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METHOD OF A4AKI NG ALKYL ESTERS USI NG GLYCERI N 12 February 2007
BACKGROUND OF THE | NVENTI ON [ 0001] Al kyl esters, or
mewbybeaerssspeci fical ly, such as biodi esel, ar@cduszo04/021592
cl ean-burning replacenent for conventi onal

petrol eum based di esel. Biodieskel may be made from
natural, renewabl e sources such as new or used

vegetable oils and animal fats. Biodiesel is fatty

acid al kyl esters (typically being C16 to Cs) and can
generally be U burned in conbustion-ibgnition engines

as a direct replacenent for petrol eumbased diesel.
Aside from providing the benefit that biodiesel may be
generated from renewabl e sources, biodiesel also

provi des the added benefit of decreased em ssions

fromits conhEIHOINORSAIMUALER Y. EITHR soouiesEE 9eRRIN
petrol eum based diesel. [0002] Al kylesters, in

parti cul ar " bi odi eselRAGREORGENDETF YEE KVRRTIOR Oi | S of

t he ébean or the rapeseed. The crude vegetable oil
from {‘W EbABgylestessonraghybestef specifically, suahedks ibivelibselnate a clean-burning

U0 8% e S LB PBR SR L12O ae

may beatgel, immﬁvaibleomumsr ymahgasgﬁaﬂebs wtd wegﬁbaaobﬂs aﬁd'aﬁmal fats,

Such gr cl ud ow_gr ease,
oils gl gat?fr%‘ ﬁ*‘-‘*fs Z‘B’Pw%‘fi’ %?%G@ttg Gip) cﬁ*?fitcﬂ’é generally be
edi bl urgdd inr ﬁfmﬂﬁbm-lﬁxﬁ@&ﬁ&%m%bl G a‘%ﬁre&oﬁ aShQGK for%‘&gleum—based
of these sources has varying anounts o free

aci dsdisssh/ 04&5166; ﬁ@@f prgwging -thg benefit rszﬁdnodlgnel mayrbe gen]arated from

tri- gxlcﬁéiﬁ{blléjﬁﬁxrcc ﬁé}ﬁ&ﬂ% Svidts U s aBF gecaeaised emissions

bi odi.esel . ese ‘sources of vege

soap Bom iR CblsblgseﬂleMOmpach)thhﬂmnﬂ:aismdme)f@Bﬁdleumsded diesel.

ef fective source. Soap stock is derived fromthe crude

oi | elfPPBcAlkHlestergmint bﬁtlcmwﬁ@ﬁﬁeb rmiyapesieated fbe GeUsi® of the

oil of these seeds be eparajed.into_two
c orrpon%ﬁﬁag o Fg‘frf‘??é ‘Wi‘? @15 “Fréll? oflfermn Bgser sopteppmay be filtered,
procesfied aidsbpone Vt& @@l/ei'a!‘%fbceﬁﬁlﬂg@u%s %ei’c)rc %bdoﬁ‘ﬁﬁagr be usable as

stock. The soap stock may then be acidul ated
sul f Uipdesgk Additignafly.dijeditselamasobepderivell Gromhvaring gaagi@mf vegetable

ot 0 Dot oLt fiPe keBh o RS erifl. DBhorB H5ER08 Brocesing,or

PCT/ wezzm@ducaz&@g 2he- @kiblg Gﬂ)@sﬂmr(gmommsmﬁmsa;bqﬁ stoElt. NBech of these
m_these various '

of pr the fr e i d
gr agesg&g?sst{% 38? %Ia@% qus s,20Vpr glycerides - i.e., mono-, di-, or
t r angsgl@eiifdsCathhianayde pfda@ssédi% Higditag.acids in the |

 ‘_ presence of alkali to produce the fatty acid al kyl
est er[_B_O(Bﬁ?Df Whede Bsurddk @fj'lre%%ﬁi)_le 0§}J§6Qp Ydck is generally considered the most

cost_effecﬁve source. Soap stock is derived from the crude ofl extracted from the _

' soybean or rapeseed. The ‘crude oil of theée seeds ‘may be separated into l:wo.

_ components:‘ refined oil {which may then be further proceése’d and con\}erted into
‘edible oil) and soap stock. The soap stock may then be aciduleited-with sulfuric acid‘

to provxdc a composmon havmcr about 70% free fatty acids that may be- further

_ " processcd into blOdlC-SCl




di ff er ent PEFACH

approach, however, causes the free fatty acids to

preci pitate as soap, creating an additional rn2debmagy 2007
step in the contenpl ated nethod. [0005] To avoid the
preoizpisiadisen problem a two-step method for PCT/US2004/021592
processing the free fatty acids has been proposed.

This method can be found in EP 07 708 813 and WD
02128811, and generally consists of the steps of (1)

acid catalyzed esterification of free fatty acids

with nethanol in the presence of sulfuric acid, and

(2) neutralization of the acid catalyst followed by
conventional base catal yzed transesterification. These
steps can be described by the follomﬁng reaction

schene. E. CO2R Reflex 1. MeOH + QO2R ~C7
- RCOZI\/ECE%&Z:?{'B c?qiﬁrg@ge] me?é@ggﬁgroce%%ﬁz@faq ac1ds from these various

Neut ral i zgraldstdft vEXGEIS $1153 UR dnek tradsestdrifta@dd of'theRfeQ VY atids in the
H20O + OH Salt q?_l where each R ma ﬂﬁg t he sama %
alkpll fopdiee %%%Fhacefi &PF5y for i bogjiesel. Such an

veget abl eagpfoaaiglmbveﬂlcbussgamé GRS fatfyydRide ab Ipyeclplatd @ 333, creating an

- [ 0006] Ev h transe terifications. are both acid
~and base éi%&"erysﬁ?ﬁ 5?9’:‘5353@”%‘18 °dhe acid
cat al yst ess because a
Cransoot ol DpCEEROR ¥ pREpREY pRBkt £ R aREp dr reprsgios e free -

t han bas efattahjaﬂsymeﬁben pibposse ST méﬂnc(da:iam baRpndin @107 708 813 and WO

comnpar abl The sadvant a of.. t

met hods a2 AR0EIBY BRI st 3% MRS i Bk leinaton of
are the afteH fattpm:ais waia [ntethanwd & fhe bxemmwxﬁaicl az:ﬂ,t and2) neutralization
0 o b 0 S Rl BB ARSI i, o
separ at e stEiskaneldefcrighbpée dillofving reacimmcsvmme and/ or

wast e di sposal reasons. 12 February 2007 BRI EF

SUMVARY OF THE | NVENTI ON [ pOOFPZbi scl osed “herein is & —CO=R
nmet hod of processing free fatty aci dsk#flmsm a veget ablie ,
or ani mal 1. dk€¢O-gour M0t —ai—wﬂz%staWinm+ ——COR
salt and aqueous waste is yeduced or ‘€FTTH# nat ed

[ 0008] Disclosed herein |s—a—mnghod.oﬂproceSS|ng fr ee—COR
fatty acids froma vegetable or ani ma

1. Neutralize
with Excess Base —OH -
2.+MeQH
2 >  RCOMe + H,0 + —OH
- Salt '

Wbefé each R may be the 's'a'me_ or different and an aliphatic chain ‘L‘ypica.lly.found in
“vegetable or animal oil _soufces, typically Cg to Ca. . _.

. [0006] Even 'Though' ttahsésteriﬁcaﬁons" are both acid and base- catalyzed,

neutralization of the acid catalyst is necessary because acid catalyzed

 transesterifications typically exhibit slower kinetics ' than base catalyzed

‘ Itransestanﬁcahons under compara.ble conchhons The dlsadvantagcs of two-stEp

 methods as disclosed in EP 07 708 813 and WO 02/28811 are the additional salt

- waste from neutrahzahon long cycle times, and a cumbersome recovery scheme of -

: 'res1dual free fatty aclds, as weli as the need to separata methanol from Water for-

B 'recovery andfor waste dlSpDSB.l reasons




oil source into alkylesters in which the necessity to

separate al kyl al cohol (e.g. “ret hanol ) from r
water is reduced or elimnated. [0009] Di scl og?géﬁrg‘&yzom

herein is a nmethod of processing free fatty acids from
a veget abl e or BRIERFAUMMARY IFUTKE INVIENTION

U ot LS ) 3y Yoo o

oit euuwerinte ancylystmmf\ﬂnmﬂe mﬂt ahhaqﬂea&dva‘smﬁs sthiehd 61&1!:1&111&#6/1

eli
(090 PIRBI R Eiindt RGPIIRL af RS seReRE e PR R R e Sanimt
oil s:dulrammm glkylba@s in vpitichvthel hevgssiy tcodeparste ulk;ile],cohot (. @iethanol) from
squr éj LN ree f,atty acids and/or glycerides;
reﬁc%?nw&teﬁbsrg 5T Uggrl%ﬂnatf durce of at least 0.3

