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Process for recovery and purification of lactic acid
FI ELD OF | NVENTI ON The invention relates to a process
w0 o007/040as8 r ecovery and purification of organi cPEBEER05/000341
in particular, it relates to a process for the
recovery and purification of lactic acid from
fermentation broth containing |lactic acid, using
menbr ane gﬁ@%%gﬂg for organic
aci ds, sjﬁﬁ&%§q92%¥?%§gbld C|t#¥g§60| ggcorblc
acid, gluconic acid or funarlc aci d, has been
increasing over the years, owng to their extensive
use in food, pharmaceutical, detergent or
bi odegradabl e plastic industries. The fernmentation
FIEI» E3sEREENAHON e t he production of organic acids at
the industrial scale. Depending on the pH requirenent
of the bacteria strain used, the organic acids

RSSO LSl BN AL AT ol F PRt i
parti@ilarpittralatesno karplrbhess Jomthehatdvengand purifeptoatolf dactic acid from
peci al.ists. Traditiaonal, prqcess e and
fer%?mt%qndﬂgt)ﬁwn@ﬁn%g gagﬂp ECide e FBIHAE RO S on br ot h
general ly invol ves one or several precipitation stage.
For exanpl e, under the comon industrial process for
| actic acid production, the fernentation broth is
BAGE(eRAUNDheated to ca. 70C to kill the bacteria and

then acidified with sulfuric acid to pH 1.8. The
precipitated salt, which mainly constitutes of gypsum

TheA d%?%ﬁgaﬂfc (ﬁ”@t\(&daﬁ}éotﬁd hdif atidr @M dsddIBic acid, glucomc

resul ting |qU| 1§ treated wth activated charcoa
acid entveramgid; dbo beaxgmnmasng alver, th¥ lyears) ewingite dhdii qxiﬁnblvasuse

. then ion exchan oncentrated .to 80% and

in 830 e RRAE I SR ERr O o PO GRT s PSS r BYERERT. The

ferrBerfationVrbbesbosHcRRRB tﬂ@f&lﬁh&ﬁm diegaa€ bikias acil@ iAMisaid Qehle.
at this stage is usual

Depending on the pH reguirement of the bacteria strain used, the orgamic acids

produced from the fermentation process is largely in salt form. The recovery of the

organic acids from fermentation broth is a challenge to separation specialists.

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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consunmabl e quality but not suitable as pharmaceutica
grade. Several additional purification steps are
woe@ensEsy to achieve that. The greatest di sadremBsay®s/000341
of the traditional process 3s the high loss of lactic
acid during the crystallization steps. Alternative
downstream processi ng techni ques have been researched
purffREti D sRpE Nivé rRBEFeRY alo Adhii@rdihyt. dDN $tdaeddadeasaiengf the
Several electrodialysis nenbnane,technoloqLes_have
tradiicag] prospodethednsh loss Righpctig egid drppg tecsysiallzaiioy steps.
purification of lactic acid. One possible way is to
de-mineralized the lactic acid directly by using
Altaaatirentdoomnatest epbeadingl yshsigrentiraxnebddn. ecseamhednfo& more
ani on exchange nenbrane), where |actate salt (the
EnVHpPHPRILa .’t‘f?ldg’djc?i“GWFaé’EP C&YS& running in one stream
acid solution (e.g. hydrochloric acid) running in
another, with two water streans running in between of
Sevetw ehcobiahint mbmbrok decdhinegmsviavhibeen peoposed as the key steps

el ectrodi.al ysi s. stack... The,l act at e.,passi ng, t hrough .t h
for epgsrY XU RATGER it ars ¥ihP RO RR VB BV 5o PER it the
lactC b dSAiFRAM Byhatin ? aeaeentidnbD ebirbdiglysist membexeh@egeation &
nmenbrane to formlactic acid, while sodiumchloride is_ .
anifrp cHelthngn TaeTBbIaRe). Weltese lagtrteaiplt (the drefho 6dk SophERy Jedate) is

odi. orjide. .Sj| . To.-m.nim .
oG S S i SR (e DA BLoric Ry bt i anoher, with
twdbivatedlsatarg$ exiningirabyisican refithe dnehwasl the cod edean\atignn the

splitting reaci\i on occurs. at _t he _bi_pol ar nenbr ane, b
elecippdelyie rtick: d&et Refatsc peassiogp HBPER i 2pioRy Brdiepes gpembrane
conhfd A Eh iRotboRCdik (RS héld aRdafylsoxdsae thafenf@E ca@6H Bhange

cation to form sodi um hydroxi de.” The sodi'um hydroxi de
membtanti tonfors laetic abide vidylet $nsliyrarehdoride isofpreredpn Wwlfadr| yater

‘ t he fl arified broths.are ur.igriiseéjs. Qd ganecentrat ed

stregny | BiSIHOHT PONAPCSSPERrt BHPUNS &S SRR RIS AR i r st

bef ore subjected to bipolar electrodialysis stack. The

| ar gest drawback of electrodialysis nenbrane is the_ |,
To rr@qwmr@ng}mm@pl RPHIHHAR @xyi to achieve “zero” by-product, bi-polar

electrodialysis membrane was proposed. Water splitting reaction occurs at the bipolar

membrane, which generates the acidic proton for conversion of lactate 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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feed and the high operating cost associated with the
hi gh electric current necessary for fast organic acids
woeanspast , and the relatively high cost of theCT/SG2005/000341
menbrane, in particularly, 3he bipolar nenbrane.
Besi des, the selectivity may not always favor the
desi red out cone. Anot her practical recovery techni que
Andtkerr pactidal geddvguy thchnique ds esactiec liqoi-ligtié rextrabtéon, where the
onganjc ac%ds agg being extracted into.an organic .
Oreia e N h PENSTITAREE g 4 rganipRhast gUM & SErhlg caier. The
orgdi€Bcida Gie el BEdk dxila8t BAYEQHSDHUP :}fl‘ﬁ%@e. THAEC AL dRd be either
could be either cationic or neutral. Wth neutra
catiggie of 8eWtrduch as tertiary amne, the carrier wll
extract the organic acids directly, which neans,
protonation prior to extraction has to be carried out.
WitKheuslr ¢ppén guéltl b @hiSarp Rase, GRE cAteP i1 RRINGAIUBE oAa01t€acids
.. or wth chem cal. The advantage of water stripping is
diregilp aphiohp@gans, relogaiare PEeF i atagtion hay te bacdapiddopm. The
i o . ChtLas . hut i on.r ati oul d
strgft el R TR bt v B b R e B fof 1 Qe of
wateragtappiag s plekngVh&t therorgiric pipipped fg@ntsSasd ehrmas/ithQdiniihm

MG e T i e
Wat?\: ftfiﬁ@?@%@%ﬁé‘r'ﬁ‘iﬁﬁﬁg’ aghd sidi & wWRll.d 1%&%3@&5‘ abafulERloride,

be"hi gh "contam nants” (the stri g dgent
hydjochlsric) acht etsertan; #isa he upsdodibese sinigpingersehtrimvefigh keipping

i fi Lons. steps are..nece ry. .,An alternat, S,
ot SO § Ry Rl B, AL pRECRAD Pe Hiatt Vool B suipvine
agertaitiel®Xpricaait aint tfeoprodyaMPhE thdréforet yvihaMpRa ncAMn: SR are

conpl etely back extract the organic acids fromthe
necesEFAnSE P iveTRethed gl Bseag ivtrieragodutlp éartipmcanyiae ad 2back
wrASERMRRS AGnth %}ﬁsﬁ%&c &% A cGhSL -
o tenper at ur e.rth'?'ﬁet I'S e&a@g@{éﬁe%a%aﬁ%hglgﬁﬁgéagla Fgpct the
organeuseids| ami thy biganr ghasec Thei dgaiehicidb. ad SnPetevdred by

US 6,472, 5 i scl th f ph t f
deco‘é&;gq,sggt I%laeh 5@4%?]3@?):(@3 c%?nepﬁex a? € gvealte% teglpae?'ghn'er. a’_lnhse gl‘E\/IA is

evaporated and collected for reuse, leaving the organic acids behind.

