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4 5 [0001] The invention relates to a process for the recovery and
purification methods to 6 produce organic acids with higher heat stability,
in particular, it relates to a process for 7 the recovery and nethods of
purification of lactic acid with higher heat stability from8 fernentation
broth containing lactic acid, with nmenbrane technology. 9 10 BACKGROUND OF
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organic acids 17 produced fromthe fernmentation process is largely in salt
formy The recovery of the 18 organic acids fromfernentation broth is a
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recoyer m@gm iivienfidh r&Bte’fto & SRBESs RF tiESrdcoeatyZnd irfrRation hitthddsoioh

gener al ves one or nore precipitation stages. For exanple, 22 under
one kno C far.| | G | r AW : far i byri s
gene at PpAss FaEG oids Vol Figfen ot st A particlar, A TFRI0 PBYokb e el o
sulf %I A (t:hearcelcgvér?/ aPn'é r%é%’od-g%? plurification of lactic 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



1 precipitated salt is renoved by filtration and the resulting liquid is
treated with activated 2 charcoal to renove any colouring nmaterials. The
clarified liquid is then ion exchanged 3 and concentrated to 80% Snell and
taste can be further inproved by oxidative 4 treatnent, e.g., wth hydrogen
peroxi de. The lactic acid obtained at this stage is usually 5 of consunable
qual ity but not suitable as pharnmaceutical grade. For pharnaceutical 6 grade

| actic acid, several additipn urification steps. . . A
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t eckhi gehascorl i@ reyaaye ARY EaloHFHBS m%?lli%-r e éﬂéf'@fc&%ﬁ\i ﬂ%ﬁ‘@&ﬂ% P?‘@??dfgf?‘
downstream processi ng. For exanple, electrodialysis nmenbrane 11
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acid. 12 However, known el ectrodial ysis nenbrane technol ogy requires high
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wat er insoluble amne rich organic phase under highly 22 pressurized carbon
di ox3 de environnent. The lactic acid is back extract to aqueous 23 phase

after renoval of carbon dioxide environnent. The drawback of this technique
is 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



| the use of large quantity of organic solvent. Al so, further purification
steps often need to 2 be carried out to renbve contamnants. 3 4 [0006]
Separation by |iquid nmenbranes is another techni que used for purification of
5 organic acids. The |iquid nmenbranes have been made of several different
materials: 6 e.g., liquid enulsion nmenbranes, hollow fiber supported |iquid
menbranes, and flat 7 sheet supported l'iquid nmenbranes. Liquid menbranes

separate,_the o ani ¢ aci.d thro id- 1 i ource
stream W€ HS&R %F%%HF%MHY]Q 8rg(ar?éﬁ v%rgn %gu@ﬁér}@%véﬂ%dagﬂr% Q%ﬂgtmtgggrtéam c
acid is being extracted into the organic phase 10 and it is then belng back
ext r dct & Gaified Qah@dﬁ@odﬁé‘é)@tqrﬂméﬂﬁ’h partitioning of the 1l organic phase
with the stripping solution. The separation nechani sm of supported liquid

12 m8nbrane (SLM is different from other nenbranes. Known menbranes
separate 13 conponents by size, while SLM extracts the conponent of interest
vi a aherfDoed] Swparationlly litasde thembranéads andtheeidchnigns peed forgmhication ofrhe

chem stry of SLMis basically liquid- 15 liquid extraction. A significant
advant agfyg éﬁlC%szOYﬁé ||hh|@qhé'mbfe€ﬁésd1aﬁétﬂe%ﬁtmﬁdb bfsdVeral differbht metenalses very

m ni num or gani ¢ sol vent. However, the adoption of SLMin real industrial 17
appl iccat i I f LM This
'SPl 2118 4 ohrFUHERTRY, HzheY Pt BB N vl

() el St PO e rBPLE Sl SBURR SosB e o} Bl atP 30
enhaficed, bf opGes O PurLEEcaLl 9, oL organie ackds, 21 StRg.Shigmenbr anes.
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




1 2 [0007] In accordance with a first aspect a process for recovery and
purification of an 3 organic acid froma fernentation broth containing a
salt formof the organic acid, 4 conprises the steps of subjecting the
fermentation broth to one of ultrafiltration and 5 mcrofiltration to form
a first perneate, concentrating the first perneate to forma 6 concentrated
broth, subjecting the concentrated broth to a supported liquid nenbrane 7
for extraction of lactic acid into a separate stream conprising an extracted
solution, 8 subjecting the extracted solution to activated carbon for col our
r enoyval ation 9 exchange resin for de 'neralizatign,.ﬁgd.an ni on
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organic acid, filtering the post polished organic 11 acid to renove
i mpud i t oeganihacid frenpa dersmentatiotebrothcertaisiing asalt éontehtheroarjcagisd, post 12
pol i shed organic acid to a desired concentration. 13 14 [0008] Fromthe
f or egoi ogmgrised thewtepsiofisubjectingl theémweniation bietlatd ene desltrafilatiomand 15
various preferred enbodinments it will be apparent to those skilled in the
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t echnol ogy of organic acid 17 purification. Particularly significant in this
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BRI E DlsEu ?ﬁcl?tmgc%ﬁe%itrgé e SOILY%{OI}‘IIC%(S) ac%i%at%d 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



| [0009] Fig. | shows a schematic of a filtration process for a raw
fermentation broth in 2 accordance with one enbodinent. 3 4 [0010] Fig. 2
shows a schematic of a nmain process fluid concentration stage. 5 6 [0011]
Fig. 3 shows a schematic of a main supported |liquid nmenbrane stage. 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
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a polishing stage, 15 16 [Q016] Fig. 8 shows a schematic of a product
evapbr aBfeHdancEWithone e&“tPPé’HB?P ‘tration 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 nenbrane. 22 5 1
[0019] Fig. 11 shows a schematic of an extraction process of the supported
| i qud d [0010] Fig. 2 shows a schematic of a main process fluid concentration stage.

5

6 [0011] Fig. 3 shows a schematic of a main supported liquid membrane stage.
8 [0012] Fig. 4 shows a schematic of a supporting process fluid concentration stage.

