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(57) Abstract: The present invention is intended to provide a process capable of efficiently producing highly purified succinic acid
& from an alkali metal succinate by a simple separation and purification process. The process for producing succinic acid in the present
& invention comprises (1) the step to add sulfuric acid into a solution containing an alkali metal succinate, (2) the step to precipitate
and remove the crystal of an alkali metal sulfate from said solution, and (3) the step to precipitate and recover the crystal of succinic
acid. The removal of the crystal of an alkali metal sulfate in the step (2) is performed by a solid-liquid separation in a state that the
crystal of alkali metal sulfate is precipitated by concentrating and heating the solution that is obtained by adding sulfuric acid in the

step (1) and succinic acid is dissolved in the solution.
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DESCRIPTION

A process for producing succinic acid

5 Cross References of Related Application

This application is an application filed under 35
U.S.C.§111(a) claiming benefit pursuant to 35 U.S.C. §119(e)
of the filing date of Provisional Application 60/820,621 filed
on July 28, 2006, pursuant to 35 U.S.C. §111(b).
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Field of the Invention

[0001]
The present invention relates to a process for producing
succinic acid. More particularly, it relates to a process for
15 producing succinic acid having high purity that is useful for
a polymer, a food, a medicine, and a raw material for synthesis
of other chemicals by using the process in which sulfuric acid
is added to a solution containing an alkali metal succinate,
and then the resulting alkali metal sulfate and succinic acid

20 are fractionally crystallized.

Background Art

[0002]

Succinic acid is widely used for a polymer, a food, a
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medicine, and a raw material for synthesis of other chemicals.
Particularly, when it is used as a raw material for a polymer,
succinic acid of high purity is required in order to maintain
the degree of polymerization and prevent coloring. It is
possible to obtain succinic acid of high purity by increasing
the number of purification stages, but in order to perform the
industrial production economically, it is necessary to simplify
the steps of separation and purification.

[0003]

Generally, in the production of succinic acid by a
fermentation method, when the fermentation is carried out
without a pH control, the produced succinic acid accumulates
in the reaction system as the reaction progresses. Thereby,
PH of the reaction solution is lowered and deviates from a
suitable range for microorganisms to produce the succinic acid,
and as a result, the rate of succinic acid production is greatly
slowed. Therefore, the production rate is maintained by
controlling the pH usually by adding an alkaline material.
Thus, an alkali metal succinate is a form commonly observed
in the reaction solution for producing succinic acid by a
fermentation method.

[0004]
As a method for producing succinic acid of high purity

from a reaction solution containing an alkali metal succinate,
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the method to change an unsaturated aqueous solution of the salt
of succinic acid into a supersaturated aqueous solution of free
succinic acid by a water-splitting electrodialysis followed by
crystallization from the said supersaturated agqueous solution
of succinic acid is known (see Patent Document 1).

[0005]

The method in Patent Document 1, however, has a problem
that, in the processes of separation and purification of
succinic acid, there are too many steps because it requires an
ordinary electrodialysis and the like prior to the step of the
water-splitting electrodialysis in order to obtain the
supersaturated aqueous solution. In addition, there is a
problem, in the case of performing an industrial production by
using the electrodialysis, that not only the initial investment
cost for the purchase of equipments but also the running costs
after the operation, such as use of a cleaning agent for an
electrodialysis membrane, exchange of a deteriorated membrane
and the like, are high.

[0006]

As an alternative method, a process that involves the
following steps is known; Ca(OH), is added to transform to Ca
succinate, which is then recovered as crystals. Thereafter,
calcium is precipitated as gypsum by adding sulfuric acid while

succinic acid is recovered as a solution, and then succinic acid
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is crystallized by cooling (see Patent Document 2). However,
the method of Patent Document 2 has a problem that there are
too many steps and alkaline wastewater is produced at the time
of recovering Ca succinate.

[0007]

In addition, as an alternative method, a process that
involves the following steps is known; ammonium sulfate is added
under acidic condition, then succinic acid is recovered by
salting-out. Thereafter, remaining ammonium sulfate 1is
removed by extracting with methanol, and then the solvent is
recovered to crystallize succinic acid (Patent Document 3).
However, the method of Patent Document 3 has a problem that,
because it involves treatments in the system of two liquid
phases of water and methanol, not only the number of steps is
increased, but also equipments durable for an organic solvent
are needed.

[0008]

For the reasons as mentioned above, it has been desired

‘to establish the efficient production process that involves

less steps, versatile equipments with low running costs, and
simple steps of separation and purification.

[Patent Document 1] Japanese Patent No. 2944157

[Patent Document 2] Japanese Patent Laid-Open Publication No.

S62-294090



WO 2008/010373 PCT/JP2007/062193

[Patent Document 3] Japanese Patent Application Laid-Open No.

2001-514900

Disclosure of the Invention

5 [Problems to be Solved by the Invention]
[0009]

An object of the present invention is to provide a process
to efficiently produce highly-purified succinic acid from an
alkali metal succinate by simple separation and purification

10 processes.
[Means to Solve the Problems]
[0010]
The present inventors carried out an extensive study to
address the above-mentioned problems. As a result, the present
15 inventors found that succinic acid of high purity could be
separated and purified in a simple and efficient manner from
a solution containing an alkali metal succinate salt by adding
sulfuric acid into the solution containing the alkali metal
succinate, then fractionally crystallizing the resulting
20 alkalimetal sulfate and succinic acid in a state that the alkali
metal sulfate salt and succinic acid coexist, and thus completed
the present invention.
[0011]

Namely, the present invention is a method to produce
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succinic acid by performing a two-stage crystallization that
involves the following processes: sulfuric acid is added into
the solution containing the alkali metal succinate to set the
state that the alkali metal sulfate and succinic acid coexist;
then firstly the crystal of alkali metal sulfate is selectively
precipitated and removed; and subsequently the crystal of
succinic acid is selectively precipitated and recovered.
[0012]

Further, the present invention comprises, for instance,
the following processes:

[1] A process for producing succinic acid, including (1)
a step to add sulfuric acid into a solution containing an alkali
metal succinate, (2) a step to precipitate and remove the
crystal of the alkali metal sulfate from the solution, and (3)
a step to precipitate and recover the érystal of succinic acid;
[0013]

[2] The process for producing succinic acid according to
the above [1], wherein an amount of sulfuric acid to be added
in the step (1) corresponds to the equivalent amount of the
alkali metal contained in the solution;

