TI TLE | MPROVED CATALYST FOR ESTERAM NE PRODUCTI ON BACKGROUND OF THE

| NVENTI ON [0001] This application clainms priority to and benefit
from U Swproumimnsal patent application No. 61/ 304, 713pcCfriused 10e49p®br uary
15, 2010, which is incorporated hereby in its entirety. [ 0002] The

presently described technol ogy relates generally to a nethod for producing
esteram nes through transesterification or esterification processing

bet ween al kanol am nes and al kyl esters or fatty acids. More specifically,
the present technol ogy provides nethpgsgfor decreasing the reaction tine
and/or lowering the reaction tenperature needed to react al kanol am nes and
fatty acid al kyl Hﬁ‘PBpé’,EH@MWL%Wd’&QRE$TWWNE§’WGHON hr ough
utilization of zinc catalysts. [ 0003] Esterification reactions of

al kanol am nes with carboxylic acids or fatﬂ% aci ds have traditionally been
catalyzed with an acid catBi§SEROCYPIPIAEHE FOYERIERDI e, phosphorous aci d,

sul furic acid, [(rom]tms %ﬁeatublmgmﬁl@rﬁw 4ocanaq9e§laf1t el U.s. i;‘aléelfgloﬁ&lpdteﬁtat al ysts
have sever al sl ow reaction ti [ 0004]

Sodi um or aﬁb‘f‘éé%’i lﬂ?n%{ 3%% %@?dPQ%ﬁbmafﬁégh%&Pmé‘gﬁ is 1W0@>@W@#élﬁfeb>arnelt8a| so used

wi th al kylenggtyer s for transesterl fi catl on reaction processing. Such

processes are i nhi bjt ver noi st yre and/ o cidic
impurities. g@gét elregsptly ‘{? ‘éf]es‘fec @?}gypfeg%‘ffcéenra i tPaﬁtm?tl;‘%‘ﬁsf%rst erified
pr gdUCt S tﬂi‘(aﬁcmg Nest¥MMnds nﬁﬂ:oaglﬁ &i:‘anze@ﬁéhﬁcﬁh&n tofﬂeestéhg&ﬁlﬁl tgfodéisw@ g&lveendue to
side reactions. Potassi roxide i.s often used to catal yze the reaction
et ween ¢ rIGIEBITURE 4HE SR CE AR P Yo BB g el ePatons ot 1
very sl ow pasvddes snethelld @y eebrdaying hﬁ&&lcﬁdﬁi ﬂuheﬁhdvcm ldheingtite tetibetetipeatuien part,
to the potas EImTE ctin th,acidic i ur| i es
ur | ng + edbti o epigeb e kB Gl AT St thiaher S S St et £5,

whi ch may,thionghnmiizatiot of i aafalyansy use as catal ysts [0005] Ti tani um
catal ysts, sol under .t r and ame., TY e _al so been
eed 1o cat al'y ROOPHERFELEE! o br hOGRAS IR TE LR YA R o DB AE0)
titani um datralrystiaalljhowe canlyzel with dmaactl sealst, ahcldasaﬁbaxmle Iphogpberbuscul ar ,
titani umcata n i | ut Resi dual
{1t ani um oavary oy shETS HEuhRhT b bOL Uy RAEE Bl BT al o Mt fellh, ot
a poorly oindvmaeld ipeloducd varhaow nastionéigei re further bl eaching. In addition,
when titani um g)%b@ ¥odidin %]F ot&k%ﬁfil Ml 'etd?&ﬁb‘% d%%}‘ eﬁ‘é}ﬁ hALLY 3G d. the
resulting rati f “nonest lester and trieste ter am res are not in

l i ne with vedt db)rhesﬂq@chptrmmlﬁsg@e|r¢qcn<at propgssing-y Suwemoces&es e fenowly t hat t he
activity qﬁhlﬂlletdaﬂém&c %E; %&fﬁ&r@ aﬁ(ﬁ/@r w&@qﬁlﬁ{ﬁ{tl¥s 'TH&@%}%Q OPXIkQ{m&eﬁsol n the
absence of carboxylic’ acids his affect, 1s a hindrance when a carboxylic
acid feed Hr%duﬁ@ﬁﬁta@@tdrawsfaﬂﬁeﬂ megducts ghasrin ey instapers.cex ity Yieatitrof & n
conduct i NGt G- 6 &RAE tdadnt. OPo@a[sﬁﬁer%drBBQe €958 RF BRatalyze the 12088 bhetBenvi ew of

t he above drawbacks, there is a need for an I nproved catalyst that can
decrease tIHEYEEISEN{ fregrnchimias. Heuvee eardcniondattlorery dete endd delictied Wor t he

reaction heiuegN.RhkrNat MNER, AYrCRMBOYMALiEmARURRi O mmadiiify 3Gi@ls Or
al kyl esters. There is also a need for a catal yst that can produce an

est er ani neViffy aSHiFcMPRfics dPEISIEAGHROESIS tR SCTES %iat@r&aelo@ﬁl noFSsURERltas rati os

of rmnoest@(ﬁ@hIﬂdye&r@d’y@ﬂ@ebﬂ’dn§§§e@rs cafalgy am nes that neet existing product
specifications for esteram

Rl EF SU THE | NVENT! ON [ 0007]
In one aspect, (¥R Tﬁ&ﬁ@g@rﬁata{}staesg q%@&rﬁlmgffr%@bfﬁ%we?@%@@m for
decr easi n]ghls‘oh;%er[ aadttb Qﬁltaltykd’rﬂleb&tc’vi&ﬁﬂf aﬂath];aﬂdmﬂﬁﬂ alml fagy asd. a%uf:lﬁltlfaﬁluﬁl(ﬂ d al kyl
ester, a tat cid, or amxtur reof by utilizing a divalenf zinc
cat al yst .. %téac FEHcESWIPR Sa‘fer% ‘gﬁ g paignlte H{a“g‘f“ aFf‘é‘/Sﬁr
t echnol ogyfomt baniumaprsegiaes iif sdaiono m@fduﬂaﬁzelﬁdni bﬁapdtmanr f@Ciicttre Gzafh proceed
to conpletio

faster than CL@II’I sone s fast as
hhen oot R b AREME kbt Poa R gl B o F AR N oot e
i ncl ude, faﬁmueng aifiph Etanidihandlsantanesd ditetrivinodlaninaend fatty acid, the resulting
tri ethanol am ne. | SORLORANY AT NS L SORIQRANL AR Wi LLARRIARADRLAM Ne,

specifications. Further, it is known that the activity of titanium catalysts are negatively



al kyl di et hanol am nes, al kyl di i sopropanol am nes, di al kyl nonoet hanol am nes,

di al kyl nonoi sopr opanol am nes, and conbi nati ons thereof Preferred

al kanol anwoes1iiwn746he presently descri bed technol ogy ar @CT/US2011/024907

di met hyl et hanol am ne (DVEA) net hydi et hanol am ne (MDEA) and tri et hanol am ne
(TEA). Exanples of suitable fatty acid al kyl esters and fatty acids include
triglycerides, vegetable oils, fatty acid nethylesters, fatty acid
ethylesters, stearic acid, tallow fatty acid, derivatives thereof, and

combi nat i qp; acrtéaec{y%{mes in the abéé%@c]f c-gmgxﬂfc\é@tldg Nirp;g 'aﬂ&t Gah ﬁlnﬁl%hc@l vﬁheﬂqded ina
usableformtot reaction mxture so at the zinc can be soluble in

order for q%@ﬁﬁ@léﬁeéé%edé%ﬁe@twélbx ap élkblé‘étqr fee(t Al gmetbaestsdi irgendscting g di val ent

zi nc cat alrya%tmﬂtgprdau@el}gegsgrﬂllg zinc oxide, zinc carbonate, or zinc
di phosphi nat e. In ot her enbodi nents, the divalent zinc is in the formof a

zinc salt. P@dtd]ewqféheraégrﬂ dravipckss theredtri Aeed foan imgroypeahest halchnol ogy

can be derdyy ldEdré’a@éjth\éﬁeEtBn@eaﬁ&ﬁ&ﬁtEdﬁbe?steﬂgcaﬁG@Péactloiltﬁﬁb ﬁ;$ thef@zict@ﬁ(%mla&t met hyl
chl ori de or dinethy fate i.n order to produce a fabric softener or

