PROCESS FOR THE HYDROXYCARBONYLATI ON OF PENTENO C ACI DS
present invention relates to a process
pent enoi ¢ acids for the preparation of adipic acid, in the presence of
a 5 catalyst. which is at |east partly separated fron1the ' reaction
m-xture obtained after the hydroxycarbony-1 | ation and reused in a

ﬁhydroxycarbonylatlon oper ati on. One of the nDst pron15|ng
- processes for tPROCESS B ' : ¥ I

-hydroxycarbonylatlng one or a nunber of penten0|c especially
- 3-pentenoicacid and 4- pSiteepaiesent mmtdommeigt@@rmalmﬂ% and
water, in the presence of a catalyst based on irjidium_rhodi um or

t hei r mi Your dheahydyoxyearbrnydedd o Gfomant G(&Q?é"r Aqids

reaction is carried out in the |iquid phase at .a npegature from

50[err] C to 30¢FeRFetdmr Afdadipisaaqigd, in the presence o

5 catalyst which is at least partly separated from the

16f3$¢f F'f’he
for the hydroxycarbonyl ation of

reaction mixture obtained after the hydroxycarbony-
lation and redse& in a hydroxycarbonylation operation.
- Oone of the most promising processes for the
'preparation of adipic acid consists in _
- 10 'hydrexycarbonylating 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
mixturea and of an iodinated promoter. Generally, the
15 reaction is carried out in the liquid phase at a
temperature from 50°C to 300°C and under a partial
cafbon monoxide pressure of a few bar. In order to
envisage the industrial use of a process.of this type,
it is very obviously 1ndlspensab1e to be able to
20 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
- 25

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_makesmitwnecessary to
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carbon nonoxi de pressure of a few bar. In order .to envi sage the

tndustrial use of a process of this type, it is very obviously

-indi spensable to be able to 20 recycle at |least part of the expensi ve
catal yst used. The subj ect of the present invention is
speci.fically a process cont ai ni ng such a rzcycling. Anong
the separation techni ques which can be envi saged, distillation of the
nmore vol atil e sabgjectdtheds aafl the caaaﬂwsm.nmntarprpdsubﬁﬂnQQHQ#MRhe
hydr oxycar bonyl ation allows the catalyst to remain with t he di.acids

formed. A subseguentedastivelyt highotemperature, capablgsoft degxradiasour
pressure makes it necessary to

subj ect them &hémthédcaﬁéﬂygttﬁ@oC&H@lmanGEEtﬁééﬂﬂh@r entigely relat?vely

hi gh tenperature, capable of degrading - t hem and naki ng the catal yst -

partially or eRBRF&Lye. - .

' 5 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

10 - 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-présent invention proposes to solve ﬁhe
problem of thé separation and recycling of the catalyst .

15 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

20 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

25 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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| nactive. -5 The crystallization technique requires a

sufficient heat transfer to be provided and for the - producti-on of
.crystals of a requisite size to be filtered off to be possible. In
addi tion, the maxi num . level of solids is limted to an upper val ue of
the 10 order of 30 to 40 % Al this leagls to a significant

equi pnent volune and to the immobilization of an - excessively large
anount of verypexpgeodi thecgaghalyst, . The present invention
proposes to sol ve the probl em of the separatlon and recycling of the
catalyst 15 in the contexheoba&aéybcetbuboBepheated ilsy deeyedadoaoy| ati on
of pentenoic acids to adi-pic acid, y the use of the refining

t echni que. an operation\gpg ﬁbﬁthUéP&KVFarbh®Y§a&99@tOéfpﬁn@en01c
i nvention is a prg@ess for t he hydroxycarbonylatlon of 20 pentenoic
aci ds, -char act 8Ft38JoFnofnRuutadiene or of butadigpe derivakiwes-of

pentenoi c acids are drox carhqnyl ated to adipic acid, by carbon
monoxi de 3 and waterPePﬁePﬁé FE%gngé Ypdgreteed fo Beapd 4R 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
10' suitéblé, owing to its accessability and the
satisfactory resulfs to which it ieads during its
hydrgxycarbonylation.
The catalyst used for the
hydroxycarbonylation reaction can be based on rhodium,
15  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 compoﬁnds_.
20 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: |

25 - metallic Ir, IrO,, Ir,0;,

IrC13, IrCl,-3H,0,

IrBr;, IrBr,-3H,0,

- IrI3'
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fridiun1and/or rhodi um and of at |east one iodinated 25 pronoter,

the reaction m xture obtained is subjected to . mol ten medi um
crystallization, after having optionally been " -concentrated, making it
possible to separate at | east 40% of the weight of the catalyst
contained in the reaction m xt ure,

3 - the catalyst thus separated is recycled to an
operation for the hydroxycq&gq@bbgcigp oF (@ﬁﬁgﬂgic aci ds or of

but adi ene or of butadi ene derivatives. 5 Pentenoic acid is
understood to nean, in thexrz(coogntmxk(cﬁ){{weinvention, 2- pentenoi ¢ acid,
3-pent enoi ¢ acid, 4-pentenoic acid and their m xtures.

3-Pent enoi ¢ acid, taken i-n Jrs(@odt [Fo(CgHE) gk, B m xture with its isomers,
is nore particularly 10 suitable, owing to its accessability.and the
. : Ir(cOo) [P(CeHg) 51,1, :

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

HIr[P(CgzHg),]15(CO),

Ir(acac) (CO),;

[Ircl(cod)],,
(cod = 1,5-cyclooctadiene,
10 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

.15 iridium and rhodium are'partiéﬁiafly preferred in the
" context of‘the proceéé of the invenﬁidn.
The amount of catalyst to be used can vary:
- within wide limits. |
| In general, an amount expressed in.moles qf
20 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 ha%e disadvantagés only at the
25 economic level. |

The itidium and/or rhodium.concéntration is

preferably between 5-10"% and 1072 mol/litre.

Iodinated promoter is understood to mean, in



satlsfactory results to which it Ieads during its

Rydr oxycar bonylati on. . The catal yst used for the

hydr oxycar bonyl ati on reactlon can be based on rhodium 15 i ridi-um or

bot h these netals. Any rhodiumor iridiumsource is capable
of bei ng used. Ref esence may be nmde, as exanpl es of
rhodi um sources which can especially be used, to the.conpounds 20
menti oned i n Ewlpesonteatterdt Hhe\ drobess X thee inventicamt HI sarmsf thw ch
are incorporated for reference in the present Patent Application.
Mention nmay be omghnoixsdimetsd exompoundsaiicapable of gmnemtisg &I can
especially be used of: 25 - metallic Ir, IrJerr],
Ir[err]err], under the reaction qorglitrons qqdjqng]pig##qqiarly the

- lrBrerr], IrBr[err] 3H err] O - Inlferr],
Thi s |S t he rem :sc{%%thav:.ng 1 to 10 carbon atoms. Methyl
5 iodide is more particularly recommended.

