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PURIFICATION OF SUCCINIC ACID

BENEFIT OF PRIGRITY

claims bepettt of priority of provi
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onal application Sey
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sntion refates fo a process for the sepamtion of suceimg

auocinate from a fermentation broth. I partiaidae, the inventon pertains to a pethod of purifying

< anit that involves wsiag cheonabs

HACKGROUND

sdd s dorivatives are oseful platfiom chemicals that are wide

viners, el additives, ks, cosmetios, and se addiives in foods and

“exanyde, susciniy acid can be used ay an fpet i the produstion of plgments,
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)I"Oi’.&.ﬁi?ii(?i’i of suecinie acid from

oh interest is the

rmentative production of suceinde actd can be regarded as & green

daction, bat also (X

worporated o suechive acid dorjng formentation, ¢ sucoine acid contribages a

vadable polvmers, and

ufacture of ':;),-'z's';‘h{fi’is: resing, odeg

pelrachomical-based g

praoduction o

fotad production costs are generated by
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the ssodatien and purification of the product o the fermentation broth,
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1 fermeniation broths is a oritical step in the development of a
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S o w b nee
cost effeciive progess 1o recover the acid.
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VREYS, VB rwroaches Have been developed o solate succini a
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techmgues have bivolved using eltra-filisation, precipitation wi

cabeturn vdroxide or amumonia.

erystatiization, electrodialysis, Hguid-Hguid extractiom, sorption and §
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“of Succinic Acid from Fermentation Hroth
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2 2330339 mncorporated herein by coference ) A variety of
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purification of suoemi
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¢ appiied, b rogquires
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Csabts are present, Hthe sall content s highina

excharge system would be re

throughput, Henoe, on exchangs

acrds. Therefore, this s not efficient in cases with hiuh lov Morsover, tradt
e techoigues do nol separate easily the different org

afe i

hiyh-

e acids foa deg

. s o~

e of fssues sssociated with membrane fouhing. Other approaches such

reagents.

3 requive organic sobvents and expensiv
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pead axists for

eration, or scononty uf sea
befter or more divect methods for recovery of saceinie acid, which can slmphty the process and reduce

downstregm PrOOCE \§i§ g oosts aswell as waste

The present invention descrnibes a method of purifying
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.

wation broths adjusting s ph

v egual 1o about 307 ronndng the acidiffed fliate trough a chyomatographic cobunn having a noe

T8
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b another aspect, the vertion desenb crinte acd from i

w methad invobves: §§

a slarified brothy

aid clarified brodh to a pH vadoe of tess than 31.8; nfroducing the clarified

A
e apparats having a non-fanetonadized resin at an opgration
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ervetabiization. To sepasate a dibasie sycsinate sat

aait. The
migthord nvolv a formentation broth to vield succiate-containing filtrate, the fHeale
i the filirale throngh a Hgdd chromatographic columm over s
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up o about TO°C eluting with a strong base or organic

fate a stream of dit
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possible divect transformation s vanety of sirogen
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wthyl auceinamide, Komethelpyrralicinone, py

synpler, and more

As a feature, the present invendion Hpens an ¢

Svisve g cleaner arec A el B O U S
way o achisve g cleaner pracursor matersi! for conversion in downstream proeessing.

in another aspect of the invention, one can adapt the foregoing concept |

continuous separations. Owe can implement a simulateding
syatern for the primary spplication,
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BRIEF DESCRIPTION OF FRGURE

eseniing the procesaing steps according o an embodinst ofthe

FIG. 2 is grapdies! Hlostration of & polse test derived from an isoe

an tieration of the preseat ovention, i which filivate from fermentation brod

cofumn at a temperansre of showt S0°CL
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FHG. 4 shows the plot of a pulse test S an isooratic

ke Figl 2 onun al &
£330 Mg L, i at a8
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P S shows the plot of a pul Crunad g
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DETAHLEDR DESCRIFTION
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s 10 a Hguisd medium fn whach microorganisms convent

saftie carbon aotress o produce other organic materials of intere
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gt interest is the ability of the g

other orgame acids, salts, and ¢
in the broth filrate. Depending on e chromatographic conditions,
L O carn seloctivel
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¢ acid va the impurides.
od fo colate succinate

