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(57) Abstract: The invention pertains to a method for manufacturing
carboxylic acid comprising the steps of - subjecting an aqueous mixture
comprising carboxylic acid and at least 5wt. % dissolved magnesium chlor-
ide, to a forward extraction step using a first organic liquid comprising an
organic solvent, the organic solvent being selected from the group of C5+
ketones, thereby obtaining an organic carboxylic acid solution and an
aqueous waste liquid comprising magnesium chloride, - subjecting the or-
ganic carboxylic acid solution to a back extraction step wherein the
carboxylic acid is extracted from the organic carboxylic acid solution into an
aqueous liquid, thereby obtaining an agueous carboxylic acid solution and a
second organic liquid, - subjecting the aqueous waste liquid comprising
magnesium chloride derived from the forward extraction to a thermal de-
composition step at atemperature of at least 300 °C, thereby decomposing
the magnesium chloride to magnesium oxide and HCL The selection of the
specific C5+ ketone solvent makes for the manufacture of a high purity
product and an efficient and HSE appropriate thermal decomposition step.
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METHOD FOR ISOLATING A CARBOXYLIC ACID FROM AN AQUEOUS
SOLUTION

The invention is directed to a nmethod for manufacturing a

carboxylic acid through an integrated process.

Carboxylic acids can be manufactured via fernentation of a
carbon source, such as carbohydrates or glycerol, by mcro-
organisms. In such a fermentation process a carbohydrate
source is typically fernmented by neans of a mcro-organism to
form a carboxylic acid. The liquid wherein the carbohydrate
source is fernmented is called the fernentation broth or the
fernmentati on medi um

The formation of carboxylic acid during fernmentation wll
result in a decrease of the pH of the fernmentation broth.
Since such a decrease in pH can damage the mcro-organism s
nmetabolic process, it is commobn practice to add a
neutralizing agent, i.e. a base, in the fernmentation nedia in
order to neutralize the pH. As a result, carboxylic acid
produced in the fernentation nedia is typically present in
the form of a carboxylate salt. Although there are micro-
organisms that are to sone extent resistant to acidic
environments, such that fernentation can be conducted at a
low pH (e.g. at a pH of 3), even in these processes at |east
part of the carboxylic acid is obtained as a carboxylate
salt .

To recover the carboxylic acid fromthe fermentation broth
after fernentation, downstream processing is required. In
such processing, the carboxylate salt in the fernmentation
broth needs to be converted into carboxylic acid. Also, the
carboxylic acid (or carboxylate if not yet converted) needs
to be isolated from the fernmentation broth. Since a
fernmentation broth conprises many conpounds, including

significant anmounts of biomass (such as mcro-organi sns) and
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salt (originating from the neutralizing agent) , recovering
and isolating carboxylic acid can be rather conplex,
typically requiring multiple processing steps and leading to

waste material, in particular salt waste.

W00017378 describes a process for preparing lactic acid,

whi ch proposes to address these deficiencies. In the process
of this reference lactic acid is manufactured by fernentation
with the pH during fernmentation being adjusted with, e.g.,
magnesi um hydroxide to form magnesium |actate. The magnesi um
|actate is reacted with HClL in an aqueous nedium to form a
reaction mxture conprising lactic acid and dissol ved
magnesi um chloride. The acid is recovered from the salt
solution via forward extraction with an organic |iquid,
followed by back extraction of the organic acid solution
using water, to form a product lactic acid solution. The
extraction solvent is selected from am nes, alcohols, and
ethers, preferably isoanyl alcohol, diisopropyl ether, and

Al am ne 336. The remaining magnesium chloride solution can be
subjected to a thernolysis step, where the magnesium chloride
is converted into magnesium oxide powder and hydrochloric
acid. The magnesium oxide powder is converted to nmagnesium
hydroxi de, which is recycled to the fernmentation step. The
hydrochloric acid is recycled to the acidification step.

The process of this reference is quite attractive on paper,
because it makes it possible to recycle the magnesium and the
chloride, thus preventing the formation of waste salt.
However, the process as described in WX0017378 is not as such
suitable for commercial operation, for a nunber of reasons.
It has appeared that a substantial anobunt of extraction
solvent ends up in the salt solution provided to the

t hernohydrol ysis step. This is disadvantageous, not only

because solvent |loss is as such undesirable, but also because
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the incineration of organic conponents in an atnosphere which
also contains chlorine has the risk of the formation of

undesi rabl e side products.

It has further appeared that the product aqueous acid
solution formed in WOO00/17378 contains undesirable

contam nants, which are noreover difficult to renove.

There is therefore need for an adapted version of the process
described in W0O0/17378 which does not suffer from the above

di sadvant ages. The present invention provides such a process.

The present invention is directed to a nethod for
manufacturing carboxylic acid conprising the steps of

~ Subjecting an aqueous m xture conprising carboxylic acid
and at least 5 wt.% dissolved magnesium chloride, based on
the total weight of water and dissolved material in the
aqueous mxture to a forward extraction step wherein the
carboxylic acid is extracted from the aqueous mxture into a
first organic liquid conprising an organic solvent, the
organi c solvent being selected from the group of C5+ ketones,
t hereby obtaining an organic carboxylic acid solution and an
aqueous waste liquid conprising magnesium chloride,

- subjecting the organic carboxylic acid solution to a back
extraction step wherein the carboxylic acid is extracted from
the organic carboxylic acid solution into an aqueous |Iiquid,

t hereby obtaining an aqueous carboxylic acid solution and a
second organic |liquid,

- subjecting the aqueous waste liquid conprising magnesium
chloride derived from the forward extraction to a thermal
deconposition step at a tenperature of at l|least 300 °C

t hereby deconposing the magnesium chloride to magnesi um oxide

and HC1.
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The crux of the present invention resides in the selection of
a specific solvent in the extraction step. It has been found
that the use of a C5+ ketone results in the formation of an
end product aqueous carboxylic acid solution which contains
less inmpurities, and which can also be easier purified than
the solutions manufactured using the solvents described in
W00/ 17378. Further, the liquid provided to the thermal
deconposition process also contains |ess organic conmpounds,
and the conmpounds present therein are less harnful. Both nmake
for a thermal deconposition process that can be operated
under HSE-acceptable conditions w thout requiring extensive

appar at us .

Not wishing to be bound by theory it is believed that the
solvents described in WX0017378 have the follow ng

di sadvantages. Due to their basic nature, both the ethers and
the am nes have relatively high affinity for the salt
solution, making for a relatively high concentration of these
solvents in the salt solution to be provided to the thernal
deconposition step, where they may cause the formation of
undesirabl e side products by inconplete deconposition. For
amines as solvent there is the additional risk of the
formati on of NOx compounds, which necessitates additional
apparatus. For ethers their provision to a thermal
deconposition step entails explosion risks. Further, for the
sane reason, their basic nature, ethers and anmines wll end
up in the product aqueous acid solution in relatively |arge
amounts. Amines in particular are difficult to renove
therefrom Further, it has been found that these conpounds
also lead to an increased chloride concentration in the
product, due to acid-base interaction of the am ne or ether

with HC1. Not only are chloride conpounds difficult to
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renmove, their presence also places heavy requirenents on
process equipnment due to their corrosive nature.

The al cohols nentioned in WX0017378 lead to the formation of
side products, because they react with the acid. The side
products end up in the end product, from which they are
difficult. to remove. The short-chain alcohols have a high
solubility in water, resulting in their ending up in the feed
for the thermal deconposition step and in the product. The
long chain alcohols are less likely to end up in the product,
but if they do, they are difficult to renove.

It has been found that the selection of a specific group of
solvents, nanely the C5+ ketones, these problens do not
occur. Further advantages for specific enbodinents of the

invention will be discussed below

The present invention is suitable for the manufacture of

carboxylic acids. In one enbodinent the carboxylic acid is a
nono-, di- or tri-carboxylic acid conprising at least 2, but
no nore than 6 carbon atons (C2-6 carboxylic acid) . In one

enbodi ment, the carboxylic acid is selected from the group
consisting of lactic acid, succinic acid, propionic acid, 3-
hydroxypropionic acid, 2-, 3-, and 4-hydroxybutyric acid,
citric acid, fumaric acid, itaconic acid, adipic acid,
acrylic acid, levulinic acid, maleic acid, 2,5-

furandi carboxylic acid, mandelic acid, malic acid, and
tartartic acid. Preferably, the carboxylic acid is selected
from the group consisting of lactic acid, succinic acid,
propionic acid, 3-hydroxypropionic acid, 2-, 3-, and 4-

hydroxybutyric acid and citric acid.

In one enbodinent , the carboxylic acid is selected from the
nono- carboxylic acids with 2-6 carbon atoms . In one

enbodi nent , the nonocarboxylic acid with 2-6 carbon atons
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does not contain hydroxyl-groups . Wthin this group, exanples
of suitable acids are propionic acid, acrylic acid, butyric
acid, and valeric acid.

In anot her enbodinment, the inonocarboxylic acid contains at

| east one hydroxyl-group . Wthin this group, in one
enmbodiment it may be preferred to select the acid from the
group of lactic acid, glycolic acid, 3-hydroxypropionic acid,
2-, 3-, and 4-hydroxybutyric acid. In another enbodi nent
within this group it may be preferred to select the acid from
the group of glycolic acid, 3-hydroxypropionic acid, and 2-,
3-, and 4-hydroxybut yric acid. In a further enbodinment it may
be preferred for the acid to be lactic acid.