' The amount of iodinated pfbmoter to be used
is generally such that the I/Ir (énd/or Rh) ﬁolaf ratio
is grg&ter than or equal to 0.1. It is not desirable -
that this ratio exceeds 20. The I/Ir (and/or Rh) molar

10 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/pentenoic acids mplar ratioc is between 0.01 and

15 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

.20~ 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

25 Jpreferably between 0.01 and 1, the preceding comment
regarding the minimum value also being valid.

The hydroxycarbonylaﬁion reaction can be

carried out either in a third solvent or in a-lérge
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4 - Ir2(CO)[err]CI[er‘r], Ir[ferr](CO[err]l[err],
Ir[err](CO)8 Ir[err](CO[err]" . - 1r(CO
[P(C[err]H err])[err]][err]l, ’ - 1r(CO

[P(C[err]H err])[err]][err]d, 5 -

Ir(P(Clerre]H err])[err]][err]l. 6 - Hr
[P(C[err]Herr])[err]][err](CO - Ir(acac) (CO ?2;

- [Ird (cod)] @xcess of pentenoic alcdds.= 1, 5-cycl ooctadi ene, - 10

acac = acetyl acetonate). The iridi umbased catal ysts
whi ch are nore pamt de pdsgiblie & es,c.as third solvent,

[Ird (cod)][err]"Ir[err](CO 12 and Ir(acac)(CO[err].

The cat al yst s eispesdaddy thé watmrataskealdphatic arn iatiomatdsd r hodi um are
particularly preferred in the
.carboxylic acids contalnlng at most 20 carbon atoms
5 provided that they are liquid under the reaction
conditions. The;e may be mentioned, as éxamples of éuch
carboxylic acids, acetic.acid, propionic acid, butyric
" acid, valeric acid,. adipic acid} benzoic acid and
phenylacetic acid. | |
10 : 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.

15  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
20 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 .
25 pentenocic acids themselves,_that is to say 2-pentenoic
acid, 3-pentenocic acid, 4-pentenocic acid and their

mixtures.

The hydroxycarbonylation reaction is carried
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context of the process of the invention. | The amount of

catal yst to be used can vary wthin wide limts. I n
general , an anount expressed in noles of 20 metallic iridium and/ or of
‘metallic rhodiumper litre of reaction m xture between 10[err] and
10[err] leads to satisfactory result’s. Lower anmpbunts can be used:.
however, it is observed that the rate of reaction is | ow. Larger
anmount s have dios&da&nnaperessare greaker 2han etwospheriigvpressure and

The itidiumand/or rhodiumconcentration is . preferably between
5[err]10[err] &mdthe Presenice: o§. carbon monoxide. It|dgi peeedbdeofdter is
understood to nean, in -the context of the process of

t he i nventi on, wae gﬁ@epﬁéally pure carbon monoxidg or carbon monoxide
of technical quality as it is found in commerce.

5 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, meésurgd

10 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-contgins-the
uﬁfeactéd pentenocic acids, water, the iodinated

15 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

20 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

25 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
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or ganoi odi nat ed” conpounds capabl e of generating H . under the
reaction conditions and nore-particularly the al kyl i odi des havi ng
1 to 10 carbon atons. Mt hyl 5 iodide is nmore particularly
recommended. - The anobunt of iodinated pronoter to be .
used I's generally,such that the8/Ir (and/or Rh) nolar ratio

I's greater .than or equal to O0.1. It is not desirable that this
rati o exceeds 20. aTNaluk| repaesentiRg) fromadl0 % tol®@0 #awifo iits preferably
between 1 and 5. The presence of water is indispensable
- to caniyind vedghite midhenfcshesey figumes davdng lay cniftdcal
anount of water .to be used is such that the wat er / pent enoi ¢ aci ds
nol ar ratio i sVBé¥®een 0.01 and . 15 10. A larger

amount is .not desirable due.tq the | o0ss in-catal act|V|ty
observed. The é'W'Bgnf"é‘n&h@ é’Eeﬁ?%Itﬁx':r 38 ?ﬁyfh'nﬁ’?e J%act i on

AR Rl TR e S
preferably concentrated, on a cgoled wall, on which the
rﬁffinate (essentially 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 foilowing general way.

The readtion mixture to be treated is
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for exanple, with contlnuous I njection of water, rather - "~ than
Introducing it with the other charges before the

hydr oxycar bonyl ati on reaction. The wat er/ pent enoi ¢’
acids nolar ratiois - 25 preferably between 0.01 and.1, the precedlng
coment regardi ng the m ni num @&l ue al so being vaI|d

The hydroxycarbonyl ati on reaction can be carried out either in
al solventlﬁﬁrpﬁu§eﬂa#9§° the apparatus at an inigiedstempepatuzroi c
aci ds. "possi ble to use, as sol vent,

especial ly thea§aPGP&FeGq&PﬂpH&tFbeoPrXPG#éﬂnéatlon temperature of

the mixture and preferably between this temperature and
the temperature at which the hydroxycarbonylation
5 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
10 the progressive crystallization of adipic acid on the
Qalls of the apparatus. This crystallization is
obtained by a progfammed reduction in the tempefature.
ofethe heat-exchange walls, especially using a heat-
transfer fluid circulating on the other side of the
15 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

20 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

'Yolumelpf the apparatus. | |

‘The final tehperature achieved is limited by

25 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



carboxylic acids containing at npbst 20 carbon atoms 5 provided that they
-are liquid under the reaction conditions. There may be nentioned, as
exanpl es of such carboxylic acids, acetic acid, propionic acid,
butyric ~acid, valeric acid, adipic acid, benzoic acid and

phenyl acetic acid. 10 The 10 solvent can al so be chosen
from saturated aliphatic or -cycloaliphatic hydrocarbons and

t heir chl ori nawdcherity s vesiaed dooratyistabldaadfsors generalgfRkere r

chl orinated derivatives, provided that these ' conpounds are liquid
under the reactthen lewedi thhimss tenperathre e the meregayHdl oeRxanpl es of
such sol vent s, benzene, toluene, chlorobenzene, dichl orongethane
hexane and cycl@m@ents of the reactigpmixtyxe fwigk gontaRipat: tion
m xt ure, solvent represents, for exa Ie, fr.om XHto

h:.gh%:%ll%x

99 % by vol ume he rHRifeackd Pt SNRTEPHY 1 h 4a0ti on
t 0
Qcéolrl(rj?ngn?%p;e%abl from% /%ﬁ}{r) % 0/1 be the\./ Xgézué@ of recovery

of adipic acid in the raffinate.
Taking into acéount_the above, the final
-tempgrature is generally fixed Setwgen 0°C and 7Q°C.
When the finai temperature chosen is
10 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. |
15 The third phase of the refining operation
| ‘consists in washing tﬁe crystals deposiﬁed on the walls
" of the equipment, so as to.recover the majority of the
.drained liquid still retained oﬁ-the said crystals. It
istcar:ied out by;reheating the deposited crystals, at
20 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
25 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



hydrbxycarbonylation reaction is carried out in the 25 pent enoi c aci ds

t hensel ves, that i's to say 2-pentenoic acid, 3-pentenoic acid,
4-pentenoic acid and their m xt ur es. . The

hydr oxycar bonyl ati on reaction is carried

7 out at a pressure greater than atmgpheric pressure and i-n the
presence of carbon nmonoxide. It is possible to use essentially pure -
car bon nonoxi defrmctdarbabtrinmd during tife tdrelinien) phadld tor ae it is found
in conmerce. 5 The reaction is carried out in the liquid
phase. The tenpagiented sqeanatidry degavadd oh) Aperaticanedf its 240[err] C
and preferably bet ween 160[err] C and 200[err]C. The tota

pressure can v&opstitents &y any tddhnnqnefﬂqsnﬁnﬂaiiynhx»neﬁ;qxng4zﬂ

pressure, neasured
The term draw-off denotes, in the present

5 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

10 or the amount of purified adipic acid which it is
desired to obtain..