A US Patent, US 6,472,559 B2, discloses the use of phase transfer extraction of lactic

acid from aqueous phase to water insoluble 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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acid from aqueous phase to water insoluble amne rich

organi ¢ phase under highly pressurized carbon di oxi de
wepooenrsent . The lactic acid i s back extract POI/SG2005/000341

aqueous phase after renoval4 of carbon di oxide

envi ronnent. The drawback of this technique is the use

of large quantity of organic solvent. Wth cationic
stripplfgl scdtitior Susthey purifithonf aepe atedjttabercagiod ani rerenidie the

carboxylate is exchanged with the counter ions of the
contamitiBisand 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,
Separets@edtyl \ighid membiarcerids sticicepigly salghti te. athitonewérihe

, large q [ of the str.i | nts_("the,
reseg pNra AT TRO Tty hetieanh G Sl of RSt Mptben ., iquid
emuSt trhQAbrafisll hBBEwP Wb | Gpbd R $HqaRE rﬁ&ﬁglahe B8d flat sheet
carried out to renove the contam hants. Separat| on b

suppoqu” I merabrese. hiaisiuidh oreaebsineg | seperateg Hte organist aed tthromgh

i AR e SRGE shitn WD o g g s

actiVeEdRi @NThe bﬁgahnvmid ﬂefeuggtmabﬁeadmbltﬂ@ bebafRIfHa86 8nd ARSlthen
flat sheet supported liquid nmenbrane. Liquid nenbranes

being dingk fxEragtae %GOgmeeuSaeh@etthmag rpartitinige (of ghe greanic phase

withP3hd '&1‘1 hé‘ gso@{&tlc}rp CTRO U arﬁttugr?’arl‘@lé@hmsﬁh o’ gg%o&ed liquid
phase 't contal ns”an ac lve carrier e organic

menerane (ﬂmge ¢ gli feremtafromd the ndaniah encomtgrand. CTph asena ndembrane

i s then being _ back extr. I nto agyeous phase
sepafaifs &awpaamt? (Pofiy YGRS k%, e Hiadaeliet RopRgnent via
cherdichl RRANGas@l i ERNitatth Q1a11§;§‘d%@hfé¥:hé}f'sm MehanbeFu9 of SLM is
supported liquid nenbrane (SLM is different fromthe

basierdlyntiquidrbiqbidaerdractioie A significant abvaategesddirdt et hquld liquid
size, whil st SLM extrac

extrac%ﬁg r&% Tt I'% 11’ S V él}llllrr%’le ni;] 6% IeC dSOlVBD% a\glﬁllcﬁ Et dln endher

operhfi@1Spor t rrechanl sm The chem stry of SLMis basically

~liquid-liquid extraction. A significant advantage of
SLM over liquid-Iliquid

However, the adoption of SLM in real industrial application has been limited by the
stability (useful life) of the SLM that generally last only several hours. This is due to
the lost of solvent 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



10

15

20

25

30

extraction is that it requires very m ni mum organic
sol vent, which result in friendlier operation.
wolonmewersss t he adoption of SLMin real industriBET/SG2005/000341
application has been limted by the stability (useful
life) of the SLMthat generally last only several
hours. This is due to the | ost of solvent and/or
The pagsentemverdidnhie diguedus apprasess fdheccomérg rant] atificstidxe bfitpctic

. transported acrposs the nmenbrane |ay pl ays an
ecid fi) it HSHEH! PGSR AOHG oFRe TREIS ARG 1oqs @ Fapported
liquiiREerABaRE thafls RitabRast thenNKuaSRAtbMBBIniOhciing PABSRM lactic
i nvention to provide a conpl ete downstream processi ng

acid pjopt dedefamtatondvethy and purification of organic
acids, in particular, lactic acid fromfernentation
broth containing lactic acid using supported |iquid

In ofEMAktdIRarang et Mes iPntibh Gat digftddeeh ag@@@é@%r SEBAVRRY and
_OF I NVENTI ONThe present invention is directed to a. )
purifi¢agieBsel fashc rasibny 2afRImsatatipn clapth Sowpining facic aeqigy said

. g}@ ntation broth containing lactic acid. The
pmcégrsg"ce gfsﬁ{sgg‘; a supported |liquid nenbrane that is

ubilgedtmef e feheergationabitotlono afitrafitpeatioa @ndiad, midrofiltration to
particular, lactic acid fromthe fernmentation broth,
formyg “i?ﬁBelB}fraﬁcul ar aspect, the invention is directed to

&, PERCARS T Ohe HBE YR ShtARoRHdohiGRble@hoh; | actic acid
froma fermentation broth containing lactic acid, said

i5r sgBedingdhp ediengated braghitp eepriontgd thiquid membranstfipoextraction
oflabtr'cptch tio[O%I t raaltgi tration and/or mcrofiltration to

?6r%nl% 1P ASEP 6%r & Db. concentrati ng the first

Rie fuedtigtiRe bR RIRCENEFIalseRtiBA B BetiveitedSeaPh QC Lo REnbWE of

concentrated broth to supported |iquid nmenbrane for
colowit r act i on

‘ 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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of lactic acid into a separate stream d. subjecting
the extracted lactic acid solution to activated carbon
wo eno7oess/al of col our; e . subjecting the extPEDS&I05/000341
| actic acid solution to catd on exchange resin for
dem nerization; f . subjecting the extracted |actic
acid solution to ani on exchange resin for renoval of
anéferdbly theptabilidee$s selectetioffaent gratip ofjidoe nextipsictdetbrgent or
lactic acid solution to desired concentration..
surfaofef-er abl y the supported |iquid menbrane conprises a
base pol yner and an organic | ayer inpregnated on the
pores of the base polyner. Preferably the organic
[Payferabtytherdasrées imsalented Fom zagroup esasisiinganta pramatlyl speppdary
and a stabjlizer. Preferably the stabilizer is a form
and {srtizgy pBRYANS0E FIBIHAPBon based surfaceactive agent
that is non-ionic.Preferably the stabilizer is
sel ected froma group of ionic, non-ionic detergent or
Surefeaabiptite. corpthetraios yn ehehagigrtdolel.i s sel ected from a
group consisting of a primary, secondary and tertiary
al i phatic and aromatic am ne. Preferably the
JeeR¥dbIpGhantiluest an salettobiafrde al gohpl conblisthe redbhydrodagbon,
diluent is selected froma group consisting of
ketopg.dtlers #PB6FET- ket one, ether and ester. Preferably the
am ne has an al kyl chain of C6 to C24. Preferably the
am ne has branched, linear or cyclic side chains.
Preferably the amine has an alkyl chain ef Cs to Caq.

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 aliphatic al cohol has carbon chain of

C2- C29. Preferably the carbon chain can be |inear or
wheanokadas Preferably the base pol yner i s conspeT/8GE5/000341

froma group consisting of ol ypropyl ene,

pol yet hyl ene, pol yvinyl difiuoride, polyethersulfone,

pol ysul fo pe and polyvinylsulfite. Preferably the base

POLRRy R 0eRSkaueh 86 cedbaelsitE fltandrdiRhahéhBrane of pore

materials. Preferably the supporting liquid nenbrane
size$ gramf 0d thdlQlowwnf i ber configuration conprises two

sides, one'side is of an organi c phase and the ot her

side is of an aqueous phase. Preferably the organic

PRaELAP @l‘ieahﬁ&oﬁlualtﬁﬁsffs de¥RedObut i microfiltration membrane of

conmponents. Preferably the ultrafiltration is carried
porecamtesdion§.0dIto dafml t r ati on menbrane of pore sizes from

0.1 to 0.01 mm Preferably the rnicrofiltration is

carried out using mcrofiltration nenbrane of pore

SPré%atfly Qfé‘chQéhnta‘ébd]brﬁm haE’fa%JHi{rﬂQé Mf 6@ ceentrat ed

broth has a pH value of from1 to 4.8. Preferably the
process further conprises the step of feeding into the
rg%?a )(t:hee dpl%%‘f’% fégﬁ%r @cpxgp es ]ﬁféere g ef);:/c}f Lﬁn &m \o/ﬁ?testgxe %{1pported

liquiduhtmBrane GRED &GSvith Shep oﬂéva&ubnmi wig sélﬁl&asS ol ution

obtained fromstep (f) to activated carbon process.

