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The present inventicn relates toc a process

for purifying adipic acid by crystallization or
recrystallization from at least one carboxylic acid.

Adipic acid is one of the two base materials
for preparing polyamide 6-6. For the'applicaticng of
poelyamide 6-6 it is necessary to have a very high
purity, and this purity must exist already at the stage
of the precurscrs, especially at the adipic acid stage.

Depending on the process by which adipic acid
is prepared the impurities it contains are obvicusly
different. The present process can be applied to adipic
acid originating from various processes of synthesis.
In fact, one of the most troublesome and sometimes most
costly impurities is formed by the presence of traces
of the catalyst employed during the preparation of
adipié acid.

However, in the descripticn which follows,
the process will be applied more particularxly to adipic
acid obtained from the double hydroxycarbonylation of
butadiene or £rom the oxidatiocn of cyclohexane.

The first hydroxycarbonylation of butadiene
leads to a mixture of pentenoic acids, principally
3-pentenoic acid. The second hydroxycarbonylation |
affects the pentencic acids cobtained in the first
reaction and leads to adipic acid which also includes a
certain amount of 2-methvlglutaric acid,

2-ethylsuccinic acid and other compounds originating
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from the first hydroxycarbenylation reacticn, such as
gamma-valerolactone, umnconverted pentenocic acids, and
methylbutenocic acid. It alsco includes traces of the
catalyst emplcoyed in the second hydroxycarkonylation
reaction, usually iridium and/or rhodium.

The direct oxidation of cyclohexane to adipic
acid is generally carried ocut in the presence of
cobalt, and in this process the adipic acid cbtained
containg traces of ccbalt catalyst.

| Since adipic acid is of low sclubility in
water when cold but is much more soluble when hot, this
solvent is generally employed for the crystallization
cf the said acid.

However, owing to the very high purities
which are increasingly required for adipic acid,
especially insofar as trace metals are concerned, one
or even a number of recrystallizatioms from water ocften
prove to be inadequate.

Begsides the trouble which can be caused by
the preasence of trace metals to the variocus uses cf
adipic acid, the intrimsic value of certain catalysts,
such as iridium or rhedium, bearing in mind the very
large tonnages of adipic acid, means that it is
essential to recover them as thoroughly as pessible in
the conte#t of an eccrnemically viable industrial
pr@cesé.

| The present invention consists in an improved

process for crystallizaticn or recrystallization of
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adipic acid, characterized in that the said
crystallization or recrystallization is carried out in
at least one carboxylic acid having a melting poiﬁt of
less than 20°C.

The carboxylic acids employed in the present
process are, more particularly, aliphatic carboxylic
acids which are saturated ér which contain an ethylenic
unsaturation.

They are preferably linear or branched
monccarboxylic acids having 2 to 6 carbon atoms.

As nonlimitative examples of such
m@nccarboxylic acids mention may be made of acetic
acié, propicmnic acid, butancic acids, pentancic acids,
hexanoic acids and pentencic acids.

Acetic acid and pentenoic acids are
preferred, acetic acid owing to its availability and to
its use in the synthesis of adipic acid from
cyclohexane, and pentenoic acids because they are an
intermediate in the preparation of adipic acid from
butadiene.

The purity of the adipic acid recrystallized
in this way may be improved further when
recrystallization is carried ocut in the presence of
carbon monocxide.

The carbon monoxide can make up at least part
of the atmosphere above the sclutiomn in the
crystallization or recrystallization reactor {(ox

reactor headspace) or can create within the said
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reactor a pressure which is greater than the
atm@spherié pressure.

In practice, the process will therefore be
cperated under an absclute pressure of from ¢ bar
{preferably at least 0.5 bar} to 50 bars of carbon
monocxide, the upper limit not being critical in nature
but being representative of industrial apparatus which
is not excessively expensive. |

The crude adipic acid subjected to
recrystallization according to the present process is
usually an adipic acid which has already undergone one
or more purification treatments, im particular by
crystallization from water, by refiming or else by
distillation, to give it a minimum purity of
approximately 95%.

