant oil,

animal oil, or waste grease.

9. The method of any of claims 2 to 8, wherein the oil source is a hydrolytic

fraction of plant oil, animal oil, or waste grease.
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11. The method of any of clains 1 to 10, wherein the first |ipase or the
second |ipase is candida antarctica |ipase, thernonyces |anugi nosa |ipase,
pseudononas fluorescens |ipase, pseudononas cepacia |ipase, or
chronobact eri um vi scosum | i pase. 12. The nethod of any of clains 1 to 11,
wherein the first reacting step or the second reacting step is carried out
at 0-95C. 13. The nethod of any of clains 1 to 12, wherein the first
reacting step or the second reacting step is carried out in 1-180 m nutes.
14. The method of any of clains 1 to 13, further conprising heating the oi
source to 150-215C Hidnehed oMgyloh elaimgal B, @ihkreHOile Cigst dpxwd ok Chetsb&ntieact i on
tenperatu;e bef or .ths first, mxing step. 15. The nethod of any of clains
| to 14, 1HFFH@Fm¥§Nﬁ$ SPAGYE|HI ng an al kyl ester to the first solution
before the reacting step. 16

11.  The methed of any of claims 1 to 10, wherein the first lipase or the second
lipase is candida antarctica lipase, thermomyces lanuginosa lipase, pseudomonas

fluorescens lipase, pseudomonas cepacia lipase, or chromobacterium viscosum lipase.

12. The method of any of claims I to 11, wherein the first reacting step or the

second reacting step is carried out at 0-95°C.

13. The method of any of claims 1 to 12, wherein the first reacting step or the

second reacting step is carried out in 1-180 minutes.
14.  The method of any of claims 1 to 13, further comprising heating the oil

source to 150-215°C and cooling the heated oil source down to the reaction temperature

before the first mixing step.

15.  The method of any of claims 1 to 14, further comprising adding an alkyl

ester to the first solution before the reacting step.

16



