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Figure 1

(57) Abstract: The mvention pertains to a method for recovering lactic acid from an aqueous mixture comprising the steps of -
providing an aqueous mixture comprising lactic acid and at least 5 wt. % dissolved magnesium chloride, based on the total weight of
water and dissolved material in the aqueous mixture, - extracting the lactic acid from the aqueous mixture into a first organic liquid

comprising an organic solvent selected from the g

rcoup consisting of C5+ ketones, diethylether and methyl-tertiary-butyl-ether,

thereby obtaining an organic lactic acid solution and an aqueous waste liquid comprising magnesium chloride, and - extracting the
lactic acid from the organic lactic acid solution mto an aqueous liquid, thereby obtaining an aqueous lactic acid solution and a
second organic liquid. The method according to the mvention allows a combined purification and concentration step for feed solu -
tions of lactic acid.
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LLactic acid Extraction

The invention 1s directed to a method for preparing a lactic

acid solution using extraction.

Isolating lactic acid from an agueous mixture comprising
impurities such as salts can be difficult. Lactlc acid can be
manufactured via fermentation of a carbon source, such as
carbohydrates or glycerol, by micro-organisms. In such a
fermentation process a carbohydrate source is typically
fermented by means of a micro-organism to form lactic acid. The
liguid wherein the carbohydrate source 1s fermented 1is called
the fermentation broth or the fermentation medium.

The formation of lactic acid'during fermentation will result in
a decrease of the pH of the fermentation broth. Since such a
decrease in pH can damage the micro-organism’s metabolic

process, 1t 1s common practice to add a neutralizing agent,

i.e. a base, in the fermentation media in order to neutralize

the pH. As a result, lactic acid produced in the fermentation
media is typically present in the form of a lactate salt.
Although there are micro-organlsms that are to some extent
resistant to acidic environments, such that fermentation can be
conducted at a low pH (e.g. at a pH of 3), even 1in these

processes at least part of the lactic acid 1is obtained as a

lactate salt.

To recover the lactic acid from the fermentation broth after
fermentation, downstream processing 1s required. In such
processing, the lactate salt in the fermentation broth needs to
be converted into lactic acid. Also, the lactic acid (or
lactate if not yet converted) needs to be i1solated from the

fermentation broth. Since a fermentation broth comprises many

compounds, including significant amounts of biomass (such as

micro-organisms) and salt (originating from the neutralizing

CA 2859707 2019-05-14
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agent), recovering and isolating lactic acid can be rather
complex, tvpically reguiring multiple processing steps and

leading to waste material, in particular salt waste.

WO95/03268 describes a process for recovering an organlic aclid

from a fermentation broth by c¢larifyving the broth to remove

at least a substantial portion of the ilmpurities Therelin,

producing a clarified feed; acidulating the clarified feed by

Ar s
g

adding a gquantity of a mineral acid effective to lower the pH

i

of the feed to between about 1.0 and about 4.5, producing an

acidulated feed which is substantiallyv saturated with respect

to at least one electrolyvite selected from the group

consisting of MHS0O4, M2S04, M3pP0C4, MZHPO4, MHZ2PO4, and MNO3,

where M 1s selected from the group consisting of Na, NH4, and

15 K; extracting the acidulated feed with an extraction mixture

which includes (a) water, (b)) a mineral acid, 1n a guantity

o> s

effective to maintain the pH of the

3.

feed between about 1.0

and about 4.5, and (¢) an oxygenated solvent which has
limited miscibility with water. The extraction produces a

aolvent extract and a first raffinate. The solvent extract 1s

subjected to back-extraction with an aqueous ligulid, Thereby

producing an organic acid-rich aguecus extract and an organic

aclid~depleted solvent raffinate.

WOC0/17378 describes manufacture of lactic acid through

26 fermentation, pH adjustment with Ca(OH)Z or Mg (OH), addition

Vo

of HCl, and extraction with a solvent selected from amines,

alcohols, and ethers, preferably iscamyl alcohol, diisopropyl
ether, and Alamine 33¢. The solvent containing the lactic

acid is then contacted with water to generate a lactic acid

solution, which 1s processed further.

CN101979368 describes extraction ¢f acid from a solution
containing a salt. The salt may be salt i1s sodium chloride.

The extractant 1s methanol, ethanol, n-propancl, isopropanol,
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n-butanol, i1sobutanocl, acetone, ethylene glycol, diethyl ether,
methyl acetate or ethyl acetate.

JP8-337552 describes conversion of an acid salt to acid using
sulphuric acid or HCl. The acid may, e.g., be lactic acid.
Extraction takes place with an oxygenated saturated heterocycle

type compound, e.g. tetrahydrofuran.

There are various problems associated with the processes

described in the above-mentioned references. A particular

problem with the sequence of extraction followed by back

i

extraction is the formation of dilute ligquids. Generally, when

a compound is extracted from water using an organic ligquid, and
subsequently extracted from the organic liquid using water, the
concentration of the compound in the product aqueous liquid 1s
lower than that in the starting aqueous liquid. This 1s of
course disadvantageous, because it generates dilute liquids

which require further concentration.

There is therefore need in the art for an extraction/back
extraction process for lactic acid, which allows the isolation

of a lactic acid from a salt solution, without the formation of
dilute acid solutions, and without the formation of salt

crystals. The present invention provides such a process.

The present invention is directed to a method for recovering
lactic acid from an agqueous mixXture comprising the steps of

- providing an aqueous mixture comprising lactilic acid and at
least 5 wt.% dissolved magnesium chloride, based on the total
weight of water and dissolved material in the aqueous mixture,
- extracting the lactic acid from the aqueous mixture into a

first organic liquid comprising at least 90 wt.% an organic

CA 2859707 2019-05-14
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solvent selected from the group consisting of C5+ ketones,
diethylether and methyl-tertiary-butyl-ether, thereby obtaining
an organic lactic acid solution and an aqueous waste liquid
comprising magnesium chloride, and

- extracting the lactic acid from the organic lactic acid
solution into an agueous liquid, thereby obtalning an agueous

lactic acid solution and a second organic liquid.

It was found that the process according to the invention, which
is characterised by the use of a sgpecific acid, namely a lactic

acid, in combination with a specific salt, namely a magnesium

chloride, in a specific amount, namely in an amount of at least
5 wt.% dissolved magnesium chloride, in combination with a
specific solvent leads to a process wherein the concentration
of the lactic acid in the aqueous solution obtailned after
forward extraction and back extraction is higher than in the
agqueous mixture before extraction. This concentration effect 1is
for example advantageous when the aqueous lactic acid solution
obtained after back extraction is to be concentrated, 1n which
case energy costs are saved by having to evaporate less water

to obtain a certain lactic acid concentration. Further

advantages of the process according to the invention will

become apparent from the further specification.

It is noted that US2710880 describes recovery of lactic acid
from an aqueous solution using a water-miscible alcohol or
ketone solvent, which preferably has 3-4 carbon atoms. The
solution contains a salt, which preferably is a sulphate. The
solvent is removed from the extract by distillation.

GB280969 describes extraction of lactic acid using an ether or

a higher alcohol in the presence of a soluble sulphate,

CA 2859707 2019-05-14
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derived from sulphuric acid. Phosphoric acid and oxalic acid

are mentioned as alternatives,

Tt 1s noted that CN101979368 describes extraction of acid

~

from a solution containing a salt. The extractant is

o methanol, ethanol, n-propanol, isoprcpanol, n-butanol,
1sobutancl, acetone, ethylene glycol, diethyl ether, methy.l
acetate or ethyl acetate.
JP8~337552 describes conversion of an acid salt to acid,

followed by extraction takes place with an oxygenated

saturated heterocycle type solvent.

GB173479 describes reacting magnesium lactate with a suitable

acid, followed by extraction. The acidification 1is carried

RS

out with sulphuric acid; the extraction 1s carried oubt with
acetone or ether, adapted to dissclve the lactic acid. The

solvent 1s removed by evaporation or distillation.

None of the reterences adliscussed above discloses a back

X<

extraction process. Therefore, these references are not

relevant.,

Not wishing to be bound by theory, it is believed thalt one or

more of the feollowing effects may occur in the extraction

process according to the invention.

It may be that the presence of the magnesium chloride in the

%S

agueous mixture enhances the extraction of the lactic acid

from the agueous mixture into the first organic liguid. This

e

Wwill contribute to the concentration effect described above.