Generally, the adipic acid recrystallized by
the process of the inventicn has a purity of from 95 to
99.95%.

The recrystallization consists in taking the
adipic acid to be purified and dissoclving it in the
minimum amount of hot aliphatic carboxylic acid, i.e.
usually at a temperature from 80 to 250°C, copticnally
under an at least partial pressure or atmosphere of
carbon monoxide, and in then inducing crystallization
of the disseclved adipic acid by cooling the.solution,
cptiocnally aﬁter‘having seeded the scluticn using
crystals of pure adipic acid.

Generally, the quantity of carboxylic acid
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employed is that which leads to a saturated solution of
adipic acid at the chosen temperature. By way of
indication, at 90°C the saturated solutiom im
3-pentencic acid contains approximately 33% of adipic
acid by weight per weight.

The catalyst content of the adipic acid can
also be reduced when recrystallization is carried out
in the presence of a strong protic acid.

By strong protic acid is meant in the present
text an inorganic prctic acid having a pKa of less
than 1.

As nonlimitative examples of such strong
protic acids mention may be made of hydroiocdic acid,
hydrobremic acid, hydrochlorie acid, anitric acid énd
sulphuric acid.

The guantity of stromg protic acid can vary
from 0 mel to 100 mol per mole of catalyst metal
present in the adipic acid. Ereferébly, the quantity of
protic acid varies from 0 mol (more preferably from
1 mol) to 50 mol per mole of catalyst metal.

The process cf the invéntion likewise
embraces the crystallizatiomn of adipic acid from
reaction mixtures in which it is present.

It is thus possible, for example, to
crystallize adipic acid from the mixture cbtained by
hydroxycarbonylation of pentenoic acid with water and
carbon monoxide. This reaction mixture cam be mixed

with the carboxylic acld in the presence or absence of =
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the carbon moncxide employed for the
hydroxycarbonylation reaction, and the whole mixture
can be kept at a temperature from 80 to 250°C as
indicated above for the recrystallization.

Crystallization cam alsc be carried out im
the hydroxycarbonylation reactor by allowing the
reaction mixture tc cool, preferably under carbon
monoxide pressure. This variant can be employed in
particular when hydroxycarbonylation is conducted in a
carbexylic acid or when it is conducted in 3-pentenocic
acid with a degree of conversion of the latter which is
incomplete.

Since the hydroxycarbonylation reaction is
conducted in the presence of carbon monoxide, it is not
generally necessary tc add this compound for the
crystallization, although this possibility is not
excluded if appropriate.

Similarly, since the promoter used in the
hydroxycarbonylation reaction may be hydroiodic acid or
hydrobremic acid, it may not be mecessary to add the
streong protic acid. However, 1f desired, the quantity
of strong protic acid present in the reaction mixture
may be supplemented. As for the recrystallizaticn of
adipic acid, it is also possible to operate in the
absence of strong protic acid, althcugh this variant is
not preferred.

The recrystallization according to the

invention can be carried ocut a number of times in
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succession on the adipic acid in order tec reduce
further the content of catalyst metal. It is also
possible toc fcllow a crystallization or
recrystallization according to the invention by one or
more recrystallizatiocns from water.

The examples which follow illustrate the

invention.

EXBMPLE 1

A glass bulb is charged with 5.2 g cf adipic
acid, containing 31.2 ug of Co {(0.0006% by weight per
weight of adipic acid), and 7.5 ml of acetic acid. The
adipic acid has been prepared by direct oxidation of
cyclchexane in the presence of Co acetate and has been
purified by recrystallization from water. It dces not
contain any measurable quantities of organic
impurities.

The open bulb is placed in a 125 ml
autoclave, which is then closed.

The headspace is filled cold with nitrogen
{approximately 1 bar).

The temperature is raised to 185°C and is
maintained at this level for approximately 30 minutes.

After cocling the autoclave and purging it
with nitrogen, the adipic acid is filtered off and the
autoclave is rinsed with a few ml of acetic acid.