BRI EF DESCRPTI ON OF DRAW NGS The present invention

t x e e

‘g‘sjsgarr] i tpé g{h’%&es@ f r_eg %ﬁ)ﬂiﬂl’fs% guf‘s%{)lglf: esuB t : g? the sohutlon

obtainddtfrat sep (Proeeswtédearbavproetsyent at i on br ot h.

BRIEF DESCRPTION OF DRAWINGS

The present invention will be further explained with 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.



10

15

20

25

30

Figure 2 illustrates the main process fluid
concentration stage. Figure 3 illustrates the nmain
waeeppostssl | i qui d nenbrane stage. Figure 4 il|PSI/s@L085000341
the supporting process flui®fl concentration stage.
Figure 5 illustrates the supporting supported |iquid

menbrane stage. Figure 6 illustrates the supporting
DEDAILBED DESERIPTIONaQE THEJINVENTIONust rates t he
polishi-ng stage. Figure 8 illustrates the product

The grensot myvewionsis siyectedita a pogeesofvalreqoutiysndigridicaey) of organic

Figure .9.illustrates.the. water,.reclamtion. .
acidy B pRUTY 1 AP ST HE R B Mo Biogh Cor AR SPE goid The
prodek§l WelcilAbhafRer dahgdédpl labtid Ustd afe@Bedifttore XMro@C twidh any

process of supported |iquid nenbrane. DETAI LED
conqumEeRpPipEON ‘eRaciE T INGENT Iroper tipidat, Sés@fighdivent i on i s
directed to a process for recovery and purification of
organic acids, in particular, lactic acid, from
Thef fistremep aff iths phesadtineamioai invoiged aahdmbrant dltrafon teckodgss for
descri bed herein.can accept lactic acid fernent aEi on
sepasRiieh Wtk houhyolc SREWHETSaPIERI Mo e offmaetafion groth, such as
biorﬁ%&@s‘?rl?hié rdRELd £ WATHea SRR At W ifuch Uil LRt 2BIAP RE of
the present 1 nvention involves a nenbrane filtration
suspte@dérhisqlids. f Dlris sepaation rig camiied but kwitf ultngfiltratioreqUF) and/or

. present in.the fernentation broth, such as bi onasses.
lmcpﬂfﬁtéatb% égergg{?f“gtf Cil?‘élt‘}g%r oth that is nuch clearer
and al nost free of suspended solids. This separation

is carried out wwth ultrafiltration (UF) and/or mcro
In apeqréaneeivoih Figrye henfrasatation hrath segtaining kebepetdncis first fed

e 5055, 21 AL 21, RO Y e
UF apperaiciss Filirgiapdre sized of 0.t ab DOA ppUF)hergRineamsand tan be in
sequ;fJIﬁ:* c%&%ggﬂsgﬁzp% léltO g\ta{l nr,iptﬁétﬁar? Iﬂzate s?heg{ 019 s'p:llrai gvo%hc(l) :1Lmit. In
the preferred form, hollow fiber membrane is used which provides the best surface
area to volume ratio against other configurations. The UF membrane of the present
invention can be made of polymeric, ceramic or metallic materials. The UF membrane

acts as a form of barrier that blocks the suspended solids, biomass, bacteria, but not

limited thercto.

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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several configurations such as hollow fiber, tubular,
flat sheet or spiral wound unit hi the preferred fopn,
wheiooww4s8 ber nmenbrane i s used which provi des PCESGE®S/000341
surface area to volune rati% agai nst other
configurations. The UF nenbrane of the present
i nvention can be nmade of polyneric, ceramc or
netallic materials. The UF nenbrane acts as a fopn of
barrier that bl.ocks the suspended solids, biomass,
In theagroas-flaw methopdhe pitmitlediahapabomneTaa athieve sacowery of about
0 ither be a
30 tgg%%ég% ﬁgo}\%@‘grrlglf b?% QFHQ?&%E%FH gﬂ) n the preferred
fopn, cross- flom1f|Itrat|on is adopted. In crossflow
iltration, the Erocess stream flows parallel to the
For I?@Pﬁ%‘ EReevErNtafdhe fRaRNtBEeT B ConaFntEE frpmaagnpmmsr%ls passed
f
throﬁ%’? %g%tSa%ﬂI'ﬂg na%ﬁ?x‘g’guﬁr%ag@ggs??m %h ﬁl\/ﬂﬂ%éﬁlb e%her% remaining
partcolgper eddoo pirieeipiatasl-ian thef |cbncremtramn cmmtlkmdem?ﬂml fl Ohe MF

f fernentation th para rape is. of
mendiips BROUCSROET Py 00 WESRDG NG Pt AR Pt a0 t
90YAYRYvéry QP th %r%h‘iﬁa%i%ﬁ brgﬂﬁ' %vh‘f&mﬂcﬂéé@és B1056RIVRE, éﬁﬁieﬁﬂ‘)rane

mnimzes'the build up of the particulates onthe

ﬁltr@aﬁbﬁbéﬂroﬁnd]k@)ﬁ%ﬁhﬂﬂéﬁ@@%&%hence, ext endi ng t he
filtration cycle.In the cross-flow nethod, the
ultrafiltration nenbrane can achi eve recovery of about

BotlBMMF 0&99% atenlopapicsauut aﬁemﬁ@né Pré&&¥eesf udeieto separate bacteria,
f er ment at bon broth. For gher-recovery of the

virugegr (i a0 And }1&1@0@6\#@5 o €ONIRINEH Fareiftisarg pagticulate
matlRASEES 1 RRUGR a1 nﬁglﬁ HaE Qa ‘%QP% e§ Ysd Bigt P%emleablhty with less

mcrofiltration re re
osmphg t ededtat et aaib/m rthpunectm popeatates at rn'etdmgekyonme nprmm&e than

er ve The MF ne pore sizes
nen Gt (R 5 e R e ol o B ePat GG pePratop As 2
resulte®ey e&gniRf fetvbembRbriRe tefinh @it MMdloter YhisGlte FAH, %‘)%ﬁ Since

the recovery of nmenbrane filtrate (both UF an
the sgpangtion@s based omsize, they are useful for the separation of delicate matenals

since it is a non-denaturing method of separation. In general, salts and low molecular

"weight species can pass tlirough the membrane while suspended solids become

concentrated on the other side of 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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Both MF & UF are | ow pressure nenbrane processes used
to separate bacteria, viruses (UF only), and high
wordogoul4ss wei ght conpounds col | oi dal and par t PCTIB@2085/000341
matters froma feed stream0Both have |arger pores and
hi gh perneability with | ess osnotic effects that allow
themto operate at relatively |ow pressure than

In aARef éﬂlﬁ&ﬁhieﬁﬂ dNMine MF-avaNggios onsibe {dPredand mm@/ the
| east costl to operate. As a result t he ui
fermérdeteon heathrdi tlﬁlt@n@h@e anere| Bae ot é%@lYFé’ Pg?h actio acid

Wlth%lLE Su ﬁtgclét]?rtr;% th]e ggr%qeﬁ{algl%n%?&ﬁrt@ﬁhﬁﬁ tiazlopased on size, they

f se aratlono i cate rraterials
since it is a non- denaturlng nmet hod of separation.

In thg ESeRIRBTEIoS HELnaraFamBe HiPY ged Fopbis s gt fre -
aﬁergﬁﬁt%ﬁ‘/i ¢ OEe R, My aélﬁﬁtlgﬂ Wiltge Al ehmeh@BoRfréthel maslswangitial

recovery of lactic acid is achi eved by
lactatd @mobitkdtioat impar(iMEpr, 5% ecloiner,abe dlafidiesbnethrabbHN e Bersto

hes (94 RROTHERS] 1 HEBHS SRR PR T reSeR fefton
utiliAk agdﬂa%featsiz@(‘i‘ d ngé‘r%ﬁﬂ §ob borBeiate epoveayfied Uratht icc higher

aci d rane can be in several conf| ration
concsnltm‘:ttl(ms nm qiaﬁmmlafn Berto G0Ybef dactate |1atthe flastficg, br gﬁ »ragfl yet in

paﬁlﬁﬁalaf %‘ngﬁﬁafl atxol gf .o"Bde of polymeric, ceramc or

n %andéther enbodi ment, conbi ned
VF- di aflltratlon can be adopted to purlfy t he

The dis6B0erqpIERed R S EP e R PGP ROSa s BEE Progh OhFotle I
presérﬁ H@J‘l‘ﬁ@h' @LIQ dk?gtf?lta& ik %rééltltzélﬁf\kflit%f Fhth @Bme lvd1dte ofagR@Atbons

I nvéent Ic acid can'be recovered fromthe
(VOCkspend ilaxtic kacui Ht Ghtaailn etﬁrlﬁbd dry napsing derghven achvaied carbon

conut Gpbir s oS BRBAEE P el el el st
watdrOWET AltR8HEdIRr ihbi @stiliOtchn ®ot @uswidin fer Mehason Grotk for

concentrated to i nprove the recovery/extraction rate.
prep@tagiop o Sententaies mradiHn.