rogen contatng upuribies and other organio aoids all i one sieg
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the collection of UU;\i“?uii RS

refention Hmes

tpeak eosolution, As an example, for a von-fimctionalized chromatographic

sach as XA, the operating iili?’i;i?@?'zii‘l'{i?‘if cav be el

SO 13 less thap 3 Cayocinie ackl such that at least two distinot

ather resis may sither pernat oy ey

mie o yield ligh purity {
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This feature can resudt inihe solation of a “¢f

cast about

Ciree cun achieve at i

acid/suceinate with vary

oo

S (typical aoid and sall foros from the filirated

T3% enovery of the

or more, and with ogzsi:is'

broth., The recovery rate from raw filirate can be about 8094 § One
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¢ about B8 aldd From ind
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+f chromatographic separation

i pardl the present invention conributes to a refinoment

garic spesies. The inventive approach compa
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uit fo pur iy
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intent and cost

sproiches, i that ¥ can be morg off

el Processes,

salance of sev

e

nverdion involves a discovery

of an OPRTat fonal
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PRPRIBAIRS uding tompe e, pH, and elation conditions,
g)f\'}(f(ﬁ&ﬂi.

wlapt hgoid chrow

i eohumis, 3 pusnp that moves the mobile phase and sample
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1w char
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L e composiiion und How g
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.
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To overcome such probleras, the present vennion

Neefunctionahsed reshis ¢ means of an tonic charge; rather, nos-

o not bind the ditferent :\,;.wscia:\:

sty wark by tancs of hvdrophi dropholae affin

cacribed. the adsorbent resing ars unix constdered ¢

ahHe ovganic species can bind & thom and be refained in agqueous systey

. adjustent of the pH of the input oats

A ?ui)\? i

o affiniiy for the resin, Hence. the saw filrate from the fermentation
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attraotive adsorbent for extraciinn and

ity over the pH ninge of 114 FEDYVER

m aore-polar compounds whitle pootly
retaiag polar compoands,

ns are commercially avalable from a vaviety of veadoss {,t«

o

Drow Chepdent Company, Rohm & Haas Co., Mitsubishi Cherntosd Corpor

Layess Corporation, oo}, Depending on the manufactey and the particelar specifioations of sach

ahave a variety of different pore sives sad swrlace ar

:ad the resins, the quality of the separation and therefore the

coaran bt the
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fange between about 126 P30 g up to abowt |

 between abowt 150 ;g or 208 m™g 1o about 80y
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ersge pore tHaretor can range between abot 36 & or 100 A o about 880 A or T

uf 00 A or {38 A o about 458 A or 308 AL The ean dlameter of the resin
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s fon-exchange resios from Rohm & Haas s AMBERLITEYURKAD™ pedvmeris
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bed vidumes, Depending on the fupat concentrations, the amount of the seccinic acld produced per

liter can b s

sprificantly gwewe than that of the other orgamc anids.

changs hased on the

i he operational

ans, rad

wi Himes and peak resolution, for XA

} separation s typically between sbout SU°C and about $0°C, while the

'1;

operational femperature for salt generation is between about 20°0 and about 3U7C. When the

i a8l # lsmperate 2 or greater, we observed that the resoluton,

improved for the free aotd, and possibly also the separation rate and

fhe retention i

£ 241 bad volume vesulting fn an af]

as shown B G A higher operationsd i’i?t}"i‘g}ii‘.i‘ii‘:'uYt'i fs i range betwveen abowt S§C

or 3370 10 about 8%°C o SO inclusive. Miwe partivelariy,

N

s SEPC o aboud 83°C or

Y9 and desirably betweeen about 6070 or H5%C 1

¥

Gperational temperatuee tanges between abowt 33°C o $6°C and about 7990

¢ operating toypperatae of the nop-functional ¢

temperature

fn addition 1o separating the suceinate from aalis, the

atal salts from the raffieate I desired without fosing suc

exposing the succmste o the recovery conditions, When the fsocratic elution is exeoutad

yooan e g, 2 OE%CY with XA, the elutfon tended 1o be relatively slow and no

tieal or adapiable for me conunercial processing, such as $MB ‘\‘:g\.ni\h;ﬁ‘\}}‘,ﬁ apbiv. The

appearance of & sepuraie suocinio peak sflen would tabe a residenes

reasey the retention of the k

ster, giving nasrower fand tallery peaks for most components. This also émg}mx ea the peak

shaps for tatlod peaks, as the increasing coneentration of the cloent pushes the taling

torward, This sdso focreases the peak height {the gx%a%( iocks "sharpet”™) which 1w is\;‘ip\}“‘d“? for

