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cl ean-burning replacenent for conventiona
pet rol eum based di esel . Bi odiesel nay be nade from
natural, renewable sources such as new or used
vegetable oils and animal fats. Biodiesel is fatty
acid al kyl esters (typically being to and can
generally be burned in conbustion-ignition engines as
a direct replacenent for petrol eum based diesel. Aside
fromproviding the benefit that biodiesel may be
generated fromrenewabl e sources, biodiesel also
provides the added benefit of decreased em ssions from
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soybean or rapeseed. The crude oil of these seeds may be separated into two
components: refined oil (which may then be further processed and converted into
edible oil) and soap stock. The soap stock may then be acidulated with sulfuric acid
to provide a composition having about 70% free fatty acids that may be further

processed into biodiesel.



[0005] To avoid the precipitation problem a two-step
nmet hod for processing the free fatty acids has been
w@e@posass This nethod can be found in EP 07 7P8Ir/84804/021592

and WD 02/ 28811, and generally consists of the steps
of (1) acid catalyzed esterif cation of free fatty
acids wth nethanol in the presence of sulfuric acid,
and (2) neutralization of the acid catalyst foll owed
by conventional base catal yzed transesterification.
These steps can be described by the follow ng reaction
schene. - OR-COR Reflux 1. -RCOH + MeOH + -CO R RCO
M+ -COR[HSO] -COR- HO-COR 1. Neutralize
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resent 1 nvention to provide a nethod of
processi ng free fatty acidscdkrom a veget abl e or angwalco,R
oil source into al kylesters in Reflux
1. RCO.H + MeOH + ——CO,R ————¥ RCO,Me + ——COzR
2 ? [H,80,]
——CO,R - H,0 ——CO,R
1. Neutralize
with Excess Base —OH
2. +MeOH
2. — >  RCOMe + H,0 + [—OH
- Salt
——OH

where each R may be the same or different and an aliphatic chain typically found in

vegetable or animal oil sources, typically Cg to Caa.

[0006] Even though transesterifications are both acid and base catalyzed,
neutralization of the acid catalyst is mnecessary because acid catalyzed
transesterifications typically exhibit slower kinetics than base catalyzed
transesterifications, under comparable conditions. The disadvantages of two-step
methods as disclosed in EP 07 708 813 and WO 02/28811 are the additional salt
waste from neutralization, long cycle times, and a cumbersome recovery scheme of
residual free fatty acids, as well as the need to separate methanol from water for

recovery and/or waste disposal reasons.



whi ch the salt and aqueous waste is reduced or

elimnated. [0008] It is a further object of the
w@e@semiss nvention to provide a nethod of procECEUSY04/021592

free fatty acids froma vegetable or animal oil source

into al kylesters in which the necessity to separate

al kyl al cohol (e.g. nethanol) fromreaction water is

reduced or elimnated. [0009] It is a further object

of the present invention to provide a nethod of

processing free fatty acids froma vegetable or ani nal

oil source into alkylesters, particularly biodiesel,

in which the recovery scheme of residual free fatty

acids is conveni entdpyp d‘p Op@ﬁ%ﬁﬁ@%ﬁor such

recovery is elimnate i gg These and
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convert the newy created glycerides as well as the )

or i gi n@PI8) Itgy efwher ofjiest o8 thp grssent RYHUPTHP PIPVHE 2 @nelioR pf processing

est er SgdOhiH ffdsAfonPh QletSR or adiftl &Y\Ebu%c‘é eﬁo RIGERSS iRfwhich the

the present” i nventi on does not involve

neut r aPPEEDI Bricrerpalbraldel E&pRFETTD rffoair TepRUOR JAE5F isadpced or
wat er $iisatsll npl i fying the process of the prior art.

The nmethod of the present invention is generally

descr i joeab] il ortkrebictiol the gleyameinvaedsn 10 Ipi'cg'idlaalnie}hod of processing
P ek B 5k SO PR REB Pt . e
al ycerﬁ)iddaaeb in ghivkathe yecpvees enhtme pf tekidnabiibe &tiymcids ivepmzeiently
nono-

ng/ - - -
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ere each be the same
o r d| f frémnadoil semaed taA gb{pem@ﬁawri:q:ﬁretﬁa waryibrs &ag fagpy mqh prantgnpof the

veget abl &uRE 1r§tpél§@hdé§ lahd SQUEGESster bR efBhd Dewly drbated glycerides as

well as the originally present glycerides into fatty acid alkyl esters for use as

biodiesel. The two-step process of the present invention does not involve a
neutralization step or the separation of methanol and water thus simplifying the
process of the prior art. The method of the present invention is generally described
below where the glycerides originally present in the oil source are represented by the
triglyceride, however, it is understood that the glycerides originally present in the oil

source may be mono-, di-, and/or triglyicerides.

COaR ——OH ——CO.R ——CO5R ——CO,R
140 - 245°C
CO,R + RCO,H + OH > COR + ——CO,R + |——0H
L—CO,R ——OH ——COzR ——OH L—OH
~——OH . .
MeOH 65°C - 80°C
RCO,Me + H,0 4+ ——OH —<
MeONa

——OH



BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE DRAW NGS

[0011] Figure 1 shows a reaction setup that may be
w@e@d/ofas3 perform ng the nethod of present i nvRCIL/US2904/021592

[0012] Figure 2 shows the acid values as a function of

time for three exanples of the present invention.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0013] As noted

above, the nethod of the present invention of

processing a vegetable or animal oil source can be

represented by the follow ng reaction schene where the

gl ycerides originally present #n the oil source are

represented by the triglyceride, however, it is

under sted ofdpat mtlyhﬁ‘e @b VRS dr A8 Rl drdliah ahghxnda&h@ae&gmm found in

the oil source e nono-, di G and/ o

trigl yY%@ﬁ‘?lﬁ%fsamf%éﬂhm@F bererll Cter - co R 140 - 245 C

- OR+RCOH+ -OH-COR+ -COR+ -OHCOR-0OH-COR

- OH - OH - OBRMEITCPESCRIETIONS QF SRZER MNE VIEWSS OF-THEBR MBAINGS

-OH Wh ach be the s or_differenf and _nm

be an DOTRGTG LHE HEgBF SB JP PBLIRESHH oy RGBPaDE degtetod of
ani nmal pI@ﬂehtlﬁ\@ﬂﬁcﬁleS, typically to The reaction may be
typically conducted in a snall-scale batch system as

shown [0A1ZfiFguuree? shows theweié vilygsiag alungtion of tims 6 leeb expmples of the
versio system shown in Figure 1 for commercial
applic te%%gtﬁé‘gguﬂwe system 8 of Figure 1 includes a L

resin reactor 10. The reactor 10 was equi pped with a

Tefl on turbine afFtal&P RESCRIAEPNSEOEHE WPMh an
associ t’ﬁ)?ﬁ As%g{ég Eﬂ%tvy ltffe Iﬁ&ﬁgdroq Iﬂle%geséln@ @ﬂxqioﬂ] giaﬁrb&gsma% a Vé:getable

mantle 17, nitrogen sgar ge t an assocli
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(30 C""Fl bekiadt or%ﬂglbz ésé}m@th@%t Slke el RGHRMG A Ga%&}h ceride,

St ar k 24 Wwth con enser 26. A vacuumline
attac hh@v%, i randespioest thatiibe Hlysdess sBEndly pigse fin the il source may

connech&dodog dl-hRd A Berides.

