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WO 2007/ 040458 PCT/ SG2005/ 000341 Process for recovery
and purification of lactic acid FIELD OF | NVENTION 5
wabh@7is4esit i on rel ates to a process for-the rerpOEGE3005/000341
and purification of organic acids, in particular, it
relates to a process for the recovery and purification

of lactic acid from fernentation broth containing
lactic agd i 3@g§ G : BACKGROUND
The dena?ég?eosrg Sf%{%gm C g@@g%ﬁfﬁgf&}ﬁéﬁ%{%}?@ ic acid,
citric acid, ascorbic acid, gluconic acid or fumaric
acid, has been increasing over the years, owing to
their extensive use in food, pharmaceutical,
det ergent or bi odegradabl e plastic industries. The 15
FIHLy ANENRYEDTIPMNCcesses achi eve the production of
organic acids at the industrial scale. Depending on
the pH requirenment of the bacteria strain used, the

The S RS o o BERHE R RO B IR BF o R 2R s in
partastilats itfrelates fre anprotat ifontherreddverysarat mhifldatogef tlactic acid from
separation speci.alists. 20 Traditional roi:ess for
fermeatairar RFORFENIHHIE 2CHE AER- BRIHIG Fieded e 98 om
fermentation broth generally involves one or severa
precipitation stage. For exanple, under the comobn
i ndustrial process for lactic acid production, the
BACKGROIEYPon broth is generally heated to ca. 70C to
kill the bacteria and then acidified with sulfuric
acid to pH 1.8 The precipitated salt, which mainly

The}?&{ﬁ%lidtfdl' Safifc RYRS %@Ma@ﬁ@é@@ﬁqi@fe%o&? a'é&ff@iéec@jcphéluconic

Il'trationand the'resulting liquidis treated wth
acicact fimeriechcoh dieg bedn inoreasiopover tnyeas] owinggo tatieextahsyve use

. The.clarified.liqujd is.then ian exchanged,.and :

in Ok oREPEEE i G AGRTERE 17 AR PR IE AR T (pRiies. The

ferrheREHHESo B s@Xd vt \Be hfoatIBNNS, orgi@ acidWat theNHEsQ @R Reale.
peroxi de. The lactic acid obtained at this stage is

Dengadiag| 9n dhe pEbaeiwweBieat giahe thpcistie S#6In $5pd,albpeorganic acids
proB 30 TR it PRl D A b Rl gy of e
orgatie aciéc femaeymdrmatagibreteistalvhtillengheo gppasdtiestspecialists.
di sadvant age of the

Traditional process for recovery and purification of organic acids from fermentation
broth generally involves one or several precipitation stage. For example, under the
common industrial process for lactic acid production, the fermentation broth is
generally heated to ca. 70°C to kill the bacteria and then acidified with suifuric acid to
pH 1.8. The precipitated salt, which mainly constitutes of gypsum and biomass are
removed by filtration and the resulting liquid is treated with activated charcoal to
remove any coloring materials. The clarified liquid is then iom exchanged and
concentrated to 80%. Smell and taste can be further improved by oxidative treatment,
e.g., with hydrogen peroxide. The lactic acid obtained at this stage is usually of

consumable quality but not suitable as phafmaceutical grade. Several additional
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traditional process is the high loss of lactic acid

during the crystallization steps. Alternative
waeloMn®iwseam processi ng techni ques have been r eBe€BsGH®OS000341

for nore 5 environnental friendly downstream

processi ng. Several electrodialysis nenbrane

t echnol ogi es have been proposed as the key steps for
purffREGME siepangle Pidtdsbirgatol ahidfe thattTie @edatkst Qiadpasaddbe the

way is to de-nmineralized the lactic acid directly by
tradifinahprosersanttiednilt logs elcieelénitcad guias ferhrsalezationgteps.

cation & 10 ani on exchange nenbrane), where | actate

salt (the broth, e.g. sodiumlactate) is running in
Altangied rdeanmstram dpreodseinigorechriqges e obénoneambed) for more

runni ng ofher, with tw water streanms running in
envygRReRd! %Fllsﬂéioﬁ‘?’éir?ﬁnéﬁ@c???én%m d streamwithin t hg
el ectrodi al ysis stack. The | actate passing through the
ani on exchange nenbrane conbines with proton fromthe
Sevacil d:le;tmélamﬂsrmtmbms dschnhlogigghavh deempranpsek @h élitﬁg]éeﬂ geps

nbrane .t o f.orm | t cC a sodi um ¢
for FGPHd A FARGEER Grere R4 rmsosrE Rt ool flsitized we
lactROdEidNAiedQ bl @sias AnSéRNBY erbbdiallisMhBinktae (i.e. cation &
chem cal consunption and to achieve "zero" by-product,

anigyi cpefiaage TetBbRRYivdIya ilactiensitatiee waathp P@po@éﬂlm Vagtalp) is
runi vﬁlgc% olng 9L Cécju? HolgﬁgﬁJ (E_ﬁs%q%’r o%bo n&icﬁé& mnﬁgl TIH’KHB ARE wwith

gener e aci onversion o
twd aateats@eins hagting irabdettvean e beoth dmdi thasacid strema |vmhm the
cation to form sodi um hgdrom sodi um h dr ox

d
elerdiplyh sfasky diis dppiateppass HEmistindsh FOIS Prgpategs gy yrane
coxﬁﬁ]ﬁzscl?v?tﬁ \}Jlbt%g fRLRS aCIQrs?reQLHrthﬁﬂ SR sANAr &AL Ich@é:EExchange

conventional electrodialysi's nenbrane first
meﬂubfameeto Sulpj blch@dCldo Vﬁllboﬂicahurel @ﬁm@dmm}meé isgt ensither 2gater

argest dr ectr odi aI nbrane i s
strepte TSRS BREUER ot BUERM 84 fatlomEE T e h ot
operating cost associ at ed with the h| gh electric
current necessary for  fast_organic acids transport
To gREimiE ERgraichl EPRFURIRGRT cot T FacRicYe neafHR a Ry PrPgHCt, bl-Polal

e R L s R
membitanerehi Q200 (1O 4681cPGDLBCERO C5N 0884 bf 18ctate to lactic acid
and hydroxide ions for sodium cation to form sodium hydroxide. The sodium
hydroxide solution is reusable by the fermentation step. Usually the clarified broths
are purified and concentrated with conventional electrodialysis membrane first before

subjected to bipolar electrodialysis stack.

The largest drawback of electrodialysis membrane is the requirement of high quality
feed and the high operating cost associated with the high electric current necessary for
fast organic acids transport, and the relatively high cost of the membrane, in
particularly, the bipolar membrane. Besides, the selectivity may not always favor the

desired outcome.
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Anot her practical recovery technique is reactive
[iquid-liquid extraction, where the organic acids are
wheing4@zxs racted i nto an organi ¢ phase with a BUI/8GHI0&000341
carrier. The organic acids3are then back extract into

aqueous phase. The carrier could be either cationic

or neutral. 5 Wth neutral carrier, such as tertiary
Andhdrnaactideé recrveietechiiqhe éxteaative lineidoligddisxtractiahs where the

di.rectly, which neans,. protonatjon priqr to extractjon
orefis AgS iske ﬁ%ﬂlﬁi airegiee it SRl 128G YaHuR Sahlp saeier. The
orgAe a8idk hes 1he WalkesxtdkORfo QhudMul H)Iﬁ%&e nl‘}fé%arri;hﬁ)uld be either

‘advantage of water stripping is clear. en the
catigpig@nieutsaly i pped is in its acid formw th mni mum 10

inmpurities, the distribution ratio could be low This

Wll restrict the feasibility of direct water
With tochgll egrieiOhe astetifp iafGn @ IRt SrisH Gl 3%1r88dhs! Brganic acids
. _hydroxjde, sodiumchloride, hydrochloric acid etc.,
dlfee%)ﬁ Whied weanss qIotonpiéase pEEY g srhactiagehtss thdeecapviiggh out. The

s} R oL e bk D V) A s 0836 o

watért geping ps ekentWhen theeorpardd sigippedts inhiey &fi@ fem Hiththeimum
An alternative

. ur.i fi.cat.i ons .steps are 15 necessary. A nat ,
impfiatifo S QSR UGR P gt blg e Wlél\(ﬁeﬁ@fsythaﬁ?%@lla@ of direct
wat@gkppigs! ORedraflippifi® g SHATRIEas LddiRtMATEE oﬁ%%%hlon’de,
can conpl etely back extract the orgaric aci'ds from
hydragblogiccgsind etcpheasiealsoThe usedy diticee sicipdmgargentshieave high stripping

. vered. co S| t he, TMA: RCOOH. canmpl ex at -, .
o BSN BAER D ouPEFRRRRL N I P BRSO L v
agetoltbedt @@sdr inr €14S prodh@aMhd Ghdrb@re)! BAALE pRfiiSidAe e are

20 A US Patent, US 6,472,559 B2, disclosés the use of
necespaY e Ay ARcEHAIVeaRethae 5 énusst 2 Vet lutde fteftipmormiag we gukack

e i . anj i gan] € ir
exoBgge e el SALAPLELATL IR OLARALAY MBS et e
orgdTiie atidst fromadied ofggnizapkasex Thacdrgimic aaion tHehageovered by

after renoval .o on di.oxi de_environnent. The .
dec Gprthpg o RCELER FORASY ¢ ISk RRIBT afige TMA is
evapii@Bld bhd cOf ec®IdIRP rdusS QMNRY the Wi CAL AU carri er,

usually in the formof quaternary am ne, the

carboxyl ate is exchanged with the 'counter ions of the
A L@@a@&t,ﬁgg 6t, s4°BS >%Ligc‘ﬁlocste? gfe’ dsgga?\g}lgﬁe? tgagalgﬁe? Ig%tr%légilgﬁso%lactic

he car boxylate 1 s then stripp

acidvhomhequesud plabei 1o atgaftiséluble amine rich organic phase under highly

pressurized carbon dioxide environment. The lactic acid is back extract to aqueous
phase after removal of carbon dioxide environment. The drawback of this technique is

the use of large quantity of organic solvent.