[08G2]i Diklesd heetiit aaikihnd of ﬁrecegdu)g:mfe(fhtty iy from aawegetatilé or ammal
tive conver s

our ce
off oo iRk, barialy binfl, 2 wich Ji b el RIGHG b fRgidua
frof favpandds is mnvemmﬂyipetrfdnngi gmhaerneé&ﬁar smmﬁdotzhrflg ettmidawdol
rol0lel T SEEET SR Tedd o€ Hilohgof ey Btk the
foilhemgmdpannbwﬂmg aamlieécmmex theenilc mumrmcl@ng)ﬂeg ifartyeadidiesmd/or

i nt. d, al t :
etyiflest PliCh pErSY toufed T dehER wiiAigy: LeiButifi fpbtvoerol
SOORA ahxiaoﬁsxmﬂmﬂm asdmﬁiblmy tisue igpreetliettivg comersicagd tlelitee fary acids and
urce firs

ur c r
g‘%"eﬁ‘veesr‘?*"tah‘@"‘? ° dlaéx‘:ﬁg‘c%lﬁ%eé‘ﬁ?s BPVis %et\[“'m KBRS
betwden abybuy mrdqaieaiemmﬂ abmta &eivelaats; st pngtha wixtire o glymzweg/thh

o PSR SRR Rt e b B g

thbfatiglaeid elkyl eftes. t Wo- step process does not involve a

aI|z or th f] of et hapo
OfEH PR, G o8 3 FRoh 58 e B oudeiedy mhESIY BF weepable or
-aniiie dite;‘ogmsl t@ﬁ@lybﬁu??ﬂﬂie&ﬂr&t)&o dmmﬂgceﬂed)&hpwm@emem dfttke oil
ri,des. ,ori gL na resent 1n t
$0 rg%,,nz %lme 8es H,]aese{:%défey Sapver éhe new, %ecg%alted g )chn(feg as Well as the
origﬂﬁﬁj’r @fe@@ﬂ glybaided o Qikty aeidi zﬁi@& eQérs gdlrnﬁle lay bplRSEN ThE Bwo-step
il source ma

prodire, Aot ave  PEyReARh fieh SEe cepsRRtgb Retbag) andy gler thus

7 s1r@ﬁ'ﬁng'tlﬁ(ﬁﬁcbﬁs gf gig gnorF %‘i' Zﬁle#nél\%lﬁaart bggéneﬁﬂ? @es]:ﬂlbéd%@ where
: - RCO?2 + Q-I
‘th%mfﬂw%e P%mze656/%1189%%“9@?%%5%’0%%62%926“% owever,

it is understood that the glycerides originally present in the oil source may be mono-, di-,

and/or tng1y1cendes
——*_'-C_D_-;R . —oOH COR  —COR  —COR
' , B 140 - 245°C _
——CO;R  + RCOH + j——0CH —— —C0R + —CO,R + ——OH
CO-R - a —OH - = COsR L ) | ——OH
Ol . 1. o oro
- o MeOH ~ | 65°C-80°C
" RCOMe + H,0 + [—OH —=<% —
- ‘ S ’ MeONa
-——OH :




Where each it may be the sanme or different and an
aliphatic chain typically found in vegetable 10/February 2007
animal oil sources, typically Cs to C. BRI EF
DESCRh s OF SEVERAL VI EWs OF THE DRAW NGS [ 0Q¥lhus2004/021592
Figure 1 shows a reaction setup that may be used for
perform ng the nethod of present invention. [00121
Figure 2 shows the acid values as a function of tinme

for three exanples of the present invention. o

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0013] As noted
above, the method of the present invention of

processi ng a vegetable or aninmal-4-0il source can be
represent ed by the foI I owi ng reaction schenme where the

gl yceride esent rce .ar .
r epr esent g‘g‘%ﬁ’ e%él r b g § B G g,%ere%ﬂg%?]fpg%c °S%“1 typically found in
under st oodegtﬂalﬂtortahzma@@mrciasj@eicﬂ]yiagitcnah.l y present in

the oil source nay be nDno- di -, and/or

triglyiceri degpfkt
. RAPH & O CBR OaR OR P P BT IR TR TR s
OH OH  CH00M GiguB3 G vaieactiRCERMhatmid@used Mr@hidornfngGht method of
OH Where Fﬁllf‘z,e be the sane or different and nay
be an alig%% iI'C chain typi cally found in vegetable or
ani mal 0| J
may Dot yoP TR siE Sl Yot o i, 04 Bk gt of e
. syst em asPrisghiRveRtisnFi gure 1 or nore typ| cally in a
Q scal ed-up version of the system shown in Figure 1 for
- comercial appli capRUSED DEScRYSI®NDE 1o iRvaMTeoN
includes a IL resin reactor 10. The reactor 10 was
equi pped RP13 Aanated sboye. themirithed ofihé pragenfrinvegtion of processing & vegetable
t her nocou
control | e?fl a%éﬁla g%%\éoﬁ]%g? %%%gﬁkeﬁﬁg%mg E%ﬁ% er%]gcg%n chlgleme where the
tube 18 wel¥dstidem Onasébfcpra&eetjmnﬁm pld)g@mcegeas reprpgended B0 the triglyceride,
and a pac
cm di anet }gﬁéﬁé? f %gﬁdlﬁeegﬁéog r%lat%%aéﬁé %%dg%d%tﬁ;? gpbrf%ggmmttﬁ e Gl sousce e
condenser bexgenoadiv gedieniriglinerideR Febr uary 2007

A,

——CO;R ——OH ——COoR ——CO:R - CO,R
_ 140 - 245°%C

—-CO0;R + RCOH + OH . # ——CO,R + (—CO.R + OH

——COR . L—oH —COR  L—oH OH
O e IR . o™ | 6soc - soc
. . o _ e . MeOH g
! ’ ’ ) o RCOzl\{C + Hzo + OH -

. ' -MeONa

——OH
Where each R-may_ be ﬁhe_ same or different and may be an aliphatic chain typically
o -f'ound‘in_vegetable-er animal oil soufees, tjpicelly Cs _te Caz2. - The reaction may be
typically conducted in a small-s_ea.le batch system as shown in Figure 1 or reore
: ffyp_ieally ina sealed~ﬁp"version of the system shewﬁ m Figurs 1 for commercial
o -a;pplications The system & ef “Fignre 1includes a 1L resin feac’[or 10. The feactor 10
. was equipped w1th a Teflon f:urbme ag1tator 12 thermocouple 14 with an associated

- ‘temperature controller 16 and heahng mantle 17 mtrogen sparge tube 18 w1th an
. :-. _assoclated mtrogen gas souxee 20 and 2 packed reﬂux cohmm 22 (30 cm helght and

g "2 >cm dlameter) attaehed to a Dean Stark trap 24 vnth eondenser 26. A vacuum hne -




WD 2005/ 019153 PCT/ US2004/ 021592 _5- 28 was attached

to the top of the condenser 26 whi ch was conneg Felstuk§ 2007

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

vacuum was controlled with a solenoid 34. A bub ;
360" RAAP541YS% be used. Those skilled in the art \MPEF'%SNO”“?‘I”%
al so appreciate that the method of the present

i nvention can be carried out in a continuous node

using standard equi pnent typically used in chem ca
processes. [0014] The first step of the reaction in

which the free fatty acids are converted into

gl ycerides may be performed at a éenperature bet ween

about 140C to about 245C, nore preferably between

about 160C to about 200C, and nost preferably at about

180C. Theaf kSt ﬁ@}bpfeﬂﬂne betdeder Fertich wadoatcted to the vacuum

reduced pressure ran about 760
1 mrHg, ubiRR 30 g R ? %ﬁ,f? ’EPSg]a CSRCYm, WA agﬂyeﬁedtv@th ak&ollénmd 34. A
conbi nat i gipbRE 3@%!?\ al&tﬁ'ﬁﬁlﬁkaﬂ Dhicas sidllel ianit aineifiralsa appreciate that the

constant stre nitra [0015] Th se
i nvent i on“’ﬁ@g‘?ntgﬁ 35 DBecaB;bF t¥eut a OB % f’%ﬂt‘ nous mode nsing

when usi ng:and@fdlédﬁp@ny@ﬁbaﬂly ughe firi ct:enhcﬁlrpmuasme
met hanol ysis of vegetable oils or other fats (or

r ecover ed[00L4]rTha fisattes ol the tehatign prelidsty freCiyl ecids are converted info

glycerin g%w?igner Al ede&%ﬁm &tgggyn M@Q&&’Xeﬁ'aﬁwp Eﬁb@‘@%sabout 245°C,

cont ai ns ycer 13 -
met hanol , mo&hmferaﬂly betﬁemmue 160°€ mtaahoufamlﬁataed west prsfRoably at about

and di gl y?ﬁf %ﬁghﬁ%zs %fﬁ;HX fithe! §es Stabed o2k k@hded pressure ranging from

However, prese I nvention i$§

appl i cabl eboirb 76ISRmgizaidesbouy| ly meizn uoder Furonsing gtrepmy elo pitieen, or 2
as well. T PEnddSEdndtiht Srearn of nitr
concentr af;?ngbr]]&lg%{&gfrboﬁée;ﬂg g equl vaI ent . [OOle%rianﬁeogen

use of cryg ?g &%én@m%ng&i AE DA TARRE bt PiHidularly @ffective when using
utilize a ces product w thout, further

purificat pxyde glyomt eerivRente thepyacthapplysig of gege&ble oils or other fafs {or

conversio P(chﬁredaﬁenq Yl af efiBRaRREP.C KA Elvbdna édsén&ﬁted from the
g

purified ycerin. This Ts unexpected since .
gl ycerin owhesolysis progess coptainis aprraxdpeiply 80 ofd éelzfa?qﬂn@ — 18% methanol,
catal yst. aﬂ_clﬁ?gefZ% @aterasrﬂall)%ﬂéﬁﬁs o£ RBEA] i W RERAY 28Rl as residual

soap stock and crude glycerin wll be’ cIosetoF tral d
in pH ca. alkgi. SHDW‘@fsé]@smﬁih‘?ﬁ oftthe areet PRiFatipn Sepglicpble tp PSP erade
and soap g$fogk EXBirkkd ShRerRHhCRell. 2. The-ghiteln soie may be used in 2
reported ? " Advahced %rﬁ%nlg Chem stry" 40" Ed., p.