——CO,R ——OH ——CO.R ——CO,R ——CO,R
140 - 245°C
CO,R  + RCO.H + OH > CO,R + ——CO,R + |——0H
L—CO,R ——OH L—COo.R —OH L OH
——OH . .
MeOH 65°C - 80°C
RCO,Me + H0 + OH —=
MeONa
—OH

Where each R may be the same or different and may be an aliphatic chain typically
found in vegetable or animal oil sources, typically Cg to Cz. The reaction may be
typically conducted in a small-scale batch system as shown in Figure 1 or more
typically in a scaled-up version of the system shown in Figure 1 for commercial
applications. The system 8 of Figure 1 includes a 1L resin reactor 10. The reactor 10
was equipped with a Teflon turbine agitator 12, thermocouple 14 with an associated
temperature controller 16 and heating mantle 17, nitrogen sparge tube 18 with an
associated nitrogen gas source 20, and a packed reflux column 22 (30 c¢m height and

2,5 cm diameter) attached to a Dean Stark trap 24 with condenser 26. A vacuum line



punp 30 via an in-line ice trap 32. The vacuum was

controlled with a solenoid 34. A bubbler 36 may al so
wheoossedss Those skilled in the art will al so appr/esioat/e1592

that the nethod of the present invention can be

carried out in a continuous node using standard

equi pnent typically used in chem cal processes. [0014]

The first step of the reaction in which the free fatty

acids are converted into glycerides may be perforned

at a tenperature between about 140C to about 245 C,

nore preferably between about -#60C to about 200 C, and

nost preferably at about 180C. The first step may

furthe t
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[0015] PHRRFSS HRERE. B RR AR B Ao s M RS e
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met hano] ysi s ess, cont ai XI mat N N
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resi dual .al kal i.. weve et ho
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purifi eldaugngmmrri}fg wsabwel | g tglkigrcaaporﬁtastomeere qferytrggen, or a
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[ 0016] “FhE™ USe o cru Cerin provides an

opport F’d?)'l%] %%ré&éﬂt lirlvéﬁloﬁ her &&?ﬁﬁncp% b@rp%b'ﬂﬁrly)/\éf?e@ﬁ’\ﬁétwhen using

furthe icatl on, enhances the rate of acid
conver smém glyneralccﬂeejlmdafre@ @%&ﬁtbéﬁoéi@}é Fdveseeittife ols ar gther fats (or

purifi ed Gl ACHEh N fal NpBuihsS plBRYPECHRE HichGE af "g%ﬁated from the
gl ycerin contains substantial anmpunts of al kalin

cat al yswetharhesperesess confaips sppigratElilai 1y gy get-dd el gethenl,
soap shprk 1 a@@ﬁ Gt 8mall ¥EQmtsHT\Widnb-, BRIl GLigSEiddsp eIl Ebiesidual
in pHca. 5.5, wher eas xture of urif.ied I]J\fcgbgp d

and soé‘éfa]ét @@R’e@ferﬂl% W@O%n‘t)ﬁe PEseS 1 nt1°§ 1§ appygavie 1o grade
report @Qcérhh o \GMERE Gélycaixg a.m wellChEha glyceyih blute by, b@.used in a

395, John Wley & Son& bt 1992, esterification
react | GPREeHfREOL fiElessh %F%Vé{f thus the rate

h t th X
TSR 8 8 B B RS, (AT, T
and SO@p)dBcttomkhoptr ﬁlﬂ%d&nﬁmﬂbl’g@ud eplhdées itmmnzete efatcd gextversion in

to Con‘pmgulate({] scgag%togl?%serr rﬁlxenx‘fsg o?%u@ﬁ]adag%cgnﬁ/ alI‘Hl@ is unexpected since

crude glycerin contains substantial amounts of alkaline catalyst. Therefore, a mixture

.\.

containing acidulated soap stock and crude glycerin will be close to neutral in pH ca.
5.5, whereas a mixture of purified glycerin and soap stock exhibits a pH ca. 2.5 - 3.5.
As reported in “Advanced Organic Chemistry” 4% Bd., p. 395, John Wiley & Sons,
N.Y., 1992, esterification reactions are acid catalyzed; thus the rate enhancement at

the higher pH is unexpected.

[0017] The reaction between purified glycerin (e.g., USP grade) and soap stock
proceeds (without additional catalyst) to completion (as determined by an acid value

of 0.5 or less) at 220-245°C in approximately 6 hours (see Example 9 below). Ata



of 0.5 or less) at 220-245 C in approximtely 6 hours

(see Exanple 9 below). At atenperature of 180 C,
wowdkowisadded catal yst, using USP grade gl yceP@Tusive4/021592

esterification is conplete after approximately 14

hours (see Exanple 1 below). A nuch shorter reaction

ti me between about 9 hours and about hours to

conpletion is realized by using crude glycerin (see

Exanpl es 2 and 3 bel ow and see Figure 2). [0018] The

resulting mxture of glycerides is then subjected to a

base catal yzed net hanol ysis, f@®rning nethyl esters and

glycerin as a by-product. The glycerin generated in

thl S t bt S b I .
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purification of recycled glycerin is necessary

[ 0019]reatired byaying .cwﬁe grqsemfsce Wmﬁlgf 2 rrdi A befowt 47d sgei Fﬁ@tre 2).

step of the reaction, sche be perfor

cat aI yI8018] B¢, reshiiPe: fritdnre é’?gfy)?gra% S i ey, IS, t8r3e£?§8t°atalyzed
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cavantdyBes; BT iehot-of thESsRazeb Pt Bie e
be sumeessiazed as fol | ows: 1) the use of the unaltered

glycerin fraction obtained through al coholysis of fats
and oi 10819] The reaation echéram temgisulaohe Bistrisy of the gearting selipme, may be

unal t erd ﬁg dym{ b @atzlg&ctco%mgﬁ{a& by Y 1 TRUD 3RO0kre nwtlﬁrted o
and resi dual rom al coholysis of fats and

r at herorgdafin ﬁampeﬁm@d(e@ y&kitylfin ozidels oggpae diAmivm yorarounds (.8
gl ycer fefarfifyGhhadd), Bhli Eﬁ%t%m%ﬁface&ﬁe@ LW £ ds Oficali4drbonates,

the | ower frocessn ng erature usi ng the unal t er ed
gI ycer§aihal a&éﬁﬁb@ﬁteﬁraéﬁlﬁwqa?l%g}%fs of fats and oi I s;

reduce m nated s tu

Phe SolBRaRe et e Bbekp oL b pEen it ficerd B Shpetioed as
wat er . foll&0s2 1] tha_‘ilsedﬂ' fiRnskltesdd glyickrén ﬂ:fcfl&rﬁbbté\/lﬁd&ﬁ@ugh‘ aldohelysis of
above reac che ent ent

aci dul %{s eaaé ggsaﬁf € %Eargmp ebstgg\ee%rsb usmgnd\'{ ynia derfd g]tyﬁerm fraction
reacti @mmﬁﬁ’@&ﬁa&aﬂdwattdsrendaxemdhavakawrm altdhelymeaﬁ:faus eml oils, rather

roducts wa er m el
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gl yceri e reaction sch
pr ef er fabthy separatitred exvass atcghOé(ergeypﬂm@l) aptiveleval ue

[0021] To demonstrate the effectiveness of the above reaction scheme of the present
invention, acidulated soap stock samples were subjected to the reaction scheme and
the acid value of the reaction products was determined as a function of time. The
decreasing acid value demonstrated that the reaction scheme provides a satisfactory
method of converting the free fatty acids of the acidulated soap stock into glycerides.
The first step of the reaction scheme is preferably carried out to a residual acid value
of less than 5 mgKOH/g and more preferably to a residual acid value of between

about 0.1 and about 1 mgKOH/g.