.This temperature is genérally'between_the
final temperatufe of the draining phase and 150°C. It

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

15 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

20 approximately 1_hour-to 30 hours, depending on the
indust;iél technology adopted; thus, a_dynémic thin-*
layer system, offerihg a large heat exchange surféce
area with respecﬁ tp:the volume.to be treated, will
require a much shprEer duration than a static thick-

25 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

Th,lsllslliir'ili i, |Been Rﬁ i




10 at 25[err]C, is generally from.0.5 bar to 50 bar and preferably
from1l bar to 25 bar. The reaction m xture enmerging from
the - hydr oxycar bonyl ati on reaction essentially contains the

unreacted pentenoic acids, water, the iodinated 15 pronoter, the

catal yst, the solvent optionally used, 12 the adipic acid obtained, and
t he ot her by-products - formed in nore or |less significant anounts,
such as, var icusngpors t 2euan by | gf Uthe | treated Leatbidsusixrure,

acid, valeric acid or gammua-val erol actone (or 20 4- et hyl but yr gl act one).
This reaction ntaaube directlecrecycledote en hydropycarbenylabienzation

ei ther as such or preferably -after a concentration operation,
consisting in reesctien (espeeipllyathe draining| fraebionh. paFtPef or all
the third 25 - solvent, if _such a_solvent was used, or 2 Bart of .the =
excess pent enoi BuBieatedRaforehard EP oPRGERT carPIBher of SeparafitRout a

SOl Vet By el 8 CORSEOLE AL the meparatifn"SEORhe katlEy bERL ON
This is the repkgggngfi EQGSLrt 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
10 éonventional technique sﬁch as, fpr-exémple,
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

15 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
20 refining techﬁique;'however, it can be.cafried out by
'any other conventional technique such as, for example,
crystallization, diétillation, extraction. The catalyst
and the iodinated promoter thus separated can then
opﬁidnally be recycled.
25 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



8 to a value representing from10.%to 90 %of its initial- weight,

W t hout these figures having a critical val ue. Mol t en
medi um crystallization in the present text is defined as the direct
crystallization of the reaction _ m xture, preferably concentrated, .on
a cooled wall, on which the raffinat® (essentially adipic acid) is
deposi ted, _ whereas the remaining liquid is concentrated in the other
constituents of the treabepreferential metbpdgofhthe inventiefyst. However,
the crystal lattice deposited retains, -~ by capillary attraction or

inclusion, a |FPapséatanbancasrying outha refiniag epggphion, during
-which at least 80 % of the éatalyst.is separated,
between an initial temperature between 100°C and 200°C
5 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 the sweating phase; this
refining operation is optionally followed by one or a
number of.other separation operations carried out on
10 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
15 ° 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

20 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,

25 adipatés and pentenoates.
‘The examples which follow illustrate the

invention.
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In the context of the process of the invention, t he main object of the
nolten nmediumcrystallization is to separate the majority of the adipic
acid fromthe cat al yst which remains essentially in the |liquid

residue (drawoff); for this, an apparatus is chosen 20 which has a high
heat exchange surface areal/vol une of 14reaction mxture to be treated
ratio, so as to limt the duration of crystallization of the

raf fi nate and EXAMPLESDeRydrbdxyeatbohykatiénr 66CS péntenbiiccasp@nds. in the
refiner and nakes possi bl e a degree.of crystallization 25 which can

. exceed 70 % The foXlhewimgtanentdtvoducgdt dhtozati on operation
.can be described in the follow ng general way. The’
reacti on m xt uaetoolavet equippedswith stirring by a self-priming 9
i ntroduced into the apparatus at an initial tenperature at | east

equal to the cEyEP&ReEzati on tenperature of
5 - 2.45 g (7.3 mmol) of Ir in the form of

[IrCcl(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

10 '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

15 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).

20 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,

25 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



the nixture and preferably.between this tenperature and

t he

tenperature at whi ch the hydroxycarbonyl ation 5 reaction was carried

out; the apparatus is itself also
tenperature is generally between
' The first phasgsof the operation consists in 10

This initial
200[err] C.

the progressive crystallization of adipic acid on the

apparatus. Thi 328°¢stallization is
in the tenperature

at this tenperature
100[ err] C and

wal | s of the

obtai ned by a progranned'reduction
of the heat-exchange wal l's, especially using a

heat - transfer flui @hei reschipngmintune dshenalydedobyt wepoht® . said

wal | s.

Dependi ng_on 'the type of

I ndustri al

producti on

envi saged, thePPafferhropateggaphyonndahybaigh pepfpemanceeddquigid,
according to mhg%her-the

relatively thiff

apparatus @r

10

15

20

25

mhethe&h

] Xture to

it _c

degree of conversion (DC)

of P3:

molar yield with respect

- to converted P3 (Yd.) of

adipic acid (al):

Y¥d. of methylglutaric

acid (a2):

¥d. of ethylsuccinic. acid

7 (A3):

Yd. of gamma-
valerolactone (VAL):
Yd.-of valeric acid (Pa):
Yd. of zepentenoid acid

(P2):

be treated crystallizes'in a
PBEOGRBREY20 it does not fill the whole volume of the

stallizes (n formng a,thick | ayer when
foiiow&ng resuits are obtained: y

51 %

65 %

11 %

V11 %

2 %

'8 %

The degree of linearity, expressed by the

‘ratio in percentage of Al formed to all the diacids 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



the charged mxture is immobile and fills the whole volune of the

appar at us. The final tenperature achieved is limted by 25
the nelting tenperature of the eutectic of the various ThlsSd)cmHaﬂBemeRHp ced
the reaction mxture. It will be chosen according to "

of the reaction mxture to be refinedé6and accordlng t

adi pic acid

desired to crysulilected o> a gefdnding Ldparat:.on & he I ower t hi s tenperat ure,

the nore certai_n _other constltuents of t he reactlon mxture rlsk _
cont am nati ng NEGIZLIRNG <= antina : 5
. tenperature, the |ower MAll be Epe deoree of recovery 'of adeIC aci d

in the raffinate. account the above, the final

) rr d 70[err]C
tenperature is generall y'IIhI X appge::[avt\:%esn u('geec{ r<:‘|oS::1sa‘:|.nsts o[f a ]metal

5 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. : |

10 . S 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

15 weight given below, are used:

-  adipic acid 66.00 %
- 2-methylglutaric acid © 11,20 %
- - 2-ethylsuccinic acid - 2.00 %
- gamma-valerélactone ' 1.80 %
20 - | - 2-penteﬁoic acid , o 3.00 %
- 3-pentenoic acid - 14.50 %
- 4-pentenoic acid | 1.30 %
- iridium (as a metal) . 0.0887 %
-. iqainb . | ' 0.1565 %
25 . This reaction mixture, in the liquid state at

131°C, is'chargeﬂ to the apparatus which is at this

same temperature.