Second, it may be that the dissclved magnesium chloride

decreases the sclubility of the organic solvent in water. In

particular, at higher concentrations of dissolved magnesium

chloride, less solvent (such as for example MIBK) might

dissolve in the agueous mixture. This effect may be stronger

at higher temperatures, 1n particular in the temperature

range of 20° to 100 °C. Accordingly, forward and/or back
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extraction are preferably conducted at a temperature cf at

least 25 °C, preferably at least 30 °C, more preferably at

least 40 °C. It is contemplated that this effect holds true

-

tor ketones and ethers in general. The lower solubility of

the organic liquid in water will result in streams with

higher purity ana less solvent losses in both the forward and

back extraction and may thus lead to a more efficient

process. In contrast, the solubility of water in alcohol and

the solubility of alcohol 1n water i1ncreases when increasing

the temperature in temperature range of 25°C and 100 °C.

the dissolved magnesium chloride.

Fourth, 1t was found that dissolved magnesium chloride may

suppress emulsion formation, thereby enhancing phase-
separation bpetween the agueous and organic liguids. This 1s

in particular aogvantageous when the agueous mixture comprises

traces ©of biomass. Biomass originating from a fermentation

process typically comprises compoundcs that can act as

surfactants. Consequently, when an agueous mixture comprising

blomass 18 brought into contact with an organic solvent,

tvolcally an emulsion will be formed. Such emulsion formation

18 undesirable, because 1t may caisrupt the extraction process

and phase separation.

Further preferred embodiments of the present invention will

be described below.

Figure 1 gives a schematic representation of the an

pron

embodiment of the present invention. In Figure 1, (1} 1s the

agueous starting mixture, which, where 1t 13 provided to an

extraction reactor (2), where it is contacted with organic

liguid (3). A stream (4), which comprises carboxylic acid in
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the organic liguid is withdrawn from the extraction reactor

(2) . Agueous waste liguid (5) 1s also withdrawn from

extraction reactor (2). Stream (4) comprising carboxyllic acid

in the organic liguid 1is provided to back-extraction reactor

(6), where 1t is contacted with aguecus liguid provided

through line (7). The product agueous carboxylic acid
solution 1s withdrawn through line (8). The organic liguilid 1s

withdrawn through line (9}, and recyc.ed to the extraction

reactor (Z) through line (3), opticnally after intermediate

purification steps (not shown).

The term “extraction” as used herein refers to liguid-liguid

extraction, also known as solvent extraction. Solvent

extraction 1s an extraction method based on the difference in

Pﬂﬂr)Mv
g . T
Soas

solubility of a compound in two dif:

erent liguids, 1.e. 1n

the present case the solublility of the lactic acid in water

------

solvent [(present in the organic liguid). Forward extraction

1.5 the process wherein the compound to be extracted 1s
extracted from the agueous mixture into the organic liguid.

Back extraction 1s the process wherein the compound to be

extracted 1s extracted from the organic ligquid into an

agqueous liguid.

The term “solubility” as used herein refers to the maximum

welght amount of a compound that can be dissolved 1n a

vy

certaln amount of an acgueous mixture at a certain

temperature.

Forward extraction and back extraction as used i1n the method

of the invention are based on the difference in solubility of

s,

the lactic acid in water and the organic solvent at different
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temperatures. The solubility of a compound in one solvent

relative to another solvent can be expressed in terms of the
distribution ratic (DR). This ratio gives an indication how a

compound will be distributed over the agueous phase (e.g. the

agueous mixture) and the organic phase (e.g. the organic

ligquid) 1n a two-phase system at eguilibrium. The

14

the _actic

distribution ratio may be defined as the ratio o

acid concentration dissolved in the organic phase ([lactic

e

acld]organic) OVer the concentration of the lactic acid

dissolved 1n water ([lactic acidlusrer),» Provided tThat the two

phases are 1in egullibrium with each other:

From formula (1) it can be concluded that the higher the

distribution ratio, the more lactic acid will dilissolve 1n the

organic phase.
The distribution ratio depends on many variables, including

rilir

the temperature and the specific composition of the organic

and water phase. For example, the concentration of the

dissolved magnesium chloride in the agueous mixture and the

tvoe of solvent used will i1nfluence the distribution ratio.

During forward extraction, the lactic acid should preferably

dissolve better in the crganic solvent than in water.

Conseqguently, the distribution ratio in the forward
extraction should pe as high as possible. In particular, a
high distribution ratio during forward extraction 1s

Lrable I LC “ L] = ” i
deslrable as any lactic acid still present in the waste

liguid will directly lead to a decrease of the total lactic

acid vield when this waste ligulid cannot be reworked and/or

recycled back to the process agailn, or used for other

purpcses and should be disposed off. In case the distribution

ratio during forward extraction is high, relatively little
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lactic acid will be lost since most of the lactic acid will

nave been dissolved in the organic liquid.

g

It 1s preferred for the DR in forward extraction, also

indicated as Dyr to be at least 0.1, more in particular at

least 0.4, still more in particular at least 0.8.

e

During back extraction, Tthe opposite holds true. The lactic

acld should preferably dissolve better in the agueous phase

than in the organic liguid. It i1s preferred for the DR in the

backward extraction, also indicated as also indicated as Dgg

to be at most 0.5, more in particular at most 0.3, still more

in particular at most 0.1.

If the distribution ratio for forward extraction is higher

than the distributicon ratio for back extracticon, this will

contribute to a concentration sffect, wherein the agueous

lactie acid solution obtained after back extraction has a

used as starting material 1n the forward extraction.

1t 18 preferred for the ratio between Dpg and Dgg Lo De at

least at least 1.1, more preferably at least 2. The ratio

between Dpy and Dy will generally not be more than 10. A

range of 2 to 5 may be preferred,

The method of the invention comprises the step of providing

an agueous mixture comprising lactic acid and dissolved
magnesium chloride. The aqgqueous mixture 1s the mixture to be

extracted with the organic liguid.

The agueous mixture is preferably an agueous soluticn, since

extraction can be more easily conducted when no solid matter

is present., Such a solution may be referred Lo as an agueous

feed solution. Nevertheless, the presence of sgolld matter in

the agueous mixture 1s possible to a certain extent,
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dependent on the equipment used, as will be evident To the

skilled person. Thus, the agueous mixture can also be a

suspension. Examples of solid matter that can be present in

such a suspension are lactic acid in solid form, undissolved

magnesium chloride and insoluble impurities.

The lactic acid content of in the agueous mixture 1is

preferably as high as possible. For example, the agueous

mixture may comprise at least 5 wt.3s, preferably at least 10

wt.%, more preferably at least 15 wt.% lactic acid, based on

the total weight of the agueous mixture. Values of at least
20 wtb.%, more in pvarticular at least 25 wb.3% mav be

; & Y
particularly preferred. The water present in the agueous

mixture may be saturated with lactic acid.

In one embodiment, the agueous mixture has a pH of 2 or

«q

Lower, typically a pH below 1, for example a pH of 0-1. It 1s

preferred for the pH to be relatively low, To ensure that the

lactic acid is present in the mixture in acidic form,

allowling extraction.

The agueocus mixture may further comprise ilmpurities, 1n

fgww
rM’

from a fermentation

particular impurities originating

process. Such impurities may be soluble or insoluble 1n the

aguecus mixture. Examples of dissolved i1mpurities are sugars,

“way

proteins, and salts. Insoluble bilomass (e.g. miCcro-organisms)

and insoluble salts are examples of 1nsoluble i1mpuritiles.
These impurities may all be typically present 1in a

fermentation broth. More details on how to obtain the agueous

mixture are provided below.

The agueous mixture comprises at least 5 wt.% dissolved

magnesium chloride. The presence of dissolved magnesium

chloride in the agueous mixture has an advantageous effect 1n
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extraction, as described above. Dissolved magnesium chloride

state, 1.¢. 1in the form of solvated ions, 1n water.

