1PROCESS FOR THE PURIFICATION OF ORGANIC ACIDS 2 3FIELD OF THE INVENTION 4
5[0001] The invention relates to a process for the recovery and purification methods to 6produce
organic acids with higher heat stability, in particular, it relates to a process for 7the recovery and
methods of purification of lactic acid with higher heat stability from 8fermentation broth containing lactic
acid, with membrane technology. 9 10BACKGROUND OF THE INVENTION 11 12[0002] The demand
for organic acids, such as lactic acid, citric acid, ascorbic acid, 13gluconic acid, fumaric acid, etc., has
been jncreasing over tIRRGAES SVHORT HE P URIKICASHON @FOBGANHarAGHStical, detergent or
biodegradable plastic industries. 15Fermentation processes achieve production of organic acids on an
industrial scale. 16Depending on the pH requirement of the bacteria strain used, the organic acids
17produced from the fermentation process is largely in salt form. The recovery of the 18organic acids
from fermentation broth is a challenge folE&pa@ffiditd EpdHEINEIQN 20[0003] Traditional processes for
recovery and purification-of organic acids from 21fermentation broth generally involves one or more
precigitation stages. For example, 22under one known process for lactic acid production, the
fermentation broth is generally 23heated to 70C to kill the bacteria and then acidified with sulfuric acid
to pH51.8.[00@1 |fhedipienttonsaitdte scto avprbbgstifierite seconearr@ndipiyifigations methedsifh activated
2charcoal to remove any colouring materials. The clarified liquid is then ion exchanged 3and
concentrapeodiace0irg Minadtitswitbtbighardeeairstabilitypionattisplexidbirlatas agrriecess fafith
hydrogen peroxide. The lactic acid obtained at this stage is usually 50f consumable quality but not
suitaile athphranoeeaicdimesdeds-of phafieatisuatiactic acid with higher heat stability from

8 fermentation broth containing lactic acid, with membrane technology.
9

10 BACKGROUND OF THE INVENTION

11

12 [0002] The demand for organic acids, such as lactic acid, citric acid, ascorbic acid,

13 gluconic acid, fumaric acid, etc., has been increasing over the years, owing to their
14 extensive use in food, pharmaceutical, detergent or biodegradable plastic industries.
15 Fermentation processes achieve production of organic acids on an industrial scale.
16 Depending on the pH requirement of the bacteria strain used, the organic acids

17  produced from the fermentation process is largely in salt form. The recovery of the
18 organic acids from fermentation broth is a challenge to separation specialists.

19

20 [0003] Traditional processes for recovery and purification of organic acids from

21 fermentation broth generally involves one or more precipitation stages. For example,
22 under one known process for lactic acid production, the fermentation broth is generally

23 heated to 70°C to kill the bacteria and then acidified with sulfuric acid to pH 1.8. The



6grade lactic acid, several additional purification steps would be necessary. A significant 7disadvantage
of the traditional known process is relatively the high loss of lactic acid. 8 9 [0004] Alternative
downstream processing techniques have been researched for more 10 environmental friendly
downstream processing. For example, electrodialysis membrane 11technologies have been proposed
for recovery and purification of lactic acid. 12However, known electrodialysis membrane technology
requires high quality feed and 13there are relatively high operating costs associated with the high
electric cpreipilatertsatisanefoovast by jinatiacidsdithesesulting kquigdmtreatedondiicagtivatadsuch
15processes. 16 17[0005] Another known organic acid purification technique is reactive liquid-liquid
18expractiharvdatie teenokgaairy axcilisl dng exatadald. ifitwe atasifipthlig pidkischamiensexeaaastarrier. The
organic acids are then back extracted into an aqueous phase. U.S. Patent 20US 6,472,559 to Baniel et
al distlosasdensentbpthte 80ksBmettatitastst canibefidizamiomrayad Aysqitaie water insoluble
amine rich organic phase under highly 22pressurized carbon dioxide environment. The lactic acid is
backdextrireatmaqtengs BEpHastregen peraxide of kalpsticorsiddebézivrdrahBiie StRaliaWBIRIY of this
technique is the use of large quantity of organic solvent. Also, further purification steps often need to
2be carried consumabievauedititdrutmatisuitablecoopSupassiuiice) gpde. hermMianeass witdiner
technique used for purification of 5organic acids. The liquid membranes have been made of several
different readedacticagid iseve @irrddisionat psibeatiomsiens mseidbspmeassaichianiedrls, and
flat 7 sheet supported liquid membranes. Liquid membranes separate the organic acid 8through
liquidZliquitispamaniaasydiithecteasiition akknawnirPaessrisaidaibrrlydhpdrigk dsaint Iantic30€ carrier. The
organic acid is being extracted into the organic phase 10and it is then being back extracted into
aquedus phase through partitioning of the

9  [0004] Alternative downstream processing techniques have been researched for more
10  environmental friendly downstream processing. For example, electrodialysis membrane
11  technologies have been proposed for recovery and purification of lactic acid.

12 However, known electrodialysis membrane technology requires high quality feed and
13 there are relatively high operating costs associated with the high electric current

14  necessary for fast organic acids transport and a bipolar membrane used in such

15  processes.

16

17  [0005] Another known organic acid purification technique is reactive liquid-liquid

18 extraction, where the organic acids are extracted into an organic phase with a suitable
19 carrier. The organic acids are then back extracted into an aqueous phase. U.S. Patent
20 US 6,472,559 to Baniel et al discloses the use of phase transfer extraction of lactic acid
21  from aqueous phase to water insoluble amine rich organic phase under highly

22 pressurized carbon dioxide environment. The lactic acid is back extract to aqueous

23 phase after removal of carbon dioxide environment. The drawback of this technique is



11organic phase with the stripping solution. The separation mechanism of supported liquid 12
membrane (SLM) is different from other membranes. Known membranes separate 13 components by
size, while SLM extracts the component of interest via chemical means 14based on a facilitated
transport mechanism. The chemistry of SLM is basically liquid- 15liquid extraction. A significant
advantage of SLM over liquid-liquid extraction is that it 16requires very minimum organic solvent.
However, the adoption of SLM in real industrial 17application has been limited by the stability (useful
life) of the the Msd bidasgauguiantity dBtoghoicsbheentaniiie, durtiar putiicatioaatensheften neadtehat is
being transported 19across the membrane layer plays an important role in destabilizing the membrane.
It 20 vouldéeateisidadiiet tm neravide contathisracdsl process for purification of organic acids 21 using SLM
membranes. 22 23SUMMARY OF THE INVENTION 1 2[0007] In accordance with a first aspect a
process for recovery and purification of an 3organic acid from a fermentation broth containing a salt
form of the organic acid, 4comprises the steps of subjecting the fermentation broth to one of

ultrafitrati @06} Separatitnabip liquidome mbiianesisrrnatherdecbniaanuses fasppefigation b form a
6concentrated broth, subjecting the concentrated broth to a supported liquid membrane 7for extraction
of lactic ackiganicaasissarthe litreidrmesnbparasgharekeantandelofisaverlsjdtaregtimatsimtted solution
to activated carbon for colour removal, a cation 9exchange resin for demineralization, and an anion
exchafhge eginifpridesnuyaiast meanksanesn pakiowditeraupropiest ltichaemiyanrsaded fidring the
post polished organic 11acid to remove impurities above a predetermined threshold and concentrating

the pokt 13pertpuarnadiiatsimembranasd ddmeidnambiangs sependerhaPtaantagising disclosure

and the following more detailed description of 15various preferred embodiments it will be apparent to
those &killdravghdigrighiguiskpartitioning of the source stream with an organic phase that

9 contains an active carrier. The organic acid is being extracted into the organic phase
10 and it is then being back extracted into aqueous phase through partitioning of the
11 organic phase with the stripping solution. The separation mechanism of supported liquid
12 membrane (SLM) is different from other membranes. Known membranes separate
13 components by size, while SLM extracts the component of interest via chemical means
14  based on a facilitated transport mechanism. The chemistry of SLM is basically liquid-
15 liquid extraction. A significant advantage of SLM over liquid-liquid extraction is that it
16  requires very minimum organic solvent. However, the adoption of SLM in real industrial
17  application has been Ijmited by the stability (useful life) of the SLM. This is due to the
18 lost of solvent and/or carrier to the aqueous phase. Water that is being transported
19 across the membrane layer plays an important role in destabilizing the membrane. It
20 would be desirable to provide an enhanced process for purification of organic acids
21  using SLM membranes.
22

23 SUMMARY OF THE INVENTION




16present invention provides a significant advance in the technology of organic acid 17purification.
Particularly significant in this regard is the potential the invention affords for 18providing a process for
production of organic acids which are heat stable. Additional 19 features and advantages of various
preferred embodiments will be better understood in 20view of the detailed description provided below.
21 22BRIEF DESCRPTION OF THE DRAWINGS 23 1[0009] Fig. 1 shows a schematic of a filtration
process for a raw fermentation broth in 2 accordance with one embodiment. 3 4[0010] Fig. 2 shows a
scherhatic of a main process fluid concentration stage. 5 6 [0011] Fig. 3 shows a schematic of a main
supported liquid membrane stage. 7 8[0012] Fig. 4 shows a schematic of a supporting process fluid
concéntraiddf tiyaceordipeelyitiva Sirsh asgesntsaincocats drastppsuniandappieriiphgefi@membrane
stage. 11 12[0014] Fig. 6 shows a schematic of a supporting ultrafiltration stage. 13 14[0015] Fig. 7
shows a seigamiatacist fiquo & fengerdaion brofiomrdaimiggastaifermsehthe sigastia agiskuct evaporation
stage with a nanofiltration 17polishing stage. 18 19[0017] Fig. 9 shows a schematic of a water
reclarhatioorpiiges2the steps of subjecting the fermentation broth to one of ultrafiltration and
5  microfiltration to form a first permeate, concentrating the first permeate to form a
6 concentrated broth, subjecting the concentrated broth to a supported liquid membrane
7  for extraction of lactic acid into a separate stream comprising an extracted solution,
8  subjecting the extracted solution to activated carbon for colour removal, a cation
9 exchange resin for demineralization, and an anion exchange resin for removal of
10 anionic impurities to form a post polished organic acid, filtering the post polished organic
I1  acid to remove impurities above a predetermined threshold and concentrating the post
12 polished organic acid to a desired concentration.
13
14 [0008] From the foregoing disclosure and the following more detailed description of
15 various preferred embodiments it will be apparent to those skilled in the art that the
16 ~ present invention provides a significant advance in the technology of organic acid
17 purification. Particularly significant in this regard is the potential the invention affords for
18  providing a process for production of organic acids which are heat stable. Additional
19  features and advantages of various preferred embodiments will be better understood in
20  view of the detailed description provided below.