395, John oyickmiRpti céeﬂewtOqu ert992, esterification
reactions are acid catalyzed; thus the rate.

enhancene #3018k Thet e oh Fryffeply SR POVISHL Rh RPPRYLY [ giHe 2 prosess by-

The react LguRSlNER Vet iphimekics] Y Erilfinck® 4. rate ldSBcld conversion in
- grade) - and soap stock proceeds )

L ’{E %g addl Lonal cied since
~catal yst) atﬂé“ltteil”rﬁﬂaétsio%°‘(ﬂa§mdﬂé‘i oF Rt Sf5erin s} |j unexpected sinc

~val ue of ;040 Qkerih SSSAnsAhbsRrikt AAGatsi of 2IR4HAE GMAIYEAL Flleyetbie, a mixture
, hours (see Exanple 9 bel ow). dcm%e%cFebrlH

containing acidulated soap stock an eI W. %e c\{lose(go neutral in pH ca.
. 5.5, whereas 2 mixture of purified glycerin and soap stock exhibits 2 pHea 25-35.

o . As reported in “Advanced Organic Chemistry” 4* Ed,, p. 395, John Wiley & Sons,
E , N.Y., 1992, esterification reacnons are acid catalyzed thus the rate ephancernent at

Tthe hlgher pH is unexpected

o [001‘7] The reactlon between punfied glycenn (e g, USP grade) and soap stocL‘- L .

- proceeds (w1thout addmonal catalyst) to eomplenon (as determmed by an acid value B

- ;of 0 5. or less) at 720-945°C in apprommately 6. hours (see Bxample 9 below) At a R
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180C, without added catal yst, using USP gradelpFstaesdy2007
the esterification is conplete after approxinmately 14
haup secspeasFxanpl e 1 below). A nuch shorter reagiiyg@Ro4/021592
time between about 9 hours and about 10 hours to
conpletion is realized by using crude glycerin (see
Exanples 2 and 3 bel ow and see Figure 2). [0018] The
resulting mxture of glycerides is then subjected to a
base catal yzed nethanolysis, form ng nmethyl esters

and glycerin as a by-product. The glycerin generated

in this second step of the procegs can be recycled for
use in the first- step to formglycerides with the

free fatty acids contained in acidul ated soa S%ﬁk g(i)r .
ot her oitPrReiFeel 134°G nvidhoptapddsd eialyel, usHEf yeerm  the

purifi catdsRAf@tiod §@uhfGY ehe Ap@bimely 4l [foursﬁ@a@@cﬁsﬂ;ﬂyl below). A
[0019] The react| on schene, In_particular the fir

Step of CRShFRRETPHORNEIRECET R HS NopE ARBRE0 o gompltion s
cat al yst .re o I9MFh ARG HRk8] (55 ERarhpl6d 2468 3 Belbw aiidetFifure 2).

i mted to organotin compounds (e.g., dibutyltin

oxi de), qnmp Uhd iebaftguRbaepDindsddseis ghen subjttedbui Yhse catalyzed
titanate), al.i facet ates earthi\&rall acetat es,

Lewi s acﬁﬁ?han RO HER BORACEES AL EPFFRD Kaf PY PO
car bonat %&ncrﬁéﬁn@ﬁmbdﬂ&bmpmﬁhdﬂiﬁem b@ﬁ&)&]ﬁd’fd‘t@se in the first step to
advant ag d. of

h
et o e TR0 SRLERE00 & AL Bl or oo

ct. The glycerin

‘gl yceri n dir safck. OrIn i hiteradse) ho Gurglar phrifehiinysfitBe gbycled glycerin is

fats and oils; rat e enhancenent obtai ned by using

t he unal t[?F ﬁ’h’gl ycerin fraction containing nethanol,

wat er an

o er AN TpfR i e e hORTL AL AR o b refcﬁgé?cm may be
of gI ycerperfonﬁxredothcMyst h Eomtepiidef cﬁ’callstsemchldwbmmemﬁ hmlted to

4) the | 8"\,\%“"% %ﬁ‘%’%ﬁﬂggf%g ﬁﬁu&ﬁdc sg%gT of Bnium compounds (e.g,

unal tere cer rom net'h ySI'S of
and. oi | s;tetibuiyktiterete) alszll acethioy, pathiliai aceipigs, @WE le¢ifs, pllsalieqgrbonates,

et hanol kIR ERRLE b0 by NRRRE POIT e O

effecti Ve;]ﬂ TRJ adel}® é’sltbg‘ﬂf% L RRE bk 8RR mﬁﬂﬁeﬁfweme summarized as

pr esent nti on, C at ed soap St ock rrlg es were
subj ect ecfothyvsc Rethe wsa of ih@nnaéteth@alﬁc@alﬁémﬁméba thigugly alcoholysis of

of the r q@ﬁtahtp glﬂspﬁ% LS amans :nreﬁ"by %Qn@ﬁme%nﬁﬂ&gt%)@&n fraction

of time. ecreasi ng aci nonst r at ed
t he reactdoptinig mefkanop meler u@seseﬂuéathabﬁa@ta@pl}owsm Frrnd pils, rather

converting,t F&ﬁ-lffgﬁ Bfiod: ol %J%re@#ﬁ ) 8iPr bl g &g?lcf’ra‘i%nasieﬂe SRRARG of the

stock into gtyceri rst” st the reaction

 schene i snypmitredhnth io“@aprpwe@lgdaqurﬁma upipg fhg yanltepdjgdycerin fraction
val ue - of An? 51'{31’7}35 K e ﬁPééu&la Qt RLefeh.ahk )B) etiiﬂ'uﬁted setap

resi dual aC| ue of etween  about 0.1 and abo

o mgKOH!'g. f@ﬁﬂigemar@t@pyf 2eHyalcohol (e.g. methauol) and water.

[0021] To demcméb:ate the effet:ﬁveneés of the above reaction scheme of the present

| _ 1nvent10n, acidulated soap stock samples were subjected to-the reaction scheme and
. the ac1d valne of the reaction products was determined as a ﬁmcbon of fime. The
o decreasmg acid value demonstrated that the reaction scheme provldas a satisfactory

e ~method of convcrhng the: free fatty ac1ds of the acidulated soap: stock info glycendes _

o ;The ﬁrst step of the reactlon scheme i preferably carried out 1o 2 remdual acid value -

~of less than 5 mgKOH/g and more prefsrably to a resxdual ac1d value of between e :

e i‘-‘-'abouto 1 and aboutlmgKOH/g E ISR
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[ 0023] 549 g of acidulated soap stock and 1081gFefru aogy
grade glycerin were charged into a lL resin kettle

( Rb8-4nds e reaction setup 8 of Fig. 1 was us
rgggﬁmkbg¥?Pe 10 was heated to the reaction %%THEQ&MNZP&Z
tenperature of 180C over a period of 60 mnutes at

at nospheric pressure. After approximately 65 m nutes
fromthe time of '‘heat input, vacuumwas applied in

stages, as reported in Table 1, to assist in the

renmoval of reaction water. A stream of nitrogen was
applied in addition to vacuum after 340 m nutes of

reaction tine (as nmeasured fromthe start of heat

I nput) . nples were ' taken intermttently to

nmoni t or t H&A brogress The reacti on was

conpl ete after mat el y 880

i ot 5. R 561§ ecicibien sep b Guad §LIoE WAL, ey gerin werocharged

26.11g, I ii\.ﬁsl A g ﬁatﬁéumi y)e lI‘h@f&adh@leeﬁfp gcl’f&ﬁg @aBk @A The resin
wat er , sed of fatt

total ' ocHtr Bt ?th@r%e? oot §%Ga% o g5 iog pf 60 minutes

- g. [0024] at Eakbsghedc ﬁxeslsﬁref gﬁérhpﬁrmnﬁaaes {n@ftep @end R tRieSof heat input,
and neasured acid v?gges of Exa % q nstrat gg 1 of
t he progr &§&ThH¥a% PRRIELH\E2ES GhIeEP ef‘H’é phlads foatspisF i deggmoval o

of the seafosivesk Aampdneof ﬂ&@geg ke aplieieh. addliBl fo vacuum after 340

1- React i on. par rs.for Exanpl.e 1. _Ti act or '
Pressure S5 Einrr%? oF g (s npe[d%" the ffjgﬁ[c’s g?’jﬁ mput) Samples were
- NaCH [ meqiamn 1ﬁm&ntlﬁto%:ﬁorﬂﬁﬁea9ﬁm§ﬁ)g'esn OThe T€citoh vs é6fiplete (AV

65 179, 5 350 A g eESagh migihe: Bhe GeleraP GEYiR byl e o

11. 152 522638 gniaclndiaibs thidlager 3ibHp 0o the tACHch8htQ, DbPosed of light (C6 -

| gggég%fﬁgéggwcagﬁ,g%o T eSS p e e B e
. no

[0024] Table 1 sets forth the reaction parameters and measured acid values of
Example | demonstrating the progress of the conversion of the free fatty acids of the
soap sfock sample into glycerides.

TABLE 1 —TReaction parameters for Example 1.

