1 Process for the manufacture of adipic acid 5 The present invention
relates to a process for the manufacturel of adipic acid carried out
in devices made of material resistant to the corrosion of the
synthesis nmedium _10 Adipic acid is an inportant chem cal conpound
used as starting Procegsifon hhemfmam;f%@turenorf@mplma@lds and
in numerous applications. Thus, adipic acid is used as Internediate
conpound in the synthesis of macronol ecul ar conpounds, such as

pol yam des, nore particularly PA 6/6, polyesters or polyurethanes,
for exanple. This itemis also used in the manufacture of

pl asticizers or as additives. 15 Several processes for the

manuf acture of adipic acid are known and nmade use of industrially.
Currently, the main process made use of industrially consists in
oxi di zing cycl ohexane with oxygen to obtain cycl ohexanol and
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adipic acid is recovered and purified by standard techni ques,
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However, under the temperature conditions and according to the nature of the compounds
present in the oxidation medium of the process for the manufacture of adipic acid, a not

insignificant phenomenon of corrosion of these special steels is observed.



One of the ains of the present invention is to overcone these

di sadvant ages by proposing to carry out #he stage of manufacture of

the adipic acid, nanely the oxidation of the conpounds cycl ohexanone
nitric aci evi ces and reactors

and cycl ohexanol
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austendbesritic stainless steel of X2 CerN 23-4 type or only

partially with this material. In the latter case, the parts nade of

"dupl ex" austenoferritic stainless steel of X2 GrNiN 23-4 type are
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acid at a concentration advantageously of between 20 and 35% by

wei ght Thﬁesarlfa@a)nfpndnnds i§ oneaniget heotablyrbyctrec sdrface dsughnessadfahgshaterial for
and net al rrpoundslaé)t(h ent in the cyc| ohexanol and/orgﬁgclohexanone

and cor9@SHIa&cRETd ecRehgsdef By Shandards N EN SR 74 and NF EN ISO
| oh
cycl o Qﬁﬂﬁ@2b¥%e n??ﬁ?25&@“@%%5?@UBQ§H%PBHaH{tﬁ¥qﬁB%¥ﬁ%§h§hﬁé%ﬂmnomenon|s

per oxi de ation feaction is carr

t erySer anecreased. bet ween 70 and 120C and advant ageously between 70 and

100C, generally under an absolute pressure of between 1 bar and 5

bars. 5 According to the invention, the reactors used for carrying
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15 and/ or concentratl ng in contact with the adipic acid solution is
made of "dupl ex" austenoferritic stainleks steel material of X2 ONi N
23-4 type (1.4362) according to the European nonenclature. Mention

| es, as other devi ces d apparatuses 20
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by oxi dation of cyclohexanol and/or cycl ohexanone by nitric acid. 5

Tests for determning the resistance to corrosion and the change in
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The “duplex” austenoferritic stainless steel of X2 CrNiN 23-4 type is a material having a
composition defined in Standards NF EN 10088-1 (former NFA35-574) and NF EN 10028-

25 7, which are applicable in their latest revision.

The medium of oxidation of cyclohexanol and/or cyclohexanone by nitric acid comprises

metal compounds.

The medium for the oxidation of cyclohexanol and/or cyclohexancne by nitric acid
30 comprises nitric acid at a concentration advantageously of between 20 and 35% by

weight, metal compounds forming the nitric acid oxidation catalyst and metal compounds

present in the cyclohexanol and/or cyclohexanone and corresponding to the catalysts

used in the oxidation of cyclohexane by oxygen or the decomposition of

hydroxycyclohexyl peroxide.



0.033 S 0.002 0.001 P 0.025 0.023 Si 0.248 0.505 Mh 1.69 1.37 Cr
18.41 23.68 Ni 10.48 4.16 Mo 0.125 0.2644Cu 0.069 0.175 N
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The nitric acid oxidation reaction is carried out at a temperature of between 70 and 120°C
and advantageously between 70 and 100°C, generally under an absolute pressure of
between 1 bar and 5 bars.

According to the invention, the reactors used for carrying out the nitric acid oxidation are
constructed of “duplex” austenoferritic stainless steel of X2 CrNiN 23-4 type. It is also
advantageous to produce the other apparatuses and devices of the plant with this “duplex”

austenoferritic stainless steel material of X2 CrNiN 23-4 type.