. econ about

b

mperature for sall separa

S

Cradient or binary ehition decreases the retendinn of the late

suecinie acid, The later-cluting componants appeay 1 g

to. I turn thns vesulis dn a

process, This alse incre

ex i the pernoning

[y
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it tnies - all aceording o the desire for optinnim sepsration it minimuan time. The operationad

’5

en absaid 22%0 o 249%0 0 ghout 4490 or 48°C

wemperature

Gon process can readily ramove both salis and

N
4

'.'4
~
/
L5547
7w
o3
e
o]
el
=,
3
L)
4 ’

4

componnds, such as armine acids or ures, which may vessaln s solition ufter

tragen compounds are remwved carly within the first bed volume. The distinet

God i simolated ¢

es can be mny

sysiofns for even betier \t'“}ﬁ‘\-li?()i‘\,

Ay Hlusirated i the accompanying Figures 6A-8C, the fee

o e of tess than or equal o aboet 3.0,

ant about T8 or 2

vith a fead pH of The polss tost shows wood resehutio
] H

i safts, and other orgauio acids, and distingt peaks for cach species. Simifarfy.

The resolation of the succinie zsi‘.i{%:, 3

A W S A . \

vithh 8 food pH of ghout 4.3, As is apparent

N

1t overlap olosely with

foedetock has a lugher p than about 3.0, the others

ration of succinie acid from the salis tends not 1o resolve

~

O3 S{?§33.‘('§§‘:\? varous difieramnt

.

the present progs

woalic, o, and acetis acids from suocinie acid oan

CONHIBROUE ¢ atographue system {e.g., simulated-moving bad (SMBN

N
‘N

Accordi S?Qi\ we envision an embodirment 1 whid

ped

the prasent prooes:

commercially efficient the separation of suceinate from fermentation brths o

SMEB typically utitizes difforent type

Pesing gsing

s

ned i eolumns, pumps that reove the different mobile phases and some sort of devige

sorberis) nonts

arter cureently inregards o the Hauid Hows. Palse tosts discussed

g section provide a basis o evahate different conditions and resins for application

sraphy. SMEB chromatography can be optiaized o puedy a streant of suconie acid in

§
H
H

Section U - Empirical Exaraples

ing o sotbodiments of the preseat vergion, a souree of saceinate 18 denved from

separation and purification prog

A nn initiad stop, the s

nove ol mass, cell -sohshie rpaterials o viold
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e pate o 3

A Sl pulse of was charged, and cloted with

o, No backpressere was observed,

As the pudse test resalts indioste, whoen sppled to o SME system, separations performed at

miperatures lower than 30%0

ution, and bence more dilution of ¢ i the examples support,

the amlity w efficiently soparasie froe sucoime acid from the other salts aud orgarie acids in

1 pertormod v emperature rangs from aboat $38°C o about 90°C with XAIR,

;e g 3 T

Coor 5570 G abopt 7Y

y fomperatire 1 between about 3 o

S
FEEORT OF Nid

Froore 2 shows the results of a pulse 1est performed st S09C acoording o a permutation of the

prosent nverdian A distinct ehvomatographic resolation between the sacoime seid sud other organie

2k al about 1.7 bad

vl sveac o dvrene ot crdvenest ©3 A daeas T
aak resobves at about §.4 bed volomes with a pe

s speak at about 13 bed

d vohime and reach

of te succinie acid has ehitad by about 2.8 bed valumes.