Time {Reactor| Pressure | Sample [ml0.IN] AV N

fmin] | [°C] ftorx] [g] NaOH | [meq/g] | Purge |
0 22.0 760 : 96.60 no
10 61.0 760 S . no
25 .| 1213 760 : RO
50 1 169.7 760 ' o 1o
60 180.0 760 | ] 1o
65 | 179.5 350 , 0o
95 | 179.5 350 ' no

105 | 1794 350 11951 ' 11,1521 52.35 no
125 180.1 350 ' ' ' ‘ o
130 | 180.9 250 B 1 no

| 145 | 180.6 | . 250 1.5196 {11.084 1 40.92 no
175 | 179.6 | 250 1.3568 | 7.850 | 3246 - 1o
| 220 11795 250 | 14444 | 6.050 | 23.50 . Do
| 280 [ 179.8 250 |- 1.6529 | 4.584 15.56 no

1290 | 180.0 180 |- N | po
‘f205 1806 100 | [ o T mo
325 | 1798 | 100 | |- -t | mo

[ 3401759 | 100 | 20267 | 4056 | 11.23 . |30mijhr|
400 | 180.1 | 100 | 1.6630 | 2.328 | 7.85 |30mLihr}.




‘et hanol yqf.@ ke

vacuum wasS0apdfted | $0con| 3i#690 i A 184 1 h 0420 {30mdd

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. 9148&ruary 2007
2.0267 4.056 11.23 30nmL/hr 400 180.1 1 00 1.6630
2\%6&0(75{{8&[530”1_/ hr 12 Febr uary 2007 WO 2005/ 019%‘(’[}'52004/021592
PCT[ US2001/ 021592 -8- 410 180.1 90 30ni/hr 420 180.1

50 30nmL/hr 460 180.1 60 2.5286 2.138 4.74 30nL/hr

640 180.0 50 2.5232 0.435 0.97 30nmL/hr 760 180.0 50

2.6908 0.250 0.52 30nmL/hr 820 180.0 50 3.0017 0.248

0.46 30m fhr 880 180.0 50 2.5690 0.194 0.42 30nL"hr

[ 0025] EXAMPLE 2. [0026] 583.9 g of acidul ated soap

stock and 135.97 g crude gl ycerirm-(containing 86%

gl ycerin, and the bal ance as water, nethanol and

resi dual E)gﬂ)e xﬁ%fl yst), _ce’rl veg L.L.gmte:ih?nf 20
resin ket g 50) The rlactidn set 0l g
Fig. 1w s ¥ .gb;!'.z_,cmnf £-p086 oAt ag Al o 305414’? as
a 10% s { _*iw?w,oi n ﬁ'—iﬂ/ 583332 xk {35 Vi A uiRdn fhr

i sopr Oparu hde0Btler B8 845G ¢ 05234 |30mhdor
m xture va Onp 200 it 0 Peagt 3071 AREE a1 1546 130 and

nY

—+
D
I~

W

=
=
D
)

sparge to facilitate the rermval of reaction water,

as reported in Table 2. The total anount of

di stil | at[@o2s] xlambIE®. met hanol and reaction water, as

wel | as approximately 3.5 m | ow nol ecul'ar wei ght

fatty acif826] g9 g obeRiiked sdp st&& a5c813; 97E|1ﬂ1&e%¢‘§%ﬁﬁf(e@htaining 86%

ool el ] B PR el e Sk ess oG oue dpvet om

by using ﬂlhmeﬂlﬁnoljlas of wman b}, wab thargeidiingtd 10D réin MeaRUOFg. 1). The

220 BT RO POALD LR, SRR, . 1

reaction msmmémntm 2158/40 Imixaure by i@l ésoprepatiol And lvth€er W8 measured to

signific yoieduced (880 mn vs. 615 mn o
conpar ed aé\?\%it thrEx EX19] er%. §Baf3€16°2‘ffc%'?‘égef”@e ngug%?fs@oq fpf vacuum was
the r eactapphedparca:uijﬁozs wah]el nitegsilkperge a:cfadihta&l the Serfidval of reaction
Exanpl e tr ro ess of con [SI 0

of the f rzw‘ef=3?(eé‘°§"lr‘%tr11 )?Itac"in b IoR R SRR Al niglﬁ‘e °1 and
gl ycer i desaction water, as well as apprux:mately 3.5 ml low molecular weil ght fatty acids, was

measured to 58.58 g. The recovered weight of glycerides was 654.68 g (20.9% based
on total mass inpﬁt). In general, this exarnp.le‘shows that by'using the crude glycerin,
 the duration of vacuum app_}ic'ati'on in combination With nitrogen sparging may be
considerably shorter, and that the overall reaction time’ to Teach a comparable acid

. value was significantly reduced (8 80 min vs. 615 min), as compare_d with Example 1.

~[0027] Table 2 sets forth the reaction pa.rameters and measured acid values of
Example 2 demonstrating the progress of the conversion of the free fatfy acids of the

soap stock sample mto glycendes

TABLE 2— Reaction parameters fo:: Example 2.

-| Time |[Reactor| Pressure | Sample jml0.IN] AV | N,
[win]| I’C] |  ftorr | - [g]. [ NaOH | [meq/g] | Purge |
0. ] 204 760 : L] 94.10 o
115 | 620 760 | - | | no-
30 | 1064 | 760 |- - lope
o 45 |12 766 | | | {mw |
1060 | 157341 760 | 0 S o me )
{75 1 1710 760 | . |- b 7 - 1 no




o,

TABLE 2 - Reaction paranmeters for Exanple 2. Tine

React or

Pressure Sanple m O AN AV N2 [m n] [OFetrayr007

[g] NaOH [nmeq/g] Purge 0 20.4 760 94.10 no 15 62.0

2?902@5/£§Q§§06.4 760 no 45 131.2 760 no 60 15;(:%5%%84/021592

0760 no - - - - --------- 12 February

WD 2005/ 019153 PCT/ US2004/ 021592 -9 80 180.4 760 no

- - 90 181.

1. 3349
350 no

0 760 no 105 180.3 760 no 120 180.5 760
12.848 53.99 no 135 180.7 760 no 140 180.3
150 180.4 350 1.8577 13.610 41.10 no 170

180.1 350 no 190 180.0 350 1.6703 9.378 31.50 no 195
179.7 250 no 235 179.5 250 2.33@3 8.814 21.22 no 240
180.8 170 no 245 181.7 100 no 305 180.0 100 1.8723
4.284 12.84 no 365 180.5 100 2.3596 3.495 8. 31 no
370 178. 7 20 BOBA4 hr 76835 180.0{40 30m | hr [46% 179. 9

40 2.2633_20 048I0 58 780l hr 615 18011 40 SFO7

0.182 0. 351080ml¥bk | [16028] EXAMPLE 3.|[0029]] Bsanpl e 3

denonst
vacuum

rateg kb3S by 7660 i 2349 i Ha848ohbhiFdt i jonnaof
andi3s | 180.7 760 10

140 } 180.3 350 ) ne
150 | 1804 350 1.8577 | 13.610 1 41.10 no

170 | 180.1 350 . no
190 | 180.0 350 1.6703 | 9.378 31.50 no
195 | 178,7 250 § no
235 1 1795 250 2.3303 | 8.814 21.22 no
240 | 1808 176 ' no
245 | 181.7 100 ne

305 | 180.0 100 1.8723 | 4.284 12.84 no
365 | 180.5 100 2.3596 | 3.495 8.31 no
370 | 178.7 40 30mL/br
435 | 180.0 40 30mL/br
465 | 1799 40 22633 | 1.040 2.58  |30mL/hr
615 | 180.1 40 2.8797 | 0.182 0.35  {30mL/hr

© [0028] EXAMPLES3. -

[0029] Example 3 demonsirates that by utilizing the combination of vacuum and
- mitrogen 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

1244 g of cmde glycerin and piocessed as under example 1 — 2. The pH of the

. 'reacﬁoﬁ mixture immediately after combing the taw materials was measured to 5.04,
The total weight of distillate was measured to 54.77 g and the isolated yield of |
glyceﬁdes was 5 89..68 g (50.3% based on fotal mass input). '

"[0030] Table 3-sets forth the reaction parameters and measured acid values of

Example 3 demonstrating the progfess of the conversion of the free _fafty acids of the

- soap stock sample into glycerides.

L TABLE 3 — Reaction parameters for Example 3.

R I T NV N

L ‘Time" Reactor| Pressure { Sample mlO.iN AV ] Nz
" |iminl | P°C] | ftorr]l | fg) | NaOH| [meglg] | Purge

0 204 . 760 -

10420 | no .
R 1+




nitrogen sparge earlier in the process, cycle tinme can

be reduced further, w thout negatively affect?Rebruig 2007
final product, e.g., by renoving raw material fromthe

r eget08s01585uUl ting in decreased yields. 528.5 g g nsa004/021592
aci dul ated soap stock were conbined wwth 124.4 g of

crude glycerin and processed as under
The pH of the

exanple 1 - 2.
reaction mxture inmmediately after

conbing the raw nmaterials was neasured to 5. 04.