[3] The process for producing succinic acid according to
the above [1], wherein the removal of the crystal of the alkali
metal sulfate in the step (2) is performed by a solid-liquid

separation in a state that the crystal of the alkali metal
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sulfate is precipitated by concentrating and heating the
solution that is obtained by adding sulfuric acid in the step
(1) and succinic acid is dissolved in the solution;

[0014]

[4] The process for producing succinic acid according to
the above [3], wherein the concentration of the alkali metal
sulfate is 20 g/100 g-water or more and the concentration of
succinic acid is 60 g/100 g-water or less in the solution that
is obtained by concentrating and heating the reaction solution
added with sulfuric acid, and temperature of the heating is 50°C
or higher;

[0015]

[5] The process for producing succinic acid according to
any of the above [1] to [4], wherein the recovery of the crystal
of succinic acid in the step (3) is performed by a solid-liquid
separation in a state that succinic acid is crystallized by
cooling the solution that is obtained after removing the crystal
of the alkali metal sulfate, and the unremoved alkali metal
sulfate that is remained in the step (2) is dissolved in the
solution;

[0016]

[6] The process for producing succinic acid according to

the above [5], wherein the cooling temperature of the solution

that is obtained after removing the crystal of the alkali metal
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sulfate is 50°C or lower;

[7] The process for producing succinic acid according to
the above [5] or [6], further comprising a step to rinse the
recovered crystal of succinic acid by water, the temperature
of which is lower than the temperature employed for cooling the
solution that is obtained after removing the alkali metal
sulfate;

[0017]

[8] The process for producing succinic acid according to
the above [5] or [6], further comprising the step in which the
recovered crystal of succinic acid is re-dissolved into water,
and then succinic acid is re-crystallized by cooling and
recovered;

[0018]

[9] The process for producing succinic acid according to
the above [8], further comprising a step to treat the solution
in which the crystal of succinic acid 1is re-dissolved with
activated carbons after the crystal of succinic acid is
re—dissolved into water and before the recovery of succinic acid
by re-crystallization;

[0019]

[10] The process for producing succinic acid according

to the above [3], wherein the remaining solution after

recovering the crystal of succinic acid is reprocessed by mixing
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it with the solution before the concentration and heating in
the step (2);

[11] The process for producing succinic acid according
to the above [3], wherein the rinse water recovered after
rinsing the crystal of succinic acid is reprocessed by mixing
it with the solution before the concentration and heating in
the step (2);

[0020]

[12] The process for producing succinic acid according
to the above [1l], wherein the solution containing the alkali
metal succinate is a broth by microorganisms;

[13] The process for producing succinic acid according
to the above [1l], wherein the solvent of the solution that
contains the alkali metal succinate is water.

[Effects of the Invention]
[0021]

By using the production processes of the present

invention, succinic acid of high purity can be efficiently

produced.

Brief Description of Drawings

[0085]
[Fig. 1] This Figure is a flow chart showing the process for

producing succinic acid of the present invention.
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[Fig. 2] This Figure shows the saturation solubility curves of
succinic acid and sodium sulfate relative to water by using the
model solutions.

[Fig. 3] This Figure shows the eutectic diagram of succinic acid
and sodium sulfate in the model solutions.

[Fig. 4] This Figure shows the saturation solubility curves of
succinic acid and sodium sulfate relative to water in the
reaction solution.

[Fig. 5] This Figure shows the eutectic lines of succinic acid

and sodium sulfate in the reaction solutions.

Best Mode for Carrying out the Invention

The process for producing succinic acid related to the
present invention will be explained indetail as follows. Here,
Fig. 1 shows .the flow chart of the production steps of succinic
acid in the present invention.
<Preparation of the solution containing an alkali metal
succinate salt>

In the present invention, a solution containing an alkali
metal succinate is used as the starting raw material. The
solution is not particularly restricted so long as it contains
an alkali metal succinate, and a kind of the salt is not
particularly restricted so long as it is a salt of an alkali

metal. The solvent ispreferablywater that containsnoorganic
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solvent.
[0023]

Examples of the solution that contains the alkali metal
succinate include, a reaction solution of the alkali metal
succinate salt produced by fermentation by microorganisms.
The reaction solution of an alkali metal salt obtained by use
of microorganisms may be obtained, for instance, by cultivating
the microorganisms capable of producing succinic acid in a
culture medium that contains a carbon source, a nitrogen source,
and the like with adding an aqueous solution of an alkalil metal
hydroxide as a pH adjusting agent into it. In this reaction
solution, there may be contained a small amount of other organic
acids such as acetic acid, lactic acid and the 1like as
by-products of fermentation, and their metal salts.

[0024]

In the present invention, the alkali metal succinate can
be converted into the free succinic acid by the two-stage
crystallization as follows: sulfuric acid is added into the
solution that contains the alkali metal succinate to set a state
that the alkali metal sulfate and succinic acid coexist; then
firstly the crystal of the alkali metal sulfate is selectively
precipitated and removed, and thereafter, the crystal of
succinic acid is selectively precipitated and recovered.

Further, the acid-converted succinic acid is re-dissolved into
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water, and then the crystal is recovered by re-crystallization
by cooling the solution to obtain succinic acid of high purity.
[0025]

<Addition of sulfuric acid>

The purpose of the addition of sulfuric acid into the
solution containing the alkali metal succinate salt is to make
an alkali metal sulfate by charging the sulfate ion as the
counter ion of an alkali metal ion in the solution, and to
precipitate the alkali metal sulfate to the maximum extent for
its removal in the subsequent step of crystallization of the
alkali metal sulfate (hereinafter this step may be also called
“High Temperature Crystallization”). However, the addition of
sulfuric acid to an alkali metal leaves the sulfate as the
impurity, which causes a problem for the recovery of succinic
acid of high purity. For this reason, the amount of sulfuric
acid to be added into the reaction solution preferably
corresponds to the equivalent amount of the alkali metal that
is contained in the reaction solution.