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



2 menbrane. 3 4 [0020] Fig. 12 shows a schematic of a recycling step of the
organic acid for higher 5 recovery. 6 7 [0021] It should be understood
that the appended drawi ngs are not necessarily to scale, 8 presenting a
somewhat sinplified representation of various preferred features 9
illustrative of the basic principles of the invention. The specific design
features of the 10 process for purification of organic acids as disclosed

features of the : on of or gani di sl o
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i ntepded a glication and use environnent. Certain features of the 13

illu tr&?ﬂg'@Hﬁodinents have been enlarged or distorted relative to others
to help 14 provide clear understanding. In particular, thin features may be
thi cRened, for exanple, 15 for clarity of illustration. All references to
direction and position, unless otherwi se 16 indicated, refer to the

ori eAt af0@R9] Fig. d2tshawsd sehamaticiefavasyeling step o8 thseqrarn e asEfrhigharon oF
CERTAI N EMBODI MENTS 19 20 [0022] It will be apparent to those skilled in
the art redédvaty.is, to those who have know edge 21 or experience in this area
of technol ogy, that many uses and design variations are 22 possible for the
procgss for purification of organic acids disclosed here. The followng 23
detail ed discussion of various alternative and preferred features and
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8 presenting a somewhat simplified representation of various preferred features
9 illustrative of the basic principles of the invention. The 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



2 use in purification as lactic acid. O her enbodi nents suitable for other
applications will 3 be 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 froma
fermentation broth is disclosed. The process descri bed herein can accept
lactic 7 acid fernentation broth with any concentration from 1% actate or
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shows a sc a process ere a fermentation broth 1 is first fed
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ultrafiltration 13 menbrane has filtration pores size of 0.1 - 0.01 pm The
ultréfiltrati on menbrane can 14 be in several configurations such as hol |l ow
fiber, tubular, flat sheet or spiral wound unit. 15 In one form a holl ow
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ratio. The ultrafiltration nmenbrane of the present invention can be nade of
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nmenbr ane can eilt e cross-flow or dead-end. In cross-Tlow 20 filtration,
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fernentation _22 broth passes thrpugh, the nembrane w th 0ss-fl ow.
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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



2 sweeping action mnimzes the build up of particul ates on the surface of
the nmenbrane, 3 and advant ageously extends operational |ife of the
menbrane. In the cross-flow 4 nethod, the ultrafiltrati on menbrane can
achi eve recovery rates of 30%to 99% of the 5 desired organic acid, and
typically 60 to 95% of the desired organic acid fromthe 6 fernmentation
broth. 7 8 [0024] For higher recovery of the organic acid fromthe
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recovery of organic 14 acids (both UF and MF) to about 90 to 99% of the
total i methuoal, ther ultrafilidation nemobiane tanmchidverrecexasy eates of 30Heto piofthecid i s
achieved by mcrofiltration (M) of lactic acid 16 fermentation broth with
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Combi nation of MF and diafiltration is used to enhance recovery of lactic

18 I d L@kl trati on nenbrane can be in several configurations such

as fl(gl It)e\/rvmg%aﬁ?ﬁggéthtubul ar, flat sheet or spiral wound unit and can

co i se polymeric, ceramic or 20 nmetallic materials. Alternatively, in

anot her enbodi nent, a conbined Mr-diafiltration 21 process can be adopted
rimentation oth direct to,achi ev 22 99%
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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.



2 [0025] The next step in the process is shown in Fig. 2. Here lactic acid
can be 3 recovered fromthe first pernmeate by concentration to forma
concentrated broth to 4 inprove the recovery/extraction rate. An evaporator
9 is used to concentrate the first 5 perneate to a concentrated broth. In
particular, the organic acid content of the 6 concentration broth may be 20
- 60% nore particularly 30 - 55% The distillate 7 obtained after
evaporation process typically contains less than 0.5% of |lactate. The 8
distillate is practically water with sone volatil e organic carbons (VOCs)

and traces of 9 lactic acid and.is, easily. clarifi b j t hrough an
act i¥at @Qzéhﬂ!ﬁ)ﬂeﬁ&?‘?ﬂﬂ'ﬂ t%@ ragsse s shews {n ﬁ@-?h&&{eﬁ%@%&@?h @lga line 10 to
generate grade one quality water 67. 11 Alternatively, the q)ids illate can
be reustegoveredifeom deiiist Reiragats bytgenceptration todepe p qoncentrakditstthifer e t he
fermentation broth's initial pHis higher than its pKa (for 14 exanple,

| actd c muprdvér e @cp¥eryfextragtion ratee Anevapatatar @i luﬁesf te qangentrate the fisddi t i onal
15 step of acidification. An acidification agent 14 (as shown in Fig. 2)

sui tabl geffsate! ®aicBncdrtrdtee besths émpaiticulant therorganiaacidnaongentiaf theei d such as
hydrochloric acid or sulfuric acid. 17 Sulfuric acid can be used as it does

not ear gy A6 BRotR Rthy Beé 3 W 60%ANfhotd Bartieamlg 301855%! TRauratiliech reduction
in lactate concentration. The objective of acidification is to 19 convert
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In 2 ¢ ec or the adjustment. The
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| actic acid broth, and yet nore preferably 2 to 3.6. If the 23 fernentation
broth alactieagidranscipeasdy clatifiegby passing tHekghanactivalgdirPonCcoldgi red to 9 1
create an acidified broth. The anobunt of acidification agent 14 required is
depéhde(epparatus 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



2 the initial pHof the fernentation broth. Upon cooling of the fernentation
broth in tank 3 13, inorganic salt 19 may precipitate out of the solution.
The inorganic salt 19 fornmed is 4 dependent on the base and the
acidification agent 14 used to control the fernentation 5 pH during
fermentation. For exanple, if amoni um hydroxide is used for controlling 6
fermentation pH and sulfuric acid is used for the acidification, the
inorganic salt 19 7 forned woul d be ammoni um sul fate. Another reason that
sul flir | Beat & pedifed dipihabhe aauit af apiakerian agRnt14 reauhiad isdrnendentan
generally precipitates easily as conpared to other 9 acidification agents.
Equa i otieinifalnts ohithedeempntation brath. tqosfing ot therferrgeniaéian bootaun tanki ¢ aci d
is introduced to a solution containing a lactic acid salt. 11 12 Equation
1: Aci di3iicarganic salt i@nmrpiprecipitate autof thelsatition. heé thorgamic saltfl@rfoomedtisd 13 2
LacNH4 + H2SO4 -> 2 LacH + (NH4)2SO4 14 15 [0027] The acidification process

to of eafépendentonltife Basy dndtHe adiiicatih ddemt 18fusad téebAtrolsthe ¥omestrdter m ¢ and
thus it generates heat and resulting in an increase of solution 17
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25CQ). Jn fernentation, lactate salt can be calciumlactate, . 21 sodi um
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corresponding sulfate salt will be produced. Any salt forned during this
pr odes sagidificatpniagent issthabspifate salt geaerally ipjecipitates easilyrs comparedde sthersal t

forms a substantial quantity if (i) 210 1 the initial fernmentation broth has
a pH of addiicativingdgenty.i cation rh showsnaroexamplead thke saction 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)

