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PROCESS FOR THE HYDROXYCARBONYLATION OF PENTENOIC ACIDS

The present invention relates to a process
for the hydroxycarbonylation of pentenoic acids for the
prepsfation of adipic acid, in the presence of a
catalyst which is at least partly separated from the
reaction mixture obtained after the hydroxycarbony-
lation and redse& in a hydroxycarbonylation operation.

- One of the most promising processes for the

'preparatlon of adipic acid consists in

hydroxycarbonylating one or a number of pentenoic

acids, especially 3—pentenoic'acid and 4-pentenoic
acid,“using carbon monoxide and water, in the presence
of a catalyst based on iridium, rhodium or their
mixtures and of an iodinated promoter. Generally, the
reaction is carried out in the liquid phase at a
temperature from 50°C to 300°C and under a psrtial
cafbon monoxide pressure of a few bar. In order to
envisage the industrial use of a proeess.of this type,
it is very obviously 1ndlspensab1e to be able to
recycle at least part of the expensive catalyst used.
The subject of the present invention is
specifically a process containing such a recycling.

' Among the separation techniques which can be
env1saged, dlstlllatlon of the more volatile compounds
of the reactlon mixture resulting from the
hydroxycarbonylation allows the catalyst to remain with

the diacids formed. A sﬁbsequent distillation of -these

diacids at low wapeu:iﬁfaBSan—makesmit"necessary to
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2.
subject them,:aﬁd-the catalyst, to a prolonged heating-
at a relatively high tempefature, capable of degrading
them and making tﬁe catalyst partially or entirely
inactive. o |

The crystallization'technique requires a
sufficient heat transfer to be provided an& for ﬁhe
production of crystals of a requisite size to be
filtered off to be possible._Ih addition, the maximum

level of solids is limited to an upper value of the

- order of 30 to 40 %. All this leads to a significant

equipment'voluﬁe ahd to the immobilization of an
excessively iarge amount of very expensive catalyst.

fhe-present invention proposes to solve the

problem of thé separation and recycling of the catalyst .

in the context of a process for the
hydroxycarbonylation of pentenbic acidg to adipic acid,
by the use of the refining technique. |

More particul#rly, the subject of the
invention is a process for the hydroxycarbonylation of
pentenoic acids, characterized in that:

- one or a number of pentenoic acids are
hydroxycarbonylated to adipic acid, by carbon monoxide
and water, in the presence.of a catalyst based on
iridium and/or rhodium and af at least omne iodinated
promoter,

-.the :éaction mixture obt&ined is subjected
to a refining operation, after having optionally been

concentrated, making it possible to separate at least .a-

2.
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part of the catalyst,

- the catalyst thus separated is recycled to

" an operatién for the hydroxycarbonylation of pentenoic

acids or of butadiene or of butadiene derivatives.

Pentenoic acid is understood to mean, in the

‘context of the invention, 2-pentenocic acid, 3-pentencic

acid, 4-pentenoic acid and their mixtures.

3-Pentenoic acid, taken in isolation or as a-
mixture with its isomers, is more particularly
suitéblé, owing to its accessability and the
satisfactory resulfs to which it ieads during its
hydrgxycarbonylatign.

The catalyst used for the

hydroxycarbonylation reaction can be based on rhodium,

.iridium or both these metals.

Any rhodium or iridium source is capable of
being used.

Reference may be made, as examples of rhodium

sources which can especially be used, to the compounds .

mentioned in Européan Patent_EP-A-0,477,1;2, the
contents of which are incorporated for reference in the
present Patent Appiication.

- Mention may be made, as examples of iridium

sources which can especially be used, of:

metallic Ir, IrO,, Ir,0;,

IrC13, IrCl,-3H,0,

IrBr;, IrBr,-3H,0,

IrI3,

This Sheet Has Been R,
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4

- Ir,(CO),Cl,, Ir,(CO),.I,,
- Ir,(CO),, Ir,(CO),,,

- Ir(co) [P(CgHs) 31,1,

- Ir(CO) [P(CgHs)41,CL,"

- Ir[P(CeHg),l,I,

- HIr[P(CgHs),],(CO),

- Ir(acac) (CO),;

[Ircl(cod)],,

(cod 1,5-cyclooctadiene,

acac = écetyiagetonate).