21

22 BRIEF DESCRPTION OF THE DRAWINGS

23



21[0018] Fig. 10 shows a schematic of a flow design of a supported liquid membrane. 22 1[0019] Fig.
11 shows a schematic of an extraction process of the supported liquid 2 membrane. 3 4[0020] Fig. 12
shows a schematic of a recycling step of the organic acid for higher 5recovery. 6 7[0021] It should be
understood that the appended drawings are not necessarily to scale, 8presenting a somewhat
simplified representation of various preferred features 9illustrative of the basic principles of the
invention. The specific design features of the 10process for purification of organic acids as disclosed
here, incl{@h0§] fiig examphes thechespatiifiof cifiknation paickes fpparswsfesadrdatianidustbtages, will be
determined in part 12by the particular intended application and use environment. Certain features of
the 13illustcatedamésdimenesdrabedisentnlarged or distorted relative to others to help 14provide
clear understanding. In particular, thin features may be thickened, for example, 15for clarity of
illustration. All references to direction and position, unless otherwise 16indicated, refer to the orientation
illustrated in the drawings. 17 18DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS 19
20[00R2] [DGI0DbeigDahosathokersitikdfia thaiamydsessfluidicoseanitiatienstrgewledge 21or
experience in this area of technology, that many uses and design variations are 22possible for the
process for purification of organic acids disclosed here. The following 23detailed discussion of various
alternative and preferred features and embodiments will illustrate the general principles of the
invention [RAA tEféigedhaws prackemistinadia roaipsupropedriiitidimemasitesiagether embodiments

suitable for other applications will
7

8 [0012] Fig. 4 shows a schematic of a supporting process fluid concentration stage.
9

10 [0013] Fig. 5 shows a schematic of a supporting supported liquid membrane stage.

11

12 [0014] Fig. 6 shows a schematic of a supporting ultrafiltration stage.

13

14  [0015] Fig. 7 shows a schematic of a polishing stage.

15

16  [0016] Fig. 8 shows a schematic of a product evaporation stage with a nanofiltration

17  polishing stage.

18

19 [0017] Fig. 9 shows a schematic of a water reclamation stage.

20

21 [0018] Fig. 10 shows a schematic of a flow design of a supported liquid membrane.

22



3be apparent to those skilled in the art given the benefit of this disclosure. 4 5[0023] A process for
recovery and purification of organic acids, in particular lactic acid, 6 from a fermentation broth is
disclosed. The process described herein can accept lactic 7acid fermentation broth with any
concentration from 1% lactate or higher, in particular, 88% or higher. Turning now to the drawings, Fig.
1 shows a schematic of a process 9where a fermentation broth 1 is first fed into apparatus 3 via line 2.
The fermentation 10broth may contain an organic acid such as lactic acid, and can be a salt form of the
11orghnicl@@iP]fightdsshansaschepmatioef anexicactionproresmpfdhe suepaited liawgkrofiltration
membrane 6 or ultrafiltration membrane 3, or both. The ultrafiltration 13membrane has filtration pores
size &} 0.1meMBIaRe. The ultrafiltration membrane can 14be in several configurations such as hollow
fiber, tubular, flat sheet or spiral wound unit. 15In one form, a hollow fiber membrane is used which
provides a good surface area to 16volume ratio. The ultrafiltration membrane of the present invention
can be made of 17polymeric, ceramic or metallic materials. The ultrafiltration membrane acts as a form
of 18HarriéPQRAl bigch2 shepsrasahamasicndmpaeydinaster eldheiganigisrdioHygNE 1 9engage the
ultrafiltration membrane can either be cross-flow or dead-end. In cross-flow 20filtration, a process
stream flo/BEPERlel to the membrane. In dead-end filtration, 21process stream flow is perpendicular to
the membrane. Only a portion of fermentation 22broth passes through the membrane with cross-flow
filtratién as compared to the dead 23end filtration method. The flow of fermentation broth parallel to the
membrane is of 1sufficient velocity to wash the retained particulates away from the surface. Continual
2 swebping &fiblt Shewdibssundassined ihat therpraRdes diavin a2 HAhRSCRSRBIM S6HE:
advantageously extends operational life of the membrane. Ig the cross-Fow a ]ngel hod, the ultrafiltration

memBran@ &Sk HiHR S QEEWER SIRlitied 5eRRSE81RNAL I RRIBIGHR r&hd typically 60 to

95% of the desired [ id f the 6f tation brath. 7 , :
° % (ﬁlugtsrgﬁveocgp%rg gg%c prr?rrlgip gs o?ccwg pn\?elr?tri]onrollne specific design features of the

10  process for purification of organic acids as disclosed here, including, for example, the
11 specific dimensions of the apparatus used at various stages, will be determined in part
12 by the particular intended application and use environment. Certain features of the

13 illustrated embodiments have been enlarged or distorted relative to others to help

14  provide clear understanding. In particular, thin features may be thickened, for example,
15 for clarity of illustration. All references to direction and position, unless otherwise

16 indicated, refer to the orientation illustrated in the drawings.

17

18 DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

19

20 [0022] It will be apparent to those skilled in the art, that is, to those who have knowledge
21  orexperience in this area of technology, that many uses and design variations are

22 possible for the process for purification of organic acids disclosed here. The following

23 detailed discussion of various alternative and preferred features and embodiments will



8[0024] For higher recovery of the organic acid from the fermentation broth, a 9 concentrated broth
from apparatus 3 can be passed through line 5 into apparatus 6, the 10microfiltration membrane where
remaining particulates and/or precipitates in the 11concentrate can be removed. The microfiltration
membrane can have pores sizes 12ranging from 0.1 to 1 pm. The apparatus 6 can achieve about 50 to
90% recovery of the 13organic acids of the fermentation broth, which increases the overall recovery of
organic 14acids (both UF and MF) to about 90 to 99% of the total in the fermentation broth. 15Further
recovery bugieatadhe aanaherrtielesPhiiadnreation withsfamacelod PsrsesedihI®iBth with
addition of water into the feed. This process is called 17diafiltration. Combination of MF and diafiltration
is us@d toUsaHRmEifisatioargolaglit @aidaQthermbrdiapisi SHitARIA fPActheL ABRIFRYLDS W
configurations such as hollow 19fiber, tubular, flat sheet or spiral wound unit and can comprise

polyrAerico@ @rparent todhrsa fkiliestinithe akgivemiar bensAbLAILRISAISSIRSERL, a combined

MF-diafiltration 21process can be adopted to purify the fermentation broth directly to achieve more than

2299% recovery of the lactic acid without subjecting the fermentation broth to ultrafiltration. 23The

resultant of this first step is a first permeate. 1 2[0025] The next step in the proc Sﬁ is,shown in Fig. 2.

HereJactitO8aid C R8s debVeroY SR AR L HICRLAN S t%f%@"é%ﬁ&égﬁré@i&?%écfifﬁh UG A rated

broth to 4improve the recover%_/extrac ion rate, An evagorator 9is @;ﬁi\t‘% concentrate thf ﬁF’t
hip

5perrﬁeatgqm§éﬁﬁ'esﬂ{?é'@a i§ lﬁ&l’ﬁ%ﬁ@arﬂﬁe_p& §8ﬁ§cd§58r 8ﬂﬁ8%@8888 §t8n broth
meddy B RETEEEB S AR SORFEUALAET, bAGERAS Watd ! SO Alcl organic
e g P 0 R R A e cooon
11Alt8 rna&%eelpg Eahleepr;lséw% ?o%alqrgﬁ r‘F Lljssﬁpsmetg ?nft%rgnpeprgraat'ag Q r\%hli%g 2. The fermentation

10  broth may contain an organic acid such as lactic acid, and can be a salt form of the

11 organic acid, such as a lactate. Apparatus 3 is preferably a membrane such as a

12 microfiltration membrane 6 or ultrafiltration membrane 3, or both. The ultrafiltration

13 membrane has filtration pores size of 0.1 — 0.01 ym. The ultrafiltration membrane can

14  be in several configurations such as hollow fiber, tubular, flat sheet or spiral wound unit.

15 Inone form, a hollow fiber membrane is used which provides a good surface area to

16  volume ratio. The ultrafiltration membrane of the present invention can be made of

17 polymeric, ceramic or metallic materials. The ultrafiltration membrane acts as a form of

18  barrier that blocks suspended solids, biomass, bacteria, etc. The filtration method to

19 engage the ultrafiltration membrane can either be cross-flow or dead-end. In cross-flow

20  filtration, a process stream flows parallel to the membrane. In dead-end filtration,

21  process stream flow is perpendicular to the membrane. Only a portion of fermentation

22 broth passes through the membrane with cross-flow filtration as compared to the dead

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



13[0026] In situation where the fermentation broth's initial pH is higher than its pKa (for 14example,
lactic acid has a pKa = 3.86), the concentrated broth requires an additional 15step of acidification. An
acidification agent 14 (as shown in Fig. 2) suitable for use in 16the present invention is an inorganic
acid such as hydrochloric acid or sulfuric acid. 17 Sulfuric acid can be used as it does not carry much
fume and moisture and thus would 18not cause much reduction in lactate concentration. The objective
of acidification is to 19convert the salt of the organic acid in the fermentation broth to the organic acid.
In 20yenexdfiqiehtyeecityritroviash theoeteingtbnatfisstaiestamay feemdhessrasetnGaiiiabinhas pH of
5 to 6.5, and should be adjusted to lower than the pKa of the organic acid, in 22particular 1.5 to 3.8 for
lactiacicwestpingrrrtion munénizeths b viltoup. 6f paHicoRiem thtRa s HAS®, %ﬂﬁ%&dp%&%{ﬁee,a low
pH, no further acidification is required to 1create an acidified broth. The amount of acidification agent
14 reyuiren dsadpatagaausiyextendsopaiations fitenebatmepRIaNay fothedsRs§-dPhe fermentation
broth in tank 313, inorganic salt 19 may precipitate out of the solution. The inorganic salt 19 formed is
4depéndenethodithpadtrafiiuatienariembsaion @@éﬁ@h@%%@ﬁhf?&%@ﬁ%ﬂ%@h%ﬁ atiheuring
fermentation. For example, if ammonium hydroxide is used for controlling 6fermentation pH and sulfuric
acid /& useesiedisganinreidoanthty riealln 6@ 5 ofthedesited ereanisAsishitemdbRate. Another
reason that sulfuric acid is a desirable 8acidification agent is that sulfate salt generally precipitates
easilf as fﬁimpaté@!bbfﬂfér 9acidification agents. Equation 1 shows an example of the reaction
occurring when 10sulfuric acid is introduced to a solution containing a lactic acid salt. 11 12Equation 1:
Acidiflcation of ammonium lactate to lactic acid with sulfuric acid 132 LacNH4 + H2504 -> 2 LacH +
(NH4)2804 14 15[0027[]] The acidification process to create an acidic broth with the addition of an acid
is 168xothdPRAL EerchiaDerreene e eprganicadiddirm theifriasstatiradiiath a7 temperature.