With cationic carrier, usually in the form of quaternary amine, the carboxylate is
exchanged with the counter ions of the amine and thus is extracted-into the organic
phase. The carboxylate is then stripped with salt or acid, which resulted in organic
acid salt and organic acid, respectively, in the end stripping solution. Whichever way,

large quantity of the stripping agents (“the contaminants™) will be present in the
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30 acid salt and organic acid, respectively, in the
end stripping solution. Whichever way, |arge quantity
w@Roovke4ss ri ppi ng agents ("the contam nants") PET/EGO5/000341

present in the WD 2007/ 040468 PCT/ S&005/ 000341 4

stripping solution. Further purification steps need to

be carried out to renove the contam nants. Separation
strippihg sclutich. rRrNeARasfibaton fepeasddy Ye xamidd otith® remove the

attention of the 5 researchers since the 1980s. There
contgpEnanisy variants of |iquid nenbranes, i.e., liquid

enul si on nenbrane, holl ow fi ber supported Iiquid

menbrane, and flat sheet supported |iquid nmenbrane.
Sepdratipr byméibidamesniseper dte inheagnggniceughti thet httenigin  of the

ligquid:-1i ui rtitioni of .the urce streamwth
reseqtriss Ginse dpnaBE it ot agens of BRI Betibralegs L rhigid

emufé'i(ﬁﬁ%é‘m&‘éhg Ih%ﬂ@@l @i@eﬁ&hﬁﬁ&ie%ld gl hhgbRheaRhE NRASBeet
and it is then 10 being back extracted into aqueous

suppoiied diquid aughbieae.t Liguish nregtwénes espatatya tiec oxgaas:e acidy thmugh
n. aratio
vl el thsfies s bR o R P S Phe
activeOdaifedr. MREBF@ARR. ackhR HedipadtrabRAiBNBe ofRARS 266 and it is then
conponents by size, whi|st SLMextracts the jnterest

bemédwﬁ% (FEFFRCTGS ANtocHBIeP i Phare AT EE rtaorng of jtheosganic phase
with! tﬁ@i&xﬁﬁ;ﬁl ‘?E%AS@%&I? My d h%eﬁ&ﬁt%r?’t rﬁfeoﬂ%n?ﬂnwl !ffs| \({pi)r?%‘ted liguid

bas iquird extraction st gni
menﬁ:dm&n(ﬁg‘d) of dBifevbetvoml thgunaaial quintbraeet Tlae hoomali membrane

that it ui r,es ver ni or ani ¢ sol vent whi ch
sepatde CPIPRA CRGEEr ISR oA dhro f e BT e
cherﬁlfcaﬁlﬁ%ﬂ Bade@3dn fd&ﬁﬁﬁt‘éﬂ't@éﬂS}%i’PM&@HﬁﬂlQﬂ as cheanitdiJr d1ed is
by the 20 stability (useful life) of the SLMthat

ba%lcag]efri@rvaqlﬁhyulda@ttraghw A eignifaganh edivastageifsSTM eiee ligoid-liquid
l.ost .of solvent and/or carrier.to.t
entrgifn o Ve & st Py PRl R ol ool R i

operakdddr ane | ayer plays an inportant role in
~destabilizing the nenbrane. 25 It is the object of at
| east one enbodi nent of the present invention to

HowRb &Y 'ﬂgeea@)g SQ Rlehe if AL deam B &%%b n&c F%re%? ﬁ%ﬁteﬁ% the
recover purification of org aci d

stabifigy (usef]ull éillfQ) dfa:h¢ Sbl\/hthacl gemapatlyf ]astrmﬂy aevepn Hnum I’i‘hls is due to
FRPR A LGk oS oV

the los vent and/or carrier to the aqueous phase. The water that is being

transported across the membrane layer plays an important role in destabilizing the

membrane.

It is the object of at least one embodiment of the present invention to provide a
complete downstream processing process for recovery and purification of organic
acids, in particular, lactic acid from fermentation broth containing lactic acid using

supported liquid membrane and other purification technologies.

SUMMARY OF INVENTION
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supported |iquid nmenbrane and other purification
technol ogi es. 30 SUWMARY OF | NVENTI ON WD 2007/ 040458
wean/8Eas05/ 000341 5 The present invention i SPCI/8€@NE000341
to a process for recovery and purification of |actic
acid froma fernmentation broth containing lactic acid.
The process uses a supported liquid nenbrane that is
The puistathingerfton ishidreetetl tact pronessffonragamery aadiphrification of lactic
.. particular, lacti acid.from.the fernmentation broth.
scid Bt sotfufipsriete orodh oaping ehe 2Fiy OHE PoRE s St b opgigrted
liquiGnémBrafs &es i QfitabRIBY BleYex @Ak P drfgérﬁé‘%&i@ninoﬁaﬂi@ﬂéﬂ Gactic
acid froma fernentation broth containing lactic acid,
acid dindthedfemeanéaiondwethi si ng: a. subj ecting the
fermentation broth to ultralfiltration and/or
mcrofiltration to 10 forma first perneate; b.
In o@@RRefdulat hapgctt Nge fihveatioN &k NEAdcd B hofrot&e e bédieed and
broth; c¢. subjecting the concentrated broth to

puriliealionr eledrchie Asi frashisy ApEeptation xrptie cpwaining lachiet ad, said

- Tol Mo Mo separate streanm d. subjecting the
pmcextcra tegjg?actl c acid solution to activated carbon for

rae pabyj edtingf the IBrmaitation, beth sohjledfiitregionh hendéoet mad Bldration to
lactic acid solution to cation exchange resin for
formpfishBFP¥E4S on; f. subjecting the extracted |actic

AC b ShRRtritid OMle st BRIRENCRBAIBnESafkatREh; T enoval  of
anionic inpurities; 20 g. concentrating the extracted

lcasutijectagi the saiagniraiad brot és isvpmdricd dspitt mamboane for extraction
OflaR[rcegcelr al%)é thae tsggga%_t ed liquid nenbrane conprises a

bAsE %6?ym§?p and organi ¢ | ayer inpregnated on the

RO Etsedingtthe chastedoiatydesid samtibh €d ectabled dafsorofodaghbval of

| ayer conprises a carrier, a co-extractant, a dil uent

colowihd a stabilizer.
e. subjecting the extracted lactic acid solution to cation exchange resin for

deminerization;
f. subjecting the extracted lactic acid solution to anmion exchange resin for
removal of anionic impurities;

g. concentrating the extracted lactic acid solution to desired concentration.

Preferably the supported liquid membrane comprises a base polymer and an

organic layer impregnated on the pores of the base polymer.

Preferably the organic layer comprises a carrier, a co-extractant, a diluent and a

stabilizer.

Preferably the stabilizer is a form of ethoxylated fluorocarbon based surface-

active agent that is non-ionic.
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Preferably the stabilizer is a formof ethoxyl ated
fluorocarbon based surface- active agent that is
woowrienrse. 30 WO 2007/ 040458 PCT/ SG2005/ 00034BCT/68G2005/000341
Preferably the stabilizer i selected froma group of
ionic, non-ionic detergent or surfactant. Preferably
the carrier is selected froma group consisting of a

e faRbYy theacmiiiiar ys sebectddirérara grany oéidnpd)atonaomindletergent or
aromatic amne. Preferably the co-extractant is an
surfagfqubhat i ¢ al cohol . Preferably the diluent is selected
froma group consisting of hydrocarbon, 10 ketone,
ether and ester. Preferably the am ne has an al kyl
dhafierabdf theGatier G2 delect®t Ebmraagboyp comsigimgrd aprgmary, secondary
br anched, Jinﬁar or.cyclic side chains. 15 Preferably
and Tteﬁtéa”élaﬁ 1 A ArUBHH AWPE car bon chain of C2- C29.
Preferably the carbon chain can be |inear or branched.
20 Preferably the base polynmer is constructed froma
direfepbdyptisicotdxtrgetont is po lipitadigylcohel. pol yet hyl ene,
pol yvi nyl di fl uori de, pol yethersul fone, polysul fone and
pol yvinylsulfite. Preferably the base polyner is
qebftdure tiRd dinem ¢ersaletted afcinnet @blp ccomeisting alfshydr@&rbon,
Preferably the supporting |iquid nenbrane is of a
ketope| atlgsf apfl §&ler-conf i gurati on conprises two sides, one
side is of an organic phase and the other side is of
an aqueous phase. 30 Preferably the organic phase
dupferibig tigtanhieabss anwdkdrchamred Gzéaganent s. WO
2007/ 040458 PCT/ SG2005/ 000341 7

Preferably the amine has branched, linear or cyclic side chains.

Preferably thel aliphatic alcohol has carbon chain of Cy— Cao.

Preferably the carbon chain can be linear or branched.

Preferably the base polymer is constructed from a group consisting of
polypropylene, polyethylene, polyvinyldifiuoride, polyethersulfone, polysulfone and
polyvinylsulfite. '

Preferably the base polymer is constructed from ceramic and metallic materials.

Preferably the supporting liquid membrane is of a hollow fiber configuration
comprises two sides, one side is of an organic phase and the other side is of an

aqueous phase.

Preferably the organic phase contains at least two or more components.
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Preferably the ultrafiltration is carried out using
ultrafiltration nenbrane of pore sizes fromO0.1 to
wWO2@1/040358 Pref erably the mcrofiltration i s carP€T/eG2008000341
using mcro filtration nenbtane of 5 pore sizes from
0.04 to 1 pm Preferably the concentrated broth has a
pH value of from1 to 4.8. Preferably the process
fpretebgy ﬁﬁfmfrhﬁl%%tlbﬁ §s &4rflBd Bht Jﬁ@gjhlﬁgﬁltfﬂtﬁntxﬂ&lbrane of pore
supported 10 liquid nmenbrane in step (c) w wat er
sizepriromafdrtoMiGdegmwi t h sol utes. Preferably the pr ocess
further conprises a step of subjecting the solution
obtained fromstep (f) to activated carbon process. 15
&R%:%Eab@ﬁ%@h?&’om afa%nﬂ%\émﬁso&h%l@g ﬁﬁ%&ilﬂrm&rﬁ%ﬁ& ane of
be further explained with reference to the
poreammrfdmdo Oftitgdres, wherein Figure 1 illustrates-the
filtration process for raw fernentati on broth. 20

Figure 2 illustrates the main process fluid
CIRBfeRHlY Blel RBcSHRER! brofd 14 HBvAlhé UBEbAL PR 4.0 mai n
supported Iiquid nenbrane stage. Figure 4 illustrates

t he supportl ng process fluid concentration stage.

Ibrg S1d AZt 1 %r%%gssaié%%ur g0 ngeﬁ %% st% es Ec?mé Gi‘ﬁito tlh? s{lgl)gported

1iquidl rhérﬁfntaln& iraéte® (b)smagezatez br ﬁa@uﬁﬁx&i Wwith ysluteat es t he
polishing stage. Figure 8 illustrates the product
evaporati on stage (with optional poI i shing stage).