10



2 (ii) sulfuric acid is used as the acidification agent; and (iii) the
concentration of the 3 fernentation broth has been increased to nore than
20% during the step of 4 concentrating the first pernmeate. The separation
step separating the concentrated broth 5 fromthe salt is effected through
apparatus 17. Apparatus 17 can be filter press or any 6 other solid-liquid
separators. Preferably the remainder of the steps of the process are 7

car r| e | ified
andy o AR BRI broif Rk T L5 of nibHen §SeafIa of Hirhich: 'a‘?%*e‘*
con ent br ot h. gener al | ns 1ow | ey su ids. 11
{48 @ﬂ"&c@&'@@ﬂtﬁtﬁ%‘#oﬁ?' 6&?@\08 3950} Ia@dj&ﬁ&hq goqq#irﬁﬁggo? recovery
the 12 concentrated broth can be a clear sol ut |°£n or dark vi scous l'i quid
mor & t HerMoOiRfien brejbiias bees ingreased ko mare tham 4% Juding 8xe61eR4i ¢ aci d
concentration. The concentrated broth is 14 delivered to a tank 21 shown in
Fi gst 2cohcertsatingthe fust perotaate. aldiedsepakationpstap separating e cascentiated bwth
acidified broth (20) is fed into an apparatus 23 as shown in Fig. 3. The

appar at fusm thé saiB isusfattédthrodigh apparatusi th Apparatusi £7 ean be fliitenpriese oaanyi f i ed,
concentrated broth is a 17 supported |liquid nmenbrane (SLM. 18 19 [0029]

The SLMtREr SAIMPIuRE Sepetafre a PrételabEthel retaindt of HieSsteps D tHeaplogesPaRONENt S
20 that are inpregnated on anot her ‘menbrane (base nenbrane), such as

ul tr7af L &dF Q&bgpnea%']atn(lHE?\t ﬁd’nd’ﬁ%ofl Itration (MF) type nenbrane. In one form

S use due to i pore area density. The base nenbrane used
|n M has hydr ophobi ¢ nature and can 23 conprise a hydrophobi c pol yner,
such as pol ypropyl ene (PP), polyvinyldifluoride 11 | (PVDF) and pol yet hyl ene

( PE)Q a[nBZg]t'l(‘?he (flltgredy ggl%lf%‘écahndaséoﬁgé%rsa%é gpoeth car? b)e 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



2 pol yether sulfone (PES) and pol yvinyl sulfite (PVS). Cenerally a

hydr ophobi ¢ polynmer is 3 suitable for use as the base nenbrane; in the nost
preferred form PP polyner is used, 4 owing to its highly hydrophobic
nature, relatively | ow cost, good nechani cal properties 5 and good chem cal
stability. 6 7 [0030] The SLM 23 has an organic |ayer inpregnated into the
base nmenbrane which 8 stabilizes the base nenbrane by contai nnment of pores

(here, 8 qu i ' syewad Lbh@(sSF)he organic

I ayelre cgpﬂ@%aﬁa'}’%mk@gégg 'entél:?&gn@?g’y(@%rrrsi er, g%cl%%-uext rgp;t a)nt, a dil uent
and stabilizer . T rrl ' { i ang i

par ] copavethef Sfang § ESang oL due VS el R dophdoBBolnensd
12 preferabl it conprises an amine wWth at |east one |..side chajn of
G £h° couitabialoy wae a8hmbare pnaRPE I b mdsersaree ot & R bpluf i R
aliphatic amne with alkyl chains of C8 - Cl2- 14 15 [0031] The )

co- ekt r awingrte itsighly hydriophebigtnatiwe; ealativehelowgast.qoadmeskamicd) piorertes d
extraction 16 process. The co-extractant can conprise an aliphatic al cohol
t hat5 haand good ehevaical staBility.sci bi lity, such as an al cohol with a carbon chain
of C2 - C29 and nore particularly, it 18 is an alcohol with carbon chain of

C6 -¢CI O The al cohol functionality can be at the end 19 of the carbon
chain (normal alcohol) or at a branch. The co-extractant can conprise, for

20 | ' ' i gphol Wit h
6 _e?(gg”mg?O] 123r‘|2é ?8@322’? héé‘ﬁﬁ%r@éﬁ@'@er%bﬁég%te‘d iffbthebaBe thameRafe ahiephol  wi

D [ uen are added™to the organic layer to dilute the

car i or SBBIEP e S4YR FRATLSS bE o RaIfie b POfsCARE pREltca e ™ 1
geneJ al Hé’mba}QXe 8{19&? irungleid upiecrlattlohnast. TLS o?g(;)a |g }aiyl?alr gartl (c):oﬁtg?n R)%? ecorrrrl%gtr?crer?tg:ea
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



2 and not water m scible could be used. Suitable diluents include

hydr ocar bons, ketone, 3 ether, or ester. Suitable hydrocarbons can
conprise, for exanple, kerosene, nmethyl 4 isobutyl ketone, nono-isobutyl
ket one and butyl acetate may be used. Ot her suitable 5 diluents will be
readily apparent to those skilled in the art given the benefit of this 6
di sclosure. 7 8 [0033] The stabilizers help stabilize the organic

conponents,. i.e., extractants, cq.9. ' ' ase

e raﬁéga”fﬁéc'asé'ﬁ GENETFE Y ?fﬁéﬂﬁlﬂm{hgg%ﬁéﬁe%%wﬁgi #h%edgg%tmgwbtr%eeb rate of
organi ¢ conponent |oss to the surrqunpdings, i..e. o,the aqueous .11 phase.
I'n l%nomdSLOIW{athl‘m§CtP&:9‘Pl§d\bietqﬁﬁq-gé“?%lﬁg’ﬁgent?hnﬂ'&%t‘ﬂﬁgar N5 RO ghl y 12
desirabl e feature, the stabilizer described herein has a non-ionic

sur Bacethart ovestayeSuitablg hydrocarkens\aancamprisee fos @xapple. tkeresenga &t ¥ng has a

| ow aqueous surface tension. The 14 stabilizer while in the organic

conposiigdbutyl ketchea sndriveisbbultyEketbre wre butyhacetatsamiay bensedl Othies suitalleous phase
and therefore reduces the mxing of the two phases. 16 17 [0034] Three

Pri Bar WiigbASRAI BE reAdily dp REst tBtRoSESKiIREY ifl the@artlificer thet lenafit ebtaly | nvent i on:
18 hydrocarbon based, “sil'icone based and fl uorocarbon based stabilizers. The

non- orH'ié: Ios]u?esurface- active agent can be fluorocarbon based. The non-ionic
sur]bact ant i &ca formof 20 surface-active agent without an ionic head
grog}p. The hydrophilic group of the 21 fluorocarbon based surfactant is a
non-i oni ¢ et hoxyl ated group and hence has |ow water 22 solubility. The tail
group of the fluorocarbon based surfactant is both hydrophobic and 23

i p8philPPe3] Theistakilizars beln stabilize thesergan|c campenants. b e FHAREAMS FOF esi dent  at
sol vent-aqueous 13 1 interface. The boundary creates by the fluorocarbon
bas®d «xxthatnimandwdillants imihe hase 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