After the solution is cooled to at least approximately 50C and more, .
9  concentrated broth from apparatus 3 can be passed through line 5 into apparatus 6, the

10  microfiltration membrane where remaining particulates and/or precipitates in the

11  concentrate can be removed. The microfiltration membrane can have pores sizes

12 ranging from 0.1 to 1 um. The apparatus 6 can achieve about 50 to 90% recovery of the
13 organic acids of the fermentation brdth, which increases the overall recovery of organic
14  acids (both UF and MF) to about 90 to 99% of the total in the fermentation broth.

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

16 fermentation broth with addition of water into the feed. This process is called

17  diafiltration. Combination of MF and diafiltration is used to enhance recovery of lactic

18 acid. The microfiltration membrane can be in several configurations such as hollow

19  fiber, tubular, flat sheet or spiral wound unit and can comprise polymeric, ceramic or

20  metallic materials. Alternatively, in another embodiment, a combined MF-diafiltration

21  process can be adopted to purify the fermentation broth directly to achieve more than
22 99% recovery of the lactic acid without subjecting the fermentation broth to ultrafiltration.

23 The resultant of this first step is a first permeate.



18 preferably 25C, a salt may precipitate out. In the example above, ammonium sulfate 19will start to
precipitate out. A quantity of sulfate will crystallize out when the solution is 20cooled to room
temperature (25C). In fermentation, lactate salt can be calcium lactate, 21sodium lactate or ammonium
lactate. During acidification using sulfuric acid, 22corresponding sulfate salt will be produced. Any salt
formed during this process is 23filtered off, optionally by a centrifuge. In general, salt forms a
substantial quantity if (i) Ithe initial fermentation broth has a pH of 5 or higher (in sodium or ammonium
lactate); 2(ii) sulfuric acid is used as the acidification agent; and (iii) the concentration of the 3
fermentation broth has been increased to more than 20% during the step of 4concentrating the first
permate[00R5]eymrand st fndbeapeanes shie sbavenindtisy Br Eﬁrlﬁ?ﬁ%é%l??é‘éﬁ?ected through
apparatus 17. Apparatus 17 can be filter press or any 6other solid-liquid separators. Preferably the
remainderesiovaraddperothedifbperveate tuneessaititation rfpien? cangrptiates 4P The (filtered,
acidified and) concentrated broth can be filtered as described 10above. The concentrated broth
genefally iopreyasheraeoues e xiiaptinpsateo A eVeDRIPIFhS Y5aAdLERRERRERISHNGHIER Iactic acid
is intended for recovery the 12concentrated broth can be a clear solution or dark viscous liquid more
than 30%pefraeate o rpNAHratedb P Yo- s particulandhersasieagishcametidBttrated broth is 14
delivered to a tank 21 shown in Figs. 2-4. Recovery of lactic acid takes place when the 15filtered
acidiffed (@RS lIonder ftboaRy-DH AR uEYIS, S8R RAICHIAYY $Orn @2 d e ASER used for the
extraction of lactic acid from the acidified, concentrated broth is a 17supported liquid membrane (SLM).
18 197[00zéqtmé%ﬁﬂﬁ@%v@@m&h@&%ﬁ%me'%%L@réfstBPElﬁtéh{PeOéé?ﬁEﬁﬁﬁe 20that are
impregnated on another membrane (base membrane), such as ultrafiltration 21(UF) or micrpfiltration
(MF) $ypedistitatadnerastisallyouateriil sQme yaRtiGRARIHEC22008R (Y AG Yty 2FfE Bhse

membrane used in SLM has h_Ydroph_obic nature and can )
9  lactic acid and is easily clarified by passing through an activated carbon column

10 (apparatus 11 as shown in Fig. 2) via line 10 to generate grade one quality water 67.
11 Alternatively, the distillate can be reused in the fermentation broth.

12

13 [0026] In situation where the fermentation broth’s initial pH is higher than its pKa (for
14  example, lactic acid has a pKa = 3.86), the concentrated broth requires an additional
15 step of acidification. An acidification agent 14 (as shown in Fig. 2) suitable for use in
16 the present invention is an inorganic acid such as hydrochloric acid or sulfuric acid.

17  Sulfuric acid can be used as it does not carry much fume and moisture and thus would
18 not cause much reduction in lactate concentration. The objective of acidification is to
19  convert the salt of the organic acid in the fermentation broth to the organic acid. in

20 general, pH is the controlling factor for the adjustment. The fermentation broth usually
21  has pH of 5 to 6.5, and should be adjusted to lower than the pKa of the organic acid, in
22 particular 1.5 to 3.8 for lactic acid broth, and yet more preferably 2 to 3.6. If the

23 fermentation broth already reached a low pH, no further acidification is required to



23comprise a hydrophobic polymer, such as polypropylene (PP), polyvinyldifluoride 1(PVDF) and
polyethylene (PE); amphoteric polymer such as polysulfone (PSF), 2polyether sulfone (PES) and
polyvinyl sulfite (PVS). Generally a hydrophobic polymer is 3suitable for use as the base membrane; in
the most preferred form, PP polymer is used, 4owing to its highly hydrophobic nature, relatively low
cost, good mechanical properties 5and good chemical stability. 6 7 [0030] The SLM 23 has an organic
layer impregnated into the base membrane which 8 stabilizes the base membrane by containment of
poreg (hegeadticinreigifieef bheth. Meenanas\ent ufingidifigeidwageriosreuireddisie payeleatoeontain
four components: a 10carrier, a co-extractant, a diluent and a stabilizer. The carrier contains a water
insolable théaniiizt piH phthsfermamativanbretcolgary ctayiiimgyoa ivh &titrmniatiorateotimimear¥ore
12preferably, it comprises an amine with at least one alkyl side chain of C4 to C24. In the 13most
prefesred 18y mndngacic saitid S neatiqrie algitad o atwihthevgblation . Chisenis ofgasic €40 184drHied34] The
co-extractant is a liquid that assists the carrier in the organic acid extraction 16process. The
co-extractiapiecaie coonpihiechas e bplbihe acidifiddatian age fittietwists b/ coistrililihg faraeatatioralcohol
with a carbon chain of C2 - C29 and more particularly, it 18is an alcohol with carbon chain of C6 - C10.
The &lcolph durinip fexiiheotatibe. &dhexamipl®, dfahercarinom lydriox{deisakatt ébrotpotratiadranch. The
co-extractant can comprise, for 20 example, either a linear alcohol with Ca - C10 or a branched alcohol
with €6 - fegneadtaieqd2 japdusarifsrar acidde dsedterdhgamdidifigationm dihe éntbwgy apicceaitréfion of the
carrier 23s0 as to decrease the viscosity of the carrier to aid in the rate of extraction of the lorganic
acid.1n géareredyweaulg deyamonioiiohtisalfateofmmibietaeashe thad s ulfanih enid i@andasiablater miscible
could be used. Suitable diluents include hydrocarbons, ketone, 3ether, or ester. Suitable hydrocarbons
can dompatidifitationcagpit, iRdhatewdfatesshlfigenerally precipitates easily as compared to other

9 acidification agents. Equation 1 shows an example of the reaction occurring when
10 sulfuric acid is introduced to a solution containing a lactic acid salt.

11

12 Equation 1: Acidification of ammonium lactate to lactic acid with sulfuric acid
13 2 LacNH4 + H2SO4 - 2 LacH + (NH4)2S04
14

15 [0027] The acidification process to create an acidic broth with the addition of an acid is
16  exothermic and thus it generates heat and resulting in an increase of solution

17 temperature. After the solution is cooled to at least approximately 50°C and more

18  preferably 25°C, a salt may precipitate out. In the example above, ammonium sulfate
19 will start to precipitate out. A quantity of sulfate will crystallize out when the solution is
20  cooled to room temperature (25°C). In fermentation, lactate salt can be calcium lactate,
21 sodium lactate or ammonium lactate. During acidification using sulfuric acid,

22 corresponding sulfate salt will be produced. Any salt formed during this process is