Advantageously, the process according to the invention comprises a step of crystallization
of the adipic acid, the devices or apparatuses comprise a crystallization vessel equipped
with means for stirring and means for cooling and/or concentrating the adipic acid solution
and at least a part of the walls of the crystallization vessel and/or of the means for cooling
andfor concentrating in contact with the adipic acid solution is made of “duplex”
austenoferritic stainless steel material of X2 CrNiN 23-4 type (1.4362) according to the

European nomenclature.

Mention may also be made, as examples, as other devices and apparatuses
advantageously made of “duplex” austenoferritic stainless steel of X2 CrNiN 23-4 type, of
all or parts of the reactors, finishers, nitric acid concentrating columns, or the like. This list
does not have a limiting nature and is given solely by way of indication. This is because all
the devices of the plant for the manufacture of adipic acid in contact with a medium
comprising nitric acid can be made of “duplex’ austenoferritic stainless steel of
X2 CrNiN 23-4 type.

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

way of indication.

The corrosion tests given below solely by way of illustration clearly show the advantages
introduced by the use of “duplex” austenoferritic stainless steel of X2 CrNiN 23-4 type, in
the process for the manufacture of adipic acid by oxidation of cyclohexanol and/or

cyclohexanone by nitric acid.
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estﬁorg gg?ermining the resistance to corrosion and the change in the surface condition
of items made of different grades of stainless steel 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 um, 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%.

The solution is maintained at a temperature of 90°C under 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 AlSI 304L type

Test specimen 2: steel of X2 CrNiN 23-4 type (Uranus 35N or SAF2304 equivalent).

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

Metal

- |304L | X2 CrNiN 23-4
composition

% by weight
C 0.015 0.033
S 0.002 0.001
P 0.025 0.023

Si 0.248 0.505
Mn 1.69 1.37
Cr 18.41 23.68
Ni 10.48 4.16

Mo 0.125 0.264

Cu 0.069 0.175

N - 0.12

Fe bal. bal.
(bal. means remainder to 100%)




1.3 Lossinthickness (pmyear) 90 160 800 hours Roughness Ra (pm 1.9
1.7 Lossinthickness (pnmyear) 130 90 1200 hours Roughness Ra (pm)
2.8 1.7 Lossinthickness (pnmyear) 130 60 1600 hours Roughness Ra
(pm

The results observed are collated in Table Il below:

Test specimen 1 2

Initial Roughness Ra (um) | <0.1 <0.1
Loss in thickness |0 0
(Mm/fyear)

400 hours Roughness Ra (pm) | 0.5 1.3
Loss in thickness ; 90 160
(Mm/year)

800 hours Roughness Ra (um) | 1.9 1.7
Loss in thickness | 130 90
(Um/year)

1200 hours Roughness Ra (um) | 2.8 1.7
Loss in thickness | 130 60
(um/year)

1600 hours Roughness Ra (um) | 4.1 1.8
Loss in thickness | 230 70
(Mm/year)

2000 hours Roughness Ra (um) | 4.7 2.1
Loss in thickness | 90 60
(Um/year)

2400 hours Roughness Ra (um) | 4.7 2.1
Loss in thickness | 140 80
(um/iyear)

It emerges from the above results that, for the test specimen 2, which corresponds to the
5 present invention, there is a slight variation of the roughness upon time compared to the
test specimen measured for a AlISI 304L type (test specimen 1). This feature shows the
fact that the use of a steel of X2CrNiN23-4 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.
10  Moreover, the above results show that the resistance to corrosion (loss in thickness) of a

steel of X2CrNiN23-4 type in a medium resulting from the oxidation of a



4.1 1.8 Lossinthickness (pmyear) 230 70 2000 hours Roughness Ra
(pm 4.7 2.1 Lossinthickness (pmyear) D0 60 2400 hours Roughness Ra
(pm 4.7 2.1 Lossinthickness (pmyear) 140 80

cyclohexanone/cyclohexanol mixture by nitric acid (according to the invention) is

increased.
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type (1.4362) according to the European nomencl at ur e.
the plant in contact with the reaction medium for nitric acid oxidation are made of

“duplex” austenoferritic stainless steel of X2 CrNiN 23-4 (1.4362) type.
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6. Process according to one of the preceding claims, characterized in that the process
comprises a step of crystallization of the adipic acid, in that the devices or apparatuses
comprise a crystallization vessel equipped with means for stirring and means for
cooling and/or concentrating the adipic acid solution and in that at least a part of the
30 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 “duplex” austenoferritic stainless steel

material of X2 CrNiN 23-4 type (1.4362) according to the European nomenclature.