of less than 5 ngKOH/ g and nore preferably to a

resi dual acid value of between about 0.1 and about 1
wogiekiigsi 0022] EXAMPLE 1. [0023] 549 g of aciPBai/asmd4/021592

soap stock and 108 g of USP grade glycerin were

charged into a L resin kettle 10 (Fig. 1). The

reaction setup 8 of Fig. 1 was used. The resin kettle

10 was heated to the reaction tenperature of 180C over

a period of 60 m nutes at atnospheric pressure. After

approximately 65 mnutes fromthe tine of heat input,

vacuum was applied in stages, “&s reported in Table 1,

to assist in the renoval of reaction water. A stream

of nitpeaepxwasiap! ied in addition to vacuum after

340 m nutes of reaction time (as neasured fromthe

start [0623nesd g bifeidulhted SRPBloESandR DS g bEKSMgrade glycerin were charged

ot PBR Wik ea. TPEr0as saf PHAR Gk i o

880 milruleas wad heated@d the catidn tinpbiatuteaife SMED verRaRH6EEF 60@ninutes

26. 11q, including a thi.n |l ayer 0 0 f the,reaction .
oo or it gpthEontie Aol B o8B o5 Aels AotE BRERURR inpus
t ot al weemoveredppiies & Gigeglay wpitmﬂeinrﬁiahlbm g¢o wabt 62®e Gémoval of
9. [0024L TaRLe 1 S6LS of %&§£l e a§p?f§ciﬁﬂ 21 RS VELEN S frer 340
and neasured acid values o Exanp e dennnstra?lng :
t he progrtessf wéctiphéime drveresirgnial thelsartf of deatfisputly Seoiplds were
of th : LR i.d -
Peact; A d0e ey SHTS AHAi8] HGRLL 0B ek fiinsteoinpte (4
Pr ess Ut & 053 afitrerpropmepidly 830 mpifigsn | The celjectpd distilat] mas mepsied to
[ 20/ ol Ruriatun220h 160 o9 Bp08 (R0c Rorbilarl, 160080 A% (cs -
121.3 760 no 50 169.7 760 no 60 180.0 760 no 65 179.5
350 nd-Qdattypoids; T oty secorysed ppss of glyseids mixpure weg 62007 o.
52.35 no 125 180.1 350 no 130 180.9 250 po i
[0024] Table 1 sets forth the reaction parameters and measured acid values of
Example 1 demonstrating the progress of the conversion of the free fatty acids of the

soap stock sample into glycerides.

TABLE 1 —Reaction parameters for Example 1.

Time |Reactor| Pressure | Sample [ml 0.IN| AV N,
[min] | [°C] [torr] [g] NaOH | [meq/g] | Purge
0 22.0 760 96.60 no
10 61.0 760 ' no
25 121.3 760 no
50 169.7 760 no
60 180.0 760 . no
65 179.5 350 no
95 179.5 350 no
105 | 1794 350 1.1951 [ 11.152 | 52.35 no
125 | 180.1 350 no
130 | 180.9 250 no

145 | 180.6 250 1.5196 | 11.084 | 40.92 no
175 | 179.6 250 1.3568 | 7.850 3246 no
220 | 179.5 250 14444 | 6.050 23.50 no
280 | 179.8 250 1.6529 | 4.584 15.56 no

290 | 180.0 180 no
295 | 180.6 100 no
325 179.8 100 no

340 | 179.9 100 2.0267 | 4.056 11.23  {30mL/hr
400 | 180.1 100 1.6630 | 2.328 7.85  |30mL/hr




145 180.6 250 1.5196 11.084 40.92 no 175 179.6 250

1.3568 7.850 32.46 no 220 179.5 250 1.4444 6.050 23.50
Wme0028013¥9. 8 250 1. 6529 4.584 15.56 no 290 18BCDUIRIN4/021592

no 295 180.6 100 no 325 179.8 100 no 340 179.9 100

2.0267 4.056 11.23 30ni/hr 400 180.1 100 1.6630 2.328

7.85 30nL/hr410 180.1 90 30m Ar 420 180.1 50 30ni/hr

460 180.1 60 2.5286 2.138 4.74 30ni/hr 640 180.0 50

2.5232 0.435 0.97 30nL/hr 760 180.0 50 2.6908 0.250

0.52 30nL/hr 820 180.0 50 3.0017 0.248 0.46 30nl/hr

880 180.0 50 2.5690 0.194 0.42830nl/hr [0025] EXAMPLE

2. [0026] 583.9 g of acidulated soap stock and 135. 97

g crudes@l yagphn| (cent ai ni ng 86% gl yceri n, z3ghdni|he

bal anqezR@S|Wabgr|, &y anot ang 1 esi dual m

cat al ySkgp, | g6 VEU do” 0N b BgReMEIAR0l Y978 OBgmpyRean

oi |, vegoCTaREEd 1B g 45432 €U A5KET blof (BbHLmd) - The

reactio 505 S11§0.08] Of sF1 J- 250088 0560 013€ Do /piihe

conbi MeghoMAtRE LA S, 5075 [@3 $91% FUSRENST 861 N38mPAHE| °0

m Xture&é@y Vl@bU O3p T SOREEYMANCY, 10a T 9D €T30 ERr

neasurea t 34 The M Xture was heated to reaction
tenperature of 180C and vacuum was applied in

conjunc a nitrogen sparge to facilitate the
r enoval’ %JSSEP%@?%% water, as reported in Table 2. The

t ot al ' | |.at t.h

O QI oL L 80 TRl v s
nol ec uglwenwang kite bﬁmcteyas mtexdmpthmsarﬂeasiualéﬂset @tahBt),58riged from
The 1 & ove{h{inCJ'l smlog soybeanuog)% clfxérge% mt\églsl ]??e%m(?cgrﬂg llg_)rgl? %91)/0 The

based ont
shows tebrdibn lsgtup8 |0ﬁ gigt hevas psgde To¢ yid of ithe, combhmed prititlges a 10%

of v acy Q&ptl acﬁg’éo%éfuﬂ: ng'gH{nE at fs@ﬂop%&l nf jw%trelo gv%p measured to

spargin e consi dera
over al $:34- eé"bQ PdFuIe jvae hﬁ%edrfeawﬂ@ @@W@fﬁf&kﬂfégﬁﬁ @d vacuum was

applied in conjunction with a nitrogen sparge to facilitate the removal of reaction
water, as reported in Table 2. The total amount of distillate, including methanol and
reaction water, as well as approximately 3.5 ml low molecular weight fatty acids, was
measured to 58.58 g. The recovered weight of glycerides was 654.68 g (90.9% based
on total mass input). In general, this example shows that by using the crude glycerin,
the duration of vacuum application in combination with nitrogen sparging may be
considerably shorter, and that the overall reaction time to reach a comparable acid

value was significantly reduced (880 min vs. 615 min), as compared with Example 1.

[0027] Table 2 sets forth the reaction parameters and measured acid values of
Example 2 demonstrating the progress of the conversion of the free fatty acids of the

soap stock sample into glycerides.

TABLE 2 — Reaction parameters for Example 2.