23 filtered off, optionally by a centrifuge. In general, salt forms a substantial quantity if (i)
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4isobutyl ketone, mono-isobutyl ketone and butyl acetate may be used. Other suitable 5diluents will be
readily apparent to those skilled in the art given the benefit of this 6disclosure. 7 8[0033] The stabilizers
help stabilize the organic components, i.e., extractants, co- 9extractants and diluents in the base
membrane. The useful life of the SLM is dependent 10in part on the rate of organic component loss to
the surroundings, i.e., to the aqueous 11phase. In known SLMs, this occurs within few hours. In
accordance with a highly 12desirable feature, the stabilizer described herein has a non-ionic
surfate-aitw/initigbfarmentativasovetly haraphiisfi§ o bigher dincspdimevaaanenita lrtdatetension.
The 14stabilizer while in the organic composition acts as the barrel between the organic and 15 the
aquedus fihssdfusitiasidrisivreeas tee andificationorgeatandihiiisdie concgobstipmfdBerimary groups
of stabilizers are suitable for use in the present invention: 18hydrocarbon based, silicone based and
fluordcarbeimeatalipsthmibdias beembitisareddasmesedhanivl agiHingihBestRbAcarbon based. The
non-ionic surfactant is a form of 20surface-active agent without an ionic head group. The hydrophilic
group of genoantiativedhfirshretmeatacthe reraiaon serserdating dheusraraniered Reathow water
22solubility. The tail group of the fluorocarbon based_surfactant is both hydrophobic and 23lipophilic.
This Snsdrediie sl S aastad AVBHEARPRRIYS 9 ddHRATEUASCH. SAD AU ST REATa.Y. Al
boundary creates by the fluorocarbon based surfactant would limit the 2 mixin%of water with the

orgafiic sefhgbRqlidigyitbaRAtoshd Risterablydbevamainganshie sterssahB e RiAERERE@End prolong

the stability of the SLM membrane. The 4non-ionic nature of the surface-active agent also acts as
additionafBHIEROtY HRAIAMPIRHCIURA%huUs improves the selectivity of the membrane toward
organic acid. 6Comparatively, the organic acid in its acid form would be less resisted by the
7sur1%ctant, while inorganic acid such as sulfuric acid and hydrochloric acid are fully 8ionized in

aqueé) us mgéjgljcph%n(%ﬁgyesd\,/vggl |fF<)a% rgr?ctir)i(ggr?cfé)rqtﬁaqte(eciriggo%n%gﬁubig filtered as described
10 above. The concentrated broth generally contains low levels of suspended solids.
11  Depending on the concentration, where lactic acid is intended for recovery the
12 concentrated broth can be a clear solution or dark viscous liquid more than 20% of lactic
13 acid, in particularly 20-65% lactic acid concentration. The concentrated broth is
14 delivered to a tank 21 shown in Figs. 2-4. Recovery of lactic acid takes place when the
15 filtered acidified broth (20) is fed into an apparatus 23 as shown in Fig. 3. The apparatus
16 23 used for the extraction of lactic acid from the acidified, concentrated broth is a
17 supported liquid membrane (SLM).
18
19 [0029] The SLM 23 comprises an organic layer that consists of suitable components
20  that are impregnated on another membrane (base membrane), such as ultrafiltration
21 (UF) or microfiltration (MF) type membrane. In one form, MF is used due to its higher
22 pore area density. The base membrane used in SLM has hydrophobic nature and can

23 comprise a hydrophobic polymer, such as polypropylene (PP), polyvinyldifluoride

11



9membrane phase (since water transport is limited). This results in a highly desirable 10selectivity
between organic acids and inorganic acid. In a typical experimental setup 11with liquid membrane
composition of 0.01% stabilizer, the selectivity in favour of organic 12 acids over inorganic acids can be
as high as few thousands times. 13 14[0035] Similarly, the restriction of water-liquid membrane
interaction also reduces the 15 transport of glucose across the membrane. The SLM of the present
invention comprises 16a suitable selection of the extractants, co-extractants and diluents mentioned

abové cafPVidi) aagipaikethvlenadRBY aajrhotegemalme HSiAS RAINIARRILISH he range of

180.001 - 10%, with higher proportion of the stabilizer having more stable membrane but 19lower
extra%tiorpﬂiYé?hﬁﬁesHﬁ@é\epﬁéfe%e%ﬂgtﬁﬁiﬁ'i’@?yé&qggﬁt@f{oﬂ-i i8I AIE RS PRYMF Scarbon
based non-ionic surfactant has a general structure of 21RiCH2CH20éCH2CH20 ][1 where x js a
numBer raHiaBerérn useras dhry hase DEmisaneiBdhe Post Rrefese s SN MiHe e EMEL'SHS9: 1[0036]
The carrier, co-extractant, diluents and stabilizers are mixed into a homo%eneous ighase before

imprégnaf¥inateiite hghly RYJrerhebicaltis arrlatielyuecrtngnad RGaLPIRRE HSSing a

hollow fiber configuration. The apparatus 23 permits the flow of 4 one stream along the lumen of the
fibers whit® % 9o0R FRERIGA! AHKe shell side of Sthe fibers. A more preferred arrangement is to let
the source solution, i.e. the 6concentration broth, run along the shell side while the receiving solution
(also6referred to 7as stripping solution) along the lumen. Both solutions are re-circulating along the

8 tive side: [yt I [ 2 h in Fig, 3).int tus 23 .9al [
24t bl RO SRS RS AN PTG A e COTRIEH DA SABP OTREADS M Hpparatus
23 and al line 27 to bring th lution b h Idi 1125..The pl- h
< bethg rRRILARS ' RARE TN CURAATES S 56 I BelERP TN By acid 26 v

dosing Inc 290,014 2045 generally dhe she 13RS g il ea s o essrsbrgeci ior

10  carrier, a co-extractant, a diluent and a stabilizer. The carrier contains a water insoluble
11  amine, in particular, a primary, secondary, tertiary aliphatic or aromatic amine. More

12  preferably, it comprises an amine with at least one alkyl side chain of C4 to Cy4. In the
13 most preferred form the carrier is a tertiary aliphatic amine with alkyl chains of Cg — Ci».
14

15 [0031] The co-extractant is a liquid that assists the carrier in the organic acid extraction
16 process. The co-extractant can comprise an aliphatic alcohol that has little water

17 miscibility, such as an alcohol with a carbon chain of C; — C29 and more particularly, it
18 is an alcohol with carbon chain of C¢ — C+q. The alcohol functionality can be at the end
19 of the carbon chain (normal alcohol) or at a branch. The co-extractant can comprise, for
20 example, either a linear alcohol with Cg — C1g or a branched alcohol with Cg — Cg.

21

22 [0032] Diluents are added to the organic layer to dilute the concentration of the carrier

23 so as to decrease the viscosity of the carrier to aid in the rate of extraction of the

12



14chemical such as hydrochloric acid or sodium carbonate. The most preferred receiving 15solution is
plain water, as this reduces the polishing effect in later stages. The extraction 16processes involve: 17
18(l) Protonation of carrier with organic acid: 19[R3Nbrg + [Lacl-llaq 4-> [R3NFI+Laclorg 20During the
protonation, the organic acid is being attached to the amine; 21 22(1l) Transfer of lactic acid across the
organic layer to the receiving solution side. 1The amine-lactic acid complex is transported across the
organic layer from the source 2solution side to a receiving solution side. The transportation mechanism
is either Srjtinsiacidf tie gemepily arhopiggnit liddhatismsemnasbla ik dre/baselsrgnbrane
[R3N1[R3N'H+Lac]org + [R3N] Swhere N' is closer to the receiving end, and at the receiving end; and 6
7(ll2DeEmdarattivater anisicibl 8 [EBNIHeL usddigSuitabir Jtlusfs-incusq dtydroeanbenis, X806r organic
acid in general) is transferred from source solution to the 10receiving solution. 11 12[0037] The ratio of
the quantitiiest soesterto Saitahlin b ytriotarb tnpesoreomrrise fol exarsple, keigseaenbietiybferably,
from 1:1 to 4:1. The time of the extraction process 14depends in part upon the source to receiving ratio,
orgadic dsabutyh&etoreionenwisebutybketaranghbulyltacetate maybepirast 1Qtharuitadiane). The
extraction process 16 should be stopped when source phase organic concentration is more than 20%
highér 1 tiaentaevik beiveadphappaseidattbasarsittied imtbeadmivendhadanasil fidhis The
18receiving solution can be collected for further treatment. A fresh receiving phase is 19circulated in
the gystedistdolrther extract the lactic acid. After a few rounds of
7
8 [0033] The stabilizers help stabilize the organic components, i.e., extractants, co-
9 extractants and diluents in the base membrane. The useful life of the SLM is dependent
10 in part on the rate of organic component loss to the surroundings, i.e., to the aqueous
11  phase. In known SLMs, this occurs within few hours. In accordance with a highly
12 desirable feature, the stabilizer described herein has a non-ionic surface-active agent
13 that has very little solubility in water and has a low aqueous surface tension. The
14  stabilizer while in the organic composition acts as the barrel between the organic and
15 the aqueous phase and therefore reduces the mixing of the two phases.
16
17  [0034] Three primary groups of stabilizers are suitable for use in the present invention:
18 hydrocarbon based, silicone based and fluorocarbon based stabilizers. The non-ionic
19  surface-active agent can be fluorocarbon based. The non-ionic surfactant is a form of
20  surface-active agent without an ionic head group. The hydrophilic group of the
21  fluorocarbon based surfactant is a non-ionic ethoxylated group and hence has low water

22 solubility. The tail group of the fluorocarbon based surfactant is both hydrophobic and

23 lipophilic. This ensures that the stabilizer will predominantly resident at solvent-aqueous

13



20extraction, the source solution would contain less than 8% lactic acid, which would be 21less suitable
for extraction as the extraction rate would become too slow. In one 22embodiment where the source to
receiving ratio is 2:1, and source phase lactic acid 23concentration is 48% initially; the source solution ;
lactate concentration would reduce to 17 t010% after six rounds of extractions of 3 to 5 hours each,

The average lactic acid 2concentration in the receiving solution is 1 to 15%. Advantageously, the
apparatus 23 3has high selectivity for the organic acid. In general, the receiving solution has no

asigrificapy amouny ot dicase, wAis IS NS, EYAIETab b as A meniafiAn AL g baric. The colour

of the réf %ephase 2400 0 the source s on, since lactic 6acid is being extracted into a

cIe%n solution. omparin{q\vﬁﬁ% é’?ﬁﬁ‘?gﬁﬁéﬁéﬁ% ﬁ%%ZHEfMF ’aiHEQHl%t?SoﬁﬁéWQrﬁmes reduction

in colouM MY QiGN &M M ensures that the receiving phase contains low
I the e AR AR TR e e B e
odoo0 s GRS ST S B S S A bR SR e
cvabora R e B B e e e o The output

forp aPpayeiys A A SOIENE 3594 1 SR26.96Y6,AF oGl AR R 3Yin S the soluion

already Anmoniu e at near saturation point, ammonium sulfate might 19precipitate

out furing, SoNGCR AR AAKICIed S0 QU CBHIALSALREARAT A bR ARG NiRyed broth can

be flltere_ e S|m|Ia_r marnner as the previous process, via line _ Into a cooling tank 34 a_nd out
oot R AU ST S AP Tl sser e e gt o i e
pregpitWeiHb?fghg]ﬁngsse (since water transport is limited). This results in a highly desirable

10  selectivity between organic acids and inorganic acid. In.a typical experimental setup

11  with liquid membrane composition of 0.01% stabilizer, the selectivity in favour of organic

12 acids over inorganic acids can be as high as few thousands times.

