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PROCESS FOR THE HYDROLYSIS OF AN ALKYL DICARBOXYLATE

The present invention relates to the
hydrolysis';f a lower alkjl dicarboxylate, that is to
say with alkyl having 1 to 4 carbon atams; to a
dicarboxylic acid. :

| Very generally, the hydrolysis of esters is
carried out in homogeneous mediup either using an acid;
or using.a base. |
| The use of a base leads to the.formation of
metal salts with the obvious disadvantages that that
implies. |

The acidic hyarolysis of adipates presents
the problem of the two-phase nature of.the medium, due
to the very 16w miscibilitj of water and the adipate.
This is why it has béen recommended to use mi;tures of
solvents (see, for example, Journal of Indi#n Chemical
Society, 48(9), pag§5‘811-12), which_mﬁrkedly
complicates the subsequent qépﬁration and purification
of the adipic acid obtained. Additionally, thé use of a:
liquid acid leads to significant érbblems of corroﬁion
of fhe equipment. ' |

It has aiso been recommended to carry out the
hydr&lysis of adipates in heterogeneous med;um on
acidic resins. _ .

Thus, an article published in Synthetic
Cammunicationé, 19, page§_627-631 (1989) describes the

hydrolysis of dimethyl adipate in an agqueous suspension
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of Dowex-50 resin at reflux. This type of suspension
reaction does not solve the problem of displacément of
the equilibrium of the reaction by removal of the
methanol formed.

Patent EP-A-6,056,489 proposés-a solution to -
this problem, cénsistigg of a continuous proéesé of
hydrolysis by water of alkyl adipates containing 1 tb
4 carbon aﬁams, at high temperature and in the presence
of stron;iy acidic.idn-exchange resins; the main
characteristic of this process consists in withdrawing
part of the water/adipate reaétion mixture on several
plates of the c§1umn; below the region of delivery of
this mixture into the column, the part thus removed is
then passed onto a strongly acidic ion'egdhanger‘and is
then recycied. Adipic acid is thus obtained at the
bottqm of the column whereas'alcohol/water-mixtures are
removed at the column head.__

This process.reqﬁires the addition of a
number'of'ciicuits_appended to the column in order for
the hydrolysis reaction proper to b; carried out and
its implementation is thus complex.

The prgsent invention proposes to solve the
problem of the production'df dica:boxylic.acid by
hydrolysis of alkyl dicarboxylates in which the alkyls

contain 1 .to 4 carbon atoms by the use of a simplified,

" but very efficient, procegs.in which the acidic resin

used corresponds to a series of carefully selected

characteristics.
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This process makes it possible to carry oﬁt
both the hydrolysis of the dicarboxylate and the
separatlon of the alcohol formed.
More specifically, thé invenﬁién consists of -

a process for.the-preparation of a carboxylic acid by

" hydrolysis in the liquid phase of a C;-C; alkyl

aliphatic dicarboxylate, characterised in that a
mixture of the said alkyl dicarboxylate and water is
subjected to a reactive distil;atidn ﬁy introduction of )
the said mixture into the middle part of a column N
containing a gel-type résin containi#g sulphonic acid
groups, maintained in place_ﬁsin§ a support and having
the following characteristics:

- a skeleton based on styrene and
divinylbeﬁzene, the level of divinylbenzene
by weight with respect to the total weight
of the said skeleﬁon being between 1 % and
12 % and preferably between 2 % and 5 %,

- an exchange cafacity of 3 to
6.5 milliequivaleﬁts H'/gram of dry resin,

and by continuous distillation of the alcohol formed by
the hydrolysis reaction. |

In the context of_the present process, a

gelFtype resin ccﬁtaiﬁiﬁg sulphonic acid groups and
having the following characteristics will preferably be
used: |

- a skeletén based on styrene and

divinylbenzene, the level of divinylbenzene
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by weight with respect to the total weight
of the said skeleton being between 1 % and
12 % and preferably between 2 % and 5 %,
.- an exchange-cépaéiﬁy of 5 to
S.S'ﬁﬁlliequivalents H*/gram of dry resin,
- a ﬁean particle size of between 100 and
2000 micrometres and preferably between 200
. and 1200 micrometres. | |
Generally, the éolumn which can be used
comprises a lower sectién in which the resin is

arranged and where hydrolysis'is carried out and an

. upper section, optionally containing a conventional

packing, in which purification of the methahol is
carried out. |

| The gel-tfpe resins.containiﬁg sulphonic acid
groﬁps are resins known in themselves.

