10

15

20

25

30

Plant for the crystallization of adipic acid

The present invention relates to a plant for the crystallization of adipic acid.

Adipic acid is an important chemical compound used as starting material in the synthesis of
many compounds. Thus, adipic acid is an important intermediate compound in the synthesis
of polyamides, more particularly PA 6.6, and in the manufacture of polyesters or
polyurethanes. Adipic acid is also used as additive in many other applications, such as the

manufacture of plasticizers, for example.

Adipic acid is generally synthesized from cyclohexane by oxidation of the latter to give a
cyclohexanone/cyclohexanol mixture, followed by oxidation of this mixture by nitric acid to

give adipic acid.

Several processes for the oxidation of cyclohexane to give cyclohexanone/cyclohexanol are

carried out with different catalysts.

The oxidation of the cyclohexanol/cyclohexanone mixture with nitric acid is carried out in the
presence of a metal catalyst, the adipic acid being generally recovered and purified by

successive crystallizations.

Processes for the direct oxidation of cyclohexane by oxygen or air, in the presence of metal
catalysts and of a solvent, such as acetic acid, to give adipic acid have also been provided. In

these processes, the adipic acid is generally recovered in the form of an aqueous solution.

Whatever the process for the synthesis of the adipic acid, it is necessary, in order to obtain a
compound compatible for in particular the uses described above, to purify it. The purification
processes generally used employ crystallization stages consisting conventionally in
concentrating and/or in cooling the adipic acid solution in order to obtain the formation of

pure adipic acid crystals.

These crystallizations are generally carried out in large-sized crystallizers. A crystallization
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plant can comprise several crystallizers arranged in series or a device comprising several
compartments making it possible to carry out continuous purification or several crystallizers

operating according to a batchwise process.

The crystallizers are generally equipped with stirring means and means for cooling and/or
concenfrating the solution. The latter means can be composed of devices brought into contact
with the solution and in which a heat-exchange fluid circulates or means making it possible to

evaporate the solution, in particular by placing under reduced pressure.

The means for cooling and/or concentrating the solution can comprise several devices used
alone or in combination, such as, for example, a jacket in the wall of the crystallizer,
components comprising means for circulating a heat-exchange fluid positioned in the solution
or an external circuit for circulation of the solution comprising a heat exchanger. This list of
means for cooling and/or concentrating the solution is given only by way of indication and

does not have a limiting nature,

In order for the crystallizer to operate correctly and in order to maintain its productive output,
it is necessary to control certain operating parameters and more particularly the parameters
which govern the phenomena of fouling of the crystallizer by deposition of crystalline adipic
acid on the walls of the equipment. This phenomenon, known as “fouling”, depends on the
nature of the material and on the surface condition of the walls. More particularly, it will be
promoted by the difference in temperature between the solution and the walls in contact with
the solution. This is because, if this difference in temperature is greater than a critical value
which is a function of the concentration and of the temperature of the solution, of the flow
rate for circulation of the solution in the crystallizer, of the nature of the material and of the
surface condition of the wall, deposition of adipic acid which adheres to the wall is produced.

The deposition of adipic acid is also observed, independently of the difference in temperature,
on the walls whose surface condition has deteriorated, in particular in the case of a
crystallization by concentration of the solution obtained by placing the crystallizer under

reduced pressure,

In order to regain acceptable operating conditions for the crystallizer, it is necessary to
periodically shut down the process in order to remove the deposits of adipic acid on the walls

of the heat exchanger or the walls of the crystallizer.
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Furthermore, untimely detachment of this deposit during an operation for the production of
adipic acid can result in mechanical damage or indeed even can result in the fluctuation in the

quality of the adipic acid produced.

In order to limit this fouling phenomenon, the internal walls of the crystallizer and the walls
of the device for cooling and/or concentrating the solution are polished in order to obtain a
surface condition with a minimal roughness. These polished surfaces can also be cleaned and
washed by conventional cleaning techniques used in the field of the treatment of metal

surfaces.

However, the surface condition of the walls can rapidly deteriorate under the effect of
chemical corrosion, in particular when the crystallization of the adipic acid is carried out
starting from the solutions obtained during the oxidation of cyclohexanone/cyclohexanol
mixtures by nitric acid. This is because these solutions are acidic and comprise a large amount

of nitric acid and/or nitrate ions.

In order to limit the phenomenon of fouling and optionally the deterioration in the surface
condition, the crystallizers and the walls of the exchange devices are often made of austenitic
stainless steel of AISI 304L type. However, these phenomena of fouling and corrosion are
still found. The use of this type of material does not make it possible to stop or reduce

shutdowns of the plant in order to remove the fouling.

There thus still exists a need to provide materials or devices which make it possible to retain a
correct surface condition and to limit the effects of corrosion in order to reduce and stop this

phenomenon of fouling.

The present invention provides, in order to overcome this problem, for the use, in the
manufacture of the walls in contact with the adipic acid solution, of a material chosen from

specific grades of stainless steel.

To this end, the invention provides a plant or a crystallizer for the crystallization of adipic
acid comprising a vessel or a crystallizer, means for stirring and means for cooling and/or
concentrating the adipic acid solution, characterized in that at least a part of the walls in

contact with the adipic acid solution and forming part of the vessel or crystallizer and/or of
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the means for concentrating and/or cooling the solution is made of austenitic stainless steel of

AISI 310L type according to the AISI (USA) nomenclature.

The austenitic stainless steel of AISI 310L type is also denoted X1 CrNi 25-21 (1.4335)

according to the European nomenclature.