13

14  [0035] Similarly, the restriction of water-liquid membrane interaction also reduces the

15  transport of glucose across the membrane. The SLM of the present invention comprises

16  a suitable selection of the extractants, co-extractants and diluents mentioned above can

17  be stable as much as 180 days. In general, a stabilizer can be added in the range of

18  0.001 - 10%, with higher proportion of the stabilizer having more stable membrane but

19 lower extraction rate. The most preferred stabilizer concentration is 0.005 — 0.020 ppm.

20  The fluorocarbon based non-ionic surfactant has a general structure of

21 RCH2CH20(CH,CH20O)H, where x is a number ranges from 0 — 25, and Ry is

22 fluorocarbon group F(CF,CF2), where y is 1 to 20.

23
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filtration step, no further pre-acidification is necessary as the concentrated broth is 2already at low pH.
The clarified concentrated broth in tank 40 is then subjected to 3extraction of lactic acid with SLM of
apparatus 42 using the same extraction method as 4described above for apparatus 23. The resulting
solution can be discarded, or fed into 5Sapparatus 50 via line 49 for further ultrafiltration before directing
the solution into 6apparatus 31 for further concentration. 7 8[0039] All the receiving extracted solutions
from the SLM processes (collected in tank 25 9 and 44) are combined to a stream that contains certain
guantity ofo@36ijothendamtiechchlexiiaatatdydilaahts extdostiailizeiigiore veeddntbiadtbstpemdsded into
activated carbon 11column apparatus 54 (as shown in Fig. 7) where reduction of the colour of the
solutidn 1phmseshefore ppteg mdtedctothefpacesaibthedrdsm methbraxeadicel sasetimenftransted
13carbon binds to the colour containing compounds, removing them from the extracted 14solution. 15
16[00%0] AarshevarriteRihavinga dedolw diles cexfigioibso e a praretyph 2 capesrbische Hlow ndirected
to apparatus 69 via line 68 for concentration. Apparatus 69 in general, can be 18 any apparatus that
can céncamesstrenmatgagithecldrenahtharfiberatahilo anttbarstreaosslangrthm ghetlisidarof
concentrating the feed solution from as low as 0.05% to a 20 concentration as high as 50%, and in a
more prefthediberabddmeratplefareearracgement igithlef the sosteeotppiticdbricerit@tion of 8- 10%. In
the more preferred 22 embodiment, apparatus 69, is a polymeric membrane which in its operating
modef onlgopggatiatienvkirthofuRareite sheligida whilewthe reagivifte sakiipndatsomederiatbto
1permissibility of apparatus 69 can be pressure driven, vacuum driven and/or thermal 2 driven. In the
most pref@fSHieRInG GRheiAnhalons sbeokimesis Both) sabiipnsfsegreticulatngralongdngiven
membrane, is used in apparatus 69. The use of apparatus 69, 4concentrates the extracted solution to a
highe$ cofREPRANESilanBRUIFS R iRt AlUklinendd @Tshoumithbitk R bla PR diaidsaAdanthe

pre-conceg}'gr?st;icl)iﬂeb 4a opgg?r}gsthggsolution back to tank 21; the receiving solution transfer along
10  line 26 into apparatus 23 and along line 27 to bring the solution back to the holding tank
11 25. The pH of the source phase is being maintained at lower than the pKa, such as 1.5
12 to 3.6 for lactic acid solution by acid 28 via dosing line 29. Acid 28 is generalily the same
13 as the acidification agent 14. The receiving solution could be water alone, or contains
14 chemical such as hydrochloric acid or sodium carbonate. The most preferred receiving

15  solution is plain water, as this reduces the polishing effect in later stages. The extraction

16  processes involve:

17
18 (1) Protonation of carrier with organic acid:
19 [RaNorg + [LacH]aq <> [RsNH'LacJerg

20  During the protonation, the organic acid is being attached to the amine;

21

22 (I) Transfer of lactic acid across the organic layer to the receiving solution side.
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6 advantageously reduces the volume that apparatus at subsequent steps need to 7 handle. The water
removed by apparatus 69 can be directed to apparatus 25 and 44 for 8use as the source of the
fermentation broth or wherever else it is needed. Alternatively 9the step of concentration may be
perform prior to the step of removal of colour. 10 11[0041] The extracted solution, irrespective of
whether subject to further concentration 12from apparatus 69, can then be directed to a series of
columns for polishing to increase 13quality. The series of polishing column can consist of, for example
i) a catiorTbroMINEEIAClCAGIHEOORRISX iy HIEOBERNGH @HFA5E HEsOIEaM & ¥ S5 1 S/ Hfon
exchanger IScolumn for removal of anionic impurities; iii) polishing colour removing resin or activated
16 ca&rborselulionrside teradesring sl tionesidenfe danshaialinhEsERANEMS &8 sequence,
although in the more preferred embodiment, cation exchanger column is 18preferably before anion
exchéngefiiﬁbﬁhﬂﬁrﬁﬁﬁhﬁ@@mglﬁxréh{m@cﬂfdbﬁ\)a@ﬂt%im%ﬁﬂ@@én be positioned before, after or in
between cation and anion exchanger column. 20 21[0042] The pre-concentrate broth from apparatus
69 orddecolourized brofRéNit It bpar dRaNG s [RsNdE 436 batibiRstBhanger apparatus 56 via line 70
or line 55 23respectively for removal of any trace of cationic impurities. In general, any strong cation
lexchange resinveherediiscdloserdodhauesavinge of aac apHie 1eepPineeBa: @tthange 2resin is one
option. Besides removing the cationic impurities, the cation exchanger 3column 56 also further
remo$es some or all of the colour of the broth. The 4demineralized lactic acid solution is then further
treated with an anion exchanger 5apparatus 58 via line 57, where anionic impurities are removed. A
weak’anionic 6 éXbhBepsatesatian&d@relden apparatus 58. In the one embodiment a macroporous type
7resin is used. 8 9 [0043] The steps of removal of colour may be repeated if needed. Also, the step of
10 cohdensation may 4R0NIR tesclate aliftsNatioh [bRehBnge, anion exchange and colour

9  The lactic acid (or organic acid in general) is transferred from source solution to the
10  receiving solution.
11

12 [0037] The ratio of the quantity of source to receiving solution is preferably from 1:1 to
13 8:1, and yet more preferably, from 1:1 to 4:1. The time of the extraction process

14  depends in part upon the source to receiving ratio, organic acid concentration and the
15 extraction apparatus (i.e. the supported liquid membrane). The extraction process

16  should be stopped when source phase organic concentration is more than 20% higher
17  than the receiving phase, since the extraction rate becomes undesirably slow. The

18 receiving solution can be collected for further treatment. A fresh receiving phase is

19 circulated in the system to further extract the lactic acid. After a few rounds of
20  extraction, the source solution would contain less than 8% lactic acid, which would be
21  less suitable for extraction as the extraction rate would become too slow. In one
22 embodiment where the source to receiving ratio is 2:1, and source phase léctic acid

23 concentration is 48% initially; the source solution lactate concentration would reduce to
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11removal. For example, although the output extracted solution from the anion exchanger 12apparatus
58 generally contains no colour, in any process low level of colour persists 13after subjecting the
extracted solution to the anion exchanger, the output from anion 14exchanger can be further subjected
to colour removal in apparatus 60 that contains for 15example a polishing colour removing resin or
activated carbon. The resultant extracted 16solution generally contains 7- 12% of lactic acid depending
on the initial concentration. 17If the resultant solution's concentration is lower than 10%, it is
advantagdaod 0&6safitge &ix Botimeds aiéi eciractamstlof Bdor boiretiagcp Jdaaeé2g é\ [audicacids 2 can be
any 19 embodiment similar to apparatus 69. In one of the preferred embodiment, another RO 20
memBranedpaesdrhtionppihatcecéingpalatios B21ctn1&Sacidirartapecssiytitinetapparatus 2% of lactic
acid. The water 63 removed by apparatus 62 can contains from 0.1% to 226% of lactic acid depending
on initial dwhighss@leciivity ésuttenotganieracididn. geine 2o Hwitaceivingstddtion igsmeontains 11 to
15% organic acid. It can then be subjected to 1purification through apparatus 72. Apparatus 72 is a
separhtiosigeificantamiotst ofugiucoseo wbighrisvihig mavumeteriat daidhe Jeampentatsie @f laohieight
impurities above a 3predetermined threshold that might have pass through all previous processes. 4
Appafatugid.id hectetawnohthanedsiving phasenisriove reiativedr teasauesghs ution, SipeeVatty of
between 100 - 300 Daltons, and more preferably with 100 - 150 MWCO for 6purification of lactic acid.
Appafatufdid iibaisgexicaniad inisad Slenoapiutiennicontparnad wil dhe elaiflig drivetiv(afieimpurities
with molecular weight higher than its MWCO. It 8improves the colour value of the lactic acid solution
whenit is ¥lirMED ctb seeifrbee8G dooblhidmes Hedngton insealont Theohiph sefeotvilyririwerafeate from
apparatus 72 can then be subjected to further concentration 12with a product evaporator, i.e.,
appafatudhes A gdswras that therrreebring mhaserantarsde v ARIIHISGf PYicdmperitigs Andmes,
more commonly 25 - 35 times. The 14 concentrate 76 from the apparatus 75 can be directed to product
packifig sEERiitaltyhadepensentphgovice AnagR iapisdrapusitiesraparniatipibibn the ayesutipparatus 9
or 31 for

10 of the preferred apparatus with initial source containing 48% lactate, pH 3.2, ammonium
11 4.0to 4.5 %, sulfate 10 to 20%, the receiving solution would contains ammonium

12 0.0001 to 0.05% and suifate 0.0001 to 0.04%.