@1@%&&)1 till;l;?&ét:és@t ftdeP &0 Es EeCleABE 1QB;eeh echea solution

i gure strates the esi gn of suppo
obtafineguiamn mptéﬁanactlvdﬁtcgwbor&momdsust rates the extraction
process of supported |iquid nenbrane. 30 WO
2007/ 040458 PCT/ SG2005/ 000341 8 DETAI LED DESCRI PTI ON
OF THE I NVENTI ON The present invention is directed to

BRIEEIPDESECTPTIONIGE DRAWENGIS pur i fi cation of organic
acids, in particular, lactic acid, fromfernmentation

Thebpmt;dmt clowndraioni wjl Ilm:ifmﬁleaoéxqblaiﬂ'ddewith reference to the appended

figures, wherein :-

Figure 1 illustrates.the filtration process for raw fermentation broth.

Figure 2 illustrates the main process fluid coricentration stage.

Figure 3 illustrates the méin supported liguid membrane stage.

Figure 4 illustrates the supportirlg process fluid concentration stage.

Figure 5 illustrates the supporting supported liquid membrane stage.

Figure 6 illustrates the supporting ultrafiltration stage.

Figure 7 illustrates the polishing stage.

Figure 8 illustrates the product evaporation stage (with optional polishing stage).
Figure 9 illustrates the water reclamation stage.

Figure 10 illustrates the flow design of supported liquid membrane.

Figure 11 illustrates the extraction process of supported liquid membrane.
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process descri bed herein can accept lactic acid
fernmentation broth with any 5 concentration froml%
wo 20va1@50r hi gher, in particular, 8% or highePCT/SG®05/000341

first step of the present itwention involves a

menbrane, filtration technique for separating main

bul k of inpurities present in the fernentation broth,
DEBATDERSDESCRIATION. OFWREANIINEEON cl arified broth

that is nuch clearer and al nost free of 10. suspended
The smieaed‘smkum is dpactad iton precesafor reng verytanginumification of organic

ultrafi. trati

acicfy, b PaisttbE aptis deah) SR YeRhep ML Bl bl YR agia. he

prode8d MR 10 ReRiOtdAnC @bdedt Mabtee |a%£‘d lﬁnﬂéﬁtﬁloh itBothi Weith any
fed into apparatus 3 via line 2. The apparatus 3 is

conegmirgtion &P k% dactasn of Wghemitnprripdar, $ieor MgherUr nenbr ane
has filtration pore sizes of 0.1 to 0.01 m The UF
menbrane can be in, several configurations such as

Thehflst step foif hleg preker uh%ntlohl iatolsbee tmanbrand ﬁaﬂratmulr&dhmque for

unit. In the preferred form hol]ow fiber. menbr
sepajalEng WhAe Hoyk oV ERUE RS BRSPS ftL\ Jermentaiary gy puch as

blorﬁﬁs%bso ’ﬂgﬁhfb?ituc&t Q%ﬁarﬁﬁﬁfﬁrgﬂlr flat ‘?é"ﬁlucm’b@ea%:r RBRane Rt of

rese Invention can be nade of pol ymeric,
susmdatnsohdﬂ e asepanatlmatls riaafiesl oWhevillF ultesfbitratien ZOFAcang/or

bl ocks th ded solid
wicfyfaed QpdrdPbar i B8 [Tm tod thereto. The

f||trat|on nmet hod engages in the UF nenbrane can
either be a cross-flow nethod or dead-end nethod
In a@mdmﬂ@ﬁr Eigureot.ng fesmestation bwth cripRinDHiactie a%iéo]ptse’& st fed

mto:oagnlpgxlral 3 51%rL| DVl lpggﬁiﬁls ﬁR&%%ﬁ EJEI;? lgljaﬁ’é’\ET he

e Tat her t an perpe
UF iﬂezr&ﬁ'aﬂd’hat' lfﬂtrﬁaﬁlepdié snbﬁommﬂe 6:9d et TiedUF @xﬂnyblane can be in

sov iRl opaRE e Biehar GaPY e RIOHR SaGehert Py S gifand it In
the ggéf& ey fothe hEllQW ﬁgerfrﬁérﬁgﬁhé“ié fEedbRBich RRaviakd ele b&t kh@ace

mbrane i $ of sufficient velocity to wash the
area &t wolned 1p@o tEunstarthe cowdigutations.t e @Erm%branmfsih@ @resent

nti nu action mnimzg he. hui ] -
inveiigh ica Bt nitE S EROnR Rk e Bg e piferfit Hltfr Rlobrane
actsh@ng Gornedt B eNthat bR ckd tHer atpepided ¥6lids, bihade 00dchA34 B8t not
PCT/ S&005/ 000341 9 In the cross-fl ow net hod t he

limiggd theretq-t r at i on menbrane can achi eve recovery of about

The filtration method engages in the UF membrane can either be a cross-flow method

~or dead-end method. In the preferred form, cross-flow filtration is adopted. In cross-

flow filtration, the process stream flows parallel to the membrane rather than
perpendicular to it as in the case of the deed-end method. Only a portion of
fermentation broth passes through the membrane as compared to the dead-end

filtration method. The flow of fermentation broth parallel to the membrane is of

“sufficient velocity to wash the retained particulates away from the surface. This

continual sweeping action minimizesrthe build up of the particulates on the surface of

the membrane and hence, extending the filtration cycle.
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30 to 99% in particular, 60 to 95% of the
fernmentation broth. 5 For higher- recovery of the
wo eoomesi4st | on broth, concentrate from appar at uUBCBSGHN05/000341
passed through line 5 int® apparatus 6, a
mcrofiltration (M) nmenbrane where remaining
particul ates and/or precipitates in the concentrate
can be renoved. The M- nenbrane has pore sizes of 0.1
to 1 m The Mr.nenbrane can achi eve about 50 to 90%
In thee@ateflgwanethngé the phraiilaetionmpmbrane aahiachieve taceuewof about

30 1 O B P SO dTe S el B pr escure

nenbrane processes used to separate bacteria, viruses
gUF , and hi gh nol ecul ar wei ght conpounds
For tﬂh%re&a ey tb%\feeméﬁ%%br%tqoaﬁ@maﬁ%ﬁp@ FnparRtup 3 isappssed
torofigh Bl % Eutd ApPEbuR Y, omlt B RRIFFAbld Wheid rhfidiing
particelagdsi wed/pr | precipitatss uine theh &anncentraef ichi rlaet |remo(7é\F) Ehd MF

reverse osmsis ) a ost I 0
menGA5E BN Sr2et AL T 0L PNl BHRORSeneABIE eRos % fo
90% PIMBY eIl ETSBY T8micatiRRar8th, %lchslﬂai;eeasest @1% SRR ﬁf@nib?ane
based on size, they are useful for the separation o

filtrate (hath L& mst MF) & sbousPAE@I9%. i s a non- denat uri ng
nmet hod of separation. In general, salts and | ow
nol ecul ar 20 wei ght species can pass thorough the

BothmvBr &neFnhiel Byvspepaitel eterBlahel HrHQL ¥tusedORC edplardd @flcteria,
on the otSer side of the nenbrane. Further recovery of

viruggsel R onhe: arq dighsmglenplay serighy aepmonnils pelé@rlainalxdl\mm@wlate
matt'e?scﬁbﬁ'l é‘?éeﬁ snfegﬁlhl S MeRL@lH.90 IQ%&IBO tdﬂd ﬁgggﬁérﬁﬁaﬁﬁnmtﬁrless

into the process”is ca
omndﬁafﬁﬂbmstﬂmm dﬁmnﬁhwatn@nomﬂmeaam@kmwabnH0wapnmmnbsﬂmn

LSS TR s N S

resuliofhepveduiREewer bRtk eldnhdits SR ePpredRirt #r oMeHR®n. Since

unit. It can be made of pol yneric, ceramc or
the eperafipn ds haged onais, thap az@wsﬁmm& POTREE2008¢16003aterials

SIDC&' 9 llS I'é ‘ﬁploééj}t%{é é’ﬁlgqgghg(? ]Bf S%pi%paqu Gﬁ]teléa? LI | t%?(ﬁ’\’ moleculal

'welght r@_@tﬂey dan pﬁgbl Mgﬂmﬂﬁ hi&ﬁ:l’hneﬁ&%wﬂlﬁeompwc@ﬁ ddtids become

subjecting the fernentation broth

conc{e%&%tieﬁ rog;‘:c‘u? 9lih\g% §1g% gft the membrane.

" Further recovery of the lactic acid is achieved by microfiltration (MF) of lactic acid

fermentation broth with addition of water into the feed. This process is called
diafiltration. Combination of MF and diafiltration is used for higher recovery of lactic
acid. The MF membrane can be in several configurations such as hollow fiber,
tubular, flat sheet or spiral wound unit. It can be made of polymeric, ceramic or

metallic materials.
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5 1n the present invention, lactic acid can be
recovered fromthe clarified broth obtained after OF

wapa/o10488&. | n a situati on where the fernentatPCnSGL005b00341

1 has lowinitial [lactatelgoncentration, in
particular, 25%or lower, the clarified broth obtained
thereto has to be concentrated to inprove the

In alRERVEanYEXIchCdrbinEANEF-dTdfktritices et biensdaptédoro purify the

utilizes suitable sized evaporator 9 to concgﬁﬁr? e d
fermertiatiapl hrathjditecly de rachisvhimgersr thap 996 EesnvERt P guc ac

wuh@.ﬁrt L eclzjtl t’he %%)m‘}e?lta(?% ?éth t?ﬁftl,%'ﬁmdtﬁnt he clarified

concentration of
30 to 55@6 The dlstlllate obtalned after evaporation
process contains.less than 0. 596

| act
In thp pesERnY AASH: PEfic SEA G SFPreER fo ﬁ R gt ghtaped

after WIE N 3 RITEMYO lhﬁ‘t 2 éﬁlaﬂﬁﬂ %{e?e G E@Hl%ntaﬁén (bY&%S) havdow initial
l'actic acid. Is easily clarified by paSS|n% t.hr ough

lactaaanccﬁxctmtvaioad irc partiowtag &5 Ynor l(oappahaplwﬁfi baeth eq Wel eto
gure vi i ne 10to ener,at e
s ufihoSoateli i oy e ERASIUR RO OO B i egon
utilize8 M"ﬁbfee LIYBAt &labSRtdR Ot E&centPdtepe a&laﬂﬁed)fbroth to higher
ernmentation nedium 20 |In situation where

conckutratimt an iperfidwas: RO $oiG4 johllagsateiis the (ji?é‘rﬁefih}éfﬁﬂ}a t2d giefy in
paﬁléllrﬂsl[.’ﬁi gﬁcgnﬁratgon of?Ogto%@’ the concentrated clarified

