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BIOFL
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CTHON FROM BH-DERIVED CARBOXYLEC-ACHY ESTERS

FRIORITY CLAIM

The present Application chums bepelit of priceny from UR, Provisional Application No.

. Hled December 20, 2017, the contents of wi

FIELD OF INVENTION

products from beedeorived esters of

v hvdrogenation o hivdrogenohvsis.

Development of allernative forls has gained incrsading ynporiancs with noreased awsreness
of covironpwatal converss and in the wake of econumio pressares ang teosts that have resalted

from supply vidatility of petrolears and other fossil-based resouraes., oy makers have recognived

this yuponiance and have encouraged production and noreased use of binduels. As inferest has grown

1

in s's;m-'iﬂéi_i away from petrochomioal or natuead gas-derived hydrocarbon sources, some have

&l - AT E YN LAY X
v oarbon resourses, B

wnable “gres

wnewable and s

generation biofuely are mads by fermenting food products {a.g, starch-containing and sugary plants,

L or sagar sane) mto shwwbehain slochols {o.g. ethanol, butan o i

\

s Hberated from plant ol by d. soyhoans)

fatly avi

3 . SN
glyoerolyais {og

he

o TB

%

Cesar B Granda er & U Bustainable

Thew B FAL PHOGRESS, Vol 26, Na. 3, pp. |

rorated herein by refe

HICTI

Carbeovviic acids such as used o make blodiese! can slso be made by fermentation from

¢ sovrees, b addition to being derivad from pland oils,

carbobydss

peoduction of carboxylic selds, such as male or suceinic actd, bas sever

- the bin-based carboxyviic actids have been w

pelrochemisal-based fiels, the production costs

o bio-basedy P eauehon 16 B cost-rormpet Hive with

£,

ce In formentation of sarches and

sugars, carboxyvlie acids are generated using nicrosrganisms, Microorganisms require cotlam

&

ons fur thelr funetions. Fre exaople, with sust conwnerclally viable sucoinate producing

coriditi

oy brath o maintain

microorganisms described in the Heratare, one needs (o neutraliz

i appropriste pH e maxionm growth, conversion and produstivity,

s

Al acids are recovered from fermentation broths as ashia nstead ot as

Curvently

the pi of the fermentation broth s mainamed at o neara pH of Thy

x £

frae acids. }\3 watly



P
Lo

[
(91

]
I

b
3,

WO 2014/099433 PCT/US2013/073793

ffrodhntion of anuoniam hydroxide or otbier base into the broth, thoreby comverting the carboxyvlio

acid infe the coresponding acid sall. Generatior of carboxylic acld salts versay the free orgaie agid

form brings about Abonit 50%% of the total praductic

ftes associated with the sepa

FOCRIIes

carboxvhic ackds as salts has & pumber of assoudaie
rmsntation, dovnstream processing (o olate free acide and 1o

propare te wiormation and to convert the raw acids to wseful

-
B
=
o]
&

L
4.4
7;1
o
o
P
=
.
1
Py
o
4-!1
% 1

somponds. din convortional formeniation Processes, &

et of goid 1o neutralive, The amount of ve

e the counder jons of the salis aoas o yvield |

astting waate and by-products, For instans salts of O diacids

hueeve & very low solubihisy in aqueous broth solutions Gyvpiesily loss than 3 ’i‘?t at yaom

teperatare), and are not suitable for many apphications for which a free soid spectes i needed, such

3

i b3
AN

aa oharneal conversion 1o ¢ > hutanediof and biofels.  Therefore, the calcium

salf s pypieaily dissolved b solfieie acid, forming fasoluble caloiuny sulfite, which can readily be

Calohan sulfaie 82

separatad from the

aceordhingly §s typicallyv discarded as a
of these ndividoal operational unlis contribute fo the overall costs of the process,

To redhee waste and costy associated with generating free carboxylie acids and 1o maprove the

ts for 4 betier, more direct method of recovering a variety of carboxy

reoovery vield, a reed exi
anida, sach as malic or suceinic actd, and which can provide a suceeasiul route o combine a
i

biodogicallv-derived hvdrocarbon feedstook with the production of various biotue] products, such as

oha

othane, propane, e cnation or hyde

vzt 1 rveted csreasiny i .
REEE HET T4 QICEH prog THE WQ

FARY OF THE INVENTION

2 progess for producing ofusls, The process invalvest &)

broth containing at least one free carbogvlie sond, or 1 muxtire of carboxylic

wre of parbonviio acids of at lesat one carboxylic acid and associated atkalt or alkaline

e
I
-
Lon
e
P
v’
e
s
s

ny said formentation broth free carboxvhic soids o a

ie acids in satd powder with an alcohol sobvent or mixtoere ot a

s atmasphere o sebstantiad absevee of any sther aobl catalyst et

reaction temperature and preasurs thal corresponds to superstitival, oritiend or near ertical

o the corresponding ester ov eaters; 4y subjecting the ssters formed

far the aleohol or Oy 1o

oy erther hydrogenolysis or hydrogenation to form one or mare Mofuels; an

1

move hobiels, The ester can be s mono-ester, di-aster, or triester, Freforably, the ester ia a diaster

3% o
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o

ot

ch-ester. Mornesiers can convert fo pwno-slonhels, desters fo dinds, and tiesters to trinle. The

bicfuel produets oo he oither an alkane or aslechol.

The esterification reaction torpperative is betweon about 13070 and abst 23090
operational reaction pressure is hebween about 400 pad and abomst LO00 pei. Depending on the destred
resaiiy, the extertfioation reaotion cars be v for at loast about 4 hours,

dditional featurey and advantages of the present methods will be disclosed w the following

2 ¥

detatled description. H v wndersiood that both the foregoing sunwoary and the following detatlad

deseription and oxamples ave merely representative of the mvention, and are intended o provide an

averview for understanding the invention as clatmed.

BRIEY BERCRIPTION OF FIGURES

FIGL T s o schevatic disgrann ilustrating an gevation of the prasent proceas oy ast

ying an

% that can

organiv carbonyvie add dortved froam fermentation broth, and Surther downsireant process

ssolate the reselting esters and/or generate sther compounnds from sueh exters,
FHG 2 is o schenatic diagram showing an exampie of eater proshuction using succini acid

derived from frmentation, and a downstream procass iy N and Mg salts are reoyiied baek

3

it the fermentation reactor, in aceordancs with & past of an embodiment of the present process,

sisted esterification of fres succinie ackd In various

FIG, 3 is a diagram that Hlustrates U0 -a

alvobols that ave converied to corrasponding dimethyl, diethorl, or dibanyl estees, according 1o the

PrOSeR! Vet

i oster

FIG. 4 by a diagram that Hustrates CUOya ation of nther polvcarboxylic geuds,

FIG. S shows # series of resction dlagrams that sununsrize varfations i temperatie for {0

assisted esteriBomtion of free succinte acid dertved frons fermentation broth,

PG 6 shenwa a series of reaction disgramy that smmarize vaniations in inimald ¢

G

erifioation of free cachoxyliv acid according to the fnventin

s of reaction disgravos that sursnwrize variations i lemperature, and

ted sstertfivation of fee carboxylis actd according 1o the invention.