13

14  [0038] To improve the recovery, the concentrated solution can be sent to another

15 evaporator 31 via line 30 for further concentration. The evaporation capacity of the

16  apparatus 31 is roughly 5 - 8 times sméller than apparatus 9. The output from apparatus
17 31 can contains 15% - 60% lactic acid, typically about 30 - 50%. As the solution already
18  contains ammonium sulfate at near saturation point, ammonium sulfate might

19  precipitate out during concentration, particularly when concentrated beyond 40%. The
20 concentrated broth can be filtered in the similar manner as the previous process, via line
21 33into a cooling tank 34 and out through line 35 into a filter press or any suitable solid

22 liquid separation apparatus 36 to obtain a clear concentrated broth which is collected in

23 tank 40 and ammonium sulfate crystal or any carbonized precipitate in 38. In this
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16 evaporation, or revert back to apparatus 54 to increase the recovery of the lactic acid as 17depicted
in Fig. 12. This post polished organic acid may be treated with an oxidizing 18 agent such as hydrogen
peroxide to produce a heat stable organic acid - i.e., an add 19resistant to discolourization at elevated
temperatures. 20 21[0045] Fig. 9 shows that the distillate from apparatus 14, 28 and 75 can be treated
with 22apparatus 11 to remove the VOCs and trace quantity of lactic acid to generate grade-1 23quality
water 67. The quantity of 67 is generally sufficient to supplement 70- 90% l1demand of the whole
procdsse§lirrfionisteniRp fustbe eaiaAaidiicaliRnianragseriYIRshe SARSRIBERIRALIH*MIR 28 could be
use directly in preparation of fermentation broth, 3while the distillate from apparatus from 75 can be
useds tAeadgiRtigwatidh et aifiadsoncenspeddrotivin 2ok A0S ARSI ILIGRIRS Rustrated by
~ the following examples, which are 7nat to be construed in any way as imposjn }imitati S upon the
scopé the?é%ﬁf@@[(ﬁf@f@(aﬁ'ﬁ)m'tf -%Meﬂﬁﬁﬁﬁ@ﬁai‘d?f@ﬂ?'Wf&%%ﬁ'ﬂé‘ﬁm?% PWH%G%E&?L:%?M in an
ultrafiltration membrane system at feed 11lpressure of 2 bars. The ultrafiltration membrane was
polyetherd@RR5eH 200y f EbAP P FAbes %%B%ﬁ%%ﬁ&?@&i%nag a b?céa.gjm 0f’lﬁ%gfé'}\%ﬁentation
broth was fed and 13flowed in the lumen of the fiber, The reject pressure was controlled at 1.6 bar
press%re.@%”ﬁaﬁ%%‘r‘ﬂﬁrﬁﬂé%r@@lﬁb%g'gfaf!%rb?&?z.F? f ?H&Ppﬁé‘wivé'%w te was 1.9

15L/min and declined 3:) 0.5 L/min after 3 hours at 86% recovery. The average flux was 1619.5 LMH.
The usp@RRBEALSId 1H AR ENG FSREREHRHPBroth and the first permeate 17 was 3.88g/L and 0.005g/L

respectively. The concentrate of the first permeate had 18suspended solid of 49.78g/L. Parameters
Unit

8  [0039] All the receiving extracted solutions from the SLM processes (collected in tank 25
9 and 44) are combined to a stream that contains certain quantity of compound which
10  adds colour to the extracted solution. The combined stream is fed into activated carbon
11 column apparatus 54 (as shown in Fig. 7) where reduction of the colour of the solution
12 takes place by the introduction of activated carbon to the extracted solution. Activated
13 carbon binds to the colour containing compounds, removing them from the extracted
14  solution.
15
16  [0040] As shown in Fig. 7, the decolourized extracted solution from apparatus 54 can be
17 directed to apparatus 69 via line 68 for concentration. Apparatus 69 in general, can be
18 any apparatus that can concentrate the organic acid by removing water from the broth
19  solution, in particular, concentrating the feed solution from as low as 0._05% toa
20  concentration as high as 50%, and in a more preferred embodiment, from feed
21  concentration of 1 — 8% to output concentration of 8 — 10%. In the more preferred
22 embodiment, apparatus 69, is a polymeric membrane which in its operating mode, only

23 permits water of the extracted solution to flow through the membrane. The water
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Feed Permeate Concentrate Volume L 253 220 16 Suspended solid g/L 3.88 0.005 49.78 Lactate
concentration g/L 108.9 107.2 99.7 Turbidity NTU 4580 1.2 52000 1 2[0048] Example 2 -
Microfiltration 3Sixteen liters of concentrated broth of ultrafiltration (UF) (i.e. microfiltration (MF) feed) 4
was circulated in stainless steel MF membrane with titanium dioxide coating. The 5 membrane had
pore size of 0.1 um. The MF feed had 49.78 g/L of suspended solid.

1  permissibility of apparatus 69 can be pressure driven, vacuum driven and/or thermal
2 driven. In the most preferred embodiment, a reverse osmosis (RO) membrane, which is
3 apressure driven membrane, is used in apparatus 69. The use of apparatus 69,
4  concentrates the extracted solution to a higher concentration at much lower energy cost
5 than a conventional evaporation apparatus. The pre-concentration by apparatus 69
6 advantageously reduces the volume that apparatus at subsequent steps need to
7  handle. The water removed by apparatus 69 can be directed to apparatus 25 and 44 for
8 use as the source of the fermentation broth or wherever else it is needed. Alternatively
9 the step of concentration may be perform prior to the step of removal of colour.
10
11 [0041] The extracted solution, irrespective of whether subject to further concentration
12 from apparatus 69, can then be directed to a series of columns for polishing to increase
13 quality. The series of polishing column can consist of, for example i) a cation exchanger
14 column for removal of cationic impurities (demineralization); ii) an anion exchanger
15  column for removal of anionic impurities; iii) polishing colour removing resin or activated
16  carbon column for removal of colour. These three columns can be operated in any
17  sequence, although in the more preferred embodiment, cation exchanger column is
18 preferably before anion exchanger column, while colour removing or activated carbon
19  can be positioned before, after or in between cation and anion exchanger column.
20
21  [0042] The pre-concentrate broth from apparatus 69 or decolourized broth from
22 apparatus 54 is directed to cation exchanger apparatus 56 via line 70 or line 55

23 respectively for removal of any trace of cationic impurities. In general, any strong cation
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6 The MF was operated at 3 bar trans-membrane pressure. The average flux was 80 7 LMH. 8 9
10049] Example 3 - Concentration of first permeate from 11% to 48% 10100 L of first permeate was
concentrated from 11% to 48%. The quantity of the 11concentrated broth recovered was 22.9 L, while
77.1 L was collected as distillate. Parameters Unit Feed Concentrate Distillate Volume L 100 22.9 77.1
Lactate concentration g/L 100-105 475 -485 <0.2 12 13[0050] Example 4 - Acidification and
crystallization of ammonium sulfate 1477.2 L of concentrated solution containing 48.6% lactate was
acidified Bseh M98 B3N 1GM Do HEebiRiappREAHE RO abite OfIMACIRRINEH MRS CaHARSHERARRrate
crystal 16precipitated out after acidification and the solution was cooled to 25C. After filtering off 17the
ammdniufasitienergstiangBesidasrerae i the CRHNIS rRUss dtheealitMSXRIBNESY was up to

99.5%.
3 column 56 also further removes some or all of the colour of the broth. The

4  demineralized lactic acid solution is then further treated with an anion exchanger
5  apparatus 58 via line 57, where anionic impurities are removed. A weak anionic
6 exchange resin is required in apparatus 58. In the one embodiment a macroporous type

7  resin is used.

9 [0043] The steps of removal of colour may be repeated if needed. Also, the step of
10  condensation may also be repeated after cation exchange, anion exchange and colour
11 removal. For example, although the output extracted solution from the anion exchanger
12 apparatus 58 generally contains no colour, in any process low level of colour persists
13 after subjecting the extracted solution to the anion exchanger, the output from anion
14 exchanger can be further subjected to colour removal in apparatus 60 that contains for
15 example a polishing colour removing resin or activated carbon. The resultant extracted
16  solution generally contains 7 — 12% of lactic acid depending on the initial concentration.
17  If the resultant solution’s concentration is lower than 10%, it is advantageous to subject
18 the solution to another concentrating apparatus 62. Apparatus 62 can be any
19  embodiment similar to apparatus 69. In one of the preferred embodiment, another RO
20 membrane is used in apparatus 62. Apparatus 62 can concentrate the solution to 11 -
21 15% of lactic acid. The water 63 removed by apparatus 62 can contains from 0.1% to
22 6% of lactic acid depending on initial concentration and resultant concentration. The

23 resultant extracted solution contains 11 to 15% organic acid. It can then be subjected to

20



Unit Before acidify After acidify and filter Volume L 77.2 82.2 pH 5.6 3.2 Lactate concentration g/L
486.8 454.7 Sulfate concentration g/L 16.8 186.5 Ammonium concentration g/L 79.7 61.5 Lactate
guantity kg 37.58 37.38

10
11
12
13
14
15
16
17
18
19
20
21
22

23

purification through apparatus 72. Apparatus 72 is a separation device that based on a
molecular weight cut off. It removes larger molecular weight impurities above a
predetermined threshold that might have pass through all previous processes.
Apparatus 72 is preferably a nano-filtration membrane with molecular weight cut-off
(MWCO) of between 100 — 300 Daltons, and more preferably with 100 — 150 MWCO for
purification of lactic acid. Apparatus 72 allows lactic acid to pass through the membrane
while retaining most of the impurities with molecular weight higher than its MWCO. It
improves the colour value of the lactic acid solution when it is further concentrated to

higher concentration beyond 75%.

[0044] The permeate from apparatus 72 can then be subjected to further concentration
with a product evaporator, i.e., apparatus 75 as shown in Fig. 8. The concentration
factor for apparatus 75 can be 20 — 40 times, more commonly 25 — 35 times. The
concentrate 76 from the apparatus 75 can be directed to product packing sections. The
concentrate 74 from the apparatus 72 may be subjected to either apparatus 9 or 31 for
evaporation, or revert back to apparatus 54 to increase the recovery of the lactic acid as
depicted in Fig. 12. This post polished organic acid may be treated with an oxidizing
agent such as hydrogen peroxide to produCe a heat stable organic acid —i.e., an acid

resistant to discolourization at elevated temperatures.

[0045] Fig. 9 shows that the distillate from apparatus 14, 28 and 75 can be treated with
apparatus 11 to remove the VOCs and trace quantity of lactic acid to generate grade-1

quality water 67. The quantity of 67 is generally sufficient to supplement 70 — 90%
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1 2[0051] Example 5- Extraction of lactic acid with supported liquid membrane 3The concentrated
lactic acid solution with 40 - 48% lactate was extracted with hollow 4 fiber supported liquid membrane
(SLM) with 70 m2 membrane area. The organic layer 5impregnated to the membrane contained 0.001 -
10% carrier, 99.9-90.0% co-extractant 6and diluents. Water was used as the receiving solution. The
guantity of the receiving 7solution used was half the starting source solution volume per extraction that
lasted 3 to 85 hours. The similar process was scaled up to industrial size module with effective 9
membBrandenandiosdterhole Rrgeessss inguding avashiogb eqsirme it dervatvgkafiiate A total
of 77.2 L of extracted solution from SLM process was treated with an activated 13carbon column of 1m

lengtR, 1.3rorBiapRad@kisdeARARS. B%decﬁ%‘dﬁ? dirgetydmreanasatiemoAfrimestatirhb@iume L 77.2

82.2 Colour Pt-Co 2000-4000 300-500 14 15[0053] Example 7- Demineralization with strong cation
exchangeWBimthe distillate from apparatus from 75 can be used as the receiving solution for the

4 SLM.
5
6 [0046] The present invention is further illustrated by the following examples, which are

7  notto be construed in any way as imposing limitations upon the scope thereof.