Ui re pre- aC|d|f|cat|on before the
extractlon process begins. The acidification agent 14
(as shown in Figure 2) . suitable for .use.,in

The grsagewtohtﬁv%@ﬁwvagor@%} BRAPS RSy O 1598 of lactate. In
pres%}}fqﬁx%h@il ring d?&flﬂtegg pra%HMl%f\kfg’telaﬁlitﬁ som® violeil® befagicr@tbons

Turlc acid is used as it does not carry much
(VOES) biudriacéincheitbilb tsugasilpbirified dywagsiae tloroush@s echiigpd carbon

conSEELh o 1 L3t cansen) L) oo TN b 5 Gl

watdr€§TERE&hh @RI Pr B hdib@ldi@ e Ge Rasdd. i they énrieatatioproty for
the controlling factor for the adjustnent.

prepeestionof &risatasoaaredigBual |y has pH of 5 to 6.5, and
shoul d be adjusted to |ower than the pKa of the
organic acid, in particular 1.5 to 3.8 for lactic acid
In shtiQidn, whae tyetfmmeit]phéj‘reuh&binytla}l pﬁ-blﬁﬂlgﬁslﬁ thiorits| pi€a {leactic

aci d broth If the fer ro Iready reacdte fion -
sk ot RO e Do OO Re i TP BB b G SRR kon
befofr@[l%ré?&ra@t%rpf?fob&@to'egﬁs | Fhel RAHIERRN afB® 18N@Y Bliovdd in Figure 2)

Cl i catl agent “14 required is  dependent on the

suitabié foralse pirthof predeat froentéont stinengae geld. such as hydrochloric acid or
sulfuric acid. In the preferred form, sulfuric acid is used as it does not carry much
fume and moisture and thus would not cause much reduction in lactate concentration.
The objective of acidification is to convert lactate salt in fermentation broth to lactic
acid. In general, pH is the controlling factor for the adjustment. Fermentation broth
usually has pH of 5 to 6.5, and should be adjusted to lower than the pKa of the
organic acid, in particular 1.5 to 3.8 for lactic acid broth, and yet more preferably 2 to

3.6 for lactic acid broth. If the fermentation broth already reached a low pH, no
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Upon cooling of the fernmentation broth in tank 13,
inorganic salt 19 nmay precipitate 5 out of the
wa@eloani@ss The i norganic salt 19 forned theretBCT/SG2005/000341

dependent on the base and 1the acidification agent 14

used to control the fernentation pH during

fernmentation. For exanple, if ammoni um hydroxide is
furtihesegtidi@eattoanis Rlghired Tied rBRLUAL bPRAcRME@NEN apsht YA iquired is

acid is used for the acidification, the inorganic Salt
depangleniopmibg mikaldd of thefeanemteticarvei um sul fate. Anot her

reason that sulfuric acid is a preferred acidification

10 agent is that sulfate salt generally precipitates
Uposasvioliyig @$ tisofepatedtiow bajthes tankciylifdrgatic olt ageniBprecipitate
out Eggll%_ti on 1. Acidification of ammonium | actate to

[

selubiendTh PRreis it 1 feemad thergta dnilepende Soghe base-and -
the Eﬁﬁﬁgﬁtl&{\uﬁg’éﬁ g%%g t.ghz%n%l ﬁ{ef feﬁﬁéﬂtgﬁmt {)Zgﬁ%_ﬁ'rﬁxgs ﬁeirinle%téition.

exothermc an I't regenerates hea
For iemample, ihemsmsemothydmixidd snudednfoecattvsling Abmemtatios pH and

sol ut.i,on i ool ed .t.a approxi mately 50C a njum
sulfaf ifd® W1 OB FHGeRN e (0 PRt utel 10 PHBEAquERa wyuld
be RhmésuiAharatd. | Anothéyh@ld 1h8€ s@BlricMes id anr%f%h‘éﬁ' &R Mification
is cooled to roomtenperature (25C). In 20

agerfte isvghetatshiGate baltt zemeradiyl prasimtates cadilyi s tawpareé, to other

acid%?c(%it.gma%ea% ate or amonium | actate. During
acidriieation usi ng sul furic acid, corresponding

sulfate salt will be produced. If any salt is forned
during the process, they will be filtered off. In

Equ@eiel:adcidiFbtion Of AMBmoniusHRetaftbiladticGdpNith ¥ulthrid hdid t he
initial fernmentation broth has a pH of 5 or higher (in

25 7SN -OF, SHTDND Y irachai§)so (i 1) sulfuric acid is

used as the acidification agent; and (iii) the

concentration of the fernentation broth has been

increased to nore than 20% during evaporation stage.
The Bhidifsmpan atdcess isfextdtherrhierand titwatit elsratehhedt tahd trésalti) ih an

e B BFASIL L UER ARDAT LU AT,, doparalic, 7 cat U5
amnhi® 208 0488t PlT hRleZARa! QUD34A1vast 2qhatyf idrt ﬂﬁge will

acidified broth generally contains m ni num suspende
crysgdlized out Depgshdheigsolution - is cooled to room temperature (25°C). In

fermentation, lactate salt can be calcium lactate, sodium lactate or ammonium lactate.

During acidification using sulfuric acid, corresponding sulfate salt will be produced.

If any salt is formed during the process, they will be filtered off. In general, salt forms
a substantial quantity if (i) the initial fermentation broth has a pH of 5 or higher (in
sodium or ammonium lactate); (ii) sulfuric acid is used as the acidification agent; and
(iii) the concentration of the fermentation broth has been increased to more than 20%
during evaporation stage. The separation of the fermentation broth with the salt is
effected through apparatus 17. Apparatus 17 can be filter press or any other solid-

liquid separators.
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on the concentration, the filtered acidified broth can
be a clear solution or dark viscous |liquid containing
woroog/osdasm 20% of lactic acid, in particul arl yp@DSGZH05/000341
48% of lactic acid. 5 Recd¥ery of lactic acid takes
pl ace when the filtered acidified broth is fed into an
apparatus 23 as shown in Figure 3. The apparatus 23
The iiRted &idified bfdih gbR@aBXEdAGhE Ainiafum babhdedaelids.iSepending
known as supported |iquid menbrane (SLM. 10 The :
on thérﬂﬂnﬁﬁélqtlayeﬁheoﬁltﬁwé wdiied tapthoragahe @ p@yersohzﬁan or dark
S S 1 hat. ar s
v1sc&9§1ﬁ{:]]1§ih coﬁ{anﬁﬁ%hgo%l:é %(%lacﬁs ep;p(rzr)g?r%ctrtlgnae da ﬁmu{r?ly%]f% ffg% of
lactinlatidaf i [ tration (UF) or mcro f||trat|on (MF) type
menbrane. In the preferred form M nenbrane is used
due to its higher pore area density. The base nenbrane
L
R e h e A SO, e BhelER B LIRS, Kigfio an
appqwluy\ZB rag Isbowh wro Fighiee 3 Pﬁlﬂ:apparmhsﬁtﬂ that sydsed éor(tﬁ’E)extractmn of

.anmphot er i | I |.f PSF) ,
et BP0t R et ST i e E L 11 e (pus).
Hydr ophobi ¢ pol yner is the nDre preferred base

menbrane material; In the nost preferred form PP
The poeypvesne kygs of, thewbly 1% ant @rghmg hlayethyleat ogsiwsistsc of suitable

,
comBBEE trog % WpbEuded RY 8 01er SBERPIE TR s Rhorme. i =
ultradifitrsticen @f@&&nmctdﬁl&mdno(ﬂ\ﬂ?) ﬂype afegfitinte. [RRmpréRatd ferm, MF-
inpregnated _into the base polyner stabilizes the
men?kggﬁlee Gnateddiueaipeits sk POTEC émsawnﬁhmoa%ﬁ mﬁF’é’Fféle used in

SLM CHa‘é‘S hy@fo rﬁﬂaﬁlcnﬁm}feaﬁﬁd Ui g FHEO ﬁgdt‘agﬁ ! nt er/Rfch as

sai d organic |ayer contalns four carfier,
polyprepaiene (8P moly dinyldghiosida B VR ndi méyathﬂ&leTﬁE)g: ampheteric

poGRPEEES 8 BotUy BRI et RS b v

(vay fo{ﬁiralhthdbac pblyﬁﬁm tHReSoRpRMERE Biksé btk WatEHRRI I the
C24. In the nost preferred formthe carrier

mosr @reafeltr%d tf@rah;PPaqubﬁwu& uged. rrevigg tth it kighly kydapphobic eature,
relatlveg?ovg’gost, good mechanical properties and good chemical stability.

In the SLM of the present invention, the organic layer that is impregnated into the
base polymer stabilizes the impregnated layer within the containment of micro pores
of the membrane during rugged operations. The said organic layer contains four

components: carrier, co-extractant, diluents and stabilizer.