FiG & shows @ series of reactinn diagrams that semetarize the results of resction succinic

R . e e
acids and their Me™ and Ua™ salis,

DETAILED DESCRIPTION OF THE INVENTION

The proserd disclosure deseribes, In part, a process for making various biotued produets by

mweans of cither bydrogenation o §1§f{= o;\zsmysi;ﬁ from a Mologically-derived carbon svaree, such as
suwar or sther plant-based carbohyvdestes. The process joins an ability o recover a swboxyle aoid

fronn @ formentation broth, with an abis‘é@y to use the acid as a feedstock for bofuel gonerating
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reactions by o stresnlined procedure, The

carboxyhn acid to #3 corresponding

it ion g i\ B, OR0-T

efficient and cost effective mannger.

As used herein the term “hinfuels” referstoa

as a fuel, which i produced front repewsable biologh

ariculiural biomasy or derjvatives thereofl

used it or ax a ansporiation fyel iy intemal o

fenaticang
ioaiinns.

,..4

O EPD For nstans

S

—h

SRergy generat
athanol,

can bhe u(‘\é“\‘f ¢ as fuels in covtain fl'il"a-""ixdﬁ of sysfems,

"

1ang, OF aiKs

ke octanolino e heavier than Oy or Oy maay

ant process mvolves oftaaing a f

i

orampaninds have been et

cavborylhic acid of interest, optionally with assooiated aiks

P

{into a powdet) reacting the carbaxyvilio

N

SOn-contmining atrnosphers i substantial sbsenne of any

sereviical, oritioa] ot

gio 81y

eatae an ester; and subjecting the ester 1o withe
4 <:. § \1 352

B R gismf:}mzmd state

used hevein, tie ferm Csuhstaniial absonee” refers o 3 ooy
largely of ‘«‘-Gfi};.\ie ely absont, or Iy present in o misniaie OF racs

ar agid oa

2 presgnt Hve

N

s front carboxvlio

mmvention s tha

© cotresponding
i Sag et ian Fhatieyde
neniation broth, as

Schlided

1o certain fermordaion proe
their salts, the present process provides an sask
Thep

mentation broth that can provipit

formentation bwo eaent process slim

platfor

H g 7 o T

somioal. e avgario actds are

heation ten

rapitio soparation colunws oF resing.

Py

v, di-ester, OF riesier}

caseous, Haaid, or solid substance thad i

cal resourses such as plant,

srnbusiion engines,
e, propanol and hinanoed can be g
Butane snd propane m Houelied petroleuns gas (LG and ethane i

{iherh

dior alkadine
polassinm, of magnestum salis) drving the raw or clacified fame
acid i the

other ae

ar hydrogenation ot hydrogene

“free carboyhio acid

Hiton 1 whinh an acid cata

> acidy that are otherwise eostly

tone can use free carbonyhic seids divectly

i pecsssary i conventional ex

that neutrative or convert the ¢

inates a need for Htration and aeut
salts, s corfain pu
hnigues without the use of expeas

For instanee i conventional process, one
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prasent process ncludes a method of converting the

ya relatively

sellalosic, or

I particalar, 2 Mofuel reders 1o g material that own by

PUAVED 0%

natural gas

iologicalivadorive

d hvdrocarbony,

also be hiofuels.

erdation brath, from whach cell

ar removed ot nol, containing & mixiure of free

H
i

th metal salis \Lt sodbam,

powder with an ale

id ontalvet at 1

near oritival conditions for the a3l

'//
2]
ver.
CL
-/
=4
o
e

oftrs 1o a carboxylic acid

when fn solation, at or boelow #ts pla value., As

H

fvstis e

ither

amount of kess thay catalytic

Heoavery of a simple boat effective way

N

v ared diffioolt tosolate
from a

purify

or way {6 sclate and exiract organie acids from a

ratization of the

ops 10 produce 3 - stock

cification sie

converied wio estors, which an

> and vompheated

wonkd
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need 10 use fon exchange chromatography to olate the aoids. A small amount of salis mmay

anavoidably carey-over after the fon exchange, Hence, one may requive mulliple aniis of operation

feg

parify the actd to an acceptable guality level, With each added operations! unit the onsts of the

overall process inoreases, In contrast with the presset process i svithesising the ester of the acid,

L

farrpeniation

ong can eeover the salt as 2 carkonate or hydroxide, which can be used to regeneraie the

broth, sud mindoree Rather, an advaniage of the preseet provesy is that one may further
rocvole the syatheais by-produsts divectly back brto the formentation broth. By converting the
carboxyic seids o thetr corresponding ostery, we can avard such tasues,

p]

8.

P

Conventionally, esters ave prodiuced whan carboxyiic acids are heated with aloshols in the

Tha mechaniam for the fwy of an exder from an acid snd an aleohol

15 ot react with an ak
concentrated chioride. Frotona
elecirophibo and wonabdes # to react with the sieobol, which is o weak muleophite,
volees a reagtion of formentation-
bhon «
30 atmosphere mosubsts aeid catalvet to produce eaters. The esterification

veantion is performed i solution under conditions that are oither at supsrentical, eritieal or near

pritical iomperaiores andior pressures for either the alcobol andfor CGy Under such conditinns, we

T selt HonRs & i aa an acid oatalvst, and vegenerates haek afier the

#
ooy
(491
-7
b
e
e
;J
=]
[

NOTRINS o

on reactiont s comploted, 1 s belioved that @ resotive intermadiate {imonoatkyivarbonic