The ,temperature is progressively lowered



When the fina

enrichéd in catalyst

tenperature chosen is 10 achieved, the draining fraction,

the - reaction mxture treated, is recovered by runni ng from
| ower part of the equipnent. This constitutes the dr ai ni ng phase.

The third phase of the refining operation 17
of_the e nment, so as to recover

crystal s depos

ited on th

t he maj ori ty of URHRg t eh%?%‘?l%%!"?#%l@%’t‘? I‘F° W e theuzsd d

crystals. |

20 a rate mh
producti on, whi
repl acenent on
richer in adip
phase. Its 25
catal yst whgch
t he degree of

is carried ou reheatlng the deposited crystals,
| iR o8 e@"%l ?‘&)P BBAS®f i ndustri al

-and inpoverished in adipic acid with respect to

t he

consists in washing the

at

h I I -
the oryer AT 4geEnet t%%ra?i g the .m%ra";s»%”% éq%emch
| End ik 'éré:ﬂ!!ﬁ %% grogugagzd [ su‘ph se [ S°;~F§53'rﬁ etgf sweat i ng B

quantitative I cance epen S on

15

tdmperLiantd ofbst 03 NEL MRS mfgfl}ggi % the purity and

recovery of the adipic

be added to therepresenting, in weight for weight, 20 % of the

10

15

20

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

chxomatpgraphy, by high performance liquid

 chromatography and by X-ray fluorescence.

‘Draining fraction:

25

- 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

e smeatsng fraction can



fraction obtained during the draini ng phase or be subj ected to anot her

separation operation of its constituents by any technique, especially .
by refining. . The termdrawoff denotes, in the present 5
text, the part of the reaction mixture separated during t he draining
phase and/ or the sweating phase. 18 The tenperature to which
the raffinate is brought during the sweating phase varies dependi ng on
the anount of catalyst which i3-pentséicecadidrecover 10 or tI33.Smou of
purified adipic acid which it ts desired to obtain.

This tenperature is general |y bejewesndire acid final tenperature.sf tihe
drai ni ng phase and 15C{err]C I t Is preferably between 100[erre]C and
145[err] C. : - iridium (as a metal) 0.210 %

-  iodine ' 0.370 %
5 Sweating fraction:

- adipic acid B 48.0

%
- 2-methylglutaric acia | 19.5 ' %
- 2-ethylsuccinic acid 3.3 %
- gamma-valerolactone 4.8 %
10 : - 2-pentenoic acid . ' . 5.5 %
. 3-pentenoic acid | 18.5 %
- 4-pentenoic acid 0 %
- iridium (as a metal) . 0.133 %
- iodine’ ._ i 0.228 %

15 Raffinate:.' ‘ _
| - adipic acid . 95.8 . %
- 2-methYl§1utaric acid ' . 2.2 %
- 2-ethylsuccinic acid 0 %
- gamma-valerolactone 0 %
- 20 - = 2-pentenoic acid 0' %
- 3-pentenoic acid 2.0 %
- . 4-pentenoic acid 0 %
- _ifidium (as a metal) | _ 0.0149 %
- iodine ' 0.0264 %

25 The raffinate thus contains 76 % of the

adipic acid and only 9 % of the iridium and the iodine
present in the reaction mixture emerging from the

hydroxycarbonylation reaction.



15 The raffinate deposited on the walls of the equi pnent
can then be recovered by rapid nelting of the - crystal s.

The duration of the nolten nmedi um crystallization, consisting of these
vari ous phases, can vary from approximately 1 hour to 30 hours,
dependi ng-on the industrial technol ogy adopted; thus, a dynanic t hi n-

| ayer system offering a |large heat exchange surface area with respect

to the volume to be treatte @khining Ef&EEise Gomtainshes terofiueiadion than
a static thick- 25 | ayer system The draw of f,

containing at |gasdiampand 6f the 1odhmecamalys% ofodhaaadib;moinérqf
unconverted pentenoic acids and nore or |ess significant amunts of
t he : the reaction mixture, whereas1Bhe sweghingufraebktelrt uents of
the treated reaction m xture,

contains 46 % of the iridium and of the iodine and 21 %

5 of’ the-adxplc'acld. Overall, the draw-off cons;stlng 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

10 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 on

the favoured separation criterion.

EXAMPLE 3 Recycling of the draining fraction obtained

‘15 in Example 2 to a hydroxycarbonylation
reaction

100 g of the draining f?action obtained in
Example 2 are recycled; 3-Pentenoic acid and water are
added to it so as to have an initial reaction mixture
20 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 folléwing:
25 . - 7 mmol/l of P3

0.2 mmol/l of P2

0.04 mmol/l of P4

0.24 mmol/l of VAL



can be directly recycled to a hydroxycarbonyl ati on reaction

(especially the draining fraction), or be subj ect ed bef orehand to one
or a nunber of separation 5 operations, targeting the separation of the
cat al yst fromall or part of the other constituents (especially

the sweating fraction). This additional sé&®aration can - itself be
carried out by nolten nmediumcrystallization; however, it can be
carried out by any other - 10 0<iﬁnmnﬂ1kim9ft%khnlque such as, for exanple,
crystallization, distillation, extraction. The raffinate,
largel y containing adi pi c aci -6 mmok&l \@f |A%s the catal yst and nore or

| ess significant ' anounts_of the yarigus constituents of the treated
15 reaction mixture, cah be q't:‘séﬂ‘ﬂsbo %gtz&l 'to one or a nunber of
addi ti onal separation operat| fyfer to separate the catal yst
and the iodi-nated pronoter mhl {2 0% %P5, As i ndicated above for
the draw cig, this S {-‘&L SERBLAIL0 GAN b L oekE1 08 Gaerdgd out by
nol t en nedi n1crysta||izaltnuy omé%er, can e carr

described in Example 1. After reacting for 40 min,
qorreséonding to the consumption of the introduced
water, the autoclave is cooled and the various
eonstituents of the final reaction mixture are assayed. -
10 ' The following resules are obtéined:
-  degree of conversion (DC)
of P3: ' . 58%
- Yd. of adipid acid (Al): 65 %
- Yd. of methylglutaric
15 . acid (a2): | 13 %
| | - vd. of ethfléuccinic acid
(a3) : : o - 3%
- Yd. of gamma-
_valeroiactone (VAL) : o 9 %
20 , o -  Yd. of valeric acid (Pa)z' S | 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 diecids Al,
25 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



out by any other conventional technique such as, for. . exanpl e,
crystallization, distillation, extraction. The catal yst and the

i odi nated pronoter thus separated can then optionally be recycl ed.
The molten mediumcrystallization is carried out so that at | east
40% and preferably at |east 80% of the 21 -catal yst present in the
reaction mxture to be treated is - separ at ed.

