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(57) Abréegée/Abstract:

The Invention pertains to a method for manufacturing carboxylic acid comprising the steps of - subjecting an agqueous mixture
comprising carboxylic acid and at least 5 wt. % dissolved magnesium chloride, to a forward extraction step using a first organic
iguid comprising an organic solvent, the organic solvent being selected from the group of C5+ ketones, thereby obtaining an
organic carboxylic acid solution and an agueous waste liquid comprising magnesium chloride, - subjecting the organic carboxylic
acld solution to a back extraction step wherein the carboxylic acid Is extracted from the organic carboxylic acid solution into an
agueous liquid, thereby obtaining an agueous carboxylic acid solution and a second organic liguid, - subjecting the agueous waste
iguid comprising magnesium chloride derived from the forward extraction to a thermal decomposition step at a temperature of at
least 300 °C, thereby decomposing the magnesium chloride to magnesium oxide and HC1. 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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(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 5 wt. % dissolved magnesium chlor-
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1de, 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
S SN T carboxylic acid is extracted from the organic carboxylic acid solution into an
i aqueous liquid, thereby obtaining an aqueous carboxylic acid solution and a
3 | second organic liquid, - subjecting the aqueous waste liquid comprising
§ | magnesium chloride derived from the forward extraction to a thermal de-
composition step at a temperature of at least 300 °C, thereby decomposing
the magnesium chloride to magnesium oxide and HC1. 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 1is directed to a method for manufacturing a

carboxvylic acid through an integrated process.

PMC

Carboxvylic acids can be manufactured via fermentation of a

carbon source, such as carbohydrates or glycerol, by micro-

organisms. In such a

.

fermentation process a carpbohydrate

source 1s typically fermented by means of a micro-organism to

form a carboxylic acid. The ligquid wherein the carbohydrate

source 18 fermented i1is called the fermentation broth or the

o

fermentation medium.

LT

The formation of carboxylic acid during fermentation will

result in a decrease of the pH of the fermentation broth.

Since such a decrease

metabolic process, 1t

neutralizing agent, 1

in pH can damage the micro-—organism’s

1s common practice to add a

. €., a base, in the fermentation media 1n

order to neutralize the pH. As a result, carboxylic acid

produced in the fermentation media i1s typically present in

gl

the form of a carboxvlate salt. Although there are micro-

organisms that are to

asome extent resistant to acidic

environments, such that fermentation can be conducted at a

low pH (e.g. at a pH of 3), even in these processes at least

part of the carboxvlic acid is obtained as a carboxylate

salt.

To recover the carboxylic acid from the fermentation broth

after fermentation, downstream processing is required. In

such processing, the carboxylate salt in the fermentation

broth needs to be converted into carboxylic acid. Also, the

carboxylic acid (or carboxylate 1f not yet converted) needs

to be 1scolated from the

i

fermentation broth., Since a

fermentation broth comprises many compounds, including

significant amounts o:

- biomass (such as micro-organisms) and
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salt (originating from the neutralizing agent), recovering

and isolating carboxylic acid can be rather complex,

tyvpically reguiring multiple processing steps and leading to

waste material, 1n particular salt waste.

WO0017378 describes a process for preparing lactic acid,

<0<

In the process

which proposes to address these deficiencies.

of this reference lactic acid is manufactured by fermentation

with the pH during fermentation being adjusted with, e.qg.,

magnesium hydroxide to form magnesium lactate. The magnesium

lactate 1s reacted with HCl in an aqueous medium to form a

reaction mixture comprising lactic acid and dissolved

magnesium chloride. The acid 1s recovered from the salt

solution via forward extraction with an organic liguid,

followed by back extraction of the organic acid solution

using water, to form a product lactic acid solution. The

extraction solvent 1s selected from amines, alcohols, and

ethers, preferably iscamyl alcochol, diisopropyl ether, and

Alamine 336. The remaining magnesium chloride solution can be

subjected to a thermolysis step, where the magnesium chloride
is converted into magnesium oxide powder and hydrochloric

acid. The magnesium oxide powder 1s converted to magnesium

hydroxide, which is recycled to the fermentation step. The

hydrochloric acid is recycled to the acidification step.