25 st yoarde B sioe i large enough quantities fo drive esterification and sftect ester
praduction. This inmermerdiate, having a sfovilae pla {o.g.~4-5) zs the fron sarbonytio acid, i
as a carbesie aoid, whick s much weaker than the wual strong acids. The obeerved trend of greater
SEHG S sratores adduces a relatively farge onergy of activation fiw this prooess.
of the inventive pracess is that activation of the free carboyviie acid
3y om vipride, bromidel or by using strong mingral actds iy uones
anlike with some other techniques, Acy! halides ave wonveniont I use because these species are
inhmeontly reactive, have Bsues with stability, waste treatiment, and can be cussbersome and castly to
make.
In the present process, carbon diokide functoning as # catalyst instead of the aseal strong
38 aoids removes the need to ntroduce a stroug acid intoe the esterificatio

cireuvivent the usial need 1o adjost pH values i order fo remove the

3
H

noy svatfesis, e ean simply proceed o filtey the resoltang product to reswrve alkali
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Hne sarth metal carbonate or other salts. A closwer product will save oc

dowrstream processing for emmversion 1o other chennical feadsiock,

The provess desoribed herein i a pywe environn

el that the carbors dHoxide can 3

e s acid catalvst is vie in the presencs of the

cation reactism, the prosent method does not reguive the ase or addition of

i other wirds, the reaction Kipeties with 0O

sbone oan drive the

i the subsantial absence of any other acid oatal

Tor relterate, the present prosess

of free acids as, fur example, an acyl eldoride or by stroag avids {1e,,

Iy general, the estertfication §s conduacted al an operational or reaction femperal

shout 15070 o ghowt 2

“C, at & reaction pressure of botwean about 400 psi and

1

as 4 houes, wp to abost 12 hawes, Typie i§§§«\ the t.i-t;'n;}eraiure o b 2 rang

P 10 about 23050 or 245°C

4‘\\

etween aboat SO0 pai or 50 pei and about 2200 pstor 2,400 psifeg.,

Alternatively, the temperatiwe can be in - Between

FESYC o 20050 or 21050 fo abenst 220%C o 27
1 ahout T pai
Cther temperatures may be within a rawny

0 ahout 21

erational pressures ynay

froms shout 1150 pstor 1500 psi tor about 1EG pet or 2000 pst

by

eae reaction Iomparatures | ai;; sures corraspond 1o :su§:sa;rcs‘is§cz:;.§:; CEl

tons for the alvobolisy or O, Table 1 Hs, for purpose of ihstranion, eritical parameters for

some eonmmian seivents (Le., methanol, sthanol, Doropansd, utanol, water, and €

P Data for Select Substances {Yaws, O L., Cherdeal Proparties Handhoaok. ‘3;\/.5 G
Moderuiar Waight L

32.042

po Xy

46,089

&, eritical fempersture andio

woperties that ase in behween those of & Heguig

P o8 . Saar x ~ §ii. o yeras g rerey £1e
specifioaliy, superontical oy and gas-Hke transpart operties {Le,

diffusivity and viscrsity)l, This can be seen in Table 2, wherels the typieal values of these properties

ompared between the thres Huotd types — conventional tgqulds, supercriiicat Phaids, and gases,

Ritene

Table 3. ¢

al Fluids, and

P idalk
¥ue

Propanty Liguiad i;ea§;
! Density {g/mi] 1 07
Uiffussivity fom2/s) Sxag® 10 $.1
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Pa-c

: .
P ar e

Paa® T

PVIscosity

o
fose)

X

Likewise, “rofers fo the conditions at which either the tomperature o pressure of af least

the aleohol spectes or OO gus is below byt winhin 150K (e, within SO100K ), or 2@ psideg.,

within 38130 psiy of thewr respective oritical points, It v belioved that as temperatures ansd prossurss

veach nome ordweal, eritival o seperenitical conditions, the solubility of

5 which promuoies the estertfication reaction. fn other waords,
o interact under near cribeal, oritiond or supercritical conditions than under foss rigorous
The reactim does yod reguire that both the alenhol gas be af near-oritioal,
tons; rather, the raaction B8
143 ¥ ihe prosent ostaeification reactions are operaied &t highet loreparaty
DYESSUres, up to aboaug 2808 73040 paior 3,000 pa,
HO o 12 haars, one can produce sigmdioant arsounts of ester product at by selectivity and
fevel of purity within a shorter reaction tinee than befure, which was about 1828 howrs. Al fower
operational tevaperatures {7 THIC), formation of monoester molecules of polyearboxyhic acids i
1% owwe provalent, while reactions ot tempengtares 2 IBEC o RS0, will copvert preferartially the
potyearboxyviic auids fo di By selecting & tempersiure 8 3 higher vange from aboat 196°C or
Mt P, one van prefersatially drive the reaction (o 8 greater vate of
e estartiicy a v at least 85%% or
carboxylie aoid, Reactions that are performesd &b or near supereritical
0 end o produce better resudis, When operated at or nesr eritieal condittons of
about 23570 or about 2409 for recthanol and about 3100/ HHY e i able to achieve
converstons rates of about 0% or better, typically about 83
by ashusting the permutations of different combinations of empsratare
ighey temperatures and shorter reaction times {e.g, toss than Wor 121
25 or vice veran), which car be an advaniage over cuvrent approaches, With optimization, estertfication
comrductad ¢ > ander either the sarae or greater {00, pressore, the viekd wodd be nearly
guaniitative (e, = 93% vield), for exanple, op &0 about B8%, 99%, or $4.8% conversion.
As the ascompanyving Eyvamples will show, varlation i reaction condiiions suggests that one
can generate move diester prodect with higher temperatires andfor protracted seaction tmes. As
30 sumed before, hoavaver, different permutations in temperature can nfluence the dumtion of the

s \‘(\

pstertfioation seactions o produce the same amount of ester produet. The reactions accortiag to the
present method are nt conducive 1o a sigreBoant degree of ide prodact formating) henee one Can
avoid evelization of the cnrboxyliv soids sud other starting reagents. Potential dangers of

depsrboxyhzation at high temperatures (e, >
i

F30°C) are not olsseverd in the present

method,

"ot
(V]
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in y

an amount of the aleobol solvent it exoess of the sarboyelic aoid, one can produce a

T

very clean esterification, The presest syothesiy process produces very olvan estar prodects atb about

~

2% iniiald ng:‘i‘:‘}-},. without gepsration of significant amounts of side products such as fow

£ acids — acetio o Hwmie acid -~ molecular reamngements or svclic products, whuch

one orudd normalty find in standard acid catalyzed setenifioation at high teroperatuves. The esters oan

&

b refined o achi

ove: about $98% parity. The purification can be sccomphshed, for fnstancy, by
mgans of covstallization, chromatography, or distiflation,