The iridium-based catalysts which are more
particularly suitable are: [IrCl(cod)]é, Ir,(CO),, and
Ir(acac)(co)é. | ‘

The éatalysts based on iridium or based on

iridium and rhodium are'particuiafly preferred in the

" context of the proceéé of the invention.

The amount of catalyst to be used can vary -

. within wide limits.

In general, an amount expressed in.moles qf
metaliic iridium and/or of metallic rhodium per litre
of reaction mixture between 10°* and ;0'1 leads to
satisfactory resﬁits} Lower amounts can be'used:]
however, it is observed that the rate of feaction-is

low. Larger amounts have disadvantages only at the

‘economic level.

The ifidium and/or rhodium concentration is
preferably between 5-10"% and 1072 mol/litre.

Iodinated promoter is understood to mean, in
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the context of the piocess of the invention; HI ;nd the
organoiodinated compounds capable of generating HI
under the reaction conditions and more particularly the
alkyl iédides having 1 to 10 carbon atoms. Methyl
iodide is more particularly recommended.
The amount of iodinated pfbmoter to be used

is'generally such that the I/Ir (and/or Rh) molar ratio

is greater than or equal to 0.1. It is not desirable -

that this ratio exceeds 20. The I/Ir (and/or Rh) molar
ratio ig preferably between 1 and 5.

The presénce of water is indispensable to
carrying out.the hydroxycarbonylation. Generally, the

amount of water to be used is such that the

water/pentencic acids molar ratio is between 0.01 and

10.

A larger amount is not désirable due to the
loss in catalytic activity observed. The
water/pentenoic acids molar ratio in the reaction -
mixture cah be instantaneously less than the minimum
value indicated above, if the reaction is carried out,
for example, with continuous injection of water, rather
thén introducing it with the other charges before the
hydroxycafbonylation reaction.

The water/pentenocic acids molar ratio is

'preferably between 0.01 and 1, the preceding comment

regarding the minimum value also being valid.
The hydroxycarbonylation reaction can be

carried out either in a third solvent or in a-lérge

This Sheet Has Been Reﬂlaced




 excess of pentenoic acids.

It is possible to use, as third solvent,

especially the saturated aliphatic or aromatic

.carboxylic acids containing at most 20 carbon atoms

provided that they are liquid under the reaction

conditions. There may be mentioned, as éxamples of éuch

carboxylic acids, acetic acid, propionic acid, butyric

" acid, valeric acid,. adipic acid, benzoic acid and
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phenylacetic acid.

The third solvent can also be chosen from
saturated aliphatic or cycloaliphatic hydrdéarbons aha
their chlorinated derivatives and aromatic hydrocarbons
and their chlorinated derivatives, provided that these
compounds are.liquid under the reaction conaitions.
There may be mentioned, as examples of such solvents,
bénzené,_tdluene, chlorobenzene, dichloromethane,
hexane and cyc;ohexane.

When it is present in the reaction mixture,
the third solvent represents, for example, from 10 % to
99 % by volume with respect to the total volume of the
said reaction mixture and preferably from 30 % to 90 %
by volume.

According to a preferential variant, the
hydrékycafbonylation reactibn is carried-ouﬁ in the .
pentenocic acids themselves,_that is to say 2-pentenoic
acid, 3-pentenocic acid, 4-pentenocic acid and their

mixtures.

This Sheet Has Been Re’i
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out at a pressure greater than atmospheric pressure and
in the presence of carbon monoxide. It is possible Fd
use egsentially pure carbon ﬁonoxidg or carbon monoxide
of technical quality as it is found in commerce.

The reaction is carried out in the liquid
phase. The temperature is generally between 100°C and
240°C and preferably betweeﬁ 160°¢ and 200°C.

Ihe toﬁal pressure can vary within wide
limits. The carbon monoxide-partial pressure, measured
at 25°C, is generally from O.S.bar to 50 bar and
preferably from 1 baf to 25 bar-

The reaction mixture emerging from the
hydroxycarbonylation reaction essentially contains. the

unfeacted pentenocic acids, water, the iodinated

‘ pfomoter, the catalyst, the solvent optionally used,

the adipic acid obtained, and the othér by-products
formed in more or less significant amounts, such as,
for example, 2-methylglutarig acid, 2-ethylsuccinic
acid, valeric acid or gamma-valeroiactone (or
4-methy1butyrolactone); - .