Tn situation where the fermentation broth’s initial pH is higher than its pKa (Lactic
acid pKa = 3.86), the concentrated clarified broth would require pre-acidification -
before the extraction process begins. The acidification agent 14 (as shown in Figure 2)
suitable for use in the present invention is inorganic acid 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 contfolling 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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utilizes suitable sized evaporator 9 to concentrate
the clarified broth to higher concentration, in
w@anovioedbiar, 20 to 60% of |actate in the clariPCENG2005000341
broth, and yet in particulat, at a concentration of 30
to 55% The distillate obtained after evaporation
process contains less than 0.5% of |actate. |In present
furthedvandifiestiont Rereduitd.! Tid @niotntd Bﬁ%lﬂﬁiﬂahbfn V@Eﬁtr 1W1%ﬁh1red is
some vol atile organic carbons (VOCs) and |actic acid
depqndepkoretisiinijialnthef thedarmpgntgiosdira. t hr ough an acti vat ed
carbon colum (apparatus 11 as shown in Figure 2) via
line 10 to generate grade one quality water 67.
Upoﬁl toeitingtolf Vigd fermeiatioh bidth LatLkCE) e gidt'S&ld 10 mihprecipitate
ation broth for preParatlon of fernmentation

out ATV, L5 WATSeoHS SHISCIPREN Hisrsio it SaneDRens ot he Sase and -
the %&g% c’ﬁholﬁ bbdi® 101 QR0 %)ﬂ%l 'tﬂesfef}g@rgcgtlgtﬁﬁﬁ Lﬁ'gig?ie’eg}é@?tgtwn.

e concentrated clarifie
For prxemah;'; aff ﬁmrm)mmm hyéfoxide ishesedxfbr actirdiing rfanessation pH and

C d|f| tion ent 14, ( ure
sulfiafiilis bieg Poie aushadH T BOBAEIA Teh Tomegherctd Would
be dnM@bAian Sulfed. da SR %s@ﬂfapmhﬁ{d 5ci@6Gd d ﬁEfe%ﬂéhfééidﬁcatlon

acid. Li the preferred form sulfuric acid is used

ageritt iglgbat nokfateapaly gametrilyuprecimdtesoiestilyr @s anempinad to other
[cause nmuch reduction in lactate
aMdﬂ%%%g% §E tion. The objective of acidificationis to
convert lactate salt in fernmentation broth to lactic
acid. In general, pHis the controlling factor for the

Equatehr 5t A8 fficati deihabhm RERtdto ll§di!§| dci WA siiflu® agat o
6.5, and should be adjusted to | ower than the pKa of

t he 101.8aNI-CL > b Papant heyhdo,l. 5 to 3.8 for lactic
acid b%g?h Z%((Djpyet r?ore pre‘{)erably 2 to 3.6 for

lactic acid broth. If the fermentation broth al r eady
reached a | ow pH, nofurther acidification is required.
The Bhidifarabon praekssais iesothiesaiciand tlagantegdderateg béat @dd irssulting in an

. dependent. on the initj f.the fernmentation broth,

imcr3B,0! SNPGRS EHE Fef iRt SUPGRE BroRIes [ BFRIEgie S0°C,
ammdHRiE R 1fatS il HBrtMRY pRicBhtall 1at €A vast quantity of sulfate will
crystallize out when the solution . 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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out of the solution. The inorganic salt 19 forned
thereto is dependent on the base and the acidification
w@o@no4d8 used to control the fernmentati on pH BCF/BGZN05/000341

fernmentation. For exanple, 12f anmmoni um hydroxi de is

used for controlling fernmentation pH and sulfuric acid

is used for the acidification, the inorganic salt 19
Theffﬂtfefﬁtﬁadi(ﬁiﬁé@%ﬁth@Bxhéi’alh%cﬁﬁﬁﬁ@hﬂﬁﬂrﬁ% E@doend LB Mepending

reason that sulfuric acid is a eferred acidification ™
on thgeipncerirations thay fiftared @a@ﬁe@@@tﬁacw bprae¢lept salugign or dark

r Ldi ficati on o

vise qua%‘%{lg%f&gggg E}?Ogl caty ?%dr%/eo %rtrllgmar?f%m ac{C%?del 2$0t° 48% of
lactitacidi c acid with sulfuric acid 2 LacNH4 + HZSO4 2 LacH

+ (NH4) 2SO4 The acidification process is exothermc

and thus it regenerat es heat and resulting in an

f I

R 8 e ek ary Eisopferaabfiicd ol it ey an
appaggtas £23tas shown Ilrthm@3 OTI’(G amm 23thantsitsyd 6dr thellek@dction of

W Il .crystallize e solution. is cooled to
lactif' a&id, i KRR &t Eﬁpé’oft?%k‘ﬂmg iR rﬁ’é‘ﬁ{%)}n, | actate salt

can be calciumlactate, sodiumlactate or amoni um

| actate. During acidification using sulfuric acid,
The cgembseniyay Og uhe ableMs 3 nwpighnige ayﬁlod‘rmte@nszlsfs ahysuitable

complogs Ty AT S RLRR i SR TERR b Dhainpifipg). sueh oo
ultradfiiliastiont (}UF)for(ﬂn):rdﬂT@atldml (EMB) type hieattiradd. Qﬂﬂi&@@éﬂ’éﬂh@&rﬁl MF

H of .5 or gher 1(J n sodi um or ammoni um | act at e)
mengarage sﬁmﬁreérciv& tciighicker Rerg 2% Aensiticilhe PrIcarieBydgaifed in

SLMl I'Hils (1 ydtopHaBicCRAGRNEAALE O fef erz?l O‘%{,%?F ! g@é:’v gﬁ%@‘r Qhbh as

beén increased to nore t ration
polystcmg'éene Kﬁ@),smﬂmayldxﬂmouﬁe t(H‘leFe ramng rfodiy atioyierer (BB) winpphoteric

salt is cte rou atu . at u
R R R S AR s e i
(PVSE @y @bstichid Pelyhiel §£fRAna% ﬁ’efdn%a B0 TR BR Alatefial; In the
cont ai ns _m ni_num suspended ‘sol i ds. Dependi ng
most preferred form, PP polymer is used, owing to its highly hydrophobic nature,

relatively low cost, 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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on the concentration, the filtered acidified broth can
be a clear solution or dark viscous |iquid containing
woroog/osdasm 20% of lactic acid, in particul arl yp@DSGZH05/000341
48% of lactic acid. Recoveny of |actic acid takes
pl ace when the filtered acidified broth is fed into an
apparatus 23 as shown in Figure 3. The apparatus 23
Thd batxtratas ésl af loquid hieatexsistaché omrief il det exdrawtipnl pracess. In the

M TR

mm%i%'l §ole p&r@i@ﬁﬁ? efﬂt1§ aBdlcHoP Wit LR (BHin08r &Nat B and more
fane” (base nenbrane), such as ultrafiltration (UF)

partm:ulmhc riosi dnt alaoliad wiVEb oY phaimefibisan6:o. (Thetaohol finctionality

ol 0 D SRR A R I8 R o

reréHOﬂaHabm BaleMtrectaidisi &ithena8rrhi108RHY AIBBDRE Cs — Cip or
oly such as pol ypropyl ene (PP),

bla@@ glwlh%ﬂmcfllv(}ﬂ?@de %PVDF) and pol yet hyl ene (PE);
anphoteric polynmer such as pol ysul fone (PSF),
pol yet hersul fone (PES) and pol yvinylsulfite (PVS).