"§'§*§t:(§ca§§}-; the rosulling sster products o be either monnesiers or dinsders, or form 8 mixtars

s the esterification knward

another. For insfaneg, ong may sefect an opsrational tomperature and pre

drives the esterifioation reaction towands forrnation of dester molesnles. Likewise, one cun conirad

whether ext

v are Tormped from efther a single carboxyliv acid specien {o.g., suocinio acidi ot a

e
-

qure of multiple different Kinds carboxyvlio actds e, soetiy, oitrie, fantie, malic, malewe, suceinie

avids) that may be proserd and dertvable froms fermentation broth, In other wards, one can use 3

e

ceord with the present esterification reaction o

Py

fein

g, 11 vy, can be isolaied, Dather madified in

s

downstream chemical processes and converted, n cortaln embodiments, Into asefid compounds such

as for pharmacestical, sostetie, food, feed, polymer materials or biofuels, For insfance, sweinie

asters can be converted yHo a polymer, such w5 polvbotylene sucoinate (PHES L

fn the present exterification provess, hoth the catalyet (TG andd the esteriBioation reagent

1o} are present in fargs excess relative to the aroowt of free varbonyie aokd, OO0y shoudd e fa

the gas phase doring the iy {4 o), a8 the

ihe case whers sealed

reaction iz conducted at high temperatyres. Addition of sohd {'f.f{}; 18 B8l

bed

wtion as the

4, i that it allows for slow seblimationof g

et

Thia can minsnixe U0, foss,

ration of COy i the reaction atmosphere can be &t

¥, preferably greater than 3%

concentration of CO: should be maximized, Desirable concentrations of CO; ave froo abou

and abmi . Nitrogen Ny gas ©

K% o about 99,994 by vohune, typicatly betweon sbout 83%

air is permissihie o the reactor, but p;‘e'ft};i:;ibiy the concendration of gases other thaa U0 s ket ot

mtsbaiy amount,

or percentage (X 3

RN [ VU PO SODTPRE A JERSN SN
CHTEIOTVE &% the solvent 3”\?&}%\2“{ o Trst aicohod

Any lguid gleshol with an Regroup of U

v

he Hegrowgs can be satwrated, unsatirated, o sromatie, A siixiure of difte

«4
ﬂ
,/"”‘
.‘ﬁ
....
Za,

penies. 1

cam also be used b the reaction, but will produse & crrresponding risiure of

alochais (g

Sifferent asters depending on the particular R-grrup. Ceortaln fower sfosshol spevies with £-C al

o as the reagent in the st esterification with OOy b view o thetr common

groups are pref

and mechanistic simphicily in the osterification renction. Further,

]
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afoohinds such as roethanel, ethanol, propanocl, or butano! are preferred because of parameters such as

thely comparatively stnple structure and that the resctions are more ersily controfled with respest to

28

the supereritical, eritical or near oritics! fempenadeves and preasares of thesg SpeCien

i

Alteroatively, i some enthodiments, the aloohol can alsn be 3 O-C-dial, Estentiostion with a diol

ot generatn monomers of vy molvcular weight oligomers that can be re

By polymerized,

e can use a variety of ditferent carboxylic aeids, for example, selected from the group

consisting of! &) monocarbonyhio avids: formic ackd, acetie scld, propionie acid |, sotie acidl butyrie

g

acid, sobotvrie acid, vaderie sold, hexanoie acld, heptanoio acid, decanoie acid laurie actd, mvrist

T fatty acids; by diowd ‘\,\ aeids fumario acid, naconie aold, malie add, suealme

X

. monio ag

acid, maleie asid

oid, oxalic and, adipic aoid, prnelic ack

at actd, sebacie achd, dodecanadioie acid, ghitaconie and, ortho-pi

id, terephthalio actd; or o) ioarboxylic acids: citrie acid, 1socitrio avid, soonitic acid,

3
1o
H

1%:3

tricarbatiyviic aoid, ardd srbmesie aeid. The cwrboxyhio acids can include aomix of associated alkali o

allahing canth wetal (o, sodiom, potasstam, or magnesion} salis of these carboxylic acids,

&

5+

Devirably, the carboxyvlie acid i a polyearboxyiic acid, sach as a dicarboyxdie or nearboxylie acid.

The process can reduse the amount of waste by means of reeveling of by-products baek into

N
y

the forraerdation broth, either s continuous or batch proe in the present

gateritation DEOCOSS, WO ITEQ Cardaxyiie Wi

aoid catatyst, the free predonated forw > vhe acids fas g olubility in the alookhsd

sohvent than thelr corra . Performed under similar reaction conditions, the estentication

ent will yield about 223 times greater anwunt of ester

cactivg uaing the free carboxylis soid as o resg

2

prochiot than the reastion that uses the salt species ss a reagent. (This resull ba seen whern one

comnpares the seaction of socompanying Figere 38 (free acid) with that of Figive 54 {acid salt), and i

setioved

Table 4, Examples T and 3 {acid salt), with Examples § and 6 {free acid), rospeatively.y s

\

that solability s 8 factor for the difference. For mstanse, sincs the solubility of magnesiont salts i

sathanol and sthanol ave significanily better thaw that of calohi salts, product vield fosn a reaction

of a calcium salt is rouch lower than that prodused from a stavting resgent of & Corresponding

The prosent invention includes a s for esterifving s polyvearboryic acid,

esteriffoation method Invobes: providing and react

1¢ a solution of one oy move frev carbosy it

wre without the presence of any other acid catal

reactinn temperatuve of reaction pressure corresponding 10 superenical, erineal ot neay

eritical conditions for the mleobol andfor OO i vield an ester. The reaction teraperaturs and pressure

conditions preferentially deive the reaction towsrds the formation of at east diester molequtes over

ronocster medenoles when the carboxyvlic acid is 2 polyomrboxylic sold. As with the recorvery

process, the operational reaction temperaiure 15 betwarn abont 130°C and about 25090, and the
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opmrational reaction pressure is betwaen abont 400 psil ansd sboot 2,500 psi. Depending on the desired

resaits, the renotion can be run for up fo abowt 12 howrs,

O

The estertfloation procsss described above can be utegrated futo formontation-based

o

i Teedstocks and to provide a morg convenient method of g

production of carbon rating esters

i acuds derived from a renewable sourve. The present fnvention provides a divect roude

deeffioiant process

biotogically-dertvad cavhoxylic seids can be recovered

i,
e
=4
ot
oo

ermentation broth, converted o esters, and then saljects fE O
s snake Bofuels. The accompraving Hgures Hlustrate how the ssters are integrated

into further downstreanm procassss,

o 1 ix a schemalic represeniation showing & general process of extracting carboxylic

acids fron

fermentation broth that inchades a version of the prasent esterification reaction ntegrated

processes that can utifize the reselting esters. As shown, Frmentation bvoth 76 from g

reavtor 18 Tilered {altra) 12 10 remove Momaterials such csrboxyhio acids

s, by products and other commpraunds, Al of these materials are then dried 310

mixtore £4. This dried nuxiure 9 ertals iy then reacted I8 wa bt

with an slochol {R-OH; K = alk

ol operatiinal reactivey temperature and

pressure o vield cither monoesters or diesters, or g misture of both, < niy e carboxylic acids react