This reaction mixture_is subjected to a
refinihg operation, either as such or preferably éfter
a concentration operation, consisting in removing,
especially by distillation, a part of or all the third
solvent,rif such a solvent was used, or a part of the
exdess pentenoic acids when the reaction waé carried
out without é third solvent. By such a concéntration,

the weight of the réﬁction mixture is generally reduced

This Sheet Has Been Reﬂlaced
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to a value representing from 10 % to 90 % of its
initial weight, without these figures having a critical
value. -
. _ ® :
Refining in the present text is defined as
5 . the direct crystallization of the reaction mixture,
preferably concentrated, on a cooled wall, on which the
rafflnate (essentlally adipic acid) is deposited,
whereas the remaining liquid.is concentrated in the
other constituents of the treated mixtﬁre, including

10 the catalyst. However, the crystal lattice deposited

retains, by capillary attraction or inclusion, a
' limited amount of the residual liquid.
This technique is also known under the name
of molten medium crystallization.

15 In the context of the process of the
invention, thelmain object of the fefining is to
separaté the majority of the adipic acid from the
catalyst whicﬁ-remains essentially in'the liquid
residue (drawfoff); for this, an apparatus is chosen

20 which has a high heat exchange surface area/volumé'of
reaction mixture to be treated ratio, so as to limi£
the duration of crystallization of ﬁhe_raffinate and
especially the time the reaction mixture spends in the
refiner and to make pdssible a degree of

25 crystallization which can exéeed 70 %.

B The refining operation can be described in

the following general way.

The readtion mixture to be treated is

This Sheet Has Been Re 'i
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introduced in;q the apparatus at an initial temperaturé
at least equal'to the crystallization temperature of
the mixture and preferably between this temperature and
the temperature at which the hydroxycarbonylation
reaction wasfcarried oug; the apparatus is itself also
at this temperature.

This initial temperature is generally between
100°C and 200°C.

The first phase of the operation consists in
the progressive crystallization of adipic acid on the
Qalls of the apparatus. This crystallization is
obtainéd by a progfammed reduction in the tempefature.
of the heat-exchange walls, especially using a heat-
transfer fluid circulating on the other side of the
said walls.

'Depending on the type of industrial
prodﬁction envisaged, the temperature reducﬁion can be
more or - less rapid,.according to whether the mixture to
be treated crystallizes in a relatively thin layer when
it does not £ill the whole volume of the apparatus or
whether it crystallizes in forming a thickqlayer—when

the charged mixture is immobile and fills the whole

‘volume of the apparatus.

‘The final temperature achieved is limited by
the melting temperature of the eutectic of the various
constituents of the reaction mixture. It will be chosen
according to the composition of the reaction mixture to

be refined and according to the amount of adipic acid
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which it is desired to crystallize. As a general rule,

the. lower this temperature, the more certain other
constituents of the reaction mixture risk contaminating
the adipic acid crystals; convegsely, the higher ;his'
temperatufe, the lower will be the degree of recovery
of adipic acid in the raffinate. ‘

Taking into account_the above, the final

temperature is gererally fixed between 0°C and 70°C.

When the finai temperature chosen is
achieved, the draining fraction, enriched in catalyst
and impoverishéd ih adipic acid with respect to the .
reaction mixture treated, is recovered by running from
the lower part of the equipment. This conﬁtitutes the

draining phase.

The third phase of the refining operation

‘consists in washing the crystals deposited on the walls
' of the equipment, so as to recover the majority of the

.drained liquid still retained on.the said crystals. It

is carried out by‘reheating the deposited crystals, at
a rate which vafies depending on the type of industrial
production, which causes their ﬁartial melting;
draining and repiacem;ntlon the crystals of the drained
liquid by a liquia much richér in adipic acid is thus
produged. This phase is‘cailed sweating phase. Its
quantitative significance depends on the amount of
catalyst which it is desired to recévér and conditions
the purity and the'degrée of recovery of the adipic

acid. The sweatjng fraction can be added to the
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fraction obtained during the draining phase or be
subjected to another separation operation of its
constituents by any technique, especially by refining.