anti - st at .aékaaﬂeﬁtles 8@@wePOﬁt}aﬁeiiwzfrttrga%e%taléwt;%tt?marTshsr%%a dseeeeddficn as
epi chl or orbmryrsmhatean piRtc¢ ah leM&@8m1inb @roRAdt tha® WCHbr@S stable, has a good color, and
3-chl oro- ydrongo ganesul fonate, sodiumsalt DETAI LED DES PTI ON OF
THE | NVENHAONREOS BFPE] SRYCT s Py SRR bR B TRy FlUSt es
general |y sbéblf&afmtsh’(ﬁdst&eﬂhmer oduci ng esteranines through the
transesterification or esterification reaction of al kanolam nes and al kyl
esters, fatty acids, or m xtures thereof Mre specifically, the present
t echnol ogy provi des a netBRiHF‘SUMM&RYeEsTngIN\hHWIethi on tine between
al kanol am nes trieth amn nd., f e (eg ,
Crialyceri des, DUD i b OR PG BRGorLlenioREy et g FEbEE Ty
et hyl est erds¢resing. thg rehatohwmcbed&;en on amammmes amdﬁﬂa fgipfacid alkyl [eﬁélrlﬂ]fattyn one
aSpeCt, tha%ld I‘esﬂ%g(]ttul eythereo PhZ(ij taecf; aﬁ'enl[ g(,y ca#tliys! IItzthcor dC!eV apfeas E)rpec
catalyst in at J'east” one es i cation” Pansesteritication reaction to
produce an:rr@stileneamfrtbe prBy:ndievIalbbgy, thd nmswsgenﬁeeam oz kni@ificationtreacfiorordndat i on
state. %}&9 fnpfebiBie S&ththg%/bﬁstgfqg d d‘m soﬂl%acgéeﬁ n},% Qs Lhgndeaction
mxture S e zinc can one so ub ein or or om)geneous
catal ysis Cpmveomrcatal%@ts agtuaedk i ng reaction nmixtures of fatty acid or
carboxyli ¢ aci thogcahifaaRl Ay ifdificZ kP Sbialsioban. Recaddegnkn the
formof zinc oxide or any other zinc conpoun can ‘supply a sol ubl e
form of ditvgthasplampienc t vonrpranelemwei on disxrenaolamingse i tHsPridRENYeMIngr e not
limited toduzyw&haa@qttﬁ@uch a%lkrluﬁ&pﬁ)grmﬂ@ﬁe@ or z'drtqkytrﬁtrfottﬁtletamm@ zi nc
oxide is thén rapidly converted e nolten car od%/ ic acid to zinc
di car boxy|dalleimepoisoproganalgmines. fad aom@n%@eﬁth%oft Hacfered: fkanelpgines fos thei nc oxi de
i's convertgdehg gés&ﬁ)eght&th%%t fre deh&ﬁyl@tﬁAnBﬁnﬁfe rﬁm@&ﬁh@thgd@ﬁmanmch as

e a

i nate can al so used as the cat Zi nc di phosphi nate can

zi nc di ph h
E e’ T VEIAL for meliedimiae ey R AP e o eEr g aal de

and phosphicfat anﬂ’tﬁ'e(:tnglgeﬁ@és Zrlbig‘éﬁabléa&ﬂ ¥asth SacidSMERylaserg | Gy 6Ad ROPRLEsand zi nc
triflate, can also be used or starting reaction mxtures of fatty al kyl

ester and SEANSIN HYPY At@cidy Agivaiieaibeiset sndfembmainny thesohdded in the form of

a sol ubl e sal t [00801NAR d&ialGt Al ARIYOH is 2dIIE CAHABIO @ 18 KR r@@bionSHkfukrLdoent |y
soluble in this starti ngﬁorp Xxtuyre to geperate a vvorkable di val ent
u

homogeneol®t Ahh @ngataq| Bs polubdy, i QFee 94 hemaganeeus cafplyis de Q& helc sl yst f or
the al kyl eagbdimchts,ansgisiiet izint cakly@ns harcoimof ahc bald YinakkydnaRséesincand

al kanol ani pe i ncl ud tate or. zjnc. di.phosphinate. [0013] It
nas been SRy SBSERG RGBT IR ey Stt of T ho pr esent
t echnol ogy CanﬁmmﬁxnﬁeﬁﬁdbgeMﬂWﬁﬁMﬁﬁE&i@é%ﬁt@ﬂbMﬁ@/thkmaﬂﬁﬁ&ﬂanmhlCatlon
speed/reactlpn time. tF L en d ‘h b 1S ﬁ%ed F

catal yst i W EREBEHERYe talsf a etaé’%t’ “t???é( ‘%‘ePﬁ Yhe® pi 8%‘81’
technologxxmmHEaéﬁMemmhmaaﬂumnsmﬁcagmnsesmemm&nﬁamgQﬁnmeamammbemam proceed
|t(r)1 gfg‘g'eeg' & s 51 chlo ﬁ%oa or V\c;%re%a%g%satﬁear?ogﬁ Oh?}‘e?s as‘“‘riﬁ‘i;‘ To- %B%oxysmopane%a o%ftaroi 4ijsreﬁ
accordanceommmHMOne or nore enbodlnents t he divalent zinc catalysts of the
present technology can also visually inprove the color of the resultant
esteramine materials such that a subseguently guat erni zed material can be
of inproved color also. This can, exanpl e, make an additi onal

bl eachi ng step unnecessary when produci ng products according to the present
t echnol ogy. [ 0015] In accordance with sone enbodi nents of the present
t echnol ogy, the divalent zinc catalysts can produce esteram ne products
that are free of precipitates and that al so have superior storage stability
conpared to esterantne products prepared by usrng other catalysts

~NNaA M~ A r ey o, o, 4 T



[0018] Simlarly, when nethyldiethanolamne is the starting am ne and nade
to react with a carboxylic acid or alkylesters, the resulting esteranm nes
are conposeadoufioer4a xt ure of nonoesterified and di est er PCiras$2@goessam nes.
This m xture is made possible due to the fact that nethyl diethanolam ne
contains two identical alcohols, each of which can react with a fatty acid,
or fatty alkyl ester, to generate the ester bonds. Wen divalent zinc is
enpl oyed as the catalyst instead of a traditional Bronsted acid catalyst,
the final product m XtBE%IL*E@’]@E@(ERIP@R}NOFEPHECIRW%![(BNOH m xture of
nonoester and di ester esteram nes conpared to m xtures obtained from
traditi onal Br §l$tlethecaesristdsscribet techeolegyerddates eeeetly fiocat PeAOG defct i on

proceeds ghofcilpChidaAsh&" thidhd@ the tranbQRERdciMIER diBREDNIIORAEENAROl am ne
is the starting amne, the resulting esteramne is the nonoesterified

est er ani n@l3aYiANEEs piealkdrrstcsr dBoICIdatr PEAWES (eEeRl a Mot SRECHCH- &1 fat ty

al kyl est gfrestd %@wcagpepﬁohﬁeﬁsat 8fctiAngor \&@&éhsﬂgv%efuact&;nngnfeswm as the
catal yst instead of a traditional Bronsted acid cataly

t he
esterifi cABNPEEIE B0 IHRBINREY 248 faétmﬂéﬁlkffb?te@r(esafr@lyceﬂdes Veg@fa@%fzm I'n
accor dancemﬁm fhtly a%ﬂﬁﬁtl@ﬂﬁ@tléfil, ﬁamcsd eth}h@teﬁ’d via)), ity acids|Ger ﬁ@&@bsytﬁérsofof ]E he
present techno are al so sur |S|n ctive . t resence of noisture
and/ or acidic L@g%rf‘aqng asPqt: dBe Vnﬂ%%ﬁ¥8%éinfe°}fnﬁ O\g%élag?eéc?k VUET 4% ed for
reaction ph@BESHahPast Eﬁliu Stedfitatibe omn@afsteaﬁcaﬁayrebamnft@proea@arxpIeacramﬁsi dual
fatty aci ecor dance wi th.o ent zinc
cat al yor 5 T AT GRESSET Ak T ogy B s o BB RAL i gatpiIR g tHoY Ro
resul t ant aEﬁ;sl‘aBlE:&mlm&Sthbyrefwhﬁti m'mumg;osthaiehdf emctcalohﬁcpm\ﬁll’kbhlbleofltcﬁdbr (mcur when
stronger hases ze transesterif react
[ 0021] Angt"ﬁlgﬁenﬁdm ca‘talea%t“’ ?“%“h ‘L%Fgaé‘ "&n a"zgnnré“’%‘%?s ‘?ftflatt ?rh%rbﬁ ihsce nt
t echnol ogyacidsing hgnolamicko g znmtcatbl@a@meb&jmaed invid fodn lof/mammMr aihethgpr obl em
W t h Br Onsztlnecdco?flclngnd \9111%} SISS Il}rl]a sol%bler r%nenf:glvaﬁ nt 21r171] Qo %ne ac 1ha‘;}mt he aci ds
qui ckly becone deactiva ed “dtfe proton ranster fromthe acid to the
ni trogen ohest heludnbutere nﬁhbfm_@tdrt@ nlgc mm suck apfing @éooam: dr mmtaﬂgltst Bhe g conpar ed
to the V\ea()&?‘ndlre i§ ﬁ{eg Qﬁ%llﬁl %or@%ftgls &1@"1’1§o$t§n Ezg' ({%ILQ a&&’ S zﬁlpﬁ 1chrpBY, ?atté) B if
preferentially to the amne, t reventing strong 3 rot o
avai | abi | istopri¢ god isas@layﬁies“attyﬁmdsthb rzmnsikléfr 1sr¢a¢oesectth@1nprdt§te@mtel afmg@hlys
unavai | abl f I t et crucial to
the esteri ? Iptth ?@E\C ?%acSﬁ%ﬁg%%ﬁ dyﬁb@hﬁﬂlergﬁg% %C%Stg (g a%es&baysﬁetzg s is
possi bl e ahithosrhinatgwpmbesmagedn kpowraltematbelyclior dlbanareie deaciow of zing pride and
Sur pri si nglpyssnivate %th@r'ﬂ?c éa%lﬁﬂ & e¢lihy B GRLRINS Lin@ BfhH08S AQfpbecone
deactivated by amnes. This devel opnent 1s a surprise, since amnes are
known to 6wk dFeatainegeasfion meterey pinatty alkylrstenrnd sndkinglagigethadivalsgit t hi s
appar ent | y;fQ&suNoL adb i thd ©AALE Y sdhivndar: m@ zﬁé’bﬁhé’&' AnQfartolfe are not
esterification reaction for zinc. Wthout bei ng bound by theory, is
bel i eved tsHEleaiX @iw@ktin Higreeringimize tg gengrafcain akablg dvajgnt e%&ﬂﬁg@%g the pH
of the reaghiyan SBRALR.zidd ééﬁi %ﬂtusz la@@heC@&a%isV Fr Sh@ bRyt QRF @faAferfiéP@nl OF tO
protic acids, because: 1) | ent zinc i nduce nul tiple positive

char ges i HEsHPRfdR e e F”i‘dea”‘éfm?)‘f‘%’cné Dk ing G OB AP IBPSPHEG posi ¢i ve