“There will be chosen from the commercial

' resins/gels those which correspond to the

. characteristics shown above.

The resin/gel can be used in the column
according to varying techniques. It can be maintained
in a metal, textile, ceramic or plastic structure
ensuring an efficient 1iduid/sqlid and liquid/vapour
exchange, the structure containing the resin being
arranged in the coiumn._ _

It can also be deposited or cbatgd on such a
structure.

The résin/gél can also be placed on
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capacitive plates.
These uses are not limiting.
The C, to C, alkyi aliphatic dicarboxylates

which can be hydrolysed in the process of the invention

'are essentially the C, to ¢, alkyl esters of aliphatic

dicarboxylic acids having 3 to 6 carbon atoms, such as,
for example, the-methyl, ethyl or n-propyl esters of
succinic, ethylsuccinie, glutariec, methylgluparic;
adipic, 2-hexenediocic or 3-h§xenedioic acid.

| Among these esters, dimethfi adipate,
dimethyl methylglutarate, dimethyl etﬁylsuécinaté and
the dimethyl hexenedigates are the most impprtant-aﬁd
dimethyl adipate is'tﬁe compound whose hydrolysis is
even more particularly important.

These esters énd-more specifically dimethyl
adipate can be used in isolation or in a mixture of a
number of them. ,_‘

| In that which follows, it will ﬁé'a matter,
for éqnyenience,.of the hydrolysis of dimethyl adipate
but this will be transposable to another alkyl
dicarbcxylate as defined above.

Dimethyl adipate and water are introduced
into the coiumn in the middle.pgrt of the latter, above
the section where. the resin/gel is situated.

The amount éf water is such that the
water/diﬁéthyi adipate molar ratio is.at_least edual'
to 2. | |

Preferably, the ambunt of water will be in
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excess with réspeét to the étoichiametric amoﬁnt, that
is to say-that the water/dimethyl adipate.molar ratio
will be greater than 2, generally.of between 5 and 60.l
| ?he-dimethyl adipate and water can be
introduced separately or as a mixture.
Hydrolysis of dimeth&l adipate is carried out

on-the resin/gel and there is recovered, on the one

hand, at the upper end of the column, the methanol

formed and, on the other hand, at the lower end 6f the

. column, the adipic acid, the excess water, the possible

nonhydrolysed mbnomethyl adipate and the possible
amount of nonhydrolysed dimethyl adipate. |

The temperatufe in the column is generally
between 80°C and 150°C in the part where the hydrolysis

reaction is carried out and preferentially between 90°C

The adipic acid prepared by the process

according to the invention is separated from the water

and other minor compounds which it may contain by the
usual separation methods used in chemistry, for examplé
by crystallisation, especially by crystallisation under
vacuum. '

. The mothe: liéuoré generally contain betwéep

2 % and 10 % of adipic acid and the various'impurities

" or by-products bf the reaction can advantageously be

recycled to the hydrolysis célumn.
In the illustrative examples of the invention

which follow, the productivity of the hydrolysis will
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be expressed in kg of adipic acid per ﬁg of dry
fesin/gel per hour.
EXAMPLES |

The equipment used for the various examples
and camparative teéts cpnsiété of a column with an
internal'diémeter of 4 cm, composed of two sectiomns:

- a lower séction with a length of 45 cm in
which the resin is arranged, hereafter
called the reactive section,

- an upper section with a length éf 150 cm,
‘containing a standard pﬁcking making the
wﬁter/methahol separation possible.

This column is equipped with a distillation
flask at its base,-with a condenser at the head and
with a feflux device; feeding is carried out at the top-
of the reactive section by virtue of two pumps: one for
water, the other for dimeﬁhyl adipate.

The methanol- formed is obtained at the column
head whereas the water/adipic acid mixture is drawn off
at the foot. -

The resin is arranged in the reactive section
of the column according.to'two types of packaging.

1) Packaging a)

The resin is placed inside four pods whose

-walls consist of a metal gauze having a mesh of

“approximately 500 pm, less than the diameter of the

beads of the resin.

These pdds, 45 cm long, are closed at their
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ends. Théy are maintained side by side by a metal
fabric, in order to ensure the cohesion of the assembly
and to promote liquid/vapour exchanges, as well as the |
redistribution of the liquid towards the pods -
containing the resin.