The agueous mixture comprises at least 5 wt.% of dissolved

magnesium chloride. To increase the effect of the invention,

L may

L

the salt concentration preferably is relatively high.

be preferred for the salt concentration to be at least 10

wt.% more preferably at least 15 wt.%, even more preferably

?)OOF
s

at least 20 wt.%, even more preferably at least 25 wt.% ot

dissolved magnesium chloride. Depending con the solublility of

the salt, it may be rossible to use at least 30 wt.%, even

more preferably at least 35 wt.% dissolved magnesium

8

chloride, based on the total weight the total weight of the

aqueous mixture. (i1.e. the total weight of The agueous

mixture excluding any solid matter). The maximum value 18

generally determined by the solubility of magnesium chloride,

which 18 about 45 wh. %,

Preferably, the agueocus mixture 1s concentrated to a

dissolved magnesium chloride concentration that 1s as high as

possible, i.e. close to the solubility of the magnesium
chloride, i.e. close to the maximum weight amount of the
magnesium chloride that can be dissolved in the agqueocus
mixture, measured at the temperature at which forward
extraction is conducted. Although undissolved magnesium
chloride may be present 1in the aqueous mixture, this 1s not
desirable. Therelfore, the salt concentration in the agueous

mixture is preferably not higher than the solubility of the

magnesium chloride in the agueous mixture, so as to prevent
precipitation. Accordingly, the agqueous mixture preferably

has a dissolved magnesium chloride concentration within 10

wt.%, preferably within 5 wt.% of the solubility of the

magnesium chloride 1in the agueous mixture.
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The dissolved magnesium chloride may originate from an

a hydrochloric acid. The dissolved magnesium chloride may

also originate from adding magnesium chloride Lo an agueous

mixture to increase 1ts dissolved magnesium chloride

¥

concentration. Combinatiocns are of course also pessible.

The agueous mixture 18 preferably prepared by acldifving
magnesium lactate with an hydrochloric acid, thereby forming
an agueous mixture comprising lactic acid and a magnesium
chloride. The acidulation step 1s typilcally conducted by
bringing the lactate salt in contact with an acidic solution.

However, 1in some embodiments 1t may alsc be possible to

A

contact the lactate salt with gasecus HCL.

The lactate salt may be in solid and/or dissolved from. In

one embodiment, the lactate salt is provided 1n solid form.

v

In this case, the acidulation step 18 conducted by bringing

the lactate galt in contact with an acidic solution. The

advantage of preparing the aqueous mixture from lactate salt

in solid form is that very high lactic acid concentration can

G

thus be obtained, such as concentration of at least 15 wt.3,

in particular at least 25 wt.%, up to, e.g. 50 wt.3%, or 40

O

Wi .

¥

The lactate salt may also be in dissolved form, typically as

part of an agueous solution. In this case, the acidulation
step can be conducted by bringing the lactate salt in contact
with an acidic solution or an aclidlic gas.

The acidulation step may also be conducted on a mixture of

lactic acid and lactate salt. Such a mixture may for example
be obtained in a low pH fermentation. The mixture may for
example be an agueous SuUusSpPensliol.

The acid used in the acidulation step 1s Lypically a strong

s

acid, such as hydrochloric acid or sulfuric acid. In view of

the required presence of at least 5 wt.% of magnesium
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chioride, the use of hydrochloric acid 1s preferred. In such
a case, an agueous mixture i1s obtained comprising lactic acid

.

and a chloride salt. HCL acidulation may for examp.e be

conducted by bringing the lactate salt in contact with an
5 aqueous HCl solution or by bringing a lactate salt solution

or suspension in contact with HCL gas.

When acidulation of the lactate salt 1s conductea by

contacting it with an acidic solution, 1t preferably has an
aclid concentration as high as possible. Such a high acid

concentration will result in an aqueocus mixture with a high

lactic acid concentration, which 1is desirable. The acidic

solution therefore comprises at least 5 wi.%, more preferably

at least 10 wt.% and even more preferably at least 20 wt.%

acld, based on the total weight of the acidic solution.

Acidulation is typically conducted using an excess of acid.

The excess 1s preferably small, such that the agqueocus mixture

obtained is not highly acidic, which may not be desirable in

view of further processing such a mixture. For example, the

excess of acid used may be such that the resulting agueous

mixture has a pH 2 or lower, preferably a pH of 0-1.

In case an acldic gas 18 used {(i.e. HCl gas), 1t may be

contacted by bringing it in contact with a lactate sclution

or suspension. In particular, HCl gas may be blown tThrough

the solution or suspension. In case HCl gas is used, tThe HCL

may originate from a thermal decomposition step, as described

apove.,

Preferably, acidulation 1s conducted at a temperature of 75

"C or less. At higher temperatureg, it becomes uneconomical

to adapt eguipment to the harsh conditions of an acidic

environment at nigh temperatures.

After acidulation, solid material, 1f present, may be removed

from the aqueous mixture, for example by filtration. As
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pran

described above, the presence of solid material in tn

agueous mixture i1n not desirable during extraction.

The agueous mixture may be concentrated atfter acidulation
vriocr to extraction to a concentraticon up to the solubility
o of the magnesium chloride, in particular to a desirable

-

concentration of dissolved magnesium chloride. Specific

values fTor this concentration are described above,

In one embodiment, magnesium lactate is used which originates

from a fermentation process. Accordingly, the method of the

invention may further comprise a fermentation step to form

the lactic acid, which fermentation process comprises the

steps of fermenting a carbon source, such as a carbohvdrate,

by means of a micro-organism in a fermentation broth to form

lactic acid and neutralizing at least part of the lactic acid

by addition of a base, 1n particular a magnesium base,

thereby obtaining a magnesium lactate salt.

1.

Fermentation processes for the manufacture of carboxvylic

=

acids are known in the art and reguire no further elucidation

g A

here, It 1s within the scope of the skilled person to select,

using his common general knowledge, a suitable fermentation

process, depending on the desired acid to be produced, the

carbon source and the microorganism avallable.

The product of the fermentation process 1s a fermentation

broth, which is an aguecus liquid comprising magnesium

oy

carboxylate, biomass, and optionally further components, such

as 1mpurities like are sugars, proteins, and salts.

If so desired, the fermentation broth may be subjected to a

bilomass removal step, e.g., a filtration step, vefore further

processing. This 1s generally preferred for ilmproving product

quality.

Another intermediate step may be separation of solid reaction

oroduct, 1.e. magnesium lactate, from the fermentation broth,
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before, altter, or simu.taneous with biomass removal, and
optionally subjecting the magnesium lactate to a washing
step. Depending on the concentration, magnesium lactate can

oy

precipitate in the fermentation medium. In one embodiment,

the solid magnesium lactate 1s separated from the

fermentation medium, e.g., by filtration, and subjected to an

acidification step as described above.

broth to a concentration step to increase the concentration

of magnesium lactate in the composition before acidification.

This step may be carried out before, after, or simultaneous
with bicmass removal. Such a step may be attractive to

£

increase the content of solid magnesium lactate, which may

then be separated from the fermentation broth as described
above, and processed as sollid magnesium lactate in the

process according to the invention.

Other intermediate steps, e.g., purlification steps, may be

carried out as desired, as will be evident to the skilled

person.

T

In the method according to the invention, the agueous mixture

discussed above 1s subjected to an extraction step by

contacting 1t with an organic ligquid comprising an organic

solvent selected from the group of Cb+ ketones, diethylether,
and methyl-tertiary-butylether, thereby obtaining an organic

lactic acid soluticon and an aqueous waste liguid comprising

magnesium chloride. In this forward extraction, the lactic

acld 18 separated from the impurities present in the agueous

mixture by dissolving it in the first organic liguid. The

lmpurities will remain in the agueous mixture.

i

§

Preferably, the organic liguid comprises at least 90 wt.% o

the organic solvent, preferably at least 95 wt.%, more

L
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preferably at least 99 wt.%. In one embodiment, the organic

Liguid is the orcanic solvent. Typically, small amounts of
water can be present in the first organic liguid, in

particular when the ligquid (partly) comprises recycled

0 organic solvent from a recvycle step after extraction.

-

The organic solvent 1s selected from the group of ChH+

ketones, diethylether, and methyl-tertiary-butylether. CbH+

stands for ketones with at least b carbon atoms. It has been

found that specific solvents compounds show good properties

in the process according to the invention, where they show a

-

good concentration effect. Selection of a suitable organic

solvent may contribute to establishing a high distribution

ratlio during forward extraction. In that case, only a

F I

relatively small amcunt of lactic acid will be lost 1In the

aqueous waste liguid.

As 1s 1llustrated in Example 10 of the present application,

the solvents according to the invention show a concentration

effect 1n the extraction of lactic acid. In contrast, other

solvents, including iscamyl alcohol, diisopropyvether, and

trioctvlamine (Alamine 336) mentioned as preferred in

ALY

WO00/17378 do not show a concentration effect. The same goes

for the mixture of 48% trioctvlamine, 20% n-butanol, ana 32%

wal

kerosene metioned in Example 8 of W0O00/17378.