The

total weight of distillate was neasured to 54.77 g and
the isolated yield of glycerides was 589.68 g (90. 3%
based on total mass input). [003Qp- Table 3 sets forth
the reaction paraneters and neasured acid val ues of
Exanmpl e 3 the progyess of the gonversion
of the fr Ifﬁﬁ:;&ﬁzﬁgjtoCk saaPle-i nto
gl yceri de o ters-fob- Exanpl e
3. Tine Sanple bl Q INLAV N2l PRl
[C] [torr] ﬁog] N [?ﬁgqu#] Pur g 0.20.4 760 784 20
no 15 71 437608%h (12760 | hé358 2n2A30WOS2AH5] 029153
PCT/ US2004/41215328 110760201111 2 760 ng_._35 12199 760
no 45 140!% 783%hq  HO 166!5157601HAI6 (794480 4096
1.6758 24 &¥0id8032 n#pd o) w1881 gl WeF8no 5048D5! 190 4 760
1.5155 17. 4%6|d41.69 n¥0 185 180.8 76011 1391} 182158
50.03 no | 165511804 35® no 1.88% NBE7R |387)/8 . 8224
12.272 37 1% nd80a95 3®0. » 350 nip 200 -179,5{ 280 no
225 179. 7, 280279317 BO580 23.69 no_ 230 179} 918860 no
235 180. 1| 2T0 |nd%.7 25525079 12.0000 n@.580 | 23.69 no
230 | 179.9 160 no
235 | 180.1 100 no
255 | 179.1 100 . no
285 | 1805 100 23684 | 5854 13.87 |30mL/hr
290 | 1795 40 30mI/hr
345 | 178.8 40 2.0354 | 2452 6.76  {30ml/hr
405 | 180.1 40 2.1778 | 0.802 2.07 {30mL/br;
465 | 179.9 40 23043 ) 0.190 | 046 [30mi/hr
525 | 180.0 40 1.9636 | 0.138 0.32  {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.

{0_033] Example 4 démonst_rat_es the effect of a reduced glycerin charge. The amount

of 520.2 g of acidulated so_ap' stock and 91;8 g of crde glycerin (15 wi% effective
glycerin) were charged info a 1L resin ketfle 10 (Fig. 1) and treated s in the previous

- examples, To mainfain a similar pH as in Examples 1 and 2, an adjustment was made
‘ ‘u‘sing 735g 25% solutioﬁ_ of sodium methoxide in methanol. The total amount of

o disﬁllatf;-recovered was 53.5g and the glycelide ﬁe}d was 548.71 g,

[0034] Table 4 seté forth the reaction parai:neters and ‘measured acid values of
Example 4 damonstraﬁng the progress of the conversmn of tha free fatty acids of the =

N soap stock sample mto glycendes

L TABLE4 Reacuon parameters for Example‘i




285 180.5 100 2.3684 5.854 13.87 30m Jhr 290 179.9 40
30mhr 345 179.8 40 2.0354 2.452 6. 76 30nL/ hnz ré8laary 2007
180.1 40 2.1778 0.802 2.07 30nmL/hr 465 179.9 40

2,.3043 0. 190 0.46 30nL/hr 525 180.0 40 1.9636 <
O.‘%@)z@ffﬁﬁl?ﬁ [0031] Figure 2 conpares the rate gF%/%gzaomzlwz
conversion of the free fatty acids of the soap stock

for Exanples 1, 2, and 3 and denonstrates that the
conditions of Exanple 3 provide the nost accel erated
conversion. [0032] EXAWPLE 4. [0033] Exanple 4
denonstrates the effect of a reduced glycerin charge.
The amount of 520.2 g of acidul ajed soap stock and

e
Moo’

91.8 g of crude glycerin (15 wt% effective glycerin)
were charged into a JL resin keftle 10 (Eig. 1) and
treated gimelRefeon)r @vasoup SamplenplddN| ToAYmi ht ¥en |a
simlar dinag ifCIEXafpies| 1 hd PNaOH | dapaigh hBmezevas
made usi|ng 7. 3849 [25% so| uti on pf sodil#h2fel hexi de in
met hanol .| The| t7agal] amdunf of djstilliate retowerdd
was 53.5d and the dl yeeri fe yield was|(548. 71| gno[ J034]
Tabl e 4 sets [ ordsh {t hesrepct i on parangters apdno
measur ed [agsd vaaies ¢f Exanpl el 4 defonstratimg tlhe
progress [0ofpthessconversi o of the Tre¢ fatty| aabdg of
the soap S§ocCksisanplesi nfo glycerides. TABLE 4o
Reaction pgEanejer 3 10§ Ekanple #. - 4 ----- - - no -
------ IZ7Eebigigd 2957 | WO 20067 0197153 PCT[ Ugg0 |0
410 21 5 99g | 1d0ls IBg REACT fbg PYi83$s0Panpde P e IN AV
- N2 [ mn][del] BT gl CH NEG/ g] {Purge [ 0ng0.14 76

104. 20 no— {@ B 706780 |25 105 76|no 30f IEd. o 76
no 35 12873 T9s1® | 496 13- L 76 105U I5I. 5[ /oo 65
173.2 76 oo [ 1795 | 76 13830 |13.4200] 5424 | 1no

130 | 178.2 76 no

135 | 179.7 55 no

140 | i8l.3 35 no

160 | 178.8 35 no

165 | 178.4 25 no

180 | 180.6 25 1.3203 | 8.2000 | 34.61 no

215§ 1794 25 no

240 | 1804 25 1.3045 149940 | 2148 no

245 | 18l.6 i . no

300 | 178.7 10 1.2125 | 2.7960 | 1294 no

310 | 130.2 4 o

360 | 179.9 4 1.4515 (21060 | &.14 no

370 | 179.7 4 _ 30mI/Hy

420 | 180.1 4 1.3065 | 0.5260 | 2.26 - BOmL/Hx

-570 | 18D -4 2.0472 10,1440 -0.39 (30mL/Hy

[0035] EXAMPLE 5.

B _t0036] Example 5 is analogous to Bxample 4, but without the PH adjustmeﬁt. The pH
of the combined glycerin and soap stock was 5.03. The-nitrogen sparge for the last
' ﬁour Was-iucreaséd from. 30 ml/hr to 60mL/hr. The fina] amount of distillate
 collected was 55.25g and 552.73 g of glycerides were recoxiefed.
o - ._"[0037_] Table 5 seis fortﬁ t'l.l'c..reacﬁon‘ parameters and’ rnaasured_ acid valaes of _ K
'3 : : .:; . chémple 5 dgfﬁonsﬁating the bx_‘d.gress of thg_con?arsi'on of the free faity éc_ids’ of the

e ._ "soép'_s.todk sample into ‘g'ly_cé;i:des_.




P .

| 75 181.2 76 no t | 90 180.8 76 1.2199 15.8780 73.02

‘no 100 179.9 76 no 105 180.2 76 no 110 18119Fdui§ 2007

120 179.5 76 1.3880 13.4200 54.24 no 130 179.2 76 no

1 5 no 140 181.3 35 no 160 178.8 35 =
190 MO 100 180, 6 25 13209 8.2000 34, 61 nECTYpAR0zs2
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 30num 420 180.1 4 1.3065 0.5260 2.26 30m 570

180 4 2.0472 0.1440 0.39 136nJffi [00351 EXAMPLE 5.

[0036] Exanple 5 is anal ogous tajExanple 4, but

wi t hout the pH adjustnment. The pH of the conbined

gl ycerin and soap stock was 5.03. The nitrogen sparge
for the |%Lﬁ%o&acm§ametpré&§§@ﬂml%ﬁn 30 ni/hr to
60m Jhr. [P TRCIEL TOPRT] St Pl d.1 © AV O] s
55. 25¢g ana]ﬁ]ez.{ J R5rPl|YCR def08 B hRf VI, 8% ree
[0037] Taohe 5538t 20 the ¢ 7 .S and
nmeasur ed jata- \ggjlsuta %eh Exanpte—5denonstrat g th
progr ess tiheConv Hgr—of—the—free—fatty—acids—of
| V30 [ 1396 Y 60 . . (U A
the soa g¢ Hpie+fto—ghycertdes—12—Febriary
2007 V\() f)a:"\ / zl 2 7EO"'TI Lconoalnoacglo 49 T 0l— [l I
. nzt;l'uf UI:.: IQQJII_U\JLUUH' UZ 1L .:‘ Z 'J_.’f’\ +Il:ll:ﬁol_ J
Reacti on 2 n%er S f7‘60 _Aflb“%'sc —'{;7 l?jé:onf-eggrzgau u.nOPr ess
Sanpl e —N — : : - .
90 7 1792 | 760 i 1o
1 105 | 180.2 760 o
120 | 180.1 760 0.8893 9.4660] 59.71 1o
130 | 180.6 760 no
135 | 1795 350 no
165 | 173.6 350 0.9661 7.4100, 43.03 no
205 | 1827 350 1.5781 | 8.9740] 31.20 no
210 | 180.0 100 : no
300 | 181.3 100 1.3542 44440 1841 no
310 | 1R0.2 40 ' ' 30mI/Hr
420 | 1R0.0 40 1.8068 2.2180] 6.89 30ml/Hr
600 | 1801 4 1.8589 0.33000 1.00 30ml/Hr
610 | 1801 5 _ 60m1/Hr
660 | 180.0 5 1.§270 | 0.1280 0.39 | 60mL/Hr

- [0038] EXAMPLES.