Thiss is the repP&cthenordezepf 1 with respect to P3, the catalyst thus]3
A preferential method of the invention consists in carrying out nolten
nmedi um cryst al | ha&t RBnactivity,idegtinpdntet thakspbgewyefl incExamplesl is
separ at ed, between an initial tenperature between 100[err]C and
200[err]C 5 4AB=S3TPLigR Velymeard SO78FCURE @FaFPdi AGVAAYEER) bet ween
20[err]C and 60[err]C, the tenperature then being raised to



between 100[err] C and 145[err]C for the sweating phase; this refining

operation is optionally followed by one or a nufber —of ot her —
separation operations carried out on 10 sonme or all f .
obtained in order to separate the renai nder of tﬁgLSE aS% ‘?ﬁe
one hand, and at |east a part of th22branched diac the
ot her hand. The catal yst thus obtained during the y
recycled to the hydroxycarbonyl ati on 1ELAIMBAacti on. v%en
the catal yst separated by the nolten nmedi um - crystallization is used
~ for the hydroxycarbonyl ali-on BFocess fput Shechydzyoxycarbonydation ofs,
there will he used, for exanple, the technlque descrlbed for rhodium
in 20 Pat enPEREPRRig EGSdEBSCBPrEPFRrOZE¢41976 at + Besides
but adi ene, its derivatives which are nost eneralgy usabl e are

3-buten-2-ol, 2-buten- = °7€ 95 3 PH@PPrnPftRF€§eEH S RSHAS: M Boxyl i ¢
ST - B o R
iIIustrate_theand 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
10 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
15 acids. |
2; Process for the hydroxycarbonylation of .
" pentenoic acids, characterized in that:
- one or a number of penteno;é acids are
hydroxycarbonylated to adipic ac:d, by carbon monoxide
20 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
25 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 § *




i nventi on.

EXAMPLE 1

Hydr oxycar bonyl ati on of 3-pentenoic acid The fotrtowing are

i ntroduced into an ~autoclave equi pped with stlrrl ng
turbine: 5 - 2.45 g (7.3 mmol) of Ir iﬁmﬁig%"‘nﬁ{&‘m

[IrC (cod)][err] (3.3 mml/| of reaction 23
- 4.17 g (18.6 mol) of H in the form of

...
% in

wei ght for wei gind/aguedusitel @erivatives. solution (8.4 mmol /1)

- 177.8 g (9.9 nol) of water (4.5 mmol /1) ' : 2084 g (20.84
mol ) of 3-pentenoic acid3. Process accordlnq;ug one of claims 1 oxThe

aut ocl ave, connected to the gas suppl

10

15

20

25

2, characterized in thg@ at least 40 %, and preferably
at least 80 %, of the weight of the catalyst contained
in the reaction mixture is separated by the refining
operaticn. |

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

R AR RO




.

15 "under pressure, is herhetically cl osed. 2 barw(0:2 MPa) of CO are
admtted while cold and heating is carried ThrerheetlehasB% plaqed: over

mn via an el ectric band heater. When this achreved
the pressure i's- -adjusted to 20 bar (2 I\/Pa) The

ki netics of the reaction are nonitored by 24 easorp |on of COin a
reserve connected to the . reactor, the pressure I n the autoclave
remai ni ng Scorisaratterized in that théf hpdroxyearbonylaticati Dm of 30
mn, 25 corresponding to the conplete consunption of the

i ntroduced wat eearrhedreuttinnthe pehtenoby aocbisnthemselves. reaction

m xture. The autoclave is degassed and the reaction mxture is drawn
off inthe liquid state a8.  Process accOEQ@PErF?CPne of claims 1 to

7, characteriéed in that the refining cons:sts in
5 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

10 hydfoxycarbonylafioh-reéction was carried out, to a
final temperéture 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..

15 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 cleims 1, 2,

20 '8 and 9, characterized in that the refining contains a
second phase, or drainin§ 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,

25 8 to 10, characterized in that the refining contains a
third phase, or sweating phase, consisting, by
progressive heating of the deposited cfystals, in
recovering a'sweating'fraction containing another'part

e

AT
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The reaction mxture is anal ysed by vapour phase chromat ography and

by hi gh performance liquid chr omat ogr aphy. 5 : The

followi ng results are obtained. - .degree of conversion

(DC) of P3: . 51%

- nmol ar. yield with respect 25 ' to converted P3 (Yd.) of

10 : adipic acid (A): 65 %

- Yd. of netkfl ghe aratalyst and other constltaﬁrﬂ:dbﬂ:') ‘the treated

11% - Yd. of ethylsuccinic acid (A3)
‘reaction mixture. 3% 15 - Yd. of gamma-

valerolactone (VAL) : 11 % - Yd. of

val eric acid (Pa): 12- Prqpens according to claim IMd.' of 2-pentenoic

aci d 8% 20

The degree of Iqhﬁqwl%@prlé’sm%fh%éweaﬂng phase is carried out

5 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
10 refining cycle varies between 1 hour and 30 hours.
| -14. Process accordlng to one of claims 1, 2
and 8 to 13, characterized in that the fraction
obtained in the draining phase is recycled to the
hydroxycafbonylation reaction.
15 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.

This Sheet Has Been Reﬂlaced
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“ratio in percentage of Al fornmed to aIl the . diacids A, A2 and A3

~formed, is 82 % - The rate of reaction (cal culated over 20
mn of absorption of CO is 5.4 nol of CO absorbed per hour 25 and
per litre of reaction m xture. The reaction mxture is
concentrated by distillation of the volatile products at 900C under a
pressure of.1 kPa; a mixture is thus obtained which is

16 subj ected to nolten mediumcrystallization. EXAMPLE 2 Mblten
medi um crystal lization of the concentr &6edt _ reaction mxture
prepared in Exanple 1 The apparatus used consists of a
netal 5 cylinder, with an internéﬂﬂﬁﬂgﬁﬁfer of 45 mm and a hei ght

of 65 cm closed at its base by a small-vol une pneumati c val ve and

equi pped at its toﬁg\ﬁ%ﬁsarﬁﬁr HYDROXYCARBONYLATING PENTENOIC ACIDS

A method for hydroxycarbonylating pentenoic acids, wherein .
one or more pentenoié acids are hydro#ycarbpﬁlated into adipic
acid with carbon ménoxide and wa.ter in the presence of ah iridium
and/or rhodium based catalyst and at least one iodated promoter;
the resulting reaction mixture is defined, optionally after
having been.concenfrated, to separate at least a portion of the
éatalyst; and the catalyst thus separated is recycled in a
pentenoic_acid, butadiene or butédiene derivative |

hydroxycarbonylation process.