The carrier comprises a water insoluble amine, in particular, primary, secondary or

tertiary aliphatic amine. More preferably, it comprises an amine with an alkyl chain of
C4 to Cyq. In the most preferred form the carrier is a tertiary aliphatic amine with alkyl
chain of Cg — C]z.
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WD 2007/ 040458 PCT/ S&005/ 000341 13 The co-extractant

is aliquid that assists the carrier in the extraction
wee@cosEss I n the preferred form the co-extr aRtEHIG2005000341

an aliphatic al cohol that Has m ninumor no water

mscibility, in particular, it is an alcohol wth

carbon chain of C4 - Cl18 and nore particularly, it is
Theato-akeazieait iSNiat 1unidirt1m]rassil§laitlne ofiri€h in tE Strafhien grewholn the

tlona can he at_.the end,of .,the carbon chain -
prefeF 4G BASRT S 2 AP Aigho] faf fes AR o 1o Water
mlse aitnid {negalfh@ﬁm ﬁhe aﬁoareaﬂor HABIrLES cBhih&r CROr 0B and more
ain al cohol wt - Cl10 or branch chai n al cohol

parwﬂmmt is angalréolmllmancarben dorde 91 (e -t G- dibgarodio] Bypetionality
ut e

cany frich R BT TREHPER sar iy P pisea et T BpEF, fy papost

prefoflel ath Ofhd 86-@xtrhdiagte edifblet YiorrAdlY chadi Gdddhe] MiBuTd — Cio or
that is conpatlble to the base nmenbrane and not water

brapghsiabl deehn with Caséd:  Suit abl e dil uents incl ude
hydr ocar bon, ketone, ether,or ester. In particular,
ker osene, methyl isobutyl ketone, nono-isobutyl ketone

A dn@ntigtagiedeethat@gatie ldyeeto amrme tipr efreenteaticdi dfithatcsorier so as
and yet the npst referred di l uent is kerosen whi E

to rleleansth SiSEOFe Py ’é’h‘@é‘bﬁr tgred @ tsi girpetion wig ﬁ%‘tfﬁag p any

orgﬁllﬁetl el @t fs(boﬁgﬁﬁb ¢ t88hd DRe MIFNafe TUBONG RS midcitle can be
extr ctant tractant and diluent in the base

userte Spitabie. dilitvetsusefude hydrecasborn I8tiove, i ghefepeerdientin cmartlcular
the rat t. [ t.he. organi ¢, copponents .l pss, to
kerggipo disdhgso g, ket dhat SR GBI REREE e ARG ikt Sare e
oS MefbrRicS dRGSHHE, Sadti Y8 hef @YEtNHETeEred TORIIO iShkierene twhich is
al . has reported [Journal of Menbrane Science, 84
Tela(tll’gmem1 248] that the main reason of instability
of SLMis the solubility of the organic phasein the
aqueous phase. In their report, SLMw th chiral crown
Thethbilizer & ni@npoaedt St helpt tuassabulzd tHeoorganic components, 1e.,

X R Oy S aEIEB ShL I T Bedgey Biepbrpics e ubefal HESFIsLM

is &p%&eﬁp&fﬂ Wﬂa@"ﬁ'\ﬂﬁlcﬁm&e& %ﬁé’ components loss to its surrounding, i.e.,
fluoro-2'-nitrodi phen et er shows very poor

theraentmaméiaset almcpnmm@'sSL @hw op@us Mithim&ive hoess. Togio Shimbo et
rane start th Lr St |{)' [
al. grg red}cn %3? 1%111%1 St eénsqbrfl%e Em rf‘eé??gfs ll9tagf§4wg%lgtﬁ%aﬁ tﬂéc' mnain
reatorof ifstabidyr OPBEMY lis aled yolubilibebf anel opgdii¢ Hapleanyle aqueous
heptyl ether were used, the nenprane js
phase. In their report, SLM with chiral crown ether (carrier) and solvent was used for
enantioselective separation of amino acid. The system with more water-soluble
solvent, i.e., o-Nitrophenylphenyl ether and 2-fluoro-2’-nitrodiphenyl ether shows
very poor membrane stabilities. Their result indicates that the membrane start to loss
their stabilities within first day of operation. When less water-soluble solvent, i.e., o~
Nitrophenyl octy!l ether and p-Nitrophenyl heptyl ether were used, the membrane is
stable up to approximately 50 days. The poorer stability of the “more” water-soluble

solvent system was improved by pre-heating the aqueous solution in its solvent.

Practically, the addition of solvent into the process liquid is undesirable as it adds on
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stable up to approxi mately 50 days. The poorer
stability of the "nore" water-sol uble 30 sol vent

W@ ymremdas i nproved by pre-heating the aqueouBCT/SG2005/000341
solution in its solvent. Pg#actically, the addition of
solvent into the process liquid is undesirable as it
adds on WD 2007/ 040458 PCT/ SG2005/ 000341 14 organic

orgiumip mptuiites iinfit thetdrecess diqeisls Thé glabilizerThgprdv@bihkisz@ility of the
of the SLMw thout, the

roves t stability

SLI\ggléﬁth%ﬁle@Ei%g Cﬁg%‘B‘F Yfent upp he pracess dasiss | i qui d.

In the present invention, the stabilizer is a

non-ioni c surface-active agent that has very -5 |ow
In theoprebéutinvyentinnyhe etabilizheissandnaionicant faveaaiyenigeiiathal e/ very

U - surfac ten ion. .The stahilizer while in the

towBHERY S HASe Tt STk ent b “apeiiduroen Bnsion. The
stab@lliﬂiﬂ RilledR Ghe oh@madlBRaYSsiRIR26ts 3% hRY SERT RN 1RE B?gealﬁlc and

the mixing of the two phases. Three primary = groups of

the aquasms phase agd éh@fgfolf%ttﬁdécﬁsdhe oeeng nfﬂi\ae\xmﬂaeem Three primary
ar bon based

vent dro o]
sroygy BESLRRARP ot el G ROBR ARl TS ol By e
hydﬂi&aﬂmnﬂaa@écarmmcﬁdefﬂasw af@ fiRefdch®SE thasddP Babi®iREC The non-ionic
urfact is.a forn1of surface-active agents w thout

surfagiant.1sy, ggoa@rgaxb bage¢h Mot ,quf@ct@]{dgpa dprm 19d surface-active
agerkth UPHIRRAKHAPL HRas 01?% uﬂIeaﬂcﬂ hlLCS \g{bﬁ.\% bf)ﬁ{ecﬂuoroczt\rbon based

et hoxyl ated grou ence m NI num wa
surfaehnib 1s| [tlt)ly-_loﬁlfh ecthanistatgd ogrpumfant] hhaerfch uefith cedrb Qiﬂn’ﬁﬂz&ﬁﬂ water

IS ob I'i pophilic.. Thi
soBlle PEH e B BiproeBden il SBFlatieni 11 4Rt droptobic and
lipoplgidicd@nis aisusl wanthe 3taBALBOUSI NEEIHRGEHy TOEIRPURARTnt-

creates by the fluorocarbon based surfactant

aquepus; Hteréasey ﬂalembféllw@rbfmﬂﬁ@% roywitheh flueeowartanibesed surfactant

| t.nus
i LT bt B R A P b B RaPh b B g s
miniohiges Walsr trahspoof acréd3ehShidnibearer aidethertfze PRSlon®MHeGstability of
lheg%u Bﬁf thi surface-active_agent also acts as an
PemhEnep AP nar-pyc mrarg ghite %lbfé@? aafivgragenhaso acts as an
additiBRAIONA S et iﬂg %el Bald ‘%}&Xesogné hgus? g;% 0f e gi%%%@f of the
e organ

organi c acid. Conparatively, I'C aci
nmenguhp opards prganicesyd. résstrateby thd er@nrcf:aﬁd anfts aofd fo8m is
ess A0SRANGS A LR, 25 G625 R0, soiie ol Sna

hydibelsibric catcﬁbl afe0 Fullye MrRfddN G beiu%ohé %&Jéd@imﬂemaf e R hx%§tﬁcted for
since water transport is mted). This results In

(
enteppg hediguidmegir @@tﬁ’hﬁﬁ? @Ifﬁét\’\@é@ﬁfmlga”hlsdlraﬁq?di Ehid results ina
much "OERRNFecBG ] bdiiedn tc)fgérﬁ’@ acid and inorganic acid. In a typical

experimental setup with liquid membrane composition of 0.01% stabilizer, the
selectivity could be as high as few thousands times. Similarly, the restriction of water-
liquid membrane interaction also minimizes the transport of glucose across the
membrane. The SLM of the present invention which comprises a suitable selection of
the extractant, co-extractant and diluents mentioned above is stable for more than 180
days. In general, stabilizer in an amount of from 0.001 to 10% can be added. Higher

amount of the stabilizer gives rise to a more stable membrane but with lower
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25 experinental setup with |liquid nmenbrane conposition
of 0.01%stabilizer, the selectivity could be as high

wa@goo7ewwashousands tinmes. Simlarly, the restriPRCT/BG2005/000341

water- liquid nmenbrane intd@faction also mnimzes the
transport of glucose across the nenbrane. The SLM of
the present invention which conprises a suitable
extrac@@neitd. OFheofnostt prefeetlr siattitingr, cameerdrationds diam ghe05 to 0.020
di | uents ne ed above is )
ppm. 3@he ag}%oroqz Q HOélt-lgBlﬂ |SEréa cqiarﬁ %as a eg?rta %ﬁx?ne of
RfCHO(Eﬂgé ¢R,c07 )Cﬁnvﬁl%reagidﬁda dinedRe rran@dofitihh Of— e and Ry is
| zer gi'ves rise to a nore st abl e menbrane but
ﬂuorwaﬂhﬂmFWﬁ@@@)}M@l@mﬁ PgB0sG2005/ 000341 15
extraction rate. The nost preferred stabilizer
concentration is fromO0.005 to 0.020 ppm The
The dal%Q! 86k PRRarRAGERENN O stobilicersate hartditto bémrrwggmms ghase
structure of RfCH2CH20(CH2CH20 ) XH, where x is
befornuinpeegnatadginto thoppes-ofthe basg mFmprne i Datea pisgrprane is
' of one
prefeffpfih Pallod e ol igliich, (e o, 25 pPEIE e MBE o o
streaiOATOGE RAUmep i siee fibet ovidle amptleg ntead alamgahe lkelpside »f the

f the b mb Th b
N

p | 3e00Bile Sd RGN MeORMutidRE(rb]ARA afstrigpéng
bmthf %‘g%ﬁ %vdnlgetgggﬁ%ytl %fer53 st reeam al ong the she(l | side of

solutichg alddigfthé&msen. Botip E(dum’@‘ ae rré'ﬁlré‘l"l?téﬁﬁg dlppathe wspestivg side:

t he sour t t r
R
24 tol Ext?lﬁ@fhelt s@thﬁﬁ)nﬂiabk PPty 213 theluielcan)ngedodlng)m Tﬁmlsfaumémg line 26

Bo solutions are re- CerU atln a t |
into gprdeatus 2pané elogslipeiZdrio drtgghe ﬁﬂgﬂ%%gi‘g%to tﬁ%@%ﬁﬁf tenktSs.
The l}?urfe %)e sxg\%{; tp@lg&arlﬁtbléﬁlgz $hARingh oeﬁglolv&‘e@ ethar4hkOpKa, and

I'on back to tank 21; the receiving

specﬁi@bmy il Gneot . G fs flarticadcohgpliioreb R aeid B8ivig dospplinea? YsAgd 28 is
and al ong

ol ut.i on b
sencrgbdhngRa R s AREORAERY 1P ST B TR Guldie water
alonémdé r&%ﬁ{ag%dch@hléa@‘éﬁéh sARrd oK @id af ﬂochﬁ@&ﬁlﬁdrﬁﬁd ITllﬁe most
6 for lactic acid solution by acid
pr efaﬂmn mgewmg golrgon Axplein2eates as fenepald rylmmbzeslaﬁ’éolé%mi&]%ffea
ation agent sol ution coul d
in laﬁé S%ﬁ? é[ﬁ © 85%8?{%0% 't Pcecj:sger?tlia{?cﬁgg cﬁgémé% such as
hydrochl oric acid or sodium carbonate. The nost