A dipdtiop hdbed tptleyoreimit $ayehe dibrte tipr e@freentedidnasfethe carrier so as
nmenbr ane rraterlal In the npst preferred for PP

to 156qe§sr§eqhe |Vésc3§1gﬂo BW q?énqr&olaf 1y, ﬁfﬂXyTaﬁ%} %ﬁgﬁ generally, any

orgB@k HqRid el Rid YrgJaiﬁb QW 1506 4se nIQRS AR GhERHCRhter miscible can be
propé]rtles ang chem cal stability. In the SLM of

usetth@upelds edituentsy ervdiden hydrhwbwrg alndtend, asther,arhestent dn particular,
[ regnat ed i.nt ebase stablllz
kerp iR SR Ed TS, ke RoR PR NTS] KPioRE roftf AFgate are the

moROpRFeredd BNgerdi®biiane: thdrinbg preggrd Opematis Gafosedd)dvhich is
sal d organic Iayer contai ns four conponents: carrier,
relggiyelsabeaict ant, di l uents and stabilizer. The carrier
conprises a wat er insol ubl e ani ne, in particular,
primary, secondary or tertiary aliphatic am ne. Mre
Theksabiizably a dompoorptr ileedelph tandtatdlizd the argaaickgdmmpdnants, i.e.,

ext&fctant, co-extractant and diluent in the base membrane. The useful life of a SLM
is dependent on the rate at which the organic components loss to its surrounding, 1.e.,
the aqueous phase. In common SLM, this occurs within few hours. Toshio Shinbo et
al. ‘has reported [Journal of Membrane Science, 84 (1993) 241-248] that the main
reason of instability of SLM is the solubility of the organic phasein the aqueous
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 octyl 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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C4 to C4. h the nost preferred formthe carrier is a

tertiary aliphatic amne with alkyl chain of C- C
WQ@200he4@68 extractant is a liquid that assists PEESG2005/000341

carrier in the extraction p#ocess. In the preferred

form the co-extractant is an aliphatic alcohol that

has m nimumor no water miscibility, in particular, it

orgitg c ampititteshiato thietproeas hiquide Taé Btabfliz€4improlesaihd stilRy of the
s an alcohol with carbon chain of C6

articul arl it
st VRt e %F%%’H&JIOIE%}H%?QIB%FIFWyhecﬁﬁcﬁé ligeide he end of
the carbon chain (normal al cohol) or at the branch. Ln
the nost preferred form the co-extractant is either
In theoprea¢nt diveintiond tho kgbilixiet 1s aGion-iGhiv sorfaby-astile agbad that has very
uent added to the

oo 50 P B oSGt i

stabGl@der ivllileSi tB6 of ghnkd66BASR ) BeidiaS COSrteY b@fweteﬁ §h€ BFdahR' and
to aid in the extraction rate. In general

the aqisons Bhasegus dharplore r@u@@rﬁaammhg of et theo s, rf:éln'bﬁr pary
&Bé S bl d
g nglofq ?i{abﬁ gr E)agg]r ﬂaﬁ’ kgotro Esg 1 tL‘llsee%r%P ]?’SPEOIT Ir?nge%ey are:

hydmlatbomﬂaadid skl&rdm%%ed aed Wbrdc&ﬁbbﬁ%ébe& §thBiMi€er. The non-ionic
sQbutyl ketone and butyl acetate are the nore

Smf{b]‘lijté’ﬁte’lrsr BOTBP?TB%t@SCdarMOI}'&mQ Fertprsast 1|§r831f@m od girfapenetive
ool JPSaR: LGRS I MY ERERYt mpsmoon o
Surfmtglatn isc noonpoaesibexylated. groe;xtandchamb with- ‘;&f}/rrlaﬁ?ﬂlﬂﬁlf water
nt b The usefu ife of. a
sotdfy Lne & v B A CPRPS vare o e DB hobic and
lipoBlitip O MBI3t SnduBsStHal thd $tabiHzEO WAl N8dorhingntly tEEdRH U AR ent-
phase. In comon SLM this occurs within Tew hours.

aquepé@ hitger&ise n idiee boandary aeyeatey divt det [ﬂlmmqadjonoﬂaawnbuza”Mant
nnml'ﬁﬁl'g@g 1I%| 1}1?{%% %)?%%rz\é& hesérg hlgltsloh{’g@ng% t{] F'r eastbrgli)ﬁ énd thus
mmmhuasaewatet hanﬂmumm&sﬂha&&nfhradehﬁidfthé@ﬂﬁé forolShMu dkdbility of
the §W mem%;a%\ép Tﬁg ?18{1-181(1:3%21{11?; of Slrc]adsuxsfgl;e\l—ggt}ve\/\%zntuglgg acf:t(s) ras an
additional barrier to the ionic species and thus improves the selectivity of the
membrane towards organic acid. Comparatively, the organic acid in its acid form is
less resisted by the surfactant, while inorganic acid such as sulfuric acid and
hydrochloric acid are fully ionized in aqueous medium and thus is restricted for
entering the liquid membrane phase (since water transport is limited). This results in a
much better selectivity between organic 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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Wi th nore water-soluble solvent, i.e.,

w20 saphenyl phenyl et her and PCT/SG2005/000341

2-fluoro-2'-nitrodi phenyl dfher shows very poor
menbrane stabilities. Their result indicates that the
menbrane start to loss their stabilities within first
extradiy @fe. Ofier abosoprefdtfednsthteb gerwermeenteasion s dien| Q@p% to 0.020
i.e., o- N trophenyl octyl ether. an -Nit I )
Ppnhhgb?yﬂu@Pﬁ%éo “¥§5@?O¥Wesﬁgﬂﬁ?%nga¥§l§?g%%2%%%c?%e of
MAREE](Y), 30 vIRYS x iEN8 RO rasdeabirbit § -0f025t had Ry is
]LCEgﬁgﬁgétgg%e¥¥%o1uble sol vent system was i nproved by
fluorqumebcnemdimG(GMEFa)g udetsy 50l 19tddn in its sol vent.
Practically, the addition of solvent into the process
liquid is undesirable as it adds onorganic inpurities
The daBi&, EHexPARERSE Ichadstabiligersiramiiked fto aprmeeseduisehase
stability of the SLM w thout the additi H f organic .
befors Gmwiaiﬂdt wiq fee PPEE .ecg’st}qe! Rase dl.lelﬁbl_taﬁg_ 'g @ Daffi nremborane 18
prefeéa[l]?ﬁfe g{igg ow 1% %Bﬂﬁ%dl%‘ﬁcgl{ it]lgesgp\}ﬂépeﬁﬁé 98 iermits the flow of one

cti've agen ry lowsolubility in

streamed1Giig thEN@m®H Ioff alee finat il capetiter lstisarh elongdbe sbell side of the

surface tension. The stabikiﬁfr whi | %n Hqgﬂﬂﬁéﬁﬁgﬁtkm
fiberg ghiposs PredmTedstanseaeny 1 ebihe et g SR HRE ot gani ¢ and
brotht 1§ r?ﬁ‘ léﬁﬂx%sthp RASE sRR Gy ki 1R RESVIn@btaton! (tefelitK ial Gtrifping

% he 'Two phases. Three primary groups of stabilizer are
solutiui) taitvigathé dumers Batn selhdons @s sprciPHeEE Rl6RS Higresprefive side:

are:; hydrocarbo ased. si . .
o Sy BGRB8 3 23 a long e
24 toShhid @gk%!utio% Yokl @6 O5:ar110 thdrseidingNoh:tionnirans S raf et laws 26

is a formof surface-active agents wthout_ionjc hea
into gppewgius Thend plons éﬁliel2760dﬂﬁgﬁh%FOIPH%“%FS%‘?P&%?‘B%%%?%&S '
SUF fACHAN odrSe Hlsd QDI g ael fhengRa, and
e HACHE ol AL Pt e god e, o
specfiﬂégll? i w%gp?i_fdmﬂb_lt_iﬁaﬁéﬁscﬂwﬁdrab% amf 253 rslflébdfishngw?m 3D | d@8 is
and |ipophilic. This ensur e. stahi.liz .
sencpuBdbRPHANE e iaion 2EL oy LRt EGUSBUC OB RRiEDe bater
alona NE BAUALANENE 8 3t @Sadydrbhidrid i@ 6a koD ImbAasRthate. The most
surfactant mnimzes the mxing of water with t

ter, he .
prefarajancagviaglsolution is plainieatep b ahworldningize the polishing effect

in later stage. The extraction processes involve three steps:

(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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m nimzes Water transport across the nmenbrane and
therefore prolong the stability of the SLM nenbrane.
wab@7nerss oni ¢ nature of the surface-active ageeit/S@®H000341
acts as an additional barriler to the ionic species and
thus inproves the selectivity of the nmenbrane towards
organi c acid. Conparatively, the organic acid inits
The 3@tife IREM dcsd Lo plek s itahesbriye bh@ss tief aghaintlayanhidre-source
I norgani ¢ aci d such as sulfuric acid and h dioc.hl or | C ther
solutien csidg do fugrelyingopnlpien skleaddeolianspatirieh é}%@flﬁlﬁa@ jsg erther

T estr i Qi e h
L T

much better selectivity between organic acid and

inorganic acid. In a typical experi al setup with
I cﬁEB%&HﬁJe@ﬁo}oarfe[ReHrﬂmsﬁﬁi\bﬂ T loe Giggﬁi abi lizer, the
selectivity could be as high as few thousands tines.
Simlarly, the restriction of waterliquid nmenbrane

whekrdNeiadbdeptio dleecaiving ehd esd bhhetrec@nspgend.of gl ucose
across the nenbrane. The SLM of the present invention
whi ch conprises a suitable selection of the

e Rbn of9n8xd ractant and diluents nmentioned above
(IH)i ?%é?g%%e fPoor rrlrlore than 180 days hi general,

stabilizer in an amount of from0.001 to 10% can be
added.  H gher a , Of e.stabilizer gives rise to a
morl &8t A ras Weﬁbn?}g?%]%ff bgﬁcﬁa%ql ower extraction rate.
The nost preferred stabilizer concentration is from

0.005 to 0.020 ppm_ The fluorocarbon based non-ionic
the damticaatidrior losgni geif dngensreuist GrnsTest Tmpaqpeyg solution to the

%}CquH%O xH, where x is a nunber ranges fromO0 - 25,
TeCAHGE &P "8t | uor ocar bon group F(CF2CF2)y where y is 1
to 20. The carrier, co-extractant, dil.uent and

stabilizer are m xed into a hono e.neousﬁghal?lerief 'CIU €0 8:1
The e &b @Y 61 SHECHOrTESCIHPSSREIGRIBPIETBY & riE>™ Het© 81,
andg%tc' ?’10%:" ppéfé‘lﬁﬁly', ?‘OH{ £h 85 ahl Yk Rx R HoAWrbiRE time is depending on

ontiguration.” The apparatus 23 permts the flow of )
the 0Wercs to emivipragol drgatio aeid whegrteatibirmdsexiattion amerdie (i-c.
the Ssapr:peo?'t@deﬂq%?g n‘feg%raiﬂi .l Iln rgzlllgs%c,otﬁie te;gt?action 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 receiving 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 t010% 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 advantage of the apparatus 23 is 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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fibers. A nore preferred arrangenent is to let the
source solution, i.e. the fernentation broth, to run
wW@bkong4stsbe shell side while the receiving sol upCDBRG2005/000341
(refer to as stripping soldfion) along the |lunmen. Both
solutions are re-circulating along the respective
side: source solution along line 22 (as shown in
recefifig pBask) iJ IEv0 raRPaE ab Uhe 2duaiedsohiturg dihdeeladdctaaidid being

the solution back to tank 21; the rece|V|n% sol uti on

extrpqteh e r Ap@nylricie Cuennasing e dieatladtiohbrgy (affe g/ MF), it
e h

couy 5590 S g cbBeE et hetip s bap ol g b

ensuresiethatt treen rédeevipdiaphaae d:o&pmm fver;,alnhi;liniuﬁ icmuS 1ﬁl}fuu|tles and

lactic acid solufion by acid.28 via dasin
pracherly 3n0erendEn eI Pyeeh BbSamions THENAET GPFERAtR In the
exe@@®Rlor e f@?é%réd ai/dtxﬁ’élwﬁﬁ|1h‘ﬁlhp£bu§&uédﬁt£§ul‘g’a48@/b 124 R8E pH
or contalns chem such as hydrochloric acid or
valusadi Adndc@tdéddtoent aTmeomust 1prte P8V efcsutiatee thei mpgelvmg solution

wou et i aBid%oRt Epme ik g0 WY B AP RSk

processes involve three steps: (I) Protonatlon of
carrier with organic acid [R3N]Jo + [LacH] a
To npgnreha ceqarrtys Bier savece 1putmngs éﬁ&t p gROthen @V%aog?&ﬁn 31 via line
[ t e, T
30 1%? ct%n!:e?hg%ﬁ g)cf?%xé %ﬁ%}ﬁged Qroglhm QL%/S Iaggl%lh g‘ﬂ?:{gﬁmﬁrf of the
app&afudtiilan appeihaehnd nes Itmdsl srmﬂler dlancapiphlﬁmml % As the solutlon
transporting across e orggnlc | ayer fr.om source

already] GPYIBHS sTHENOPEIR cTRIA A TSHI HHIPEHOR; RINL Tfgmonium. sulfate

mﬁéﬁﬁm%QQ&Haﬁhganﬁgﬁﬁgﬂﬁﬁn1IS ei ther diffusion of the
conpl ex or hoping of the |actate nol ecul es:

[ RBNH+Lac-]org + [R3N ] [R3NH +Lacl org + [RBN] where .
N is.c er tothe celving
Ty opiTRTg QR (113 TBERY ot Gt Bt b Prasign process,
via $h@G3]iatcda cobf3dNtdnkos 4 ard [ohﬁﬂtﬂ)wgll line 35 into a filter press 36 to

obtain‘a’ clear concentrated broth which is collected in tank 40 and ammonium sulfate

crystal in 38. In this filtration step, no further pre-acidification is necessary as the
concentrated broth is already at low pH. The clarified concentrated broth in tank 40 is
then subjected to extraction of lactic acid with SLM of apparatus 42 using the same
extraction method as described above for apparatus 23. The resulting broth solution is
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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the lactic acid (or organic acid in general) is
transfer fromsource solution to the receiving
wa@elavsass The ratio of the quantity of sour ceP@DSG2005/000341
receiving solution is prefdasably from1:1 to 8:1, and
yet nore preferably, from1l:1 to 4:1. The extraction
process tine is depending on the source to receiving
colunat apparanyganhivea Hoe dScioncenvyatdfomy teasd ofxaafianici iprpurities. In

apparatys (i.e. the,supported |iquid nmbr ane) .
sen B0 AT, ek sromy renitPo A geo afliiy ApanappplqUse of
macpRfouBONHE Of PRASEI R Sddhaked RREETH frafdnRd. | Besi@s RBoRing the

~than 20% hi gher than the receivi ngﬁghase, since the
catiqq FraRHritss, harcelion axdapgertcobman i alspHartheciempvag the color of
the $I%Lhui1d zgpe\ygﬁtilo\%ep 9%188,' \L/ﬁfcfl %gulfdotfe %elilé taﬂ:)%% i?égr?&nqg ghft]i.lé.o‘initial
resh receiving phase 1's circulated n t systemto
colof of tifeedolittitinl Aht delnendriaed latiaatid. sohftiogris shénefrthotresedivith
extraction, the source_solution would contain | ess

an apeR-exXshangeE APRATAES @8, Wheeralhapric Jerrates ais rerioved.r4weak

0Bt raekd 28 1 hy £iagt on d
emiofft \REILOR il U8 TERIAR P narAl N T oh0 PrdBed form
macrepoeiusityge resiniiousegl. 2: 1, and source phase lactic acid
concentration is 48% initially; the source solution
I actate concent rati on woul d reduce to 7 tol0% after
The Sutpull R e RXdcBEldeP AppRhtusd 58 %eféerﬁ?l%ﬁ ESut8RS Ro R, In any
average lactic acid concentration in the receivi ngl
procgesl desigh wiherelgumipuns goloTipsrais glfer arlvaiPnagehatgarhge output
. ara LS 1 ' el ectivi he.
fronf RROAAGH 3rdriph i50BulbP G St Bmey Al BL PRpft s 60
that gbmteids @olisitim € bolosrentdinpmsitat eatbah. f or t he
fermentation of lactic acid. The col or of thereceiving
phase is lowrelative to the source sol ution, since
The | AGhit&t 26d18drs ERAyeXbhant ef {onti90n S eARCSAHT I1PMhich
®conpar i ng Bidrp QRERRy XA o oM (o e r e Rl TP higher
conaspirhigorbel 816 realBOOsdlivines isr eduictd, drenothe solution cthéetsugfected
| ectivity.nature of the SLM ensur.es that th .
to G kAR VIS BrciS, BrRPORIITH rhirePBRPRS] S ipug in
Figua®d. practical ly i ndependent of source phase ionic
i mpurities concentration, hi the