Time [Reactor| Pressure | Sample {ml 0.IN| AV N,
[min] { [°C] [torr [g] NaOH | [meq/g] | Purge
0 20.4 760 94.10 no
15 62.0 760 no
30 | 106.4 760 no
45 | 131.2 760 no
60 | 157.1 760 no
75 | 177.0 760 no




val ue was significantly reduced (880 mn vs. 615 mn),
as conpared with Exanple 1. [0027] Table 2 sets forth

W0 b@s0erasi i on paraneters and neasured aci d val BEBUST004/021592

Exanpl e 2 denonstrating the progress of the conversion
of the free fatty acids of the soap stock sanple into
gl ycerides. TABLE 2 - Reaction paraneters for Exanple
2. Tinme Reactor Pressure Sanple m 0.1N AV N [mn] [

Cl] [torr [g] NaCH [neq/g] Purge 0 20.4 760 94.10 no 15
62.0 760 no 30 106.4 760 no 45 131.2 760 no 60 157.1
760 no 75 177.0 760 no80 180. 4%-760 no 90 181.0 760 no
105 180.3 760 no 120 180.5 760 1.3349 12.848 53.99 no
135 190@3 768.Hq 148 180.3 350 no 150 180)4 350} 1.8577

13. 610 B4 ngﬂ@ 17960181)“1. 350 o 190 180.§ 350 1. 6703
9.378 3]?055J1§6?3 95761‘0"9. 7250 o 235 179525 2] 3303
8. 814 2132,9221 3 24076]380. 81.‘29 D239 k8ho7 (10 o 305
180.0‘&H§ 780729 d9gp4 | 12. 84 0 369 180. 5 |10, 2] 3596
3. 495 B3R 310 B 240 30Nt/ hr 4351800, A0
30mL/ hry55 71804 | 350 | 1.8577 | 13.610 | 4110 | mno

170 | 180.1 350 no

190 | 180.0 350 1.6703 9.378 31.50 1o

195 | 179.7 250 no

235 | 179.5 250 2.3303 8.814 21.22 no

240 | 180.8 170 no

245 | 181.7 100 no

305 | 1R0.0 100 1.8723 4284 12.84 no

365 | 180.5 100 2.3596 3.495 8.31 no

370 | 178.7 40 30mL/hr

435 180.0 40 30mL/hr

465 | 179.9 40 2.2633 | 1.040 2.58  |30mL/hr
615 | 180.1 40 2.8797 | 0.182 0.35 {30mL/hr

[0028] EXAMPLE 3.

[0029] Example 3 demonstrates that by utilizing the combination of vacuum and
nitrogen sparge earlier in the process, cycle time can be reduced further, without
negatively affecting the final product, e.g., by removing raw material from the reactor
resulting in decreased yields. 528.5 g of acidulated soap stock were combined with
124.4 g of crude glycerin and processed as under example 1 — 2. The pH of the
reaction mixture immediately after combing the raw materials was measured to 5.04.
The total weight of distillate was measured to 54.77 g and the isolated yield of
glycerides was 589.68 g (90.3% based on total mass input).

[0030] Table 3 sets forth the reaction parameters and measured acid values of
Example 3 demonstrating the progress of the conversion of the free fatty acids of the

soap stock sample into glycerides.

TABLE 3 — Reaction parameters for Example 3.

Time {Reactor| Pressure | Sample {ml0.IN| AV N,
fmin] | [°C) [torr] [g] NaOH | [meqg/g] | Purge
0 20.4 760 104.20 no
15 71.4 760 no




465 179.9 40 2.2633 1.040 2.58 30niL/hr
2.8797 0.182 0.35 30nL/hr

[ 002
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EXAMPLE 3.

615 180.1 40
[ 0029]

wEx@sPples8 denonstrates that by utilizing the PCT/US2004/021592

conbi nati on of vacuum and nitrogen sparge earlier
t he process,
W t hout negatively affecting the final
by renoving raw materi al
decreased vyi el ds.

cycle tinme can be reduced further,

pr oduct ,
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in

e.g.,

resulting in

528.5 g of acidul ated soap stock

were conbined with 124.4 g of crude glycerin and
The pH of the
reaction mxture inmediately after conmbing the raw

processed as under

exanple 1

mat erijalsy Wag1peRsyged [to 5.04. The| total |wehght of
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[torr] gy [Nabhy [ a5 Ul T3 [022% ¥R 404n20|no 15
71.4 76yg§L3@0§11-%550 mo 3[5 120 760N g 415 -
140.5 [7 M)':H990 166, 0760 g7 5 180, 4760, 758
24. 83 995 ¥2173 70 9%5&7 '§.,Q§M g Bk 1P 2316‘99 4 {$011. 5155
17. 47664764945 g0 Tggy 1805764~ 1. 13p1 10 1158,507 03 no
145 18% 2%5:5 i gy 3800350 1.8&34‘12.4/ﬁ33-.76 n
0 195 8852 PeY ™ Joo no

285 | 180.5 100 2.3684 | 5.854 13.87 (30mL/hr

290 | 179.9 40 30mL/hr

345 | 179.8 40 2.0354 | 2.452 6.76 _ |30mL/hr

405 | 130.1 40 2.1778 | 0.802 2.07  |30mL/hr

465 | 179.9 40 2.3043 | 0.190 0.46  [30mL/hr

525 | 180.0 40 1.9636 | 0.138 0.39  [30mL/hr

[0031] Figure 2 compares the rate of conversion of the free fatty acids of the soap
stock for Examples 1, 2, and 3 and demonstrates that the conditions of Example 3

provide the most accelerated conversion.
[0032] EXAMPLE 4.

[0033] Example 4 demonstrates the effect of a reduced glycerin charge. The amount
of 520.2 g of acidulated soap stock and 91.8 g of crude glycerin (15 wi% effective
glycerin) were charged into a 1L resin kettle 10 (Fig. 1) and treated as in the previous
examples. To maintain a similar pH as in Examples 1 and 2, an adjustment was made
using 7.35 g 25% solution of sodium methoxide in methanol. The total amount of

distillate recovered was 53.5g and the glyceride yield was 548.71 g.

[0034] Table 4 sets forth the reaction parameters and measured acid values of
Example 4 demonstrating the progress of the conversion of the free fatty acids of the

soap stock sample into glycerides.

TABLE 4 — Reaction parameters for Example 4.



200 17
230 17

wQ3®548055 100 2.3684 5.854 13.87 30nL/ hr

9.5 250 n o 225 179.7 250 2.0317 8.580 23.69 n o
9.9 160 n o 235 180.1 100 n o 255 179.1 100 n o
290 BGZPUS2044/G21592

30nL/ hr 345 179.8 4 0 2.0354 2.452 6.76 30nL/hr 405
180.1 4 0 2.1778 0.802 2.07 30mL/hr 465 179.9 4 0
2.3043 0.190 0.46 30nL/hr 525 180.0 4 0 1.9636 0.138
0.39 30nL/hr [0031] Figure 2 conpares the rate of
conversion of the free fatty acids of the soap stock
for Exanples , 2, and 3 and denpnstrates that the
condi tions of Exanple 3 provid@’the nost accel erated

conversion. [0032] EXAMPLE 4. [0033] Exanple 4
denmonsiRALFEAIF] Shre&CY|. Smpte TmESEED HWCHl I R, cjar ge.
The a rﬁ%}] oFcp20. feorf) qf fi\é?dt nabgd mpg]stp&féeand
91.8 gro5 rr PYRET T ( 15 W70 €T T 6BF by g}l_(yUEri n)
were chgcgethygito gt Testmkettte t0 (F g. jJ and
treat eg |1U1"5i| PEVIOUS EXANPHES TO TTHIMLArT) a
simla 3 FY1%.5 Ex tgs—I—and—2;—anm adj oSt et jwas
made u i3lgg (% 2Rt gotutton of —spdrum et pxi|de in
nmet han =4Q H‘ﬁ?’—%@( ai76ou| tht—ofTdirstitate Tecgyeried was
53. 59 gy Iiglgi cejddgyietdwas 5#8 7t $034]
Tabl e Aﬁc S73 gt ggrereactgn—par peter s —apy
nmeasur WSa“il"gJLEa ey ofiExanptie4—dgnonstrat gt he
Pr Ogr e8%50T T5fig FOmEer ST B | Tt SR Gt Vg | ds of
t he S OB, 898 9 SRR nto—grycertdes. TAG =
React i i@go"rlg(ﬁt f 6.:0.“ Exanptre—4—Tnme—Re ’ress
Sanmpl e Tu%lﬂgDQAJ:yé"ﬁ"ﬂ rer—rtorr—t—iN Ohm&u:q/g]
Purge PraPra7ds 04620 195t 1B B0 B%a2Y Tha- g 76 no