The amount of resin thus represents 26 % of
the volumé of the reactive section of the column. The
number of theoretiqal_étages of this section is 4. Each

theoretical stage contains 36.25 g of wet resin

(containing 65 or 50 % water according to the resin

used);

2) Packagi#g b)

The resin is arranged ingide a sandwich
éonsisting of two layers of metalngauze ﬁaving a mesh.
of approximately 500 pm. This sandwich,_containing a
thin resin layer, was folded "accordion-style" with an
amplitude of'éhe folds such.that it can pack the ﬁhole
of the cross-sectioﬁ of the calumn section. |

E#ch sandwich thus folded has a height of
15 cm. Three are therefore.necessary to padk the 45 cm

of the reactive section of the column. Each sandwiéh,

‘'inside the column, is directed perpenaicularly with

respect to the bréceding one, in order to avoid
preferentially passing through outside the regions
laden with resin. . o |

| The amount of résin thus represents 32 % of
the volume of the reactive section of the.éolumn. The

number of theoretical stages of this section is 4. Each
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theoretical stage contains 45 g of wet resin

(containing 65 % or 50 % water according to thé resin
used) .

These two types of packaéing of thg_resin
constitute a reactive packing mﬁking it possible to
catalyse a reaction and to promote liquid/vapour
exchanges in order to carry ouf a separation by
distillation.

EZAHP#ES 1 AND 2
These two e#amples ére carried out with a

resin/gel A containing sulphonic acid groups, which is

provided in the form of beads with a diameter of

1000.um-and which has a level of_divinylbenzene by

"weight with respect to the total weight of the skeleton

based on styrene and divinylbenzene (ox degreg”of

crosslinking) of 4 %, an exchange capacity of

5.4 milliequivalénts {meq) H*/g and a moisture content

. of approximately 65 %.

These 2 examples are carried out yith_the
tyée a) resin packaging desc;ibed above.

fhe feed flow rates are the following:

- dimethyl adipate (DMA) : 188 g/h
' (Example 1)

_100.g/h
_(Exampie 2)

- water I - 295 g/h
(Example 1)



10

. 1B

20

.25

10
155 g/h
(Example 2)

The'working.pressure is ;qual.to atmospheric
pressure.

In continuous operation, the temperature at
the column head is 65°C (that is to say, the boiling
tempgratufe of pure methanol at atmospheric pressure).
The temperature at the foot is 101°C.

| Aﬁalyses by HPLC (high performance liquid
cﬁramatography) make it'possible to calculgte the

degree of conve:ﬁion (DC) of the DMA, the yield (RY) of

. adipic acid (AA) expressed in mol % with respect. to the

DMA charged and the productivity of the reaction
expressed in kg of AA pér kg of dry resin per hour.
Thesé results, as well as various pieces of

information, are collated in the table below.

; EXAMPLE 3 AND COMPARATIVE TEST 1

These two tests are carried ouﬁ:
- one (Exﬁ#ple 3) with the resin/gel
" described for Examples 1 and 2 (resin A)

- the oﬁher {(Comparative Test 1) with a
macropo:oué resin B having a
polystyrene/divinylbénzene skeleton and_
contaiﬁing sulphonic acid groups which does

- not cofréspond_to.all thé claimed
characteristics: degrée of érogslinking'of
16 %, exchange capacity of 5.4 méq HY/g of

dry resin, beads with a diameter of 1000 pm
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and a moisture content of approximately
50 %, theée two resins-beiﬁg used with the
.type b) packaging described above.

The conditiang.of use of these tests are the
same as for Examples 1 aﬁd 2, with the exception of the
feed flow rates which are the following:

- DMA: | 152 g/h

- water: ' 295 g/ﬁ

The results obtained; as well as various
pieceé of information, afe collated iﬁ the table below:
COMPARATIVE TEST 2 | | ‘

This test was carried out with resin A, in aﬁ-.

~ amount equal to that used in ﬁxample 3, but by

arranging it in the distillation flask aﬁd not in the
column. There is thus no reactive distillation as in
the process of the invention, but the use of a

continuous stirred reéctor, surmounted by a column for

" removing the methanol formed.

The feed flow rates and the oper#ting
condiﬁibns are those of Exémple 3.

The results obtained, as well as various'
pieces of information, are collated in the table below.
EXAI!Pt.E 4 |

This example was carried out with resin A,
arranged according to the type b) packagiﬁg-described.
abéve. | | . _

 In order to obtain-a higher AA yield than in

the above examples, the column used contains a 99 cm
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stages.