[0026]

As mentioned above, in the fermentation liquor produced
by microorganism, other organic acids usually coexist along
with succinic acid as by-products. Accordingly, an alkali
metal hydroxide to be added at the reaction is to neutralize

not only succinic acid but also other organic acids. Thus, the
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equivalent amount of succinic acid contained in the solution
is not necessarily the same as the equivalent amount of alkali
metal. Namely, in order to obtain the accurate amount of the
sulfuric acid to be added, it is preferred to use the equivalent
amount of the alkali metal rather than the equivalent amount
of succinic acid.
[0027]
<High Temperature Crystallization>

The solution obtained after adding sulfuric acid is
concentrated and heated in such a manner as to give the solution
in which the concentration of the alkali metal sulfate is more
than its saturation solubility in the solution and that of
succinic acid is less than its saturation solubility in the
solution, so that the crystal of the alkali metal sulfate is
precipitated selectively. The concentration of the alkali
metal sulfate after concentration and heating,” the
concentration of succinic acid, and the temperature are not
particularly restricted, so long as they satisfy the
above-mentioned conditions and the selective crystallization
of the crystal of the alkali metal sulfate is not adversely
affected.
[0028]

Inithe system in which succinic acid and the alkali metal

salt coexist, the solubility of succinic acid tends to increase
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as the temperature increases, while the solubility of the alkali
metal salt tends to decrease or stay nearly constant as the
temperature increases. Therefore, in order to further
increase the recovered amount of succinic acid and to further
decrease the amount of alkali metal salts that will become
impurities in performing the selective crystallization and
recovery of succinic acid in the subsequent step (hereinafter,
this step may be also called “Low Temperature Crystallization”),
it is preferred that the temperature after concentration and
heating is as high as possible so long as the decomposition of
succinic acid does not take place, usually 50°C or higher, more
preferably 70 to 80°C.

[0029]

Further, as for the concentrations of the alkali metal
sulfate and succinic acid after the concentration and heating,
for instance when the heating temperature is set at 50°C or
higher, it is preferred that the concentration of the alkali
metal sulfate in the solution is 20 g/100 g-water or higher and
the concentration of succinic acid is 60 g/100 g-water or lower,
and more preferably, the concentration of the alkali metal
sulfate is in the range of 60 to 80 g/100 g-water and the
concentration of succinic acid is in the range of 30 to 50 g/100
g-water.

[0030]
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When the concentrations are outside the above-mentioned
ranges, for instance, when the concentration of succinic acid
is above the range, succinic acid is precipitated along with
the alkali metal sulfate, and thus it leads to the loss of
succinic acid. Also, when the concentration of succinic acid
is below the range, the recovery yield of the crystal of succinic
acid tends to be lowered in the subsequent step, namely, the
process of Low Temperature Crystallization‘. On the contrary,
when the concentration of the alkali metal sulfate is above the
range, the amount of its crystal is so large that the efficiency
of the solid-liquid separation tends to be lowered. Also, when
the concentration of the alkali metal sulfate is below the range,
the amount of its crystal is lowered and the ratio of the amount
of the crystal of the alkali metal sulfate to the total amount
is lowered so that the removal efficiency tends to be decreased.
[0031]

As the solid-liquid separation methods .for the
precipitated alkali metal sulfate, such methods as a
centrifugal separation, a centrifugal filtration, a filter
press, a membrane filtration and the like may be employed, that
have the function to maintain the temperature in the systems
during the solid-liquid separation at the same level or above
of the temperature at the concentration and heating, and keep

a state that only the crystal of the alkali metal sulfate is
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precipitated while the crystal of succinic acid 1s not
precipitated during the separation process.

[0032]

<Low Temperature Crystallization>

A state is set in such a manner that the crystal of succinic
acid are selectively precipitated by cooling the
above-mentioned solution obtained after removing the crystal
of the alkali metal sulfate.

[0033]

In the cooled solution, uncrystallized.succinic acid and
the remaining alkali metal sulfate that is not crystallized in
the previous step are dissolved. Therefore, in order to make
a state that the alkali metal sulfate is more surely dissolved,
the concentration of the alkali metal sulfate may be lowered
by cooling and diluting with water at the same time.

[0034]

Although the temperature for cooling is not particularly
restricted so long as the selective crystallization of succinic
acid is not adversely affected, the temperature is preferred
to be lower than that in the process of the High Temperature
Crystallization, namely 50°C or lower, and more preferably 35
to 40°C.

[0035]

As the alkali metal sulfate, there may be mentioned sodium
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sulfate and potassium sulfate, but sodium sulfate is
particularly preferred. The saturation solubility of sodium
sulfate in water is almost constant above the transition
temperature from the crystal water type to the anhydrous salt
type. On the other hand, the saturation solubility of succinic
acid in water is increased as the temperature becomes higher.
Therefore, the saturation solubility curves for the both
compounds intersect with each other as shown in Fig. 2. It is
possible to selectively precipitate sodium sulfate at the
temperature region higher than the intersected temperature, and
it is possible to selectively precipitate succinic acid at the
temperature region lower than the intersected temperature.
Meanwhile, it is preferred to selectively crystallize the
compounds at the temperature where the difference in the
saturation solubility of the two compounds is large. Further
as shown in Fig. 2, the precipitation of sodium sulfate takes
place easily at the temperature lower than the transition
temperature from the crystal water type to the anhydrous salt
type (32.4°C) as the saturation solubility of sodium sulfate
is lowered. For this reason, it 1s preferred to perform the
Low Temperature Crystallization at 35°C or higher.
[0036]

Recovery of the cfystal is performed by solid-liquid

separation of the solution containing crystallized succinic
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acid (hereinafter this solution may be also called “Crystal
Solution”) followed by rinsing to remove impurities attached
to the crystal.

As the methods for solid-liquid separation, such methods
as a centrifugal separation, a centrifugal filtration, a filter
press filtration, a membrane filtration and the like may be
employed. In terms of the recovery efficiency of succinic acid
and the removal efficiency of attached impurities, the
solid-liquid separation method with a filter cloth type is
advantageous. Inparticular, it ispreferredtoemploya filter
press and/or a centrifugal filtration. In addition, in terms
of maintaining the crystal recovery yield, it is preferred to
maintain the temperature of the Crystal Solution at the
temperature employed during the cooling.