charge, 2) di vejoemtit Biseek SitpEfhgdt fduld AAY tHealivat biac B&Llyit WS theagibddhic
sol uti ons, ngm ch can m ni ze unvvant‘gig si de reacti.ons, and 3). di.val ent zinc

can coor di FAPYOPFR BYEPLFCE| BRION DI Y SRBION St GHECSETiFALPE s @F?lon%‘ér eas a
proton usu@k leyan§0grvich aivagnt enom yse@rae tdoneilysaimomcordance Wil02A¢asSoiict abl e

starting fatty aci sters faor resen t technol ogy.J ncl ude for exanpl e,
Fatty noi GHPEPETdEs B aralyel oht ST Arn OO RO ST B et Sact d

al kyl groqmce&awslcﬁgpm(mnmammge 2wico aahasrtil wB6h otidrtcatalyad hivakad ih pane ebout 5 to
about 25 ca Z n.a O[é The fatt &I d al kyl groups can be either saturated
or unsaturé‘faeﬁ I PEPEPEPATS By dPAYSRtt ed. " The ester al kyl groups (i.e., the
al kyl groups thOM]zIedccto@daﬁ@rmlesﬁeecrrSnm mlnbddﬁﬁerftsatlteydv&ﬂnnd)mnmg,talm gfonpl ex or
sinple, and can ontain . al k. r.ou t hout nchlng,

navi g f o Shol E R G0 Py PpRs o o b oty B BREHLY 25,
alternati \mdtgnafsrsoch @bmbstqlteoﬂ)ammﬁrmzbdomdmhcaatbenélmpTdned edlbedlsoal Tyl  gr oups
may contain nultiple hydroxides, free or functionalized. Exanples of
suitable starting fatty acid esters include, but are not limted to,
triglycerides, vegetable oils, fatty acid nethylesters, fatty acid

ethyl esters, derivatives thereof, and conbi nations thereof. [ 0023]
Suitable starting fatty acids for the present technol ogy can be, for

exanpl e, any al kyl acid having fromabout 2 to about 30, alternatively from
about 5 to about 25 carbon atonms, and can be saturated or unsaturated or
partially hydrogenated. [0024] SUI tabl e al kanol am nes for t he present



[0029] In sone enbodi nents of the present technol ogy, when the starting
material requires, a vacuum system can be attached to the reaction system
in order wo2ammouvres for exanple, volatile alcohols, pro®aEitEs2010/024907

by- products during the course of the esterification or transesterification
reaction. [ 0030] The divalent zinc catalyst is an inproved or superior
catalyst for the esterification reaction of alkanolamnes with fatty
carboxylic acids or carboxylic acids, and the transesterification reaction
of al kanol g f&e&awpfehmmt dnYadiikh bﬁ%ghg{gsste%runq&m 1 BRh S FOlRES
generally. I't has also been surprisingly observed’that the agval ent zinc
cat al yst |3§C%¢1§$)t0é111@fﬁ§%5?@d“b%01‘?8¥e structure of the al kanol am nes, during the

course of the amhgrhhi@afah@nvid ot 2ABEBHER] dit6alrELR EBANLIOMS diklags, a
relative reactivity scale is as follows: polyolal kyl am ne >>>

triol al kylZKicABlYSIS o rzs?dé&wiﬁr%wa%p@dw i Pe 458 P%W%@taw@w%ﬁtalsa 8#¥fg bound
by theory superioBstbield s@%ﬁfdy &Jﬂ@ﬁreﬂ ﬂfes@fa‘ﬁﬁﬂe%ﬂ&du@t’s Bfé dr& Wheln %To@a@r hlkhe

al kanol anm nes, in such as to better faci |tate the esterification or
transesterificHiY P@%}&rt %desﬂ’éage Phths dirientaine ilypts obihs grepiaf feehnalpey at t he

zi nc cat aItya&twﬂﬁuépdctb(ethaSeaelmmfa@thaw@ané M resteid fhi Q@ﬁltlﬂg'\mdﬁleadﬁfbs én of (1)
fatty or carbox c _acids with al cohol s, al k est rs or

met hyl est®&8° 141{35%% MBS eSterammeO‘B%]ﬁnWéO%FtégléWfﬁ’yaE %8?‘5&3‘/1 W91 be
better undefbistad phyludtefpeei@igiond Gort BeeribihdsOMah gveeX abRINRS . frobese vexlanpl es
are provi detd %dgﬁfsc” be. sp teC| fic enbodi nents of the invention and to
denonst ratéagésg et 4 &8k ent technol ogy. By providing these specific
exanpl es, the [0OVEM0L Svet o, “}hlemﬁetﬁaﬁrﬂarﬁlﬁ@meha)itartlﬂ@amm/anitm atade XAMPLES
EXAMPLE I,Ar\e T FA Y ACICIIDdSBAr\SEﬂf les ers ‘5 N e'?z?n%hess W'I;H Zl g gERI VED
FROM ZNO &%t %i§g Fatty oacr PSSP IRES {Ev9PBO% °5.%200 ol e)
was pl acednmmteooﬂrim&mnjied 3hdsictifed, Iamistnlasm&tetileaenamam OThlatnDBl?I@lS undter a

DL ankel OleRlLORS A AR o HEARIATE 81y A10% BT GHOS RSt
a pre-reackn mactzzvl‘rhlca f@ty)n@ahcbrrfatty ablryl efter 1@ 5enp1pm thél' q:steebbrainov\am the d{vilEA) ,

554. 2795 » - 2and the
nole ratio I%P& taé)gg\éﬂh%j)?ﬁﬁ éi\%{/l\éé cgl c&?gﬁ’t X‘%ﬁte@@gﬁgﬁa&gﬁ I%? aglhgosf rHﬁH% rogen was
regul at ed catlsts lﬂbsffmaf am@u@pmmy@a hate an rdantecabmixiodd rwhhpdstiontrd mdngestare was
stirred. . 10)'qY/

applicati gde\é%f g %&\%ﬁgﬁhﬁ a%dclg ;ﬁﬁﬁét@?ﬁoggﬁl re ter%dé\ﬂé&ngl é}l?gﬁ%iyc | e was
appl i ed twa@b’stsaﬂq@hmwaireétemﬁ@tlﬁera@@dn pragdeils 2 a rwghp@ptatratee of 180C was

reached. The ”Pdo@é]' didi gy, INH&H M@ﬁﬁ&etﬂ@f%laﬁ%%&% %gm%% JRIIRPREL & rREESSUr e
with the help an air “cool ed condenser, before 0C was reached. At 150C,

t he vacuu nfvlwa@scaélmyliwldatr aliglerpighe Sapiisestcgmines argsompesed afrd MEtWRele

col I ect ed @lnokdddigiby ahSdiandirld wté}arﬁﬁlesf Ofhif Riddntid mia@taoym@@ bk Widdig vi sual
phenol pht hal ei n endpoi nt usi ngl 2N KOH Met hanol . The expected free

fatty aci dhatamge! dishamlamingoqy WE%E[P gdenq%balﬁ%ha@t 746l of which & EHEHIEH on 0. 75
hour af t erfatyNRid 6REGYS Ak E8erOh %ﬁﬁ@-@st&%&%e@lhemﬂ%%mé@e RALEATTY ACI D
BASED ESTERAM NE SYNTHESI S W THOUT [0033] Tallow fafty acid
(1733. 7 gri8ngaliwing s @ 2 ipdigen! ﬁmn%tyd %%f’scaﬁ#%él& ﬁnﬁltnsocluﬁtemvaﬁrﬁéw@ i t er
resin ket tij@ticashpdsitdh nd{se dmﬁ)@lbes@er Qh@ra{e@tter @termlﬁésqgﬁlparm thm&tul@og grams
of Anox 20. Trl than%@am ne ( (EA 269 { = 149. 19, 6995
mol e) was RHYEH PG tefidoy Supste W&Phﬁﬁ cQV§ 75&?1‘18?&“95{%&910&&0&?@?‘&% was

cal cul at ech h@hli@tctrat?/ 1. The nitrogen was regul ated and subsurface sparged

at arate of 1 /. m The Xt ure s st ed A vacuum was used to
renove the excgoggho%ﬁleﬁhmw RojoRang dfl ?‘1 Birtiggo WSy VaciiMi™ol | oned
by nit rog&@tefaeﬁreas e rﬁdmbsstamyiedi estar@Bing pglaie dhd he fcohdbhennrtact Witk avis;, heat ed

until a te tur s.re or t

condensed AR o oiefErrt uradlE p SRR TR TRGH it isdiod S0 B ondenser
bef ore 15Ciﬁ§tewa$f h @aditied] BinstdbO, caaly\sawLmneMtlapnhated pacedd8 atamnigchSanpl es
of crude err gl ne were collected at intervals and titrated for residual
fatty aci {h%a vi sual phenol pht hal ei n endpoi nt usi ng 0. 1002N

KOH Met hanol. The expected free fatty acid range was 0.11-0.08 nEqg/g. The
reaction reached conpletion 1.37 hours after the tenperature of 180C was
reached. EXAMPLE 2A: 4



TEA/ FATTY ACI D BASED ESTERAM NE SYNTHESI S W TH ZI NC DERI VED FROM ZI NC

TRI FLATE [0034] Tallow fatty acid, 332.3 granms(MAE272.0, 1.222 nole)
was pl acewoiznticioer4snmal | 4- neck round bottom fl ask, underCa/usk@nioetopf
nitrogen. Triethanol am ne(TEA), 95.9 grans( MWV = 149.19, 0.643 nole) was
added to the flask, and the nole ratio of fat/TEA was cal cul ated to be
1.90/1. The m xture was stirred. The tenperature of the m xture was
increased to 130C, at which point, zinc triflate 98% (Al drich, MA363. 51,
0.2501g, O. OOO%QO]erla%}or%@e %ﬁ%@m@%%b%ﬁi%eﬁt@%& QivaleWLid MGGt REMmcSeal ed
under nitrogen. pre- reaction zinc content was cal culafed to be 105
ppm The rnr@tSﬁlﬁgt@anJﬁ&V o S aryeEsnglp fegedngbe arepeee obmopYohRYdET rfcidithe