130 | 179.2 76 no

135 | 179.7 55 no

140 | 181.3 35 no

160 | 178.8 35 no

165 | 1784 25 no

180 | 180.6 25 1.3293 | 8.2000 | 34.61 no

215 | 179.4 25 no

240 | 180.4 25 1.3045 | 4.9940 | 2148 no

245 | 181.6 10 no

300 | 179.7 10 1.2125 ]2.7960 | 12.94 no

310 | 180.2 4 no

360 | 179.9 4 1.4515 | 2.1060 8.14 no

370 | 179.7 4 30mL/Hr

420 | 180.1 4 1.3065 | 0.5260 2.26 30mL/Hry

570 180 4 2.0472 | 0.1440 0.39  30mL/Hy

[0035] EXAMPLE 5.

[0036] Example 5 is analogous to Example 4, but without the pH adjustment. The pH
of the combined glycerin and soap stock was 5.03. The nitrogen sparge for the last
hour was increased from 30 mL/hr to 60mL/hr. The final amount of distillate
collected was 55.25g and 552.73 g of glycerides were recovered.

[0037] Table 5 sets forth the reaction parameters and measured acid values of
Example 5 demonstrating the progress of the conversion of the free fatty acids of the

soap stock sample into glycerides.



30 112.5 76 no 35 123.2 76 no 40 133.1 76 no 50 151.5
76 no 65 173.2 76 no 75 181.2 76 no 90 180.8 76 1.2199
wa008p805¥3. 02 no 100 179.9 76 no 105 180. 2 76PCIDUS04/021592
181.0 76 no 120 179.5 76 1.3880 13.4200 54.24 no 130
179.2 76 no 135 179.7 55 no 140 181.3 35 no 160 178.8
35 no 165 178.4 25 no 180 180.6 25 1.3293 8.2000 34.61
no 215 179.4 25 no 240 180.4 25 1.3045 4.9940 21.48 no

245 181.6 10 no 300 179.7 10 1.2125 2.7960 12.94 no
310 180.2 4 no 360 179.9 4 1.4515 2.1060 8.14 no 370
179.7 4 30ni/H 420 180.1 4 18065 0.5260 2.26 30nL/Hr
570 180 4 2.0472 0.1440 0.39 30nL/Hr [0035] EXAMPLE 5.

[ 0036] T@mme&nbﬁp@a@ét&g@yﬁxah@legxanpl e 4, but

w t hout he pH adj ustne pof the ¢ nhl ned
gl ycer |'ﬁifﬂar%Pan9 Bressck S\MBICS og®.I1NThe AN t fogen spar ge
for tHdéminhkt [°C] [torr] [g] NaOH [meq/g] 2 Purge |
0 24.8 760 104.20 no
15 82.5 760 no
40 139.6 760 ‘ T no
60 173.2 760 no
70 180.1 760 no
75 180.1 760 1.0755 | 17.1360, 85.38 no
90 179.2 760 : no
105 | 180.2 760 no
120 | 180.1 760 0.8893 9.4660; 59.71 no
130 | 180.6 760 no
135 | 179.5 350 no
165 | 178.6 350 0.9661 7.4100; 43.03 no
205 | 1827 350 1.5781 8.9740, 31.90 no
210 | 180.0 100 no
300 | 181.3 100 1.3542 4.4440, 18.41 no
310 | 180.2 40 30mL/Hr
420 | 180.0 40 1.8068 22180 6.89 30mL/Hr
600 | 180.1 4 1.8589 0.3300, 1.00 30mL/Hr
610 | 180.1 5 60mL/Hr
660 | 180.0 5 1.8270 | 0.1280] 0.39 | 60mL/Hr

[0038] EXAMPLE 6.

[0039] Example 6 is a comparative reaction which highlights the fact that the
glycerolysis can be carried out with a variety of raw material streams such as yellow
prease and acidulated glycerin (recycled glycerin from soy oil methanolysis but
without alkali or methanol), and can be subjected to a conventional esterification
catalysis. 498.1 g yellow grease and 50.0 g acidulated glycerin were charged together
with 1.0 g of Dibutyltinoxide into a 1L resin kettle 10 (Fig. 1) and heated to a reaction
temperature of 200°C. When the reaction temperature reached 200°C, a vacuum of
250 mmHg was applied. After approximately 6 hours, the acid value was measured to
be 0.5 AV, and about 5.5 mL liquid had been collected in the Dean-Stark trap. The
reaction mixture was cooled to an appropriate temperature to safely add 116 g of
methanol and 7.5 g of a 25% solution of sodium methoxide in methanol. The reactor
was then heated to 77°C for 2 hours while agitating. Heating was discontinued and

the mixture was allowed to settle. A total of 147.43 g of glycerin containing phase



hour was increased from30 niL/hr to 60nL/hr. The fi nal
anount of distillate collected was 55.259 and 552.73 g
w@booghyass i des were recovered. [0037] Tabl e 5 BEL/ES2004/021592

forth the reaction paranmeters and neasured acid val ues
of Exanple 5 denonstrating the progress of the
conversion of the free fatty acids of the soap stock
sanple into glycerides. TABLE 5 - Reaction paraneters
for Exanple 5. Tine Reactor Press Sanple m 0.1N AV
[mn] [ C [torr] [g] NaOH [neg/g] Purge 0 24.8 760
104.20 no 15 82.5 760 no 40 13976 760 no 60 173.2 760
no 70 180.1 760 no 75 180.1 760 1.0755 17.1360 89. 38

N0 90 ¥dreRovid GrofOthd B¥atoh®P thé mbifte.NDhelrd@aidiBQ mhteri flQvas stripped at
0.8893 _9,4660 59.71 no 139 0.6 .760 ng él.fgqg 79.5 %go 4
no 16569I.$§° ETeEe) Sxyew drsihanel, CRYIHE CHEe PRase Was Gapywashe
1. 578 1wih 914QL 3AwRE:, fittred §0 5 hiButed addiBt atle FQQbAE 20 ﬁlin'h@@ before
1. 3542 4. 4440 18. 41, no .31 8 Hr 420 180. 0

401 e Dpsheots 8 e SRt TR0 PTIRNT Y gt more
1.00 3@ﬂlJ|ﬂ[e sarh ath8itht bf HatGOTtercoBBifedl Beds PhadseBREAO collected and
0.1280 I - 6. 9 6

st et U 1n0RRte SOVl seinndd o S b vacuum

t hat t twsil dry (final water content 430 ppm). The yield of biodiesel esters was 366.3g,
[0040] EXAMPLE 7.

[0041] 684 g of acidulated soap stock and 163 g of crude glycerin were charged
together with 3.5 g of potassium acetate (pH of mixture was 5.48) into a 1L resin
kettle 10 (Fig. 1). The reaction mixture was heated to temperature and vacuum and
nitrogen was applied as in the previous examples, as reported in Table 6. The final
acid value was 0.21, with 72.56 g distillate collected, and a glyceride yield of

approximately 758.76 g (accounting for sampling during the reaction).