N Py fvies e ief d
LR D P Flecarion 1“ SEOCHUC K

campde 2, acconding o the prosont nventiom, was

> ondurnn heated 10 600 with g water bath, Figure

<t performed & &8, Thisy

o shaws that the suechue aoid w

er organic acids that are com

3

desorntion of otk

H

B

e ran Dheate. The corve of the sucoime acid regct

sesben of the carves of other acid speciss ¢

hed volurnes,

dationat 7 shvows & noar

Adution of aiher orgsue
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srnperatire at about 80°C, the pesks of

chromatographic separation s perframed at 10

it
3,
H

sed i b SuCLiHe aod

i nvenbion o maximize

dative lernperat

T .‘}()_’}} n&E T g
cif e ;H‘?'-;c..u:

A sralar pulse test was performed at amblent teraperatire, however, the NHOH was not

added untd about 2.4 bod vohumes, I s fost 1 was sbservid thad succinie acid begins t elute at

1.3 bed volumes and the NHOH sccelorates the elution

B, Range of pH Valaes

salue for the §

o ares

gures the pulse test results at pH 2.3 shvavs goad se;tsa._szzﬁis:ss‘_. EHY

ihove the sucoinio acid peak becomes bimodal. This svould resnd

o securreniees of bimodal peaks tor the desired sacoinie acid in

1 abond

Figure 8 shoows an bstial pulse test, i winch & add

srtto the colurm at ambient fumpansivrg

. After observing the conducnivity drop {sahis bad

~
24
t

Na(GH. The yesubting aw - that the salis were complately separatad i

fn, there was a coraplefe separation
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vy foeaagtsiia dratiovat Frcrentde sod eafd 3O
3 frmeniation Droifaf pfR 20

Frgurs 1A shows another pulss test C Exaosie § however,

HaOH way ased as the second eluent. This resolied in a stream of dlanunoniont spocinmie which can

1

Hy used in dowt m other itrogan containing products, sach as the

aily denirable N

B Elation Conditlons

clation of dibasice succinate with

Noo-tusctional resins coudd

T

o 8 meketed glass eolamn (1.5 oo

pergture meay from the salts and ather aoids.

dismster) is loaded 100 mt of KA resin. The vesiin s heated to the appropriate temperature {abowt

Shusiag a water bath, The resin was washed wi

B

formentation-derived fead 18 charged, and eloted with U water at 3 How rate of 3 mdfy

~ S

28 or abyag 2.8

3.4 bed vohames, nclasd

sropiate tme {o.g., within about

sodution of base was used as the eluent o create the succinate salt, {Ahough, hith NaOH and

or KEOH, can work ) Ne

.,

it

&}
3

i base such as N, L

NHAOH wore eoployed, any sivag, inorgant

Hiona! experiment o base ehdion of dibasic succinate w performed &t

{

chute. Fronm the empivical data simmarized in Frgaeey 5-100 8 appears

angre 18 raised abov B suecinic acid fran the other

ve 40°C the ability &

; henee, Bocratic purifioatien wouldd Be g better approach,

Booratic Blutiom

Fake above, 100 mi of

i loaded into a jacketed

Fhe vosin i heated 1o aboat SG7C using s weter bth, The vesiu B rinsed with abowt S8 wmiot

<y o

of the formentation-dertved foed §s charged, and elhuted with Dwater sl o flow

FVIVYTE o S SV SR o SRR
rate OoF 2 mifraen The fem

eranire 3 mabtained constant throughouwt the elution. N

sintion of the compord of erest will occie 1 the sorberd roass s o is.s‘ge for

the volome of selvert wsed, Incomplete retention of componad o interest will ooen

sass 3 madeg H}i\. Etra{:fis}gj 10 SO ound ¢ mm i

the fraction or it the wash solvent. Such casey

b bt the accompat

-

ess s adaptable for contimunus cation of specinis acid {_ssés'ag,

ved chronmtography. We envision asing lsoorstie conditioms and adapting €

"J
%
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tomperatore of the operation 1o best fit the performance of particudae resing, which fikely B atan

elavated ‘§.i~?§'¥}_§)¢.§‘3,{'§_13‘@. Alsg, one can apply the results o continunus separation of dibasw sweomale

using sienstage g bed chromatography, In tas instance 1 would be v a 4 1o Sezone system

o

iing hoth water and @ basio solation, This process can provide g simpler and clegrer way of reacting

duce dammoniin succinale, whid b used as provursoy materid

3 sucoiiaie with §

¥

for oiher chomicals, b addition i i envisioned that sacoinic acid could be wolaied as o siream i

acbventdwiter by asiig an ovgarae sobvent, such ¢

w2 alechol, as the eluent in @ siniae arrangement as

¥

fhat i Frgure 120 This would result bra stromm of succinio acid that eoadd be ased e divectly in

downsireant PFGLQ \\iiil‘.