In anot her enbodinment , the carboxylic acid is a

pol ycarboxylic acid, nore in particular a di- or tri-
carboxylic acid conprising at least 2, but no nore than 6
carbon atons (C2-6 carboxylic acid) . In one enbodinent , the
pol ycarboxylic acid is selected from the group consisting of
succinic acid, citric acid, fumaric acid, itaconic acid,
adipic acid, maleic acid, 2,5-furandicarboxylic acid,

mandelic acid, malic acid, and tartartic acid. Preferably,

t he polycarboxylic acid is selected from the group consisting
of succinic acid, citric acid, fumaric acid, itaconic acid,
adipic acid, and 2,5-furandi carboxylic acid. The

pol ycarboxylic acid may in particular be selected from
succinic acid, fumaric acid, itaconic acid, and 2,5-

furandi carboxylic acid.

In the process according to the invention, a mxture
conprising carboxylic acid and magnesium chloride is
subjected to the combination of a forward extraction step and
a back extraction step. In the process according to the

invention, these steps are carried out by
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-~ subjecting an aqueous m xture conprising carboxylic acid
and at least 5 wt.% dissolved nagnesium chloride, based on
the total weight of water and dissolved material in the
aqueous mxture to a forward extraction step wherein the
carboxylic acid is extracted fromthe aqueous mxture into a
first organic liquid conprising an organic solvent, thereby
obtai ning an organic carboxylic acid solution and an aqueous
waste |iquid conprising magnesium chloride,

- subjecting the organic carboxylic acid solution to a back
extraction step wherein the carboxylic acid is extracted from
the organic carboxylic acid solution into an aqueous |iquid,
t hereby obtaining an aqueous carboxylic acid solution and a

second organic |iquid.

Not wishing to be bound by theory, it is believed that one or
nore of the followng effects may occur in the extraction
process in the method according to the invention.

It may be that the presence of the magnesium chloride in the
aqueous m xture enhances the extraction of the carboxylic
acid from the aqueous mxture into the first organic |iquid.
Second, it may be that the dissolved nmagnesium chloride
decreases the solubility of the organic solvent in water. In
particular, at higher concentrations of dissolved magnesi um
chloride, less solvent mght dissolve in the aqueous

m xture. This effect nmay be stronger at higher tenperatures,
in particular in the tenperature range of 20° to 100 °C
Accordingly, forward and/or back extraction are preferably
conducted at a tenperature of at least 25 °c, preferably at
least 30 °c, nore preferably at least 40 °c. The |ower
solubility of the organic liquid in water will result in
streans with higher purity and less solvent |osses in both
the forward and back extraction and may thus lead to a nore

efficient process. In contrast, the solubility of water in
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al cohol and the solubility of alcohol in water increases when
increasing the tenperature in tenperature range of 25°C and
100 °cC

Third, the solubility of the water in the organic solvent
during extraction may also be decreased by the presence of

t he dissol ved magnesi um chl ori de.

Fourth, it was found that dissolved magnesium chloride my
suppress enmulsion formation, thereby enhancing phase-
separation between the aqueous and organic liquids. This is
in particular advantageous when the aqueous m xture conprises
traces of biomass. Bionmass originating from a fernentation
process typically conprises conmpounds that can act as
surfactants. Consequently, when an aqueous m xture conprising
bi omass is brought into contact with an organic solvent,
typically an emulsion will be forned. Such enulsion formation
i s undesirable, because it may disrupt the extraction process

and phase separation.

The aqueous m xture conprises at |least 5 wt.% dissol ved
magnesi um chloride. To increase the efficiency of the
extraction step in the process according to the invention it
is preferred for larger ampbunts of dissolved nagnesium
chloride to be present in the aqueous mxture. Therefore, the
concentration of the magnesium chloride dissolved in the
aqueous mxture is preferably as high as possible . The
aqueous m xture preferably conprises at least 10 wt.% nore
preferably at least 15 wt.% of the magnesium chloride, based
on the total weight of water and dissolved material in the
aqueous mxture (i.e. the total weight of the aqueous m xture
excluding any solid matter) . Even nore preferably the aqueous
m xture conprises at least 20 wt.% even nore preferably at

| east 25 wt.% of dissolved magnesium chloride. It may be

possible to use at least 30 w.% even nore preferably at
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| east 35 wt .% di ssol ved magnesium chloride, based on the
total weight of the aqueous m xture. The maxi num value is
generally determned by the solubility of magnesium chloride,
which is about 45 wt.%

Preferably, the aqueous m xture has a dissolved magnesium
chloride concentration that is as high as possible, i.e.

close to the solubility of the magnesium chloride, i.e. close
to the maxi num wei ght anmount of the magnesium chloride that
can be dissolved in the aqueous m xture, neasured at the
tenperature at which forward extraction is conducted.

Al t hough undi ssol ved magnesium chloride may be present in the
aqueous mxture, this is not desirable. Therefore, the salt
concentration in the aqueous mxture is preferably not higher
than the solubility of the magnesium chloride in the aqueous
m xture, so as to prevent precipitation. Accordingly, in one
enbodi nent the aqueous m xture has a dissolved magnesium
chloride concentration within 10 wt.% preferably within 5

wt .% of the solubility of the magnesium chloride in the

aqueous m xture. Dissolved magnesium chloride as used herein

refers to magnesium chloride in its dissolved state, i.e. in
the form of solvated ions, in water.
In this respect, it is noted that fernentation broths

generally have a magnesium chloride concentration in the
order of 0.1 wt.% (before adding inorganic salts, such as
neutralizing agents). Even when such a broth is concentrated
after fernentation, the magnesium chloride concentration wll
be lower than 5 wt .%. The magnesium chloride present in the
m xture to be extracted wll therefore not be present in the
fermentation broth as such; it generally originates from the
addition of HCl1 during an acidification step, and optionally
from the addition of additional mnagnesium chloride and/or

from a concentration step.
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The term "extraction" as used herein refers to liquid-liquid
extraction, also known as solvent extraction. Solvent
extraction is an extraction method based on the difference in
solubility of a compound in two different liquids, i.e. in
the present case the solubility of the carboxylic acid in
water (present in the aqueous m xture and the aqueous |iquid)
relative to the solubility of the carboxylic acid in the
organic solvent (present in the organic liquid) . Forward
extraction is the process wherein the conpound to be
extracted is extracted from the aqueous mxture into the
organic liquid. Back extraction is the process wherein the
conpound to be extracted is extracted from the organic |iquid

into an aqueous |iquid.

The term "solubility" as used herein refers to the maxi num
wei ght amount of a conpound that can be dissolved in a
certain anobunt of an aqueous mi xture. at a certain

tenperature .

Forward extraction and back extraction as used in the method
of the invention are based on the difference in solubility of
the carboxylic acid in water and the organic solvent at
different tenperatures. The solubility of a conpound in one
solvent relative to another solvent can be expressed in terns
of the distribution ratio (bR . This ratio gives an

i ndication how a compound will be distributed over the
aqueous phase (e.g. the aqueous mixture) and the organic
phase (e.g. the organic liquid) in a two-phase system at
equilibrium The distribution ratio may be defined as the
ratio of the carboxylic acid concentration dissolved in the
organi ¢ phase ([carboxylic acid] organicy Over the concentration

of the carboxylic acid dissolved in water ([carboxylic
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aci d] ,ste,), provided that the two phases are in equilibrium

with each other:

DR = [carboxylic acid] organic / [carboxylic acid] ,er (1)

From formula (1) it can be concluded that the higher the
distribution ratio, the nore carboxylic acid will dissolve in
t he organic phase.

The distribution ratio depends on many variables, including
the tenperature and the specific conposition of the organic
and water phase. For exanple, the concentration of the

di ssol ved magnesium chloride in the aqueous m xture and the
type of solvent used will influence the distribution ratio.
During forward extraction, the carboxylic acid should
preferably dissolve better in the organic solvent than in
wat er. Consequently, the distribution ratio in the forward
extraction should be as high as possible. In particular, a
high distribution ratio during forward extraction is
desirable as any carboxylic acid still present in the waste
liquid will directly lead to a decrease of the total
carboxylic acid yield when this waste liquid cannot be

rewor ked and/or recycled back to the process again, or used
for other purposes and should be disposed off. In case the
distribution ratio during forward extraction is high,
relatively little carboxylic acid will be lost since nost of
the carboxylic acid will have been dissolved in the organic
[iquid.

It is preferred for the DR in forward extraction, also
indicated as Dy to be at least 0.1, nore in particular at

| east 0.4, still nmore in particular at |east O0.8.

During back extraction, the opposite holds true. The

carboxylic acid should preferably dissolve better in the
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aqueous phase than in the organic liquid. It is preferred for
the DR in the backward extraction, also indicated as also
indicated as Dy to be at nost 0.5 nore in particular at

nost 0.3, still nore in particular at npbst O0.1.

If the distribution ratio for forward extraction is higher
than the distribution ratio for back extraction, this wll
contribute to a concentration effect, wherein the aqueous
carboxylic acid solution obtained after back extraction has a
hi gher concentration of carboxylic acid than the aqueous

m xture used as starting material in the forward extraction.
To achieve a concentration effect it is preferred for the
ratio between D, and D, to be at least 1.1, nore in
particular at least 2. The ratio between D, and D,z w ||

generally not be nore than 10.

The nethod of the invention conprises the step of providing
an aqueous mxture conprising carboxylic acid and dissol ved
magnesi um chl oride. The aqueous mxture is the mxture to be
extracted with the organic |iquid.