2 mxing of water with the organic solution in the nenbrane and thus reduce
water 3 transport across the nenbrane and prolong the stability of the SLM
menbrane. The 4 non-ionic nature of the surface-active agent al so acts as
additional barrier to the ionic 5 species and thus inproves the selectivity
of the menbrane toward organic acid. 6 Conparatively, the organic acid in
its acid formwould be less resisted by the 7 surfactant, while inorganic
acid such as sulfuric acid and hydrochloric acid are fully 8 ionized in
aqueoliatdiade UThébuiidurg creates bip¢he fssrocatbed Hased sntfactanywobld limigthied 9

menbr ane phase (since water transport is limted). This results in a highly

desj r %tﬁnxqpéﬂuéﬁk Rthithé bygdH waﬂ%mrrgﬂairﬁerﬂsiad@ FAPthius eegacy wakei d. I n a

typi cal experinental setup 11 with liquid nmenbrane conposition of 0.01 %

stapiljzer, the se L Vi ' i | [ TH&Or gani ¢
acids. WAsg BLofiT R el fd Bibtl e s80RY o e, S RCRERRRS. e 9T
restriction.of water-liqujd nepbrane .interaction, al so,red t 15

t r ghspdPR-ogC @?tHEﬁ)QQhﬁc‘ggégeiaﬁ V%%’?tfﬂ@. a%ﬁésﬁ_dlglﬂtﬂna! h%"%fgcggﬁpg?%vent i on
conprises 16 a suitable selection of the extractants, co-extractants and
di | uenspeciasnanchihus impowmesdha seleptivity ofithe menbkrapgdawasd qrgen . I'n general,
a stabilizer can be added in the range of 18 0.001 - 10% w th higher

pr apor Compacdtivelye thé abgadriiz acidhinaits ragidforre veaudbe iessniesisted byithe 19 | ower
extraction rate. The nost preferred stabilizer concentration is 0.005 -

0. 020 &ﬂfﬁctarﬁowﬁﬂ@irfdrﬁﬁ@ﬁéiﬂmﬂh%Wuﬂ@@cid%@hﬁ#bétﬂ@ﬁ@ébid@é fallygener al
structure of 21 Rt CHZCH2Q( CH2CH20) xH, where x is a number ranges fromO -

2o c ol pafdod HEHRTREM RupCRACRRI A B shue 20, 22 18 T,
hon&gerr}l%?nlf)siane phase (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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2 phase before inpregnated into the pores of the base nenbrane. The base
menbrane 3 can be forned having a hollow fiber configuration. The apparatus
23 permts the flow of -4 one streamalong the lunen of the fibers while
anot her stream along the shell side of 5 the fibers. A nore preferred
arrangenment is to let the source solution, i.e. the 6 concentration broth,
run along the shell side while the receiving solution (also referred to 7

as stripp olution) along the |unen. Both. solutions are re-circul ating

i onb t [USBTTEE satef k- StEitad et e Sriliao s e a5 { aRbhgtielien % o
3) into apparatus 23 and 9 along line 24 to bring t he_sol uti on back to tank
21: 1 hePhasabsiorinRednated intodhe Perespidhg base Memerapg. The Hagp Hemab@ge23 and
along line 27 to bring the solution back to the holding tank 11 25. The pH
of the sanbedopredskaving bdialigwrfibencanfigiaation. Thesapnanaius 23 qirils theifowaf 1.5
12 to 3.6 for lactic acid solution by acid 28 via dosing line 29. Acid 28 is

gene4 al bye shreamaateng fliz lamenhef the fidefs while anotherestteald alohgethe abell gidegpfsol ut i on
could be water alone, or contains 14 chem cal such as hydrochloric acid or

sodi §im g gt ﬁ-mmepr@;@rre_doéﬁé@érﬁ@htrief&ievitrrwsoulrée 86lutibh ok itee Pl ai n wat er,
as this reduces the polishing effect in later stages. The extraction 16

Pros s EnaHF i, lERly R SOl e REENAg Ll IR 6 1
o011 B B 0 50 08, PR s gl e SR sl i ¢
Sourbe. FREGHE Fd: SHUES FeluoR BRBRIMAG LGP AION EiFde TR TRHEEEROAon
mschgmi gmnigslingi2t4htgrbring the solution 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.

15



3 diffusion of the conplex or hoping of the |lactate nol ecules: 4

[ RBNH Lac"]org + [RBN] H[R3INH Lac Jo,g + [RBN] 5 where N is closer to
the receiving end, and at the receiving end; and 6 7 (l111) Deprotonation of
amine 8 [RBN H Lac"]org <-> [R3N ]Jorg + [LacH aq 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

rece) vi ﬁlﬁ%?%ﬁg-ia%ﬁg %ﬁ%d@éoﬁ@éﬁ%ﬁaﬁgp%%a:ah L thé%r%a'ﬁ'ic |a}}%‘i| Rt tHEd dirce

prefera rom e trme of the extraction process 14 depends

in part on t.he source 1o receivin at,lo [ I ol C ation and
the'? 1saRien e 55 81555 BB eTons it AL R ulfafisErBRaEs ™ rhe
extraction process 16 should be stopped whe squr_ce phase organic

concknt ifftsigR of thererrapienHh hgg%gmfdhgfactaitg ”E"ﬂﬁﬂ“ Bfe receiving phase, since
the extraction rate becones undesirably slow The 18 receiving solution can
be col |l ected for [RegNHAkac LreaiRadit [RsNHEsacTrcelRiNIg phase is 19
circulated in the systemto further extract the lactic acid. After a few

roungs of 20wR&ferRGE icRizer t1theSrRBEURMgSENd) hhaat Weiledeiviny @ndy dngiss t han 8%
| actic acid, which would be 21 |less suitable for extraction as the

extraction rate would becone too slow. In one 22 enbodi nent where the source
to receiving ratio is 2:1, and source phase lactic acid 23 concentration is

48% i nitial |y, [ ion | actate concentration would reduce to 16
17 tol 0% a%flg)eﬁéﬁ@gb%@oﬁ]défo%ﬁhgxtracti ons of 3 to 5 hours each, The average
lactic acid 2 concentration in the receiying solutionis 1 to 15%

Advaht ageous| y, tReNapparieae> BN log + [LacH]aq

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

16



3 has high selectivity for the organic acid. In general, the receiving
solution has no 4 significant anount of glucose, which is the raw materi al
for the fermentation of lactic 5 acid. The colour of the receiving phase is
low relative to the source solution, since lactic 6 acid is being extracted
into a clean solution. Conparing with the clarified broth (after 7 UF/ M),