In the present invention it 1s preferred to use ketcnes, 1in

wol

particular C5-C8 ketones. Mixtures may also be used. The use

of CY+ ketones 1s less preferred, because These compounds are

believed to show a lower concentration effect, and may result

P

1n more contaminants in the end product. The use of methyl-

isobutyl-ketone (MIBK) has been found to be particularly

attractive to cobtain a good concentration effect.

Additionally, the use of ketones has been found to be

preferred because they are staple under process conditions,

in that they do not react or decompose to a substantial
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extent, thus giving rise to few contaminants, and allow a
stable process operation.
As ethers, diethylether and methvl-tertiarvy-butvletner may bpe

wrd

used. It has been found, however, that thevy are less

preferred, because the use of ethers results in more solvent

loss and in more contaminants in the end product.

i3

-~

The method of the invention does not require the use of

Pt ]
‘5t

extracting agents, such as amines. In fact, the use of

extracting agents in the organic solvent is generally

undesirable. An extracting agent i1s a compound that forms a

complex with the compound to be extracted (in this case

lactic acid). However, the formation (during forward

extraction) and breakage of the complex would regquire a

y“!
AN

Terence

relatively large amount of energy, such that the di;

in temperature between forward and back extraction would need
to be larger than necessary. Accordingly, the organic liquid
preferably comprises no or substantially no extracting

agents, 1in particular no or substantially no amine extracting

agents., Thus, the lactic acid in the method o¢f the 1nvention

18 preferably extracted in i1ts neutral acidic form and not 1in

the form of a salt or a complex.

-

The organic liguid 1s preferably essentially free of amines,

ethers, and alcochols, which means that these compounds, 1if

present at all, are each present 1in an amount of less than Z

AN

wt.%, preferably less than 1 wt.%, more preferably less than

0.5 wt.%, calculated on the weight of the organic ligquid.

The ratio of organic liguid to aqueous mixture used 1n

forward extraction is determined by the following

30 considerations. On the one hand, if the amount of organic

liguid 1s relatively high, the efficiency of the extraction,
expressed as the percentage of acid in the aqueous mixture

which 1s extracted into the organic liguid will be high. On
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the other hand, a large amount of organic liguid will have to

f"
s
xCT

cct will be reduced.

be used, and the concentration ef:

Conversely, 1f the amount of organic liguild 1s reiatively

low, the concentration effect will be improved, but the

extraction efficiency will be reduced.

The Distribution Ratio (DR) defined above can give guidance

1n this respect. In one embodiment, the amount ¢l organic

liguid used 1in the forward extraction may be 1n the range of

0.5/DR to 1.5/DR times the amount of acgueous mixture.

The use of an amount of organic liguid in the range of 0.5/DR

?)Otn

to 0.8/DR times the amount of agueous mixture for forward

-

extraction may be desirable for a good concentration effect.

However, the vyvield of the extraction step may 1n Lhis case Dbe

less than 99%. The use of an amount of organic liguid 1in the

range of 1.3/DR to 1.5/DR times the amount of aqgueous mixture
for forward extraction may result in an extraction vyield of

over 99%, but typlcally has a less pronounced concentration

effect. The use of an amount of organic liguid in the range

Ll

of 0.8/DR to 1.3/DR, and in particular in the range of 1.0/DR

to 1.2/DR, times the amount of agueous mixture for forward
extraction 1s most desirable, because both a good

concentration effect and an extraction vyield of over 9Y% can

be obtained. The extraction vield as used herein refers to

the weight percentage of the lactic acid that 1s extracted

&

into the organic ligquid during forward extraction.

Forward extraction 1s tvpically conducted by contacting the
agueous mixture with the first organic liguid, tThereby

obtaining an organic lactic acid sclution and an agueous

waste liguilid comprising the magnesium chloride. Preferably,
the extraction i1is a counter—current extraction, i.e. the

aqueous mixture and organic liguid are contacted with each
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am

other using counter-current streams. In such a configuration,

a very efficient extraction of lactic acid into the organic

liguid can be obtained, in particular with respect to the

¥

vield. The extraction is preferably conducted in an

extraction column. In case the organic solvent used has a

lower density than water (for example in case of MIBX), the

organic solvent is preferably fed to the bottom of the

column, while the agueous mixture is fed at the top ©f the

column. Consequently, two phases will form: an upper phase

compriging the organic sclvent and a lower phase comprising
the agueous mixture. At the interface of the two phases, any
biomass and/or other solid matter present in the agueous
mixture will accumulate. As described apbove, the biomass does

not cause emulsification due to the presence of the salt in

the aqueous mixture. By feeding the organic solvent at the

bottom of the column, the organic solvent will move upwards

through the agueous mixture, thereby extracting the lactic

acid and forming an organic lactic acid solution. At the

bottom of the column, an agueous waste liquid can be

obtained, typically in the form of an agueous salt solution,
which solution comprises the magnesium chloride.

Forward extraction may be conducted at a temperature of 20-

100 °C, preferably at a temperature of 30 - B0 “C, for
example at a temperature of 40 - 60 °C. To reach the

desirable temperature for forward extraction, the aqueous
mixture and/or organic liguid may be heated prior to forward
extraction. As described above, higher temperatures within

the range of 20-100 °C are advantageous with respect to a

decrease in solubility of the organic solvent in water. In
addition, the distribution ratio may increase with 1ncreasing

temperatures and/or may lead to a stronger concentration

effect. In view of the possible corrosive conditions of the

acidic agqueous mixture, a temperature above 60 °“C may be
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disadvantageous. However, corrosion may for example be

avolded by using plastic or glass—_lined extraction eguipment.

The aqueous waste licuid formed in the forward extraction

comprises the magnesium chloride. The agqueous waste liguid 1s

O typically obtained in the form of an agueous salt solution,
which solution comprises the magnesium chloride. This

solution 1s relatively pure, since insoluble impuritiles

typically remain at the interface of the water/organic

interface during extraction.

To prevent acid loss from the system, 1L 1s preferred for the

concentration of lactic acid i1n the waste ligquid to be as low

vra

as possible. In one embodiment, the lactic acid concentration

in the waste liguid is below 1 wt.%, 1n particular below 0,5

wt.%, more 1in particular below 0,1 wt.%. It has been found

V.

e

allows obtaining these very low acid losses.

To prevent solvent loss from the system, and to prevent

problems in further processing, in particular when use 1S

made of a thermal decomposition step, 1t 1s preferred for the

concentration of solvent in the waste ligquid to be as low as

possible. In one embodiment, the solvent concentration in the

£

waste liguid i1s below 1 wt.%, 1in particular below 0,5 wt.%,

more in particular below 0,2 wt.$%, and preferably below 0.1

wb.%. It has been found that extraction using the method

20 according to the invention allows obtaining these very low

solvent losses.

It 1s preferred for at least 80% of the acid present in the

Ly

system Lo be i1n the organic phase after the forward-

extraction, 1n particular at least 90%, preferably at least

"erably at _east 98%, still more preferably at

95%, more pre:

least 989%.
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It is preferred for at least 90% of the magnesium chloride

present in the system to be present 1n the aqueous waste

liguid after the forward extraction, preferably at least 95%,

more preferably at least 98%, in particular at least 99%.

The organic lactic acid solution is subsequently submitted to

a back extraction step. Optionally, the organic lactic acid

solution obtained in the forward extraction 1s subjected to

an intermediate washing step to remove any impurities present

in the organic lactic acid solution. Such impurities are

tyvpically entrained from the aqueous mixture, for example

T

chloride or metal ions. In such a washing step, the ocrganic

lactic acid solution is contacted with a washing liguid. Such
a step may decrease the amount of Ilmpurities, such as

chloride and/or metal ions in the end product, 1.e. the

agueous lactic acid solution. The removal of these ions may

further prevent corrosion problems. The washing liquid 1s

typically an agueous liguid.

In one embodiment, part of the aquecus lactic acid solution

formed as product in the back extraction 1s used as the

~rlanrs

washing liguid. In this embodiment, a small part, for example

0.5-5 wt.%, in particular 0,5-2 wt.%, of the product total

agueous lactic acid solution may be used for washing. The

washing liguid mayv subsequently be recycled back to the

agueous mixture, where it will again be subjected to forward
extraction. Care should be taken during washing not to remove

too much acid from the organic liquid, as this will

detrimentally affect the concentration of carboxylic acid in

the final product. It is within the scope of the skilled

person to determine suiltable washing conditions.

extraction is, copticnally after being washed, back extracted
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into an aqueocus liguid, thereby obtaining an aguecus lactic
acid solution and a second organic liguid. This step may be

referred to herein as the second extraction or back

extraction. The back extraction results in an agueous lactic
acld solution, which has a higher purity and in particular a
lower salt concentration than the initial agueocus mixture. As

KO~
e

explained above, the product agueous lactic acid solution of

¥

the present invention typically has a higher concentration of

lactic acid than the agueous mixture,

The ratio of aqueous liguid to organic acid solution used in

the back extraction 1s determined by the following

considerations. On the one hand, i1f the amount ©of agueous

g

liguid 1s relatively high, the efficiency of the extraction,

expressed as the percentage of acid in the ocrganic acid

solution which is extracted into the agueous licguid will be

high. On the other hand, a large amcunt of aguecus liquid

will have to be used, and the concentration effect will be

reduced. Conversely, 1f the amount of aqueous liguid 1s

relatively low, the concentration effect will be improved,

put the extraction efficiency will be reduced.