The process of this reference 1s quite attractive on paper,

because i1t makes 1t possible to recycle the magnesium and the

LT

chloride, thus preventing the formation ol waste salt.

However, the process as described in WO0017378 1s not as such

suitable for commercial operation, for a number of reasons.

woh

It has appeared that a substantial amount of extraction

A

solvent ends up in the salt solution provided to the
thermohvydrolysis step. This 1s disadvantageous, not only

because solvent loss 15 as such undesirable, but also because
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fproa

the incineration of organic components in an atmosphere which

£

also contains chlorine has the risk of the formation o:

undesirable side products.

It has further appeared that the product agueous acid

solution formed in WO00/17378 contains undesirable

contaminants, which are morecover difficult to remove.

yrres

There 1s therefore need for an adapted version of the process

described in WO00/17378 which does not suffer from the above

disadvantages. The present invention provides such a process.

The present 1nvention 1s directed to a method for

gXirs

manufacturing carboxylic acid comprising the steps of

- subjecting an aqueous mixture comprising carboxylic acid

and at least 5 wt.% dissolved magnesium chloride, based on

’Dh

the total weight of water and dissolved material in the

agueous mixture to a forward extraction step wherein the

carboxylic acid i1s extracted from the agueous mixture into a

first organic liguld comprising an organic solvent, the

an

organic solvent being selected from the group of Cb+ ketones,

thereby obtaining an organic carboxylic acid solution and an

agqueous waste liquid comprising magnesium chloride,

- subjecting the organic carboxvlic acid solution to a back

extraction step wherein the carboxylic acid 1s extracted from
the organic carboxylic acid solution into an aqueocus liguid,
thereby obtaining an agueous carboxylic acid solution and a

second organic liguid,

- subjecting the agueous waste ligquilid comprising magnesium

chloride derived from the forward extraction to a Thermal

decomposition step at a temperature of at least 300 °C,

thereby decomposing the magnesium chloride to magnesium oxide

and HCL.
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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 Ch+ ketone results i1in the formation of an

end product aqueous carboxylic acid solution which contains

Zovas

less 1mpurities, and which can also be easier purified than

the solutions manufactured using the solvents described in
WO00/17378. Further, the liguid provided to the thermal

decomposition process also contailns less organic compounds,

and the compounds present therein are less harmful. Both make

for a thermal decomposition process that can be operated

under HSE-acceptable conditions without reguiring extensive

apparatus.

Not wishing to be bound by theory 1t 1s believed that the

15 solvents described in WO0017378 have the following
disadvantages. Due to their basic nature, both the ethers and

i
brn

the amines have relatively high affinity for the salt

PNrs

solution, making for a relatively high concentration of these

solvents in the salt solution to be provided to the thermal

i

decomposition step, where they may cause the formation of

undesirable side products by incomplete decomposition. For

amines as solvent there 1s the additional risk of the

formation of NOx compounds, which necessitates additional

apparatus. For ethers their provision to a thermal

decomposition step entails explosion risks. Further, for the

same reason, thelr basic nature, ethers and amines will end

up 1n the product agueous acid solution i1n relatively large

]
23]

amounts. Amines 1in particular are difficult to remove

therefrom. Further, 1t has been found that these compounds

also lead to an increased chloride concentration in the

product, due to acid-base interaction of the amine or ether

et
AN

ficult to

with HCLl. Not only are chloride compounds di:
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remove, thelr presence also places heavy requirements on

process equipment due to their corrosive nature.

The alcohols mentioned i1in WO0O017378 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 1in water, resulting in their ending up 1n the feed

for the thermal decomposition step and in the product. The

long chain alcohols are less likely to end up in the product,

but 1f they do, they are difficult to remove.