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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execution of the preferred apparatus with initia
source containing 48% Il actate, a pH value of 3.2, 4.0

WO 2004/080488 of armmoni um 10 to 20% of sul fate, tPET/SG2005/000341

recei ving solution would cdfatain 0.0001 to 0.05% of
amoni um and 0.0001 to 0.04% of sulfate. To inprove
the recovery, the source solution is sent to another
The mesqno imtentioB Is Virthek ilhest:3@dfoyrihe cﬁoﬂdxeming Mhmpleef whith are not
clarified broth up to. 4896a ain. q capac aof the
to becpsffuerl i 28Y Way &S JppRsig lipiie [QpsaPpR the SRR | er
than apparatus 9. As the solution already contains
amoni um sul fate at near saturation point, ammobni um
Exanspit fl at @lipfigcatpint at es out during concentration. The
concentrated broth is being filtered in a simlar
manner as the previous process, via line 33 into a
253 CQFI femgerkath Bbtands eitulbdd evgh JlirsatrdBon Metnbadd $ylstin at
press 36 to obtain a clear concentrated broth which is
feed qupssenet ef 2i haw abie virahltrtigrrpambrans ulvas Pelysthpsiuong hased
hollo%ﬁﬁbéﬂngg?fane \!Vttlli %ﬁ O B E Breanoq” Bf ¥ n{l1 9He feed solution was fed
cat I's necessary e ‘concentrat ed
and Lﬂo@s’ieh xS thed mﬁaﬁyofahe ifiber. AHe r&'i&et pﬂea:mré wasl comtnalBadt atalt. @ tar
broth in tank 40 is then sub{g ted 0 extraction
gg]éyw rate

presspigge t1ihg tepas dnwl?lﬁmsm\?ﬁ%re X3pa 4 5heWia] Refaed
was ? U A i H dYEf; 'n%? bibes h@@l‘gva@ g9 r2BPEYATHS a3§age
e resutlng ution i s into apparatus

flux \Waa 19.57.M8. f’Eire Swspeméd sollicr iaxf thletxaazt fmebtation ebroth and the

o Bfoth Yo riogne v (OO RerrahaiG RG Shiidls o Fregpon
had subSen@bdbPIPEEEERSy( cOl | ected in tanks 25 and 44) are

conbined to a streamthat contains certain quantity of
col ouri ng corrpound t hat passed through t he SLM The

Palaﬁﬁg‘fé{" med—strear lrl‘;%eaTI'[TJ —dCl IP{3 SB carbo (lteﬂ%te

appar at us 54 (clS shdvvn i n Figure erere I on of

Voluhtte col or of the, soll@sBon takeg pbace. The dB@oIorlzed

broth fromapparatug. 54 is then directed to a cation |

Suspé@&q%ﬁﬁgér col um) Abpasatus 56 vild-48ne 55 fof 49 éfroval

LactHE cBBEnk a0 FETTI08S T PUTTIHES 1T 997

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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general, any strong cation exchange resin can be used
i n apparatus 56. Use of nacroporous type of the cation
weehangss resin i s preferred. Besides renovi ngp€TieG2005/000341
cationic inpurities, the ca®i on exchanger colum 56
al so further renoves the color of the broth to an even
| oner val ue, which could be zero al pha dependi ng on
100 It € darifiddabrotiolvars @hctfteitgofrot 0h% Tha8iterihrequantty of the
lactic acid solution is then further treated wi.th an
conceaHpisA bexBHgsyEFealpiat’at LisWhBHe 7 (hdr wanifel et cistilae.
inpurities are renoved. A weak ani oni c exchange resin
is required in apparatus 58. In the preferred form

Paranmaesopor ous t yp&nitesiFred s used,| Cbneemtatput [ Potillatee

1 no r or | ocaont
ani-on—exchange ratus—58—generaly—eont

Volugg| or. In any JFSEEE;Hétf@esi gn V\,fh@ € m ni mum ?Z)Tgr”u

-

Lacta%eéo%kéﬁﬁat hrer g A hBRL1eXChanggrs 14k Out plkp hrom the

ni on exchange urther subjlected to collour rempval

in an apparatus 60 that contains polishing color
rempvi ng resin or_carbon. . The resultant | ution
Exampdté ra“rq191ﬁ&6‘ﬁ?fa?l%ﬁs°r73t?lg‘zi’fm GranIgeRIE S&%%ge I'f hi gher
concentration of the resultant solution is required,
then the sol ution can be subjected to further .
77.2 k ofibarth cantaomng 8.8 alapieisdvastacelifipd franopll 5i6 ,3.2 with 13.8kg

ar at us a hown, in . Fi gure 8. distil |l at.e
of suffRE & L Gu e N Mo e Rkt sl b Bl
after hidiRcAOAONMR] the sypkiohiwe esgadi Go calnnsfi&VOGs)ingandf the
trace qluant ity of lactic acid to generate grade gne
ammeyiam syliatat @ystelz. 82kl ofuthst peigifipd Reatlarwesy Tpepvered. Lactate
] §icient to supplenment 70 to 90% demand of
leu“%ﬁgg%ﬂ%%g)%¥%é%sses i ncl udi ng washi ng of equi pnents.
Alternatively, the distillate fromapparatus 14 and 28

could bae need direectlyv itn the.
OO I T OO T O U T A v

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
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preparation of the fernentation broth, while the
distillate fromapparatus from 62 can be used as the
WO e@aiomi4sg) sol ution for the SLM The present i nRERSGINSG/000341

is further illustrated by 2he foll ow ng exanples,
whi ch are not to be construed in any way as i nposing
limtations upon the scope thereof. Exanple 1 -

per eMrhétiinl thit 1adte @0 1@ 3hdurThksimiatpabdconwas etdledvas to industrial
circulated in an ultrafiltration, menbrane system at

size mede pritsaircavememtpaie arghel HUMar i | tration menbr ane
was pol yet hersul fone based hol |l ow fi ber nenbrane with
an effective area of 3.5 n2. The feed solution was fed

Exarapid 6f- Deredlorinatidrewith metivayéd ¢dnlsorf | ber . The rej ect
pressure was controlled at 1.6 bar pressure. The trans
menbrane pressure was at 1.8 bar. The initial perneate

A toﬂcal 8177 8o M@Putbndi /91N Fdfesd@GEEdMnE Qolltidn b aRitfeated with

after 3 hours at 86%recovery. The average flux was

an acmased lcmon Thbmsushbn dengtls dl 5 column Riemetsy 208 Onekg earbem
broth and the clarified broth was 3.88g/L and 0. 005¢g/L
respectively. The concentrate of the broth had

suspended BeddreGre@imd? | 188 kreatmeatpl € 2 -

Mcrofiltlration Sixteen litres aoflconcentrated broth

Vohmﬁe ULt r af{i77tZr ati on (UFB2@ .e. mictofiltration (M)

COIO\I}VICC Pﬂfmz n?,‘ob%ﬂrgb@t?di "éﬁg- i Hi esssteel MF nenbrane

xi de g. The menbrane had pore

size of 0.1 mm The M- feed had 49.78 g/L of suspended
solid. The MF was operated at 3 bar trans- nenbrane
ExamppledsuPaminppgaiaie Vi Eétrpnmatwasexsl@ngwsa anple 3 -
Concentration of clarified broth from11% o 48%100 L
of clarified broth was concentrated from 11%to 48%
A to'ﬂ'd’n f C&I&U]Li difyladfﬁc tdié sommion rthatdtad bebn dtehted exitlv ectehtedhsarbon
whi | e 1 L was coll ected as di st

was e Y O T RTP ST AR PR TP AP |G B 1m length
15 UERAR k8t in.