£ {

w acintion,  The resufting miixture £8 s filored 26 to separate the ssters 33 and other by-products 24

The estens are soluble while other by-prodact compomds are nsoluble. The by-prodacts sachude
’ ks

honate sl

5 of eafcium, magnesion, or sedivm, which can be resovered and recyeled 20 back it

1o aignificant coat savings and

vation broth 28 i the resntor #8. This reayedi

all fermentation and ©

1Y

ey, proscdues O ple

eapactively, to separste the different este

ethane., ethanol, bhutane, hutanad, efcd

DEOCESS ORe oan concentrate the seters by driving oft the alechol, and
ther distifation of & vuxedeacid ester
prodact suxtare according o the botling ;}i}';ists of the different estat spacios, prrplis s o separate

3 provides botling pobus for & sample

the various mdividual esters, RN

swfors that may be present in an ester product suxtwe according b the present mvention.

Table ¥, Batil

Feter Species Boiling Poinl {°C}

ng Points for Some Common Esian

Boffing Paint {°C}

et i's vi-acetate ] ¢
§ formats 33

104-108 {1 mat Hal
A0 disthylsuccinate
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irnethybcitrate {A78 {18 o Hg) |obrethylciirate D235 {1560 mn Hgl

Atter recovering the csters in the remaining solution, the materials are fn 3 readily ssable

v aved one can elther distil the estor mixtuee 4 seps

acies and any

rematiing alochol, Cuee the esters are recovered, one oat use the Wonoesiars as pracuraces for

sonversion o chelating sgents, and the diestees as sobvents,

An sdvatage of recovering the carboy cids from formentation buthe §

corresponding esters is that downstreant processing of the esters iy leas energy nfensive t

pee acids. Awuother advantage

of the present esterification process 8 thal, one

will find the prosest process simpler and casier, as campared 16 other approaches, to reltne cavky

s from fermentation. I simplifos ofitets to separate velers from the

o materials, a5 well as minbives the amount of salt that one needs 1o separate. Inan

;’s;iaeg,s:‘:;s‘ s prosess enables one o directly exterify a cornbimation of free acid and salts that is produce

i

”
jesd
p

R
e
Z
Z
A
-\/

o

H formentation, I which the fernontation is operated at a pH of leas than the pKa ofithe

Figure 2 shows a schematic dagram of a downstroam processing that moorpon

Herat ion

3

s Sucinic aoid

i

sent esterifioation process, In particalar, Figure 2 depiots an example of using

or any other kind of carhoxylie acid derbved frinn a formentation broth s oxtracted and reacted 1 with

an alcobiod in the presence of excess OO o gongrate esters. Sccording to this Berstion of the provess,

glucose, corn step i, of other sugars, and - are ntrodeced it ferpentadion

nd fermented 2 10 produse carboxylie acids. A fermentation broth Hauid 25 ¢

faining @

mintare of carboxyviic acids, salis (o0, suceinic acid and s sodiunt of magnesium salt), and other by

g

The fermentation is

performed at g low pH valog, o which ose & or 8} and during the

course of the fermentation, te pH value drops 1o abou

kS

i1 prodace & mixtere of sals and

free actd present, for exarple, i a ratio rangs of sbowt %11 wiw jo

s
-
ool
o
e
oo
w
:..
[+
k
%
ooy
*
-
o
poscs
P
1%

vetvievad from a Termengation reactor at a pH value of luss than the pKa of the

~apedae iy
\-ﬁ.ii}\ \r3‘~

8%, Typically, the fermensation broth is at a pH valug in 2 vange between
ahongt 1.3 and about 4.5

The breth extract s then dried 29 {o & powder. When deving the suxed acid flvate shoald
cosave as mueh water 5 possible, The deving step csn be accomplished, for instanve, by means of

apray deving, drum drying, or ervadesiocation. As with esterification i by fow wvate

in
=
(&9
-
o
b
s
fered
o
s
e
=
,2.«
/‘
i
<%
g
,-)
»‘
g
]
s
£t
=

. otherwise the reversible reaction will te iis’:arbm}’? i

(F DPOQURS, & TN g residual motstare contant of abod 3 ‘3\ W (3?3\;:( should be

&

maintained. One woold expect an morease e ester vield of ap to about B8 or 9996 with sanpdes that
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The dried prosder {aversge mosture contont between about Dt
wi 8} in then resoted 37 with an alcobol 33 which serves av an aliylating agenis in sxoess U0 st a
temparature bebween abowt 18870 o ghout 230°C for a chrasion of shout 4 hours or more 10 esterily

the cavhoxyiie seids, In

mphe, secobde aeid fe reacied in methanol and UG o

dimothyvl succinste. Alosg with the tree carboxyiic scid, any rem aoids which were

Hation broth are alss estend

-
o]
s
ool
pocs
L4
ors
g
P4
s
";
,.

Unee the cmrboxylio soid sefers sre gererated and revovered from the fermentation broth they

can be further processed as fead stock in either hvdrogenation o hvdrogsnolysis svstems.,
¥ ~ faty ~

,.q'
[

enolysis can be condusted acoording b various dit

matations, such as deseribad n U8, Patong Moy, 74938,

a1 of dicarboeiiic acids andfor anhydedes), 31038, or 38 f’\.’*,?fie {refating o

for production of wirahydrotoran and y-hatvealacione by hy iy of malele anhydridey

LIR Patent Nod 4,584,4 19A (relating 10 process for the production of bidane- 14-dind favad

hydrogenation of 5 O, 10 Cyalbyl) estor of & Oy dicarboxyiic acid); UK Patont Applivation No.

N

o a proesss for production of a nuxiure of butane T dhol, y-butveolactone,

and fetrabvdrofuran fron maloate and Remeratey International Patent Apphication Nos, WOEBHBY
{relating fo a provess for the .0-~§3s'i‘.>diac‘;’fss‘_sn of butane- 1 dediol and y-butyrolactone by meuns of

sling o a process for

atadyvite Upgrading ¢

CPEOG, TR 1S B854, the contont of each of U

PRI S I R

disclisuray v eorporated bersin i S eativety by referene.

