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FIGURE 1 Energy profiles of water-splitting electrodialysis of

concentrated monovalent lactate salt solutions.

(57) Abrégé/Abstract:

Process for the preparation of lactic acid comprising the steps of: a) providing an aqueous medium comprising magnesium lactate;
b) adding to the aqueous medium comprising magnesium lactate a monovalent base to form an aqueous medium comprising a
water soluble monovalent lactate salt and a solid magnesium base; c) separating the solid magnesium base from the aqueous
medium comprising the water soluble monovalent lactate salt; d) providing an agueous medium comprising the water soluble
monovalent lactate salt at a concentration of more than 30 wt.% and at most 45 wt.%, e) subjecting the aqueous medium
comprising the water soluble monovalent lactate salt from step d) to water-splitting electrodialysis, to produce a first solution
comprising monovalent base and a second solution comprising lactic acid and monovalent lactate salt, the electrodialysis being
carried out to a partial conversion of 40 to 99 mole%; f) recovering lactic acid from the second solution comprising lactic acid and

monovalent lactate salt.
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(57) Abstract: Process for the preparation of lactic acid comprising the steps of: a) providing an aqueous medium comprising mag-
nesium lactate; b) adding to the aqueous medium comprising magnesium lactate a monovalent base to form an aqueous medium com-
prising a water soluble monovalent lactate salt and a solid magnesium base, ¢) separating the solid magnesium base from the aqueous
medium comprising the water soluble monovalent lactate salt; d) providing an aqueous medium comprising the water soluble monova-
lent lactate salt at a concentration of more than 30 wt.% and at most 45 wt.%; ¢) subjecting the aqueous medium comprising the water
soluble monovalent lactate salt from step d) to water-splitting electrodialysis, to produce a first solution comprising monovalent base
and a second solution comprising lactic acid and monovalent lactate salt, the electrodialysis being carried out to a partial conversion of
40 to 99 mole%; f) recovering lactic acid from the second solution comprising lactic acid and monovalent lactate salt.
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Process for manufacturing lactic acid

An aspect of the present invention pertains to a process for manu-

facturing lactic acid in high purity in an economical manner.

Lactic acid is often manufactured via fermentation of carbohydrates
by micro-organisms. A common feature to all fermentation processes
is the need to neutralise the acids excreted by the micro-
organisms. A drop in pH below a critical wvalue, depending on the
micro-organism used in the process, could damage the micro-
organism’s metabolic process and bring the fermentation process to
a stop. Therefore, it is common practice to add a base in the fer-
mentation media in order to control the pH. This results in the
lactic acid produced being present in the fermentation media in the

form of a lactate salt.

Despite the longstanding practice to produce lactic acid via fer-
mentation, one of the challenges in the manufacture of lactic acid
is still to obtain the acid in a relatively pure form while at the
same time carrying out the process in an economical manner on a

scale which is commercially attractive.

Electrodialysis i1s one of the purification processes that may be
used in the production of lactic acid via fermentation. Water-
splitting electrodialysis in particular allows the direct conver-
sion of the lactate salt into lactic acid and base. In this type of
electrodialysis bipolar membranes are generally used to split water
into H* and OH™ respectively, which combine with the anion and cat-
ion of the lactate salt respectively, resulting in the production

of separate solutions of lactic acid and base.
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The use of water-splitting electrodialysis on aqueous media provid-
ed by fermentation, in particular for manufacturing organic acids,
has been limited by the necessity to remove fermentation-derived
products from the feed (e.g. sugar, protein and amino acids). Such
fermentation derived matter negatively interferes with the water-
splitting electrodialysis process by, for instance, fouling of the

ion-permeable membranes and decreasing power efficiency.

W02011095631 is directed to a process for the preparation of lactic
acid comprising the steps of:

a) providing an aqueous medium comprising magnesium lactate;

b) adding to the aqueous medium comprising magnesium lactate a mo-
novalent base to form an aqueous medium comprising a water soluble
monovalent lactate salt and a solid magnesium base;

c) separating the magnesium base from the agueous medium comprising
the water soluble monovalent lactate salt;

d) adjusting the concentration of the monovalent lactate salt in
the aqueous medium to a value between 10 and 30 wt.%,

e) subjecting the agqueous medium comprising the monovalent lactate
salt to water-splitting electrodialysis, to produce a first solu-
tion comprising monovalent base and a second solution comprising
lactic acid and monovalent lactate salt, the electrodialysis being
carried out to a partial conversion of 40 to 98 mole%;

f) separating the second solution comprising lactic acid and mono-
valent lactate salt into lactic acid and a solution comprising the
monovalent lactate salt by vapour-liquid separation;

g) recycling the solution of step f) comprising the monovalent lac-

tate salt to step d).

There is still need for a process for manufacturing lactic acid

which provides lactic acid in high purity in high yield, which can
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be performed in an economical manner with low power consumption
while minimising the production of substantial amounts of non-

reusable components (i.e. waste by-products).

An aspect of the present invention pertains to a process for the
preparation of lactic acid comprising the steps of:

a) providing an agqueous medium comprising magnesium lactate;

b) adding to the aqueous medium comprising magnesium lactate a monova-
lent base to form an agqueous medium comprising a water soluble
monovalent lactate salt and a solid magnesium base;

c) separating the solid magnesium base from the aqueous medium compris-
ing the water soluble monovalent lactate salt;

d) providing an aqueous medium comprising the water soluble monovalent
lactate salt at a concentration of more than 30 and at most 45 wt.%;

e) subjecting the aqueous medium comprising the water soluble monovalent
lactate salt from step d) to water-splitting electrodialysis, to produce
a first solution comprising monovalent base and a second solution com-
prising lactic acid and monovalent lactate salt, the electrodialysis
being carried out to a partial conversion of 40 to 99 mole%;

f) recovering lactic acid from the second solution comprising lactic ac-
id and monovalent lactate salt.