M xture Wasaheat edick il lbe 3rdSIREFALWLR &i‘hzad?fapraaaﬁmrpe@emlg his 2RRC, the
rapid evolution of water was observed, and the water was condensed with the

hel p of arfmarial gl bl BoREBIKerssidambitgsicst dp REPTesER P o8 NeMerccol | ect ed

at i ntervah®hoddnt,ithd @Gt 5iR cak@Bls e tle pFeadnk }séclﬁfélo‘éy Wntdlko%ré(lbtﬂlg@lhmg of
phenol pht hal ei n endp0| nt using. 0. 1000N KOH Met hanol .. The final expected

free fattyhaEdtegosicrsmpiacsooninipging sidpHgacHanc MISh often OFdE WehpIrderon 5. 3
hour s af t efasdietusdiigo b@gm traf¥AMAL it Beacti&zA/ FATTY ACI D BASED ESTERAM NE

SYNTHESI S W TH SHOEPHOROUS, ACHD GATALYST 093g] Tallow fatty acid.
327.2 grans(M/\E’fggs‘g‘Ot r?‘g@mﬁ%ﬂ ) thopd @alﬁ‘lta?ﬁ‘éc?aﬁa%t ot %Wﬁ?eflttﬁ %y Sound

bot t om f | aBkdt it dead@it becobk asdatat@f by tintlife@&he prébli@ tvif mabnad rae&i“t‘&é{)ysls 4.5

granms( MV = _149. 19, dtothe fla ratio

of Tt 1y, 405 HPFER YeEies L e A0 o, b deontiah ee & Bolpdirs  ed  The

t enper at urfenofhet &l Wi ¢ ni@gwASH th’eca’nﬁﬁ?fs eﬂrhet @troh@(iﬁtureabf ibbiacid qaaiyits, as

phosphor ous_aci 2840

reactor, vﬁﬁmgia’{e(gto My Wg&er %drl?oxﬁlzc i Tcaﬁsets rltlz)eénet IOSF tﬁglrnPrf) lt%oé’reeger\e/\%%ﬁ)ys%?bsur face

spar ged atth@amiat,ehefpr&OQing smong. acliyeoton xtailatélitwds daebtied Thintrhhsfa ntagexper at ur e

of 170C v 1&aENE0:, T NBLSE pUBSCRNAENSEdotint holdle, NELP.RL.AN I T cool ed
condenser. P go¥ Eramn Fected at i nt erva} and

titrated ftor esteeﬁpalhualreattatnt ;Onathq: othew Hahd, aatvllysuby mptal nopgehiblbahdeihn netatbpoi nt

using 0.10 a | was

0: 05 ) g Heae NehiSRRR LTIE {-laB S RERS BRy G (Pl nBRLLaIBE. Dagan.

EXAI\/PLE 3. and'ENSMTW%OIA@H@OMDYE@T@AWNEGWWHESISS SWpTib$, ZinNGIDERI VED FROM

ZI NC STEA 0, 1. 508

nol e) was p ace ?cnoto %)d%%%% dx?‘%{(}nec %C%bﬁgé %gﬁ%a%bﬁ tg{ss%%m gg\é&zéﬁt der

bl anket ofsignifcpsiydvindemih eqtd mirodfale astsrificpma) reaqtipg farZzingr Avithoyt\aping bewgl 19,

0. 7937 W'&)thé&%ﬁ 1@@5&%9\76‘19{1&1‘ !ﬁ@al&l‘[ %g canddfhs arl%w'igodlcﬁ vglﬁBthhaq{gmg%et gci d/ TEA

was cal cul ated to be 1.9 . The mxture was stirred and heate to 130C, at

whi ch poi rite reggtigg H@tileapawa@nf(@cgﬁﬁlypus@fe|tbfr1ief01t‘3éewﬂtwtta|prﬁlfca@és becagm3l) gr ans,

0. 0008435 ikt ziMWHEARIRDImMBIe ALAREH RRE s 1RG£ EARE QUhilVAProffidhf thahder

nitrogen. This anpunt gave a gre reaction Zinc concentration of 104 ppm

The nitrod@ M@glﬁé@ﬁr%ﬁ girnd diHet rAscen Pt Hetpulitl medinp Bt 2UF i/ mi n.

The m xt urgwes, Rk 86 Hitnhike dhvia8RPEHAtMERNOfand TPEVIES zfn@@ﬁh@@rdlﬁgﬂe wat er
was condensed with the hel p of an air_ cool ed condenser. Sanpl es of crude

to several electron donor atoms simultancously, whereas a proton usualily coordinates to only
one donor atom.

[0022] Suitable starting fatty acid esters for the present technology include, for
example, fatty acid alkyl esters, and may contain any combination of fatty acid alkyl groups
having from about 2 to about 30, alternatively from about 5 to about 25 carbon atoms. The
fatty acid alkyl groups can be cither saturated or unsaturated or partially hydrogenated. The
ester alkyl groups (i.e., the alkyl groups utilized to form esters with the fatty acid) may be
complex or simple, and can also contain alkyl groups, with or without branching, having
from about 1 to about 30, alternatively from about 1 to about 25, alternatively from about 1 to

about 4 carbon atoms. The ester alkyl groups may contain multiple hydroxides, free or



esteram ne were collected at intervals and titrated for residual fatty acid
with a visual phenol phthal ei n endpoi nt using 0. 1000N KOH Met hanol . The
final expwoted/fipme fatty acid goal was 0.06 nEq/g. ThePceaskélon24veached
conpletion 4.5 hours after Tmax was reached. EXAMPLE 4A: MDEA/ FATTY ACI D
BASED ESTERAM NE SYNTHESI S W TH ZI NC DERI VED FROM ZI NC STEARATE [ 0037]
Tallow fatty acid (839.0 g, 3.05 nole) was placed into a round bottom fl ask
at 100C, under a bl anket of nitrogen. Methyl di et hanol am ne (220.7 g, 1.91
mol e) was fadedit HEmblkaSKuitabRStAiiCr®f K &lR MBI Rl idirdaagdi ng

a
| evel of 1000 ppm This anount gave a pre-reaction Zinc concentration of
about 100 tpgheeridtievagrtaiieipils. (s a@d metnesterh dettyasid sthylgrer | deavatisepssedtur e of
190C was rgaehesnatidnenditdrr ogen was regul ated and subsurface sparged at a
rate of between 150 niL/mn and 200 nm/m n. The water was condensed with the

hel p of an ai r (4933 RHalo HaERs &ty a8idy frubmpisient sehnrioes citals: &ypeBRcwhen t he

bat ch aci diny glkWieicli@aeihefol aBout Etbeut®0, d1R8MStiveRarih Bduld toGbsles esbsr am ne
were collected at intervals and titrated residual fatty acid with a

| f
vi sual pheaﬁalvspmdwa%fi%%tu&ﬁ%%%t%dﬂgp@ﬁ%g%ﬁaoww hanol . The fi nal

expe?:t ed frge g(m}z]zn]wua@dlfl ag@ﬁd_ll_arﬁ\iﬁés Ebr Oe rpﬁﬁérg.te%i@lﬁgﬁﬁmddﬁ,nfd‘re@@mg&d )
conp etion . ours after. Tmax was reached. . ospnor ous, acli as the
cat al yst ﬁt}@n‘%%f%?’i Sirthealdning SEHRPYETGR AS.OBPPP?{HE?PE‘% ‘flg?l’“?i??ﬁ%a’w&§= r eached.

Thi s repr agB&rSpadolmhin8% 1 eflytdidtitolaminegact iayldiikdPeopasol GERRAr eddiblaylst andar d.

EXAVPLE 4B: NDEA/ FATTY A BASED ESTERAM NE SYNTHESI S W T wous
ACI D CATALYEP a“°E‘“‘[‘%s@%’?‘&?@&?ﬂ’?ﬁ%“ﬁ’%%ﬁ&n@ f@%%at&ns &er?efyng F‘G‘S)gllz s pl aced

i nto a rowichphot theaikinohskneanay bénitain frok@rabaut b li@stioet 3 0ofarboh ktogeind can be

Met hyl di et hanol.am ne . 0.42 nol e). s.ad to the flask. The
Phosphor oue TR A bikde it <2 SuRF e0er 5] TRl B r e was
stirred anchhaagyedcludetnndthyddidtiemplemak unetriotharblb@envas reached. The nitrogen
was regul at ed ur.face spar.ge t rate of between .150.nl/m n and
200 o The e Sadedbka iR SHRGREC Bhnd LA RuRie PEGED ARG, 2T
t he hel p ofkeaglamings ad dhteycklicd retlem ser be Wasdnpt enptrawraddrons ttenadfi’ etowas

col |l ected i : r kdual fatt
i dow SO 00K il ERE AP LIERC o B M B0 o fi e Panol | Tho
one hour d¢itaalval 3e0°WasB&1de9 4omiieiing thn deaviidn| at becansetionsd tahwsthdwetidone f or
this study. f e - - ni t t he