9 [0047] Example 1 — Ultrafiltration
10 253 L of fermentation broth was circulated in an ultrafiltration membrane system at feed
11 pressure of 2 bars. The ultrafiltration membrane was polyether suifone based hollow
12 fiber membrane with an effective area of 3.5 m?. The fermentation broth was fed and
13 flowed in the lumen of the fiber. The reject pressure was controlled at 1.6 bar pressure.
14 The trans membrane pressure was at 1.8 bars. The initial permeate flow rate was 1.9
15 L/min and declined to 0.5 L/min after 3 hours at 86% recovery. The average flux was
16 19.5 LMH. The suspended solid in the raw fermentation broth and the first permeate
17 was 3.88g/L and 0.005g/L respectively. The concentrate of the first permeate had

18 suspended solid of 49.78g/L.

Parameters Unit | Feed Permeate Concentrate
Volume L 253 220 16
Suspended solid g/L |3.88 0.005 149.78
Lactate concentration |g/L | 108.9 107.2 99.7
Turbidity NTU | 4580 1.2 52000
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1A total of 82.2 L of extracted lactic acid solution that had been treated with activated 2 carbon was
treated with a macroporous strong cation exchange resin column of 1m 3length, 1.5" diameter and 0.7
kg resin. Unit Before treatment After treatment Volume L 82.2 84.29 pH <1 <1 Lactate concentration
g/L 116-121 113-118 Sulfate concentration g/L <0.8 <0.8 Ammonium concentration g/L <0.8 Not
detectable Colour Pt-Co

1

2 [0048] Example 2 — Microfiltration

3 Sixteen liters of concentrated broth of ultrafiltration (UF) (i.e. microfiltration (MF) feed)
4  was circulated in stainless steel MF membrane with titanium dioxide coating. The

5 membrane had pore size of 0.1 um. The MF feed had 49.78 g/L of suspended solid.

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

7 LMH.

9 [0049] Example 3 - Concentration of first permeate from 11% to 48%

10 100 L of first permeate was concentrated from 11% to 48%. The quantity of the

11  concentrated broth recovered was 22.9 L, while 77.1 L was collected as distillate.

Parameters Unit | Feed Concentrate Distillate
Volume L 100 229 77 1
Lactate concentration | g/L | 100-105 475 -485 <0.2

12

13 [0050] Example 4 — Acidification and crystallization of ammonium sulfate

14 77.2 L of concentrated solution containing 48.6% lactate was acidified from pH 5.6 to
15 3.2 with 13.8kg of sulfuric acid. 6.1 kg (wet weight) of ammonium sulfate crystal

16  precipitated out after acidification and the solution was cooled to 25°C. After filtering off
17 the ammonium sulfate crystal, 82.2L of the acidified broth was recovered. Lactate

18 recovery was up to 99.5%.

Unit | Before acidify | After acidify and filter

Volume L [77.2 82.2
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300 -500 50-100 4 5[0054] Example 8 - Removal of anionic impurities with weak anion exchange resin
6 A total of 84.29L of demineralized extracted lactic acid solution was treated with a 7 macroporous
weak anion exchange resin column of Im length, 1.5" diameter and 0.6 kg 8resin. Unit Before
treatment After treatment Volume L 84.29 86.06 pH <2 <2 Lactate concentration g/L 113 - 118 109 -
114 Sulfate concentration g/L <0.8 Not detectable Ammonium concentration

pH 5.6 3.2
Lactate concentration g/L | 486.8 4547
Sulfate concentration g/L | 16.8 186.5
Ammonium concentration | g/L | 79.7 61.5
Lactate quantity kg |37.58 37.38

2 [0051] Example 5 — Extraction of lactic acid with supported liquid membrane

3 The concentrated lactic acid solution with 40 — 48% lactate was extracted with hollow

4 fiber supported liquid membrane (SLM) with 70 m? membrane area. The organic layer

5 impregnated to the membrane contained 0.001 — 10% carrier, 99.9-90.0% co-extractant
6 and diluents. Water was used as the receiving solution. The quantity of the receiving

7  solution used was half the starting source solution volume per extraction that lasted 3 to
8 5 hours. The similar process was scaled up to industrial size module with effective

9  membrane area of 300 m?.
10

11  [0052] Example 6 — De-colourization with activated carbon

12 Atotal of 77.2 L of extracted solution from SLM process was treated with an activated

13 carbon column of 1m length, 1.5” column diameter and 0.8 kg carbon.

Unit Before treatment | After treatment

Volume | L 77.2 82.2

Colour | Pt-Co | 2000-4000 300-500

14

15 [0053] Example 7 — Demineralization with strong cation exchange resin

24



g/L Not detectable Not detectable 9 10 [0055] Example 9- Nano-filtration membrane An extracted
lactic acid solution obtained from apparatus 62 (RO membrane) was 2subjected to two different
processing path: i) direct:.concentration to 885% via 3apparatus 75, ii) treatment with apparatus 72
(Evaporator) follows by concentrated the 4 permeate from apparatus 72 (NF membrane) with
apparatus 75 (Evaporator). Without NF treatment With NF Treatment Lactic Acid Concentration

90.44% 87.1A Colour 250 alpha 75 alpha 5 6 [0056] Examrﬁ

dilutéd paritéal pb8Rpblistleexisreied dartiorfigbalHEdbHal
Unit Final Product pH

le 10- Product concentration 788 L of

pstbeen deated witsastiatsttentration.

2 carbon was treated with a macroporous strong cation exchange resin column of 1m
3 length, 1.5” diameter and 0.7 kg resin.
Unit | Before treatment | After treatment

Volume L 82.2 84.29

pH <1 <1

Lactate concentration g/L 116-121 113-118

Sulfate concentration g/L <0.8 <0.8

Ammonium concentration | g/L <0.8 Not detectable

Colour Pt-Co | 300 -500 50-100
4

5 [0054] Example 8 — Removal of anionic impurities with weak anion exchange resin

6 A total of 84.29L of demineralized extracted lactic acid solution was treated with a

7  macroporous weak anion exchange resin column of 1m length, 1.5” diameter and 0.6 kg

8 resin.
Unit | Before treatment | After treatment

Volume L 84.29 86.06
pH <2 <2
Lactate concentration gL |113-118 109 - 114
Sulfate concentration g/L | <0.8 Not detectable
Ammonium concentration | g/L | Not detectable Not detectable

9

10  [0055] Example 9 — Nano-filtration membrane
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<1 Lactate concentration % 85 -90 Sulfate concentration ppm <10 Ammonium concentration ppm <10
Colour Pt-Co 0 Glucose concentration ppm Not Detectable 10[0057] Effect of stabilizer in SLM 11The
stability of liquid membrane is highly related to the water transport across the 12membrane. Higher
water transport would result in lower stability. Under experimental 13conditions, water transfers from
receiving solution to source solution generally. Two new 1liquid membrane modules constructed with
same batch of base polymer fibers were 2used. The organic layers impregnated in the micropores of

the fibhersNagxteacinsh lastimpeid rohdtiencebipingd Srrmappraiius 8 2(BOdmerbrapHonasnic surfactant.

The 4same source of L-lactic acid fermentation broth solution was used for the experiments. Unit
2 subjected to two different processing path: i) direct concentration to 88+5% via

3 apparatus 75, ii) treatment with apparatus 72 (Evaporator) follows by concentrated the

4  permeate from apparatus 72 (NF membrane) with apparatus 75 (Evaporator).

Without NF treatment With NF Treatment

Lactic Acid Concentration | 90.44 % 87.1%

Colour 250 alpha 75 alpha

6 [0056] Example 10 — Product concentration

7 88 L of diluted purified post polished lactic acid solution was concentrated to 88% lactic

8 acid concentration.

Unit Final Product

pH <1
Lactate concentration % 85-90
Sulfate concentration ppm | <10

Ammonium concentration | ppm | <10

Colour Pt-Co | O

Glucose concentration ppm | Not Detectable

10 [0057] Effect of stabilizer in SLM

11 The stability of liquid membrane is highly related to the water transport across the
12 membrane. Higher water transport would result in lower stability. Under experimental

13 conditions, water transfers from receiving solution to source solution generally. Two new
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Without Stabilizer With Stabilizer Lactate extraction flux g/m2.h 29 24 Extraction time h 20 20 Initial
source solution volume L 4 4 Final source solution volume L 4.2 3.9 Total sampling volume L - 0.1 - 0.1
Source solution volume change L + 0.3 0 Number of days stable 7

10

11

liquid membrane modules constructed with same batch of base polymer fibers were
used. The organic layers impregnated in the micropores of the fibers have similar
compositions except that one with addition of 0.001-0.02% non-ionic surfactant. The

same source of L-lactic acid fermentation broth solution was used for the experiments.