Carrying out the water-splitting electrodialysis to a partial con-
version of 40 to 99 mole%, in particular of 40 to 98 mole® and, 1if

so desired, subsequently recycling the remaining lactate salt to

the electrodialysis step advantageously results in an optimal pro-

cess with low power consumption in combination with high yield.

Furthermore, the process as described herein produces virtually no
waste by-products, since all compounds formed and separated in the
different steps may be recycled. The magnesium base separated in
step c¢) may for instance be used in the fermentation process and

the solution comprising monovalent base of step e) may be used in
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the salt exchange step b). Recovery step f) generally generates a
solution comprising monovalent lactate salt and optiocnally lactic
acid. This solution can, if so desired, be recycled at least in
part to any of the process steps preceding the water-splitting

electrodialysis, e.g., to one or more of step b), c), d), and e).

In step d) an aqueous medium is provided comprising the water solu-
ble monovalent lactate salt at a concentration of more than 30 to
at most 45 wt.%. This step may comprise a concentration step, if
the product of step c¢) has a concentration step which is unattrac-
tively low. This step may also comprise a dilution step if very
high concentrations are obtained in step c¢). If the product from
step c¢) already has a concentration in the desired range, no fur-
ther concentration adjustment is required. In that case step d)
will generally comprise nothing more than providing the product of

step c) to step e).

It is preferred for the concentration of the monovalent lactate

salt concentration in the aqueous medium to be relatively high, as

this will ensure that less water has to be removed from the system

in order to isolate the lactic acid. Additionally, it has been

found that the use of relatively high monovalent lactate salt con-
centrations improves the performance of the water-splitting
electrodialysis step, in particular when the monovalent lactate

salt i1s potassium lactate.

Accordingly, it is preferred for the aqueous medium comprising the water
soluble monovalent lactate salt from step d) to have a water soluble
monovalent lactate salt concentration of at least 32 wt.%. If the con-
centration is too high, it may become difficult to perform water-
splitting electrodialysis. In some embodiments the current efficiency

will be affected. It may therefore be preferred for the monovalent lac-
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tate salt concentration to be at most 40 wt.%. Further preference
be discussed below.

The preferences expressed above apply to all monovalent lactate
salts, but is particularly attractive if the monovalent lactate
salt i1s potassium lactate, as will be discussed in more detail be

low.

The aqueous medium comprising a magnesium lactate salt may prefer
bly be provided by a fermentation process. The magnesium lactate
salt i1s generally already present in an aqueous medium when it
leaves the fermentation. In such a process, a carbohydrate source
is fermented to lactic acid by means of a lactic acid-producing m
cro-organism. During fermentation, a magnesium base is added as
neutralising agent. This results in the formation of an agqueocus m

dium comprising the corresponding magnesium lactate salt.

The base anion of the magnesium base is preferably chosen from at
least one of hydroxide, carbonate and hydrogencarbonate, and more
preferably is hydroxide. Although the use of magnesium as the bas
cation is preferred, another alkaline earth metal cation, such as
calcium cation, may also be used. The amount of alkaline earth me
al base added is determined by the amount of lactic acid produced

and may be determined via pH control of the fermentation medium.

The biomass (i.e. microbial cell matter) may be removed from the
fermentation broth before further processing of the lactate-
containing medium. Biomass removal may be effected, for example,
conventional methods including filtration, flotation, sedimenta-
tion, centrifugation, flocculation and combinations thereof.
Separation of biomass from solid magnesium lactate crystals may a
SO be carried out using a hydrocyclone. It is within the scope of

the skilled person to determine an appropriate method. Other op-

s will
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tional treatments prior to further processing include washing, fil-
tration, (re)crystallisation, concentration and combinations

thereof.

Magnesium is a preferred alkaline earth metal, since the use of a
magnesium base advantageously results in the formation of magnesium
lactate in an appropriate crystalline form to enable separation of
the crystalline material from the fermentation broth including the
biomass. Separation of the magnesium lactate may be done by any
known processing technique for solid/liquid separations. It may be
done for instance wvia filtration using a filter with a suitable
pore size to retain magnesium lactate on the filter and to enable
subsequent removal of impurities by washing of the filter cake. The
above-mentioned biomass separation is in principle not needed un-
less there is the wish to further process or (re-)use the remaining

fermentation broth for specific purposes.

The thus purified magnesium lactate is especially suitable for fur-
ther processing as described herein and in particular when using
water-splitting electrodialysis, wherein fermentation-derived prod-
ucts (e.g. sugar, protein, amino acids) may negatively interfere
by, for instance, increasing the power consumption and fouling of

the ion-permeable membranes.

The aqueous medium comprising the alkaline earth metal lactate
salt, preferably the magnesium lactate salt, is subjected to a salt
exchange reaction (step b), wherein a monovalent base is added to
salid agueous medium to form a monovalent lactate salt and a solid

alkaline earth metal base.
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See also WO 2005/123647, describing the use of a magnesium base in
lactic acid fermentation and the salt exchange reaction between

magnesium lactate and a monovalent base.

If the aqueous medium containing the alkaline earth metal lactate
is provided by fermentation, the base anion is generally chosen to
correspond to the base anion used as neutralising agent during fer-

mentation.