[0039] Example 6 is a comparative reactidn which highlights the fact that the

-+ glycerolysis can be carried out with a variety of raw materiél streams such as yellow
° prease and acidulated glycerin {recycled plycerin from soy oil methanolysis but
without alkali or methanol), and can be subjected fo a conventional esterification

- catalysis: 498.1 g yellow grease and 50.0 g acidulated glycerin were charged together

. with 1.0 g of Dibutyltinoxide intoa 1L resin kettle 10 (Fig. 1) and heated fo a reaction

' temperature of 200°C. When the reaction temperature reached 200°C, a vacuum of
250 mmTHg was applied. After apprbximatély 6 hiours, the acid valne was measured o

be 0.5 AV, and about 5.5 1l liquid had been collected in'thé_DaamStark trap. The

' reaction ‘mixture was cooied, to an appropriate t'etﬁpemmrc to safely add 116 g of

. mﬁ_:tlian'ol and 7.5 g‘o.f a 25%. solution of sodinm mefhoxidc in methanol. The reactor
e ‘was then heated to 77°C for 2 hours while agitating. ‘Heating was discontinued and
L the j:lx'lixtﬁxe'wa.s‘.' allo;#{ed_ to s':-t'ﬂ;e". A total of 147.43 g of glycerin containing phase




[min] [C] Itorr] [g] NaOH [neq/g) N2 Purge O 24.8 760
104.20 no 15 82.5 760 no 40 139.6 760 no 602 Eg&ugry 2007
760. no 70 180.1 760 no 75 180.1 760 1.0755 17.1360
89wd%000010R3 179.2 760 no 105 180.2 .760 N0  13Q1/us2004/021592
180.1 760 O.8893 9.4660 59.71 no 130 180.6 760 no

135 179.5 350 no 165 178.6 350 0.9661 7.410 43.03 no

205 182.7 350 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

30m8JH 420 180.0 40 1.8068 2.218 6.89 30nL/H 600

180.11 4 1.8589 0.330 1.00 30mH 610 180.1 'S

60mL/ H 660 180.0 5 1.8270 0.12806-0.39 60MLTHr

[0038] EXAMPLE 6. [0039] Exanpl e 6is a conpar ative

reaction \ma!s Jgelalxoxﬁedb éamicigtﬁ %tgna I ac%l.[xﬁ h’?he rerlalriej{l%/maéc?ﬁall Has stripped at

gl ycerol ysis'ca |
mat eri al $0iCeamsnwel wtcesasw}mholl oW(he rgnmgcxadﬁcbsacbhml wdselebn washed

glycerin (\Jlﬁcl)f!‘]} &E%f %at 2 1rrt for E omu%’eQXuchlet sefiE %otll Al l:%irifa%tgea before

but w thou can be su
to a conv eimlmmmthd aqesluelayefra&amMMbottmt Hhiygroeeurd 88s fbpagted twice more

R Y T e —
1L resin hesightde(4052 HFiThe wa_sﬁedaaqw “@@wmp@e@t'ﬁmm% fndet Vacuum
t enper at u t a

S A A T g s

appr oxi matgaly) Bxapi$7, the acid val ue was msasured to
be 0.5 Av, and about 5.5 nL liquid had been coll ected

in the DeqiaBtiauks 4 ARulald SoapRRE kP N6ITh 6k Yhule ‘é@@enn wcre charged
cooled to an appﬂjdjorlateterrperatureto safely d

ad
g of et FREABI A7 £t goEin 2veas &3 of maxﬁuwa%@eﬁ)untpaﬂu resin

et boxi de kktle m@%mfl ThERGachiRaehkOf wildSattd 8 RediRAbR G acoum and

77C for 2 hours e.agjtating. Heating was

di scont | n GEgEen s applied as in the prevmus examples, 25 reported in Table 6. The final
acid value was 0.21, with 72.56 g distillate col]ected, and a glycende vield 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 o 65 — 68°C for
1.25 hours, afier which the reaction mixture was allowed fo setile for 1.25 hours. The
glyderin fraction was then removed from the bottom of the reactor (198.33 g),

- followed by the removal of excess methanol in vacno (17.66 g). The reactor was theﬁ
_charged with 22 g distilled water and agitated for 10 minutes. After a settling time of
3 howrs, 52.57 g aquéous phase was removed (overnight an additional 10.57 g of ester
ﬁras recovered from the initial agueous phase). 254.95 g 6f the ester, prepared in this
manner, was distilled under vacuum (10 ~ 20 mmHg) to give 22461 g of nearly

‘colorless methyl ester product.

[0043] Table 6 sets forth the reaction parameférs and measured acid values of _
Bxamp]e 7 demonstrating the progress of the conversion of the free fatty acids of the

- soap stock sample into glycendes

' : TABLEG Reaction parametets for Example’?

| Time Re.actor Press | Sample ml_o._lN AV L T

< \[mind} °C. |ftorr] |- [g] | NaOH }[meq/g]|N;Purgej -
0 | 164 ] 760 - F o 1112.00 o




the m xture was allowed to settle. A total of 147.43 g

of glycerin containing phase 12 February 2007 1¥€kbruary 2007
2005/ 019153 PCT/ US2004/ 021592 -13- was renoved from

t hwoheistioasnsof the mixture. The remai ni ng mat eri ey @Soo4/021502
stripped at 60C to renove excess nethanol. The

remai ni ng crude ester phase was then washed wth 110

mL of water, stirred for 5 mnutes and let settle for

about 30 minutes, before draining the aqueous |ayer
fromthe bottom This procedure was repeated tw ce

nmore wth the same anmount of water. The conbi ned

aqueous phases were col |l ected ang4- wei ghed (408.2 g).

The washed ester was then stripped at about 60C under
vacuum wuntil dry (final water content 430 ppn),. The

yield of [bi%di &8l |elPers wad 366 3g [00401 EXAVPLE

7. [0041] @24 36k {af60dul at e soaplstockl and 143 g of
crude gl P%inTWE ZﬁQa‘gG\d togetHer with 3 5|g of
pot assi umlA®at 3122 (1nM0f nmixdure was 5 48) intd a IL
resin ketlile IGARI O 1), The readqtion jxturgd was
heat ed t @ l&npé¥ldt Ur @0ahd va¢uum and _nikrogen jwas
appl i ed ad3¢n 8 nr &P bLst7ex dif3bed 5549 reportdd in
Table 6. {The |f#d0l | @O value was!0.21. | with %2.56 ¢
distillattdé€ael 18kt adi00and a @l ycerijde vield of
approxi matlél y ¥®@ 163584 {accounting]|for sjnpling during
the reactildgh). 1820042350AF t er ¢ooling the reactiagn, 120
g of nethdaoll 0B 3.7509| 658§ QA2 ex2Pdxi de  sql uti on
(25%in hanol9)s wazsoabdded, land t he realmil/Higs
heated t ¢ 266 |- I®ICIfHO | 1. 25{hours,| aft ep30miifHehy t he
reacti on{m&tute.avds 4@l | owed{to set|t| e fiROmLFRY hours.
The glyd¢eson i31act]i am jas then rerdoved favadyHidje
bot t om off 26h¢ 1mactiorno ([DH333 g¥es |Twldsolseeliny |t he
renoval ofzpefCems ekhapol Th vacud (17.B0Amd)Hr|The
react or Wasyihem g yDaghpsaad | W by 473.95 dl kdiEg4d wat er

and agi t 3UEH [T 9fo.6lJ G NPAeRA1 | 708@" |ao2et fIomnead]i me of
3 hours, % }71H.40UGHUR2 PI3ESC0.YRS |T 6ADVERLALAYS" ni ght

an addi tiomat 10,57 g of ester WwWas recovered fromthe
initial aqueous phase). 254.95 g of the ester,
prepared jn this nner, -was distilled under vacuum
(10 - 20 Mﬂgg\ﬁe 224.61 g of nearly colorless
es

et hyl

reaction @@#&ﬁ%f@?@%# ? %ﬂ%:sg‘jl“gﬁg‘a%@éaf ggggrpggygeﬁﬁ were charged

- Exanpl e Toghtiee i 4 Al esdgkettRa0 (Fig gy faheaid b Racthanst@iesiheaof 180°C.

of the fr fatty acids of the :.s St ock le into .
gl yceri de@:ﬁmT%&%L%a‘%‘o@ t%ﬁ%?feoﬁa%‘fgﬁ% ePsgr?%?ln%fﬁwﬁl s applied.
7. | Ti merdRemaflotnaky @5£or'SaBp) @adtnjctied MoAMihe [lighi]level in the reactor

[torn [d] t\xrlhclzaeggoxggﬁ%%%lge; once at 270 min and again at 405 min elapsed reaction time.

After approximately 12 hours, the acid value was measured to be 0.94 AV, and about.
24,15 g distillate had been collected in the Dean-Stark trap.

- [0046] Table 7 sets forth the reaction parameters and measured acid'values"for

Example 8.

| ‘TABLE 7 - Reécﬁon parameters for Example 8.

| Time {Reactor|Pressure!Samplejml 0.IN| AV N2 §
|[min]| [°’C] | [torr] | [g] |NaOH ljmeq/g]i Purge |

10 | 33 760 96.60 | "no '
o158 776 760 1o | Coooqmo. b
S L300 11286 760 | _ L no




P

- stock and 19@ 1&}@”” ngly(ferl nwer e charged _toget her

N2 Purge 0 16.4 760 112.00 12 February 2007 WO

2005/ 019153 PCT/ US2004/ 021592 -14- 30 81.6 76DF&buary 2007
136.7 760 95 169.9 760 100 172.2 760 110 177.4 760
11%0288/0291460 130 182.0 760 1.7476 17.350 55. 70 pckaBs2004/021592
180.6 760 160 180.1 400 165 180.0 350 170 1822 250

190 180.3 250 2.0585 12.072 32.90 2D0 179.9 250 _
30m Alr 230 180.4 250 30miH 230 178.8 40 30nLl Hr.