The aqueous mixture is preferably an aqueous solution, since
extraction can be nore easily conducted when no solid matter
is present. Such a solution may be referred to as an aqueous
feed solution. Nevertheless, the presence of solid matter in
the aqueous mxture is possible to a certain extent,
dependent on the equi pmrent used, as wll be evident to the
skilled person. Thus, the aqueous mxture can also be a
suspensi on. Exanples of solid matter that can be present in
such a suspension are carboxylic acid in solid form

undi ssol ved magnesium chloride and insoluble inpurities.

The carboxylic acid content present in the aqueous mxture is

preferably as high as possible. Depending on the solubility
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of the acid, the aqueous mixture may conprise for exanple at
least 5 w.% preferably at least 10 wt.% nore preferably at
| east 15 wt.% carboxylic acid, based on the total weight of
the aqueous mxture . The water present in the agqueous m xture
may be saturated with carboxylic acid. The aqueous m xture
may conprise carboxylic acid in solid form but preferably
the solid content is as |low as possible as solids may create
a nore challenging extraction and phase separation. It is
within the scope of the skilled person to determne the type
of commercially available extraction equipnment able to handle
solids. Accordingly, the carboxylic acid content in the
aqueous mixture is may be higher, but is preferably equal to
or lower than the solubility of the carboxylic acid in the
aqueous mixture. Preferably, nore than 99 w.% of the
carboxylic acid present in the agueous mxture is in

di ssolved form

In one enbodiment, the aqueous mixture has a pH of 2 or
|ower, typically a pH below 1, for exanple a pH of 0-1. It is
preferred for the pH to be relatively low, to ensure that the
carboxylic acid is present in the mxture in acidic form

all ow ng extraction .

The aqueous mxture may further conprise inpurities , in
particular inpurities originating from the fermentation
process . Such inpurities may be soluble or insoluble in the
aqueous m xture . Exanples of dissolved inpurities are sugars,
proteins , and salts . Insoluble biomass (e.g. mcro-organisnms )
and insoluble salts are exanples of insoluble inpurities .
These inpurities may all be typically present in a

fernmentation broth.
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In certain enbodiments, it may be preferred that the
carboxylic acid has a solubility in water that is higher than
that of the magnesium chloride, wherein the solubility is
defined as the maxi num wei ght anount of a conpound that can
be dissolved in 100 g water at 20 °C. Thus, it is possible to
di ssolve a larger anobunt of carboxylic acid in the aqueous

m xture than the anount of dissolved magnesium chloride

wi t hout occurrence of precipitation of the nagnesium chloride
or carboxylic acid. For exanple, in case My , is used as the
di ssol ved magnesium chloride, the carboxylic acid preferably
has a solubility in water of nore than 60 g/100 g water at 20
°Cc, preferably nore than 80 g/ 100 g, even nore preferably 100
g/ 100.

In the nethod according to the invention, the aqueous m xture
di scussed above is subjected to an extraction step by
contacting it with an organic liquid conprising an organic
solvent selected from the group of C5+ ketones, thereby
obtaining an organic carboxylic acid solution and an aqueous
waste liquid conprising magnesium chloride. In this forward
extraction, the carboxylic acid is separated from the
inmpurities present in the aqueous mxture by dissolving it in
the first organic liquid. The inpurities will remain in the
aqueous m xture.

Preferably, the organic liquid conprises at |east 90 wt.% of
the organic solvent, preferably at least 95 wt.% nore
preferably at least 99 wt.%. In one enbodinment, the organic
liquid is the organic solvent. Typically, snmall anounts of
water can be present in the first organic liquid, in
particular when the liquid (partly) conprises recycled
organic solvent from a recycle step after extraction .

The organic solvent is selected from the group of C5+

ketones . C5+ stands for ketones with at least 5 carbon atons.
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It has been found that specific solvents conpounds show good
properties in the process according to the invention, in
particular as regards the purity or purification ability of
the end product, and as regards the conposition of the waste
liquid to be provided to the thermal deconposition step. In
sone enbodiments, the use of this solvent is associated wth
a concentration effect occurring, where the concentration of
acid in the end product is higher than the concentration of
acid in the starting mxture. Selection of a suitable organic

solvent may contribute to establishing a high distribution

ratio during forward extraction. |In that case, only a
relatively small amount of carboxylic acid will be lost in
t he aqueous waste |iquid.

In the present invention it is preferred to use C5-C8

ketones. Mxtures nmay also be used. The use of C9+ ketones is
| ess preferred, because these conpounds may result in nore
contaninants in the end product . The use of nmethyl-isobutyl-

ketone (MBK) has been found to be particularly attractive.

The extraction step in the nethod of the invention does not
require the use of extracting agents, such as amines. In
fact , the use of extracting agents in the organic solvent is
generally wundesirable. An extracting agent is a conpound that
forme a conplex with the conpound to be extracted (in this
case carboxylic acid) . However, the formation (during forward
extraction) and breakage of the conplex would require a
relatively |large anobunt of energy, such that the difference
in tenperature between forward and back extraction would need
to be larger than necessary. Accordingly, the organic Iliquid
preferably conprises no or substantially no extracting
agents, in particular no or substantially no anm ne extracting

agents . Thus, the carboxylic acid in the nethod of the
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invention is preferably extracted in its neutral acidic form

and not in the form of a salt or a conplex.

The organic liquid is preferably essentially free of am nes,
et hers, and al cohols, which neans that these conpounds, if
present at all, are each present in an anobunt of |less than 2

w.% preferably less than 1 wt.% nore preferably l|ess than

0.5 wt.% calculated on the weight of the organic |iquid.

The ratio of organic liquid to aqueous mixture used in
forward extraction is determned by the follow ng

consi derations. On the one hand, if the amount of organic
liquid is relatively high, the efficiency of the extraction,
expressed as the percentage of acid in the aqueous mxture

which is extracted into the organic liquid will be high. On

the other hand, a large anobunt of organic liquid will have to
be used. Conversely, if the amount of organic liquid is
relatively low, less organic liquid is required, but the
extraction efficiency will be reduced.

The Distribution Ratio (DR) defined above can give guidance
in this respect.

In one enbodi nent, the anount of organic liquid used in the
forward extraction may be in the range of O S/DR to 1.5/DR
times the anobunt of aqueous m xture.

The use of an ampbunt of organic liquid in the range of O S/DR
to 0.8/DR times the anobunt of aqueous mxture for forward
extraction may be desirable to reduce the ampbunt of solvent
used, and will help to increase the concentration of acid in
the final product. However, the yield of the extraction step
may in this case be less than 99%

The use of an amount of organic liquid in the range of 1.3/DR
to 1.5/DR times the ampbunt of aqueous mxture for forward

extraction may result in an extraction yield of over 99% but
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may lead to a reduction of the concentration of the acid in

the final product. The use of an ampunt of organic liquid 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, tinmes the anmount of aqueous m xture for
forward extraction is nost desirable, because in this range

both an optimum concentration of acid in the product and an

extraction yield of over 99% can be obtained. The extraction

yield as used herein refers to the weight percentage of the

carboxylic acid that is extracted into the organic liquid

during forward extraction.

Forward extraction is typically conducted by contacting the
aqueous mxture with the first organic liquid, thereby
obtaining an organic carboxylic acid solution and an aqueous

waste liquid conprising the magnesium chloride. Preferably,

the extraction is a counter-current extraction, i.e. the
aqueous mxture and organic liquid are contacted with each
ot her using counter-current streans. In such a configuration,

a very efficient extraction of carboxylic acid into the
organic liquid can be obtained, in particular with respect to
the yield.

The extraction is preferably conducted in an extraction
colum. In case the organic solvent used has a |ower density
than water (for exanple in case of MBK) , the organic solvent
is preferably fed to the bottom of the colum, while the
aqueous mxture is fed at the top of the colum.

Consequently, two phases will form an upper phase conprising
the organic solvent and a |ower phase conprising the aqueous
m xture. At the interface of the two phases, any bionass
and/or other solid matter present in the aqueous mxture wll
accunmul ate. As described above, the biomass does not cause
emul sif ication due to the presence of the salt in the aqueous

m xture. By feeding the organic solvent at the bottom of the
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colum, the organic solvent wll nove upwards through the
aqueous m xture, thereby extracting the carboxylic acid and
form ng an organic carboxylic acid solution. At the bottom of
the colum, an aqueous waste liquid can be obtained,
typically in the form of an aqueous salt solution, which
solution conprises the magnesi um chl ori de.

Forward extraction may be conducted at a tenperature of 20-
100 °c, preferably at a tenperature of 30 - 80 °cCc, for
exanple at a tenperature of 40 - 60 °C. To reach the
desirable tenperature for forward extraction, the aqueous

m xture and/or organic liquid my be heated prior to forward
extraction . As described above, higher tenperatures wthin
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 increasing
tenperatures and/or may lead to an increased concentration of
carboxylic acid in the product . In view of the possible
corrosive conditions of the acidic aqueous mxture, a
tenperature above 60 °C may be di sadvant ageous . However,
corrosion may for exanple be avoided by using plastic or

gl ass-1ined extraction equipment.

The aqueous waste liquid forned in the forward extraction
conprises the magnesium chloride. The aqueous waste liquid is
typically obtained in the form of an aqueous salt solution,
whi ch solution conprises the nmagnesium chloride. This
solution is relatively pure, since insoluble inpurities
typically remain at the interface of the water/ organic
interface during extraction .