As the exanyprie Uhstrates in Figure 2, when reacted with methanod in accord with the reaction

o sdefivied above, suceinie aad esterified o

a0, MaCl: / Mg{HCG): snd ex

SuCCmale (a3

,.
i~
st

dimaothyl 37 ave sepavated from MNaHCD, and Mg, 38 The carbon
 hack into the reactor 37, cither for & corsinuous provess or g fresh

hatoh process, wi steeinate and methano] ave further separated 93

Subsequently, the dimethyl seceinate 4718 5

alkanes anddor aleohols, for instunce

ethane, vthinol, propase, propanc, tane, or butanol

> of the present prowess is that it ean shuplify the transport and processisg

sentation products. For atance, with a dried formaentation broth powdeae one i freed

ko A dvied fermentation broth posder can

fromt fenues sesociated with woebing with wet or hgutd stoo

fermentation broth is made or

aconomically shipped to 8 location dilferent from where te

7 remoie location

obtainied. This will soable be performed

differant Ho formentation broth i oblained, snd expand the geography of where the final

processing facitities can be siuated.
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Exanples prepared according 0 the preseat estertfication method are integrated o a process

¢ carbaxyhie acid from a fermentation broth. The method fnvolves ge

ay filtering 8 oroade formentation broth e remerve cell mass and other

formentation broth; by desiconting the fermentabion broth; ©) reacting 1

fermoentation hroth with an excess of m

(CHLOH) or sthanol (U HOHY an

o0 up to the aear ertical or orffioal temperature and under o

cohol andfor €0, reagenis, tr prodace @ mixtars of monoesters and

- <y filteriny the reaction product {o romove by-products;

it beosth filivate was dried to renove alt or nearly all of the water to produce

ey
Py

{}';;;i\,g & SRy ig‘:‘_\,r"iii' QF GrRIY EEVEr, ORY ASIASOIZes IR0 faw solution

s mixed carboxylic webds b deslenate o a powder. The desiccated powder is suspended §

o
ped

w adeobud solvent. The powder reacts with the aloohsd according 1o the conditions deseribed herein

fo estertly into cther moncestors or diest

1 of the Sdlonving examples was performed accoeding 1o the following general protueod,

5 in reaction fomperatyce, pressarg, time, andior acid 3

gdeted succinie acld formentatisn broth {offvwhite powdery and 300 g

T stainlees steel vessel, jucketed, and fved tooa Pave reactor, Wiale

L

st 100 e, the internad beadspace of the renctor vessel was purged with N

X

ittadly o 40 pad with OO0, and beated 1o 18 VO for § henws, The intermad

for b 1650 ;‘.33% ab 1800, Afier the reaction thne, the reactoy body was ¢ooled

in 2 wvater bath until reaching room tomperatire and presswre released. The heterogeneous muxbive

was then Hered sad solids were dried overnight under vacaum. Samples of the solid matenial and

bl

sofution were analysis quantitatively ysing gas-chromatog

A & b

speciromenry {GOME
The vield of dimethy] succinate was determined 0 be 31.9% with more than §5% of the available

magneshan syecinate consumed in the reaction. The remaining balance of product inehuted the

:::n'mding:-; monocaters as the greater part, and was in a range of aboat 6% o abogt §

RS

3 the reactions depicted in the socompanying figures and

y o costain tompreratore and pressere paramelors CaUseS roactions fo vield preferen

rificaiion reaciions

fihe diester pompounsls. Inoe xanypies of the present process, the gst

As stated

violded more than $0%, typioally more than 70% or 809 di-alyv succinade o mal

nentafion reactorn.

before, the unreacted materialy and the sndestred prodocts are reoyeled

Subseguent separation of the o 3 Lraion.

i3
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oy
1

re 3 shows o series of esterification reactions which supunarize U0 assisted

sstenfication of tree suocinto acid In vartous alecheds. Fugwe 34 sheaws succinie acid reanted with

motharsd 1 400 par €0

s, af VAR for § howrs, whivh achieved a vield of about 37% dimethyl

i the oporational temporatove was oressed to IBPC in the veaction of Figure 38 and

.
e
oy
o]
&
o

ey

sarametsrs Rept the same as i Pigars 34, the amouny of dimethy! saccinate vield incraases

more than twvo-fold 1o about 8128

sre 30 represends free sueoinic aold reavtion at DHIC under presest operational conditions

which gererides (i.ias‘iiayi succinate in good vield of abont HG.8%. In Figure 3TY free

ST 8058 Wwas fiad

soinate at about §

esterification reaction in viow of differs

erificaiion of viher Kinds of card

&Ny

i..i\, 1 abowa examples of COr-assisted ex

gare 44 md 4B, sucoinde soid was substituted respectively with oltvic acid, a i1

reasoniable at about 200194,
whoxyiic acids, The vield of the

g, the new method of esterifiontion

s for general use with other acids

e

o 4 summariees resniis of seve med socording 1o the

of

pEA

SN

asteciBfoation wethod of the prasent diselowige as depicted i Figures §, 6, and 7

} i

al pondition under which the reaction was

snples Is arranged m teems of a vanation of an operadion

g}s:s‘?ars'nss‘_i: A temperatare, BY pressase, and ) reaction thne, b cach of the examples, suoninde aoxd

as the subsirate. The filtered olarified broth containing froo acid and

armpontaiion brath is used

wist OOk i sohition. {As the resctions are beated, the

‘-
Lxh
o
/‘
o
precy
..a
2
b
o
53
,..;

salts are driod and later s

i the resctor vessel will oxseed the butial

0y

{n the three exay out the reaction for § hoars at an imtial(

presaure of 400 psi, under differsat temperatures: Bx. A-1al 18670, Ex, A2 ar 210°C and B

d 1o its corrasponding diester inereased with higher operational

23070 The percent Qonw
temperatiwe, Figore 6 shows the effact of varying temperatune in a series of ‘esterifioation reactions of

betd

succinic ackd and fis salt. fu Floure SA, the esterification of suscisic acid is performed al a

fernperating or a period of 4 howrs. The resction produced anouti 3 AR

e yeaction as fy Figure SA, when the roaetion fime beld

sonstant, bt with the tomperature raised 0 about 21070, wiuch yi-'siiis abe shaws

areaction at 2309 and vields about 72.4%. This suggests t

0T Agont, ¢

stica drives toward a more cnmplete resction of the acid and alky

fihe dialky

ester, Reactions performed at or near ortical temperative and/or prassure

Hkely 2 979

o 8%, copveraion.
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fo et B and Flgire 8, o

cation reaction for § hours at an nitial

terpperature of 1RO, and variad the mitial OOy gas pressures:

and B 3-3 a1 600 pst The peresnt conversion of acid to 38 cory

the amoant vield did pot show significant &

nce statistically, The mital OOy gas prossure bt the

o

ceactor dil not sxert mach effent b conversion of the aud to s dioster, but the operational pressores

it the resctor during the resotion suggest an offect von yields,

n Set C and Figare 7, we performed the eaterification reaction at a constant pressure and

N

tomperatire but varied the duration of the reaction. Ex O-1 b 8 kowrs, Bx 022 ot 2 howurs, snd Ex, O

3t 805 bowrs, The examples shown In Figare 8 stugest et o groater araount of diester was
converted tereased seaction fune,

feet of C0-assisted esterificntion reactions using a conceniration of

salte of Yiowior, ehioh are prosented as £ Tabls 5.