It could be 50 to 500 tines reduction in colour. The high selectivity nature

of 8 the SLM ensures that the receivi ase contains | ow a nts. of ionic
Crpub t 742 O aeESabnR of PrdHGED B dnD Tots Bar o irastRbd RIS R 1 Cos
concentration. In_ the execution . 10 of th«g preferred agpa\{?at us with initial
sourte Eongentiatiag inithe neseiviigesolwionds A towvariduantageousyy, (e aPRATGIUSAY fat e 10
to 20% the receiving solution would contains ammoni um 12 0.0001 to 0.05%
and 3ul has bigh. ssbextivity fay tbawrganigadid. [nog8®ralTthe regeiving saletionelbas/e@y, t he
concentrated solution can be sent to another 15 evaporator 31 via line 30

f or 4 ur sigaificantamotntadfighrcoséhwhizhap theatawomaterjzh fortthie dérmdmntatich efdpeticat us 31
is roughly 5 - 8 tinmes snaller than apparatus 9. The out put from apparatus

17 34 cabidCPRé ablsr dbfHe-reBOVingastase isfovdreldtidl teahé ¥oakeWoldfdn; sihB&badfie t he

solution already 18 contains ammonium sulfate at near saturation point,
ahert concant Pag P BMedits EReR Ry Boe ot EHBARE TRRL B @R o 0" "
e PP T B B SRR RO e ey R PeBgp ool |
s chil tia S nsus hahiResgoRNIGR AR CHIAIEN P BHEHY S el OF TRy Nk abh Ted
precipitate in 38. In this 17 1 filtration step, no further
pre-aci @ractiedlty independest ot seiirge phase onivintpntieacedcentation in the executiaty at
| ow pH. The clarified concentrated broth in tank 40 is then subjected to

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

17



3 extraction of lactic acid with SLM of apparatus 42 using the sane
extraction nethod as 4 described above for apparatus 23. The resulting

sol ution can be discarded, or fed into 5 apparatus 50 via line 49 for
further ultrafiltration before directing the solution into 6 apparatus 31
for further concentration. 7 8 [0039] Al the receiving extracted sol utions
fromthe SLM processes (collected in tank 25 9 and 44) are conbined to a

Stream Fialio £ o ah&?urﬂf‘errﬁ'ée-%ggmﬁdﬁrﬁb Yo RdcesRaRCMtheineBnikateddststhagl our to

t he extracted soOl ution. Ined streami's fed into acti vated carbon |

1 col unm_appar.at us . i | 7 ' col our of
t he Jsol ﬁlfef at %thliﬁjé‘(eg?%%’i@%ﬁ@“}cﬁ@ﬁ%’% rbéét&‘c ?50% %@%&P\%@? ggt%:d;@bon to the
_extracted sol ution. Actjvat 13 carbon hinds to the col]our confainjng
conp})unﬂ’ét,raqt'eﬁé\ﬁwcﬁ‘?drw&? gﬂ’M ﬂéa@&r?téﬂét‘@d"s"ﬁ}@oﬁm? 8#.“*1* : '%8{'1%86%0] As
shown in Fi'%g 7, the decolourized extracted solution fr_omé:l%ﬁar tus. 54 can
be 47 desasibed@boye igrapraratys@s. vha resuiingsolutien eambe Hscaf OFfQPBQFOat us 69
in general, can be 18 any apparatus that can concentrate the organic acid
by r®noapparatust & vidlioendHer furthien ultidiltediontbiefore dinecting thecselution Bémcent rat i ng
the feed solution fromas low as 0.05%to a 20 concentration as high as 50%

and ¢ n apparatusBefoe firttereshodntrain. from feed 21 concentration of 1 - 8%to
out put concentration of 8 - 10% In the nore preferred 22 enbodi nent,

appajatus 69, is a polyneric nenbrane which in its operating node, only 23
permts water of the extracted solution to flow through the nenbrane. The

ari ven R9aPERI e Reaiin dafloidPEALRALAN (ESLAFRRIESELE Rt R 2T e
0Snog| Sar%??%) Q;%ngorn%llﬁéd o} ialcstgreia?n 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

18



3 a pressure driven nmenbrane, is used in apparatus 69. The use of apparatus
69, 4 concentrates the extracted solution to a higher concentration at nuch
| ower energy cost 5 than a conventional evaporation apparatus. The
pre-concentrati on by apparatus 69 6 advantageously reduces the vol une that
apparatus at subsequent steps need to 7 handle. The water renoved by
apparatus 69 can be directed to apparatus 25 and 44 for 8 use as the source

of the ngorﬁﬁgibﬁﬁ ' %pﬁ{a‘?éﬂﬁs@g S5 E PRIssBISEriven, VacilRRdaden AhHR Bidrimeel Y 9

the ste concentration nay be performprior to the step of renoval of
coloyr. 10 0 T (o] ' L& [ g{;{w i

subj th d{' eq.aﬂittli]ee%%%L%egﬁrtr&;%ﬁ%%ﬁﬁﬁ?ﬁf%g%\q}egg%gégp g%@) 'ﬁgﬁ‘ghﬁ (Ia dlisrect ed
to a_series of colums for polishing to incr 13 al it series of
pol i 3hi APTESTUIRA Ve MESARIALE, k?f“,sePd& aBR%W&I'Se&?-)Sﬁhe i %?P%%{%(Wé%gr 14
columm for renoval of cationic inpurities (demneralizati cin); i i%_ an_ani on
exchangépnasntratesithe exdractashsrldlionsto aRighar eongantiation @& mych;loWsGLeReray 88t ol our
removing resin or activated 16 carbon colum for renoval of colour. These

t hr eé cdhhamasoneentiveabpaparatibn appangtus7Tke greeserseniiating bytapparatue 6for e

preferred enbodi nent, cation exchanger colum is 18 preferably before anion

eXChéng%ﬁvémb?%‘usly\/ﬁéd&eé@h@uolumymhui apgparatiecitisubseguerd sbeps nekdl toan be
positioned before, after or in between cation and ani on exchanger colum. 20

21 [ 904%hndiRe TRE WA YeRiHvVealsy a8 firftut 'BoBamPRAdRédtEd &P appardaODEnd 28dorbr ot h
from 22 apparatus 54 is directed to cation exchanger apparatus 56 via line

15005, | VB8 SRR Y n SN GRl b piEpBbase! MBS
28028l 3088 ot AR BE PR PR e e AT o B Lot
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

19



3 colum 56 also further renoves sone or all of the colour of the broth. The
4 dem neralized lactic acid solution is then further treated with an anion
exchanger 5 apparatus 58 via line 57, where anionic inpurities are renoved.
A weak anionic 6 exchange resin is required in apparatus 58. In the one
enbodi ment a nmacroporous type 7 resin is used. 8 9 [0043] The steps of
renmoval of colour nmay be repeated if needed. Also, the step of 10

condlens&d'fgﬁ%g?é/ rffllcﬁﬁ bg%s%ﬁqﬁlﬁéﬁgﬂi%.g\ﬁ% hﬁrﬂgﬁf{b&'&?&l&q p8hfitn Bxafumgae and