[0042] After cooling the reaction, 120 g of methanol and 5.7 g of sodium methoxide
solution (25% in methanol) was added, and the reactor was heated to 65 — 68°C for
1.25 hours, after which the reaction mixture was allowed to settle for 1.25 hours. The
glycerin fraction was then removed from the bottom of the reactor (198.33 g),
followed by the removal of excess methanol in vacuo (17.66 g). The reactor was then
charged with 22 g distilled water and agitated for 10 minutes. After a settling time of
3 hours, 52.57 g aqueous phase was removed (overnight an additional 10.57 g of ester
was recovered from the initial aqueous phase). 254.95 g of the ester, prepared in this
manner, was distilled under vacuum (10 — 20 mmHg) to give 224.61 g of nearly

colorless methyl ester product.

[0043] Table 6 sets forth the reaction parameters and measured acid values of
Example 7 demonstrating the progress of the conversion of the free fatty acids of the

soap stock sample into glycerides.

TABLE 6 — Reaction parameters for Example 7.

Time| Reactor | Press {Sample| ml1 0.IN| AV
[min]] °C [torr] | [g] NaOH |[meq/g]|N; Purge
0 16.4 760 112.00
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aqueo 2035y d 9'?r :ZS' He—bottom ’T“.is pt & 8 was
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L resin kettle 10 (Fig. 1). The reaction m xture was
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appl i egoogs] EXAMIEERr evi ous exanpl es, as reported in

Table 6. The final acid value was 0.21, with 72.56 g
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[0046] Table 7 sets forth the reaction parameters and measured acid values for

Example 8.

TABLE 7 — Reaction parameters for Example 8.

Time [Reactor|Pressure}Sample|ml 0.IN| AV N,
[min] | [°C] [torr] [g] |NaOH |[meq/g]] Purge
0 33 760 96.60 no
15 77.6 760 no
30 | 128.6 760 no




foll owed by the renoval of excess nethanol in vacuo
(17.66 g). The reactor was then charged with 22 ¢

wale@sioldissl water and agitated for mnutes. AftBCT/EHS2004/021592
settling time of 3 hours, 52.57 g aqueous phase was
renoved (overnight an additional 10.57 g of ester was
recovered fromthe initial aqueous phase). 254.95 g of
the ester, prepared in this manner, was distilled
under vacuum (10 - 20 nmHg) to give 224.61 g of nearly
col orl ess nethyl ester product. [0043] Table 6 sets
forth the reaction paraneters*énd nmeasured aci d val ues
of Exanple 7 denonstrating the progress of the

conver§i@@ oﬁai@e ﬁg@e fatty acids of fhepgoap stock
sanpl e;g@ O AT TRES | 170535816 | Begs |l O, par amet ers
for Exgmpie {g0.31 | BppedCL 0T Pressrsanpie [0 IN AV
[mn] € fior i ot oo PuT T Opd® ¢ 760
115 oot o e SeL e 1l 1o 172,
180 S0 b TP o H4%an 119N d Py A8 0pd00] 1 TRTE
<350 S0 Prgp [T OO0 HEU 1801 A907 ke> 180,
179, 6 SoRsRdsUT) A3 Jea g brooop o 0 7oa82 D0 200
179, 9 ISP ey 100 PR DBy 25 18- 8 40
[, ; Ig;oa.s e X A UL B e S AR AP 30b4 6. 766

16.46 3982 s [ 350 no

270 | 180.1 350 | 1.7471 1 5.120 | 16.44 no

285 | 180.0 350 no

300 | 180.5 350 no

302 | 180.5 290 no

305 | 181.1 250 no

330 | 180.5 | 250 |1.5455| 3.466 | 12.58 no

345 | 178.8 150 30 mL/Hr

360 | 180.7 | 100 30 mL/Hr

390 | 180.1 100 [1.9501 | 3.036 | 8.73 [30mL/Hr

405 | 180.1 60 no

420 | 180.1 60 no

450 | 1794 60 2.1709 | 2.274 | 5.88 no

510 | 179.7 50 1.4046 | 0.944 | 3.77 no

690 | 180.1 40 2.6843 | 0.885 | 1.85 no

710 | 179.6 15 30 mL/Hr

740 | 179.9 15 24716 | 0.416 | 0.94 |30 mL/Hr

[0047] EXAMPLE 9.

[0048] 250.7 g yellow grease (AV 29.5 mgKOH/g) was charged together with 14.7 g
of acidulated glycerin and heated to a reaction temperature of 230°C. After 45
minutes into the reaction, a vacuum was applied at 23 inches to facilitate removal of

water. After 8 hours reaction time the acid value was 0.37.
[0049] EXAMPLE 10.

[0050} 515.0 g acidulated soap stock (acid value 126 mgKOI/g) were charged
together with 133.1 g of acidulated glycerin and heated to 230°C. After 45 minutes at
230°C vacuum was applied at 20 inches to assist in the removal of reaction water.

After a total reaction time of 7.5 hours, the acid value was 0.34,



300 180.1 40 30rLZHr

3OMLTHr

370 179.6 40 3.2247 2.268 3.95
435 179.6 40 4.0911 0.301 0.41 301LZHr
WaAZ®5019683 2. 7252 0.100 0.21 3O01LTHr

480

[0044] EXARPL/ESB04/021592

[ 0045] 541.29 g of acidulated soap stock and 108.5 g

USP gl ycerin were charged together

into

a L resin

kettle 10 (Fig. 1) and heated to reaction tenperature
of 180C. Wen the reaction tenperature reached 180 C,

a gradual
(Tyzor

on

vacuum was applied. Tetrabutyltitanate
(r) TBT) was injected blow the liquid Ievel
the reactor tw ce through a ssbt nge,

in
ce at 270 mn

and again at 405 min el apsed reaction tine. After

appro
be 0.

05

2 ho
an

“about

A

Aok Wb

col | echmdgh 10.t he Dean-Stark trap.
forth the reaction paraneters and neasured acid val ues

for ExaMl SABLEBRARmnpry of pesulistiprdivapalenirgler s for

Exanpl e 8. Tinme Reactor

|

a
[ 0046

e%"sgan\}q@@v DEARULE ﬁxan‘Ebles 1

ad been
] Table 7 sets

Pressure Sanple m 0.1N AV N

[ mi n] (Fxapd [R5 | [ JFaNaOrRERBGH JRxUT OPABHS Batlet
96. 60| N0 15 |7iy&rid6Q Av0 30Tik28. 6 | 78@pno5 160.6 760 no
60 17f7.5 760 1. 7029 |25. 61684} 39 | ffg]65 180. 3 500 no 70
181. 7259 o BHpy80.[50420| I. §8678 | 1318830 65. 15Nese 120
180. 0259 1 439¢) 126885 49. 42500 | 15(%018D. 1 4500 165
180. 3459 Mo 3b56) 179- 9.3950 1575293 818068| 32. 16Nage 185
180. 5[37¢ N0 15 (C) 0.39 570 180 None

5 15 (C) 0.39 660 180 None

6 | 10(R) 0.50 360 200 0.5Wt%DBTO

7 [20(C) 0.41 435 180 0.5 wi% KAc

8 |20(P) 0.94 740 180 0.2 wi% TBT

9" |575(@R) | 037 430 230 None

10 |25(R) 0.34 450 230 None

n.d. = not determined

* = Reaction run with yellow grease (12wt% Free fatty acid) as comparison
DBTO = Dibutyl tinoxide

TBT = Tetrabutyltitanate

Crude glycerin ca. 86% pure (C)

USP glycerin >99.9 % pure (P)

Glycerin recycled ca. 98% pure (R)

[0053] EXAMPLE 11.