To prevent acid loss fromthe system it is preferred for the
concentration of polycarboxylic acid in the waste liquid to
be as low as possible . In one enbodi nent , the pol ycarboxylic
acid concentration in the waste liquid is below 1 wt.% in

particular below 0,5 wt .% nore in particular below 0,1 wt.%
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It has been found that extraction using the nethod according
to the invention allows obtaining these very |ow acid | osses.
To prevent solvent loss from the system and to prevent
problenms in further processing, in particular when use is
made of a thermal deconposition step, it is preferred for the
concentration of solvent in the waste liquid to be as low as
possi ble. In one enbodinent, the solvent concentration in the
waste liquid is below 1 w.% in particular below 0,5 wt.%
nmore in particular below 0,2 w.% and preferably below 0.1
w.% It has been found that extraction using the nethod
according to the invention allows obtaining these very |ow
sol vent | osses.

It is preferred for at |east 80% of the acid present in the

system to be in the organic phase after the forward-

extraction, in particular at |east 90%, preferably at |east
95% nore preferably at |east 98%, still nore preferably at
| east 99%

It is preferred for at |east 90% of the magnesium chloride
present in the system to be present in the aqueous waste
liquid after the forward extraction, preferably at |east 95%

nore preferably at least 98%, in particular at |east 99%.

The organic carboxylic acid solution is subsequently

submtted to a back extraction step. Optionally, the organic
carboxylic acid solution obtained in the forward extraction

is subjected to an internediate washing step to renove any
inmpurities present in the organic carboxylic acid solution.
Such inpurities are typically entrained from the aqueous

m xture, for exanple chloride or netal ions. In such a
washing step, the organic carboxylic acid solution is
contacted with a washing liquid. Such a step may decrease the
anount of inpurities, such as chloride and/ or netal ions in

the end product , i.e. the aqueous carboxylic acid solution.
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The renoval of these ions may further prevent corrosion
problenms. The washing liquid is typically an aqueous |iquid.
In one enbodinent, part of the aqueous carboxylic acid
solution formed as product in the back extraction is used as

5 the washing liquid. In this enbodinment, a small part, for
exanple 0.5-5 w.% in particular 0,5-2 wt.% of the product
total aqueous carboxylic acid solution may be used for
washi ng. The washing liquid may subsequently be recycled back
to the aqueous mxture, where it wll again be subjected to

10 forward extraction. Care should be taken during washing not
to renmove too nmuch acid fromthe organic liquid, as this wll
detrinentally affect the concentration of carboxylic acid in
the final product. It is wthin the scope of the skilled
person to determ ne suitable washing conditions.

15
The organic carboxylic acid solution formed in the forward
extraction is, optionally after being washed, back extracted
into an aqueous liquid, thereby obtaining an aqueous
carboxylic acid solution and a second organic liquid. This

20 step may be referred to herein as the second extraction or
back extraction. The back extraction results in an aqueous
carboxylic acid solution, which has a higher purity and in
particular a lower salt concentration than the initial
aqueous mxture . Further, in sonme enbodi nents of the

25 invention, as explained above, the product aqueous carboxylic
acid solution of the present invention has a higher

concentration of carboxylic acid than the aqueous m xture .

The ratio of aqueous liquid to organic acid solution used in
30 the back extraction is determined by the follow ng

considerations . On the one hand, if the anpbunt of aqueous

liquid is relatively high, the efficiency of the extraction,

expressed as the percentage of acid in the organic acid
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solution which is extracted into the aqueous liquid will be
high. On the other hand, a |arge anmount of aqueous 1|iquid
will have to be used, and the concentration of the carboxylic
acid in the final product wll decrease. Conversely, if the
amount of aqueous liquid is relatively low, the concentration
of carboxylic acid in the final product wll be inproved, but
the extraction efficiency wll be reduced.
A suitable value for the ratio of aqueous liquid to organic

acid solution used in that back extraction may be derived
fromthe Distribution Ratio (DR defined above. In one

enbodi nent, the anmount of aqueous liquid used in the back
extraction is 0.5*DR to 1.5*DR tinmes the anount of the
organic carboxylic acid solution.

The use of an anmpbunt of aqueous liquid in the range of 0.5*DR
to 0.8*DR tines the anmount of organic carboxylic acid
solution for back extraction may be desirable for obtaining a
hi gh concentration of carboxylic acid in the final product.
However, the yield of the back extraction step may in this
case be less than 99% yield. The use of an amount of aqueous
liquid in the range of 1.3*DR to 1.5*DR tines the anmount of
organi c carboxylic acid solution for back extraction may
result in a back extraction yield of over 99%, but typically
leads to a reduction of the carboxylic acid concentration in
the final product . The use of an anobunt of aqueous liquid 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 tines the anobunt of organic carboxylic
acid solution is nost desirable, because in this range both
an optimum concentration of acid in the product and an
extraction vyield of over 99% can be obtained . The back
extraction vyield as used herein refers to the weight
percentage of the carboxylic acid that is extracted into the

aqueous liquid during back extraction .



10

15

20

25

30

WO 2013/093047 PCT/EP2012/076741
22

Back extraction is typically conducted by contacting the
organi c carboxylic acid solution with the aqueous |iquid,

t hereby obtai ning an aqueous carboxylic acid solution and a
second organic liquid. The aqueous carboxylic acid solution
is 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
havi ng been subjected to a purification step. Preferably, the
extraction is a counter-current extraction. In such a
configuration, a very efficient extraction of carboxylic acid
into the aqueous liquid can be obtained, in particular wth
respect to the yield.

The extraction is preferably conducted in an extraction
colum . In case the organic solvent used has a |ower density
than water, the aqueous liquid is preferably fed at the top
of the colum, while the organic carboxylic acid solution is
fed at the bottom of the columm . Consequently, two phases
will form an upper phase conprising the organic solvent and
a |l ower phase conprising the aqueous liquid. By feeding the
aqueous liquid at the top of the colum, it will pass
downward through the organic carboxylic acid solution,

t hereby extracting the carboxylic acid and form ng an aqueous
carboxylic acid solution. An aqueous carboxylic acid solution

can then be recovered at the bottom of the columm .

It is noted that it was contenplated to evaporate the organic
solvent from the organic carboxylic acid solution after
forward extraction, thereby directly obtaining the carboxylic
acid. However, better results were obtained when using a back
extraction in accordance with the present invention . Back
extraction resulted in less inpurities and a nore energy

efficient process.
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Back extraction may be conducted at a tenperature of 20-100
°Cc, preferably at a tenperature of 80 °C or lower, nore
preferably at a tenperature of 60 °C or |ower. Back
extraction is preferably conducted at a tenperature above O
°C, preferably a tenperature of at least 10 °C due to energy
costs associated with cooling. Tenperatures equal or close to
the tenperature in the forward extraction are particular
preferred for back extraction. This may save energy, because
| ess heating and/or cooling is required between the different
streans in the extraction process. Accordingly, in one

enbodi ment the back extraction is conducted at a tenperature
that is within 10 °c, for exanple within 5 °C of the
tenperature at which forward extraction is conducted. The use
of a simlar tenperature in forward and back extraction is
herein also referred to as isothermal conditions.

Forward extraction and back extraction may be conducted at
about the sanme tenperature, for exanple using a tenperature
difference between forward and back extraction of less than 5
°C.

In one enbodinent, the extraction into the organic liquid
(forward extraction) is conducted at a |ower tenperature than
the extraction into the aqueous liquid (back extraction)

Such an extraction nmethod is also known as a regul ar
tenperature sw ng extraction. The tenperature during back
extraction is in this case 5-45°C, for exanple 10-20 °C

hi gher than the tenperature in forward extraction.

In anot her enbodi ment, the extraction into the organic liquid
(forward extraction) is conducted at a higher tenperature
than the extraction into the aqueous liquid (back

extraction) . Such an extraction nethod may be indicated as a
reverse tenperature swing extraction. In the reverse
tenperature sw ng extraction, the back extraction step may in

this case be conducted at a tenperature that is 10-50 °C or
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20-30 °C lower than the tenperature at which forward
extraction is conducted. It has been found that operating
extraction in reverse tenperature swing node may lead to an

i ncreased concentration of acid in the product.

In one enbodinent in the process according to the invention
the organic carboxylic acid solution is brought into therm
contact with the second organi c liquid using a heat
exchanger. This is advantageous when forward and back

extraction are conducted at different tenperatures

It has been found that in sone enbodinments of the invention

t he aqueous carboxylic acid solution obtained after back
extraction as performed according to the present invention
has a higher carboxylic acid concentration than the aqueous
m xture which was fed to the forward extraction.

Whet her or not this effect occurs, and if so, to what extent
depends i.a. on the nature of the acid, the ratio of the
organic liquid and aqueous mxture used in forward
extraction, the ratio of the aqueous liquid and organic
carboxylic acid solution used for back extraction, the
tenperature at which the extraction steps are conducted, the
type of organic liquid used and the anount of dissolved
magnesi um chloride present in the agueous m xture.
Furthernore, it is preferred to select the process conditions
in such a manner that so as to obtain a high extraction
yield. In this respect, it is preferred that the weight
amount of organic liquid used in forward extraction is 1.0/DR
to 1.2/DR tinmes the weight anount of aqueous mxture while
the weight anount of aqueous liquid used in back extraction
is 1.0*DR to 1.2*DR tinmes the weight anmount of organic
carboxylic acid solution. It is even nore preferred that the

wei ght anmpbunt of organic liquid used in forward extraction is
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1.1/DR to 1.2/DR tinmes the weight anount of aqueous m xture
while the weight anobunt of aqueous liquid used in back
extraction is 1.1*DR to 1.2*DR tines the weight anmount of
organic carboxylic acid solution. These weight ratios result
in a particular good concentration effect when additionally
conbined with a forward extraction tenperature of 50-60 °C
and a dissolved magnesium chloride concentration of at |east
10 wt .% based on the total anpbunt of water and dissol ved
material present in the aqueous mxture. The organic liquid
used is in this case preferably a ketone, nore preferably

M BK. The back-extraction is in this case preferably
conducted at 20-60 °c, nore preferably at 50-60 °C. An even
better concentration effect is obtained when using a
magnesi um chloride concentration of at least 15 wt.% instead
of at least 10 wt.% based on the total anpbunt of water and
di ssolved material present in the agueous m xture.