Si .
col our noval . For exanp ou ut extracted solution from

t he ,ani on. exchanger 2 _.gppar.at 3 [ apt ai : i n any
proczessrelsﬁ\/\'lsloéWéll%%Bf" %ﬁ?@g redg?\z;ﬁg?@e gémilf(?@a/usrﬁ'%?b@ irb%gtglaﬁﬁgelléx ezgct ed
solution to the anion exchanger, the ﬁ%i ut fromfggi ?)n%%4 ﬁxchanger can be

f ur thercaypNaS alse flthes remeveLRePaIora colpyisofghe rdh- Bftains for 15
exanpl e a polishing colour renoving resin or activated carbon. The resultant
ext réact @emineqliged ladtisracitbaelution is thenfurthes treated with gn anden p¥chadid8r dependi ng
on the initial concentration. 17 If the resultant solution's concentration

i s |weappdraius B8%ia iline 53, wiiemnarigricumpttiesidjegemoved. heeslblanionin t o anot her
concentrating apparatus 62. Apparatus 62 can be any 19 enbodinent simlar to

appag at echdfge résif iErefuirkBen BppAkIsSE . afriiiasibone embodiméites mdCroplowetypeane i s
used in apparatus 62. Apparatus 62 can concentrate the solution to 11 - 21

15% pf |le§ﬁ1ti§% ggi d. The water 63 renoved by apparatus 62 can contains from
0.1 %to (?A) of lactic acid depending on initial concentration and

resul tant concentration. The 23 resultant extracted solution contains 11 to
15%organic acid. It can then be subjected to 20 1 purification through

ol ctal (0446 e $E35 Bt Emovalio cBlatt B b BRSIRA EocroR- RRGHPEI 0PI ¢ 1 es
aboY(? acondensation 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



3 predeterm ned threshold that m ght have pass through all previous
processes. 4 Apparatus 72 is preferably a nano-filtration nenbrane with

nol ecul ar weight cut-off 5 (MACO of between 100 - 300 Dal tons, and nore
preferably with 100 - 150 MACO for 6 purification of lactic acid. Apparatus
72 allows lactic acid to pass through the nenbrane 7 while retaining nost
of the inpurities with nol ecul ar wei ght higher than its MACO |t 8 inproves

the col a tibn devicethitaraseamment r at ed
I e it g

app %Z)fgﬁba&%e&éme&tgﬁ ﬁappara qaljgggmbrééﬁ'ﬂr ﬁéigﬁﬁﬁfpruﬁhg@a? dZaW th a

pro shown e concentration

G fac“” pirge i e i il Fgha %éagé‘ganoaﬁﬁé’"ﬂew§ﬂsc§%%% Yted to

product packi ng_sections. The 15 concentrate 74 fromthe ap ara 72 may
be shibj é@p@r@tuwzelsmféferaw”Iaarwsfllyatsqm giembyane nathaDalesHIR | Pévert back
to apparatus 54 to increase the recovery of the lactic acid as 17 depi ct ed
in P g. (MAUCOhofbetwsen J6Di-sIiDekormiandanore praferakly withat Q- WSO MBME @Jardi zi ng
18 agent such as hydrogen peroxide to produce a heat stable organic acid -

| . e.6 apumfidation bPldctisiasidamppheatds 32 allows iavtitiacid ot passdhistugd themambrianees. 20
21 [0045] Fig. 9 shows that the distillate fromapparatus 14, 28 and 75 can

be ty eaWﬂﬁeYétbfhanZr%o§péﬁhétiM§uﬂﬂest\Qltﬁ m@|ér%|mgn@dhbhm@wwmtnty of
lactic acid to generate grade-1 23 quality water The quantity of 67 is

geneg al |n¥pr5%% uh? c?d?&url\fsﬁnl?é’ngf)@?]%é(}w %ﬁ% ﬁ?l%{ﬂ wheh lfjl@rfﬁrrfﬁer@(ﬁntcg r%ﬂ)gtegg 5 from

processes 1 nc I ternativel st

gfgs at Sgh%rd'cgnnc%n%rangr?'E')Iegor?oeﬁ"?f directly in preparation of fernmentation

10

11 [0044] The permeate from apparatus 72 can then be subjected to further concentration
12 with a product evaporator, i.e., apparatus 75 as shown in Fig. 8. The concentration

13 factor for apparatus 75 can be 20 — 40 times, more commonly 25 — 35 times. The

14  concentrate 76 from the apparatus 75 can be directed to product packing sections. The
15 concentrate 74 from the apparatus 72 may be subjected to either apparatus 9 or 31 for
16 evaporation, or revert back to apparatus 54 to increase the recovery of the lactic acid as
17  depicted 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 acid
19 resistant to discolourization at elevated temperatures.

20

21  {0045] Fig. 9 shows that the distillate from apparatus 14, 28 and 75 can be treated with
22 apparatus 11 to remove the VOCs and trace quantity of lactic acid to generate grade-1

23 quality water 67. The quantity of 67 is generally sufficient to supplement 70 — 90%

2]



3 while the 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 foll ow ng exanples, which are 7 not to be construed in
any way as inposing limtations upon the scope thereof. 8 9 [0047] Exanple
1 - Utrafiltration 10 253 L of fernentation broth was circulated in an
ultrafiltration nenbrane systemat feed 11 pressure of 2 bars. The

ul trafi 'dEevFﬁmh%? the B?e“ﬁ‘ro\é@&e%qh<¥|§8i§§g~a§!ﬂ_ﬂg?ﬁ§e<¥lg§rﬁénh0A|_Eé}Wa$?e| idiaiate

menbr ane an erfective area o mentation broth was fed
and ,13_flowed in t I n_.o he f . ' ontrol |l ed
ot 126 G prealiedand 28 fofl de s gy il Wb offefmettfo Brafi ™ 1)
initial perneate flowrate was 1,9 L/mn and declined to 0.5 L/mn after
5" hodr s ViNIe gEeA RElale drop aﬁﬂ%rai%ﬂfa@ﬁ safbeysed 35 e raceyipg SqJHEO%h’égPé%ded
solid in the raw fernmentation broth and the first perneate 17 was 3.88g/L
and &. OBM.L respectively. The concentrate of the first permeate had 18
suspended solid of 49.78g/L. Paranmeters Unit Feed Perneate Concentrate
Vol use 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 22 1 2
[0048] FoGuB)TRe Presevt ivehtibh isfurder illustrated by the following examples, which are
7  notto be construed in any way as imposing limitations upon the scope thereof.
8
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