[0054] Example 11 demonstrates the effectiveness of the method of the present
invention on a large scale. To 1,670 Ibs of acidulated soap stock, 304 Ibs of glycerol
were added. The mixture was agitated and heated to 180°C reaction temperature,
while removing residual methanol from the recycled glycerin as well as reaction water
from the formation of glycerides. The removal of reaction water was facilitated by
the use of vacuum (40 mmHg max.) and nitrogen sparging. After approximately 16
hours (including approximately 2 hours heat up time), an acid value of 1.0 was
reached. The reaction was cooled to < 60°C and methanol was charged (732 1bs) as
well as 45 Tbs of sodium methylate (21% solution in methanol). The reactor was

heated to 68°C and maintained at this temperature for one hour. Agitation was then

stopped and the glycerol phase was allowed to settle at the bottom of the reactor for



188 181.1 350 no 270 180.1 350 1.7471 5.120 16.44 no

285 180.0 350 no 300 180.5 350 no 302 180.5 290 no 305
wagms2149590 no 330 180.5 250 1.5455 3.466 12. 58PCUSWB4/021592

178.8 150 30mUHr 360 180.7 100 3OrUHr 390 180.1 100

1.9501 3.036 8.73 3 0 nL/H 405 180.1 60 no 180.1 60

no 450 179.4 60 2.1709 2.274 5.88 no 510 179.7 50

1.4046 0.944 3.77 no 690 180.1 40 2.6843 0.885 1.85 no

710 179.6 15 30 nL/Hr 740 179.9 15 2.4716 0.416 0. 94

30 nl/H [0047] EXAMPLE 9. [0048] 250.7 g yellow

grease (AV 29.5 ngKOH g) was cfarged together with

14.7 g of acidul ated glycerin and heat ed to a reaction

tenper%%lgxﬁna?gl 230 AREL @Fam g &8 140 rdsfABal methanol was

reacti a VAcuum was appl 3 |nches to

faci | i remored dirpsarmomd 2 1oy of )ﬂ(ﬂ%he‘f"atg Woupdled éa% fhegpixture was

time t &ﬁrea%rq 5\ah leh?d M@ﬁle@ to3dettlel OE AuebutMRe Bval Qemoved from the

[ 0050] 515. % aci dul ated soap stock (acid value 126

gy KOH/ b‘)ﬁOWe?fet ¢ ﬁe&ft@re dTl?eoﬁéth{e\pasV@?% evpquated t@ regpove residual water

aci dul ﬁ:tslﬁ%gg{é )é‘éﬁlﬁé RetByl stBSbRGt. lt”Khe 28 ﬁiethﬂf etsﬁf wékSthen subjected
m nut es at vvacu a |.e es. to
assi st 1 BeywRd ?@% ‘éiirg‘nf‘g F‘@’é‘@g BHY \%&432 fos Of\fifaé CglofISSts Afistilled

reacti ggperti me of 7.5 hours, the acid val ue was
0. 34.[0051] Table 8 sunmari zes the reaction paraneters
and AV[00eyHXAaVPIE 12Exanpl es 1 through 10. [0052] TABLE

8 - Summary of results for Exanples 1-10.
[0056] Example 12 demonstrates the effectiveness of the method of the present

invention on a large scale. To 1,521 Ibs of acidulated soap stock, 380 Ibs of glycerol
were added, consisting of 304 Ibs crude glycerol from the methanolysis of soybean oil
and 76 Ibs of the recycled glycerin fraction of the previous large scale run of Example
10. The mixture was agitated and heated to 180°C reaction temperature, while
removing residual methanol from the recycled glycerin as well as reaction water from
the formation of glycerides. The removal of reaction water was facilitated by the use
of vacuum (40 mmHg max.) and nitrogen sparging. After approximately 12 hours
(including approximately 2 hours heat up time), an acid value of 0.5 was reached.
The reaction was cooled to < 60°C and methanol was charged (434 1bs) as well as 41
Ibs of sodium methylate (21% solution in methanol). The reactor was heated to 68°C
and maintained at this temperature for one hour. Agitation was then stopped and the
glycerol phase was allowed to settle at the bottom of the reactor for approximately 1
hour. After draining the glycerol phase residual methanol was removed via vacuum,
and 20 1bs of wash water were added and the mixture was stirred for 15 minutes and
then left to settle. The aqueous phase was removed from the bottom of the reactor.
The reactor was then evacuated to remove residual water resulting in a crude methyl
ester product. The crude methyl ester was then subjected to vacuum distillation

yielding approximately 1,370 Ibs of nearly colorless distilled ester.

[0057] While particular elements, embodiments and applications of the present
invention have been shown and described, it will be understood that the invention is
not limited thereto since modifications may be made by those skilled in the art,

particularly in light of the foregoing teachings. Therefore, it is understood that the



Exanpl e W % Fi nal Reaction Rxn Added Catal yst G ycerin
AV Time Tenp. [min] [ C 1 20 (P) 0.42 880 180 None 2
WQ@QR006/2)9183 35 615 180 None 3 20 (C) 0.39 525 18PCTMUSI®041021592
15 (©) 0.39 570 180 None 5 15 (C) 0.39 660 180 None 6*
10 (R) 0.50 360 200 0.5wt %OBTO 7 20 (C) 0.41 435 180
0.5 wt %Ac 8 20 (P) 0.94 740 180 0.2 wt% TBT 5.75 (R
0. 37 480 230 None 10 25 (R) 0.34 450 230 None n.d. =
not determ ned = Reaction run with yell ow grease
(12wt % Free fatty acid) as conpari son DBTO = Di butyl
ti noxide TBT = Tetrabutyltitan@te Crude glycerin ca.
86% pure (C) USP glycerin >99.9 % pure (P) dycerin

recycled ca. 98% pur R). [ 0053 . 4

ol SRS FATRE AREP T ARy oL Lo puielas by e ot
of t heinpnésgletnt lintih e ndpitd rand rseepe | eribre ingerdibm. which is @¢fed by the
| bs of .aci dul.a - : . :

added, PiReoR R e BRRREL Ak g i HRcfbs S AHERNRY il e
r eact i dovtrinepPrgpielent®, whil e renovi ng resi dual nethano
fromthe recycled glycerin as well as reaction water
fromthe formati on of glycerides. The renoval of

reaction water was facilitated by the use of vacuum

(40 mHg max.) and nitrogen sparging. After

approxi mately hours (including approximately 2 hours

heat up tinme), an acid value of 1.0 was reached. The
reacti on was cooled to < 60C and net hanol was charged
(732 I bs) as



well as 45 I bs of sodiumnethylate (21% solution in

nmet hanol ). The reactor was heated to 68 C and
woregospgiined at this tenperature for one hour. PQi/US1000021592

was then stopped and the gl ycerol phase was allowed to

settle at the bottomof the reactor forapproximtely 1

hour. After draining the glycerol phase, residua

nmet hanol was renoved via vacuum and 20 | bs of wash

wat er were added and the m xture was stirred for mn

and then left to settle. The aqueous phase was renoved

fromthe bottom of the reactorl®The reactor was then

evacuated to renove residual water resulting in a

crude nethyl ester product. The crude nethyl ester was

then subjected to vacuum di st Amid on yi el di ng

approximately 1,429 |bs of nearly colorless distilled

ester. [0085] EXAMBIoE oflidakifeAabyletixamppisidpihe following steps:

denonstrates the effectiveness of the nmethod of the

present in : 4 : g 3 3 ; 0fc;