[0037]

Further, the iméurities attached to the crystal can be
rinsed out by charging water or the filtrated solution that is
recovered after solid-liquid separation in the
re-crystallization process described below, as a rinsing
solution, onto the filtration surface in a state that the
crystal in the Crystal Solution is recovered on the filtration
surface in the solid-liquid separation process. It 1is
preferred that the rinsing solution is cooled below the

temperature of the Crystal Solution in terms of securing the
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yield of crystal recovery. In addition, it is preferred that
the concentration of succinic acid in the rinsing solution is
near the concentration of the saturation solubility at the
temperature to minimize the loss of succinic acid caused by
dissolution into the rinsing solution. For example, when water
is used as the rinsing solution, it is preferéed to lower the
saturation solubility by lowering the water temperature. The
amount of charging liquid can be adjusted appropriately
depending on the kinds and amounts of impurities in the
filtrated solution, intended purity level, recovery yield, and
the like.
[0038]
<Dissolution of crystal, treatment with activated carbons, and
re-crystallization>

In the solid-liquid separation process for recovery of
the succinic acid crystal, if it is desired to further reduce
the concentration of impurities attached to the crystal, the
attached impurities can:be removed by the following processes:
after the recovered succinic acid crystal is dissolved in water
or hot water, the obtained solution is treated with activated
carbons as necessary, and is cooled to re-precipitate the
crystal, which is again separated by solid-liquid separation.

[0039]

In this case, the concentration of succinic acid after
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dissolution and the cooling temperature are not particularly
restricted so long as they do not adversely affect the
crystallization by cooling. Further, the process of
solid-liquid separation may be performed only by the recovery
of the crystal, and also the crystal may be rinsed as necessary
by charging water after the solid-liquid separation. In
addition, the number of operation for re-precipitation and
solid-liquid separation is not necessarily limited to one time.
[0040]

<Drying>

The recovered crystal of succinic acid can be dried by
removal of water to make a dry product. The methods for drying
in the present case are not particularly restricted so long as
the drying is performed so that the properties of succinic acid
would not change and that succinic acid would not be
contaminated by impurities.

[0041]

Meanwhile, the residual solution that is obtained after
recovering succinic acid crystal Dby Low Temperature
Crystallization and re-crystallization can be reprocessed by
putting back to the solution before the concentration and
heating process. When the reprocessing is performed, since
impurities in the system are accumulated, it is preferred that

the filtrated solution of the Low Temperature Crystallization
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is removed outside the system without being reprocessed
appropriately in view of the efficiency of separation and
purification.

[0042]

As explained in the above, the process for producing
succinic acid of the present invention is the process in which
sulfuric acid is added into the solution containing the alkali
metal succinate, and then the alkali metal sulfate and succinic
acid are fractionally crystallized in a state that the alkali
metal sulfate and succinic acid coexist, which is a simple
purification process involving only a crystallization
technique with less steps. By the production process of the
present invention, it is possible to obtain the crystal of
succinic acid with high purity in an efficient manner by using

versatile equipments for performing a crystallization process.

[0043]
Examples
In the following, the present invention will be explained
more specifically based on examples, but the present invention
is not restricted by these examples at all. Meanwhile, in the
following examples, a certain amount of materials are lost due
to sampling for analyses of components in each step, but the

yield and the like were recorded without taking these losses
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into consideration.
[0044]
<Measurement of the eutectic point by using a model solution>

To 180 g of water in a 500 mL-Erlenmeyer flask with a
stopper were added 144 g of succinic acid and 108 g of sodium
sulfate to prepare the supersaturated coexistence slurry
solution. The slurry solution was kept in a water bath with
stirring and adjusted at 35°C, 45°C, 60°C, and 80°C, respectively,
followed by stirring for 2 hours or longer after they reached
their intended temperatures. After that, the concentrations
of succinic acid and sodium sulfate in the supernatant were
analyzed. Asaresult, the concentrations of succinic acidwere
4.6 g/100 g-water at 35°C, 7.8 g/100 g-water at 45°C, 20.0 g/100
g-water at 60°C, and 55.3 g/100 g-water at 80°C, respectively.
And the concentrations of sodium sulfate were 46.4 g/100 g-water
at 35°C, 42.0 g/100 g-water at 45°C, 36.9 g/100 g-water at 60°C,
and 28.8 g/100 g-water at 80°C, respectively. The solubility
curves of these compounds are shown in Fig. 2 (see coexistence
system), and the eutectic lines are shown in Fig. 3. Here,
“g/100 g-water” means the concentration unit as expressed in
terms of weight (g) of the solute dissolved in 100 g of water.
[0045]

From Fig. 2, a tendency can be seen that, in the model

system of two components containing succinic acid and sodium
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sulfate, as the temperature is lowered, the solubility of
succinic acid is decreased while the solubility of sodium
sulfate is increased, and as the temperature is raised, the
solubility of succinic acid is increased while the solubility
of sodium sulfate is decreased. Thus it was confirmed that
sodium sulfate could be selectively precipitated at higher
temperature region, or succinic acid could be selectively
precipitated at lower temperature region.

[0046]

In addition, it was found that the eutectic lines tend
to tilt slightly toward the left side as shown in Fig. 3. It
was confirmed that, in the coexistence solution having the
composition of succinic acid and sodium sulfate in the lower
left region from the eutectic line, in the case that the moving
line of the concentration with a constant ratio of the two
components intersects with the eutectic line when the
coexistence solution was concentrated, a state in which sodium
sulfate was selectively crystallized could be obtained when the
coexistence solution was concentrated by choosing the
temperature of the coexistence solution above the temperature
of the intersected eutectic point, and furthermore, a state in
which succinic acid was selectively crystallized could be
obtained on cooling after the precipitated sodium sulfate was

removed.
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[0047]
<Addition of sulfuric acid to the reaction solution and
measurement of eutectic point >

The sterile reaction solutions (A), (B) and (C) of 1.0
L each, having the composition of an organic acid, a cation,
an anion, and sugar, as determined by HPLC analysis shown in
Table 1 and containing Na succinate produced by fermentation,
were taken in beakers. Then, sulfuric acid was added into them
in such amounts as to give the same equivalent amount as the
concentrations of the alkali metals contained in the respective
solutions, namely 111 g of sulfuric acid to the reaction
solution (A), 84 g of sulfuric acid to the reaction solution
(B), and 50 g of sulfuric acid to the reaction solution (C),
with stirring the solutions by stirrers. These solutions were
concentrated with a rotary evaporator by five folds to attain
the supersaturated state, and then all of the slurry solutions
were transferred into a 300 mL-Erlenmeyer flask with a stopper.
These were stirred by stirrers in water baths to adjust their
temperatures at 35°C, 45°C, 60°C and 80°C. Then the
concentrations of succinic acid and sodium sulfate in the
supernatants were measured after stirring two hours or longer
after they reached the temperatures, and the solubility curves
(Fig. 4) and the eutectic lines (Fig. 5) were confirmed.