S andar d oo SR RELLORTRGE ARG Bnd Baca Ut BBl BRLE AR | N
SYNTHESI S pis tzth@O@EFan\ﬁE@W 20N INCECTIATTE reaction [tgoBtuTatvhibpwstillat t y aci d
(195.9 g, erIZrilg ﬂﬁpke%ltio‘ﬁwgf?‘ %r%ﬁ&@iaﬂﬂilﬁ’bl@p{ fﬁiﬁ(ﬁ%i@%}e%&r%ﬁlg%s&h@tber?eﬁ% under a

bl anket of nitrogen. t hyl di et hanol am ne . nol e) was added to
t he fl ask.comhist h Agnsestcaifigition fRastiondt & vt CEIPEBEE Al NPteop| SafenIgp cPm  The

m xture wag: Atd k4R sidddaeRl £ ddiiolntdf hRIERRE dkdpBdRts. 175C was reached. The
nitrogen was req%zéﬁled and subsurface sparged at a rate of between 150
n

n./mn and 200! accprlangsy gdty spmgpembnpdancatsme ppsrdt terolRar. ethenas

condensgd Mefificatibte roRlidh efn 80 Rhduck@Ok@fn C‘cﬁ&@%&%@éd- teﬁqpéﬁ{ﬁpé @an@é. anUde
esteranm ne was col | ected one hour after Tmax was reached, then titrated for

resi dual fAAEY¥SANGRCIVEN samiehotaer\smbadimenip ahBrisht elinglony-dhpsiieatos rsgtie. 1000N

KOH Met hangh be ThRIuGBEWRHT: @6 HeViddduemp@su@ r4s feEdpdiod Betig8NindaRf Or mance

was equal tQ.0.62 unifs [f conpared to the rate of the phosphorous acid
d r%lg‘é‘} angfer preg:errf:(l temperg:crljlrc range for another period off time, an(P there%an ge two

cat al yst
or more such periods.
[0027] Preferably, the molar ratio of alkanolamine and alkyl esters, fatty acids, or
mixtures thercof, where the alkanolamine is in the denominator of the ratio, can be from
about 0.5/1 to 3/1, alternatively about 1.5/1 to about 2.0/1, alternatively about 1.7/1 to about
2.0/1, alternatively 1.7/1 to 1.75/1, alternatively about 1.88/1 to about 1.92/1.
[0028] The divalent zinc catalysts of the present technology can be added either

before or after the reaction temperature has been reached. The amount of catalyst contained



EXAMPLE 4D:. NDEA/ FATTY ACI D BASED ESTERAM NE SYNTHESI S W TH ZI NC DERI VED
FROM ZI NC OXI DE [0040] Tallow fatty acid (198.8 g, 0.72 nole) was

pl aced i 'woa1wviwomd bottom fl ask at 75C, under a bl ankeCofusaéitinegen.

Met hyl di et hanol am ne (52.2 g, 0.44 nole) was added to the flask. The zinc
oxi de was added at a | oading level of 120 ppm The m xture was stirred and
heated until a tenperature of 175C was reached. The nitrogen was regul at ed
and subsurface sparged at a rate of between 150 nL/m n and 200 nmiimn. The

pressure WA$00%+at ARSRESERId e WREEK MBSt TP RAHERRESWhith %r&?er hehn of an
air cool ed condenser. A sanple of crude esteram ne was collected one hour

after TreoPPResd ceadietiron Wéﬁpt@hwergat ddercyntsrraeprgbaifromebeys 28 e tabel a vi sual
phenol pht F@b@gﬁn ﬁg@t@fghmhoa%kaga@y HORON 1666hdves 130100 pphe 1Ryl ho@Ci d

val ue was 0.2 . . Percent performance was equal to 1.01 units if
conpar ed G HE ﬁlﬁ éeaﬁtfontol‘i‘é“i)lﬁéfé%’ﬁw% &f ydpgyt %@PS&’P% puchas CpyehlimitsdaNpLE 4E:
VDEA/ FATTY, A,Q} IBASED ESTERAM NE SYNTHESI S WTH Zl NC DERI VED FROM ZI NC

OXI DE %{Tallowfatty acid (198.0 g 72 e) was placed into a
round bott om f [QQ% | Igpsomps embeimens of BF ARSI nollﬂg@',r %Jgf‘élnthe Starting material

Met hyl di etraqmned, andabgin{ Steth @n 1. aﬁécha@hﬁme\bwancaﬂ@aemh@ otdee td tedt®ke, fdhe zi nc
oxi de was added @ Lﬁgﬁﬁi ng | evel é@‘ﬁ‘m hThe m ture was stirred and
heat ed untT{M&° t@hﬂ * vP u“isiQ@BO\HQ ‘fc B the $PESe tﬂ}eoe@féﬂ IRHQ egul at ed
and subsurtfaaestcspatigedacabn.a rate of between 150 nl/mn and 200 ni/mn. The
pressure was o nosphere.. The water was condensed.with the help of an
air cool ed con@@ﬁ%]gllt’h.e %egs]%{’rtrpzfuéc SHIY e e SPRIP % f He S‘{A’/ﬁgc’rc&ta{l@fztfgrd%gne hour
after Tna)@smﬁﬁcaﬁﬁﬁfbb&dn of hlﬁidiholaltrﬁﬂ[eat“&m fﬁttyr carmyldxmlds foﬁbiﬂy’ox&ﬁd ﬁbldM tuhl a vi sual
phenol pht hal ei n_en acid

Datue nas B SYR-SETPg R mer Bl dhoprsrhian et s B0 arer 871005 G o7
conpar ed testetsimnarailye Iti‘[as ke b@lnosqphmgbju sbsactdtheahalliysént lzma(c:ttalgm is 6AMPLE 4F:

MDEA/ FATTY, . BASED ESTE YNLHESL S W TH 21 NC DERI VEL. EROM 71 NC
I A A e A S L AT
round bot ttmnsesﬂela@detuat ro7@iChs, thvsler rehutipt evakistty odalanis tas Gglews: polyolalkylarmne

Vet by df eLhangh Al N6ife209 iy fO RLENIRS.ARICdR.L e baipl yyThe 21 ne

oxi de was adde oadi n eve m Xt ur € was Styl rred and
heat ed untthdorsait tsehejperdthar tbe élfvalﬂ_ﬂﬁlﬁc melafeébﬁéld alkgimdannindsr iogeoh awery, #segul at ed

and subsu rtI) %gt?er %z&?ﬁ‘tgg q‘leactsteﬂﬁga.?h 010 Irat&gsrte%ge{ﬁo& 5%015@[1@ m ﬂl a%ﬁgloﬁ OQ hsn%* m n Th e

pressure was one at nbsphere e water was condensed w t
ai r cool edebionddnstdy zinpcasdyspranldife uediid satalyrethapitanidicying r@@ﬂlqnetf(]édatb’ne hour

af ter Tax, Was, GA&REdvithlaRSRbIL, bf (2?5%8 aliiﬁrestre@%f QU@M eEt@JsWth%fébl%léf\ﬂ th a visual
phenol pht hal el n”endpoi nt usi ng hanol he one hour acid

val ue was 0. 14§0&Hqglhgprosent @élmolqgéMlbb%@ﬁ@emdﬁﬁmdwpfeﬁeéce@ the follopting i f
conpared tQ,hh&. Mee§ QhmpRERHASRROIPUS AR sHectRt A 8ineh€RE tHe Aflvention

and to demonstrate aspects of the present technology. By providing these specific examples,

the inventors do not limit the scope of the invention.

EXAMPLES
EXAMPLE 1A:
TEA/FATTY ACID BASED ESTERAMINE SYNTHESIS WITH ZINC DERIVED
FROM ZNO
[0032] Tallow fatty acid (1740.9 grams, MW=272.0, 6.400 mole) was placed into the
large 3-liter resin kettle reactor at 87°C, under a blanket of nitrogen with 2.1709 grams of
Anox 20. The zinc oxide(Sunsmart, lot#189, 0.3575 grams) was added to the fatty acid. This
amount of ZnO gave a pre-reaction Zinc concentration of 125 ppm. Tricthanolamine (TEA),

554.2795 grams (MW = 149.19, 3.7149 mole) was added to the flask, and the mole ratio of



EXAMPLE 5: DVEA/ METHYL ESTER BASED ESTERAM NE SYNTHESI S W TH SCDI UM
METHYLATE CATALYST [0043] A m xture of dinethylethanol am ne (DVEA
44.6 g, OwbQommloeMéand 30% sodi um net hyl at e i n et hanol PCT/UB2@)/00987 added
to a 4-neck flask fitted with a nitrogen sparge, a distillation colum, a

t her rocoupl e, and a nechanical stirrer. The m xture was heated to 130C
after which a Cl12/Cl4 m xed fatty nethyl ester (89.2 g 0.40 nole) was
added. This m xture was heated to 155C and held there for 2 hrs. Conversi on
to the estgy mlﬁﬁms%fc%@a REde BY2AT OFRNLNMRY tohs B8 BAK argOlubGiSratie

observed. DVEA/ METHYL ESTER BASED STERA NE SYNTHESI S WTH ZI NC
ACETATE CMI’%EG\@T“'H@ of 17pmbmy. Roerixturpres e Meraiyiner wanel @iemec(DVEA 68. 3
g, 0.77 nokeks 0)@%31{ Gidh tlﬁ@ a?f)ﬁﬁlcafl&{ &f)’SO”fﬁ&ﬁg |Va&1§fn%ll((vs%g nfrddedkl AR @) and

zinc acetate . added to a 4-neck flask fitted with a nitrogen
sparge, a CéIF1§f”a$ ?PQP? Wl‘i?olwlx%ret"f?épﬁ%@dﬁﬁll tempggfuig ofd¥hanvas sechsti rrer .