Thus, the follow ng conbination of parameters may result in
particul ar good concentration effect and nmay at the sane tine
result in a good extraction vyield:

- a magnesium chloride concentration of at least 10 w.%
based on the total anount of water and dissolved materi al
present in the aqueous m xture;

- a forward extraction tenperature of 30-60 °c, in particular
50-60 °C

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

- a weight anount of organic liquid used in forward
extraction that is 1.1/DR to 1.2/DR tinmes the weight anount
of aqueous m xture;

- a weight armount of aqueous |iquid used in back extraction
that is 1.1*DR to 1.2*DR times the weight anount of organic
carboxylic acid solution;

- the organic liquid being a ketone, preferably M BK
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The above conbination works even better when using a
magnesi um chloride concentration of at least 15 wt.% based
on the total anobunt of water and dissolved material present
in the aqueous m xture .

The total yield of the nethod of the invention depends both
on the extraction yield in forward extraction and the
extraction yield in back extraction .

The yield of forward extraction can be increased by
conducting the forward extraction wth counter -current
streans (see also above) . Such counter -current extraction can
be conducted in one or nore vessels (e.g. a mxer or
settler) . The yield of the extraction step can be increased
by increasing the size and/ or the nunber of the vessel (s).
When using nore than one vessel, the vessels are connected in
series with each other . In this case, the second or further
vessel further extracts the aqueous liquid obtained after
extraction in the previous vessel . Preferably however,
forward extraction is conducted in one vessel (e.g. an
extraction colum) that is sufficiently large to obtain the
desired high yield (typically above 99% . For exanple, |arge
extraction colums with a height of 10-20 neter are known in
the art . The skilled person will be able to adj ust the size
and/or nunmber of the vessels to obtain a yield of 99% or
nore .

The yield of back extraction can be increased in the sane way

as described above for forward extraction . In case nobre than
one vessel is used, the second or further vessel further
extracts the organic liquid obtained after extraction in the

previ ous vessel

If so desired, the nmethod of the invention may further
conprise the step of concentrating the product aqueous

carboxylic acid solution by evaporation of water . The water
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evaporated in this step may be recycled by reusing it as the
aqueous liquid in back extraction. It is possible for the
product aqueous carboxylic acid solution to conprise a mnor
amount of organic solvent and residue from the extraction
step, if present e.g. of the order of 0.1-3 wt.%based on the
total amount of the aqueous carboxylic acid solution. Were
an evaporation step is carried out, organic solvent is also
typically evaporated in the 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 it. as the first
organic liquid in the forward extraction .

In the process according to the invention, the aqueous waste
liquid obtained in forward extraction which conprises

magnesi um chloride is subjected to a thermal deconposition
step at tenperatures of at least 300 °c, thereby formng a
magnesi um oxi de and HC

In a preferred enbodiment of the invention, magnesium oxide
and/ or HC are recycled ate least in part to other stages in
a process for carboxylic acid preparation. Mre specifically,
t he magnesi um oxide preferably is recycled at least in part
to the fernentation step, in the form of MO or after
conversion into magnesium hydroxide, e.g., by contacting the
magnesi um oxide with water to obtain a nmagnesium hydroxide
slurry.

The HO from the thernmal deconposition step preferably is
recycled at least in part to the acidification step. In one
enbodiment HOA is dissolved in water during or after thernal
deconposition, thereby obtaining a HO solution . In another
enbodi ment , the HO derived from the thermal deconposition

step is provided to the acidification step in gaseous form
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In a preferred enbodinent of the present invention, the
aqueous m xture conprising carboxylic acid and at l|least 5

wt . % di ssol ved magnesium chloride is derived from the steps
of

- subjecting a carbon source to a fernentation step to form a
carboxylic acid, which fernmentation step conprises the steps
of fermenting a carbon source by neans of a micro-organism in
a fermentation broth to form carboxylic acid and neutrali zing
at least part of the carboxylic acid by adding a magnesium
base selected from magnesi um oxide and magnesi um hydroxi de,

t hereby obtaining a magnesium carboxyl ate,

~ subjecting the magnesium carboxylate to an acidification
step wherein the magnesium carboxylate is contacted wth HCl
in an aqueous environnent to form an aqueous m xture

conprising carboxylic acid and magnesi um chlori de.

In the first step a carbon source is subjected to a
fermentation step to form a carboxylic acid, which
fermentation step conprises the steps of fermenting a carbon
source by means of a micro-organism in a fernmentation broth
to form carboxylic acid and neutralizing at |east part of the
carboxylic acid by adding a magnesi um base selected from
magnesi um oxi de and magnesi um hydroxide, thereby obtaining a
magnesi um car boxyl at e.

Fermentation processes for the manufacture of carboxylic
acids are known in the art and require no further elucidation
here. It is within the scope of the skilled person to select,
using his common general know edge, a suitable fernentation
process, depending on the desired acid to be produced, the

carbon source and the m croorgani sm avail able.

The product of the fernmentation process is a fernmentation

broth, which is an aqueous |iquid conprising magnesium
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car boxyl ate, biomass, and optionally further conponents such
as inmpurities like are sugars, proteins, and salts.

If so desired, the fernmentation broth may be subjected to a
bi omass renoval step, e.g., a filtration step, before further
processing. This is generally preferred for inproving product
quality. Depending on the carboxylic acid produced, another
internediate step may be separation of solid reaction

product, e.g., magnesium carboxylate, from the fermentation
broth, before, after, or sinultaneous wth biomss renoval,
and optionally subjecting the nagnesium carboxylate to a
washi ng step.

Depending on the carboxylic acid produced, another
internediate step may be subjecting the fernmentation broth to
a concentration step to increase the concentration of

magnesi um carboxylate in the conposition before

acidification. This step may be carried out before, after, or
simul taneous wi th biomass renoval.

O her internediate steps, e.g., purification steps, my be
carried out as desired, as will be evident to the skilled

person .

The next step in the process according to the invention is
subj ecting the mmgnesium carboxylate to an acidification

step, also sonetines indicated as acidulation step, wherein

t he magnesi um carboxylate is contacted with HCL in an aqueous
environnent to form an aqueous m xture conprising carboxylic
acid and magnesium chl ori de.

There are various ways in which this step can be effected.
The acidulation step is typically conducted by bringing the
carboxylate salt in contact with an acidic HCL sol ution.
However, in some enbodinents it may also be possible to

contact the carboxylate salt with gaseous HCIL.
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The carboxylate salt may be in solid and/or dissolved form
In one enbodi nent, the carboxylate salt is provided in solid
form In this case, the acidulation step is conducted by
bringing the carboxylate salt in contact with an acidic
solution. The advantage of preparing the aqueous m xture from
carboxylate salt in solid formis that very high carboxylic
acid concentration can thus be obtained, such as
concentration of at least 15 wt.% in particular at |east
25% up to, e.g. 50 wt.% or e.g 40 w.%

The carboxylate salt may also be in dissolved form typically
as part of an aqueous solution. In this case, the acidulation
step can be conducted by bringing the carboxylate salt in
contact with an acidic solution or an acidic gas.

The acidulation step may also be conducted on a mxture of
carboxylic acid and carboxylate salt. Such a m xture may for
exanple be obtained in a low pH fernentation . The m xture may

for exanple be an aqueous suspension .

When acidulation of the carboxylate salt is conducted by
contacting it with an acidic HCl solution, it preferably has
an acid concentration as high as possible . Such a high acid
concentration wll result in an aqueous mxture with a high
carboxylic acid concentration, which is desirable . The acidic
solution therefore conprises at least 5 w.% nore preferably
at least 10 w.% and even nore preferably at least 20 w.%
acid, based on the total weight of the acidic solution.
Acidulation is typically conducted using an excess of acid.
The excess is preferably small, such that the aqueous m xture
obtained is not highly acidic, which may not be desirable in
view of further processing such a mxture. For exanple, the
excess of acid used may be such that the resulting aqueous

m xture has a pH 2 or lower, preferably a pH of 0-1.
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In case gaseous HCl is used, it may be contacted by bringing
it in contact with a carboxylate solution or suspension. In
particular, HCL gas may be blown through the solution or
suspensi on .

Preferably, acidulation is conducted at a tenperature of 75
°C or less. At higher tenperatures, it becomes unecononi cal
to adapt equipment to the harsh conditions of an acidic
environnent at high tenperatures.

During acidulation, preferably no precipitation of carboxylic
acid occurs. In one enbodinent of the invention it is
preferred for the carboxylic acid fornmed in the acidulation
step to have a higher solubility than the salt formed in the
acidulation step. This may prevent or at |east decrease the
chance of precipitation of the carboxylic acid during the
acidulation step. In case precipitation would occur, the salt
wll precipitate first. For exanple, as MO , is fornmed in
the acidulation step, the carboxylic acid preferably has a
solubility in water that is higher than 60 g/100 g water at
20 °C

The HC1 used in the acidification step of the process
according to the invention preferably is at least partially
derived from the thermal deconposition step described bel ow.
Preferably, at |east 80% of the HCl is derived from the
thermal deconposition step, nore in particular at |east 90%

nore in particular at |east 95%.

If so desired, after acidulation and before extraction, any
solid material may be renoved from the aqueous m xture, for
exanple by filtration . The presence of solid material in the

aqueous mxture in not desirable during extraction .