The monovalent base added is preferably one or more of a hydroxide,
carbonate or hydrogencarbonate, more preferably a hydroxide, of a
monovalent cation, the monovalent cation being sodium, potassium,
lithium, ammonium, monoalkylammonium, dialkylammonium, trial-
kylammonium, or tetraalkylammonium, preferably sodium or potassium
and more preferably sodium. The use of sodium and potassium bases
advantageously results in a higher conversion of the alkaline metal
earth lactate salt to the monovalent lactate salt than when ammoni-
um bases are used. This is relevant for preparing a product with a
low alkaline earth metal ion content suitable for water-splitting
electrodialysis. The residual alkaline earth metal ions may none-
theless be removed by methods known to the skilled person, such as

the use of ion exchange resins.

The use of potassium may be particularly preferred with regard to
advantages associated to a subsequent water-splitting electrodialy-
sis of the resulting potassium lactate salt, as explained in more
detail below, when combined with a concentration of more than 30
wiL.% potassium lactate, even more in particular more than 32 wt.%,

in particular more than 33 wt.%.

The amount of monovalent base is determined by stoichiometric and

pH considerations. It may be preferred to use a surplus of base to
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obtain a high conversion and to ensure the removal of virtually all
alkaline earth metal ions from the lactate. In general, it is pre-
ferred to perform the salt exchange reaction in two steps, wherein
in the first step the pH is between 9 and 12, preferably between
9.5 and 11, and in the second step the pH is slightly increased to
a pH between 10.5 and 12.

The alkaline earth metal base formed in the salt exchange reaction
typically is in solid form while the monovalent lactate salt is
dissolved in the aqueous medium. The two components may therefore
be separated by conventional solid-liquid separation processes,
such as one or more of filtration, sedimentation, and centrifuga-

tion.

If so desired, the alkaline earth metal base obtained after separa-
tion may be recycled to the fermentation process, optionally after

washing to remove residual alkaline salt.

Additional treatments, such as one or more of ion exchange treat-
ment, activated carbon treatment, desalting electrodialysis,
dilution, concentration (e.g. thermal or using a membrane) and fil-
tration (e.g. nanofiltration) may be performed prior to water-
splitting electrodialysis. For instance, as a safety measure to
prevent a too high alkaline earth metal level in the aqueous medium
comprising the monovalent lactate salt, an ion exchange step may be
performed prior to electrodialysis to lower the alkaline earth met-

al content thereof.

However, 1in some embodiments the process as described herein advan-
tageously does not necessitate such additional treatments,
especially when the lactate is provided via fermentation and a mag-

nesium base i1s added in the fermentation process to provide
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magnesium lactate fermentation broth. In particular, the use of a
magnesium base for neutralization during fermentation, which as
discussed above provides magnesium lactate in an appropriate crys-
talline form, has been found to preclude the need of further
purification steps generally required to remove the fermentation
derived matter (e.g. sugar, protein and amino acid) from feeds for
use in water-splitting electrodialysis. This advantageously lowers
the complexity, power demand and costs generally associated to such

electrodialytical processes.

The aqueous medium comprising the monovalent lactate salt is then

subjected to water-splitting electrodialysis.

As indicated above, the aqueous medium comprising the water soluble
monovalent lactate salt from step d) has a water soluble monovalent
lactate salt concentration of more than 30 wt.% and at most 45
wt.%, in particular more than 32 wt.%. This is the initial concen-
tration in the aqueous medium that is subjected to electrodialysis
(the feed solution). It may be preferred for the monovalent lactate
salt concentration to be at most 40 wt.%. In one aspect, the ini-
tial concentration is preferably from 32 to 38 wt%, even more
preferably from 34 to 36 wt.%, as a most preferred concentration an
initial concentration of about 35 wt.% may be mentioned.

Depending on the salt concentration, the aqueous medium comprising
the monovalent lactate salt as obtained after the salt exchange re-
action, i.e. after the separation step c¢), may be used directly as
feed to the electrodialysis, or, if necessary, may be diluted or
concentrated to adjust the salt concentration prior to water-
splitting electrodialysis. Concentration may be carried out by for
instance evaporation or conventional electrodialysis. Concentration
may be preferably performed by evaporation (e.g. evaporation of wa-

ter). Concentration by evaporation may be particularly preferred
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when concentrating to monovalent lactate salt concentrations of
more than 30 wt.%. Evaporation may be preferably performed in an
evaporator with mechanical vapour recompression. Alternatively,
membrane concentration may also be used, or a combination of evapo-

ration and membrane concentration.

Starting with a higher monovalent lactate salt concentration (e.g.
of more than least 30 wt.%) the lactic acid concentration of the
resulting solution obtained after water-splitting electrodialysis
will also be higher.

For instance, the lactic acid concentration in the second solution
obtained by water-splitting electrodialysis may be from 14 wt.% to
35 wt.%. Depending on the operating conditions, the lactic acid
concentration preferably is at least 20 wt.%, in particular at
least 22 wt.%, more in particular at least 25 wt.%. A preferred up-
per limit may be 30 wt.%. In particular embodiments, the upper
limit may be at most 29 wt.%, or 28 wt.%, or even 27 wt.%. A range

of 25-30 wt.% is considered generally preferred.

This may be particularly advantageous when aiming to isolate lactic
acid. In such a situation, all water must be removed from the sys-
tem. It has now been found that starting with concentrations from
at least 30 wt.%, e.g., in the range of 30 to 40 wt.% of monovalent
lactate salt, advantageously allows for the removal of water prior
to water-splitting electrodialysis, e.g. during a concentration-
adjusting step to increase monovalent lactate salt concentration.
This is achieved without detrimentally affecting the performance of
the water-splitting electrodialysis or, as explained in more detail
below, whilst even improving the water-splitting electrodialysis

process.
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Removal of water prior to the water-splitting electrodialysis step
means that less water needs to be removed after the water-splitting
electrodialysis. This advantageously results in an improved method
since the removal of water from a lactic acid containing solution

(such as the solution obtained after water-splitting electrodialy-

sis) 1s more costly and cumbersome than the removal of water from a
monovalent lactate salt (such as the starting solution prior to wa-
ter-splitting electrodialysis). In particular, water removal from a
lactic acid solution will have more corrosion issues associated

thereto and requires more costly equipment.