. auecinle acid and s magnesiom (M) aalt was reacted i yoethaso

FRC, respentively, for a reaction time of § hoves.

3 produced
succinste and about 1% dlethyl sucoinate, respectively, Methano! exhibiis s groater capacily

dissolve the suecinade salt than ethanol, Magresunn succinaie exbifsiis a reas

. R T, 3
1IN NTHREROL,

:faited solability b ethanol, even at high fermperatin

o was negligible.

] : Yl
¢ 3 shows & reaction ysing calt

The reaction yields iy about

¥

dimethvisnesinate, Relatively low oonverston rates o Hxavgsdes T and

difference benween correspanding alkadl canth sslia, The caltiom sucoinate salt i insoigble

sethanad, oven at high tfomperatures,  The mothapol b salt

was apmeoxipately 1161 for methanol to mag

ol 1o the other carboryhic acids,
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¢ § Hats resilis froon othar g b the proset

amples 1, 2 and 3 demons the importarme of substrate sofubifity of sscoirde anid as

npared 1o the sali

oof sueeinate, Examples 447 §8 g second sef of reavtions 1 win

25
“
Z.
P
N
253
=
P
%
s
fu
S

vas rencted I methanod, ethanol, and L-bulano! i similar fashion, E’:?xasm;}ies: 8

P-’i

reaotions with other carboxyvlio acids, suach as oiivie soid and malic acid can ach

aboat 2% and 6%, rospestively,

ree socointe aoid reacts rendihy with the alochels, sivwe i s completely soluble 1 methanol,

stanol, and other alochols up to and fnchuding octanat {C-8 aloohal). s Exameples ¢ and 7

cotnie acisd reacted i ethanel sad Dhutansd, vields §8.8% and 52.2% conversion respeatively,

ey

Fhe solubility of carboxytic salis o a parhiudur sobverd oo have an influence on the

eaterifivation process. The greater sobibility of free-acid permiis a greater reactivity than the

carhoxylite sait which laeks an aeld Bctionality, Accordingly, the vields of the covresponding

-1

eaters ford 1o bo significantly greater than the control samples when comparing the fwo sets of

sfey amowds of corresponding

the

-3 The cavboryhio acid itsell may be suffinlent o catalyze

he present operatinnal femperatire and prossure covditions. Unie can

Teoation aceording

ate sohahibity for sacoe

varnple: Hydrogenation

fae

Using s provcess fike one of those described 1a the veforences otted above, one can parfors

H ; :

divect bvdrogenation of the carbowylic actd veters coflectod frore the seterification provess deseribed

For examples, one can use molallic copper eatalysts for the hydrogenation of dinlkiyl succinate

~

- and THE. The following deacribes an iHustration of the hydroganation process.

sy of copper salts onto the follinving

AN

o Uhenues

3

Yand fwo

v
&

Qi

wase Separations, Ine.} {XOA-DD and NOBR-030) Ten mulhilners of

solation contalning oopper nitrate o praduce the desired loading was added to 10 g ol support. The

st roons tomperature for 2 hrs. and then deled for T s, under vacuum af 86 °C ~ 78

S0 The dried solid was then calcined i alr e o Parnace a3 308 °C for

terial was then loadad into the reactor and reduced esito in pure hydong

.
The catalyst ma

varacterizad hefore avud afler reaction by nilrogen

and 300 paig for 3 brs, Catabyst supponts werg

oo avea and mercry porosimetry. Support avidity measurements ware made waing s

a tirant in dry bes dth pdimethylami 1.8} as the ndiestor

one closure reactor {Auioolave Enginears, Inc) s Steed, 167 mm long

< % g ioner dlameter (4L}, was charg

od with e gram of catalvst supported on & quartz il The

srnace controfied by an Chnega series UN2G1HE

e

resotor wits srronnded by a clamahe

S
[
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ogrannnable termperanre eontroller. Dinethyl sceolnate was fad to the top of the reactor as 30 wi %
ohution ir methanal using a Blorad HPLO pamp. Hydrogen gas was aleo fed to the top of the reactor

Frog ¢ sure reguintor; a rotamater was ased 10 reositor gas flow rate at the

wandard tank and high-pras

reactor outlet. The Hauid feed rate was fixed at 8.8 viv, and the bhydrogen rate wags set ot 400 mb

of STPAmin o give g weight hourly space veloclty (WHEVIof 08 gof M 1 and 8

Fofsuooinate ratin of 2001,

Condensable products were codlactad in fed 1 mi Whitey sample evlinders

sunersed in foe baths, Threo-way valves were resction proshicts fo etther of two sample

cviinders: during resction, condensable proshicts ware collected in the traps for a tired peeiad, after

which the trap was removed and welghed and the corgents were removad for analysis. Gas exiting the

aes passad through a rupture disk assembly and was stepped dows o atroospheric

Ay 1. ey ¢ o coaver b g oy .
pressnee osing  back-pressure regulator. Gas prodacts were colleoted fn gas bags for analyais uung
zas chromatography o sprantify son-corstensalie product frmation,

Comdensme products were weighed following collection and analvaed 1o a Variap 31MY

sutpped with a flame tosization detector and a Supeloo SPECD wide-bore (115 pun)

chromatograph

12 % min, bold @ 200 70 Matby! laotate was nsed as an biternal

standard to faotlitate the calondation of produet Concentrations,

‘\§

v from the fermentatinn odvaction des

) which should obtady lugh comversions {088
tion Mo, WO R

Alternattvely, one can mwu\% aceording ti a process such as desonbed fon ULS, Fatent No,

o

sed with an oif lnoket mabmained 5t 33150 was usad € for this reachion.

Twas introduosd by way of 3 preseure regutator and flow controller {not shown) Buough hine

1o the botom end of a vaporbrer containing s nuamber of steet |

aporiser {hs‘m:gh a tine, The ‘i?SiE.§§31§. vaporeus mixture of ester and hydrogen was passed through

“erluas hally, on whish rested the catalyst bhoed, The

sactor was Tted with an

¢ XIS

flow rate was measured downstrean fromm the condenser usd T g wel Hax metar.