The m xt urgeWagori@at e x%@%'cbﬁ/deh@d 18 noBFic Arebin® WAL thRakE @tanlB0C for

1.5 hrs. Conversjon, as indicated %e proton was 92% The next day the
m xture wef§® F‘éﬁ%‘%’@ﬂf , PBOEBHE G S Reachrdt ot H0RouPS Ve wintpeied ¥t by
pr ot on NVRamMRaSSahefi@lofitmedestetuntife wer 8%tectNDat $Qérk A1 S andiRitBte® By edsitasl . fatXAMPLE 7:

DMVEA/ METHYL ES ER BA TERAM NE SYNTHESI H Tl N| U CATALYST
[0045] A rfc¥tYife? gt Eﬁ%’f’%ﬁﬁgg\lﬁfﬁ OHfttiuiae ?IZL)M E?i‘%v' 1 Thsgoxppt
C12/ C14 mifxedatfyalcidyranpe tay 0. 19108 mHKqZ( OT1g rdac@dn damhe) Qon‘QJﬂHﬂLoﬁ/ ert ﬁﬁur%@&o a

Ti tani um cat al o was added to a 4-neck flask fitted with a
ni trogen SE éeratgrgc?fgo ‘?%’ﬁﬂe&‘ﬁ‘e olum, a thernocoupl e, and a mechani cal

stirrer. The mixture was heated fEXAMPAGQHR:0 152C over 5 hrs. Conversion to
the esteram ng.uas, AR} SCTH RS eSS KRN S 1€ W rrOUT ZINC

[0033] Tallow fatty acid (1733.7 grams, MW=272.0, 6.374 mole) was placed into the
large 3-liter resin kettle reactor at 87°C, under a blanket of nitrogen with 2.1609 grams of
Anox 20. Tricthanolamine (TEA), 551.9269 grams (MW = 149.19, 3.6995 mole) was added
to the flask, and the mole ratio of fatty acid/TEA was calculated to be 1.72/1. The nitrogen
was regulated and subsurface sparged at a rate of 175mL/min. The mixture was stirred. A
vacuum was uscd to remove the excess oxygen, with the application of 80 mmHg vacuum
followed by nitrogen release; this cycle was applied twice. The mixture was heated until a
temperature of 180°C was reached. The majority of the water was condensed at atmospheric
pressure with the help of an air cooled condenser before 150°C was reached. At 150°C, a
vacuum was applied at 83 mmHg. Samples of crude esteramine were collected at intervals
and titrated for residual fatty acid with a visual phenolphthalein endpoint using 0.1002N
KOH/Methanol. The expected free fatty acid range was 0.11-0.08 mEq/g. The reaction
reached completion 1.37 hours after the temperature of 180°C was reached.

EXAMPLE 2A:
TEA/FATTY ACID BASED ESTERAMINE SYNTHESIS WITH ZINC DERIVED
FROM ZINC TRIFLATE

[0034] Tallow fatty acid, 332.3 grams(MW=272.0, 1.222 mole) was placed into a
small 4-neck round bottom flask, under a blanket of nitrogen. Triethanolamine(TEA), 95.9
grams(MW = 149.19, 0.643 mole) was added to the flask, and the mole ratio of fat/TEA was
calculated to be 1.90/1. The mixture was stirred. The temperature of the mixture was
increased to 130°C, at which point, zin¢ triflate 98% (Aldrich, MW=363.51, 0.2501g,

0.000688 mole) was added and the reactor, which was then sealed under nitrogen. The pre-



EXAMPLE 8: DVEA/ METHYL ESTER BASED ESTERAM NE SYNTHESI S W TH SCDI UM ACETATE
CATALYST [0046] A m xture of dinethylethanolam ne (DVEA, 116 g, 1.30
nol e), CMOCMI/mIKed fatty nmethyl ester (236 g 1.06 nol eCT/ispd1980Tm
acetate catalyst (0.72 g) was added to a 4-neck flask fitted with a
nitrogen sparge, a distillation colum, a thernocouple, and a nechani cal
stirrer. The mxture was heated to 147C for 5 hrs. Conversion to the
esteram ne was determ ned by proton NMR to be 11% EXAMPLE 9: TEA/ METHYL

ESTER BASED Eon AN \@’Mﬁlﬁa?fédﬁo‘% Lk T@megnwa;rgwﬁc%%y Rh

[0047] A m xture of triethanol am ne g, soft tallow
met hyl estréle of 3§Qnlmig  The motyre May heafeétuﬁalmﬂeylperﬁtmel A C(‘Massawéf)d &nd Anox

20 anti - oxjsgaNtheWaid AdHEEn bOvAerdvas BREKed laddihe Tt €51 WBhdchsed With cQ@pn spar ge,
a ther m)coupl e, and a mechanical stirrer. The m xture was heated to 170C

for 3 hrs.ofNB 2#etoRk GPRARRSST- o BaBMGReRf ‘if&*fietﬁﬁ@ra&‘s}@r‘ﬁ%&o”%fié‘ﬁ iftgle #ded a
m ni mal  canvel StoP Residu@O4R), =l eshesd v%ﬁ”’ﬁleﬁolﬁlﬁiﬁm@ﬁ | B8pot CustrgSH.€sbonas

follows, in table form Table | Exa nber Terrperature as Tmax
OH/Methanol The final expected free fatty acid goal was 0.05 mEq/g. The reaction
reached completion 5.3 hours after heating began.
EXAMPLE 2B:
TEA/FATTY ACID BASED ESTERAMINE SYNTHESIS WITH PHOSPHOROUS
ACID CATALYST
[0035] Tallow fatty acid, 327.2 grams(MW=272.0, 1.203 mole) was placed into a
small 4-neck round bottom flask, under a blanket of nitrogen. Triethanolamine(TEA), 94.5
grams(MW = 149.19, 0.633 mole) was added to the flask, and the mole ratio of fatty
acid/TEA was calculated to be 1.90/1. The mixture was stirred. The temperature of the
mixture was increased to 130°C, at which point, phosphorous acid (MW=82.00, 0.2329¢g,
0.002840 mole) was added to the reactor, which was then sealed under nitrogen. The nitrogen
was subsurface sparged at a rate of 200ml/min. The mixture was heated until a temperature
of 170°C was reached. The water was condensed with the help of an air cooled condenser.
Samples of crude esteramine were collected at intervals and titrated for residual fatty acid
with a visual phenolphthalein endpoint using 0.1000N KOH/Methanol. The final expected
free fatty acid goal was 0.05 mEq/g. The reaction reached completion 6.1 hours after heating
began.
EXAMPLE 3:
TEA/FATTY ACID BASED ESTERAMINE SYNTHESIS WITH ZINC DERIVED
FROM ZINC STEARATE
[0036] Tallow fatty acid (410.2 grams, MW=272.0, 1.508 mole) was placed into a
small 4-neck round bottom flask at 85°C, under a blanket of nitrogen. Tricthanolamine
(TEA), 118.42 grams (MW = 149.19, 0.7937 mole) was added to the flask, and the mole ratio
of fatty acid/TEA was calculated to be 1.90/1. The mixture was stirred and heated to 130°C,
at which point, zinc stearate (Sigma-Aldrich, technical grade, 0.5334 grams, 0.0008435 mole,
MW=632.33) was added and the reactor was sealed under nitrogen. This amount gave a pre-
reaction Zinc concentration of 104 ppm. The nitrogen was regulated and subsurface sparged
at a rate of 200 mL/min. The mixture was heated until a temperature of 170°C was reached.

The water was condensed with the help of an air cooled condenser. Samples of crude
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TEA 1B 180C 1. 37
WO 2011/100746 PCT/US2011/024907

esteramine were collected at intervals and titrated for residual fatty acid with a visual
phenolphthalein endpoint using 0.1000N KOH/Methanol. The final expected free fatty acid
goal was 0.06 mEq/g. The reaction reached completion 4.5 hours after Tmax was reached.
EXAMPLE 4A:
MDEA/FATTY ACID BASED ESTERAMINE SYNTHESIS WITH ZINC DERIVED
FROM ZINC STEARATE

[0037] Tallow fatty acid (839.0 g, 3.05 mole) was placed into a round bottom flask at
100°C, under a blanket of nitrogen. Methyldiethanolamine (220.7 g, 1.91 mole) was added to
the flask. The zinc stearate was added at a loading level of 1000 ppm. This amount gave a
pre-reaction Zinc concentration of about 100 ppm. The mixture was stirred and heated until a
temperature of 190°C was reached. The nitrogen was regulated and subsurface sparged at a
rate of between 150 mL/min and 200 mL/min. The water was condensed with the help of an
air cooled condenser. A vacuum of 160 mmHg was applied when the batch acid value
reached 0.35 mEq/g or less. Samples of crude esteramine were collected at intervals and
titrated for residual fatty acid with a visual phenolphthalein endpoint using 0.1000N
KOH/Methanol. The final expected free fatty acid goal was 0.07 mEq/g. The reaction
reached completion 2.25 hours after Tmax was reached. With phosphorous acid as the
catalyst the reaction reached completion 4.67 hours after Tmax was reached. This represents
a 51.8% reduction in reaction time as compared to standard.