The adipic acid filtered off is washed with 2

times 5 ml of acetic acid and then 3 times 8 ml of
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acetic acid.

The adipic acid is dried cvernight in an oven
{60°C) . The cobalt present in the final adipic acid is
assayed by inductively coupled plasma in conjunction
with mass spectrometry ({(ICP/mass). 0.00008% of Co by

weight per weight is found.

EXAVPLE 2

Example 1 is repeated with the same charges
and under the same operating conditions but with the
addition to the reaction mixture employed of 10 molar
equivalents of HCl per molar equivalent of Co present
in the adipic acid employed.

The same treatment as for Example 1 gives a
dry final adipic acid containing 0.000009% of Co by

weight per weight.

EXAMPLES 3 TO 8

Example 1 is repeated under the same
operating conditions but with the addition to the
reaction mixture employed of HI {with a wmolar ratioc of
HI to Ir as indicated in Table 1 belew}, with the use
of 3-pentenocic acid (P3) as the recrystallizaticn.
soclvent, and with the use of an adipic acid (AdOH)
containing iridium. The adipic acid was prepared by
hydroxycarbonylation of 3-pentenoic acid in the
presence of a catalyst based on Ir and was purified by

recrystallization from water. It contains no measurable
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quantities of organic impurities.

Following recrystallization, the adipic acid
is washed with 3-pentencic acid saturated with adipic
acid and then with water saturated with adipic acid.

Table 1 below summarizes the conditions under
which the examples were carried cut (Tp = temperature)
and the imitial and fimal contents of Ir (imitial Ir
and f£inal Ir), expressed in micrograms per gram, of the

adipic acid employed.
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Example | AJCH B3 Tp Duraticn €0 Melar Inditial Final
in g in g im °C in min | in bars | ratic Ix Ir
| | HI:Ix
Ex. 3 2.7 | 3.8 185 :z 20 L 30 | 10 5.0 0.76
Ex. 4 | 1.43 | 2.0 T 120 30 - 10 | 5.0 2.6
Ex. 5 'i 5.2 | 7.8 185 | 30 30 20 | 2.2 |o0.42
Ex. 6 | 6.2 | 8.3 | 185 30 1 20 .2.2 . 0.56
Ex. 7 | 2.9 4.5 185 | 1200 1 | 10 . 6.46 |o0.18
Ex. 8 8.05 13 185 40 1 20 | 8.0 1.3

Table 1
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EXAMPLES 8 TO

Examples 3 to 8 are repeated but using an
adipic acid (AdOH) containing rhodiums The adipic acid
was prepared by bhydroxycarbonylation of 3-pentenoic
acid in the presence of a catalyst based on Rh and was
purified by recrystallizaticn from water. It contains
no measurable quantities of crgamic impurities.

| Following recxrystallization, the adipic acid
is washed with 3-pentencic acid saturated in adipic
acid and then with water saturated in adipic acid.

Table 2 below summarizes the comditions under
which the examples were carried out (Tp = temperature)
and the initial and final contents of Rh {initial Rh
and final Rh), expressed in micrograms per gram, of the

adipic acid employed.
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| _
! Example R4CH B3 TR Duration Co Molar Initial Final
im g in g in °Q in min in bars ratie Rh Rh
HIsRh
Ex. 9 4.99 7.5 1906 30 30 16 9.5 3.2
Ex. 10 5.02 7.5 190 30 1 13 8.5 3.1
Ex. 11 5.04 7.5 190 30 ¢ {1 bar 12 9.5 3.8
| of argon)
Ex. 12 5.08 7.5 198 600 1 14 9.5 6.46

Table 2
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EXAVMPLE 13

in Example 13, the recrystallization
described for Examples 3 toc 8 is repeated using the
recrystallized adipic acid cbtained in Example 7.

Table 3 below summarizes the conditions under
which the example was carried out and the initial and
final contents of Ir (initial Ir and fimal Ix),
expressed in micrograms per gram, of the adipic acid

employed.