Pt
s

It has been found that the selection of a specific group of

solvents, namely the Cb+ ketones, these problems do not

occur. Further advantages for specific embodiments of the

nvention will be discussed below.

#vm
ahid

The present invention 1s sultable for the manufacture of

AN,

carboxylic acids. In one embodiment the carboxylic acid i1s a

mono-, di- or tri-carboxvyvlic acid comprising at least 2, but

no more than 6 carbon atoms (CZ2-6 carboxylic acid). In one

embodiment, the carboxylic acid 1s selected from the group

consisting of lactic acid, succinic acid, propionic acid, 3-

hydroxyopropionic acid, 2-, 3-, and 4-hydroxybutyric acid,

citric acid, fumaric acid, itaconic acid, adipic acid,

acrylic acid, levulinic acid, maleic acid, 2,5-

furandicarboxylic acid, mandelic acid, malic acid, and

tartartic acid. Preferably, the carboxylic acid 1s 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 embodiment, the carboxvylic acid 1s selected from the

mono-carboxvyvlic acids with 2-6 carbon atoms. In one

embodiment, the monocarboxylic aclid with 2-06 carbon atoms
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does not contain hvydroxyl-groups. Within this group, examples

of suitable acids are propionic acid, acrylic acid, butyric

OO

acld, and valeric acid.

In another embodiment, the monocarboxylic acid contains at

least one hydroxyl-group. Within this group, 1n one

embodiment it may be preferred to select the acid from the

group of lactic acid, glycolic acilid, 3-hydroxypropionic acid,

2=, 33—, and 4-hydroxybutyric acid. In another embodiment

within this group 1t may be preferred to select the acid from

the group of glycolic acid, 3-hydroxypropionic acid, and 2-,

3—~, and 4-hvdroxybutyric acid. In a further embodiment 1t may

be preferred for the acid to be lactic acid.

In another embodiment, the carboxvylic acid 1s a

polycarboxylic acid, more in particular a di- or tri-

carboxylic acid comprising at least 2, but no more than 6

carbon atoms (CZ2-6 carboxylic acid). In one embodiment, the

polycarboxylic acid 1s selected from the group consisting of

succinic acid, citric acid, fumaric acid, 1taconic acid,

adiplic aclid, malelc acid, 2,5-furandicarboxylic acid,

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

the polvcarboxvylic acid 1s selected from the group conslsting

of succinic acid, citric acid, fumaric acid, 1taconic acild,

adipic acid, and 2, 5-furandicarboxylic acid. The

polyvcarboxvlic acid may 1n particular be selected from

succinic acid, fumaric acid, 1taconic acid, and 2,5~

furandicarboxvyvlic acid.

In the process according to the iInvention, a mixture

comprising carboxylic acid and magnesium chloride 1is

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 agueous mixture comprising carboxylic acid

and at least 5 wt.% dissolved magnesium chloride, based on

'Mu

the total weight of water and dissolved material in the

agueous mixture to a forward extraction step wherein the

carboxylic acid is extracted from the aqueous mixture 1into a

first organic liguid comprilsing an organic solvent, thereby

obtaining an organic carboxylic acid solution and an agueous
waste liquid comprising magnesium chloride,

- subjecting the organic carboxylic acid scolution to a back
extraction step wherein the carboxylic acid is extracted from
the organic carboxylic acid solution 1nto an aqueous liquid,

thereby obtaining an agueous carboxylic acid solutlion and a

second organic liquid.

Not wishing to be bound by theory, 1t 1s believed that one or

more of the following effects may occur 1n the extraction

process in the method according to the invention.

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

agueous mixture enhances the extraction of the carboxylic

acid from the agueous mixture into the first organic liguid.

Second, 1t may be that the dissolved magnesium chloride

R4

decreases the solubility of the organic solvent 1in water. In

particular, at higher concentrations of dissolved magnesium
chloride, less solvent might dissolve 1n the aqgueous

mixture. This effect may be stronger at higher temperatures,

)

in particular in the temperature range of 20° to 100 °C.