EXAMPLE 4B:
MDEA/FATTY ACID BASED ESTERAMINE SYNTHESIS WITH PHOSPHOROUS
ACID CATALYST

[0038] Tallow fatty acid (194.0 g, 0.71 mole) was placed into a round bottom flask at
75°C, under a blanket of nitrogen. Methyldiethanolamine (50.5 g, 0.42 mole) was added to
the flask. The phosphorous acid was added at a loading level of 500 ppm. The mixture was
stirred and heated until a temperature of 175°C was reached. The nitrogen was regulated and
subsurface sparged at a rate of between 150 mL/min and 200 mL/min. The pressure was one
atmosphere. The water was condensed with the help of an air cooled condenser. A sample of
crude esteramine was collected one hour after Tmax was reached, then titrated for residual
fatty acid with a visual phenolphthalein endpoint using 0.1000N KOH/Methanol. The one
hour acid value was 0.294 mEq/g and will be used as the baseline for this study: Percent

performance was equal to 1.00 units and set as the standard for comparison.
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EXAMPLE 4C:
MDEA/FATTY ACID BASED ESTERAMINE SYNTHESIS WITH ZINC DERIVED
FROM ZINC ACETATE

[0039] Tallow fatty acid (195.9 g, 0.71 mole) was placed into a round bottom flask at
75°C, under a blanket of nitrogen. Methyldiethanolamine (51.5 g, 0.43 mole) was added to
the flask. The zinc acetate was added at a loading level of 270 ppm. The mixture was stirred
and heated until a temperature of 175°C was reached. The nitrogen was regulated and
subsurface sparged at a rate of between 150 mL/min and 200 mL/min. The pressure was one
atmosphere. The water was condensed with the help of an air cooled condenser. A sample of
crude esteramine was collected one hour after Tmax was reached, then titrated for residual
fatty acid with a visual phenolphthalein endpoint using 0.1000N KOH/Methanol. The one
hour acid value was 0.405 mEq/g: Percent performance was equal to 0.62 units if compared
to the rate of the phosphorous acid catalyst reaction.

EXAMPLE 4D:
MDEA/FATTY ACID BASED ESTERAMINE SYNTHESIS WITH ZINC DERIVED
FROM ZINC OXIDE

[0040] Tallow fatty acid (198.8 g, 0.72 mole) was placed into a round bottom flask at
75°C, under a blanket of nitrogen. Methyldicthanolamine (52.2 g, 0.44 mole) was added to
the flask. The zinc oxide was added at a loading level of 120 ppm. The mixture was stirred
and heated until a temperature of 175°C was reached. The nitrogen was regulated and
subsurface sparged at a rate of between 150 mL/min and 200 mL/min. The pressure was one
atmosphere. The water was condensed with the help of an air cooled condenser. A sample of
crude esteramine was collected one hour after Tmax was reached, then titrated for residual
fatty acid with a visual phenolphthalein endpoint using 0.1000N KOH/Methanol. The one
hour acid value was 0.291 mEq/g: Percent performance was equal to 1.01 units if compared
to the rate of the phosphorous acid catalyst reaction.

EXAMPLE 4E:
MDEA/FATTY ACID BASED ESTERAMINE SYNTHESIS WITH ZINC DERIVED
FROM ZINC OXIDE

[0041] Tallow fatty acid (198.0 g, 0.72 mole) was placed into a round bottom flask at
75°C, under a blanket of nitrogen. Methyldiethanolamine (51.9 g, 0.44 mole) was added to
the flask. The zinc oxide was added at a loading level of 960 ppm. The mixture was stirred
and heated until a temperature of 175°C was reached. The nitrogen was regulated and

subsurface sparged at a rate of between 150 mL/min and 200 mL/min. The pressure was one

11
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atmosphere. The water was condensed with the help of an air cooled condenser. A sample of

crude esteramine was collected one hour after Tmax was reached, then titrated for residual

fatty acid with a visual phenolphthalein endpoint using 0.1000N KOH/Methanol. The one

hour acid value was 0.274 mEq/g: Percent performance was equal to 1.07 units if compared

to the rate of the phosphorous acid catalyst reaction.

EXAMPLE 4F:

MDEA/FATTY ACID BASED ESTERAMINE SYNTHESIS WITH ZINC DERIVED

FROM ZINC OXIDE

[0042] Tallow fatty acid (799.5 g, 2.91 mole) was placed into a round bottom flask at
75°C, under a blanket of nitrogen. Methyldiethanolamine (209.5 g, 1.76 mole) was added to

the flask. The zinc oxide was added at a loading level of 2200 ppm. The mixture was stirred

and heated until a temperature of 175°C was reached. The nitrogen was regulated and

subsurface sparged at a rate of between 150 mL/min and 200 mL/min. The pressure was one

atmosphere. The water was condensed with the help of an air cooled condenser. A sample of

crude esteramine was collected one hour after Tmax was reached, then titrated for residual

fatty acid with a visual phenolphthalein endpoint using 0.1000N KOH/Methanol. The one

hour acid value was 0.145 mEq/g: Percent performance was equal to 1.51 units if compared

to the rate of the phosphorous acid catalyst reaction.
EXAMPLE 5:

DMEA/METHYL ESTER BASED ESTERAMINE SYNTHESIS WITH SODIUM

METHYLATE CATALYST

[0043] A mixture of dimethylethanolamine (DMEA 44.6 g, 0.50 mole) and 30%

sodium methylate in methanol (1.1 g) was added to a 4-neck flask fitted with a nitrogen

sparge, a distillation column, a thermocouple, and a mechanical stirrer. The mixture was
heated to 130°C after which a C12/C14 mixed fatty methyl ester (89.2 g 0.40 mole) was
added. This mixture was heated to 155°C and held there for 2 hrs. Conversion to the

esteramine was determined by proton NMR to be 84%. Solids were observed.

EXAMPLE 6:

DMEA/METHYL ESTER BASED ESTERAMINE SYNTHESIS WITH ZINC

ACETATE CATALYST

[0044] A mixture of dimethylethanolamine (DMEA 68.3 g, 0.77 mole), C12/C14

mixed fatty methyl ester (90.5 g 0.41 mole), and zinc acetate (0.44 g) was added to a 4-neck

flask fitted with a nitrogen sparge, a distillation column, a thermocouple, and a mechanical

stirrer. The mixture was heated gradually to 180°C over 4 hrs and held at 180°C for 1.5 hrs.

12
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Conversion, as indicated by proton NMR, was 92%. The next day the mixture was reheated
to 180°C and held for 2 hours, the conversion, by proton NMR, was determined to be > 99%.
No solids were observed.
EXAMPLE 7:
DMEA/METHYL ESTER BASED ESTERAMINE SYNTHESIS WITH TITANIUM
CATALYST
[0045] A mixture of dimethylethanolamine (DMEA, 114.5 g, 1.29 mole), C12/C14
mixed fatty methyl ester (270 g 1.21 mole), and Vertec 2000 a Titanium catalyst (0.27 g)
was added to a 4-neck flask fitted with a nitrogen sparge, a distillation column, a
thermocouple, and a mechanical stirrer. The mixture was heated from 140°C to 152°C over 5
hrs. Conversion to the esteramine was determined by proton NMR to be 24%.
EXAMPLE 8:
DMEA/METHYL ESTER BASED ESTERAMINE SYNTHESIS WITH SODIUM
ACETATE CATALYST
[0046] A mixture of dimethylethanolamine (DMEA,116 g, 1.30 mole), C12/C14
mixed fatty methyl ester (236 g 1.06 mole), and sodium acetate catalyst (0.72 g) was added
to a 4-neck flask fitted with a nitrogen sparge, a distillation column, a thermocouple, and a
mechanical stirrer. The mixture was heated to 147°C for 5 hrs. Conversion to the esteramine
was determined by proton NMR to be 11%.
EXAMPLE 9:
TEA/METHYL ESTER BASED ESTERAMINE SYNTHESIS WITH TETRABUTYL
TITINATE CATALYST
[0047] A mixture of triethanolamine (TEA, 125 g, 0.84 mole), soft tallow methyl
ester (379.2 g, 1.30 mole), tetrabutyl titinate (0.86 g), and Anox 20 anti-oxidant was added to
a 4- neck flask fitted with a nitrogen sparge, a thermocouple, and a mechanical stirrer. The
mixture was heated to 170°C for 3 hrs. No methanol was observed in the overhead, which
indicated a minimal conversion.

[0048] Selected example summaries are listed, as follows, in table form:

Table I
Example Temperature as | Catalyst Used | Reaction Time, | Alkanolamine
Number Tmax Hours Used *
1A 180°C Zn" 0.75 TEA
1B 180°C — 1.37 TEA
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175C Zn+2 1.01 MDEA 4E 175C Zn 2 1.07 MDEA 4F 175C Zn 2 1.51 NDEA
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2A 170°C Zn* 5.3 TEA
2B 170°C Phosphorous 6.1 TEA
acid
3 170°C Zn" 45 TEA
Where TEA stands for Triethanolamine
Table 11
Example Temperature as | Catalyst Used Relative Alkanolamine
Number Tmax Reaction Used **
Performance x
4B 175°C Phosphorous 1.00 MDEA
acid
4C 175°C Zn'” 0.62 MDEA
4D 175°C 7n'" 1.01 MDEA
4E 175°C Zn"” 1.07 MDEA
4F 175°C Zn™” 1.51 MDEA

JK Numbers larger than 1.00 are faster reaction rates.

** Where MDEA stands for Methyldiethanolamine.

[0049] The invention is now described in such full, clear, concise and exact terms as
to enable any person skilled in the art to which it pertains, to practice the same. It is to be
understood that the foregoing describes preferred embodiments of the invention and that
modifications may be made therein without departing from the spirit or scope of the invention

as set forth in the appended claims.
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)I( Nunbers larger than 1.00 are faster reaction rates. ** \Were MDEA
stands for Methyl di et hanol am ne. [ 0049] The invention is now

descri bedwOrrosmeh746ul | , cl ear, concise and exact terns &€TIUS2@nAR967 any
person skilled in the art to which it pertains, to practice the sane. It is
to be understood that the foregoing describes preferred enbodi nents of the

i nvention and that nodifications nmay be nade therein wthout departing from
the spirit or scope of the invention as set forth in the appended cl ai ns.