A sultable value for the ratio of aqueous liquid Lo organic
acid solution used in that back extraction may be derived

v

from the Distribution Ratio (DR) delfined above. In one

embodiment, the amount of aguecus liguld used 1n the back
extraction is 0.5*DR to 1.5*DR times the amount of the
organic lactic acid scolution. These ratios may 1n particular

[~

be important with respect to the concentration effect of the

present method. The use of an amount of agueocus liguid in the

FTon

range of 0.5*DR to 0.8*DR times the amount of organic lactic

acid sclution for back extraction may be desirable for a good

concentration effect. However, the yield of the back
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use of an amount of agueous liguid in the range of 1.3*DR to

1.5*DR times the amount of organic lactic acid soclution for

-

back extraction may result in a back extraction yielcd of over

99%, but typically has a less pronounced concentration

3

effect. The use of an amount of aquecus liguid in the range

of 0.8*DR to 1.3*DR, and in particular in the range of 1.0*¥DR

to 1.2*DR times the amount of organic lactic acid solution 1s

most desirable, because both a good concentration effect and

a back extraction vield of over 99% can be obtained. The back

extraction vield as used herein refers to the welght

pras

percentage of the lactic acid that 1s extracted into the

agueous liguld during back extraction.

sy

y conducted by contacting the

Back extraction 1s typical

organic lactic acid solution with the agueous liquid, thereby
obtaining an aqueocus lactic acid solution and a second
organic liguid. The aqgqueous lactic acid solution 1s the

product solution. If so desired, the second organic liquid,

in its entirety or in part, may be recycled to the forward

extraction as first organic liquid, optionally after having

been subjected to a purification step. Preferably, the

extraction is a counter-current extraction. In such a

configuration, a very efficilent extraction of lactic acid

into the aqueous liguld can be obtained, in particular with

respect to the vyield.
The extraction 1s preferably conducted in an extraction

column. In case the organic solvent used has a lower density

than water, the agueous liquid 1s preferably fed at the top

of the column, while the organic lactic acid solutlion 1is fed

at the bottom of the column. Conseqgquently, two phases will

form: an upper phase comprlsing the organic solvent and a

lower phase comprising the aquecus ligquid. By feeding the

aqgueous liguid at the top of the column, 1t will pass



CA 02859707 2014-06-18

WO 2013/093028 PCT/EP2012/076696

24

downward through the organic lactic acid solution, thereby

extracting the lactic acid and forming an agueous lactic acid
solution. An agueous lactic acid solution can then be

recovered at the bottom of the column.

It 1s noted that i1t was contemplated to evaporate the organic

solvent from the organic lactic acid solution after forward
extraction, thereby directly obtaining the lactic acid.

However, better results were c¢btained when using a back

extraction in accordance with the present invention. Back

extraction resulted in less i1mpurities and a more enerqgy

~>1v v 3

efficient process.

Back extraction may be conducted at a temperature of 20-100

prnn

"C, preferably at a temperature of 80 "C or lower, more

i)

preferably at a temperature of 60 "C or lower. Back

.....

extraction 1s preferably conducted at a temperature above {

°C, preferably a temperature of at least 10 °C due to energy

costs assoclated with cooling. Temperatures equal or close to

the temperature in the forward extraction are particular

preferred for back extraction. This may save energy, because

less heating and/or cooling is required between the different
streams 1n the extraction process. Accordingly, 1n one

embodiment the back extraction is conducted at a temperature

that is within 10 °C, for example within 5 °C of the

temperature at which forward extraction 1s conducted. The use

of a similar temperature in forward and back extraction 1s

herein also referred to as isothermal conditions. Forward

extraction and back extraction may be conducted at aboul the

same temperature, for example using a temperature difference

between forward and back extraction of less than 5 °C.

In one embodiment, the extraction into the organic liguid

(forward extraction) 1s conducted at a lower temperature than
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zF %

the extraction i1nto the agqueous liguid (back extraction).
such an extraction method i1is also known as a regular
temperature swing extraction. The temperature during back
extraction is in this case 5-45°C, for example 10-20 °C

o higher than the temperature in forward extraction.

In another embodiment, the extraction into the organic liguid

(forward extraction) 1s conducted at a higher temperature
than the extraction into the agueous ligquid {(back

extraction). Such an extraction method may be indicated as a

reverse temperature swing extraction. In the reverse

temperature swing extraction, the back extraction step may in

s

this case be conducted at temperature that is 10-50 "C or

20-30 °C lower than the temperature at which forward

extraction is conducted. It has been found that operating

15 extraction 1n reverse temperature swing mode may lead to an

increased concentration of aclid 1n the product.

In one embodiment 1n the process according to the 1nvention

the organic lactic acid solution 1s brought 1nto thermal

20 contact with the second organic liguld using a heat

exchancer. This 1s advantageous when forward and back

extraction are conducted at different temperatures.

The aqgqueous lactic acid solution obtained atfter back

extraction as performed according to the present i1nvention

has a nigher lactic acid concentration than the aqueous

mixture which was fed to the forward extraction. This 1s also
1llustrated 1n the examples below.

poo grees

The extent ot the concentration effect of the methoo of the

invention depends, among others, on the ratio of the organic

liguid and agueous mixture used in forward extraction, the

2ECHs

at i T Lhne JLIE “ Louid ance gdanitoe lacti z1enRe B uti1on
ratio of the agqueous ligquid and organic lactic acid solution

b

used for back extraction, the temperature at which the
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extraction steps are conducted, the type of organic liguid

SNV

used and the amount of dissolved magnesium chloride present

in the agueous mixture. Furthermore, 1t 1s preferred to

select the process conditions in such a manner that so as to

obtain a high extraction vield. In this respect, 1T 1s

preferred that the weight amount of organic liguid used 1in

forward extraction is 1.0/DR to 1.2/DR times the weight

amount of agueous mixture while the weignht amount of agueous

liguid used in back extraction i1s 1.0*DR to 1.Z2*DR times the

weight amount of organic lactic acid solution. It 1s even

more preferred that the weight amount of organic liguid used

in forward extraction is 1.1/DR to 1.2/DR times the weight

o
o

amount of aqueous mixture while the weight amount of agueous

liquid used in back extraction i1s 1.1*DR to 1.2*DR times the

(e

weight amount of organic lactic acid solution. These welght

ratios result 1in a particular good concentration effect when

additionally combined with a forward extraction temperature

of 50-60 "C and a dissolved magnesium chloride concentration

of at least 10 wt.%, based on the total amount of water and

relavs

dissolved material present in the agueous mixture. The
organic liguid used 1s 1in this case prelerably a ketone, more
preferably MIBK. The back-extraction 1s 1n this case
preferably conducted at 20-60 “C, more preferably at 50-60

°C. An even better concentration effect i1is obtained when

using a magnesium chloride concentration of at least 15 wt.=3
instead of at least 10 wt.%, based on the total amount ot
water and dissolved material present in the agueocus mixture.

crees 2

Thus, the fcollowing combination of parameters may result in

particular good concentration effect ana may at the same time

result 1n a good extraction yield:

- a magnesium chloride concentraticon of at least 10 wt.5%,
based on the total amount of water and dissolved materisl

present in the aqueous mixture;
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- a forward extraction temperature of 30-60 °C, in particular

50-60 °C;

- a back extraction temperature of 20-60 °C;

- a welight amount o©of organic liquid used in forward

extracticn that is 1.1/DR to 1.2/DR times the weight amount

- a weight amount of aguecus liguid used in back extraction

that 1s 1.1*DR to 1.2*DR times the welght amount of organic

lactic acid solution:

- the organic liguid being a Cb+ ketone, preferably a Cb~C8

ketone, more preferably MIBK,.
The above combination works even better when using a
magnesium chloride concentration of at least 15 wt.%, based

PP

on the total amount of water and dissolved material present

1n the aqueous mixture.