Accordingly, in several aspects of the invention, prior to performing
the water-splitting electrodialysis in a method as described herein, ad-
justing the concentration of the monovalent lactate salt in the aqueous
medium to a value of more than 30 wt.% and at most 45 wt.% comprises a
water removal step. Water removal may be preferably performed in an

evaporator with mechanical wvapour recompression.

It has also been found that an initial concentration of the monova-
lent lactate salt within the above indicated range of more than 30
wt.% and preferably below 40 wt.% results in an improved perfor-
mance of the water-splitting electrodialysis step. This may be
particularly so when the monovalent lactate salt is potassium lac-

tate.

It has been found that starting with a monovalent lactate salt with
the above indicated concentration the water-splitting electrodialy-
sis may be performed to a given degree of conversion (e.g. up to 99
mole% or up to 98 mole %) while using less energy than required for
the same degree of conversion when starting with monovalent lactate
salt solutions of lower concentration.

Similarly, starting with a monovalent lactate salt with the above

indicated concentration the water-splitting electrodialysis may be
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performed to a higher degree of conversion for the same amount of
energy as required to achieve a lower degree of conversion when

starting with lower monovalent lactate salt concentrations.

Starting solutions with monovalent lactate salt concentrations of
higher than 40 wt.% may detrimentally affect the current efficiency

of the water-splitting electrodialysis.

The concentration of the monovalent lactate salt in the aqueous me-
dium may be determined by methods known to the skilled person, for
instance by using conductivity measurements or Inductively Coupled
Plasma mass spectrometry analysis, or methods like titration or

Brix (refractometry).

The water-splitting electrodialysis is carried out to a partial
conversion of 40 to 99 mole%. It may be preferred for the partial
conversion to be at least 50 mole%, in particular at least 60
mole%, more in particular at least 70 mole%, still more in particu-
lar at least 80 mole%, especially at least 85 mole%, or at least 90
mole%. It may be preferred for the partial conversion to be at most
98 mole%. Therefore, in one embodiment water-splitting electrodial-
ysis is carried out to a partial conversion of 90-98 mol.%, in
particular 90-95 mole%. In other embodiments the water-splitting
electrodialysis may be performed to a conversion from 98 to 99 mole
%, 1n particular higher than 98 mole% and of at most 99 mole%.

A first solution comprising monovalent base and a second solution
comprising lactic acid and monovalent lactate salt are produced in

this process.

A partial conversion of 40 to 99 mole% means that 40 to 99 mole% of

the monovalent lactate salt present in the feed solution is con-
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verted into lactic acid. This results in the second solution pro-
duced by the electrodialysis comprising lactic acid in an amount of
40 to 99 mole%, calculated on the total molar amount of lactic acid

and lactate present in the solution.

The degree of conversion may be monitored by measuring conductivity
of the second solution using methods known to the person skilled in

the art.

In addition to the conversion level and the initial salt concentra-
tion of the feed solution, the conductivity of the second solution
will depend on the temperature of the electrodialysis process. The
higher the temperature at which the electrodialysis is performed,
the lower the power consumption will be. Hence, the working temper-
ature is chosen to optimise power consumption without compromising
the performance and the life of the ion-specific permeable mem-
branes. In general, values between 25 and 80°C may be mentioned.
Conventionally, the water-splitting electrodialysis is performed at
a temperature between 25 °C and 40 °C. However, it is possible to
conduct the electrodialysis at higher temperatures, e.g. above
40°C, such as at least 45°C, or at least 50 °C, for instance be-
tween 60 °C and 80 °C, to allow for a low power consumption and the

possibility for heat recovery.

The water-splitting electrodialysis as described herein may be per-
formed using a conventional apparatus and conventional methods.
Preferably the water-splitting electrodialysis is carried out in an
electrodialysis apparatus provided with a cation exchange membrane

and a bipolar membrane.

In one embodiment, a water-splitting electrodialysis cell comprises

a two compartment unit. The agueous medium comprising the monova-
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lent lactate salt is introduced in the salt/acid compartment (or
feed compartment). The monovalent cations are transported from the
salt/acid compartment to the base compartment through the cation
exchange membrane to produce the first solution comprising the mon-
ovalent base. Simultaneously, H'Y ions are transported to the
salt/acid compartment to produce the second solution comprising

lactic acid and monovalent lactate salt.

In another embodiment, a water splitting electrodialysis cell com-
prises a three compartment unit, comprising a salt compartment, a
base compartment, and an acid compartment. The aqueous medium com-
prising the monovalent lactate salt is introduced in the salt
compartment (or feed compartment). The monovalent cations are
transported from the salt compartment to the base compartment
through the cation exchange membrane to produce the first solution
comprising the monovalent base. Simultaneously, lactate anions are
transported from the salt compartment to the acid compartment
through the anion exchange membrane to produce the second solution
comprising the lactic acid. As the monovalent salt ions are trans-
ported into their respective compartments, H+ and OH- ions are
transported from the bipolar membrane to the acid and base compart-

ments, respectively.