As has been described in nore detail above, the extraction

step is carried out on an aqueous nedium conprising at |east
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5 wt ,% of magnesium chloride. |f the product obtained from
the acidulation step does not neet this requirenment, various
measures may be taken. In one enbodi nent, mnmagnesium chloride
is added until the desired concentration is reached. |In

anot her enbodi nent, a concentration step is carried out to
increase the concentration of magnesium chloride by renoval
of water. The aqueous mxture may be concentrated after
acidulation prior to extraction to a concentration up to the
solubility of the magnesium chloride and the carboxylic acid,
in particular to a desirable concentration of dissolved
magnesi um chloride, as will be described in nore detail

bel ow. During concentration, preferably no or substantially
no precipitation of carboxylic acid or magnesium chloride

shoul d occur.

Thus, the integrated process according to the invention
provides for a process wherein the waste material is recycled
and wherein consequently relatively little waste is produced.
Further, the product carboxylic acid solution has good
properties, and the thermal deconposition step can be carried
out in a HSE-acceptable manner w thout necessitating

addi tional apparatus.

The nethod of the invention is preferably a continuous

process. However, it may also be conducted as a batch
process .
Figure 1 illustrates a preferred enbodinment of the present

invention. The invention is not in any way limted to what is
di scl osed herein.

In figure 1, a fernmentation process is carried out in
fermentation reactor (1), conprises a carbon source and a

m croorgani sm Feedstock and nutrients are provided to the
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reactor through lines not shown. In the fernmentation reactor,
a carboxylic acid is formed. To prevent a decrease in pH,
magnesi um hydroxide is added through line (19) as
neutralising agent, to convert the carboxylic acid into
magnesi um carboxyl ate. Fernentation broth is withdrawmn from
the reactor through line (2), and provided to biomass

separation wunit (3), which is, e.g., a filtration unit. A

fraction containing biomass is renoved through line (4), and
the resulting liquid conprising magnesium carboxylate is
provided through line (55 to acidification wunit (6), where it

is subjected to an acidification step using HCl provided
through line (17). Wiere the mmgnesium carboxylate is in an
aqueous medium as in the case provided here, the HCl1L may be
in gaseous form or in the form of an aqueous solution,
obtained by an absorption step in water (not shown) . \Were

t he magnesium carboxylate is in solid form we.g. in the case
of an internediate evaporation step having been carried out,
the HCL is generally provided in the form of an aqueous
solution . The acidified liquid is an aqueous m xture
conprising carboxylic acid and magnesium chloride . If so
desired it may be subjected to a concentration step (not
shown) to increase the concentration of nmagnesium chloride to
the desired value. Provision of additional magnesium chloride
is also possible .

An aqueous mixture conprising carboxylic acid and at least 5
wt . % di ssol ved magnesium chloride is provided through Iine
(7) to an extraction reactor (8), where it is contacted with
organic liquid provided through line (12). A stream (9),

whi ch conmprises carboxylic acid in the organic liquid is
withdrawn from the extraction reactor (8). Agueous waste
liquid (13) is also withdrawn from extraction reactor (8).
Stream (9) conprising carboxylic acid in the organic liquid

is provided to back-extraction reactor (10), where it is
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contacted with aqueous liquid provided through line (15 . The
product aqueous carboxylic acid solution is wthdrawn through
line (11) . The organic liquid is wthdrawn through line (12),
and recycled to the extraction reactor (8), optionally after
intermediate purification steps (not shown)

Aqueous waste liquid (13), which conprises magnesium
chloride, is provided to a thermal deconposition unit (14),
where it is subjected to a thermal deconposition step at a
tenperature of at least 300 °C, thereby deconposing the
magnesi um chloride to magnesium oxide and HCl, with resulting
water. The water is renoved through line (20) . The HCl is
removed through line (17), and provided at least in part to
acidification unit (e6), either directly in gaseous form or
with an internediate adsorption step in water to form an
aqueous solution. The magnesium oxide is w thdrawn through
line (16) and recycled to fernmentation reactor (1), in this
case via hydration unit (18 where it is reacted with water
to form magnesi um hydroxide, which is provided to the

fermentation reactor through |ine (19).
It is noted that the present specification describes a numnber
of processing steps. It is the explicit intention that

processing steps described herein may be conbined as desired.

The present invention will be illustrated by the follow ng

exanmples, without being limted thereto or thereby.

Exanple 1: conparison of MBK and Isoanyl alcohol

This experinment was conducted to conpare the stability of two
solvents, MBK and |soanyl alcohol in contact with the 2-
hydroxy butyric acid feed solution prepared by adding 340 g

of crystalline hydroxy butyric acid acid to 720 g water and
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m xing to conplete dissolution. The thus prepared feed
solution conprised 32 wt % of hydroxy butyric acid.

For each solvent a closed glass reactor was filled with 20 g
of solvent and 20 g of the hydroxy butyric acid acid feed
solution, put in an oven to maintain a tenperature of 60 °C
and shaken continuously . After 3 hours, 24 hours (1 day) and
168 hours (1 week) the shaking was stopped for 1 hour to
allow the phases to settle, a sanple was taken from the
solvent top layer, and the conposition of the solvent top

| ayer analyzed by gas chromatography . The results show that
even after 168 hours no changes in the purity of the MBK
could be detected while in case of isoanyl alcohol 14.3 areal
of isoanyl hydroxybutyrate was formed after 3 hours. In the 24
hours and 168 hours sanples the isoanyl hydroxybutyrate
concentration was found to have increased further to 21.5

ar eal

This exanple shows that esters with the hydroxy butyric acid
are formed when alcohols such as isoanyl alcohol are used as
organic extraction solvent while ketones such as MBK are
stable organic solvents . It can be concluded that unstable
organic solvents such as alcohols are unsuitable as
extraction solvent and that stable organic solvents such as
ketones are suitable extraction solvents . It should be noted
in this respect that the esters formed will end up in the
product carboxylic acid solution, and are difficult to renove

t herefrom

Exanple 2: Effects of dissolved salt concentration and

tenperature on Solvent Solubility

50 g organic solvent was added to 100 g of an aqueous
solution with a specified MCl2 concentration and the
resulting two phase system stirred at a specified tenperature

for 30 mnutes with sufficient speed to ensure that both
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phases are well dispersed. Hereafter, the stirring was
stopped, the phases were allowed to separate and a sanple was
taken from the aqueous bottom phase. The concentration of
solvent in this sanple was determ ned by gas chronatography.

5 The experinment was conducted for three different MCl2
concentrations (o, 15 and 30 wt.% and for MBK also at two
different tenperatures (20 °C and 60 °Cc . The results are
shown in Table 2.1 and 2.2.

10 Table 2.1

MgCl, (wt%) MIBK solubility (wt%)
20 °C 60 °C

0 1.8 1.4

15 0.48 0.20

30 0.17 0.11

Table 2.1 shows that the addition of salt significantly

reduces the solubility of the MBK organic solvent in the

aqueous phase. It can be concluded that the presence of salt
15 significantly reduces the loss of organic solvent in the

aqueous phase after extraction of the carboxylic acid.

Table 2.2
MgCl, (wt%) Solvent solubility (wt%)
20 °C
MIBK Iscamyl Diisopropyl

alcohol ether
0 1.8 2.8 1.0
15 0.5 1.5 0.4
30 0.1 0.6 0.7

20 Table 2.2 shows that the solubility of isoanylalcohol in the

magnesi um chloride solution is significantly higher than that
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of MBK, leading to nore solvent loss. For diisopropylether

at high salt concentrations the solubility of the solvent in
the salt solution increases, resulting in high solvent |oss.
Thus, both for diisopropylether and for isoanylalcohol nore
solvent will remain in the salt solution that will be

provided to the thermal deconposition unit than for M BK

Exanple 3: extraction of different types of acids

The follow ng general procedure was applied for glycolic
acid, 3--hydroxy propionic acid, and 2-hydroxy butyric acid.
A feed solution was prepared conprising acid and nagnesium
chloride . The solutions were stirred overnight

1000 g of this feed solution was mixed with approximtely 100
g of methyl-isobutyl ketone as solvent and stirred at 20 °C
for mninum of 15 mnutes . The mxture was transferred to a
separation funnel where phases were separated . Sanples of
both phases were taken for analysis . Then approxinmately 100
g of organic phase was mxed with 10 g of pure water and
stirred for mnimm of 15 min at 20 °C. Subsequently the
whole mxture is again transferred to the separation funnel ,
phases are left to separate and sanples of both phases are
t aken. Sanples were analysed on acid content

The results are presented in table 3.1

Table 3.1
Example | Acid type wt .% acid w.% Md , |Wwt.%acid
in feed in feed in
pr oduct
3.1 glycolic acid 15 9 7,5
gl ycolic 23 15 15
3.2 3- hydr oxy 8 5 4
propionic acid
3- hydr oxy 27 15 21
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propionic acid
3.3 2-hydroxy butyric | 13 7 15
acid
2-hydroxy butyric | 34 15 21
acid

Exanple 4: renoval of solvent from acid product

A 2-hydroxy butyric acid feed solution (aqueous m xture) was
prepared by adding magnesium chloride hexahydrate (790 g) to
a solution of 700 g of crystalline lactic acid in 924 g water
and mixing to conplete dissolution. The thus prepared feed
solution conprised 34 wt % of 2-hydroxy butyric acid and 15
wt % of magnesium chloride .