The total vield of the method of the invention depends both

on the extraction vield in forward extraction and the

extraction yvield in back extraction.

The vield of forward extraction can be increased by

conducting the forward extraction with counter-current
streams (see also above). Such counter-~current extraction can

be conducted in one or more vessels (e.g. a MLXer or

settler). The vield of the extraction step can be increased

by increasing the size and/or the number of the vessel (s).

When using more than one vessel, the vessels are connected 1in

geries with each other. In this case, the second or further

vessel further extracts the agueocus liquid obtained after
extraction in the previocus vessel. Preferably nowever,

forward extraction is conducted 1n one vessel (e.g. an

extraction column) that 1s sufficiently large to obtain the
desired high yield (typically above 99%). For example, large

extraction columns with a height of 10-20 meter are known in

the art. The skilled person will be able to adjust the size
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and/or number of the vessels to obtain a yield of 99% or

moere.

The vyield of back extraction can be increased in the same way

a8 degcribed above for forward extraction. In case more than

one vessel is used, the second or further vessel further

D

extracts the organic liguld obtained after extraction in the

pPrevious vesseld.

3

The method of the invention may further comprise the step of

concentrating the product agqueous lactic acid solution by

evaporation of water. The water evaporated in this step may

be recycled by reusing it as the agueocus liguld in back

extraction. It 1s possible for the product aqueous lactic

acid solution to comprise a minor amount of organic solvent

and residue from the extraction step, 1f present e.g. of the

order of 0.1-3 wt.% based on the total amount of the aqueous
lactic acid solution. Where an evaporation step 1s carried

cout, organic solvent 1s also typically evaporated in the

i

concentration step, often enhanced by a stripping effect of

water.,

As indicated above, the second organic liquid obtained in the

back extraction can be recycled by reusing 1t as the first

organic ligquid in the forward extraction.

In one embodiment, the method of the invention comprises the

step of subijecting the agueous waste ligqulid comprising

magnesium chloride obtained in forward extraction to a

thermal decomposition step at temperatures of at least 300

°C, thereby forming a magnesium oxide and HCl. In this step,

the chloride salt is thermally hydrolyzed uncer formation of

magnesium oxide and HC1l, which compounds can be recycled in

other stages in a process for lactic acild preparation. For

example, the magnesium oxide may be used in a fermentation

process, for example as a neutralizing agent or as a
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nrecursor thereof. The magnesium oxlde may for this purpose

oe brought in contact with water to obtaln a magnesium

hyvdroxide slurryv. Furthermore, HCLl may be used to acidify

magnesium lactate obtained in a fermentation process. HCL 1s

typically dissolved in water during cor atfter thermal

decomposition, thereby obtaining a HCl solution. Thus, the

thermal decomposition step provides for a process wherein the
waste material i1s recvyeled and wherein consequently
relatively little waste 1s produced.

s

The method of the invention 1s preferably a continuous

process. However, it may also be conducted as a batch

DYrocess.

The invention will further be illustrated by the following

examples, without being limited thereto or thereby.

Extraction in Absence of Dissolved

e A A AN A P A AT B0 NN B S A AN A SRR BANT
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A lactic acid feed solution was prepared by adding 304 g o:

el

crystalline lactic acid to 745 g water and mixing to complete

dissolution. The thus prepared feed solution comprised 29 wt

% of lactic acid.,.

In the forward extraction an amount of 101l g MIBK was added

to 1000 g of the lactic acid feed solution (weight-based

ratio of 1:10). The resulting two phase system was stirred at

20 °C for 30 minutes with sufficient speed to ensure that

both phases were well dispersed. Hereafter, the stirring was
stopped, the phases were allowed to separate and the lactic
acld loaded MIBK laver was separatea from the depleted

agqueous lactic acid solution,

e

In the back extraction 5,2 g of water was added to 53 g o

this lactic acid locaded MIBK laver (welght-based ratioc otf
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1:10). The resulting two phase system was stirred at 20 °C

for 30 minutes with sufficient speed to ensure that both

rhases were well dispersed. Hereafter, the stirring was

stopped, the phases were allowed To separalte and a sample was

b taken from the agueous bottom phase. The concentration of
lactic acld in this sample was 19.4 wt3 (determined via

potentiometric titration).

of dissolved magnesium chloride as used in the method

according to the present invention reduces the lactic acid

concentration from 29 wt% in the feed solution to 19.4 wt% 1n

the product agueous solutilon.

Example 2: Lactic acid extraction in the presence o

Dissolved Salt

A lactic acid feed solution {(agqueous mixture) was prepared by

adding magnesium chloride hexahvdrate (790 ¢) to a solution

of 700 g of crystalline lactic acid in 924 g water and mixing

to complete dissolution. The thus prepared feed solution

comprised 29 wt % of lactic acid and 15.3 wt % of magnesium

chloride.,

In the forward extraction an amount of 100 ¢g MIBK was added

to 1000 g of the lactic acid feed solution (weight-based

Ty

1:10). The resulting two phase system was stirred at

ratio o

20 °C for 30 minutes with sufficient speed to ensure that

both phases were well dispersed. Hereafter, the stirring was

stopped, the phases were allowed to separate ana the lactic

v v

acid loaded MIBK laver was separated from the depleted

agqueous lactic acid solution. In the back extraction 4,7 g of

K

30 water was added to 46,9 g of this lactic acid locaded MI!

1L

layer (weight-based ratio of 1:10). The resulting two phase

system was stirred at 20 °C for 30 minutes with sufficient

speed to ensure that both phases are well dispersed.
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i)

ter, Tthe stirring 1s stopped, the phases were allowed

Hereaf

to separate and a sample was taken from the agquecus pottom

vhase., The concentration of lactic acid in this sample was

34.8 wt% (determined via potentiometric titration).

]
2]

This example shows that the presence of dissolved magnesium

chloride salt in the fTorward extraction increases the lactic

aclid concentration from 729 wt% 1in the feed solution to 34.8

wt% 1n the aqgqueous scolution after back extraction.

In case the sclution would be subjected to an evaporation

step after extraction, the increased lactic acid

concentration in the aqueocus solution from the back

extraction would thus reduce the amount of water that needs

to be evaporated from the lactic acid product compared to the

-y

aguecus solution obtained after back extraction from the feed

solution without dissolved magnesium chloride 1n example 1 Dby

a factor 2.

¢

Example 3: Regular Temperature sSwing Lactic gcid Extractimn

it N ANV L VR

In the forward extraction an amount of 100 g MIBK was added

vt

to 1000 g of the lactic acid feed solution (welght-based

vors

ratio of 1:10) as vrepared in example Z above. The resulting

two phase system was stirred at 20 °C for 30 minutes with

sufficient speed to ensure that both phases were well

dispersed. Hereafter, the stirring was stopped, the phases

were allowed to separate and the lactic acid loaded MIBK

laver was separated from the depleted agueous lactic acid

solution. In the back extraction 6.9 g of water was added Lo

©6/7.2 g of this lactic acilid loaded MIBK layer (weight-based

ratio of 1:10). The resulting two phase system was sltirred at

A

60 °C for 30 minutes with sufficient speed to ensure that

both phases are well dispersed. Hereafter, T[he stirring 1is
stopped, the phases were allowed to separate and a sample was

. -

taken from the agueous bottom phase. The concentration ot
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lactic acid in this sample was 36.2 wt% (determined via

votentiometric titration).

This example shows that applying a combination of dissolved

magnesium chloride and a higher temperature in the back

extraction vields an 1ncreased lactic aclid concentration of

30.2 Wwt% 1n the agueous solution after back extraction

ALl

It can be concluded that apprlyving an increased temperature in

s
Yasr

the back extraction is an efficient means of further

concentrating the lactic acid during extraction.

1

xample 4: Reverse Temperature Swing Lactic Acid Extraction

In The forward extraction an amount of 100 g MIBK was added

to 997 g of the lactic acid feed solution (welght-based ratio

15 of 1:10) as prepared in example 2. The resulting two phase

system was stirred at 60 °C for 30 minutes with sufficient
speed to ensure that both phases were well dispersed.

Hereafter, tThe stirring was stopped, the phases were allowed

to separate and the lactic acid loaded MIBK layver was

Ay

separated from the depleted aqueocus lactic acid solution. In

PM

the back extraction 5.8 g of water was added to 58 ¢g of this

2XK:Ivn

lactic acid loaded MIBK laver (welght-based ratio of 1:10).