250 181.0 40 30mJJHr 255 180.0 40 2. 3054 6.766 16.46
30nil H 300 180.1 40 30muUHr 370 179.6 40 3.2247

2.268 3.95 30nL/Hr 435 179.6 40 4.0911 0.301 0.41
30mJJH 480 179.6 40 2.7252 0.1408- 0.21 30m / Hr

[ 0044] EXAMPLE 8. [0045] 541.29 g of acidul ated soap

into allL CEbgang heat-et-+6
reaction tled c LAl —V?i@*@ tlit?‘égr baetd of
t enper at Uttt onddlen| : gr:dual vacuum-wis
appl i ed. B 7 {Tvzor {TBT) Was™ nilect ed
bl ow t he Iia%ili80s,61 490, { hi478443339] 6515 Fe hrdugh a
syri nge, antg 180070 Ath .ahﬂszf?r( ﬂ-ﬂﬁzt"‘}gﬁﬁﬁ mE el apsed

reaction iR | 8%k or 48hnt oximately |12 holirs?o t He acid
val ue was {@asyt®d { o4k Q.94 AV, and abolt n24.115 g
di stillate¢ 18d b&en| c4bl ect.8293il 8. 76khe Idgni St k |t r ap.

D

185 | 180.5 370 : no
188 | 181.1 350 10
270 } 180.1 350 174711 5120 | 16.44 no
285 | 180.0 350 e no
300 § 180.5 350 no
302 | 180.5 | 290 _ no
305 1 18L.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 1.0501 | 3.036 | 8.73 |30 mL/Hr
405 } 180.1 60 no
420 | 180.1 60 no

450 | 1794 60 [2.17095 2274 | 5.88 1o
510 | 179.7 50 1.4046 | 0944 | 3.77 | mo
690 | 180.1 40 2.6843 | 0.885 | 1.85 no
710 1 179.6 15 30 mL/Hr
740 |1 17991 15 24716 0416 | 094 {30 mL/Hr

[0047) EXAMPLES.

[0048] 250.7 g yellow grease (AV 29.5 ingKOI-I/g) was charged together with 14.7 g
‘of acidnlated glycerin and heated to a reaction femperature of 230°C.' After 45

minutes into the reaction, a vacnum 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 valie 126 'mgKOH/gl) were chaiced
. togather with 133.1 g of acidulated glycerin and heated to '730°C After 45 mmutes af
e '230°C vacuum was apphed at 20 inches to a351st in ‘the removal of reactmn Water

' ' ‘_Af:cr a total react:on time of 7 5 hou:s the ac1cI value was. 0 34




[0046] Table 7 sets forth the reaction paraneters and
measured acid values for Exanple 8. TABLE 7 42 February 2007
Reaction paraneters for Exanple 8. Tine Reactor
Presssismisasple M OIN AV N2 [mn] [C [torr] _ -
NaCH [neq/ g] Purge 0 33 760 96.60 no 15 77.6 Fusnounss
30 128.6 760 no lii 12 February 2007 WD 2005/019153

PCT/ US2004/ 021592 -15- 45 160.6 760 no 60 177.5 760

1.7029 25.616 84.39 no 65 180.3 500 no 70 181.7 450

no 90 180.5 450 1.1478 13.330 65.15 no 120 180.0 450
1.4322 12.616 49.42 no 150 180.1 450 no 165 180.3

450 no 180 179.5 450 1.5293 8.768 32;16 no 185 180.5

370 no \ 188 181.1 350 no C) 270 180.1 350 1.7471

5.120 16.44 no 285 180.0 350 no 300 180.5 350 no

302 180. S094) Takje S3o8marges the Eawion parageigrs B8 AY Bedis for Examples 1
1.5455 3. 4R8.H% 58 no 345 178.8 150 30 nl/H 360

180.7 100 30 nL/Hr 390 180.1 100 1.9501 3.036 8.73 30

L/ Hr 7 409053 TABIEQ MAmnARQ s 280k %I@Qa:ﬁ‘iﬂes 1-10.

Example | Wik Final | Reaction | Rxn Added Catalyst
Glycerin | AV Time Temp.
[znin] [*Cl

1 20 (®) 0.42 880 180 None

2 20 (C) 035 | 615 180 None

3 20(C) 039 | 525 180 None

4 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 () 4] 435 180 0.5 wi% K Ac
8 20(P) o4 740 180 0.2 wi% TBT
9 5.75 R) .37 480 230 None

10 25 [R) 0.34 450 230 None

n.d. = not determined
* = Reaction run with yellow grease (12wt% Free fatly acid) as comparison
DBTO = Dibutyl tinoxide
TBT = Tetrabutylitanate
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 Tbs of glycerol

:  were added. The mixture was agitated and heated to 180°C reaction temperature,
- while removing residual methanol from the recyﬁled glycerin as well as reaction water
from the formation of glyceridss. The removal of reaction water was facilitated by

‘the use of vacuum (40 mmHg max.) and nitrogen sparging. After approximately 16

- hours (includiﬁg approximately 2 hours heat up time), an acid value of 1.0 was

" reached. The reaction was coolé;i to < 60°C and methanol was charged (732 ibs)‘as

" 'Wéll_as 45 Tbs of sodium methylate (21% soiuﬁon n methanol). The reactor was ) -  ‘

o -heated "éb,68°C and maintained at this temperature fm_"one hour. Agitation was then - -

k : stopped and the glycerol phase was Qa].'_!owed' to setile at the bottom of the reactor for




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. 851@Pebr3 2007
179.6 15 30 nmL/fir 740 179.9 15 2.4716 0.416 O.

v bizoosie1$18947] EXAMPLE 9. [0048] 250.7 g yell OWCT/Uszoouomgz
grease (AV 29.5 ngKOHI g) was charged together with

14.7 g of acidulated glycerin and heated to a

reaction tenperature of 230C. After 45 mnutes into

the reaction, a vacuum was applied at 23 inches to
facilitate renoval of water. After 8 hours reaction

time the acid value was 0.37. [0049] EXAMPLE 10.

[0050] 515.0 g acidul ated soap stwck (acid value 126

ngKOHl g) were charged together with 133.1 ¢ of
aci dul ated gl ycerin,and 1023 fi
m nut es a@p%ié’ﬂfgyvgéﬁ'ﬁm ‘&g ‘%B’Fﬂ’g &5 gi'ce?gﬂ?aﬁ% H‘é%d"fi]omathaml was
assi st i nretobeedr@nvacaln, ahd ce dist dfomsivataer were Alfedrand the mixture was
oL 1S B el ) ol B TR RS U5 M55 o
PCT/ US200WABRA1GIR: reactif- The QEelior Fabllen &\@Uimﬁfolmﬁ&fet fasidual water
reaction %aliamsters

1

t hr ough Tnéd%ﬁ dle gbé( %teres lduc;t F{}e %?&E)Il(%egﬁ esge 1 Jgs then subjected

Exanpl es ®-v2@umBidgiitglor yilldbsFippakimRedct,420ibsRémedtyc@ibrless distilled
Cat al yst gycerin AV Time Tenp. [mn] [C 1 20 (P)
0.42 880 80 None 2 20 ( 0.35 615 180 None | 3 20

(O 0.39 @é%}%g% »4 15 (C) 0.39 570 180 None 5 15
(O 0.39 ne 6 10 (R 0.50 360 200 0.5w %DBTO
720 (Q T@DS{@- Bﬁ’%le]@? dgnoﬁlsﬁﬁte@ &Agffec%valgss(d?)thegﬁez:%@ oF &k present

0.2 wt%
invention on a large sca]e To 1 521 lbs of acldulated 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 mixtnre was agitated and heated to 180°C reaction tempefature, 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 tooled to < 60°C and methanol was charged (434 1bs) as well as 41
Ibs of sodium i:nethylate {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 seffle at the bottom of the reactor for approximately 1
‘hour. After draining the glycerol phase residual methanol was removed via vacuum,
and 20 Ibs of wash water were added and the mixiure was stimred for 15 minntes and
then left to settle. The aqueous phase was removed from the bottom of the reaefer‘.
The Teactor was then evacuated to remove residnal water resulting in a crude methyl
‘ester preduc_t The crude methyl. ester was then subjected to vacuum distillation

yie]ding approxjm;itely 1,370 Ibs of hearly colorless distilled esier

g [0057] ‘While partleu]ar elements _embodiments and appheatlons of the present
mvenuon have been shown and descnbed it will be understood that the mventlon is.
- pot. lumted thereto since mod1ﬁcattons may be made. by those skilled i in the ar, '

pa.rtteula.rly n llght ef the foregomg teachmgs Therefore, 1t is uuderstood that the




10 25 (R) 0.34 450 230 None n.d. = not determned =
Reaction run with yell ow grease (12w % Free f a2 F¢bruary 2007

-acid) as conparison DBTO = Dibutyl tinoxide TBT =

Tayd afidfpydssi t anat e Crude glycerin ca. 86% pure GErus2004/021592
USP gl ycerin >99.9 % pure (P) dycerin recycled ca.