Two solvents, MBK according to the invention and
trioctylam ne not according to the invention were applied in
forward extraction, in accordance with the follow ng
procedure . In the forward extraction the feed solution

descri bed above was contacted with solvent at 20 °C in a
solvent :feed weight-based ratio of 1:10. The resulting two
phase system was stirred at 20 °C for 30 minutes wth
sufficient speed to ensure that both phases were well

di spersed. Hereafter, the stirring was stopped, the phases
were allowed to separate and the 2-hydroxy butyric acid

| oaded solvent |ayer was separated from the depleted aqueous
2-hydroxy butyric acid solution. In the back extraction this
2-hydroxy butyric acid |oaded solvent |ayer was contacted at
20 °C with water in a solvent :water weight-based ratio of
1:10. The resulting two phase system was stirred at 20 °C for
30 mnutes with sufficient speed to ensure that both phases
are well dispersed . Hereafter, the stirring was stopped, the
phases were allowed to separate and a sanple was taken from

t he aqueous bottom phase .
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As a final step the solvent residues were renoved from the
aqueous bottom phase by feeding to an atnospheric packed
stripping columm and evaporating 50% (weight basis) of the
solvent |oaded product in the form of steam The residual

sol vent concentration in the aqueous product solution was
determ ned by gas-chromatography. The results are summari zed

in table 4.1.

Table 4.1
Solvent 2-hydroxy Solvent Solvent
butyric acid |residue before | residue after
in agueous stripping stripping
product (wt.$%) (mg/kg) (mg/kg)
MIBK 22 24000 0.6
Trioctylamine 15 9 20

This exanple shows that MBK can be easily renpbved to very
low levels by stripping with in situ formed steam while

am nes are not renoved from the product, but even
concentrated due to their low volatility and entrainment in

t he steam

Exanple 5: Lactic acid extractioh irl the p2esence of

D ssol ved Salt

A lactic acid feed solution (aqueous mxture) was prepared by
addi ng magnesium chloride hexahydrate (790 g) to a solution
of 700 g of crystalline lactic acid in 924 g water and m xing
to conplete dissolution. The thus prepared feed solution
conprised 29 wt % of lactic acid and 15.3 wt % of magnesi um
chl ori de .

In the forward extraction an amount of 100 g MBK 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
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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 MBK layer was separated from the depleted
aqueous lactic acid solution. In the back extraction 4,7 g of
water was added to 46,9 g of this lactic acid |oaded MBK

| ayer (weight-based ratio of 1:10) . The resulting two phase
system was stirred at 20 °C for 30 mnutes with sufficient
speed to ensure that both phases are well dispersed.
Hereafter, the stirring is stopped, the phases were allowed
to separate and a sanple was taken from the aqueous bottom
phase. The concentration of lactic acid in this sample was
34.8 % (determined via potentionetric titration)

This exanple shows that the presence of dissolved nmagnesium
chloride salt in the forward extraction increases the lactic
acid concentration from 29 wt% in the feed solution to 34.8
W% in the aqueous solution after back extraction.

In case the solution would be subjected to an evaporation
step after extraction, the increased lactic acid
concentration in the aqueous solution from the back
extraction would thus reduce the anobunt of water that needs
to be evaporated from the lactic acid product conpared to the
aqueous solution obtained after back extraction from the feed
solution wthout dissolved magnesium chloride in exanple 1 by

a factor 2.

Exampi= ¢: Reqular Temperature Swing Lacric Acid Extraction

In the forward extraction an anmount of 100 g M BK was added
to 1000 g of the lactic acid feed solution (weight-based
ratio of 1:10) as prepared in exanple 2 above. The resulting
two phase system was stirred at 20 °C for 30 mnutes wth
sufficient speed to ensure that both phases were well

di spersed. Hereafter, the stirring was stopped, the phases
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were allowed to separate and the lactic acid |oaded M BK

| ayer was separated from the depleted aqueous lactic acid
solution. In the back extraction 6.9 g of water was added to
67.2 g of this lactic acid |oaded MBK |ayer (weight-based
ratio of 1:10). The resulting two phase system was stirred at
60 °C for 30 minutes with sufficient speed to ensure that
both phases are well dispersed. Hereafter, the stirring is
stopped, the phases were allowed to separate and a sanple was
taken from the aqueous bottom phase. The concentration of
lactic acid in this sanmple was 36.2 wt% (determ ned via
potentionetric titration)

This exanple shows that applying a conbination of dissolved
magnesi um chloride and a higher tenperature in the back
extraction yields an increased lactic acid concentration of
36.2 W% in the aqueous solution after back extraction
conpared to the isothernmal conditions applied in exanple 2.
It can be concluded that applying an increased tenperature in
the back extraction is an efficient neans of further

concentrating the lactic acid during extraction.

Exanple 7: Reverse Tenperature Swing lactic i.cid tx*raction

In the forward extraction an amount of 100 g M BK was added
to 997 g of the lactic acid feed solution (weight-based ratio
of 1:10) as prepared in exanple 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
to separate and the lactic acid |oaded MBK |ayer was
separated from the depleted aqueous lactic acid solution. In
the back extraction 5.8 g of water was added to 58 g of this
lactic acid |oaded MBK |ayer (weight-based ratio of 1:10).
The resulting two phase system was stirred at 20 °C for 30

mnutes with sufficient speed to ensure that both phases were
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wel | dispersed. Hereafter, the stirring was stopped, the
phases were allowed to separate and a sanple was taken from
t he aqueous bottom phase . The concentration of lactic acid in
this sanple was 37.1 W% (determned via potentionetrie
titration)

This exanple shows that applying a conbination of dissolved
magnesi um chloride and a higher tenperature in the forward
extraction yields an increased lactic acid concentration of
37.1 wt% in the aqueous solution after back extraction
conpared to the isothermal conditions applied in exanple 2.
It can be concluded that applying an increased tenperature in
the forward extraction is an efficient means of further

concentrating the lactic acid during extraction .

Exanple 8: Increased Tenperature Lactic Acid Ext:raction

In the forward extraction an anpbunt of 100 g M BK was added
to 996 g of the lactic acid feed solution (weight-based ratio
of 1:10) as prepared in exanple 2. The resulting two phase
system was stirred at 60 °C for 30 mnutes 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 |oaded MBK |ayer was
separated from the depleted aqueous lactic acid solution. In
the back extraction 6.2 g of water was added to 63 g of this
lactic acid |oaded MBK |ayer (weight-based ratio of 1:10)
The resulting two phase system was stirred at 60 °C for 30
mnutes with sufficient speed to ensure that both phases were
wel| dispersed. Hereafter, the stirring was stopped, the
phases were allowed to separate and a sanple was taken from
t he aqueous bottom phase. The concentration of lactic acid in
this sanple was 36.0 wt% (determned via potentionetrie

titration)
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This exanple shows that applying a conbination of dissolved
magnesi um chloride and a higher tenperature in the forward as
wel | as back extraction yields an increased lactic acid
concentration of 36.0 wt% in the aqueous solution after back
extraction conpared to the isothermal conditions applied in
exanple 2. It can be concluded that isothermal operation at
an increased tenperature during forward and extraction is an
efficient means of further concentrating the lactic acid

during extraction.

Example 9: Effect of dissolved salt concentration and

tenperature on Distribution Ratio

100 g MBK organic solvent was added to 100 g of an aqueous
solution with the desired MyCl2 and initial lactic acid

concentration of 20 wt%. The resulting two phase system was
stirred at 20 "C or 60 °C for 30 minutes with sufficient speed

to ensure that both phases are well dispersed. Hereafter, the
stirring is stopped, the phases were allowed to separate and
sanpl es were taken from both phases. The concentration of
lactic acid (w9 in these sanples was determ ned by
potentionetric titration. Hereafter the distribution ratio
was calculated as the ratio of the lactic acid concentration
(wt%) in the MBK organic solvent phase divided by the lactic
acid concentration (w%) in the agueous phase. The results

are shown in Table 9. 1.

Table 9.1
Md , (w9 Lactic acid distribution ratio
(Wt % wt %)
20 °C 60 “C
0 0. 16 0.19
10.5 0. 33 0.37
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16.0 0. 49 0. 56

This exanple shows that with increasing salt concentration
the lactic acid distribution ratio increases significantly.
Furthernore, the exanple also shows that the distribution
ratio can be increased by raising the tenperature. 1t can be
concluded that the presence of salt and/or an increase in
tenperature significantly increase the extraction efficiency
of carboxylic acids from the aqueous feed stream into the

organi c sol vent .

Exanple 10: Pilot Extraction Lactic Acid

The pilot extraction experinments were conducted in a Pul sed
Disc and Donut Columm {PDDC) pilot set-up containing an
active colum section of four thernp stated glass segnments of
each 1.04 in length and 40 mm internal dianmeter . This active
section was enclosed on both sides by 42 cm long settlers,
both having an inner dianeter of 80 nm The colum internals
consi sted of alternately placed disc and doughnut baffles
with a spacing of 8.4 mm made of PVDF to ensure wetting by
the organic solvent phase. The bottom settler is connected to
a piston type pulsator to pulse the liquid in the colum at a
desired frequency and anplitude . The aqueous solutions were
introduced in the top and the MBK organic solvent at the
bottom of the colum . The colum was operated with the MBK
organi c solvent as the continuous phase and the aqueous
solutions as the dispersed phase. The interface level in the
bottom settler was observed visually and controlled via a
manual |y operated valve in the aqueous stream |eaving the
bottom of the colum . The MBK organic solvent was allowed to
| eave the colum top settler via an overflow.