(I) Protonation of carrier with organic acid

[R3Norg + [LacH]q <> [RsNH Lac Jorg
During the protonation, the organic acid is being attached to the amine

(II) Transfer of lactic acid across the organic layer to the receiving solution side
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20 preferred receiving solution is plain water, as
this would mnimze the polishing effect in |later
W@ @ge4043he extracti on processes involve threePGI/EEHNN5/000341
(1) Protonation of carrierl®ith organic acid [R3N org
+ [LacH aqg H [ RBNHt+Lac Jorg 25 During the
protonation, the organic acid is being attached to the
The @MiA&1{ctit) acld apmbRKk @ftrangsdriieg aciods der aganicHeyarfgamisource
| ayer to the receiving solution side WD 2007/040458 .
soluoiT/ % 10 570G UEE1 SOOI Ftslea e UPTRPTIANION TRFCOBH el Fither
diffl}sgqann?ﬁ% %b&gl&cgr%%éingb?.t}i)e,rlg@tg‘e(}n&@&ﬁés:f rom source
sol'ution side to rec&i ving solution side. The
tranfportation mechanismis either diffusion of the
conpl ex, or hoping of the lactate les: 5
[ Rinﬂb%lﬂaleaq o g BRaNREN [RpNEH] Wrﬁnﬁgg‘&fong + [R3N|
where N is closer to the receiving end, and at the
receiving end, (111) Deprotonation of am ne 10
whel RENigttbae 1d tHeGecetvin 8N, Jaad gt the[reithagnd.he | actic
acid (or organic acid in general) is transfer from
source solution to the receiving solution. 15 The
(HDTE%%Rn@ﬂmBQ%fg#ﬁﬂ;'ty of source to receiving solution
iS preferably from1:1 to 8:1, and yet nore
?referably, fhron11:1 to 4:1. The extraction process
ime js _dependin t sayrce to receiving ratio,
ordghy%Hgfg meﬁﬁg%ﬁﬁ&é{F@ﬁ¥g§ﬁd extraction agparatus
(i.e. the supported liquid nenbrane). In realistic,
the extraction process shoul d be stopped 20 when .
the $aiccecip {as orgamipantid iogrmernl) Bt e siemst sowreeseiRten to the
20% hi gher than the receiving phase, since the
TecRVPEAREH8R rate woul d be too S|gML The recei ving
solution would be collected for further treatnment. A
fresh receiving ghase is chpuIa{ed i.n t?e

Thef 0B ABHEY oF FTe O FEc HEE SORPR AT PLereliy Btmas. G5

ande)?gt hAGL b?&eraﬁ}? o :€ %0 4:1. The extraction process time is depending on
the source to receiving ratio, organic acid concentration, and extraction apparatus (i.e.
the supported liquid membrane). In realistic, the extraction process should be stopped
when source phase organic concentration is not more than 20% higher than the®
receiving phase, since the extraction rate would be too slow. The receiving solution
would be collected for further treatment. A fresh 1'ecéivi11g phase is circulated in the
system to further extract the lactic acid. After a few rounds of extraction, the source
solution would contain less than 8% lactic acid, which would be less suitable for
extraction as the extraction rate would become too slow. In a preferred embodiment
where the source to receiving ratio is 2:1, and source phase lactic acid concentration is
48% initially; the source solution lactate concentration would reduce to 7 tol0% after
six rounds of extractions of 3 to 5 hours each. The average lactic acid concentration in
the receiving solution is 10 to 15%. The unique advaﬁtage of the apparatus 23 1s the
high selectivity of the membrane. In general, the receiving solution has no detectable

glucose, which is the raw material for the fermentation of lactic acid. The color of the
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solution would contain less than 8% | actic acid, which
woul d be less suitable for 25 extraction as the

wezioraeuson rate woul d beconme too slow. I n a prPef/aGr08000341
enbodi nent where the sourd@ to receiving ratio is
2:1, and source phase lactic acid concentration is
48% initially; the source solution |actate

receBONE Phhseald (v Welakide rtedite esohfbdscﬂﬂﬂi(ﬁi% ﬁﬁdee Iactls i a)cld is being
rounds of extractlons of 3 to 5 hours_ each

extragied Hye al dean iy Q%li&{@éwgr"é‘fh the Glarifigchrofe é%fit%lﬁlaMF) it
coulﬁ%é{ﬁ% ?J]S(')(ggiln%s tr?%lxr'c%.g% O-Fl?:%h)lf Iﬁ\‘#%@ @1?}? ﬁtﬁ.lré Bfthe SLM
ensUfEsmlhan ée Irdft:eg&amg r}ﬁiase td’matanm: e’em rmganllmt taoric hapundies and
det ect.abl e | uc his the raw.material for the
pracligalie ip Pie%e%f °1oa58f1¥c€ RRASG. 1OFHfe THBLBHED FCPRRNITRHON 1 the
/
AR5 SO AR sk ccatan aheseuds
values>fliel, i teddriaaifedmenioms 181te ah%sofl swifeten theomgamgrsglutlon

ol yigfitiel Eat oG B GPooTieo oyt Hldte”

select|V|ty nature of the SLM ensures that t he
recei ving phase contains very mnimmionic inpurities.
To igmdo® {heaeedvent e sovaespwhie s spntde apelhen peaperaiens  via line
gy Q t ex
30 KYREbEHGRGERINER AR ol il 1 455 Sty T Raphdlof e
apparawis 3t €s appkimatalyu® to8 titned, sndhller thandpdarzsf 9. am'rﬂm soitqtlon

10 to 20% of su|fate, the receiving solution
Al QAT TOBERLEn S Of "SSP PANRE DL OBBORE sulee

precdiB40 Rk agihd B8R endtfhiol0 | Mprove the recovery, the
source solutfon is sent to another evaporator 31 via

line 30 for concentration of the clarified broth up

o SR By TSGR 316 BB A8 p Ry grces

via e 3REnGOhL WobBiy taikr Eﬁdﬁd oantiabuith BAETBRILM 5 Wlfeatessats to
near saturation nium sul fate precipitates

obiaine clpar PeiseBEHed %ffﬂhtwbéﬁl 1spgllqied woldple AP 2ad egupeity sudfate
cwspaq' 19 Gl it Ui eﬁiltljaﬂoﬁ ﬁ%pf Myl af{lrtﬂanﬁ%acﬁﬁﬁ&ﬂ%npfseﬁ’éc@é%m as the

cess, Vvia nto a coolin ank 34 and
cond:dmmmg fordthrie aBEﬁdiymt dowa pH. Mherclapifies soﬁ&ntrateddjmom in tarak 40 is

e oRe et e PO LGS cpllected 10 Lok 10,
extrhdtldnAEthOM a$ H@a@rlbé@ aboviet B pRELn AL, ditfel 161 AN bioth solution is
necessary as t he

fed into apparatus 50 via line 49 for further ultrafiltration before directing the broth

solution into apparatus 31 for further concentration.

All the receiving solutions from the SLM processes (collected in tanks 25 and 44) are

combined to a stream that contains certain quantity of colouring compound that
passed through the SLM. The combined stream is fed into activated carbon column
apparatus 54 (as shown in Figure 7) where reduction of the color of the solution takes

place. The decolorized broth from apparatus 54 is then directed to a cation exchanger
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20 concentrated broth is already at | ow pH The

clarified concentrated broth in tank 40 is then
waeaeassl to extraction of lactic acid wth Se/e62005/000341

apparatus 42 using the sand8 extraction method as

descri bed above for apparatus 23. The resulting broth

solution is fed into apparatus 50 via line 49 for
cohmmwanmumuﬂ66aﬁahncéﬁubnrb@bwﬁeﬁdmvdumbngcmhembﬁu¢Mﬁﬁeslh

nto.apparatus 31.for furthe .concen 0
send) Ay Tty GRRURIG LG b Ren  Foithes SERRBIBosbebse of
macfdpokdiR ﬁyﬁ@' of ihd adftkch &Rhansk fdin ﬁrﬁefe@&ﬂbl BéflddsOretoving the

stream that contains certain quant | ty of col ouri ng
catiqripriopititieshilie cajiers seahapgerowdms Re alSeNrtirearesvns Hegolor of

the l’?lto{l ?on%ﬂ ec‘veéxigkvep (I&HQC\Mn\éBt I%glcicb‘e‘e{ Pe%' %&:‘1&%@ echa% fn ih the mfltlal

erer

colot béthb(ﬂo(hmcmf Thé demdaized tactia laeﬁ sopltnds tHdmefurther treated with
decol ori zed broth from apparatus, 54 is then directed

an aPNLXChARgSH 2R AR g8y WIS 28b PIORG AT UPESTY BRIGHHN 003 Heak

amoi'xi% CRbAITEe ARRA akUSeqbred! 3n | Aferaans T4 ”ﬁ‘éabré}érr@d‘yfonn

trace of “cationiC inpurities rin general , any strong
macogorars tgpecikeangeusedsi n can be used in apparatus 56. Use
of macroporous type of the cation exchange resin is
preferred. Besides renpving the <cationic inpurities,
The o ué ot he @NENEHRA AN geP appaRatd 58lo8Rerhlly EHRAINE BBRYRE. In any
the color of 5 the broth to an even |ower val ue, which
PYOC@%ﬂJﬁ@FI%Wi@feomaﬂHh@l geloe mersays efen e apiont @mhang,e@,l Be @put
ﬁon{ ﬂ'l %ﬁ{)}ﬂ s 1% ﬂgﬁéﬁﬁﬂn&?e% agolér)]&rer%gr}? alS glll agpangt%s 60
that a@ﬂaﬁlaﬁodﬁs}ﬁﬁg cdlhleteeaoazlnbg ‘’sin@icarbofpuri ti es ar e
renoved. A weak anionic exchange resin is required in
apparatus 58. In the preferred form nacroporous type
The " f8hRart Ssd186sh éeger-gﬁl? BALRME 7T RMIbhE cﬁﬂﬁ&ﬁceéﬁﬁaqgeﬁlgher
apparatus 58 generally contains no color. In any
conqgantrefecsrwﬁésllgwlmn’es@umm ismgemicesd, dnenpféwphltl@na:fanéxe sahjected
on exc fromthe anio er .
to GhR FRETPUHE] with o R EL Pyt T e PHOUR SpRardrte o
Figp®8. t hat contalns pol i shing color renoving resin or
carbon. 15

The distillate from apparatus 14, 28 and 62 can be treated with apparatus 11 to
remove the volatile organic carbons (VOCs) and trace quantity of lactic acid to
generate grade one quality water 67. The quantity of water 67 is generally sufficient
to suppiélnent 70 to 90% demand of the whole processes including washing of

equipments.