The resulting two phase system was stirred at 20 °C for 30

minutes with sufficient speed to ensure that both phases were

25 well dispersed. Hereafter, the stirring was stopped, the
chases were allowed Lo separate and a sample was taken f[rom
the agueocus bottom phase. The concentration of lactic acid 1in

this sample was 37.1 wt% (determined via potentiometric

titration).

This example shows that applving a combination cof dissolved

magnesium chloride and a higher temperature in the forward
extraction vields an increased lactic acid concentration of

37.1 wts 1in the agueous solution alter back extraction
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compared to the i1isothermal conditions applied in example 2.

It can be concluded that applving an increased temperature 1in

X Fra
aas

fioient means of further

the forward extraction i1s an e

concentrating the lactilic acid during extraction.

cic Acid Extraction

vy

In the forward extraction an amount of 100 g MIBK was adced

L.

to 996 g of the lactic acid feed solution {(welght-based ratio

Hy

of 1:10) as prepared in example 2. The resulting two phase

system was stirred at 60 °C for 30 minutes with sufficient

speed to ensure that both phases were well dispersed.

Hereafter, the stirring was stopped, the phases were allowed

el

to separate and the lactic acid loaded MIBK lavyer was

vy

separated from the depleted agueous lactic acid solution. In

15 the back extraction 6.2 g of water was added to 63 g of this

lactic acid loaded MIBK layer (weight-based ratioc of 1:10).

The resulting two phase system was stirred at 60 “C for 30

g

minutes with sufficient speed to ensure that both phases were

well dispersed. Hereafter, the stirring was stopped, the

phases were allowed to separate and a sample was taken from
the aqueous bottom phase. The concentration of lactic acid 1in
this sample was 36.0 wt% (determined via potentiometric
titration).

This example shows that applying a combination of dissolved
20 magnesium chloride and a higher temperature in the forward as

well as back extraction vyields an increased lactic acid

concentration of 36.0 wt% 1n the agueous solution after back
extraction compared to the isothermal conditions applied in

example 2. It can be concluded that isothermal operation at

an increased temperature during forward and extraction 1s an

groce
AT

efficlent means of

further concentrating the lactic acid

during extraction.
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Example 6: comparison of MIBK and Iscamyl alcohol

............... AT A A A A A - A - it 4

This experiment was conducted to compare the stability of two
solvents, MIBK and Iscamyl alcohol in contact with the lactic
acid feed solution as prepared in example 1. For each solvent

,M\

a closed glass reactor was filled with 20 g of solvent and 20

g of the lactic acid feed solution, put in an oven to

maintain a temperature of 60 C and shaken continuously.

After 3 hrs, 24 hrs (1 davy) and 168 hrs (1 week) the shaking

was stopped for 1 hour to allow the phases to settle, a

sample was taken from the solvent top lavyer, and the

composition of the solvent top laver analyzed by gas
chromatography. The results show that even alfter 168 hrs no
changes 1n the purity of the MIRK could be detected while 1in

case of 1socamyl alcohol 14.6 area% of i1scamyllactate was
15 formed after 3 hrs. In the 24 hrs and 168 hrs samples the

isoamyllactate concentration was found fto have 1ncreased

further to 22.50 area%.

This example shows that esters with the lactic acid are

formed when alcochols such as i1scamyl alcohol are used as

20

organic extraction solvent while ketones such as MIBK are

stable organic solvents. It can be concluded that unstable
organlc solvents such as alcohols are unsultable as
extraction solvent and that stable organic solvents such as

ketones are suiltable extraction solvents.

Example 7: Effect of dissolved salt concentration and

100 g MIBK organic solvent was added to 100 g of an agueous

o -

solution with the desired MgClZ and initial lactic acid

¥

concentration of 20 wts. The resulting two phase system was

&k

stirred at 20 C or 60 C for 30 minutes with sufficient speed

to ensure that both phases are well dispersed. Hereafter, the
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stirring 1s stopped, the phases were allowed to separate and

samples were taken from both phases. The concentration of

lactic acid (wt%) 1in these samples was determined by

votentiometric titration. Hereafter the distribution ratio

D was calculated as the ratio of the lactic acid concentration

(wt%) 1n the MIBK organic solvent phase divided by the lactic
acid concentration {(wt%) 1n the agueocus phase. The results

are shown in Table 1,

Lactic acid distribution ratio

This example shows that with increasing salt concentration

the lactic acid distribution ratio increases significantly.

Furthermore, the example also shows that the distribution

1 ratio can be increased by raising the temperature. It can be

concluded that the presence of salt and/or an increase in

temperature sionificantly increase the extraction efficilenc
& g Y Y

ekl

of carboxvylic acids from the agueous feed stream into the

corganic solvent.

il

50 g MIBK organic solvent was addeda to 100 g of an agueous

soluticon with a specified MgClZ concentration and the

resulting two phase system stirred at a specified temperature

for 30 minutes with sufficient speed to ensure that both

phases are well dispersed. Hereafter, the stirring is
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stoppred, Tthe phases were allowed to separate and a sample was

caken from the aqueous bottom phase. The concentration of

MIBK 1in this sample was determined by gas chromatography. The

experiment was conducted for three different MgClZ

b3

concentrations (0, 15 and 30 wt.%) at two different

temperatures (20 °C and 60 “C). The results are shown in

Table 2.

Table Z

MgC 12 —rts .}

This example shows that the addition of salt significantly

reduces the solubility of the MIBK organic solvent in the
agueous phase. It can be concluded that the presence of salt
significantly reduces the loss of organic solvent in the

agueous phase after extraction of the carboxvlic acid.

Example 9: Pilot Extraction Lactic Acid

WA WD W CANSARA ALY )

The pilot extraction experiments were conducted in a Pulsed

Disc and Donut Column (PDDC) pilot set-up containing an

Fhy

active column section of four thermo stated glass segments o
each 1.04 m length and 40 mm internal diameter. This active
section was enclosed on both sides by 42 cm long settlers,
both having an inner diameter of 80 mm. The column i1nternals

ATL D
g

consisted of alternatelv placed disc and doughnut baffles

pes o

with a spacing of 8.4 mm made of PVDF to ensure wetting by

the organic solvent phase. The bottom settler 1s connected to
a piston tyvpe pulsator to pulse the liguid in the column at a

desired frequency and amplitude. The aqueous scolutions were
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introduced in the top and the MI

HRK organic solvent at the

bottom of the ccolumn. The column was operated with the MIBK

organic solvent as the continuous phase and the agueous

solutions as the dispersed phase. The interface level in the

bottom settler was observed visuvally and controlled via a

manually operated valve in the aqueous stream leaving the

bottom of the column. The MIBK organic solvent was allowed to

leave the column top settler via an overflow.

ey

In the forward extraction the lactic acid feed solution (7

kg/hr), prepared in a similar way as in Example 2, was

contacted counter currently in the PDDC pilot setup with MIBK

(9.3 kg/hr) at a temperature of 60 C. The pulsator was

P

operated with a frecguency of 90 min-1 and amplitude of 11 mm.

o5

The lactic acid loaded MIBK organic solvent was collected

during several hrs to collect a sufficient amount for the

Wy

hack extraction. In the back extraction the lactic acid

loaded MIBK organic solvent (10.4 kg/hr) was counter

currently contacted with water (2.5 kg/hr) in the PDDC setup

at a temperature of 20 C. The pulsator was operated with a

P

freguency of 67.5 min-1 and amplitude of 11 mm. Samples were

taken from the agqueocus bottom phase. The concentration of
lactic acid in this sample was 34.5 wt% (determined via
potentiometric titration).

This example shows that applyving a dissolved magnesium

chloride combined with a higher temperature in the forward

extraction increases the lactic acid concentration from 29

wt% in the feed solution to 34.5 wt% in the aqueous solution

after back extraction. It can be concluded that applyving a

dissolved magnesium chloride eventually combined with an

increased temperature i1n the forward extraction 1in an

extraction column 1is an efficient means of concentrating the

lactic acid during extraction.
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le 10: Comparison of different solvents in Lactic acid

Ad

LIS, 2 SR a

extraction.