COMPARATIVE TEST 21

An adipic acid cbtained by
hydroxycarbonylation of 3-pentencic acid in the
presence of iridium and HI is recrystallized from
water. This adipic acid has already undergone one
crystallization and still contains 0.00022% of iridium.

The recrystallization is carried ocut
conventionally by dissclving adipic acid in the minimum
amount of water at approximately 95°C and then by
gradual cooling of the resulting solution, followed by
filtration and, finally, by washing of the adipic acid
filtered off with 2 times 5 ml of water and with 3
times 8 ml of water.

The adipic acid is dried cvernight in an oven
(60°C) . The iridium present in the final adipic acid is
assayed. 0.00022% of Ir by weight per weight is found).
Therefore, the iridium content of the adipic acid has

not been successfully reduced.
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EXAVPLE 14
The hydroxycarbonylation of 3-pentencic acid

is carried cut with the following charges:

77.7 g of 3-pentencic acid
- 88.1 mg of [IrCl(COD}],
- 169.6 mg of a 57% by ﬁeighﬁ aquecus solution
of HI |
- 5.7 g of water, injected continucusly. |

The carbon monoxide pressure at the reaction
temperature (185°C) is maintained at 22 bars and the
reaction is stopped after a period of 1 h 5 minutes.

After gradual cooling under the carbon
monoxide pressure of 22 bars, the crystallized adipic
acid is drawn off and filtered. Assay by gas
chromatography and by high-performance ligquid
chromatography of the compounds of the filtrate is then
used to determine a degree of conversion of the
3-pentencic acid of 56.6%.

The adipic acid crystallized in this way
contains 0.000122% of iridium. |

This adipic acid is recrystallized f£rom
3-pentencic acid under a carbon monoxide atmosphere
{(circulaticn bubble by bubble)} .

After recrystallization, the adipic acid is
washed with 3-pentencic acid saturated with adipic acid
and then with water saturated with adipic acid.

The recrystallized and dried adipic acid has

an iridium content of 0.00002% by weight per weight.
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CLATIME
1. Process for crystallizing or

recrystallizing adipic acid, characterized in that the
said crystallization or recrystallization is carried
out in at least one carboxylic acid having a melting
point of less than 20°C and in that the adipic acid
which is subjected to the recrystallization has a
minimum purity of 95%.

2. Process according te claim 1,
characterized in that the carboxylic acid employed is
selected from aliphatic carboxylic acids which are
saturated or which contain an ethylemic unsaturation
and, preferably, from linear or branched monocarboxylic
acide having 2 to 6 carbon atoma.

3. Process according to either of claims 1
and 2, characterized in that the carboxylic acid
emplecyed is selected from acetic acid, propionic acid,
butanoic acids, pentanoic acids, hexanoic acids and
pentenocic acids.

4. Process according to ome of claims 1 to
3, characterized in that the crystallization or
recrystallization is carried out in the presence of
carbon menoxide. -

5.  Process according to claim 4,
characterized in that the carbon monoxide makes up at
least part of the atmosphere above the sclution in the

crystallization or recrystallization reactor or creates

N
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within the said reactor a pressure which is greater
than the atmospheric pressure.

6. Process according to either of claims 4
and 5, chavacterized in that it is carried cut under an
absolute pressure of from ¢.5 bar to 50 bars cf carbon
monoxide.

7.  Process according tc one of claims 1 to
6, characterized im that the crude adipic acid
subjected to recrystallization has a purity of £rom 35
to 99.95%.

8. Process according to cne of claime 1 to
7, characterized in that recrystallization is carried
cut in the presence of a strong protic acid.

9. Process according to claim 8,
characterized in that the strong protic acid is
selected from hydroiodic acid, hydrcbromic acid,
hydrochloric acid, nitric acid and sulphuric acid.

10. Process according to one of claims 1 to
9, characterized in that the quantity of strong protic
acid varies from © tec 100 mocl per mole of catalyst
metal present in the adipic acid and, preferably,

varies from € toc 50 mel per mcle of catalyst metal.
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