According to one characteristic of the invention, the means for cooling and/or concentrating
the adipic acid solution are composed of devices in contact with the solution. More
particularly, devices comprising circulation of heat-exchange fluid can advantageously be
used to cool the solution. According to the invention, the walls of these cooling devices in
contact with the adipic acid solution are made of austenitic stainless steel of AISI 310L type.
In another embodiment of the process for crystallization of adipic acid with concentration of
the solution by evaporation obtained by placing the plant under reduced pressure, the parts of
the plant, such as the internal walls of the crystallizer, for example, are made of austenitic

stainless steel of AISI 310L type.

According to another characteristic of the invention, the surfaces or walls made of austenitic
stainless steel of AISI 310L type are subjected to a polishing operation before they are
installed in the crystallizer. This polishing can be carried out by any known means employing

physical and/or chemical processes in order to reduce the roughness of the surface.

By way of indication and without a limiting nature, it is advantageous for the roughness of the
surface to be less than 0.3 pm, measured according to the method defined by Standards
NF EN ISO 3274 and NF EN ISO 4288.

The means for cooling and/or concentrating the adipic acid solution can be of varied form,

such as coils, double-walled plates comprising circulation of fluids, or the like.

The crystallizer of the invention is suitable in particular for crystallizing adipic acid starting
from the solutions obtained at the outlet of the stage of oxidation of the cyclohexanone/

cyclohexanol mixture by nitric acid.

The invention will be better illustrated in the light of the examples given below solely by way

of indication.
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Tests for determining the resistance to corrosion and the change in the surface condition of

items made of different grades of stainless steels were carried out according to the procedure

below:

Test specimens of parallelepipedal shape with dimensions of 50 x 30 mm, the surface of
which was polished in order to have an initial roughness Ra of less than 0.1 pm, were
immersed in a medium resulting from the oxidation of a cyclohexanone/cyclohexanol mixture
by nitric acid comprising a concentration by weight of adipic acid of 24% and a content of

nitric acid of the order of 28% by weight.

The solution is maintained at a temperature of 90°C at atmospheric pressure and is stirred
throughout the duration of immersion. After immersing for 400 hours, the surface condition
of the test specimens and the loss in thickness are determined. These test specimens are again
immersed in the same medium for a further duration of 400 hours. However, the solution is

replaced before each further immersion.

The test specimens tested were made of two grades of stainless steel:
Test specimen 1: steel of AISI 304L type
Test specimen 2: steel of AISI 310L type

The compositions of these grades of steel are given in Table I below:



Metal
composition 304L 3100
% by weight
C 0.015 0.017
S 0.002 0.006
P 0.025 0.019
Si 0.248 0.14
Mn 1.690 0.593
Cr 18.410 24.29
Ni 10.480 21.62
Mo 0.125 0.317
Cu 0.069 0.167
N - -
Fe bal. bal.

(bal. means remainder to 100%)

The results observed are collated in Table IT below:

Test specimen 1 2

Initial Roughness Ra (pum) <0.1 <0.1
Loss in thickness 0 0
(um/year)

400 hours Roughness Ra (um) 0.5 <0.1
Loss in thickness 90 <5
(um/year)

800 hours Roughness Ra (um) 1.9 0.2
Loss in thickness 130 <20
(pm/year)

1200 hours Roughness Ra (um) 2.8 0.2
Loss in thickness 130 <5
(pm/year)

1600 hours Roughness Ra (pmy) 4.1 0.3
Loss in thickness 230 <20
(um/year)

2000 hours Roughness Ra (pm) 4.7 0.3
Loss in thickness 90 <5
(pm/year)

2400 hours Roughness Ra (um) 4.7 0.3
Loss in thickness 140 <5
(pm/year)

It emerges from the above results that, for the test specimen 2, which corresponds to the

present invention, there is a slight variation of the roughness upon time compared to the test



specimen measured for a AISI 304L type (test specimen 1). This feature shows the fact that
the use of a steel of AISI 310L type according to the invention allows to maintain a good
surface condition upon time for the concerned reaction and thus to limit the phenomenon of
fouling as much as possible.

Moreover, the above results show that the resistance to corrosion (loss in thickness) of a steel
of AISI 310L type in a medium resulting from the oxidation of a cyclohexanone/cyclohexanol

mixture by nifric acid (according to the invention) is increased.



CLAIMS

1. Plant for the crystallization of adipic acid comprising a crystallization vessel equipped
with means for stirring and means for cooling and/or concentrating the adipic acid
solution, characterized in that at least a part of the walls of the crystallization vessel and/or
of the means for cooling and/or concentrating in contact with the adipic acid solution is
made of a material chosen from reference austenitic stainless steels of AISI 310L type,
according to the AISI (USA) nomenclature or X1 CrNi 25-21 (1.4335) type, according to

the European nomenclature.

2. Plant according to Claim 1, characterized in that the adipic acid solution is the solution

obtained by oxidation of acyclohexanone/cyclohexanol mixture by nitric acid.

3. Plant according to either of the preceding claims, characterized in that it comprises
devices for cooling the solution comprising circulation of a heat-exchange fluid, the said

devices being made of reference austenitic stainless steel of AISI 310L type.

4. Plant according to one of the preceding claims, characterized in that at least a part of
the internal walls of the crystallization vessel is made of reference austenitic stainless

stee] of AISI 310L type.

5. Plant according to one of the preceding claims, characterized in that the concentration

of the solution is obtained by placing the crystallization vessel under reduced pressure.

6. Plant according to one of the preceding claims, characterized in that the surface of the
walls of the crystallization vessel and/or of the means for cooling and/or concentrating in
contact with the adipic acid solution made of austenitic stainless steel of AISI 310L type is

polished.

7. Plant according to Claim 6, characterized in that the polished surfaces made of
austenitic stainless steel of AISI 310L type exhibit a roughness of less than 0.3 pm,
measured according to the method defined by Standards NF EN ISO 3274 and NF EN
ISO 4288.