In the forward extraction the lactic acid feed solution (7

kg/hr) , prepared in a simlar way as in Exanple 5, was
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contacted counter currently in the PDDC pilot setup with MBK
{9.3 kg/hr) at a tenperature of 60 'C. The pulsator was

operated with a frequency of 90 min-1 and anplitude of 11 mm
The lactic acid |oaded MBK organic solvent was collected
during several hrs to collect a sufficient amount for the
back extraction. 1In the back extraction the lactic acid

| oaded M BK organic solvent (10.4 kg/hr) was counter

currently contacted with water (2.5 kg/hr) in the PDDC setup
at a tenperature of 20 'C. The pulsator was operated with a

frequency of 67.5 min-1 and anplitude of 11 mm Sanples were
taken from the aqueous bottom phase. The concentration of
lactic acid in this sanple was 34.5 w% (determned via
potentiometric titration)

This exanple shows that applying a dissolved nagnesium
chloride conbined with a higher tenperature in the forward
extraction increases the lactic acid concentration from 29
W% in the feed solution to 34.5 % in the aqueous solution
after back extraction. It can be concluded that applying a
di ssol ved magnesium chloride eventually conbined with an
increased tenmperature in the forward extraction in an
extraction colum is an efficient means of concentrating the

lactic acid during extraction.

From the forward extraction a waste solution was wthdrawn
which contained 24 wt.% of magnesium chloride, 2.4 wt.% of
lactic acid, and 0.16 wt, % of MBK. This waste solution can
be provided to a thermal deconposition step to be deconposed

into magnesium oxide and hydrogen chloride.

Exanple 11: Comparison of different solvents in Lactic acid

extraction
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Feed solutions were prepared conprising 29 wt% lactic acid
and 15 wt. % magnesium chloride. The solutions were stirred
overnight. Extraction took place as follows:

1000 g of a feed solution was mxed with approximately 100 g
of solvent and stirred at 20 °C for mninum of 15 m nutes.
The m xture was transferred to a separation funnel where
phases were separated. Sanmples of both phases were taken for
analysis . Then approximately 100 g of organic phase was
mxed with 10 g of pure water and stirred for mnimm of 15
mn at 20 °C. Subsequently the whole mxture was again
transferred to the separation funnel, phases were left to
separate and sanples of both phases are taken. Sanples were

anal ysed on acid content. The results are presented in Table

11. 1.
Table 11.1
Solvent [lactic | [lactic

acid] acid]
feed product
(wt.%) (wt.%)

1 inv 2-pentanone 29 30

2 inv methyliscbutyl ketone 29 35

3 inv cyclo~hexanone 29 32

4 inv Z-hexanone 29 35

5 inv acetophenone 29 34

6 inv 2-heptanone 29 34

7 inv 2-octanone 29 30

The data in Table 11.1 show that for the C5+ ketones
concentration occurred, with best results being obtained for

nmet hyl isobutyl Kketone.
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Exanple 12: extraction of different types of polycarbo xvlic

acids

Sol utions containing magnesium chloride as salt and,
respectively succinic acid, itaconic acid, and fumaric acid.
The conposition of the feed solutions is presented in table
12.1. The results are given in tables 1.2, 1.3, and 1.4.
These tables also give the concentration ratio, which is the
ratio between the acid concentration in the product and the

acid concentration in the feed.

Table 12.1

Example | Acid type wt.% acid wt.% MgCl,
1.1 succinic acid 1.5 15

1.2 itaconic acid 1.5 15

1.3 fumaric acis 0.12 15

Tabl e 12.2: Succinic acid

[acid] feed 1.5 w.%
[acid] aqueous fraction after back 3.1 wt . %
extraction

concentration ratio 2.1

Dre 0. 86

Dae 0. 26

Dre/ bBE 3.3
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Table 12.3: Itaconic acid

PCT/EP2012/076741

[acid] feed 1.5 wt.%
[acid] aqueous fraction after back 2.8 wt.%
extraction

concentration ratio 1.9

Dy, 2.83

Dee 1.07

Drg/ Dag 2.64

Table 12.4: Fumaric acid

[acid] feed 0.12 wt. %
[acid] aqueous fraction after back 0.21 wt . %
extraction

concentration ratio 1.8

DgF, 1.75

Dee 0.24

Dre/ DsE 7.29
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C ai ns
1. Met hod for manufacturing carboxylic acid conprising the
steps of

- Subj ecting an aqueous m xture conprising carboxylic acid
and at l|least 5 wt.% dissolved magnesium chloride, based on
the total weight of water and dissolved material in the
aqueous mxture to a forward extraction step wherein the
carboxylic acid is extracted from the aqueous mxture into a
first organic liquid conprising an organic solvent , the
organi ¢ solvent being selected from the group of C5+ ketones,
t hereby obtaining an organic carboxylic acid solution and an
aqueous waste liquid conprising magnesium chloride,

- subj ecting the organic carboxylic acid solution to a back
extraction step wherein the carboxylic acid is extracted from
the organic carboxylic acid solution into an aqueous |iquid,

t hereby obtaining an aqueous carboxylic acid solution and a
second organic liquid,

- subj ecting the aqueous waste liquid conprising nmagnesium
chloride derived from the forward extraction to a thernal
deconposition step at a tenperature of at least 300 °C

t hereby deconposing the magnesium chloride to magnesium oxide

and HC1.

2. Met hod according to claim 1, wherein at |east part of
the magnesium oxide fornmed in the thermal deconposition step
is recycled to the fernmentation step, in the form of MO or

after conversion into nmagnesium hydroxide.

3. Met hod according to claim 1 or 2, wherein at |east part
of the HCL from the thernal deconposition step is recycled to

the acidification step.
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4. Met hod according to any one of the preceding clains
wherein the aqueous m xture conprising carboxylic acid and at
| east 5 wt .% di ssol ved magnesium chloride is derived from the
steps of

- subjecting a carbon source to a fernentation step to form a
carboxylic acid, which fernentation step conprises the steps
of fermenting a carbon source by neans of a mcro-organism in
a fermentation broth to form carboxylic acid and neutralizing
at least part of the carboxylic acid by adding a magnesium
base selected from magnesi um oxi de and magnesi um hydroxi de,

t hereby obtaining a magnesium carboxyl ate,

- subjecting the magnesium carboxylate to an acidification
step wherein the magnesium carboxylate is contacted with HCl
in an aqueous environment to form an aqueous m xture

conmprising carboxylic acid and magnesium chloride .

5. Met hod according to any one of the preceding clains,
wherein the aqueous m xture subjected to the forward
extraction step conprises at l|least 15 wt.% dissolved

magnesi um chloride, preferably at least 20 wt.% nore
preferably at |east 25 wt.% dissolved nmagnesium chloride,
based on the total weight of water and dissolved material in

the aqueous m xture .

6. Met hod according to any one of the preceding clains,
wherein the organic solvent is a C5+ ketone, preferably a C5-

C8 ketone, in particular nethyl isobutyl ketone.

7. Met hod according to any one of the preceding clains
wherein the carboxylic acid is a nmono-, di- or tri-carboxylic
acid conprising at least 2, but no nore than 6 carbon atons
(C2-6 carboxylic acid) , e.g., the carboxylic acid is selected

from the group consisting of lactic acid, succinic acid,
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propionic acid, 3-hydroxypropionic acid, 2-, 3-, and 4-

hydr oxybutyric acid, citric acid, fumaric acid, itaconic

acid, adipic acid, acrylic acid, levulinic acid, maleic acid,
2,5-furandi carboxylic acid, mandelic acid, malic acid, and
tartartic acid, preferably from the group consisting of
lactic acid, succinic acid, propionic acid, 3-
hydroxypropionic acid, 2-, 3-, and 4-hydroxybutyric acid and

citric acid.

8. Met hod according to claim 7, wherein the carboxylic acid
is selected from the nono-carboxylic acids with 2-6 carbon
atoms, in particular nonocarboxylic acid with 2-6 carbon
atoms which do not contain hydroxyl-groups , e.g., propionic

acid, acrylic acid, butyric acid, and valeric acid.

9. Met hod according to claim 7 wherein the carboxylic acid
is selected from the nono-carboxylic acids with 2-6 carbon
atoms, in particular nonocarboxylic acid which contains at

| east one hydroxyl -group, nore in particular an acid selected
from the group of lactic acid, glycolic acid, 3-
hydroxypropionic acid, and 2-, 3-, and 4- hydroxybutyric

acid.

10. Method according to any of the previous clains, wherein
the organic solvent used in the extraction step conprises
substantially no extractants, in particular substantially no

am ne extractants

11. Method according to any one of the previous clainms,
wherein the organic liquid is essentially free of amnes,
ethers, and alcohols , which neans that these compounds , if

present at all, are each present in an anount of |less than 2
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w.% preferably less than 1 wt.% nore preferably |ess than

0.5 wt.% calculated on the weight of the organic Iiquid.

12.  Method according to any of the previous clains, wherein
t he aqueous m xture subjected to the forward extraction step

has a pH of 2 or |ower.

13.  Method according to any one of the preceding clains,
wherein the aqueous mi xture conprising carboxylic acid and
magnesi um chloride obtained fromthe acidification step is
subjected to a concentration step conprising concentrating
the aqueous mxture prior to extraction to a dissolved salt
concentration of at least 5 wt.% preferably at least 10
w.% nore preferably at least 15 wt.% based on the tota
wei ght of water and dissolved material in the aqueous

m xture .

14. Method according to any one of the preceding clains
wherein at l|least part of the HO from the thernal
deconposition step is recycled to the acidification step
after having been dissolved in water to obtain a HCl-

containing solution.

15. Method according to any one of the preceding clains,
wherein the magnesium oxide formed in the thernal
deconposition step is converted to nagnesi um hydroxi de, which

i s added as magnesium base to the fernentation step.
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