Accordingly, forward and/or back extraction are preferably

conducted at a temperature of at least 25 “C, preferably at

least 30 °C, more preferably at least 40 °C. The lower

solubility of the organic liquid i1n water will result 1in

streams with higher purity and less solvent losses 1n both

the forward and back extraction and may thus lead to a more

v P‘“

ficient process. In contrast, the solublility of water in

F"W
i

.
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alcohol and the solubility of alcochol in water increases when

S
(revs

increasing the temperature in temperature range of 25°C and

100 °C.

Third, the solubility of the water in the organic solvent

1

during extraction may also be decreased by the presence of

the dissolved magnesium chloride.

Fourth, it was found that dissolved magnesium chloride may

suppress emulsion formation, thereby enhancing phase-

separation between the agueous and organic ligquids. This 1s

in particular advantageous when the aquecus mixture comprises

traces of biomass. Bilomass originating from a fermentation
process typically comprises compounds that can act as

surfactants. Consequently, when an agueous mixture comprising

biomass i1s brought into contact with an organic solvent,

typically an emulsion will be formed. Such emulsion formation

is undesirable, because it may disrupt the extraction process

and phase separation.

X

The agueous mixture comprises at least 5 wt.% dissolved

r

magnesium chloride. To increase the efficiency of the

extraction step in the process according to the invention 1t

is preferred for larger amounts of dissolved magnesium

chloride to be present in the agueous mixture. Therefore, the

concentration of the magnesium chloride dissolved in the

agqueous mixture is preferably as high as possible. The

agqueous mixture preferably comprises at least 10 wt.3%, more

preferably at least 15 wt.% of the magnesium chloride, based

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

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

excluding any solid matter). Even more preferably the aqueous

mixture comprises at least 20 wt.%, even more preferably at

least 25 wt.% of dissolved magnesium chloride. It may be

possible to use at least 30 wt.%, even more preferably at
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least 35 wt.$% dissolved magnesium chloride, based on the

total weight of the agueous mixture. The maximum value 1s

generally determined by the solubility of magnesium chloride,

which 1s about 45 wt.%.

P

Preferably, the agueous mixture has a dissolved magnesium

chloride concentration that is as high as possible, i.e.

i

close to the solubility of the magnesium chloride, 1.e. close

ADTA

to the maximum weight amount of the magnesium chloride that

can pe dissolved in the agueous mixture, measured at the

temperature at which forward extraction 1s conducted.

Although undissolved magnesium chloride may be present in the

agueous mixture, this 1s not desirable. Therefore, the salt

concentration in the agueous mixture 1s preferably not higher

than the solubility of the magnesium chloride 1n the aqueous

15 mixture, so as to prevent precipitation. Accordingly, 1n one

embodiment the aqueous mixture has a dissolved magnesium

chloride concentration within 10 wt.$%, preferably within 5

of the solubility of the magnesium chloride in the

i asard

O

Wi .

agueous mixture. Dissolved magnesium chloride as used herein

refers to magnesium chloride in 1its dissolved state, 1.e. 1in

the form of scolvated i1ons, in water.

In this respect, 1t 1s noted that fermentation broths

generally have a magnesium chloride concentration in the

order of 0.1 wt.$% (before adding inorganic salts, such as

K</r

neutralizing agents). Even when such a broth 1s concentrated

after fermentation, the magnesium chloride concentration will

be lower than 5 wt.%. The magnesium chloride present 1n the

mixture to be extracted will therefore not be present in the

fermentation broth as such; it generally originates from the

addition of HCl during an acidification step, and optionally

from the addition of additional magnesium chloride and/or

v

from a concentration step.
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The term “extraction” as used herein refers to liguid-ligquid

extraction, also known as sclvent extraction. Solvent

extraction is an extraction method based on the difference in

T

solubility of a compound in two different ligquids, 1.e. 1n

'D‘\w

the present case the solubility of the carboxylic acid in

water (present in the agueous mixture and the aqueous liqgquid)

forvvs
brarsra

relative to the solubility of the carboxylic acid 1n the

organic solvent (present in the organic ligquid). Forward

extraction 1s the process wherein the compound to be

extracted is extracted from the agueous mixture 1nto the

organic ligquid. Back extraction 1s the process wherein the

compound to be extracted 1s extracted from the organic liqgquid

into an agueous liguid.