[0048]
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It was confirmed that the solubility curves and the
eutectic lines of the reaction solutions were similar to those
of the model solutions, and therefore the fractional

crystallizations as mentioned above were possible.

[Example 1]
<Separation and purification of the reaction solution (A)>
(Addition of sulfuric acid)

To 2080 g (2.0 L) of the reaction solution (A) having the
composition as shown in Table 1, 223 g of concentrated sulfuric
acid that corresponds to the equivalent amount of the alkali
metals contained in the reaction solution (A) was added with
stirring to obtain the initial process solution. As shown in
Table 2, the initial process solution contained 2303 g (2.2 L)
of the reaction solution, containing 231 g (13.7 g/100 g-water)
of succinic acid and 323 g (19.2 g/100 g-water) of sodium
sulfate.

[0049]
(High Temperature Crystallization)

Subsequently, the initial process solution was
concentrated with a rotary evaporator to be 1082 g to make the
concentration of succinic acid 46 g/100 g-water and sodium
sulfate 65 g/100 g-water, and then all of the solution was

transferred into an Erlenmeyer flask with a stopper. The flask
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was plugged with a stopper and then the solution in the flask
was warmed with stirring in a water bath at 80°C in the
hermetically closed state. After the concentrated solution
was stirred at 80°C for 2 hours, solid-liquid separation was
performed by a suction filtration using a 5B filter paper and
a Nutsche funnel having an inner diameter of 110 mm which was
warmed at 80°C in advance.

[0050]

The weight of recovered filtrated solution was 798 g,
containing 215 g of succinic acid, 77 g of sodium sulfate, 483
g of water, and 22 g of other components. Also, the weight of
recovered crystal was 284 g, containing 245 g of sodium sulfate,
16 g of succinic acid, 17 g of water, and 5 g of other components.
By the High Temperature Crystallization, 93 % of succinic acid
in the initial process solution was recovered in the filtrated
solution, while 76 % of sodium sulfate in the initial process
solution was removed as thehcrystal.

[0051]
(Low Temperature Crystallization)

All of 798 g of the filtrated solution recovered by the
High Temperature Crystallization was transferred into an
Erlenmeyer flask with a stopper. The flask was plugged with
a stopper and then the solution in the flask was cooled with

stirring in a water bath at 35°C in the hermetically closed state.
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After the concentrated solution was stirred at 35°C for 2 hours,
solid-liquid separation was performed by a suction filtration
using a 5B filter paper and a Nutsche funnel having an inner
diameter of 110 mm which was kept at 35°C in advance. Further,
after all of the crystals were recovered on the funnel, the
crystals on the funnel were rinsed by charging 215 g of water
with a temperature of 35°C.
[0052]

The weight of the recovered crystal was 176 g, containing
164 g of succinic acid, 0 g of sodium sulfate, 10 g of water,
and 2 g of other components. Also, the weight of the recovered
filtrated solution including the rinse water was 837 g in total,
containing 51 g of succinic acid, 77 g of sodium sulfate, 688
g of water, and 20 g of other components. By the Low Temperature
Crystallization, 71 % of succinic acid was recovered as the

crystal relative to 100 % of succinic acid contained in the

\C

initial process solution, while 24 % of sodium sulfate was
contained in the filtrated solution and was removed. In
addition, in the recovered succinic acid crystal, Na was
completely removed, and furthermore impurities such as organic
acids other than succinic acid and the 1like were removed by 97 %.
[0053]

(Re—crystallization)

In order to remove other components contained in the
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recovered crystal by the Low Temperature Crystallization, 176
g of the crystal recovered by the Low Temperature
Crystallization was added to 650 g of water in an Erlenmeyer
flask with a stopper with stirring. Then, the flask was plugged
with a stopper, and the solution in the flask was warmed with
stirring in a water bath at 65°C in the hermetically closed state.
Warming at 65°C and stirring by a stirrer were continued, and
when it was confirmed that the crystals were completely
dissolved, the solution in the flask was cooled to 5°C with
stirring in a water bath. After the filtrated solution was
stirred with maintaining the temperature at 5°C for 2 hours,
solid-liquid separation was performed by a suction filtration
using a 5B filter paper and a Nutsche funnel having an inner
diameter of 110 mm which was cooled at 5°C in advance. Further,
after all of the crystals were recovered on the funnel, the
crystals on the funnel were rinsed by charging 160 g of water
with a temperature of 5°C.
[0054]

The weight of the recovered crystal was 152 g, containing
140 g of succinic acid, 0 g of sodium sulfate, 12 g of water,
and 0 g of other components. Also, the weight of the recovered
filtrated solution including the rinse water was 834 g,
containing 24 g of succinic acid, 0 g of sodium sulfate, 808

g of water, and 2 g of other components. By re-crystallization,
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61 % of succinic acid was recovered as the crystal relative to
100 % of succinic acid contained in the initial process solution.
In addition, impurities were completely removed from the
recovered crystal of succinic acid. When the filtrated
solution recovered in the processes of the Low Temperature
Crystallization and the re-crystallization were recycledto the
subsequent treatments, the amount of the loss of succinic acid
that cannot be recycled in this Example was 16 g, namely 7 %

relative to its content in the initial process solution.

[0055]

[Example 2]

<Separation and purification of the reaction solution (B)>
(Addition of sulfuric acid)

To 2060 g (2.0 L) of the reaction solution (B) having the
composition as shown in Table 1, 168 g of concentrated sulfuric
acid that corresponds to the equivalent amount of the alkali
metals contained in the reaction solution was added with
stirring to obtain the initial process solution. As shown in
Table 2, the initial process solution contained 2228 g (2.1 L)
of the reaction solution, containing 161 g (9.3 g/100 g-water)
of succinic acid and 244 g (14.0 g/100 g-water) of sodium
sulfate.

[0056]
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(High Temperature Crystallization)

Subsequently, the initial process solution was
concentrated with a rotary evaporator to be 795 g to make the
concentration of succinic acid 46 g/100 g-water and sodium
sulfate 69 g/100 g-water, and then all of the solution was
transferred into an Erlenmeyer flask with a stopper. The flask
was plugged with a stopper and then the solution in the flask
was warmed with stirring in a water bath at 80°C in the
hermetically closed state. After the concentrated solution
was stirred at 80°C for 2 hours, solid-ligquid separation was
performed by a suction filtration using a 5B filter paper and
a Nutsche funnel having an inner diameter of 110 mm which was
warmed at 80°C in advance.