CLAIM5 What |s Cained Is: 1. AdminQd for decreasing the reaction
time between an al kanolam ne and a fatty acid al kyl ester, a fatty acid, or
a mi xt ure Vhle@pinsgItont acting with a dival ent zinc catal yst. 2. The

nmet hod of claim 1, wherein the al kanolamne is selected fromthe group
consi sting of ethanol am ne, diethanol am ne, triethanol am ne, .

triisopropanol &ni ne® mefeg Ifef Srratig RRirFRsdon WPk PrriisHprbrakBingmnfds,

I sopr opanah@MdiCalkeli 5RO RN RRARG, AMaNBixtuet AbkyH BPRARENANCKANIRESAt zinc

di al kyl nronoi sopr opanol am nes, and conbi nati ons t hereof. 3. The net hod
of claim r§ferein the al kanol anine i s triethanol ani ne. 4. The

met hod of claim1l1, wherein the fatty acid alkyl ester is selected fromthe

group consisting of triglycerjdes, vegetable oils, fatt cid nethylesters,
fatty acid ethyl estg‘tefe%}?grof\‘ifﬁﬁ ’e@hef%‘épﬁﬁkamgmn%&?ﬁa]fﬁgq &%glet%‘éurpeof.
5. The netdasktiaf off aicadolantBer edifthdnb@mélicy atrRtiandamiGe, C atibptSian6l@mipe] Ses zi nc
oxi de, zin rboqate, or. g Zi nc saEt“ . 6. The ne#hod of flain15,
wherei n t HEYKianglamines. o alkyldisogrop g @piH a A 9ProPi QIR  {EPRICEROSTRE acet at e.
7. The netdiid/ adnoeihaiomnbnesdigkyenondisogroginoamiticg had@hibhatiensclatalyst i s for med

in situ. 8. An esteram ne produced by the method of claiml.
3, The method of claim 1, wherein the alkanolamine is triethanolamine.
4. The method of claim 1, wherein the fatty acid alkyl ester is selected from the

group consisting of triglycerides, vegetable oils, fatty acid methylesters, fatty acid ethylesters,

derivatives thereof, and combinations thereof.

5. The method of claim 1, wherein the divalent zinc catalyst comprises zinc

oxide, zinc carbonate, or a zinc salt.

6. The method of claim 5, wherein the zinc salt is zinc diphosphinate, zinc

triflate or zinc acetate.

7. The method of claim 6, wherein the zinc diphosphinate catalyst is formed in
Situ.

8. An esteramine produced by the method of claim 1.

9. The method of claim 1, wherein the method occurs at a temperature within the

range of about 60°C to about 300°C.

10.  The method of claim 1, wherein the method occurs in the presence of an inert

atmosphere.
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9. The nethod of claim11, wherein the nmethod occurs at a tenperature wthin
the range of about 60C to about 300C. 10. The nmethod of claiml,
wher ei n twe 2nattodéoccurs in the presence of an inert aPcpashen®24990

2011/ 100746PCT/ US2011/ 024907 11. The method of claim 10, wherein the
inert atnosphere is nitrogen. 12. The nmethod of claim9, wherein the
tenperature is in the range of about 130 C to about 190 C 13. The
met hod of claiml1l, wherein the fatty acid is an alkyl acid having from

about 2 to abOlﬁ. 30re R oPUIAABI0, wherein thlé‘hert-g%sﬁﬁ:}eh@gm@éen?l aim 13, wherein
the al kyl acid has from about 5 to about 25 carbon atons. 15. The

nmet hod of claim 1, wherein the zinc catalyst is present in an anpunt

greater than 1;ppmpRsechoansthe § tleinet Shfpe@furdin heAaidsaBout 130>  16.
The met hod_of claim 15, wherein the zinc catalyst is present in an anmount

of about 20! 130 dhout 5000 ppm based on the total weight of the
reactants. 17. The nmethod of claim 15, wherein the zinc catalyst is

present in an anmount of about 100 ppmto about 200 ppm based on the total
wei ght of the féactHytrasthod of claimd, waergigithfolpity g¢id dedt dindiefg heree fiedict i on

time betwegsutano alokedvdladoh emand a fatty acid ester, a fatty acid or a
m xture thereof to produce esteram nes, the nethod conprising: providing an

al kanol am ne; providing a fatty acid ester, a fatty acid or a m xture

t her eof ; neactTHagnde odiklkianod, amtlr thndkiliheidhad from akdudl5 @sdtent 25f at ty
acid or mxture thereof in the presence of a divalent zinc catalyst to form

at | east OCHREREP®¥anine.

15.  The method of claim 1, wherein the zinc catalyst is present in an amount

greater than 1 ppm based on the total weight of the reactants.

16.  The method of claim 15, wherein the zinc catalyst is present in an amount of

about 20 ppm to about 5000 ppm based on the total weight of the reactants.

17.  The method of claim 15, wherein the zinc catalyst is present in an amount of

about 100 ppm to about 200 ppm based on the total weight of the reactants.

18. A method for decreasing the reaction time between an alkanolamine and a
fatty acid ester, a fatty acid or a mixture therecof to produce esteramines, the method
comprising:

providing an alkanolamine;

providing a fatty acid ester, a fatty acid or a mixture thereof;

reacting the alkanolamine and the fatty acid ester, fatty acid or mixture thereof in the

presence of a divalent zine catalyst to form at least one esteramine.

19. The method of claim 18, wherein the alkanolamine is selected from the group
consisting of ethanolamine, diethanolamine, tricthanolamine, triisopropanolamine,
alkyldiethanolamines, alkyldiisopropanolamines, isopropanolamine, diisopropanolamine,

dialkylmonoethanolamines, dialkylmonoisopropanolamines, and combinations thereof.

20. The method of claim 18, wherein the alkanolamine is triethanolamine.
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19. The method of claim 18, wherein the al kanolanm ne is selected fromthe
group consi sting of ethanol am ne, diethanolam ne, triethanol am ne,
triisopropenolizamwimTe, al kyl di et hanol am nes, al kyl di i sopr epanskamion®s?7

i sopropanol am ne, diisopropanol am ne, di al kyl nronoet hanol am nes,

di al kyl nonoi sopr opanol am nes, and conbi nati ons thereof. 20. The
met hod of claim 18, wherein the al kanolam ne is triethanol am ne. WO
2011/ 100746PCT/ US2011/ 024907 21. The nmethod of claim 18, wherein the

f atty aci d al ky|. eslth%rmeith%d_%ﬂ:l%ﬁlt ngﬁérgm%%t}wcﬂ%ﬁ%ii§§ie&gd ng_the
triglycerides, vegetable oils, fatty acid nmethyl esters, fatt§1a0|d
y

et hyl est er&oupgenssiag phieglyecrdesewictabinailse Bp pRAMFBRSs U hditegrid ethylestersp2  The
met hod of @liaiiskBorcothBl BbdbitdiendhM@rent zinc catal yst conprises zinc

oxi de, zinc carbonate, or a zinc salt. 23. The nethod of claim 22,
wherein the zinc salt is zinc diphosphinate, zinc triflate or zinc acetate.
24. The net hod2nf chidRtidod, of ek €lIsN wh&l8in Zhd GivalbR NS PRNEL &ngabal 28t 1S
formed in situ. 25. The nmethod of claim 18, wherein the reacting
occurs at FEAPSAROME o0t 19 1!t he range of about 60C to about 300C.

26. The nethod of claim 18, wherein the nethod occurs in the presence of an
i nert atnosphere. 27. The thod of claim26, wherein the inert

at nosphere is E?trdﬂﬁﬁydm“1M?dm?gﬁ’f%@fW€?ﬁ&Hﬁd*héﬁQP PROSPRAYT- AN ¢ he
reacti ng agflai€ or Adc adetitenperature within the range of about 130C to about
190C. 29. The nethod of claim 18, wherein the fatty acid is an al kyl
acid having fromabout 2 to about 30 carbon atons. 30. The net hod of
cl ai m 29, whered4.n the nadiHoylof algind2 ) aserkinama AfodiphoSpHimatcataalitst i2 formad on at ons.
31. The neghod of claim 18, wherein the zinc catalyst is present in an
amount gré4ter than 1 ppm based on the total weight of the reactants.

25. The method of claim 18, wherein the reacting occurs at a temperature within

the range of about 60°C to about 300°C.

26. The method of claim 18, wherein the method occurs in the presence of an inert

atmosphere.
27. The method of claim 26, wherein the inert atmosphere is nitrogen.
28.  The method of claim 18, wherein the reacting occurs at a temperature within

the range of about 130°C to about 190°C.

29. The method of claim 18, wherein the fatty acid is an alkyl acid having from

about 2 to about 30 carbon atoms.

30.  The method of claim 29, wherein the alkyl acid has from about 5 to about 25

carbon atoms.

31.  The method of claim 18, wherein the zinc catalyst is present in an amount

greater than 1 ppm based on the total weight of the reactants.
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WO 2011/ 100746PCT/ US2011/ 024907 32. The nethod of claim 18, wherein
the zinc catalyst is present in an anount of about 20 ppmto about 5000 ppm

based on wbeotiatet46wei ght of the reactants. 33. TireTrusedom249H7 cl ai m
18, wherein the zinc catalyst is present in an anount of about 100 ppmto
about 200 ppm based on the total weight of the reactants. 34. The

nmet hod of claim 18, wherein the al kanolam ne and fatty acid ester, fatty
acid or mxture thereof are present in a nolar ratio of 0.5/1 to about 3/1,

where the al kagpl anpae,diRRESER $8, (WEreHEROThOBkMYst ishrdsBR i &F hRount of
about 20 ppm to about 5000 ppm based on the total weight of the reactants.

33.  The method of claim 1§, wherein the zinc catalyst is present in an amount of

about 100 ppm to about 200 ppm based on the total weight of the reactants.
34, The method of claim 18, wherein the alkanolamine and fatty acid ester, fatty

acid or mixture thercof are present in a molar ratio of 0.5/1 to about 3/1, where the

alkanolamine represents the denominator in the ratio.
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