22



3 Sixteen liters of concentrated broth of ultrafiltration (UF) (i.e.
mcrofiltration (M) feed) 4 was circulated in stainless steel M- nenbrane
wi th titanium di oxide coating. The 5 nenbrane had pore size of 0.1 m The M
feed had 49.78 g/L of suspended solid. 6 The MF was operated at 3 bar
trans- menbrane pressure. The average flux was 80 7 LMH. 8 9 j0049] Exanple
3 - Concentration of first perneate from1l %to 48% 10 100 L of first
perneate was concentrated from 1l %to 48% The quantity of the 11
concentrated broth recovered was 22.9 L, while 77.1 L was col |l ected as

di sti'l l@iﬁ Para] en r% '};aiF ed Concentrate Distillate Volume L 100 22.9
77. 17 L tgl-@i%fgﬁgga?—@?i—@ﬂ—éﬂﬁ 100- 105 475 -485 <0.2 12 13 [0050] Exanpl e
4 - Acidification and crystallization of a um sul.fa 4 77 L ,of
concent PEIRED 'gﬁwsﬁficﬁﬁc%@#tﬁaﬁr?é Oiyﬁ@éﬁfa&@f‘%g ) V\Q]?' %?faﬁ'ff Pé%ln ZMEﬁ{eﬁﬁ?S 6 to
15 3.2 with 13.8kg of sulfuric acid. 6.1 kg (t'WEt' wei ght) of ammnium sulfate
cryst al was cisewated in stainless stegl Mir memtiane withitianiumioxde §8aURY- dMewas cool ed

to 25C. After filtering off 17 the anmoniumsulfate crystal, 82.2L of the
aci dj f i aénfbrahd haaporesizearf 6dl piraTheiMF f&ed leab4@78 glbof apspemded sdiil. Uni t

Before acidify After acidify and filter Volume L 77.2 82.2 23 pH 5.6 3.2
Lact at eTRQWFERLE Bpeited bt 3486 tnd3fleribrane pressure. The average flux was 80

7 LMH.

8

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

23



Sul fate concentration g/L 16.8 186.5 Ammoni um concentration g/L 79.7 61.5

Lactate quantity kg 37.58 37.38 1 2 [0051] Exanple 5 -

Ext

raction of lactic

acid with supported Iiquid nenbrane 3 The concentrated | actic acid solution
with 40 - 48% | actate was extracted with hollow 4 fiber supported liquid

menbrane (SLM with 70 n2 nmenbrane area. The organic |ayer 5 inpregnated to
t he nenbrane contai ned 0.001 -
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[0051] Example 5 — Extraction of lactic acid with supported liguid membrane

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

fiber supported liquid membrane (SLM) with 70 m? membrane area. The 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 per extraction that lasted 3 to

5 hours. The similar process was scaled up to industrial size module with effective

membrane area of 300 m?.

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

A total of 77.2 L of extracted solution from SLM process was treated with an activated

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

[0053] Example 7 — Demineralization with strong cation exchange resin
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3 length,
t reat nent

1.5" diameter and 0.7 kg resin.
Volunme L 82.2 84.29 pH <1 <1 Lactate concentration g/L 116-121

Unit Before treatnent After

113-118 Sulfate concentration g/L <0.8 <0.8 Ammoni um concentration g/L

<0. 8 Not detectable

Col our

: Pt-Co 300 -500 50-100 4 5 [0054] Exanple 8 -
Renoval of anionic inpurities with weak anion exchange resin

6 A total of

84.29L of dem neralized extracted lactic acid solution was treated with a 7

gﬁgﬁng @E]E 03%?;28?%? Q%rr]ﬁ&@gﬁg@ ACRBA St tHAPh 24 bdemMire8REH With &cfli}'atéﬁ anet er

86.0Q06 pH <2 <2

det ect abl e Not det ectabl e

re treatment After treatnent
Wttt
0055] Example 9 -

conce ntcﬁéqqno‘ﬁaﬁirlégtcatﬁ@ﬁ’\é%%%{; éért%gilﬁ%gr Oﬂé#ﬁé

9 10

cen

Vol ume L 84. 29

"l'@ﬂhg’? Eﬁ}\lot

Nano-filtrati on nmenbrane

25 B adengthy het di@meler and Gdikg €8Nt i on obt ai ned from apparatus 62 (RO

menbrane) was 2 subjected to t different processing pa
concerftration to 885% vi a| 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

h: i) direct

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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3 apparatus 75, ii) treatnent with apparatus 72 (Evaporator) follows by
concentrated the 4 perneate from apparatus 72 (NF nmenbrane) w th apparatus
75 (Evaporator). Wthout NF treatnent Wth NF Treatnent Lactic Acid
Concentration 90.44 % 87. 1% Col our 250 al pha 75 alpha 5 6 [0056] Exanple 10
- Product concentration 7 88 L of diluted purified post polished lactic acid
solution was concentrated to 88% lactic 8 acid concentration. Unit Final

1 00t AnRRiradteh SRl &id S0RGOA bBLAINIY ffbfrappdfatugeb! RICnfpilsiaRES @as On PPM <10

Amoni um concentrati on ppm ucose concentrati on ppm Not

i e e T TR e T
cxpet | nadRaipilEs % Shlieeirenrd Wioamneeliarrar Evprraish FBG B pesrlibiesiieo

source solution generally. Two new 26 1 |iquid nenbrane nodul es constructed
wi t i sapermeate fropt apraratysol 2/ (i nfenpkriagelwitl appaiatusd7s tihearsgi®il ¢ | ayers
i npregnated in the mcropores of the fibers have simlar
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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3 conpositions except that one with addition of 0.001-0.02% non-ionic
surfactant. The 4 sane source of L-lactic acid fernentation broth sol ution
was used for the experinments. Unit Wthout Stabilizer Wth Stabilizer
Lactate extraction flux g/n2.h 29 24 Extraction tine h 20 20 Initial
source solution volume L 4 4 Final source solution volune L 4.2 3.9 Total
sanpling volune L - 0.1 -0.1 Source solution volune change L + 0.3 0 Nunber

of qayZigﬁfdarmaﬁlg?asﬂ(ﬁ%%dﬁfé%%g%éﬁu%%d%vith%a@né Bgéﬁ]of%fagé%ﬁlﬂﬁn% - OQRMRe Per oxi de

7 The tracte ution obtaln from apparatus 7 rane) was

subj,ect to, | . XL de. tr .kl | en

Per 6xi d%ggrﬁ%% Ml%ﬁ%%ﬁﬁﬁ”g@@e@ﬁ@gﬁ?ﬁ@ﬁés PE*’%&@%%? %\? %r@??c Aci d
concentration Wthout drogen, Wit h Hydrogen_ Peroxi de Peragxide eat nent

r ot maeMROSHions exgret b AGRoB R D Ui a8 CaYk Neasis SHERUTANSS. Al pha
10 11 [0059] Heat Stability Test. 27 1 Concentrated 88% post polished lactic
aci 4 sdiame aﬁur@@pém&tw(apﬁ/ fermentadipndiethogolutian was daed fnrteaexperimerisabove
menti on processes is subjected to heat stability test at