The term draw-off denotes, in the present |
text, the part of the reaction mixture separated during
thé drainipg phase and/or the swea;ing phase.

The temperature to which the raffinate is
brought during the sweating phase'varies depending én
the amount of catalyst which it is desired to recover
or the amount of purified adipic acid which it is
desired to obtéin..

.This temperature is genérally'between_the

final temperature of the draining phase and 150°C. It

. is preferably between 100°C and 145°C.

The raffinate deposited on the walls of the
equipment can then be recovered by rapid melting of the
crystals. | |

The duration of the refining cyéle,
consisting of these varioué,phases, can vary from
approximately 1_hour-to 30 hours, depending on the
indust;iél technology adopted; thus, a_dynémic thin-*
layer system, offerihg a large heat exchange surface
area with respecﬁ tp:the volume.to be treated, will
require a much shprEer duration than a static thick-
léyer s?stem. )

The draw-off, containing at least a part of
the catalyst, iodinated promoter, unconverted pentenoic

acids and more or lesé significant amounts of the

Thﬁlsll‘,lirlili i, ﬂilin Rﬁlacw
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various constituents of the treated reaction mixture,
can be directly recycled to a hydroxycarbonflation'
reaction (espécially the draining fraction), or be
éubjected beforehand to one or a number of_separation
operations, targeting the séparation of the catalyst
from all or part of the other.constituents (especially
the sweating fracéion). This additional sebaration can

itself be carried out by the refining technique;

. however, it can be carried out by any other

conventional technique sﬁch as, fpr-example,
crystéllization, distillation, extraction.

The raffinate, iargely containing adipic acid
as well as the catalyst and more or less significant
amoﬁnts of the various constituents of the treated
reaction mixture, éan be itself subjected to one or a
number of a&ditional sepératioh operations, in order to
separate the catalyst and the iodinated promoter which
it contains. As indicated above for the draw-off, th;s
additional separation can itself be carried out by the

refining technique; however, it can be cafried out by

" any other conventional technique such as, for example,

crystallization, distillation, extraction. The catalyst
and the iodinated promoter thus separated can then
opﬁidnally be recycled.

The refiping is carfiea out so that at least

40 %, and preferably at least 80 %, of the catalyst

‘present in the reaction mixture to be treated is

separated.

T



10

15 -

20

25

13
A preferential method of the invention

consists in carrying out a refining operation, during

which at least 80 % of the éatalyst.is separated,

between an initial temperature between 100°C and 200°C
Iand a final temperature for the draining phase between.l
20°C and 60°C, the temperature then beihg raised to-
between 160°C and 145°C for ﬁhe sweating phase; this
refining operation is optionally followed by one or a
number of.other separation operations carried out on
écme or all of the fractions obtained in order to
separate the remainder of the'catalyst, on the one
hand, and atlleast a part of the branched diacids, on
the other hand. The catalyst thus obtained auring the
refining is recycled to the hydrqucarbonylation
reaction.

When the catalyst separated by the refining
operation is used for the hydroxycarbonylation of
butadiene or of its derivatives, there will be uéed,
for example, the technique described for rhodium in
Patents EP-A-0,405,433 or EP-A-0,274,076.

Besides_butadiehe, its derivatives which are
the most generally usable are 3-buten-2-0l, 2-buten-
1-ol,'their mixtures and their carboxylic esters,
especially the acetates, propionates, valerates,
adipatés and pentenoates.

‘The examples which follow illustrate the

invention.

This Sheet Has Been Reﬁlaced
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EXAMPLE 1 Hydroxycarbonylation of 3-pentenoic acid
The followihg are introduced into an
autoclave equipped with stirring by a self-priming

turbine:

2.45 g (7.3 mmol) of Ir in the form of
[Ircl(cod)], (3.3 mmol/l of reaction
mixture) .

- 4.17 g (18.6 mmol) of_HI.in the form of

a 57 % in weight for weight aqueéus
'solution (8.4 mmol/1l) | -
- 177.8 g (9.9 mol) of water (4.5 mmol/1)
- 2084 g (20.84 mol).of 3-pentenoic acid
(®3).