MR 5

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

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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77.2 L of broth containing 48.6% | actate was acidified
frompH 5.6 to 3.2 with 13.8kg of sulfuric acid. 6.1
whgooginet4ssvei ght) of ammoni um sul fate crystal PCT/SG2005/000341
precipitated out after aci@kfication and the solution
was cooled to 25C. After filtering off the ammonium
sulfate crystal, 82.2L of the acidified broth was
recovered. Lactate recovery was up to 99.5% Exarrpl e 5

—Extraction—of 19 vnn:uw C]UId

menbrane The concgﬁrgegﬁe%rggf’?e&ﬁzé THeE rn\‘i\nth 40 -
Voldig@o I'actate conclentraguon was extnagiggd W th hol | ow

fibher supported liquid menbrane L‘éLI\/h with 70|nR2

PH nmenbrane area. The 'or gani c Iayer iﬁfﬁr egnat ed to the

1 i 8--01-004% Bl%6cat 90. 0%
Laa&%-cé’%t:?;gaaé’ﬁt an]dgq:h GEAE sugV\ater \kgg ulé d as|the

Sulfh@cBh¥ddidhtivR! ULT 04y, Thg gquantity oG BEEEER! ' ng
| ution _us s half the startimg source soliution

Ammohimme parcentticact $/bn mﬂeﬂea&bbd 3 Noo detettobles | The

_nrocoacc Al oad. . in to i hrlllof I(‘I al i ze
a3t

<oirm-l
o1 11T |ﬂ| PTU’DW;) vvu.o uul T U_P O T 1Traug

nodul e with effective nenbrane area of 300 nR2. Exanpl e
Exaf ye@epqu@%g&tehgﬁldﬂth activated carbon A total of
‘? L of solution from SLM process's receiving
sol ution vvas treat ed with an activated carbon col um

58 Ie,ofritd Snned e Gt PO R Seo Rttt 6o Ef Wi o
condeﬁ&bﬁoxA total of 82.2 L of lactic acid solution that

had been treated with activated carbon was treated
with a macr opor ous strong cati on exchange resin colum

of Tmrtength, anUm?' AL EPraiid; 01 7 kg resin. Exanple
8 - Renoval of nioni ¢ inpurities|with weak ani on

pH exchange resin A total <af 84.29L pf deninerized lactic
i ' racr opor ous weak

——aci-d—sol-ution—was—treated w-th-a—
Lactgisiconcentedigige rlebin ¢8Podh of Imlength, 1.5"

SulfHc TR &lirafBH O- O K§n T eShf- EXanpte) 9 - Product

concentration

Ammonium concentration | ppm | <10

Color ‘ Pt-Co | O

Glucose concentration - | 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-



88 L of diluted purified lactic acid solution was
concentrated to 88% Il actic acid concentration. The
wa@oencemi4sat ed broth has the foll owi ng char act ePCESGT®5/000341
Ef fect of stabilizer in SLRBThe stability of liquid
menbrane is highly related to the water transport
across the nenbrane. H gher water transport woul d
ioni¢ estfadtaritTHe@uRike sst@biol Ltlycticlddelenh bgagXPBIdtEBsIhadn was used
condition, the water transfers fromreceiving solution
for the SXpRIB@S 0l uti on general ly. Two new | i quid menbrane
nmodul es constructed with sane batch of base pol yner
fibers were used. The organic |layer inpregnated in the

m cropores of the filh#&is haveheutiSitdtalizezQpasiStabihiser
-th-additlion of 0.001-0Q. 02% wonionic

-——except—that onewi-th Tl
Lactaig edieetion ke sane | €608 28f L-1 actic ac%“pl

ExtaEE JEGLat Tom brothsgfuti QT gWaS —used—for e
experinments. Wat is|claimlis: 1. A procgss for

Initinkesoover sphaivsh yiiméi ¢at i on |of lactic acid4roma

—fermentation-broth gont MW@I_@&_CI—__
Fing)pejeeg solebamyoleMey: |& subj%tting the ferentation

Totdl e Py At T tTgtiom fangh or mrerof i tggtion to
orméléjlrs#{eperrreate; b ng?:entratlng theTflrst

Soupe oo voluhotiangenaent r 4te@3br ot h: c. |Subj ecting the

ted broth o-_sunnorted liaguid n
eg—b¥Foth-to-supporteg—+I-gtiH-a—I

——concentra ye—for
Nurgher 0§ deyss@¢ | acti ¢ acid (i’nto a separ at|Vigerthan] 8Gydays

Subjecting the extracted tactic acid sot utiom to
activated carbon for renoval of colour; e. subjecting
the extracted lactic acid solution to cation exchange
resin for dem nerization;
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f . subjecting the extracted lactic acid solution to
ani on exchange resin for renoval of anionic
WO p@aoid4ses; g. concentrating the extracted | aBtT/8G05/000341
solution to desired concent#ati on. 2. The process of
claim1, wherein the supported Iiquid nenbrane
conpri ses a base polyner and an organic | ayer
i mpregnated on the pores of the base polynmer. 3. The
What dscddain st cl ai m 2, wherein the organic |ayer
conprises a carrier, a coextractant, a diluent and a
stabilizer. 4. The process of claim3, wherein the
st aRi || ' . | a .| uor pgar bon. based.
L SurtaRReat T siehghihp] pFHEEL O Rehs 1R S e pRER o
brotf contamming fctinheiiesaid preeesi @hiprisigt is sel ected froma
group of .ionic on-ionjc detergent or surfactant. 6.
The? pr Stdedmgrihe fementatioghsetyita utrdfiltetionend/ag microfiltration
selectﬁgmgﬁqmﬁﬁkégﬂyégbconsisting of a primary,
secondary and tertiary aliphatic and aromatic amine.7.
Theb.pr ovessiragingdhaifinstpermtede ®i forrh henantetediacthant i s

an aliphati.c aJcohol. 8. e process of claim 3,

aherel MTRnE, Pentcatied depluts SomrItgr Japt membrane for
consi sktR@tieh ohdrioaailem, a piaRereghher and ester. 9.
The process of claim6, wherein the am ne has an al kyl

chal-n Bbjegngothezgxtranted Tardicpraid esodutivh ¢¢ aictiveied carbon for

wher ei ' has branched, l|inear or cyclic side
chali ns&njid%.%l %aé)rl](gl%rbcess of claim7, wherein the

al i phatibjectihg aho kxhased tictio Acighmiutionlto@atibe cedBmgd Fesin for
The process .of claim 11, wherein the carbon chain can
be | i neHFMNEZ8 %/ hched. 13. The process of claim 2,

whet ei ifREnDaBE cRRANER actis aERNTHIH ©9ardit? 8% 8 A0 YEsin for

removal of anionic impurities;

g. concentrating the 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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consi sting of polypropyl ene, polyethylene,
pol yvi nyl di fl uori de, pol yethersul fone, polysul fone and
w@odoywiamays sul fite. 14. The process of clai m 2, PAUTRGHIN000341
the base polyner is constragted from ceram c and
nmetallic materials. 15. The process of claim1,
wherein the supporting |iquid nenbrane is of a holl ow
fiber configuration conprises two sides, one side is
of ani c. phas other side is.of an_, _
7. aqudds s er a5 REopndfe S AR f e gl pigonor
t he organi c phase contains at |east two or nore
conponents.17. The process of claim1, wherein the
8. ul t FEkinreess phelains 3cwherewdthe dilueniiineplented Gipm) 4 graup ppsisting
r rom0.1 to 0.01 nm 18. The
Ofge(grgcal %et % gth%a% eéc’Ireél n the mcrofiltration is
ear ned out u5|ng mcrofiltration nenbrane of pore
sizes from0.04 to 1 mm_ 19. The process_of claim1l
9.1 CigiRTPCESs Olaws vEHE TaABPaid 25 4n DR Ehaie OB G 14 -
polymeric, netallic or ceramc material. 20. The
process of claim1l, wherein the concentrated broth has
10a pHhegiruecssfof ctaimm 9] wierein 8he 2hineTHae bpansbed dinshr ot eychic side
1, further conprises the steps of feeding into the
chafi$norted |iquid menbrane in step (c) with water or
water m xed with solutes. 22. The process of claim1,
further conprising a step of subjecting the solution

11obt dihequrotess nf skaim 7( heresn hetalipbatiscrlehiobbes ¢arbripdgin of C; to
ng.

12. The process of claim 1 1, wherein the 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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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.