[0057]

The weight of recovered filtrated solution was 577 g,
containing 152 g of succinic acid, 58 g of sodium sulfate, 338
g of water, and 29 g of other components. Also, the weight of
the recovered crystal was 218 g, containing 185 g of sodium
sulfate, 10 g of succinic acid, 17 g of water, and 6 g of other
components. By the High Temperature Crystallization, 94 % of
succinic acid in the initial process solution was recovered in
the filtrated solution, and 76 % of sodium sulfate in the initial

process solution was removed as the crystal.

[0058]
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(Low Temperature Crystallization)

All of 577 g of the filtrated solution recovered by the
High Temperature Crystallization was transferred into an
Erlenmeyer flask with a stopper. The flask was plugged with
a stopper and then the solution in the flask was cooled with
stirring in a water bath at 35°C in the hermetically closed state.
After the concentrated solution was stirred at 35°C for 2 hours,
solid-liquid separation was performed by a suction filtration
using a 5B filter paper and a Nutsche funnel having an inner
diameter of 110 mm which was kept at 35°C in advance. Further,
after all of the crystals were recovered on the funnel, the
crystals on the funnel were rinsed by charging 152 g of water
with a temperature of 35°C.
[0059]

The weight of the recovered crystal was 125 g, containing
113 g of succinic acid, 0 g of sodium sulfate, 10 g of water,
and 2 g of other components. Also, the weight of the recovered
filtrated solution including the rinse water was 604 g in total,
containing 39 g of succinic acid, 58 g of sodium sulfate, 480
g of water, and 27 g of other components. By the Low Temperature
Crystallization, 70 % of succinic acid was recovered as the
crystal relative to 100 % of succinic acid contained in the
initial process solution, while 24 % of sodium sulfate was

contained in the filtrated solution and was removed. In
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addition, in the recovered succinic acid crystal, Na was
completely removed, and furthermore other impurities were
removed by 97 %.

[0060]

(Re-crystallization)

In order to remove other components contained in the
recovered crystal by the Low Temperature Crystallization, 125
g of the crystal recovered by the TLow Temperature
Crystallization was added to 450 g of water in an Erlenmeyer
flask with a stopper with stirring. Then, the flask was plugged
with a stopper, and the solution in the flask was warmed with
stirring in a water bath at 65°C in the hermetically closed
state.

[0061]

Warming at 65°C and stirring by a stirrer were continued,
and when it was confirmed that the crystals were completely
dissolved, 3.4 g of activated carbons BA-50 (manufactured by
Ajinomoto-Fine-Techno Co., Inc.), 3 % relative to the weight
of succinic acid, was added. The treatment by warming at 65°C
and stirring was continued for 1 hour after adding the activated
carbons, the filtrated solution was recovered by a suction
filtration using a 5C filter paper and a Nutsche funnel having
an inner diameter of 110 mm which was kept at 65°C in advance.

The weight of the recovered filtrated solution was 550 g, and
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109 g of succinic acid was contained in it.
[0062]

All of the recovered filtrated solution was transferred
into an Erlenmeyer flask with a stopper, and the solution in
the flask was cooled with stirring in a water bath at 5°C in
the hermetically closed state. After the filtrated solution
was stirred with maintaining the temperature at 5°C for 2 hours,
solid-liquid separation was performed by a suction filtration
using a 5B filter paper and a Nutsche funnel having an inner
diameter of 110 mm which was kept at 5°C in advance. Further,
after all of the crystals were recovered on the funnel, the
crystals on the funnel were rinsed by charging 110 g of water
with a temperature of 5°C.

[0063]

The weight of the recovered crystal was 97 g, containing
90 g of succinic acid, 0 g of sodium sulfate, 7 g of water, and
0 g of other components. Also, the weight of the recovered
filtrated solution including the rinse water was 563 g in total,
containing 19 g of succinic acid, 0 g of sodium sulfate, 543
g of water, and 1 g of other components. By re-crystallization,
56 % of succinic acid was recovered as the crystal relative to
100 & of succinic acid contained in the initial process solution.
In addition, impurities were completely removed from the

recovered crystal of succinic acid. When the filtrated
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solutions recovered in the processes of the Low Temperature
Crystallization and the re-crystallization were recycled to the
subsequent treatments, the amount of the loss of succinic acid
that cannot be recycled in this Example was 14 g, 9 % relative

to its content in the initial process solution.

[0064]

[Example 3]

<Separation and purification of the reaction solution (C)>
(Addition of sulfuric acid)

To 2040 g (2.0 L) of the reaction solution (C) having the
composition as shown in Table 1, 100 g of concentrated sulfuric
acid was added with stirring to obtain the initial process
solution. As shown in Table 2, the initial process solution
contained 2140 g (2.1 L) of the reaction solution, containing
72 g (4.0 g/100 g-water) of succinic acid and 145 g (7.9 g/100
g-water) of sodium sulfate.

[0065]
(High Temperature Crystallization)

Subsequently, the 'initial process solution was
concentrated with a rotary evaporator to be 456 g to make the
concentration of succinic acid 36 g/100 g-water and sodium
sulfate 73 ¢g/100 g-water, and then all of the solution was

transferred into an Exrlenmeyer flask with a stopper. The flask
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was plugged with a stopper and then the solution in the flask
was warmed with stirring in a water bath at 80°C in the
hermetically closed state. After the concentrated solution
was stirred at 80°C for 2 hours, solid-liquid separation was
performed by a suction filtration using a 5B filter paper and
a Nutsche funnel having an inner diameter of 110 mm which was
warmed at 80°C in advance.
[0066]

The weight of the recovered filtrated solution was 324
g, containing 66 g of succinic acid, 33 g of sodium sulfate,
190 g of water, and 35 g of other components. Also, the weight
of the recovered crystal was 132 g, containing 112 g of sodium
sulfate, 7 g of succinic acid, 10 g of water, and 4 g of other
components. By the High Temperature Crystallization, 91 % of
succinic acid in the initial process solution was recovered in
the filtrated solution, and 77 % of sodium sulfate was removed
as the crystal.
[0067]
(Low Temperature Crystallization)