Thé autociave, connected to the gas supply
under pressure, is hermetically closed. 2 bar (0.2 MPa)
.of co are_adm%tted while cold aqd heating is carried
out to 185°C over 20 min via an:elect;ic band heater.

When this teﬁperature is achieved, the pressure is

-adjusted to 20 bar (2 MPa).

The kinetics of the reaction are monitored by
the absorptidn of CO in a reserve connected to the
reactor, the pressure'in the autoclave remaining
constant. |

After a reaction duraﬁion of 36 min,
corresponding to the complete consumption of the.
introduced water, the reaction;is halted 5y cooling the
reaction mixture. The autoclave is degassed and the

reaction mixture is drawn off in the liquid state at



15
120°cC.

The reaction mixture is analysed by vapour
phase chromatography #nd by high performance liquid
chromatography.

| The following results are obtainedi
- degree of conversion (DC)
of P3: ' ‘ 51 %
- molar yield with respect |
- to converﬁed P3 (¥d.) of
adipic acid (al1): _ 65 %

- Yd..of methylglutaric ‘ _

acid (a2): 11 %

- ¥d. of ethylsuccinic. acid

. (A3): , | 3%

- Y¥d. of gamma-

valerolactone (VAL): V11 %
- Yd.-of valeric acid (Pa): : 2 %
- Yd. of zepentenoid acid

(P2): - 8 %

The degree of linearity, expressgd by the.
‘ratio in percentage of Al formed to all the diacidé Al,
A2 and A3 formed; is 82 %. |

The rate of reaction (calculated over 20 min
of absorption of CO) is 5.4 mol of co absorbed per hour
and per litre of reaction mixture.

The reaction mixture is concentrated by'
distillation of the volatile products at 90°C under a

pressure of 1 kPa; a mixture is thus obtained which is
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EXAMPLE 2 Refining of the concentrated reaction mixture

16 _ |

subjected to a refining operation.

prepared in Example 1

The.apparatus used consists of a metal
cylinde:, with an internal diameter of 45 mm and a
height of 65 cm, closed at its base by a sﬁall-volume
pneumatic valve and eqﬁipped at its top with a screw-én
lid ﬁhrough.whichftwo teﬁperature probes and a nitrogen
inlet pass. : |

The assembly is surrounded by a jacket making
possible the grranged circulation of a héat-traﬁsfer
fluid at a controlled temperature. |

1058 g bf the concentrated reaction mixture
prepared in Example 1, and wﬁich has the combosition by

weight given below, are used:

-  adipic acid 66.00 %
- 2-methylglutaric acid © 11,20 %
- - 2-ethylsuccinic acid - 2.00 %
- gamma-valerélactone ' 1.80 %
- 2-penteﬁoic acid , - 3.00 %
- 3-pentenoic acid - 14.50 %
- 4-pentenoic acid | 1.30 %
- iridium (as a metal) . 0.0887 %
-. iqainb . | ' 0.1565 %

This reaction mixture, in the liquid state at
131°C, is'chargeﬂ to the apparatus which is at this
same temperature.

The,témperature is progressively lowered
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using ﬁhe heat-transfer fluid to 40°C over 9 hours:

this is the‘crystallization phase.

At 40°C, the valve of the apparatus is opéned

-and the draining phase is carried out at a constant

temperaﬁure for 3 h; the draining fractionm,
representing, in weight for weight, 20 % of the
reaction mixture charged, is thus recovered.

The temperature is then progressively raised
to 138°C over 11 h; during this sweating phase, a
sweating fraction representing, in weight for weight;
28 % of the'reactibn mixture charged, is recovered.

Fiﬁally, the temperaturé is brought, over 3
hours, to the melting temperature of #he faffinate
deposited on the walls of the apparatus .and is
maintained-at this temperatufe-for a furthér one hour.
The raffinate is thus recovered which represents, in
weight for wéiéht, 52 % of the reaction mixture
chérged.

| The respective compositions of these three

fractions are determined by assaying bf gas phaée

chxomatography, by high performance liquid

 chromatography and by X-ray fluorescence.