It is preferred to apply the water-splitting electrodialysis to
monovalent lactate salts of sodium and potassium. When using ammo-
nium lactate, care must be taken to control the emission of toxic
ammonia resulting from the generation of ammonium hydroxide.
Monovalent lactate salts of potassium may be particularly preferred
as potassium lactate has been found to further improve the water-
splitting electrodialysis step, by requiring lower energy consump-
tion than other lactate salts, e.g., sodium lactate. This may be to

the finding that potassium lactate solutions have a higher conduc-
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tivity than sodium lactate solutions. The maximum conductivity of
potassium lactate solutions has been identified at a concentration
of more than 30 wt.% to about 45 wt.%, in particular 40 wt.%, in
particular at about 35 wt.%. Without being bound to any theory,
this higher conductivity may explain lower voltage drops and lower
energy use when working with potassium lactate. Potassium lactate
solutions have also been found to have a lower viscosity than,
e.g., sodium lactate solutions, which advantageously results in
lowering pressure drops and in lowering the reguirements on pumping
energy when using the equipment in a water-splitting electrodialy-

sis as described herein.

A method as described herein further comprises recovering lactic
acid from the second solution, produced by the water-splitting
electrodialysis, comprising lactic acid and monovalent lactate

salt.

In several embodiments, the second solution produced by the water-
splitting electrodialysis is separated into lactic acid and a solu-
tion comprising the monovalent lactate salt. The separation may be
achieved by one or more of wvapour-liquid separation, ligquid-liquid
separation and solid-liquid separation. Ion exchange methods, e.g.
the use of ion exchange resins, may also be used to recover lactic
acid from the second solution produced by the water-splitting elec-

trodialysis.

In one embodiment the lactic acid is separated from the monovalent
lactate salt by means of vapour-liquid separation.

Vapour-liquid separation may be performed by distillation or evapo-
ration. Distillation is preferred, since it provides a
substantially complete separation of the acid from the salt. The

solution comprising lactic acid and monovalent lactate salt may be
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concentrated prior to distillation. Distillation is preferably car-
ried out in a vacuum distillation unit. Vacuum distillation is
found to be especially suited to separate lactic acid from lactate
salt in a situation where the mixture of lactic acid and lactate
salt i1s obtained by water-splitting electrodialysis being carried
out to a partial conversion as described herein and where magnesium

base i1s used for neutralisation in fermentation.

A suitable process and/or apparatus for concentration and vacuum
distillation is described in WO 01/38283. The distillation process
may comprise two or more distillation steps, the first distillation
step preferably being carried out at a temperature from 80 to 150
°C, preferably from 100 to 140 °C, and a pressure between 40 and
250 mbar, preferably between 50 and 150 mbar, and the second dis-
tillation step preferably being carried out at a temperature from
80 to 200 °C, preferably from 100 to 200 °C, and a pressure between
0.01 and 50 mbar, preferably between 0.1 and 20 mbar.

The first distillation step may comprise a combination of one or
more film evaporators with distillation columns and serves the pur-
pose of concentrating the lactic acid/lactate salt product stream

as high as possible.

The second distillation step may also comprise a combination of one
or more film evaporators with one or more distillation units. In
the second distillation step, the majority of the lactic acid in
the product of the first distillation step is distilled, preferably
under vacuum, forming a top fraction comprising the majority of the
lactic acid and a distillation residue (bottom fraction) comprising
the monovalent lactate salt. The second distillation step may be
carried out in one or more short path distillation (SPD) devices

having an inner condenser. However, in order to reduce contamina-
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tion by splashing of impurities into the condensed lactic acid,
i.e. to minimise the alkali metal content in the distilled lactic
acid product, the use of a vacuum distillation unit as described in
Figures 5A and 5B of the above-mentioned WO 01/38283 (see page 10,
line 17, to page 11, line 7) is preferred, as this specific set up
prevents any splashing from taking place. Preferably, the second
distillation step comprises a film evaporator (preferably a falling
film, a wiped film or a thin film evaporator) that is at the bottom
0of the evaporator directly in connection with- or is connected via
a specifically U-shaped connection with- a vacuum distillation unit
comprising a packing and preferably a cooling device so that it may
be operated under reflux. In the film evaporator, the lactic acid
is brought in wvapour phase after which it enters the vacuum distil-
lation through the connection at the bottom where it subsequently

is distilled.

It is further preferred for the product from the first distillation
step (the first bottom fraction) to be subjected to a conditioning
step (so-called “preflash”) before it undergoes a second distilla-
tion step, the pressure in this conditioning step preferably being
the same as that used in the second distillation. This preferred
embodiment has the advantage that a residual quantity of water and
dissolved gases are removed before the product is subjected to the
second distillation step. The use of a preflash allows the lactic
acid/monovalent lactate content to be increased so that in the sec-
ond distillation step it is possible to obtain both a purer lactic

acid product and to achieve more stable operation.

Liguid-liquid separation may comprise extraction, and, for the re-
covery of lactic acid from the loaded solvent, back extraction, or
other techniques. Liquid-liquid separation may also comprise fil-

tration, e.g., ultrafiltration, microfiltration, nanofiltration,
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reverse osmosis, decantation, diffusion dialysis or donnan dialy-

sis.

Solid-liquid separation may comprise a crystallisation step. For
example, the lactic acid may be crystallised in a static crystalli-
sation unit, by fractional crystallisation, by suspension
crystallisation and/or by wash column crystallisation. The crystals
may then be separated from the liquid phase of the solution crys-
tals by filtration or centrifugation. The crystallisation may
comprise one or more of a concentration step, such as a water evap-
oration step, a cooling step, a seeding step, and one or more
washing steps. Solid-liquid separation, and in particular crystal-
lisation, has the disadvantage that, in order to ensure a product
of high purity, the yields of recovery are generally low. For in-
stance, 1n some processes after a first crystallisation the yield
of recovery of lactic acid is about 46% and the purification factor
is 15-20, which is the ratio of the amount of impurities in the
product before and after crystallisation. To achieve a purification
factor of between 100-160, a second crystallisation step is re-

Q.

quired and the overall yield then drops to 22 %.