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

6 [0058] Effect of Hydrogen peroxide

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

9 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

10

11 [0059] Heat Stability Test.
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3 1955C for different duration. The col our of the end sol ution was neasured.
Initial Colour 5 15 50 30 70 60 75 90 95 120 100 4 5 [0060] Fromthe
foregoi ng disclosure and detail ed description of certain preferred 6

enbodi nments, it will be apparent that various nodifications, additions and
other 7 alternative enbodi nents are possible wthout departing fromthe true
scope and spirit of 8 the invention. The enbodi nents di scussed were chosen

and described to provide the best i|lystratjon of i ncipl of the

i nvént iQﬂﬁcﬁﬁUaﬁeﬂsg%&P Rest Ralishg ﬂﬁqt'@é’t"i“{)?léi%oq ARG ME}?M{& I eor%n(gs‘g?
ordinary skill in the art to use the invention in various enbodi nents and
11 @ t fevkadiroast ofdtie above mantionprosessesiis subjeeted te hpak stabilitydesiale
contenplated. All such 12 nodifications and variations are within the scope
of Bhe 195¢61C farnlifferenied watipmethebgoloimeof the endsotutiod wAsamesswiedn i nt er pr et ed
I n accordance with the breadth to which they are 14 fairly, legally, and
equitd hed is: 2 3 1. A process for recovery

and p oma fernentation 4 broth containing a
salt . #5ing in conbination the steps of: 5 a.
subj edt/Nifg! ¥MUF er ment at Pon broth to pne of ultrafiltration and
mcrofjfiltration

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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6 to forma first perneate; 7 b. concentrating the first perneate to forma
concentrated broth; 8 c. subjecting the concentrated broth to a supported
liquid nenbrane for 9 extraction of lactic acid into a separate stream
conprising an extracted solution; 10 d. subjecting the extracted solution to
activated carbon for colour renmoval, a | | cation exchange resin for

dem neralization, and an ani on exchange resin for renoval of 12 anionic

i mpyritjes, to, form.a post polished organic acid; 13 e. filtering the post
polﬂshéy 8p§§ﬁwge§2?d to renove inpurities above a 14 predeterm ned
threshold; and 15 f. concentrating the post polished organic acid to a
desired concentration. 16 17 2. The process of claim1, wherein the
supported |iquid nenbrane conprises a 18 base nenbrane and an organic |ayer
i mpBegnht ed Aoprosesefordecavesy Bad eurfieationrrs.an arganig agid fram pfeseestation cl ai m 2,
wherein the organic |ayer conprises a carrier, a co- 21 extractant, a

di | yentbrathdcamtaininigid salbformast tRE ofigahic dtid, qomoprising of carhbinatién thensteps af:t he
stabilizer is a formof ethoxylated 2 fluorocarbon based surface-active
agent that ig nomubjeBtifg the fefmentalibe bstha6 Dhe @f utttadiltratidn aMtemrofiltrdorcar ri er
conprises one of a primary amne, a 5 secondary amne, a tertiary am ne and

an g onglbim aTdiperMeate;
7 b. concentrating the first permeate to form a concentrated broth;
8 C. subjecting the concentrated broth to a supported liquid membrane for
9 extraction of lactic 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; and

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

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

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

22

29



7 6. The process of claim3, wherein the co-extractant is an aliphatic

al cohol. 8 9 7. The process of claim 3, wherein the diluent conprises one
of a hydrocarbon, a 10 ketone, an ether and an ester. 11 12 8. The process
of claim5, wherein the am ne has one or nore side chains of 13 branched,

i near and cyclic Coto C24. 14 15 9. The process of claim®6, wherein the

al i phatic al cohol conprises one of linear and 16 branched C2 to C29. 17 18
10. The, process of claim.2, -wherein the hase.nenbran onprjses one of 19
bol ypr dby| erlb® RBFSE: RRAIAL3, WEFAN e Setii4es s Beomngl soxERtel f one and

pol ysul fone. 20 21 11. The process of claim1, wherein the supported liquid
mentr arfbioreearbom baseshsurfaceragive agent thal iR9biPnifef i ni ng two sides, wherein
one side is of an organic phase and the 23 other side is of an aqueous
phase. 30 1 2 12. The process of claim 11, wherein the organi c phase
contains nore than two 3 conmponents. 4 5 13. The process of claim1,

wherei 6.t he Tilet gratédd dfadlainn3 Nehdreintheluasrigradonsprisezemetofvd piivnaryamimegea of
fromO0.1 - 0.01 mand the mcrofiltrati on nmenbrane has pores sizes

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 Cos.

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 polysuifone.

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 aqueous phase.
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7 within the range from0.04 - 1 m 8 9 14. The process of claim1, further
conprising the step of feeding into the supported 10 |liquid nenbrane of
step (c) one of water and water m xed with solutes, 11 12 15. The process
of claim1l 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 claiml further conprising the steps of acidifying of the 17
contentrated broth to a pH of 1 to 4.8, and separating salts fromthe
concentrated broth 18 prior to the steP of subjecting the concentrated
broth 18 t h’éh%QfﬁfiﬁS’ﬁ@(ﬁC&"aJﬂdWFﬁjﬁ dhreorganiy @*@Sf?c.onﬁigs m%ei@%n BYO cl ai m 16
further conprising the step of separating precipitants by 21 filtration
pri®dr tompheentsep of subjecting the concentrated broth to the supported
liquid 22 nmenbrane. 23 31 1 18. The process of claim 1l further conprising
tregating the post polished organic acid 2 with an oxidizing agent to
produce a heat stable organic acid. 3 4 19. The process of claim1l wherein

thesor ggni CTAE bfbdessloheldih BWHEreinIhé ukfiltElidn h@RBRMetaTheresisizebur t her
conprising the step of concentrating the extracted

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 um.

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 saits 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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7 solution after the step of subjecting the concentrated broth to a
supported liquid 8 nenbrane and before the step of filtering the post
polished organic acid to renove 9 inpurities above the predeterm ned
threshold. 10 11 21. The process of claim20 wherein the step of
concentration the extracted solution 12 is acconplished by use of a reverse
osnosi s nenbrane which permts only water of the 13 extracted solution to

t he menbr

conr i o1« 1 eBRP Qe &t gnriiie B e Poat Bt ercnodi baEs e
step of subjecting the extracted solution to ani on exchange 17 and before
t he &t epitihan pxidizng agentie nseducepdheatdablgiaanic asid d to renmove inpurities 18
above the predeterm ned threshold. 19 20 23. The process of claim1l wherein
t he Joredeterm ned threshold of step (e) is greater 21 than 100 Daltons. 22
* 432 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

23
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