Unit Without Stabilizer | With Stabilizer
Lactate extraction flux g/m2.h | 29 24
Extraction time - h 20 20
Initial source solution volume L 4 4
Final source solution volume L 4.2 3.9
Total sampling volume L ~0.1 ~0.1
Source solution volume change | L +0.3 0
Number of days stable 7 More than 180 days

[0058] Effect of Hydrogen peroxide

The extracted solution obtained from apparatus 72 (NF membrane) was subjected to i)
Hydrogen peroxide treatment; ii) without Hydrogen Peroxide treatment, follows by

concentrating to 88+3% wt/wt Lactic Acid concentration

Without Hydrogen | With Hydrogen Peroxide
Peroxide treatment Treatment

Lactic Acid Concentration | 87.1 % 88.6%

Colour 75 alpha 25 alpha

[0059] Heat Stability Test.
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More than 180 days 5 6 [0058] Effect of Hydrogen peroxide 7 The extracted solution obtained from
apparatus 72 (NF membrane) was subjected to i) 8Hydrogen peroxide treatment; ii) without Hydrogen
Peroxide treatment, follows by 9 concentrating to 883% wt/wt Lactic Acid concentration
WithoutHydrogen Peroxide treatment With Hydrogen Peroxide Treatment Lactic Acid Concentration
87.1 % 88.6% Colour 75 alpha 25 alpha 11[0059] Heat Stability Test. 1Concentrated 88% post
polished lactic acid solution obtained (45 MT) from one of the 2 embodiment of the above mention
processesdAdamiaratBYhpaksimiinetericicHGS 501 dtioniEbtainedU#SidAT inencapeobtiiee end
solution was measured. 4 5[0060] From the foregoing disclosure and detailed description of certain
preferrecbhtioipaémestshd stbie mpptoenp tbed sseiissuiydiiedttorte atddakility dest ether 7alternative
embodiments are possible without departing from the true scope and spirit of 8 the invention. The
embadim§s59G dosskifferedredunatien. i detouibetthe pral/sutiendbastrikesstredn of the principles of
the invention and its practical application to thereby

Initial Colour 5
15 50
30 70
60 75
90 95
120 100

5 [0060] From the foregoing disclosure and detailed description of certain preferred

6 embodiments, it will be apparent that various modifications, additions and other

7  alternative embodiments are possible without departing from the true scope and spirit of

8 theinvention. The embodiments discussed were chosen and described to provide the

9 best illustration of the principles of the invention and its practical application to thereby
10  enable one of ordinary skill in the art to use the invention in various embodiments and
11 with various modifications as are suited to the particular use contemplated. All such
12 modifications and variations are within the scope of the invention as determined by the
13 appended claims when interpreted in accordance with the breadth to which they are

14 fairly, legally, and equitably entitled.
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10enable one of ordinary skill in the art to use the invention in various embodiments and 11with various
modifications as are suited to the particular use contemplated. All such 12modifications and variations are
within the scope of the invention as determined by the 13appended claims when interpreted in
accordance with the breadth to which they are 14fairly, legally, and equitably entitled. 1What is claimed
is: 2 BL.ANKRERSSIBIRTEgPyery and purification of an organic acid from a fermentation 4broth containing a
salt form of the organic acid, comprising in combination the steps of: 5a.subjecting the fermentation broth
to one of ultrafiltration and microfiltration 6to form a first permeate; 7b.concentrating the first permeate to
form a concentrated broth; 8c.subjecting the concentrated broth to a supported liquid membrane for
9extmctian of ol ppiscasitiiiteca SRR alRISHAHDLRN PISRD AT acle dropiudipernatatibiecting the
extracted solution to activated carbon for colour removal, a 11cation exchange resin for demineralization,
and an apiehexshengie gesisaiefoemer @ bigame aisidnguiirsisgfarmarasaneishesapanie acid;
13e.filtering the post polished organic acid to remove impurities above a 14predetermined threshold using
a napo-filtrationgnembsainge swhgreie teenpspeaiornined 15 dheeshole igibetmeantdmiceOftRaigens; and
16f.concentrating the post polished organic acid to a desired concentration. 17 182.The process of claim
1, wiereip foersuppateefifivigienembrane comprises a 19 base membrane and an organic layer
impregnated on pores of the base membrane. 20 213.The process of claim 2, wherein the organic layer

comprises a carier, a goneesutiaatitiediditysrhangta wiabitizer cddcentrated broth;
8 C. subjecting the concentrated broth to a supported liquid membrane for
9 extraction of organic acid into a separate stream comprising an extracted solution;
10 d. subjecting the extracted solution to activated carbon for colour removal, a
11  cation exchange resin for demineralization, and an anion exchange resin for removal of
12 anionic impurities to form a post polished organic acid;
13 e. filtering the post polished organic acid to remove impurities above a
14  predetermined threshold using a nano-filtration membrane, wherein the predetermined

15 threshold is between 100 — 300 Daltons; and

16 f. concentrating the post polished organic acid to a desired concentration.
17
18 2. The process of claim 1, wherein the supported liquid membrane comprises a

19 base membrane and an organic layer impregnated on pores of the base membrane.
20

21 3. The process of claim 2, wherein the organic layer comprises a carrier, a co-
22  extractant, a diluent and a stabilizer.

23
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14.The process of claim 3, wherein the stabilizer is a form of ethoxylated 2fluorocarbon based
surface-active agent that is non-ionic. 3 45.The process of claim 3, wherein the carrier comprises one of a
primary amine, a 5 secondary amine, a tertiary amine and an aromatic amine. 6 76.The process of claim
3, wherein the co-extractant is an aliphatic alcohol. 8 97.The process of claim 3, wherein the diluent

comprises, one qftr ydeeebeeIan CkaipRee A REhaRBN @S alesrhlol dthbRpiRiagess of claim 5,

wherein the amine has one or more side chains of 13branched, linear and cyclic C4to 024. 14 159.The
procgss @fLglitafhorhessutea pipbaticiacageheampisasnsnad. linear and 16branched 02 to 029. 17
1810.The process of claim 2, wherein the base membrane comprises one of 19polypropylene,
polygthylene, polyvinyldifluoride, polyether sulfone and polysulfone. 20 2111.The process of claim 1,
wherein the supported liquid membrane has a hollow 22fiber configuration defining two sides, wherein

one side &5 of aTREgBrRIERRASE RIS RREHBRT Bl ie08 BE0RINIRSS PNaSR a brkadheniresess of claim

11, wherein the organic phase contains more than two 3 components. 4
5 secondary amine, a tertiary amine and an aromatic amine.

6

7 6. The process of claim 3, wherein the co-extractant is an aliphatic alcohol.

8

9 7. The process of claim 3, wherein the diluent comprises one of a hydrocarbon, a

10 ketone, an ether and an ester.

11

12 8. The process of claim 5, wherein the amine has one or more side chains of

13 branched, linear and cyclic C4to Cas.

14

15 9. The process of claim 6, wherein the aliphatic alcohol comprises one of linear and
16  branched C; to Cy.

17

18 10. The process of claim 2, wherein the base membrane comprises one of

19 polypropylene, polyethylene, polyvinyldifluoride, polyether sulfone and polysulfone.

20

21 11. The process of claim 1, wherein the supported liquid membrane has a hollow
22  fiber configuration defining two sides, wherein one side is of an organic phase and the

23 other side is of an agueous phase.

30



513.The process of claim 1, wherein the ultrafiltration membrane has pores sizes 6 within a range of from
0.1 -0.01 pm and the microfiltration membrane has pores sizes 7 within the range from 0.04 - 1 pm. 8
914.The process of claim 1, further comprising the step of feeding into the supported 10liquid membrane
of step (c) one of water and water mixed with solutes. 11 1215.The process of claim 1 wherein the step of
subjgcting the extracted solution to 13the cation exchange resin occurs prior to the step of subjecting the
extracted organic 14acid solution to the anion exchange resin. 15 1616.The process of claim 1 further

comprisingthe staprd@sidiirgahthe vrensantaterharmtpisaad®doplidite mBramthseRpaating salts
from the concentrated broth 18prior to the step of subjecting the concentrated broth to the supported
liquig megaprpareh®s2017. The process of claim 16 further comprising the step of separating precipitants
by 21filtration prior to the step of subjecting the concentrated broth to the supported liquid 22 membrane.
23 Y18.The process of claim 1 further comprising treating the post polished organic acid 2with an
oxidizing agent to produce a heat stable organic acid. 3 419.The process of claim 1 wherein the organic

acidgs lagc acitthe pPé:Ebe prerans Df wirdieih idhatreamarisinendiastencohaspraet alingsthe extracted
7solution after the step of subjecting the concentrated broth to a supported liquid 8membrane and before

mree?ﬁgdwimmrm%@nﬁaﬁmi@r@d 0ToRNiMmAsHY thEemieySHRVaRMIIcerAbRURIRa P RIeEmEed
7 v.vithin the range from 0.04 — 1 pm.
8
9 14. The process of claim 1, further comprising the step of feeding into the supported
10 liquid membrane of step (c) one of water and water mixed with solutes.
11
12 15. The process of claim 1 wherein the step of subjecting the extracted solution to
13 the cation exchange resin occurs prior to the step of subjecting the extracted organic
14  acid solution to the anion exchange resin.
15
16 16. The process of claim 1 further comprising the steps of acidifying of the
17  concentrated broth to a pH of 1 to 4.8, and separating salts from the concentrated broth
18 prior to the step of subjecting the concentrated broth to the supported liquid membrane.
19
20 17. The process of claim 16 further comprising the step of separating precipitants by
21 filtration prior to the step of subjecting the concentrated broth to the supported liquid

22 membrane.

23
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10 1121.The process of claim 20 wherein the step of concentration the extracted solution 12 is
accomplished by use of a reverse osmosis membrane which permits only water of the 13extracted
solution to flow through the membrane. 14 1522.The process of claim 20 further comprising the step of
concentrating the 16extracted solution after the step of subjecting the extracted solution to anion

exchanga g.7ang heferecess BeplainilteriehBiecBash mahs et iie dditpdRsReYeolyaMidtiesid 8above

the predetermined threshold. 19 2023.The process of claim 1 wherein the predetermined threshold of
stepZe) ig@reatesddinng Lo Mayyredddeh HapseasiesabalacniRiwherein the predetermined

threshold of step (e) is 23between 100 - 150 Daltons.
3
4 19. The process of claim 1 wherein the organic acid is lactic acid.
5
6 20. The process of claim 1 further comprising the step of concentrating the extracted
7  solution after the step of subjecting the concentrated broth to a supported liquid
8 membrane and before the step of filtering the post polished organic acid to remove
9 impurities above the predetermined threshold.
10
11 21. The process of claim 20 wherein the step of concentration the extracted solution
12 is accomplished by use of a reverse osmosis membrane which permits only water of the
13  extracted solution to flow through the membrane.
14
15 22. The process of claim 20 further comprising the step of concentrating the
16 extracted solution after the step of subjecting the extracted solution to anion exchange
17 and before the step of filtering the post polished organic acid to remove impurities
18 above the predetermined threshold.
19
20 23. The process of claim 1 wherein the predetermined threshold of step (e) is greater
21  than 100 Daltons.

22 24. The process of claim 19 wherein the predetermined threshold of step (e) is

23  between 100 - 150 Daltons.
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