Lactic acid may also be recovered from the second solution compris-
ing lactic acid and monovalent lactate salt, by an ion exchange
treatment, whereby residual monovalent cations in the second solu-
tion are replaced by protons by using, e.g., ion exchange resins.
This method may be particularly suited for instance, when the wa-
ter-splitting electrodialysis is performed to a high degree of
conversion, of for instance at least 90 mole%, in particular at

least 95 mole%, e.g., 98 to 99 mole %.

The solution containing the monovalent lactate salt obtained after

separation can be processed as desired. It can, i1f so desired, be



10

15

20

25

30

CA 03227122 2024-01-22

WO 2023/006876 PCT/EP2022/071195

19

recycled to earlier steps in the process so that it is provided to

water-splitting electrodialysis. It can, e.g., be recycled at least
in part to one or more of steps b), c¢), d), and e). This recycling

step ensures that no substantial vyield loss is suffered as a conse-
quence of the partial conversion of the lactate into lactic acid

during water-splitting electrodialysis.

The lactic acid product obtained after recovery step f) may be in
solid form, liquid form or in solution, and generally comprises at
least 95 wt.% of lactic acid, preferably at least 97 wt.% of lactic
acid, more preferably at least 99 wt.% of lactic acid, even more
preferably at least 99.5 wt.% of lactic acid and most preferably at
least 99.9 wt.% of lactic acid. The lactic acid obtained by the
process according to an aspect of the invention is therefore of
high purity and is suitable for direct use in, for example, syn-

thetic processes, food applications and cosmetic applications.

The lactic acid obtained is especially suited for the preparation
of lactide and/or polylactic acid, wherein during the polymerisa-
tion of lactic acid the presence of impurities, such as lactate
salts, may result in undesirable racemisation of lactic acid moie-
ties leading to a lactide and polylactic acid product of lower
quality. In general the amount of metal ions should be below 5 ppmn.
For instance, the presence of sodium sulfide, in gquantities as low
as 20 ppm, 1in lactic acid negatively affects the optical purity of
the polylactic acid product.

Any conventional process as known to the person skilled in the art
may be used for said manufacture of lactide and/or polylactic acid
provided that the starting material containing lactic acid is made

via the process as described herein.
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The process as described herein advantageously is accompanied by a
low power consumption and ensures that no or substantially no waste

by-products are generated.

Aspects of the present invention are further illustrated by the follow-

ing Examples, without being limited thereto or thereby.

Example 1: Partial electrodialysis of sodium lactate solution.

An Electrocell electrodialysis module (Sweden) was equipped with a Fu-
matech FBM bipolar membrane, and a Neosepta CMB cation exchange
membrane. A set-up with two electrode compartment and one feed compart-
ment was used. The membrane areas of the bipolar and the cation exchange
membrane was 0.01 m?. The first compartment comprised of the anode and
the cation exchange side of the bipolar membrane, the second feed com-
partment of the anion exchange side of the bipolar membrane and the
cation exchange membrane, and the third compartment of the cation ex-
change membrane and the cathode. 2 wt.% sulphuric acid in water was
circulated through the anode compartment to ensure a high conductivity.
A 20 wt.% sodium lactate solution was circulated through the middle com-
partment as a feed. A 8 wt.?% sodium hydroxide solution was circulated
through the cathode compartment to ensure a high conductivity at the
cathode side, and to collect the sodium hydroxide produced. The three
solutions were circulated with a peristaltic pump at 250 ml/min from a
500 ml glass buffer over the electrodialysis module. The glass buffer
vessel were double walled and the temperature across the three compart-
ments was kept between 40 and 60 °C with a water bath. The sulphuric
acid, sodium hydroxide were reagent grade, and the Purac sodium lactate

was of high purity food grade quality.

The electrodialysis experiment was carried out a constant 7.5 A DC cur-

rent. In the experiment the sodium lactate solution in the feed
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compartment of the module was acidified batch wise through sodium remov-
al through the cation exchange membrane to form sodium hydroxide in the
cathode compartment, while protons generated by the bipolar membrane

formed lactic acid with the original lactate ions.

The experiment lasted for about 230 min, when all lactate was converted.
In the beginning of the experiment the sodium lactate solution had a
high conductivity and the voltage was relatively constant at 9.5 to 10.5
V. After 180 min 80% of the sodium lactate was converted to lactic acid,
with a residual sodium content of 0.84 wt.%, and the voltage increased
to 12 V. The pH of the solution decreased to 3.1 from an initial pH of
©06.0. After 210 min the conversion had increased to 94%, the residual so-
dium content had decreased to 0.25 wt.%, the voltage had increased to 16
V, and the pH had decreased to 2.56. After 225 min the conversion had
increased to 98%, the residual sodium content had decreased to 0.06

wt.

e

, The voltage had increased to 22.4 V, and the pH had decreased to
2.56. The rapid voltage increase in these time intervals is the conse-
quence of the progressively lower conductivities of the feed solution.
This voltage increase results in a rapid increase in power consumption
to convert residual sodium lactate. These results indicate that an eco-
nomical process can be obtained by carrying out the electrodialysis to a

partial conversion of at the most 98%.