All of 324 g of the filtrated solution recovered by the
High Temperature Crystallization was transferred into an
Erlenmeyer flask with a stopper. The flask was plugged with
a stopper and then the solution in the flask was cooled with

stirring in a water bath at 35°C in the hermetically closed state.
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After the concentrated solution was stirred at 35°C for 2 hours,
solid-liquid separation was performed by a suction filtration
using a 5B filter paper and a Nutsche funnel having an inner
diameter of 110 mm which was kept at 35°C in advance. Further,
after all of the crystals were recovered on the funnel, the
crystals on the funnel were rinsed by charging 66 g of water
with a temperature of 35°C.
[0068]

The weight of the recovered crystal was 59 g, containing
51 g of succinic acid, 0 g of sodium sulfate, 5 g of water, and
3 g of other components. Also, the weight of the recovered
filtrated solution including the rinse water was 331 g in total,
containing 15 g of succinic acid, 33 g of sodium sulfate, 251
g of water, and 32 g of other components. By the Low Temperature

Crystallization, 70 % of succinic acid was recovered as the

e

crystal relative to 100 % of succinic acid contained in the
initial process solution, while 23 % of sodium sulfate was
contained in the filtrated solution and was removed. Further,
in the recovered crystal of succinic acid, Na was completely
removed, and furthermore, other impurities were removedby 97 %.
[0069]
(Re-crystallization)

In order to remove other components contained in the

recovered crystal by the Low Temperature Crystallization, 59
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g of the crystal recovered by the Low Temperature
Crystallization was added to 200 g of water in an Erlenmeyer
flask with a stopper with stirring. Then, the flask was plugged
with a stopper, and the solution in the flask was warmed with
stirring in a water bath at 65°C in the hermetically closed
state.

[0070]

Warming at 65°C and stirring by a stirrer were continued,
and when it was confirmed that the crystals were completely
dissolved, 2.5 g of activated carbons BA-50 (manufactured by
Ajinomoto-Fine-Techno Co., Inc.), 5 % relative to the weight
of succinic acid, was added. The treatment by warming at 65°C
and the stirring was continued for 1 hour after adding the
activated carbons, and then the filtrated solution was
recovered by a suction filtration using a 5C filter paper and
a Nutsche funnel having an inner diameter of 110 mm which was
warmed at 65°C in advance. The weight of the recovered
filtrated solution was 235 g, and 47 g of succinic acid was
contained in it.

[0071]

All of the recovered filtrated solution was transferred
into an Erlenmeyer flask with a stopper, and the solution in
the flask was cooled with stirring in a water bath at 5°C in

the hermetically closed state. After the filtrated solution
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was stirred with maintaining the temperature at 5°C for 2 hours,
solid-liquid separation was performed by a suction filtration
using a 5B filter paper and a Nutsche funnel having an inner
diameter of 110 mm which was kept at 5°C in édvance. Further,
after all of the crystals were recovered on the funnel, the
crystals on the funnel were rinsed by charging 50 g of water
with a temperature of 5°C.
[0072]

The weight of the recovered crystal was 42 g, containing
38 g of succinic acid, 0 g of sodium sulfate, 4 g of water, and
0 g of other components. Also, the weight of the recovered
filtrated solution including the rinse water was 243 g in total,
containing 9 g of succinic acid, 0 g of sodium sulfate, 233 g
of water, and 2 g of other components. By re-crystallization,
53 % of succinic acid was recovered as the crystal relative to
100 % of succinic acid contained in the initial process solution.
In addition, impurities were completely removed from the
recovered crystal of succinic acid. When the filtrated
solutions recovered in the processes of the Low Temperature
Crystallization and the re-crystallization were recycled to the
subsequent treatments, the amount of the loss of succinic acid
that cannot be recycled in the present Example was 11 g, 15 %

relative to its content in the initial process solution.
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[0073]

[Example 4]

<The second separation and purification of the reaction
solution (B)>

(Addition of sulfuric acid)

To 2060 g (2.0 L) of the reaction solution (B) having the
composition shown in Table 1, 168 g of concentrated sulfuric
acid was added with stirring. As the result, the obtained
solution contained 2228 g (2.1 L) of the initial process
solution, containing 161 g (9.3 g/100 g-water) of succinic acid
and 244 g (14.0 g/100 g-water) of sodium sulfate.

[0074]
(Recycle of the filtrated solution)

To the obtained solution with sulfuric acid, 604 g of the
filtrated solution recovered at the process of Low Temperature
Crystallization and 563 g of the filtrated solution recovered
at the process of re-crystallization in Example 2 were added
and mixed to prepare the initial process solution. The obtained
initial process solution contained 3395 g (3.3 L) of themixture
solution, containing 219 g (7.9 g/100 g-water) of succinic acid
and 302 g (10.9 g/100 g-water) of sodium sulfate.

[0075]
(High Temperature Crystallization)

Subsequently, the 1initial ©process solution was
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concentrated with a rotary evaporator to be 1019 g to make the
concentration of succinic acid 49 g/100 g-water and sodium
sulfate 67 ¢g/100 g-water, and then all of the solution was
transferred into an Erlenmeyer flask with a stopper. The flask
was plugged with a stopper and then the solution in the flask
was warmed with stirring in a water bath at 80°C in the
hermetically closed state. After the concentrated solution
was stirred at 80°C for 2 hours, solid-liquid separation was
performed by a suction filtration using a 5B filter paper and
a Nutsche funnel having an inner diameter of 110 mm which was
warmed at 80°C in advance.

[0076]

The weight of recovered filtrated solution was 743 g,
containing 202 g of succinic acid, 73 g of sodium sulfate, 430
g of water, and 39 g of other components. Also, the weight of
the recovered crystal was 275 g, containing 230 g of sodium
sulfate, 18 g of succinic acid, 20 g of water, and 8 g of other
components. By the High Temperature Crystallization, 92 % of
succinic acid in the initial process solution was recovered in
the filtrated solution, and 76 % of sodium sulfate was removed
as the crystal.