The feed flow rates and the operating
conditions are those of-Example.3.

| The_reéults ébtained, as well as various_

pieces of iﬁformation, are collated iﬁ,the table beldw.
COMPARATIVE TEST 3

'fhis test was carried out with resin B,
arranged according to ﬁhe type b) packaéing described
above. '

In order to obtain a higher AA yield than in

the above examples, the column used contains a 340 cm

reactive section with 30 théoreticallstéges.

The feed flow rates and the operating

conditions are those of Example 3.

The results obtained, as well as various

pieces of information, afe'collated iq the £ab1é below.



Tests Resin Flow rate |% by volume/volume | DC RY Productivity
in g/h of resin in the (DMA) (aA) kg AA/kg
reaction section dry resin/h
Example 1 A 'H,0 & 295. 26 99.0 % | 80.4 % 2.486
_ DMA : 188 : '
Example 2 a H,0 : 155 26 99.97 % 93 % 1.543
' v DMA : 100
Example 3 A H,0 ¢ 295 32 99.95 % | 92.7 % 1.886
DMA : 152 : ' o
Example 4 A H,0 : 295 32 99.95 % .97 % 0.877
DMA : 152 ' ' P
Comparative B H,O : 295 32 96.5 % | 61.% 1.249
Test 1 . ‘ DMA : 152 . . _
Comparative . A H,0 : 295° - 97.1 % | 82.6 % 1.677.
Test 2 DMA : 152 | :
Comparative B H,0 ¢ 295 32 99.95 % |97 % 0.179
Test 3 DMA : 152_

€T -
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CLATMS

1. Process for the preparation of a

_carboxylic acid by hydroljsis in the 1i§uid phase of a

C1-C4 alkyl aliphatic dicarboxylate, characterised in _
that a mixture of the said alkyl dicarboxylate and
water is subjected to a reactive diatillation bf
introduction of the said mixture into the middle part
of a column containing a gel-type resin containzng
sulphonic ac;d groups, maintained in place using a
support and having the following characteristics:

- a skeleton based on'atyrene and
divinylbenzene, the level of divinylbenzene
by weight with respect to the totalhweight
of the said skeleton being between 1 %land
12 % and preferably between 2°% and 5'%;

-_an exchange capacity of 3 to
6.5 mill;equ:valents H*/gram of dry resin,

and by continuous distillation of the alcohol formed by
the hyd:olysia reaction. | |

2. Process accordiné to claim 1,

characterised in that a gel-type reain containing
sulphonic acid groupa and having the following
characteristics is used: -

. ~a skeleton based on styrene and
'div1nylbenzene, the level of divinylbenzene
by weight with respect to. the total weight
of the sa1d skeleton being between 1 % and

12 % and preferably between 2 % and 5 %,
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- an exchange capacity of 5 to
6.5 mdlliequivalents_n*/gram of dry resin,
- a mean particle size of betwaen 100 and
2000 micrometres and preferably between 200
and 1200 micrometres. _

3. Ptocess accordihg'to either of claims 1
and 2, characterised in that the C, to C; alkyl_
aliphatic dicarbox&lateS'afe C; to C, alkfllestars of
aliphatic dicarboxylic acids having 3 to 6 carbon atoms
such as the methyl, ethyl or n-propyl esters of B
succinic, ethylsuccinic, glutaric, methylglutaric,
adiplc, 2-hexenedioic or 3-hexenedioic acid and their
mixtures.

| 4. Process according to either of claims 1
and 2, characterised in that the C;, to C, alkyl
aliphatic dicarboxylate is chosen from dimethyl
ad1pate, dimethyl methylglutarate, dimethyl

'ethylsuccinate, the dimethyl hexenedioates and their

- mixtures and is preferably dimethyl adipate.

5. . Process according to one of claims'l to
4, characterised in that dimethyl adipate and water are
introduced into the column in the middle part af the
latter, above the sectlon where the reszn/gel is
situated, the amount of water being such that the
water/d;methyl adlpate molar ratio is at least aqual to
2, preferably greater than 2 and genérally batween 5
and 60. |

6. Process according to one of claims 1 to
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16

is carried out on the resih/gel and in that there is
recovered, on the one hand, at the upper end of the
column,-the methanol formed and, on the other hand, at
the lower end of the column, the adipic acid, the
excess water, ﬁhe possible sonhydrolysed_monaméthyl
adipate and the possible amount of nbnhydrolysed
dimethyl adipate. |

7. Process according to one of claims 1 to
6, characterised in thaé the temperature in the column

is between 80°C and 150°C in the part where the

- hydrolysis reaction is carried out and more

préferentially between 90°C and 130°C.