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

welght amount of a compound that can be dissolved in a

certain amount of an aqgqueous mixture at a certain

temperature.

Forward extraction and back extraction as used in the method

P

of the invention are based on the difference 1n solubility of

the carboxylic acid in water and the organic solvent at

different temperatures. The solubility of a compound 1n one

solvent relative to another solvent can be expressed 1n terms

of the distribution ratio (DR). This ratio glves an

indication how a compound will be distributed over the
aqueous phase (e.g. the agueous mixture) and the organic

phase (e.g. the organic liqgquid) in a two-phase system at

equilibrium. The distribution ratio may be defined as the

ratio of the carboxylic acid concentration dissolved in the

organic phase ([carboxylic acid]organic) ©OvVver the concentration

of the carboxvlic acid dissolved in water ([carboxylic
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11

acid]yater), Provided that the two phases are in equilibrium

wilith each other:

DR = [carboxylic acid]organic / [carboxylic acid]yater (1)

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

distribution ratio, the more carboxylic acid will dissolve in

the organic phase,

The distribution ratio depends on many variables, including

the temperature and the specific compeosition of the organic

and water phase. For example, the concentration of the

dissolved magnesium chloride 1n the agueous mixture and the

o~

tvpe of solvent used will influence the distribution ratio.

During forward extraction, the carboxylic acid should

preferably dissolve better in the organic solvent than in

water. Consequently, the distribution ratio in the forward

gy

extraction should be as high as possible. In particular, a

high distribution ratio during forward extraction 18

desirable as any carboxvlic acid still present 1n the waste

Liguid will directly lead to a decrease of the total

carboxvlic acid vield when this waste liguid cannot be

reworked and/or recycled back to the process again, or used

Pwmnpotn
fravs Ve

for other purposes and should be disposed off. In case the

distribution ratio during forward extraction 1s high,

[

relatively little carboxylic acid will be lost since most o:

i

the carboxylic acid will have been dissolved in the organic

liguaid.

It is preferred for the DR in forward extraction, also

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

least 0.4, still more in particular at least 0.8.

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 liguid. It i1s preferred for

the DR 1n the backward extraction, also i1ndicated as also

indicated as Dgg Lo be at most 0.5, more 1n particular at

most 0.3, still more in particular at most 0.1.

f the distribution ratio for forward extraction 1s higher

than the distribution ratio for back extraction, this will

contribute to a concentration effect, wherein the aqgqueous

carboxylic acid solution obtained after back extraction has a

JLrve

10 higher concentration of carboxvlic acid than the agueous

mixture used as starting material 1in the forward extraction.

-

To achieve a concentration effect 1t i1s preferred for the

ratio between Dy and Dge to be at least 1.1, more in

particular at least 2. The ratio between Dpg and Dpeg will

generally not be more than 10.

Vs

The method of the invention comprises the step of providing

an agueous mixture comprising carboxvylic acid and dissolved

magnesium chloride. The agueous mixture i1s the mixture to be

extracted with the organic liguid.

The agueous mixture is preferably an agueous solution, since

extraction can be more easily conducted when no solid matter

1s present. Such a solution may be referred to as an agueous

r3ve

feed solution. Nevertheless, the presence of solid matter in

the aqueous mixture is possible to a certailn extent,
dependent on the equipment used, as will be evident to the

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

suspension. Examples of sollid matter that can be present in

such a suspension are carboxylic acid 1in solid form,

undissolved magnesium chloride and insoluble 1mpurities.