‘Draining fraction:

- adipic acid ' 10.0
- 2-methylglut;ric'acid 32.0
- 2-ethylsuccinic acid 5.4

- =~ gamma-valerolactone . 8.4

- 2-pentenoic acid . . 7.9

o0 ® o ¢ o
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3-pentenoic acid

4-pentenoic acid
iridium (as a métal)

iodine

Sweating fraction:

Raffinate:

adipic_acid
2-methylglutaric acia
2-ethylsuccinic acid
gamma-valerolactone
2-pentenoic acid
3-péntenoic acid

4-pentenoic acid

diridium (as a metal)

iodine

adipic acid

2-methYl§1utaric acid ’

2-ethylsuccinic acid
gamma-valerolactone
2-pentenoic acid

3-pentenoic acid

.-4-pentenoic acid

iridium (as a metal)

iodine

33.5 %
2.5 - %
0.210 %

0.370 %

48.0 %

19.5 ' %
3.3 %
4.8 %
5.5 %

18.5 %

%
0.133 %
0.228 %

95.8

2.2

[ =)
® P ® P o P

o N ©O O

%
0.0149 %

0.0264 %

The raffinate thus contains 76 % of the

adipic acid and only 9 % of the iridium and the iodine

hydroxycarbonylation reaction.

present in the reaction mixture emerging from the
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The draining fraction contains 45 % of the

iridium and of the iodine and 3 % of the adipic acid of

the reaction mixture, whereas the sweating fraction

contains 46 % of the iridium and of the iodine and 21 %
of'the-adipic'acid. Overall, the.draw-off consisting of
the combined draining and sweating  fractions thus
conitains 91 % of the iridium and of the iodine with
24 % of the adipic acid of the reaction mixture.
Different divisions of the fractions and raffinate make
it possible either to minimize the amount of adipic
acid present in thé draw-off or to increase the degree
of recovery of the iridium and the iodine depending qn‘
the favoured sepafation criterion. |
EXAMPLE 3 Recycling of the draining fraction obtained

reaction |

100 g of the draining ffaction obtained in
Example 2 are recycled; 3-Pentenoic acid and water are
added to it so as to have an initial reaction mixture
having the same concentration of Ir and of HI as the
initial mixture used in Example 1, that islto say
3.3 mmol/l of Ir and 8.5 mmol/l of HI.

The concentrations in the initial mixture of .-
the other constituents are the foliéwing:

- 7 mmol/1l of P3

0.2 mmol/l of P2

0.04 mmol/l of P4

0.24 mmol/l of VAL
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- 0.18 mmol/l of Al
- 0.6'mm01/1 of A2
- 0.1 mmol/l of A3 -
- 4.2 mmoi/l of water.
The'hydrOxycarbonylation is.carried out as
described in Ekample 1. After reacting for 40 min,
qorreséonding to the consumption of the introduced
water, the autoclave is cooled and the various |
éonstituents of the final reaction mixture are assayed. -
The following resulés are obtéined:
-  degree of conversion (DC)
of P3: ' . 58%
- Yd. of adipid acid (Al): 65 %
- Yd. of methylglutaric
acid (A2): | 13 %
- vd. of ethfléuccinic acid
(a3) : : - - 3%
- Yd. of gamma-
_valeroiactone (VAL) : o 9 %
- ‘Yd,_éf valeric acid (Pa)z' - 3%
- Yd. of 2-pentenocic acid |
(pz)ﬁ | ' : 7%
. The degree of linearity, expressed by the
ratio in percentage of Al formed to all the diacids Al,
A2 and A3 formed, is 80 %.
The rate of reaction (Eaiculated over 20 ﬁin
of absorpt:on of CO) is 4.4 mol of CO absorbed per hour

and per litre of reaction mlxture. The kinetics bezng
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of the order of 1 with respect to P3, the catalyst thus
has an activity identical to that observed in Example 1

(absorption volume of CO/amount of P3 involved).
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CLATIMS
1. Process for the hydroxycarbonylation of

' pentenoic acids, characterized in that:

- one or a number of pentenocic acids are

~hydroxycarbonylated to adipic acid, by carbon monoxide

and water, in the presénce of a catalyst based on
iridium and/or rhodium and of at least éne iodinated
promoter,

- the reaction mixture obtained is subjected
to a refining operainn,'after having optionally been
concentrated, making it possible to separate at ieast a
part of the catalyst,

| - the catalyst thus sepafated is recycled to
an operation for the hydroxycarbonyl;tion of pentenoic

acids.