acidulated%ggggﬁgﬁggﬁémg%% @%iﬁg%ﬁﬁfggg%%%?§§%%ﬁgdﬁﬁﬁfm¢br

consi seiyergidef 304 | bs crude gl ycerol fromthe

met hanol ysi s of soybean oil and 76 | bs of the recycled

gl ycerin frasiditie @jcetoheufte 0pittas O3aggealatal e run of

Exanpl e 10. The m xture was agitated and heated to

| SOC reacti r Il V4 i :

ot hanol 1 1 AR EBpH Eiqudlad s A BT o URL for etetive

react i ovnvevsipepf the Gen fateacids epdiglyesridasfintg b yiepie @6 monoFh@-, and tri-

renovallgéi%paction water was facilitated by the use

of vacH n1€ O nmHg nax.) and nitrogen sparging. After

approxi mately hours _(in¢ludin roximately 2 hour

heat up ti rRS§vidimg,mgbanel 4, pn, éxcgﬁsq%g"?e Rout iﬁceﬁ%‘a? e‘ﬁi" about 3
reacti@aﬁwmﬁgpooled to < 60C and net hanol was charged
(434 I bs) as well as 4 1 | bs of sodiumnethylate (21%
solution in t hapol ). he- r S 6 :
and mai nt ai rﬁ%gn%ﬁﬂ % ﬁ‘?%m%eﬁfpéﬁgﬁﬁl%ew orthgﬁg&%galtr ?Or o effetive
Agi t at iconversias of glwneridss apphatly soxteliyhestqgt; ycer ol phase was
‘allowed to settle at the bottomof the reactor for

appr oxi mat elo¥ovdridaty fattyAcla@iyiesaisni ng the gl ycerol
phase residual methanol was renoved via vacuum and 20

| bs of wash. wat wer.e.,added and the.m xtu .
2 e S R TP oL Mo e o

stirred for 0 S
agqueousopbameé ollvesiree érperfethed inahe presendsof ¢ catalpt. t he
reactor. The reactor was then evacuated to renopve

residual waf er bk didin @ v BEhREA is@SERIA from th
product . Th% crgggH%%tﬁyl égteremas théﬂ%sﬁbjecteém% v B

. .0
vacuumegnsisting ofioreerptipi WmRPyRgs. a5 pne Kt (comRouggsy allgli acetates,
of nearchy,fah oefcletgt\%s? @at hdidse d1ke®t @fbonates, earthalkali carbonates, and

combinations thereof.
4, The method of claim 3 wherein the catalyst is dibutyltin oxide.
5. The method of claim 3 wherein the catalyst is tetrabutyl titanate.

6. The method of claim 1 wherein the glycerol source is USP grade
glycerol or purified glycerol.



[0057] While particular el enents, enbodi nents and

applications of the present invention have been shown
w@nwstedsy i bed, it will be understood that thePCT/US2004/021592

invention is not limted thereto since nodifications

may be made by those skilled in the art, particularly

in light of the foregoing teachings. Therefore, it is

under stood that theenbodi nents descri bed above are

merely for illustrative purposes and are not intended

tolimt the spirit and scope of the invention, which

is defined by the foll ow ng crénms as i nt er preted

according to the principles of patent |aw, including

the doctrine of TRAYLNG & Ha$m CLilVRinlthe AlyPBEINQEEOTs crude glycerol

maki ng an al kyl ester_conpri si nq thg fol ]l ow ng steps:

provi drefeyes fiemya fatsplitipg or Ys1sQ5YeBbIE Ak uding free

fatty acids and/or glycerides; providing a glycerol

source of & | eTstmdhadd ofcjeiimviafueinr pongoising Gteistep of he

gl ycerol source and oil source for a sufficient tine

for effectiyeyGRBRS EI{er@olq;rocfu&% #8:2 @nef Rhdidbn 8EIARRREH with the

glycerides into a mXture of nono-, di- and tri

gl ycer mgdanolpr ovi di ng met hanol in an excess between

about 1.0 equivalents to about 3 equivalents; reacting

t he m xt ur en®fhetivicierdigtes] stuich idchidesnie tcha moparf e reayrled glycerol

effectivtﬁ ?gl%ersi. nt.of glycerides into fatty acid

al kyl &EPBPSTFEEOVEThg the fatty acid al kyl esters.

2. The nmethod of claim 1 wherein the step of )

cont acti ng % he Gheymethed osdeirck vapigindhe sispgf eentacgng the glycerol

per f or gedclaf Lin@uit §ERGR et adenfiRtafthd StweeRd aboﬁhmov@{ﬁmgbc.

of claim2 wherein the catalyst is selected fromthe

group consisting of grganotjn_conpounds, organa.

titani um cofpou ]&%fneﬁf"gﬁpfﬁﬁ%gt‘ﬁ%‘? ﬂ'@atlb’i“ﬁea‘{%ﬁrgl ip between about
acet at esp°Cheagio®c.aci ds, al kali carbonates, earthal kal i

car bonates, and conbi nati ons thereof. 4. The net hod of

a3 el AL Bl o

tetrabutyl titanate. 6. The nethod of claim1l wherein
the gl ycer o2 sodpemethed pipaigy haderginyiee P obrofirsipg fhecglycerol
gl ycer Qburch- and @ d38icd @pc@forntddadt M rdduebteprdstive triveingl #&aBdut 760

source is_crude_gl ycerol
mmHg to lmmHg.

13.  The method of claim 1 wherein the step of contacting the glycerol
source and oil source is performed at a reduced pressure and under a constant stream

of nitrogen.

14.  The method of claim 1 wherein the step of contacting the glycerol

source and oil source is performed under a constant stream of nitrogen.

15.  The method of claim 1 wherein the method is performed in a batch

process.

16.  The method of claim 1 wherein the method is performed in a

continuous process.



recovered froma fat splitting or nethanol ysis of
vegetable oil. 8. The nmethod of claim1l further
w@eopo1gsng the step of recovering the gl ycer oPCT/US2004/021592
produced fromthe reaction of glycerides with the
nmet hanol ; and wherein the glycerol source includes at
| east in part the recycled glycerol w thout further
purification. 9. The nmethod of claim 1l wherein the
step of contacting the glycerol source and oil source
is perforned at a tenperature between about 140C to
245C. 10. The nethod of clai nf@-wherein the
tenperature is between about 160 Cto 200 C. . The

method of ghai o B PURREALO 8 o B Jyceral
12. The rre?lﬁodni(;l}(m?&g? m1 wherein eﬂ ind e glycero

cont actaurg apdyal sgrpeis P%?Pe‘%%luﬁoéée%@ aélidl"algﬁ)?frb@@wl %(mgKOH/g)-
performed at a reduced pressure ranging from about 760
mrHg to | mrkg. TR mdthel asfeﬂefmnd7oﬁhemhaihmsfbpwﬁeasredcﬁng be glycerol
step of cont the cer ol

i s per OIS ﬁ@ﬂg 3‘:‘ Py ee Our? geos%ﬁ?g&g%%d @Bge & ibo§t°djf teFabout 1
const aghgksiti/gam of nitrogen. 14. The net hod of claim1l
wherein the step of contacting the glycerol source and

oil source is performed under a constant stream of
nitrogen. 15. The nethod of claim 1l wherein the nethod

is perforned in a batch process. 16. The net hod of
claim1 wherein the method is perforned in a

conti nuous process.17. The nethod of claim1 wherein

the step of contacting the glycerol source and oi

source is carried out to a residual acid value of

bel ow 5 (ngKOH g). 18. The nethod of claim 17 wherein

the step of contacting the glycerol source and oi

source is carried out to a residual acid val ue of

about 0.1 to about 1 (ngKOH g).