This Sheet Has Been RTlaced _
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0.1
13y

~lid through which two terrperature probes and a-nitrogen I nl et pass.
10 The assenbly is surrounded by a double jacket : maki ng
poss i : ¥ tion of a heat- . _transfe _
cont &{ ) o %ﬁﬁ&ﬁ "’ 1058 g of the conce hc éactlon
m X op. epatr-et—-—Barphe—t—and—whi-eh—has—t+he—eo ,,W. ; ..478\1
wei ghtxlgl Venl'm omr;msmam‘ (Continuation of item 5 of the first sﬁedt)pl c acid
66. Z—ethytgtutart+e—aete +H1—20—09%
et h I.ni c 1 qd . g@% 00 % ' -
ganmﬁpVﬁTSél)‘(QS%Eg‘ty °“5qa“°n°fp°nten?1° % 20 - 2- pent enoi ¢
acild 3- pentenoi ¢ acid

Renteniajg acid(s) are hy&oxycir&gylamd/mgpaﬁm asidovith caghop monoxide and water in the presgee of an
iridipmand/ay @g@ma bassd gatalyst and at least one iodingtgdprompter. The resulting mixture is refinefl torliepazate

5ome of the catalyst which is then rgycled tosepsntennic aeidy butadiene jonbutidienk derivativediyditogycatbonylation
m@ocepss charged to the apparatus which iB at this -sane

t enjper at ur e.
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The tenperature is progressively | owered
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the heat-transfer fluid to 400C over 9 hqyrs:

t he-crystallization phase'.

Thos3s4-§ I

' 17
this is

apparatus is
const ant 5

Rt them ANthd e dral ¢y

At 400C, the valve of the

b_(),hfi:%e al %rQﬁUIigeéji G a8ing

tenperature for 3 h; the draining fraction

usi ng

representing, ath avadeghitiivelyweh il | tetbpdpatfurd heapable IR ePradingur e

char ged,

is thus recovered.

The tenperature is then

progressively tlemsethd making R8[@tdFoverartiailydwnd repttivslgweat i ng

phase, a 10

28 % of the rdamdtoved xture charged,

5

10

15

20

25

sweating fraction representing,. in weight for weight,

IS recovered.

The crystallization technique requires a
sufficient heat transfer to be provided and for the
production of crystals of alrequisite size to be
filtered off to be possible. In 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 volume and to the immobilization of an
excessively large amounﬁ of very expensive catalyst.

The present invention proposes to solwve the
problem of the separation and recycling of the catalyst
in the context of a process for the
hydroxycarbonylation of pentenoic acids to adipic acid,
by the use of the refining technique.

More particularly, 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 of at least one iodinated

promoter,

- the reaction mixture obtained is subjected to
molten medium crystallization, after having optionally been

of the weight

-}%s-t»—e@m;ained in. &t
Pt EE%EaACIHﬂ NT SHEETS

ﬁ? -he reaction
m1.xture . Description : paged m.s-r%—.ni;;

cription : paged aged ...
P{ ;Clamg(s)__::_ . ' paged .. to paged ..
¥ Prawing(s) : paged ..... to paged .....
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O Abstract paged
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Finally, the tenperature is brought, over 3 hours, to the nelting

tenperature of the raffinate deposited on the walls of the
apparatus.and is 15 maintained at this tenperature for a further one
hour . The raffinate is thus recovered which represents, in

wei ght for weight, 52 %of the reaction i xt ur e char ged.

The respective conpositions of these three 20 fractions are determ ned
by assayi ng by gas phase chr omat ogr aphy, by hi gh performance |iquid

chromat ography and by X-r f y Ny b @Ng
) adi pi ¢ aci d e éé’@éff&@nﬁlguso se%zr%éi m@&éé}aﬂéiﬂ to

2-met hyl gl ut agh Co@étdtion for the HydroxPearbonylation of pentenocic
2- et hyl succinic acid : 5.4 % ' -

gaUnB'Va|er0|@§i@ﬂeor of butadiefledor 8 butadiene derivativegf:pentenoic
acid 7.9 %

5 Pentenoic acid is understood to mean, in the .
context of the invention, 2-pentencic acid, 3-pentenoic
acid, 4-pentenoic acid and their mixtures.

3-Pentenoic acid, taken in isolation or as a
mixture with its isomers, is more particularly
10 spuitable, owing to its accessability and the
satisfactory results to which it leads durirg its
hydroxycarbonylation.
The catalyst used for the
hydroxycarbonylation reaction can be based on rhodium,
is 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

20 mentioned in European Patent EP-A-0,477,112, the
contents of which are incorporated for reference in the
present Patent Application.

Mention may be made, as examples of iridium

sources which can especially be used, of:

25 metallic Ir, IrO,, Ir,0,,

Ircl,, IrCl,-3H,0O,

- Iri,,

IrBr,, IrBr,-3H,0,
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18 . - 3-pentenoic acid 33.5 %

- 4- pentenoi c acid 2.5 % - I ridium
(as a netal) 0.210 % - i odi ne

0.370 % 5 Sweating fraction: - adi pic acid

48.0 % _ - 2- met hyl gl ut%ri c acid 19.5

- 2-ethyl succinic acid

ganma- val er ol htext of the prodeds 5%’t£@ inveption, HI a&hFEﬁgen0|C
acid 5.5 % 3-pentenoi c acid

18.5 % organoiodinated cbmpUnAROicapabild of generating HIO0 . %

- iridium(as a nmetal) 0.133 % - i odi ne

0.228 % 15 Raidrt e reaction conditions anddimpire airdticularly the

95.8 - 2-nmethylglutaric acid

alkyl iodides having 1 to 10 carbon atoms. Methyl
S iodide is more particularly recommended.
| The amount of iodinated promoter to be used
is generally such that the I/Ir (and/or Rh) molar ratio
is greater than or equal to 0.1l. It is not desirable
that this ratio exceeds 20. The I/Ir (and/or Rh) molar
10 ratio is preferably between 1 and 5.

The presence of water is indispensable to
carrying out the hydroxycarbonylation. Generally, the
amount of water to be used is such that the
water/pentenoic acids molar ratio is between 0.01 and

is 10.

A larger amount is not desirable due to the
loss in catalytic activity observed. The
water/pentenoic acids molar ratio in the reaction
mixture can be instantaneously less than the minimum

20 value indicated above, if the reaction is carried out,
for example, with continuous injection of water, rather
than introducing it with the other charges before the
‘hydroxycarbonylation reaction.

The water/pentenoic acids molar ratio is

25 preferably between 0.01 and 1, the preceding comment
regarding the minimum value also being wvalid.

. The hydroxycarbonylation reaction can be

carried out either in al solvent or in a large
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- Z-ethyl succinic acid 0 : -

gama- val er ol act one 0 % 20 - 2- pent enoi ¢
acid 0 % - 3-pentenoi ¢ acid

2.0 % 4- pentenoi ¢ acid 0 %

- iridium (as a netal) 0.0149 % - I odi ne
0.0264 % 25 The raffinate thus contains 76 % of the

adi pic acid ane<enf§ 9fopehtehei¢radider and the iodi ne present in the
reaction m xture energing fromthe hydr oxycar bonyl ati on reacti on.