Feed solutions were prepared comprising 29 wts lactic acid

v
B

and 15 wt.% magnesium chloride. solutions were stirred

overnight. Extraction took place as follows:

1000 g of

feed solution was mixed with approximately 100 g

a J
t 20

°C for minimum of 15 minutes.

ronay

A,

solvent and stirred

FoIn
b
L

funne!l where

The mixture was transferred to a separation

Tor

rhases were separated. Samples of both phases were Taken

P“n

analysis

@

Then approximately 100 g o

- organlic phase was

1

3

for minimum of

pure water and stirred

b

mixed with 10 g of

min at 20 "C. Subseqguently the whole mixture was again

transferred to the separation funnel, phases were left to

o~

separate and samples of

both phases are taken. Samples were

analysed on acid content. The results are presented in Table

3y

e according to the Ilnvention

where inv stands for Examp.

and comp stands for comparative example.

1 Solvent

..... ﬁ , s ——— " .
I Z2-pentanone L 29 130
T USSR USRS WESSONUS—: - E—
tmethylisobutyl ketone 1

LGRS T n L Lo |
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| 2Z-heptanone
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Méa&laoprapvl ‘ether

e PIRTIr it s iiiiiiiiliiiiiiliiiiiiimiisiimaiiiiiess

5 mp r{« -y y T y }_ k@ —

........................................................................................................

14 comp '{n n-di ethyl -m-toluamide | 129 27

Comp ft@lu@ne 129 1

e Ty BE 23

o e

"55ﬁéWW  fég;3uQH K@EOS@ne@%%WM”

% no phas& separation took Qlace "in forward extraction. No

results were obhtained

** 48 wt % trioctylamine, 20 wt % n-butancl and 32 wt % kerosene

The data in Table 3 show that for the Ch+ ketones

concentration occurred, with best results being cobtained for
methyl 1sobutyl ketone.
Of the ethers, only diethylether and methyl-tertiary-butyl-

.......

ether showed a concentration effrfect. 1t has to pe noted

however, that while these compounds indeed showed good
extraction properties, 1t has associlated disadvantages,
residing int al. in more solvent loss and more contaminants

in the product.

Example 11: Comparison of different salts in Lactic acld

thfaCtLOn@

N N TV BN TN VY VY A A VR BV K R R0 AN NN A R,

Feed solutions were prepared comprising 29 wt% lactic acid

-~

and a specified amount of

specific salt. The solutions were

L

stirred overnicht. Extraction experiments were carried out 1in

accordance with the procedure described 1in Example 10, using

methyl i1sobutvlketone as solvent. The results are presented

i}j

in Table 4, where inv stands for Example according to the

invention and comp stands for comparative example.

— a b }M @ 4 :
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| Na2504 (23 wt.%) ..

............................

........................................
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TRy N cessssaqeaseree sagpe

TNa3504 (18 wt.

{ﬁHéjgéagwkgg'gt;

As can pe seen ftrom Table 4,

Arovee.

o f

particularly remarkable because
concentration is higher than 1s used

concentration is believed to promote a concentration e:

fect. All other salts give a dilution ef

only MgClZ2 gives a concentration

tect,

for all salts the

for MgClZz,

This 18

i
a3
T

and a higher

=102 WP
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Claims

1. Method for recovering lactic acid from an aqueous mixture
comprising the steps of

a) providing an aqueous mixture comprising lactic acid and at

least 5 wt. % dissolved magnesium chloride, based on the total
weight of water and dissolved material in the agqueous mixture;
b) extracting the lactic acid from the aqueous mixture into a

first organic liquid comprising at least 90 wt.% of an organic

P

solvent selected from the group consisting of C5+ ketones,

diethylether and methyl-tertiary-butyl-ether, thereby obtaining
an organic lactic acid solution and an aqueous waste liquid
comprising magnesium chloride; and,

c) extracting the lactic acid from the organic lactic acid
solution into an agueous liquid, thereby obtaining an agueous

lactic acid solution and a second organic liquid.

2. Method according to claim 1, wherein the aqueous mixture
comprises at least 15 wt.% dissolved magnesium chloride, based

on the total weight of water and dissolved material 1n the

agueous milxture.

3. Method according to claim 2, wherein the aqueous mixture
comprises at least 20 wt.% dissolved magnesium chloride, based

on the total weight of water and dissolved material 1in the

agqueous mixture.

4 . Method according to any one of claims 1 to 3, wherein the

organic solvent 1s a C5-C8 Kketone.

CA 2859707 2019-05-14
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5. Method according to claim 4, wherein the organic solvent

1s methyl i1sobutyl ketone.

6. Method according to any one of claims 1 to 5, wherein the
first extraction step b) 1s conducted at a temperature of at

least 30 °C.

7. Method according to claim 6, wherein the first extraction

step b) is conducted at a temperature of at least 40 °C.

8 . Method according to any one of claims 1 to 7, whereiln
second extraction step ¢) is conducted at a lower temperature
than the temperature at which the first extraction 1s

conducted.

9. Method according to claim 8, wherein second extraction
step ¢) is conducted at a temperature 10-50°C lower than the

temperature at which the first extraction step b) 1s conducted.

10. Method according to any one of claims 1 to 8, whereln the
second extraction step c¢) 1ig conducted within 10 °C of the

temperature at which the first extraction step b) 1s conducted.
11. Method according to claim 10, wherein the second

extraction step ¢) 1s conducted within 5°C of the temperature

at which the first (forward) extraction step b) 1s conducted.

12. Method according to any one of claims 1 to 11, wherein the

first organic liquid comprises no extractants, said extractants

being compounds which form a complex with the lactic acid to Dbe

extracted.

CA 2859707 2019-05-14
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13. Method according to any one of claims 1 to 12, wherein the
first organic liquid comprises no amine extractants, said amine
extractants being amine compounds which form a complex with the

carboxylic acid to be extracted.

14. Method according to any one of c¢laims 1 to 13, wherein the
first organic liquid is essentially free of amines, ethers, and
alcohols, which means that these compounds, 1f present at all,
are each present in an amount of less than 2 wt.%, calculated

on the weight of the organic liquid.

15. Method according to any one of claims 1 to 14, wherein the

agueous mixture has a pH of 2 or lower.

16. Method according to any one of claims 1 to 15, wherein the
agueous mixture of step a) is provided by acidifying magnesium

lactate gsalt with HCL.

17. Method according to any one of claims 1 to 15, wherein the
agueous mixture of step a) is provided by acidifying magnesium
lactate salt with HCl and concentrating the thus obtailned
agueous mixture prior to extraction to a dissolved salt
concentration of at least 5 wt.%, based on the total weight of

water and dissolved material in the aqueous mixture.
18. The method according to any one of claims 1 to 15, wherein

the agqueous mixture of step a) is provided by acidifying a

mixture of lactic acid and magnesium lactate salt with HCI.

CA 2859707 2019-05-14
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19. Method according to any one of c¢laims 16 to 18, whereiln
sald mdgnesium lactate salt i1s provided by a fermentation
process which comprises the steps of fermenting a carbon source
by means of a micro-organism 1in a fermentation broth to form
lactic acid and neutralizing at least part of the lactic acid

by adding a magnesium base.

20. The method according to claim 19, wherein the fermentation
broth is subjected to a concentration step to increase the

concentration of the magnesium lactate prior to acidification.

21. The method according to any one of claim 1 to 20 further
comprising subjecting the aqueous waste liquid comprising
magnesium chloride obtained in step b) to a thermal
decomposition step at a temperature of at least 300°C, thereby

decomposing the MgCl2 to magnesium oxide (MgO) and HCIL.

22. The method according to claim 21, wherein MgO is recycled
for use in a fermentation process as a neutralizing agent or as

a precursor thereof.

23. The method according to claim 21 further comprising
bringing MgO into contact with water, thereby obtaining a

magnesium hydroxide (Mg(OH)2) slurry.

24 . The method according to c¢laim 23, wherein sald magnesium
hydroxide (Mg(OH)2) slurry is recycled for use 1in a

fermentation process as a neutralizing agent.

25. The method according to any one of claims 21 to 24,

wherein said HCl obtained in the thermal decomposition step 1s

CA 2859707 2019-05-14
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used for acidifying magnesium lactate obtained 1n a
fermentation process either as HCl gas or as an aqueous HCI
solution, said solution being obtained through dissolving the

HCl formed in the thermal decomposition step 1n water.
26. The method according to any one of claims 21 to 24 further

comprising dissolving the HCl formed in the thermal

decomposition step 1n water, thereby obtaining an HCl solution.

CA 2859707 2019-05-14



CA 02859707 2014-06-18

WO 2013/093028 PCT/EP2012/076696

P

mmmmn e masaas Privririv ’ R o e e e e A A e e i poesesee

.- H "
i ¢
D
b
RN
. S aq e enene

Figure 1






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - drawings
	Page 49 - abstract drawing