Alternatively, the distillate from apparatus 14 and 28 could be used directly in the
preparation of the fermentation broth, while the distillate from apparatus from 62 can

be used as the receiving solution for the SLM.
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The resultant solution generally contains 7 to 12% of
lactic acid. If higher concentration of the resultant
w@odoans@ss i s required, then the solution can bRCT/SG2005/000341
subjected to further concéftration with a product
evaporator, i.e. apparatus 62 as shown in Figure 8.
20 The distillate from apparatus 14, 28 and 62 can be
The presai eaventibh igfipédreatlistratbdthy the dotboveng rﬁxampleal wheh are not

or gani ¢ .car bons (VOCs nd. trace ntit ct| c
to be gefieinted it @%}ﬁmﬁaé 1@?%)&@& @afwawpgy Ticape %fr
guantity of water 67 is generally sufficient to
suppl enment 70 to 90% denand of the whol e processes
Exaniple [l udiiigpilisationg of 25 equi pnents. Al ternatively,
the distillate from apparatus 14 and 28 coul d be used
directly in the preparation of the fernentation
253 DIgFtBrmoMitlR 6106 Vs tirkdiake ik bAMlPNatasN Schitan oS staat
be used as the receiving solution for the SLM 30 WO
feed 2@@5?1&1@49’&QSbWTls@m@QlthMemh@n‘Fh\é% pekygthersulfone based
houoWYSé}t 111'18H1b1 e \ﬁf’tlll 'QS r eff%cltll&g tafe% ¥? ff%d O was fed
exarrpl e Whicch  are fo e const fued I n any way as
and iffop@si Mg td Rinteat dfahs fibpoThehejesicppasutdiens obntkodbapdtel .4 bar

- Utrafiltration 5 253 L of  fernent atlo broth
pressure dipe41a88 MEMRRNE, PYESES MeF 8t 1 SrPde W@P@%ﬁ ﬁ@w rate

was \ilvgglg/nﬁ h %ﬁa lﬂ'eghﬁ’ef %020 @i/mlﬂ_gﬁmui ﬁlBﬁ‘xfs' %ct t8"6% tRBvERRRA ﬁ@erage

pol yet her sul f one base ber nmenbfane wit
flux awds EI.$ daMHv el'tger epeided. H1idpin fl’heraﬁxeé@mtaupn drrothagnd the

o O g 0P 5T 84

had subPdScdBoY &N PEgESuUre was at 1.8 bar. The |n|t| al .
perneate flowrate was 1.9 L/mn and decline to 0.5

L/'mn after 3 hours at 86% recovery. The average fl ux

J.:ﬂ O L|V|_| U IUEU 30—[ nme 17a
trat
Paual}L‘er ment ati on br gfrﬂ?é}% (lti cl ari (Ajeégbr ot h| was e

Volude389/ L and 0. 005g/ L 21533pect i valapo The concehdgrate of

the broth
Suspended solid g/L | 3.88 0.005 49.78
Lactate concentration g/l | 108.9 107.2 199.7

Turbidity NTU | 4580 1.2 £ 1 52000

Example 2 — Microfiltration .

Sixteen litres of concentrated broth of ultrafiltration (UF) (i.e. microfiltration (MF)
feed) was circulatedin stainless steel MF membrane with titanium dioxide coating.
The membrane had pore size of 0.1 pm. The MF feed had 49.78 g/L of suspended

solid. The MF was operated at 3 bar trans- membrane pressure. The average flux was
80 LMH

Example 3 - Concentration of clarified broth from 11% to 48%
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had suspended solid of 49.78g/L. 15 Paraneters Unit
Feed Perneate Concentrate Volunme L 253 220 16
wEempesdssl solid g/L 3.88 0.005 49.78 Lact at ePCT/SG2005/000341
concentration g/L 108.9 10202 99.7 Turbidity NTU 4580
1.2 52000 Exanple 2 - Mcro filtration. Sixteen
litres of concentrated broth of ultrafiltration (UF)
100 I( iof elarifieal bifoilh twat compertMidd frath 1 eHdjo WA%. dihecalaatiedbhithe
stainless steel MF nenbrane with titani ijme%i 0X|. di%ﬁ
concegbaief HERth IR SHEiae) hatibiBor & 14 Yes SIS 45t
feed had 49.78 g/L of suspended solid. The MF was
operated at 3 bar trans- nenbrane pressure. The

Paranastesage flux wadmit8() Fedd 25 Exeblﬁmlneelﬁrate Conicerstitlatei on

of clarifiod htoth firam 1104+ A14904 \\ND 2007/ NALEQ
T OIrr AT 1 oo > T 1 \vJ I A A Y4

T 7 ZUVJUTT Y, ST JU

N A
VolupeT/ SG2005/ 0008 200400 L of |eP&rified briofhlwas

0 ! a—f TT9gE: % QT Ty [ofgphe '
Laqa%o%bg’g%%tf@t%gd b+g'{ﬂh ,Z@%Sg?ﬁd agqu.g L. while 77.1 L

was collected as distillate. Paraneters Unit Feed
Concentrate Disti]late.. Volu L 100 22.9 77.1

Examplet a1 didisaeon # ‘Fréfﬁalg‘;‘,z%tml’dgaf@%o%?? syigke .0 2 5
Exanple 4 - Acidification and crystallization of
amoni um sul fate 77.2 L of broth containing 48.6%

77.2 Lat batle contsindeg 480V eldckicomspididified fronspl2 Svit tor3.2 3vifkkp.8kg

sulfurigc.acjd., 6..1 (wet wei ght,)..of a LU
of sulirif it § 55 ety Bt attB St CoBT AR Bt oue
after @ABRIAGE R0 it sVRSi0f 0V dodled 25€. 258 eAfiéd liltefih@@ff the
off the 10 ammoni um sul fate crystal, 82.2L of the

ammeyiie FRlEe bittal Wik 2k etfother agdifiedc bt WhtEBRAYFIFIndictate
1300#&{\’%%‘91%05&95%(“ t Before acidify After acidify and

Unit | Before acidify | After acidify and filter
Volume =t L 77.2 82.2
pH 4 5.6 3.2
Lactate concentration g/L | 486.8 454.7
Sulfate concentration g/l {188 186.5
Ammonium concentration | g/L. | 79.7 61.5
Lactate quantity kg |37.58 37.38

Example 5 — Extraction of lactic acid with supporting liquid membrane

The concentrated lactic acid broth with 40 — 48% lactate concentration was extracted
with hollow fiber supported liquid membrane (SLM) with 70 m* membrane area. Theﬁ
organic layer impregnated to the membrane contained 0.001 — 10% carrier, 99.9-
90.0% co-extractant and diluents. Water was used as the receiving solution. The

quantity of the receiving solution used was half the starting source solution volume



Volume L 77.2 82.2 pH 5.6 3.2 Lactate concentration
g/L 456.8 454.7 Sulfate concentration g/L 16.9 186.5
WQ@\PWoN#4R8 concentration g/L 79.7 61.5 Lact at ePCUaGL005/900341
kg 37.58 37.38 Exanple 5 - 2Extraction of lactic acid
with supporting liquid nmenbrane 15 The concentrated
| actic acid broth with 40 - 48% | actate concentration
per ewBsctidst thatclhﬁdd 3Wib tshhongd. 1T sfrhdarprecepporat echléd apiitalindustrial
menbrane (S with 70 n2 nenbrape area. The organic
size mgghale WlFPp‘?fé?ﬁﬁﬁ? aymanseheiifildle cont ai ned 0.001 -
10%carrier, 99.9- 90.0% co-extractant and dil uents;
Wat er was used, as the receiving solution. The 20
Exarpiant-i Dy-coforizhtdorr ek iaviivegeds@lrodni on used was hal f the
starting source solution volume WO 2007/ 040458
5 PCT/ S&005/ 000341 21 per extraction that |lasted 3 to

A tofal BPW 51 Jh@ngidh @k SlMCﬁ%ﬁes%%e&@ﬂhg doMBoh vas treated with
industrial size npdule with effective nenbrane area

an aadiva@@aibon colxampl km engtind- ¥'olobii rmstering V- &kg rarherd
carbon 5 Atotal of 77.2 L of solution from SLM
process's receiving solution was treated with an
act] vated Bedsrb @RaGdn A fedr tleffnlepngt h, 1. 5" col um
diameter |and 0.8 kg carbon  Unit|Before treatnent
Voluae ek treé{t’/rient Vol ung 8@-277 2 82.2 Color Pt-Co

2000400 i m nerization with
COloétro}ﬁtg'a tzagg@ﬁ@hange i ﬁA total of 82.2 L of

[lactic acid solution that had been treated with

activated carbon was treated with a nacroporous

10 Exa@PkﬂngDéﬁweéﬁafé%WHh@EW%@‘?‘WH(?@SPW‘? S m | engt h,
1.5" dianmeter and 0.7 kg resin.

A total of 82.2 L of lactic acid solution that had been treated with activated carbon
was treated with a macroporous strong cation exchange resin column of 1m length,

1.5” diameter and 0.7 kg resin.