The present jnvention has boen desoribed in gey

eral and yy detadl by way of exsnpies.

G necessarily to the embodireants

o the art understand that the overdion 1s aot lim

132

soloaed, hat that modifications and variafions rasy be made without departing from the

&

scope of the invention as defined by the Sdlowing claiues or thadr equivalents, nohuding other

squivalent compouents presently known, or 1o be developed, which may be used within the seope of

the preseat invention. Therefore, andess changes otherwise depart from the seope of the invention, the

changes should be corstroed as b{figsg irchuded heren,
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i

~

i

)

I

from a fermeniation i: Gil, Hhe process cormprises

¢ adiusting ph o vield a sunc comtaining Hltrade haviag a

shout 3.8; running said a d filtvate through a
wnetionatized resin selectively at an oporational

1o about §“‘N Fihs =é§ teast is\o distinet

i combany sueemie | inate salt,

doatde asi

f, where m autd operational temperaterg s
Cle ¢ y by feas thap 30©

Comeoduce a

satd operational tormperature for freg suc

sd operational ogendare for free suecinie acid

=

W §<3H3} FamLY
RORGE:1

1 said operational fomperature §

. A SR S T T - TSN
tosnud tomperature for salt of wucemic

The process according o ol 1, father comprising orvatalliving a free sucainie acid,

wheretn said free sucohn

VRO

aoid appoars izs‘ VEER xz.tu,n,s{ .;.i} 2

ss according 1o olabm 1, wherelnsaid

f . PPN
Wrate has g o ia the ranes
firgte has g §.‘.‘\ Hy he s

sccording 1o clatra 11 wheret said filtrate has 2 pH o the range from sbowt 15

2owherein @ free succintn acid-producing operg

,ui water.

n i a binary ehition of

4
S TR S8

=1§:sf.e<s watar and zss;;a.smus \:f*om M

¢ operation is a Masey clation
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The process R0 <ding to claimt 5, wheren sald organic solvent s selocted from the group

consisting of methanol, ethanol, and soefone.

ass socording o olaim 1 whereln sand non-functiunatized v

Y3

enzene (PSDVERY

The prog

ene-i-vinyl

o claim L wherein said chromatographio column s part of a
{9331 é-i?__‘l?(:ii‘hii.i&‘:,

TG Ve
RN PrOQEss

stmntated-rnoving H&‘

28

™3 o e e S SO § o N e o~ T came o800 on a8 8o

ai s £ 10 CIAND 1, WhEYS succinie ackd iy separated from other organic
acuds, §§\\ and segars present i1n said miz\m

A caveatinoed I SO e coavong e £ Seagia e £33, P Ayt P PTINEEY

220 A metho prodocing @ succinaie salf, the method comprises: filtening a formentation heoth

o yield sucoipate-contabming filtrate, said filirate having « pH of h\\\ thant 31} proves
fiftrate through a Hg gzm chromatograpbic sobimn over a non-functionalized restrrat a
femperaiure up o C elating with a strong bass vy arganic solvent o form suechnie salts,

§(}§3 3

-

hod according v Clum 22, wherem sald srong base 3 an wrganio base.

N oA .
24 base iz NHs, and sapd suocinto salt
N N v e N - N b

25 g to clabm 22, whersin savd foraperature 3 botweern showt 287C and

4

viwrein a distinet pesk of fre

27 i said resin exhildis a greater affinity for suceini
28 erain sand chrovnatographic cobimn iy pagt

39

\?im‘ :
;‘-:G.na.fss\ having a non- mmts,

T

ma 3.2::{? oS
sparaie

LA oYY al Ui\ oM
; '{._iii\ 3“\%

a particular resin erapioved o

Iy

34, il z‘-socs‘w‘ai'im” 29 wherein saisd succinio avtd i separsted from ather organe

ied hroth,

safts m «as% ¢

L wherein said s
ks within 3
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e method according to olaim 29, wherein said separation of freg sucelmie soid manifests
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