However, under different conditions, in particular when the initial con-
centration of the monovalent lactate salt in the aqueous medium is of at
least 30 wt.% or higher and of at most 40 wt.%, an electrodialysis up to
99 wt.% may be performed whilst still having an overall process which
may be sufficiently economical. This may be the case, for instance, in
methods where no vacuum distillation is performed to isolate lactic acid
and other methods are chosen to recover lactic acid, e.g. the use of ion
exchange resins. This may also be the case when higher starting concen-

trations are used and part of the water removal is performed before
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electrodialysis. In such situations the energy saved by not performing
vacuum distillation and/or by performing water evaporation prior to wa-
ter-splitting evaporation, may compensate the energy required to go up
to a conversion higher than 98 wt.%, e.g. up to 99 wt.%, and still pro-
vide an economically viable process.

In the time interval of 180-210 minutes the current efficiency, calcu-
lated with the theoretical mass flows based on the current and Faradays
law, and the actual mass flows based on analytical data of lactate, lac-
tic acid and sodium was 0.68. In the time interval of 210-225 the
current efficiency dropped to 0.64, and at conversions higher than 98%
the current efficiency dropped to 0.36 or below. This means that at
higher conversions the energy input itself increases but it also means
that increasingly less of the electrical energy consumed is used for

conversion.

Example 2. Distillation of lactic acid from a solution of lactic acid

and sodium lactate.

A solution of lactic acid and sodium lactate was prepared by adding 98.4
grams of a 60 wt.% food grade sodium lactate solution to 4310 grams of a
49 wt.% food grade lactic acid solution. This solution is representative
of a mixture of lactic acid and sodium lactate that is obtained after
electrodialysis with partial conversion and that is concentrated by
evaporation of water. A glass lab Short Path Distillation (SPD) unit was
used to concentrate this solution further, and subsequently distil lac-

tic acid from it.

The lab SPD unit used was a glass KDL4 type unit, made by UIC. The SPD
unit is essentially a double walled column, which can be heated with an
0il bath to temperatures to above 100 °C. The liquid (i.e. the lac-
tate/lactic acid feed solution) may be fed to the top of the SPD unit by

pumping it with a peristaltic pump. The SPD unit is eqguipped with a top
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stirrer and wipers in such a way that a liquid film may be produced on
the inner wall of the SPD unit column from the ligquid that is pumped in
from the top. The top of the SPD unit is also connected to a vacuum sys-—
tem, comprising a glass column, which is indirectly cooled through a
double wall by a cold finger at -60 °C, an oil operated vacuum pump and
a pressure control unit with a vacuum meter and a pressure valve. By ap-
plying vacuum and high temperature a relatively high boiling compound
like lactic acid can be evaporated from the feed. The evaporated lactic
acid can then be condensed in the SPD unit, which is equipped with an
inner condenser cooled by water at 55 °C. The lactic acid can be col-
lected in a glass bulb placed directly under the inner condenser of the
SPD unit. The part of the feed that is not evaporated can be collected
using an outlet on the side wall at the bottom of the double walled SPD
column. Vapours that are not trapped on the inner condenser of the SPD
unit are trapped in the glass column in the vacuum section operated with

the cold finger.

First the feed solution was led over the SPD unit for dewatering. The
o0lil temperature was 120 °C, the vacuum pressure 100 mbar, and the feed
rate 10 ml/min. The inner condenser of the SPD unit was operated with
tap water. A fraction of 336 g of a dewatered mixture of lactic acid and
sodium lactate was collected, and immediately passed over the SPD unit
again. Now the oil temperature was 130 °C, the vacuum pressure 6 mbar,
the feed flow rate was 15 ml/min, and the inner condenser of the SPD
unit was cooled to 55 °C. In this second SPD step at least half of the
feed was distilled and recovered as a purified lactic acid, the overall
recovery yield of lactic acid being of 65 % (based on the total weight
of lactic acid present in the original feed). The feed to the SPD unit
in this second step contained 5500-6000 ppm sodium, while the lactic ac-
id product contained only 112 ppm sodium, i.e. a purification factor of

about 49-54. Thus, the bulk of the lactic acid can be recovered in a
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pure form from the original mixture of lactic acid and sodium lactate

using a short path distillation (SPD) unit.

Example 3 Partial electrodialysis of potassium lactate solution.

A pilot electrodialysis unit with multiple cell pairs of bipolar and
cationic membranes was used in a batch experiment to prepare lactic acid
from a model potassium lactate solution. The potassium lactate solution
was obtained by diluting a food grade 60 wt.% potassium lactate solution
(PURASAL® HiPure P from Purac) to a 34 wt.% concentration of potassium

lactate by addition of water.

In a batch mode, a 20 kg feed of the 34 wt.% potassium lactate solution
was converted to lactic acid via water-splitting electrodialysis in said
pilot electrodialysis unit. The experiment lasted 76 min, after which a
conversion of 88 mole% was obtained. The resulting solution had a lactic
acid concentration of 26 wt.% and a residual potassium lactate concen-
tration of 2.0 wt.%. In the first 70 minutes of the experiment the
average voltage was about 42 V, and over the last 6 minutes the voltage
rose up to 49 V, showing increased energy use at higher conversion. The

average current efficiency was 0.78.

This experiment illustrates the suitability of a 34 wt.% monovalent lac-
tate solution as a starting solution for obtaining lactic acid via
water-splitting electrodialysis. Further, starting at 34 wt.% monovalent
lactate concentration results in a lactic acid solution of 27 wt.%,
which is more concentrated than solutions obtained when starting at low-
er concentrations of monovalent lactate salt (e.g. a solution of 17 wt.%
lactic acid may be typically obtained when starting with a monovalent
lactate salt solution of 21-23 wt.%). This means that in a process
wherein the concentration of the starting monovalent lactate salt solu-

tion is relatively low (e.g. below 30 wt.%, below 25 wt.% or even below
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10 wt.%) water may be preferably removed prior to electrodialysis to
start with a higher monovalent lactate concentration, e.g. of at least
30 wt.% or higher (such as a 34 wt.% potassium lactate solution as in
this example). As a result less water needs to be removed after perform-
ing water splitting electrodialysis. This may be the case when, e.qg.,

the monovalent lactate salt is derived from a fermentation process.