15 o
Unit | Before treatment | After treatment

Volume - L 82.2 84.29
pH <l <1
Lactate concentration g/L 116-121 113-118
Sl{lfate concentration g/L <0.8 <0.8
Ammonium concentration | g/L <08 Not detectable
Color Pt-Co | 300 -500 50-100

Example 8 — Removal of anionic impurities with weak anion exchange resin

20 A total of 84.29L of deminerized lactic acid solution was treated with a macroporous

weak anion cxéhange resin column of 1m length, 1.5” diameter and 0.6 kg resin.
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Unit Before treatnent After treatnent

Volunme L 82.2 84.29 pH <1 <1 Lactate concentration
w@La70d@s421 113-118 Sul fate concentrati on g/ BCEIGB05/000341
<0.8 Ammoni um concentratiéd g/L <0.8 Not detectable

Col or

Pt-Co 300 -500 50-100 Exanple 8 -

Renov

al of

anionic inpurities with weak anion exchange resin 20 A

total of 84.29L of deminerized lactic acid sol ut| on
——was—tt+eated—Wth—a— hange

resin col um of |Wie ?trf?%’“enﬁl P 0. 6 kg
Voligs! n. WO 2007704045 Eg&@/_b(:zoob/ 0QE3EL 22 Unit

Before treatnent! After treatnment |[Volune L 84,29 86.06
pH pH <2 <2 Lactatge c’omséntrati on g 2113 - 118 109 -114

d f ot o ~t o~ deot.oact ah
JTOCTTIU T i[AL T O IWq LTILII \-

Ladﬁﬁrﬁ?ﬁfﬂm%lé’ﬁcent I‘ )lﬁ%l‘l_”ﬁlot det 0¥ a8 Not
SulfeRleht &aEion EXANPL/E Y <p g-r OdUCT CﬂF‘fb@ﬁEﬂ'e@gaan >88L

of diluted purified lactic acid solution was |
Ammonoentcoraeriatian 88W | 2t ideteatebld ¢ Dot éatiectableon.  Uni t

H-rat—Preduet—pH-<ltlactate w..w..*r'frat: er—9%-85 - 90

Sul fate concentrati on ppm <10 Ammoni um concentrati on

ExaRplB 1 ®rodRk 86ndhnrfen0

88 L of diluted purified lactic acid solution was concentrated to 88% lactic acid

concentration.
Unit | Final Product
pH <1
Lactate concentration % 85-90
Sulfate concentration ppm | <10
Ammonium concentration | ppm | <10
Color Pt-Co | O
Glucose concentratidn ppm | Not Detectable

The concentrated broth has the following characteristics:-

Effect of stabilizer in SLM

The stability of liquid membrane is highly related to the water transport across the
membraﬁe. Higher water transport would result in lower stability. Under the
experimental condition, the water transfers from receiving solution to source solution
generally. Two new liquid membrane modules constructed with same batch of base
polymer fibers were used. The organic layer impregnated in the micropores of the

fibers have similar compositions except that one with addition of 0.001-0.02% non-



G ucose concentration ppm Not Detectable The
concentrated broth has the followi ng characteristics:-
wdaooZhimst of stabilizer in SLM The stability pET/BGZNO/000341

menbrane is highly related28o the water transport
across the nenbrane. Hi gher water transport would
result in lower stability. Under the experinental

ionic endadtar Thetsa@ewatiRe of Lap&afcaictd fehaBAthESEbIIN G188 Oilsed
to source solution 15 generally. Two new |liquid

for the fEPARBEHB AUl es constructed with same batch of base
pol ynmer fibers were used. The organic |ayer
i npregnated in the mcropores of the fibers have

simlar conpositiong UnicentWithait Seatelizdrt| Wt ditdbilrer of

0.001-0.02% nonWD 2007/ 040458 PCT/ SG2005/ 000341 23

Lactals idragtion B8 ant The 25888 |Surce of L-1acdic acid

Extg;@ﬁéwﬁ%gridnﬁbrpth g ot gr VV'd_bT_,ISEd thr ﬁu—r_ _
experinents. Unit Wl thout |Stabilizer Wt hZOSt abilizer

Initiblbstinadessobnionaciiga fillux g/|mR2. h 29 24 Extjrdaction tinme h
_ jtial sourge -solution volume L 14 4 Final |
Finad gopree salption volumeol yke L 442 3.9 Total |$ahpling

Tot Bt - 0- L [ §ource spiutiom votgie, ghange T+
o%@%}’ﬂ R%V elr of dayéist ablle l'll\/bre t han {18 &dajs 5 WO

SouRBG 8 Hiba4oRinRCTHaRe2005/ 0003403 24 What il9) claimis: 1.

Aprocess—{or recovery an-@_7pw_t-t4_c.ax-|_on_4;f_l_acu_c—_agpd_
Nunghes o da¥sei#Rdat at i on | brot ) Tcont ai ni ng * || déerechare i days

Sai d process COonprising:
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5 a. subjecting the fernentation broth to
ultralfiltration and/or mcrofiltration to forma
wo Roogi4qass meat e; b. concentrating the first pePOESGHEHOS/000341
form concentrated broth; c24subjecting the
concentrated broth to supported |iquid nmenbrane for
extraction of lactic acid into a separate stream 10
d. subjecting the extracted lactic acid solution to
What i clamets: car bon for renoval of colour; e. subjecting
the extracted lactic acid solution to cation exchange
resin for demnerization; f. subjecting the ext ract ed
| achi G A% xghange re i.n_for
L araEpes o Rt eS 8 pBREERIOR S ARHE o P & pghttion
mOéNKm&mﬁagukachcﬁ.anmﬁnﬁﬁhubnqnwk@ deS|red
concentration. process of .claim1, wherein the
supbor F&geqt ]Inél}bﬂ f?iﬁ“f?E}Faé]t‘?é baeiip judtead filiratiga md(ns| maeegfiltration
and anupﬁgﬁqug3%3¥ﬁka&npregnated on the pores of the
base pol yner Thé process of claim2, wherein
t heb.or genmeentritangghe ﬁostmename ® foan lcomantrated(broth
ext ract n i | uent abilizer., The process
of %l a?‘%’ﬂ%‘;’tmﬁh ]FeF‘?PcteH ilatHPTthl E%rsngoréFdf difHidpfriembrane for
et hoxybat®€on 3514&@@&@%&@% Ragadsyr face-active
agent that is non-ionic. ﬁ,'he process of claim 4,
whetei fbjesdingt disi pxtpasied éa@m aaid esgutiommiea agtivated ofarbon for
i oni c, Eggﬁ, etergent or surfactant. 30 6. The
process 1? &ﬁo ; wherein the carrier is selected
fram asmmxpgabmsxtsﬁdtﬁg lactit adidpolui@hyto @660 HtakahgdResin for
tertiar hati c and aromati c am ne. WD 2007/ 040458
PCT/SG@%@@- WA 25 7. The process of claim3,

wher ei QitirEnene )éktrré’&éc?'&tctlb Schl%nSO{i\k[iC)thl%t élﬁoﬁle%&% & 1sin for

The process of claim 3, wherein | uent
sel ect@ﬂl@vamlﬁall«gnguppmt sting 5 of hydrocarbon,
ket one

g ¢oncelgratmgqge extracted lactic acid solution to desired concentration.

2. The process of claim 1, wherein the supported liquid membrane comprises a

base polymer and an organic layer impregnated on fhe pores of the base polymer.

G The process of claim 2, wherein the organic layer comprises a carrier, a co-

extractant, a diluent and a stabilizer.

4. The process of claim 3, wherein the stabilizer is a form of ethoxylated

fluorocarbon based surface-active agent that is non-ionic.

5. The process of claim 4, wherein the stabilizer is selected from a group of

lonic, non-ionic detergent or surfactant.

6. The process of claim 3, wherein the carrier is selected from a group consisting

of a primary, secondary and tertiary aliphatic and aromatic amine.
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9. The process of claim6, wherein the am ne has an

al kyl chain of C6 to C24. 10. The process of claim9,
wob@reirsg he am ne has branched, |inear or cycPCT/S62088000341

10 chains. 11. The process2df claim 7, wherein the

al i phatic al cohol has carbon chain of C2 to C29 15

12. The process of claim 11, wherein the carbon chain

can be |i near or branched 13. The process of claim

erein th S .cons tructe
7. g odBe Rt EFIRG SrUnBr Py FERR e i YetliRfaRobol
ponV|nyId|quor|de polyethersulfone polysulfone
and polyvinylsulfite. 20 14. The process of claim 2,
8. wherldierprecess bhelainpd| yhetein the doRent inedlecied from TapapFensisting
ne 5. The process of claim1,
Ofﬁﬂchmﬁg?ﬁ%ﬁgﬁgég%?ﬁﬁg F%qu d nenbrane is of a holl ow
25 fiber configuration conprises two sides, one side
is of an organic. phase and_the other ge i.s qf, an
9. aqu£@§rm¢a§ef clgign 6 Wherpnghe aginsrhag |aa.aﬁﬁy ghaipnbfeihCas
the organi c phase contains at |east two or nore
conponents. 30 WD 2007/ 040458 PCT/ S&005/ 000341 26
1017. THeeprpeass @$slanh & Ivdieneid thenreineihras tinanched, linear or cyclic side
ultrafiltration is carried out using ultrafiltration
ch¥#8fbr ane of pore sizes from0.1 to 0.01 i-n. 18. The
process of claim1l, wherein the mcrofiltration is
carried out using 5 mcrofiltration menbrane of por
11si zékhefnroease obalatmg 71 wheiein the aliphaticplenhes bawa«r@ra@hrﬁﬂlvf Csito
c,or claim 18, wherein the nenbrane is constructed from
ol yneric, metallic or ceramic material. 10 20. The
process of claiml, mhereln t he concentrated broth has

a pH_value of from | . 8. L :
12. P The process of clagn 11, wherem tﬁe carbon chain can be linear or branched.
13. The process of claim 2, wherein the base polymer is constructed from a group

consisting of polypropylene, polyethylene, polyvinyldifluoride, polyethersulfone,
polysulfone and polyvinylsulfite.

14. The process of claim 2, wherein the base polymer is constructed from ceramic

and metallic materials. .

15.  The process of claim 1, wherein the supporting liquid membrane is of a hollow
fiber configuration comprises two sides, one side is of an organic phase and the other

side is of an aqueous phase.

16.  The process of claim 15, wherein the organic phase contains at least two or

more components.
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21. The process of claim1, further conprises the
steps of feeding into the supported |Iiquid nenbrane

WO pose@Es§c) with water or water m xed w th soPOT/862003/800341
22. The process of claim1l26further conprising a step
of subjecting the solution obtained fromstep (f) to
activated carbon process.

17. The process of claim 1, wherein the ultrafiltration is carried out using

ultrafiltration membrane of pore sizes from 0.1 to 0.01 pm.

18.  The process of claim 1, wherein the microfiltration is carried out using

microfiltration membrane of pore sizes from 0.04 to 1 pm.

19. - The process of claim 17 or claim 18, wherein the membrane is constructed

from polymeric, metallic or ceramic material.

20. The process of claim 1, wherein the concentrated broth has a pH value of from
1to 4.8.
21. The process of claim 1, further comprises the steps of feeding into the

supported liquid membrane in step (c) with water or water mixed with solutes.

22, The process of claim 1, further comprising a step of subjecting the solution

obtained from step (f) to activated carbon process.