19 The dranFﬁgPPﬁﬂéPiﬁnt%dﬁﬁﬁﬁﬁ§345 % ofsekeent, jrijdium
and of the iodine E t he adi pic_acid of the reaction m xture,
wher eas t he smﬁﬁ??ﬁba t¥c %SnsaturaESﬁt%}ﬁ%hﬁfﬁgé?ﬁ ¥ F1€i um and of the

i odine and 21 %
c%rboxyllc acids containing at most 20 carbon atoms

5 provided that they are liquid under the reaction
conditions. There may be mentioned, as examples of asuch
carboxylic acids, acetic écid, propionic acid, butyric
acid, valeric acid, adipic acid, benzoic acid and
phenylacetic acid.

10 The solvent can also be chosen from
saturated aliphatic or cycloaliphatic hydrocarbons and
their chlorinated derivatives and aromatic hydrocarbomns
and their chlorinated derivatives, provided that these
¢ompounds are liquid under the reaction conditions.

15 There may be mentioned, as examples of such solvents,
benzene, toluene, chlorobenzene, dichloromethane,
hexane aﬁd cyclohexane.

When it is present in the reaction mixture,
the solvent represents, for example, from 10 % to

20 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 wvariant, the
hydroxycarbonylation reaction is carried out in the

25 pentencic acids themselves, that is to say 2-pentenoic
acid, 3-pentenoic acid, 4-pentenoic acid and their

"mixtures.

The hydroxycarbonylation reaction is carried

T‘)l
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5 of the adipic acid. Overall, the draw off consisting of t he

conbi ned drai ning and sweating fractions thus contains 91 % of the

i ridiumand of the iodine with 24 % of the adipic acid of the reaction
m xt ure. Different divisions of the fractions and raffinate make 10
It possible either to mnimze the anmountyof adipic acid present in
the drawoff or to increase the degree of recovery of the iridium and
t he i odi ne depsmndidtg Hrpressurd prdonetinAchns eadcHp MY it ipds@ire and
EXAMPLE 3 Recycling of the draining fraction obtained 15 in
Exanple 2 to alhydhexyceseory|af icarbon monoxide. It rign@éasible to

100 g of the draining fraction obtained in Exanple 2 are recycl ed.

3- Pent enoi ¢ ‘ach@e ap@senttrlly cpure carhpfedaneiide erscarberveoRexidet i al
reaction mxture 20 having the same concentration of Ir and of H as the
initial nixturefuseehphcrkadprdity 3hatt jie thound, in commexcemp| /| of Ir
and 8.5 mpl /| of H. The concentratjons in_the initi.al

mi xture of? t he ot h'E}f‘ecBﬁg?H?Fén’t% SHEF et W | e 1iquid

phase. The temperature is generally between 100°C and
240°C and preferably betwéen 160°C and 200°C.

The total pressure can vary within wide
limits. The carbon monoxide partial pressure, measured

10 at 25°C, is generally from 0.5 bar to 50 bar and
preferably from 1 bar to 25 bar.

The reaction mixture emerging from the
hydroxycarbonylation reaction essentially contains the
unreacted pentenoic acids, water, the iodinated

15 promoter, the catalyst, the solvent optionally used,
the adipic acid obtained, and the other by-products
formed in more or less significant amounts, such as,
for example, 2-methylglutaric acid, 2-ethylsuccinic
acid, valeric acid or gamma—valerolaétone (oxr

20 4 -methylbutyrolactone).

This reaction mixture is subjected to molten

medium crystallization, either as such or preferably after
a concentration operation, consisting in removing,
especially by distillation, a part of or all the third
25 solvent, if such a solvent was used, or a part of the
excess pentenoic acids when the reaction was carried
" out without a third solvent. By such a concentration,

the weight of the reaction mixture is generally reduced
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25 - 7 mol /1 of P3 - 0.2 mol /1l of P2

- 0.04 mmol /I of P4 - 0.24 mmol /I of VAL

20 - 0.18 mml /1 of Al _ - 0.6 mmol /1 of A2
- 0.1 mol /1l of A3 -8 4.2 mol/l of water. 5

The hydroxycarbonylation is carried out as described in Exanple 1.
After reactkngaf grld@ mepresentimgr fgopoRli Hgte090h& ednsiimtion of the

i nt roduced wat er, the autoclave is cooled and the vari ous

const i t uent éndfile Weiaht r SHEHWF FReegr E1grEegsbaydpg yeritical The

foll ow ng I’ESLi| ts are obtained: - degree of conversion
(m) ue.

Molten medium crystallization in the present text
is defined as the direct crystallization of the reaction
mixture, preferably concentrated, on a cooled wall, on
which the raffinate (essentially adipic acid) is deposited,
whereas the remaining liquid is concentrated in the other
ccenstituents of the treated mixture, including the
catalyst. However, the crystal lattice deposited retains,

by capillary attraction or inclusion, a limited amount of

the residual liquid.

In the context of the process of the invention,

the main object of the molten medium crystallization is to

separate the majority of the adipic acid from the
catalyst which remains essentially in the liquid
regidue (draw-off); for this, an apparatus is chosen

20 which has a high heat exchange surface area/volume of
reaction mixture to be treated ratio, 8o as to limit
the duration of drystallization of the raffinate and
especially the time the reaction mixture spends in the
refiner and makes possible a degree of crystallization

25 whigﬁ can exceed 70 %.

The molten medium crystallization operation can

be described in the following general way.

The reaction mixture to be treated is

This is the replacement sheet
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of P3: . 58% - Yd. of adipic

acid (Al): 65 % * - Yd. of nmethylglutaric
15 acid (A2): 13 %

- Yd. of ethylsuccinic acid (A3):

3% - Yd. of gamma- 11 val erol act one
(VAL) : 9 % 20 _ - Yd. of valeric acid (Pa)i

3 % £ ti i 5 i.C i.d . (P2):
7% T e %eégjaﬁlerg%ﬁi I%iqnmeggl? ??ltey,cl qhce‘;lﬁ)lrl B3 BR3Ey7 (e o ratio in
percent age of Albfearteil 40 aldtidie dlipacialIofl ope2dtAdndlit A3 ormed, is 80
% The rate of reaction (cal chat ed over 20 mn of

absorption of @@stituentaby cinyO@ahsmiie] Repebidily by A¥iDeiglitre of
reaction m xture. The kinetics being

The term draw-off denotes, in the present

5 text, the part of the reaction mixture separated durin§
the draining phase and/or the sweating rhase.

The temperature'ts which the raffinate is
brought during the sweating phase varies depending on
the amount of catalyst which it ig desired to recover

10 or the amount of purified adipic acid which it is
desired to obtairn.

This temperature is generally between the
final temperature of the draining phase and 150°C. Tt
is preferably between 100°C and 145°C.

is The raffinate deposited on the walls of the

equipment can then be recovered by rapid melting of the
crystals. .