2, Process for the hydroxycarbonylation of .

" pentenoic acids, characterized in that:

- one or a number of penteno;c acids are
hydroxycarbonylated to adipic ac:d, by carbon monoxide
and water, in the presence of a catalyst based on
iridium and/or rhodium and of at least one iodinated
promoter,

- the reéction mixture obtained is subjected
to é'refining dperation; after having optidnally been
concentrated,-making it possible to separate at least a
part of the cataf&st,f -

- the catalysﬁ thus. separated is rec&cled to

an operation qu/the hydroxycarbonylation of butadiene

* [ L M § *




10

15

20

25

Sheet Has Been Replaced:

ST

. 3. Process accordlng to one of claims 1 or

and/or of its derivatives.

2, characterized in that at least 40 %, and preferably
at least 80 %, of the weight of the catalyst contained
in the reaction mixture is separated by the refznlng
operatlon.

4, Process according to one of claims 1 or
2, characterized in that the reaction mixture obtained
after the hydroxycarbonylation operation is
concentrated before being subjected to the refining
operation in ordes to eliminate at least 'a part of the
more vclatile compounds which it contains.

5. Process according to Claim 4,
characterized in thst the concentrate df'the reaction
mixture subjected to the refining operatioc represents,
in weight by wsight;_frcm 10 $ to 90 % of the reaction
mixture emerging'from the hydroxycarbonylation
operation. |

6. Process according to one of claims 1 to
5, characterized in that the hydroxycarbonylation is
carried out in a solvent chosen from carboxyl;c aclds
such as saturated aliphatic acids and aromatic acids.
having less thas 20 carbon stoms, saturated sliphatic

or cycloaliphatic hydrocarbons and their halogenated

, dérivatives, aromatic hydrocarbons and their

halogenated derivatives and aliphatic, arcﬁatic or

mixed ethers.

7. Process according to one of claims 1 to
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5, characterized in that the hydroxycarbonylation is

24

carried out in the pentenoic acids themselves.

8. Process according to one of claims 1 to
7., characterized in that the ?efining éonsigts in
cooling the optionally concentrated reaction mixture in
a controlled and progressive way from.an.initial )
tempefature at least equal to the'crystallization
temperatﬁre of the mixture, and preferably between this
temperature and the temperature at which the
hydfoxycarbonylafioh-reéction was carried out, to a
final tempgréture gfeatér than or equal.to the melting-.-
point of the eutectic 6f the constituents of the_said
reaction mixture, so as progressively to crystallize
the adipic acid of the reaction mixture..

9. Process. according to claim 8,
characterized in that the initial temperature is

betweeﬁ 100°C and 200°C and the final temperature

. between 0°C and 70°C.

10. Process'according to one of claims 1, 2,

8 and 9, characterized in that the refining contains a

second phase, or draining phase, making it bossible-to
separate at least a part of the catalyst within a
draining fractiomn.

il. Process according to one of claims 1, 2,
8 to_lO, characterized in that the refining contains a
third phase, or sweating phase, consisting, by
progressivé heating of the deposited cfystals, in
recovering a'sweating'fraction containing another'part

I
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of the catalyst and other constituents of the treated

' reaction mixture.

12. Process according. to claim 11,
characterized in that the sweating phase is carried out
by heating at a temperature between the final

temperature of the draining phase and 150°C, and

preferably between 100°C and 145°C.

13. Process according to one of claims 1, 2
and é to 12, characterized in that the duration of the
refining cycle varies between 1 hour and 30 hours.

| . 14. Process according to one of claims 1, 2
and 8 to 13, chara&teriZed in that the fraction
obtained in the draining phase is recycled to the
hydroxycafbonylation reaction.

15. Process according to one of claims 1, 2
and 8 to 13, éharacterized in that the fractionms
obtained in the draining and éweating phases are

recycled to the hydroxycarbonylation reaction.
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