A

was ten purged with z‘zs’ir;sgers at 47 har, The olf bath was raised {o & temperature of 23 degres. {

-~

42 bar was then passed over the catadyst for ¥ hours,

2% Hosuh2 m Nsub.? gasy

e
pos
ra
22
.
Z
+9
oo
w
[
ot
o
¢
R
Rer
P
e
-
=
=
oot
P,
relea
5
o
o
o

folfowved by 10% Haseb2 i Nosub 2 (atitf at 42 bar) for 2 Buther P6h

st 42 hard for an additional 1 howrs,

o
Xip)
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Phethy! succinate way thes iroduced into the vaporizer corresponding o 8 hauid heaily

n pasester molar ratio it the vaporous misture was 3

I The comdensats was analyaed by gas

chron :svsgs\g::iz}' asing a i coturnn with s fntormal diamedey of 318 mam

1

succinate ow Chrossosord PAW, a heliun gas flow rate of 38

adfimbnge and a Bame lonisation detector. The fasinement was Hfed with a chant recorder having a

ibeated asing & mixture of diethy] msdeate. dialky! succinate,

fol, tetralivdrofuran and water of kpows compostiton. The oxif gas was

3

od by gas chromatography using the same fechnigee, The identity of the

also sa

0 peaks was confivmed by comparison of the relention times observed with those of authentic

ion and by mass speetroseapy. The following compounds were

detecied o the reaction mintare: disthyt sucoinate, hutgfeiac;t‘-l@{;a, tave- 1 d-diol etrabydrofiran

ad water, Trace apounts of minor byproducts, inchuding 2 \fss0;:\73!§:~'~=§:s'zs§'s\f(:5_s'oi”ass‘zm and 2-

Yo, a seleciivity to n-batanol of 118 mol®

a svigotivity 1o gammas

Y. and @ selectivity 1o butane-1,4-di

243 The present jovention has been desenbed 1o general and i detail by way of examples,

v 1o the embedy

e

Persons of skith in the art understand that the fovention v not Bmdted necess

specificatly disclosed, but that modifioations and variations may be mads withowt departing from the

i

g olaims or thelr aipiivadents, ncluding other

resently known, or o be developed, which may be used within the s

ik
[}

crefire, widess changes otherwise depant from the scope of the invention, the

2
e
o
%
44
G
=
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{ sy bhoing welw
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ULAMS

S producing a bisfuel comprising: a3 obtaining a fermantation broth contuidbing

bl ped <

¢ free carboryiic acid, or a mixtuee of & carbonybie acld, or at feast one carbogylic

achd and associated salts thersof by drving said formentation broth contaiuing said free

e acid nto a powder; and ¢ svinthesizing an ester by rescting said carboxylic acid in

safd powder with a0 aleohal solvent under a C0y atmosphere i sobstantial absence of any

other acid catalvst at elther a reantion femperatare ov prassure or botl that s &b 2 supereritieal
war eritical condition for at least one of the alenhiol o ¢ d df subjecting satd

axter 1o either hydrogenalysis or hedrogenation o form a bisfuel

4

2. The provess aceording fo claim |, Sather -;:orc‘n-pfisi el recovering sad Biofuel,

v

30 The provess acvording to clabm {, wherein said

4. The process socording 1o olabn 3, wherein satd
othane, cthanol, propane, propavol, nftane, 1-butansd, oclane, and octansh
S The process secording to olabm 1, wheretn satd formentition broth contams coll mass and

tesaiuble compounds and further comprising i.ﬁir:as:ag sard eell mass and msohible cony

Y

frorn said fermeniation broth either bel

&, The process soording to olabm 3, torther comprising concentrating said ester before either

hydrogenoivais or hvdrogenation

e o olaim 8, further comprising separating sad insobbde compovds by
i or hydrogenation.
¥ The provess aovording to claim 5, whereln asid fermentation broth is part of 2 continuous

fermeniation prog

A

se, and fivther comprising reovelmyg said insoluble compends baek nte

said forsmentation brath,

8. The process g

claim 5, wherein said fermentation broth i part of a balceh
farmentation process, asil further comprising recyeling sald tnsolubde crmmpoaunds wdo

ond Fermentation reactos.

i, divgg 1o clatm 1, whereln said alcohol solvent bas an Begroup of Uy
ts at least one asturated, unsaturated, oyelic, or aromativ spucies.

P The procsss according i olum 1, wherein satd carbonyvlie
covmisting ofr formic acid, acetie acid, proplouic aoid | lastie adld, batyrie acld, oladyaw
acid, valeric ackl, hoxanoie acid, heptancic acthl, devansde sotd, bawrie soid, syyristic acid and
Oy fatty acids, fumarke acid, Haconie acid, matie acid, seeel io acid, malonic
actd, ghetarie soid, | o st oxadie acid, adipio acid, ;}imeﬁéc seid, subesie acid, avelaie
aoid, sehacke acid, dodecanedinio acid, ghetaconio acid, ¢ e acid, isophthalic setd,
terephthatio acid, ciivie sold BocHrie 4, tricarbativlie acid, snd trimesic acid,

12, The process ancrding to cladm 1, wheredn sald carbonylic aoid i a polyoarboxyhic acid.
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3. The process ancording to claim 12, whereln ssud polvensboxyviic acid is a dicarboxyhe or a

o

irfosrboxyhie soid.

f4 The provess according o ofain 12, wherein when said carboxylis acid is

i 3 Lalt 70\ \E

acid, said ssor 1o at least g diester,

LA

The process avconding 1o clatm 1, whersin said reaction temperative 18 hetween abowt 183°C

S, and satd pressure §a s ¢ hetween about 400 pat and 3,000 ps.

cprooess acoording o olaim 1, where whie acids are nof sulect o

activation with # halide to form anaoyl

17, Vhe prooess according to olaing 1, wherein sald formengation brodh s st a pH ot less than 5

18, The process according Cwherein said fornontation brvdh v at g pHin 3 vangs

between about 1.3 and aboud
19, The provess according to claim 1, whatein sald drying & by at least one of the following:

sprave drvingg, drom deving, or ervodesiceation,
28, The process socording 1o olaim 1, wherein sdd vuxtuwe of free cavboxyhic scids condaing &8

i

g o mnimam of S8

ta dlacid, triacld, of polvactd, and said reaction with alvobol vie

conversion of said disctd, riadd, or polyacid fo a covresponding ester of the fee carboryhic

~ ¥

acid.

21, The process aceording to clain 1, further comprises purtving said ester 1o ot least 30

soess aeoording o olaim 21, wherein said puriiving s by at least one of the following

watiization, chromatography, or distillation,
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