98% pure (R) [0053] E3 AWMPLE 11. [0054] Exanple 11

denonstrates the effectiveness of the nmethod of the

present - invention on a large scale. To 1,670 | bs of

aci dul ated soap stock, 304 | bs of glycerol were

added. The m xture was agitated and heated to 180C

reaction tenperature, while rengying residua

nmet hanol fromthe recycled glycerin as well as

reaction water from the formation of glycerides. The

renoval ofmliyodiments olesopbade pboxe s aneielyi fqatlg wFEiye RuFResEsend are mot

of vacuumy ﬁ&)edrﬁg‘rﬂ @@fﬂd ol ;;.5 QEAR RRAMG %ch/%é {d8fned by the
hours di

appr oxi mat e I nclu appr oxi mat el y

hours he afollg‘pmz Plafmy as @ﬁrp’a‘kﬁd@c@adﬂwéﬂ &k prinofplepgEpatent 13W= including the
reached. (% ,ggmyas cooled to < 60C and net hano
was charge 9?532 bs) as well as 45 | bs of sodi um

met hyl ate (21% solution in nethanol). The reactor was
heated to 68C and maintained at this tenperature for
one hour. Agitation was then ' stopped and the gl ycero
phase was allowed to settle at the bottomof the
reactor for 12 February 2007 WD 2005/019153

PCT/ US2004/ 021592 -17- approximately | hour. After

drai ning the glycerol phase, residual nethanol was
renoved via vacuum and 20 | bs of wash water were
added and the m xture was ~ stirred for 15 mn and then
left to settle. The aqueous phase was renoved fromthe
bottom of the reactor. The reactor was then evacuated
to renove residual water resulting in a crude nethyl
ester product. The crude nethyl ester was then
subjected to vacuumdistillation yielding
approximately 1,429 |bs of nearly colorless distilled
ester. [0055] EXAMPLE 12. [0056] Exanple 12
deronstrates the effectiveness of the nethod of the
present invention on a large scale. To 1,521 |bs of

. acidul ated soap stock, 380 | bs of glycerol were

added, consisting of 304 Is crude glycerol fromthe
nethanoly3|s of soybean oi l




and 76 | bs of the recycled glycerin fraction of the
previous |large scale run of Exanple 10. The m Febrogy 2007
was agitated and heated to 180C reaction tenperature,
whivDeoosriemsgi ng resi dual methanol fromthe recyalqdis2004021502
glycerin as well as reaction water from the formation

of glycerides. The renoval of reaction water was
facilitated by the use of vacuum (40 mmHg nax.) and
nitrogen sparging. After approximately 12 hours

(i ncluding approxi mately 2 hours heat up tine), an

acid value of 0.5 was reached. The reaction was

cooled to < 60C and net hanol was-1¢harged (434 | bs) as

well as 41 |bs of sodiumnethylate (21% solution in

met hanol ). The reactor was heated to 68C and

mai ntai ned at this tenperature fgr e hour. Agitation

was then stopped and the glycerol phase was all owed

to settle at tihe bott@mr &ifmaﬁctﬁgaﬁ SRR cdnffising the following steps:
approximately 1 hour. After draining thée glycerol

phase resi dual medt hanol., was renoved via vaguu and .

20 I's of wash ZRIEE et SeRithe Soafit STHE WFIR‘%’&% ety acids and/or
stirred fgyeefifesm nutes and then left to settle. The
aqueous phase was renoved fromthe bottom of the

reactor. The \ : - : renove

resi dual wate |P for%g%glgglﬁ %%aisﬁﬂ%rbg %\J%gt%%te‘%gﬂ}?%lgm’est er

product The crude nmethyl ester was then subjected to
vacuum di st i | FeRACERE hegleqeen! pryres paskibepvrag B § sutfiery tipg for effective
of near!| yeoa@drfdn s7ae b Shth béi@dng §E€eﬁdes[iﬁ9§ﬁixi¥¥é'ok fhono-, di-, and tri-
particul ar, el.enents, enbodi nents and applications of

the presef "en‘fifelsﬁventi on have been shown and descri bed,

it wll be understood that the invention is not

limted ther epoviingaethandiif af akde@risiay abft MBAQudMents to about 3
t hose skiélu%au' n the art, particularly in Iight of

t he forego‘ﬁ ng téachings. Therefore, it is understood

that the 12 February 2007 WO 2005/019153

PCT/ US2004/ 02 158¢2g - thg -migiisodi ighyreridesd b r thb edetnoly dorame effective
nerely fot id.ds LYe - ‘e not intended

(o 11t CRea ol B ERIRgraBR Bl 01 on, "whi ch

is defined by the, followng clains as interpreted
according to teRwerns ity ssid gl gststsent | aw, i ncl udi ng

the doctrine of equivalents. 12 February 2007 WO

2005/ 019153 PET/ UIRO QA2 1B SRin{CL AhbEin the sifp BELHRLLRS the glycero]

=

=+
A

maki ng an al kyl.ester co i si,ng, the fol | ow ng steps:
“provi di ngs.o'érﬁe%’Idloﬁéwgé’%lﬂ'@éBﬁ%e@?ﬁm"&@}a}%@ﬂy&ﬁi-ng free

fatty acids and/or glycerides; providing a glycerol :
source of at B.easThOmahetjeficlaith 2 mhsrein the catalyst is selected from the group

consisting of organotin compounds, organo titanfum compounds, alkali acetates,
earthalkali acefates, lewis acids, alkali carbonates, earthalkali carbonates, and

combinations thereof.
.4, The method of claim 3 wherein the catalyéf is dibutyltin oxide. |
5. The method of claim 3 wherein the catalyst is tetrabuty] titanate.

6. The method of ciIaini ! wherein the glycerol ,sourc.e is USP grade -
- .glydetol or purified glycerol. - ' oL o o -




‘)

contacting the glycerol source and oil source for a
sufficient tinme for effective conversion of tpFehruag 2007

fatty acids and glycerides into a m xture of nono-,

diwe 264318154 - 9l ycerides; providing methanol in p8ys2004/021592
excess between about 1.0 equivalents to about 3

equi val ents; reacting the mxture of glycerides wth

~the nmethanol for an effective conversion of

glycerides into fatty acid al kyl esters; recovering

the fatty acid alkyl esters. 2. The nmethod of claiml
wherein the step of contacting the glycerol source

and oil -source is performed in the.presence of a

catal yst 3. The nethod of claim2 wherein the catalyst

i's selected fromthe group, consistihg of organotin
conpounds, ordano tietEthed R eBivpb Efﬁﬁ‘gl?%?ﬂ Hgperol spuziedt geds glycerol
ear t hal kaldova®@ it @ %t sz r AsthaSlysinbikatdibasibonat es,
earthal l cali carbonates, and conbinations thereof. 4.

Th hod of (cl ai.m 3 ' | s di |
" oxide. 5. Fhe rOERETRP PR A SCREPEE b ot

catalyst is tetrabutyl titanate. 6. The nethod of ]
cl ai m 1 wher eiftoterias leydroewl prduped dromsthe)gmcimmaefeslycerides with the

. glycerol geanipified glycerol. 12 February 2007 WO

2005/ 019153 PC1/ US2004/ 021592 -20- 7. The net hod of

claim1 wherein the- glycerol source js crude glycero
recovered froffGVhs &f IQYP?I?Iﬁ@“IBermﬁ’éclﬂﬁ 5‘?]6"13% ipg“ ﬁ? recycled glycerol
veget abl ewfidut fofther flRBcamEN0d of claim 1 further

conprising the step of recovering the glycero

produced fromgt he feacti gn .of .gl.yceri.d ith the . ,
9 tﬂho% of cﬁ rloTv ey he Q@p ol} coh%%tmg tthe glycerol |

. S TIk
met hanol ; and “wher €X' the gl'y source rnclu

| east in garct aidvd sowen)is pafingldpcernperatwic bitoedn abont L#BE to 245°C.
purification. 9. The nethod of claiml1l wherein the

step of cont agpi ngmer}ge@dy&em}g 9 m%sﬁe%@%peﬁ'ahré%&@een abot

is perforrmed at a tenperature between about "140C to
245C. 10. 160Heto88hod of claim 9 wherein the
tenperature i s between about 160C to 200C. 11. The

met hod of cl aiim 10rneheni B ddke 10 GERER Blewoieiafiredd @bt 180°C.
180C. 12. The nethod of claim 1l wherein the step of

Cont_aCt Ing t h(?lz;gl yﬂ%rn%ﬂlod of claim 1 wherein the step of contacting the glycerol
source and oil source is performed at a reduced pressure ranging from about 760

- mmHg to ImmHg.

13, The method of claim 1 wherein the step of contacting the glycerol
source and oi] sovrce is performed at a reduced pressure and under a constant stream

of nitrogen.

4. The mefhod 6f claim 1 wherein the step of contacting the glycerol -

sonrce 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 ﬁnethod of claim’ l wherein the m?thod is pcrfotméd‘in' 'a

" continuous process.




M

source and oil source is perfornmed at a reduced

pressure ranging from about 760 nmHg to | nmHg2 Firudi§-2007
The nethod of claim 1 wherein the step of contacting

t veoglogpeeried  source and oil source is perfornme@cgiysdoos/ozisoz
reduced pressure and under a constant stream of

nitrogen. 14. The nethod of claim| wherein the step

of contacting the glycerol source and oil source is
performed under a constant stream of nitrogen. 15. The

met hod of claim1l wherein the nethod is perforned in a
batch process. 16. The nethod of claim| wherein the
nmethod is perforned in a contin@bus process. 12

February 2007 WD 2005/019153 PCT/ US2004/ 021592 - 21-

17. The nmet hod, of ¢l ai rei,n.the st 0 .
contacting t hg7'gl yrlgjgrn%)%)& S %ﬁ%‘é la“ﬁh 5t ﬁm E% rOE gofitng the glycerol
carved ouwrozrd ofl egiratindarrd pa ty atesiduabdcidoalewf Telow 5 (ngKOH/g).
(mgKOH/ g). 18. The nethod of claim 17 wherein the step

of contacting;ghe gl ¥eahebs csdH i £onaad is]tegsb?lé[)ﬁ&ﬁﬁgc‘ the glycerol
about 0.1 to

carried out to a residual acid value o
about 1 SRR ) sourcyis carded out fo a residual acid value of about 0.1 to about 1

(mgKOH/p).