The carboxylic acid content present in the aqueous mixture is

preferably as high as possible. Depending on the solubility
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of the acid, the agueous mixture may comprise for example at

least 5 wt.%, preferably at least 10 wt.%, more preferably at

e

least 15 wt.% carboxylic acid, based on the total weight of

the agueous mixture. The water present in the agueous mixture

may be saturated with carboxylic acid. The agqueous mixture

may comprise carboxylic acid in solid form, but preferably

the solid content i1s as low as possible as solids may create

a more challenging extraction and phase separation. It 1s

g™

within the scope of the skilled person to determine the type

of commercially avallable extraction eguipment able to handle

trvs

solids. Accordingly, the carboxylic acid content in the

agueous mixture is may be higher, but 1s preferably equal to

pran

or lower than the solubility of the carboxylic acid in the

TSN

agqueous mixture. Preferably, more than 99 wt.% of the

carboxylic acid present in the agueous mixture 1s 1n

dissolved form.

y

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

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

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

carboxvlic acid 1s present in the mixture 1n acidic form,

allowing extraction.

The aqueous mixture may further comprise impuritilies, 1in

particular impurities originating from the fermentatlion

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

aTv

agueous mixture. Examples of dissolved impurities are sugars,

proteins, and salts. Inscluble biomass (e.g. micro-~organisms)

R

and insocluble salts are examples of insoluble impurities.

These impurilties may all be typically present 1n a

fermentation broth.
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In certain embodiments, 1t may be preferred that the

carboxylic acid has a solubility i1n water that 1s higher than

that of the magnesium chloride, wherein the solubility is

defined as the maximum weight amount of a compound that can

be dissolved in 100 g water at 20 °C. Thus, it is possible to

dissolve a larger amount of carboxylic acid in the aqgueous

mixture than the amount of dissolved magnesium chloride

Pm

W

without occurrence of precipitation of the magnesium chloride

or carboxylic acid. For example, 1n case MgCl,; 1s used as the

dissolved magnesium chloride, the carboxylic acid preferably

has a solubility in water of more than 60 g/100 g water at 20

°C, preferably more than 80 g/100 g, even more preferably 100
g/100.

avs

In the method according to the invention, the agqueous mixture

discussed above 18 subjected to an extraction step by

contacting i1t with an organic liguid comprising an organilic

solvent selected from the group of COS+ ketones, Thereby

obtaining an organlic carboxylic acid solution and an agueous

waste liguid comprising magnesium chloride. In this forward

extraction, the carboxvlic acid 1s separated from the

impurities present i1in the aqueous mixture by dissolving 1t in

the first organic liguid. The 1mpurities will remain in the

agueous mixture.

Preferably, the organic liquid comprises at least 90 wt.% of

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

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

liguid 1s the organic solvent. Typically, small amounts of

water can be present in the first organic liquid, 1in

particular when the liguid (partly) comprises recycled

organic solvent from a recycle step after extraction.

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

ketones. Ch+ stands for ketones with at least b carbon atoms.
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It has been found that specific solvents compounds show good

properties in the process according to the invention, 1in

particular as regards the purity or purification ability of

the end product, and as regards the composition of the waste

ligquid to be provided to the thermal decomposition step. In

HTvvE

some embodiments, the use of this solvent is associated with

T FMH

a concentration effect occurring, where the concentration of

¥ el

acid in the end product is higher than the concentration of

acid in the starting mixture. Selection of a suitable organic

solvent may contribute to establishing a high distribution

ratio during forward extraction. In that case, only a

e

relatively small amount of carboxylic acid will be lost in

the agueocus waste liguid.

~aay

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

ketones. Mixtures may also be used. The use of C9+ ketones 1s

less preferred, because these compounds may result 1n more

f’“@-

contaminants in the end product. The use of methyl-isobutyl-

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

The extraction step in the method of the invention does not

g ”?M

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

fact, the use of extracting agents in the organic solvent 1is

generally undesirable. An extractin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>