From the experiments performed and from the theoretical conductivities
of monovalent lactate solutions (data and theoretical models not shown),
it has been found that if a water-splitting electrodialysis of potassium
lactate solutions is compared to a water-splitting electrodialysis of
sodium lactate solutions under similar conditions, the increase of the
energy use due to the conductivity of the solution is greater when
starting with a sodium lactate solution (Figure 1). This means that un-
der same conditions lower energy consumption may be achieved when
working with potassium lactate solutions when compared to working with
sodium lactate solutions. Further, as it can be derived from figure 1,
an optimal energy low for potassium lactate is found when working at
concentrations from 30 to 40 wt.% (Figure 1), in particular higher than

30wt.% and of at most 40 wt.%.
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CLAIMS

1. Process for the preparation of lactic acid comprising the

steps of:

a) providing an aqueous medium comprising magnesium lactate;

b) adding to the agqueous medium comprising magnesium lactate a monova-
lent base to form an agqueous medium comprising a water soluble
monovalent lactate salt and a solid magnesium base;

c) separating the solid magnesium base from the aqueous medium compris-
ing the water soluble monovalent lactate salt;

d) providing an aqueous medium comprising the water soluble monovalent
lactate salt at a concentration of more than 30 wt.% and at most 45
wt.%;

e) subjecting the aqueous medium comprising the water soluble monovalent
lactate salt from step d) to water-splitting electrodialysis, to produce
a first solution comprising monovalent base and a second solution com-
prising lactic acid and monovalent lactate salt, the electrodialysis
being carried out to a partial conversion of 40 to 99 mole%;

f) recovering lactic acid from the second solution comprising lactic ac-

id and monovalent lactate salt.

2. Process according to claim 1, wherein in step d) an aqueous medium
is provided comprising the water soluble monovalent lactate salt at a
concentration of at least 32 wt.% and/or at most 40 wt.%, and/or from 32

to 38 wt%, even more preferably from 34 to 36 wt.%, and most preferred

e

concentration an initial concentration of about 35 wt.

3. Process according to any one of the preceding claims, wherein step
d) 1s a concentration step, a dilution step, or a step in which the con-
centration is not adjusted further, preferably a concentration step in

which water is removed.
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4. Process according to any one of the preceding claims, wherein
recovering lactic acid from step f) comprises separating the sec-
ond solution comprising lactic acid and monovalent lactate salt
into lactic acid and a solution comprising monovalent lactate
salt, wherein the separation is carried out through one or more of
vapour-liquid separation, liquid-ligquid separation, and solid-

liguid separation.

5. Process according to claim 4, wherein the solution comprising
monovalent lactate salt is recycled at least in part to earlier
steps in the process so that it is provided to water-splitting

electrodialysis, e.g., to one or more of steps b), c), d) and e).

0. Process according to claim 3 or 4, wherein the separation is
carried out through vapour-liquid separation wherein the wvapour-
liquid separation comprises distillation, in particular a distil-

lation carried out in a vacuum distillation unit.

7. Process according to any one of the preceding claims, wherein
the water-splitting electrodialysis is carried out to a partial
conversion of at least 50 mole%, in particular at least 60 mole%,
more in particular at least 70 mole%, still more in particular at
least 80 mole%, especially at least 85 mole%, or at least 90 mole%
and/or at most 98 mole%, in particular 90-95 mole, or higher than

98 mole% and at most 99 mole%.

8. Process according to any one of the preceding claims, wherein
the monovalent lactate salt is potassium lactate or sodium lac-

tate, in particular potassium lactate.
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9. Process according to any one of the preceding claims wherein the
monovalent lactate salt is potassium lactate and in step d) an aqueous
medium is provided comprising potassium lactate at a concentration of at
least 32 wt.% and/or at most 40 wt.%, and/or from 32 to 38 wt.%, even
more preferably from 34 to 36 wt.%, and most preferred concentration an

initial concentration of about 35 wt.%.

10. Process according to any one of the preceding claims, wherein
the water-splitting electrodialysis is carried out in an electro-
dialysis apparatus provided with a cation exchange membrane and a

bipolar membrane.

11. Process according to any one of the preceding claims, wherein
the aqueous medium comprising the magnesium lactate is provided by
fermentation, wherein a carbohydrate source is fermented by means
of a micro-organism to form lactic acid, a magnesium base being
added as neutralising agent during fermentation to provide the

magnesium lactate.

12. Process according to claim 11, wherein the magnesium base is

magnesium hydroxide.

13. Process according to claim 11 or 12, wherein the aqueous medi-
um comprising the magnesium lactate is subjected to a separation

step to remove microbial cell matter prior to step b).

14. Process according to any one of the preceding claims, wherein
the lactic acid obtained after the recovery step f) comprises at
least 95 wt.% of lactic acid, in particular at least 97 wt.% of

lactic acid, more in particular at least 99 wt.% of lactic acid,
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at least 99.5 wt.%, and most in particular at least 99.9 wt.% of

lactic acid.

15. Process for the preparation of lactide and/or polylactic acid,
comprising preparing lactic acid using the process according to
any one of claims 1 to 14 and reacting the lactic acid to form

lactide and/or polylactic acid.
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