[0077]
(Low Temperature Crystallization)

All of 743 g of the filtrated solution recovered by the
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High Temperature Crystallization was transferred into an
Erlenmeyer flask with a stopper. The flask was plugged with
a stopper and then the solution in the flask was cooled with
stirring in a water bath at 35°C in the hermetically closed state.
After the concentrated solution was stirred at 35°C for 2 hours,
solid-liquid separation was performed by a suction filtration
using a 5B filter paper and a Nutsche funnel having an inner
diameter of 110 mm which was kept at 35°C in advance. Further,
after all of the crystals were recovered on the funnel, the
crystals on the funnel were rinsed by charging 202 g of water
with a temperature of 35°C.
[0078]

The weight of the recovered crystal was 174 g, containing
156 g of succinic acid, 0 g of sodium sulfate, 14 g of water,
and 4 g of other components. Also, the weight of the recovered
filtrated solution including the rinse water was 772 g in total,
containing 46 g of succinic acid, 73 g of sodium sulfate, 6018
g of water, and 35 g of other components. By the Low Temperature
Crystallization, 71 % of succinic acid was recovered as the
crystal relative to 100 % of succinic acid contained in the
initial process solution, while 24 % of sodium sulfate was
contained in the filtrated solution and was removed. In
addition, in the recovered succinic acid crystal, Na was

completely removed, and furthermore other impurities were
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removed by 96 %.
[0079]
(Re-crystallization)

In order to remove other components contained in the
recovered crystal by the Low Temperature Crystallization, 174
g of the «crystal recovered by the Low Temperature
Crystallization was added to 650 g of water in an Erlenmeyer
flask with a stopper with stirring. Then, the flask was plugged
with a stopper, and the solution in the flask was warmed with
stirring in a water bath at 65°C in the hermetically closed
state.

[0080]

Warming at 65°C and stirring by a stirrer were continued,
and when it was confirmed that the crystals were completely
dissolved, 4.7 g of activated carbons BA-50 (manufactured by
Ajinomoto-Fine-Techno Co., Inc.), 3 % relative to the weight
of succinic acid, was added. The treatment by warming at 65°C
and stirring was continued for 1 hour after adding the activated
carbons, and then the filtrated solution was recovered by a
suction filtration using a 5C filter paper and a Nutsche funnel
having an inner diameter of 110 mm which was kept at 65°C in
advance. The weight of the recovered filtrated solution was
785 g, and 150 g of succinic acid was contained in it.

[0081]
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All of the recovered filtrated solution was transferred
into an Erlenmeyer flask with a stopper, and the solution in
the flask was cooled with stirring in a water bath at 5°C in
the hermetically closed state. After the filtrated solution
was stirred with maintaining the temperature at 5°C for 2 hours,
solid-liquid separation was performed by a suction filtration
using a 5B filter paper and a Nutsche funnel having an inner
diameter of 110 mm which was kept at 5°C in advance. Further,
after all of the crystals were recovered on the funnel, the
crystals on the funnel were rinsed by charging 150 g of water
with a temperature of 5°C.

[0082]

The weight of the recovered crystal was 137 g, containing
125 g of succinic acid, 0 g of sodium sulfate, 12 g of water,
and 0 g of other components. Also, the weight of the recovered
filtrated solution including the rinse water was 798 g in total,
containing 25 g of succinic acid, 0 g of sodium sulfate, 771
g of water, and 2 g of other components. By re-crystallization,
57 % of succinic acid was recovered as the crystal relative to
100 % of succinic acid contained in the initial process solution.
In addition, impurities were completely removed from the
recovered crystal of succinic acid. When the filtrated
solutions recovered in the processes of the Low Temperature

Crystallization and the re-crystallization were recycled to the



WO 2008/010373 PCT/JP2007/062193
44

subsequent treatments, the amount of the loss of succinic acid
that cannot be recycled in the present Example was 24 g, 11 %

relative to its content in the initial process solution.

[0083]
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CLAIMS

1. A process for producing succinic acid, comprising
(1) a step to add sulfuric acid into a solution containing an
alkali metal succinate, (2) a step to precipitate and remove
the crystal of an alkali metal sulfate from the solution, and
(3) a step to precipitate and recover the crystal of succinic

acid.

2. The process for producing succinic acid according
to claim 1, wherein an amount of sulfuric acid to be added in
the step (1) corresponds to the equivalent amount of the alkali

metal contained in the solution.

3. The process for producing succinic acid according
to clainli, wherein the removal of a crystal of the alkali metal
sulfate in the step (2) is performed by a solid-liquid
separation in a state that the crystal of alkali metal sulfate
is precipitated by concentrating and heating the solution that
is obtained by adding sulfuric acid in the step (1) and succinic

acid 1s dissolved in the solution.

4. The process for producing succinic acid according

to claim 3, wherein the concentration of the alkali metal
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sulfate salt is 20 g/100 g-water or more and the concentration
of succinic acid is 60 g/100 g-water or less in the solution
that is obtained by concentrating and heating the reaction
solution added with sulfuric acid, and temperature of heating

is 50°C or higher.

5. The process for producing succinic acid according
to any one of claims 1 to 4, wherein the recovery of the crystal
of succinic acid in the step (3) is performed by a solid-liquid
separation in a state that the crystal of succinic aéid is
crystallized by cooling the solution that is obtained after
removing the crystal of the alkali metal sulfate, and the
unremoved alkali metal sulfate that is remained in the step (2)

is dissolved in the solution.

6. The process for producing succinic acid according
to claim 5, wherein the cooling temperature of the solution that
is obtained after removing the crystal of the alkali metal

sulfate is 50°C or lower.

7. The process for producing succinic acid according
toclaim 5 or 6, further comprising a step to rinse the recovered
crystal of succinic acid by water, the temperature of which is

lower than the temperature employed for cooling of the solution
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that is obtained after removing the alkali metal sulfate.

8. The process for producing succinic acid according
toclaim 5 or 6, further comprising a step in which the recovered
crystal of succinic acid is re-dissolved into water, then
succinic acid is re-crystallized by cooling the resulting

solution and recovered.

9. The process for producing succinic acid according
to claim 8, further comprising a step to treat the solution
containing the re-dissolved crystal of succinic acid with
activated carbons after the re-dissolution of the crystal of
succinic acid into water and before the recovery of succinic

acid by re-crystallization.

10. The process for producing succinic acid according
to claim 3, wherein the remaining solution after recovering the
crystal of succinic acid is reprocessed by mixing it with the

solution before the concentration and heating in the step (2).

11. The process for producing succinic acid according
to claim 3, wherein the rinse water recovered after rinsing the
recovered crystal of succinic acid is reprocessed by mixing it

with the solution before the concentration and heating in the
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step (2).

12. The process for producing succinic acid according
to claim 1, wherein the solution containing the alkali metal

succinate is a broth by microorganisms.

13. The process for producing succinic acid according
to claim 1, wherein the solvent of the solution that contains

the alkali metal succinate is water.
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Fig. 3
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