The duration of the molten medium
crystallization, consisting of these various phases, can
vary from approximately 1 hour to 30 hours, depending on
the industrial technology adopted; thus, a dynamic thin-

layer system, offering a large heat exchange surface
area with respect to the volume to be treated, will
require a much shorter duration than a static thick-
25 layer system.
The draw-off, containing at least a part of
the catalyst, iodinated promoter, unconverted pentenoic

acids and more or less significant amounts of the
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21 of the order of 1 with respect to P3, the catalyst thus has an
activity identical to that observed in Exanple 1 (absorption vol unme of

CO amount of P3 invol ved). 22
CLAI M5 1. Process for the hydroxycarbonyl ati on of

pent enoi ¢ acids, characterized in that: 12 - one or a nunber
pentenoic acids are S hydroxycarbonylated to adi pic acid, by carbon
nonoxi de vamdowst eppsiti tuleatpr efenbe tfteatedt abystibasadxonre,

i ridium and/or rhodiumand of at |east one i odinated pr onot er,

- the reacti ofa® Peuddrestdvnagcysledbtecaectydpoxycarbonylation
' - reaction (especially the draining fraction), or be
subjected beforehand to one or a number of separation
5 operations, targeting the separation of the catalyst
from all or part of the other constituents (espezially
the sweating fraction). Tﬁié additi?nal separation can
itseif be carried out by molten medium crystallization;
however, it can be carried out by any other
10 conventional technique such as, fﬁr example,
crystallization, distillation, extraction.

The raffinate, largely containing adipic acid
as well as the catalyst and more or less significant
amounts of the wvarious constituents of the treated

1s reaction mixture, can be itself subjected to one or a
number of additional separation operatione, in order to
geparate the catalyst and the iodinated promoter which
it contains. As indicated above for the draw-off, this

additional separation can itself be carried out by

molten medium crystallization; however, it can be carried
out by any other conventional technique such as, for
example, crystallization, distillation, extraction. The
catalyst and the iodinated promoter thus separated can thén
optionally be recycled.

The molten medium crystallization is carried out
so that at least 40%, and preferably at least 80%, of the

“catalyst present in the reaction mixture to be treated is

separated.
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mol t en medi um crystal |l i zation, after having optionally been

concentrated, nmaking it possible to separate at |east 40% of the weight
of the catalyst contained in the reaction 20 m xture, - the
catal yst thus separated is recycled to an operation for the

hydr oxycar bonyl ati on of pentenoic 15 atcids. : Process

for the hydroxycar bonyl gt ?%fgfrentla RERLEROLSE éﬁédfnvggéiéﬁte“ zed in

t hat : e or a nunpber of pentenolc acrds are

hydr oxycar bongbatédtto 1adcprryangdoubymchtélmnnéﬂ)hM|ciﬁyseﬂllazdtmaher , in

the presence of a catal yst based on I ridium and/or rhodium and of at
| east one iodfnatied which ptokeaetr, 80% of the catalystihe sematrabedmi xture
obtained is subjected to nol ten nedium crystallization, after having
optional | y bedretwedn conderittriatle d empeiciatgriet bpoweehl 2008Csapdr abe°at | east
40% of the weight of the catalyst contained in the reaction

m xture, S and a final temperature for the draining phase between

20°C and 60°C, the temperature then being raised td
between 100°C and 145°C for the sweating phase; this
refining operation is optionally followed by one or a
number of other separation operations carried out on

10 some or all of the fractions obtained in order to
separate the remainder of the catalyst, on the one
hand, and at least a part of the branched diacids, on
the other hand. The catalyst thus obtained during the
refining is recycled to the hydroxycarbonylation

15 reaction.

When the catalyst separated by the molten medium

crystallization is used for the hydroxycarbonylation of

butadiene or of its derivatives, there will be used,
for example, the technique described for rhodium in
20 Patents EP-A-0,405,433 or EP-A-0,274,076.

Beaides butadiene, its derivatives which are
the most generally usable are 3-buten-2-0l, 2-buten-
1-0l1l, their mixtures and their carboxylic esters,
egpecially the acetates, propiocnates, valerates,

25 adipates and pentenoates.
The examéles which follow illustrate the

. invention.
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- 23 - - the catalyst thus separated is recycled to

an operation for the hydroxycarbonyl ati on of "butadi ene and/or of its
derivatives- 3. Process according to one of clainms 1 or

2, characterized in that at |east 80 % of the weight of the
cat al yst cont ai ned 5 in the reaction M xture is separated by the
refining sUPRIAdPo molten medium cr¥stalRlQGASSAccording to one of
clainms 1 or 2, characterized in that the reaction m xture obtained

after the hydepxipparbonpbateaNmaBehAl EPPst811izat i6ANGENERAL ednbaheka el ng
subj ected to the nmolten nmedi um crystallization in order to elimnate
at least a part of rebbeigpr pikehaki beepappounfdsEvhmpliel i cont ai ns.

5. Process according to Claim4, characterized in that the

concentrate of the reactrhenapparatuBi ¥kddecshdi£€s edft wBeamol t en nedi um
crystallization

S cylinder, with an internal diameter of 45 mm and a

height of 65 cm, closed at its base by a small-volume
pneumatic valve and equipped at its top with a screw-on
lid through which two temperature probes and a nitrogen
inlet pass.

10 The assembly is surrounded by a double jacket
making possible the arranged circulation of a heat-
transfer fluid at a controlled temperature.

1058 g of the concentrated reaction mixture
prepared in Example 1, and which has the compoaition by

15 weight given below, are used:

- adipic acid 66.00 %
- 2-methylglutaric acid 11.20 %
- 2-ethylsuccinic acid '2.00 %
- gamma-valerolactone 1.80 %
20 - 2-pentenoic acid 3.00 %
- 3;pentenoic acid 14.50 %
- 4-pentenoic acid 1.30 %
- iridium (as a metal) 0.0887 %
- iodine ' 0.1565 %
25 This reaction mixture, in the liquid state at

131°C, is charged to the apparatus which is at this
-s8ame temperature.

The temperature is progressively lowered
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represents, in weight by weight, from10%to 90% of the reaction

m xture energing fromthe hydroxycarbonyl ation 10 operation.

6. Process according to one of clains 1 to 20 5, characterized in that
t he hydroxycarbonyl ation is carried out in a solvent chosen from

car boxylic acids such as saturated2aliphatic acids and aromatic acids
havi ng | ess than 20 carbon atons, saturated aliphatic or

cycl oal i phati ¢ hydrocarbons and their Sk3E¥8enated 25 derivatives,
aromati ¢ hydrocarbons and their hal ogenat ed derjvatives and
aliphatic, aromatic or 1-  PHAS&RP diHferde %ygr°xycar£°nylgijfﬁhf§%terized

in that the hydro§¥qarboqﬂé?iégggssterizé%gnri%gaggt I n the pentenoic acids

- (o) .
t hensel ves. = pPentenoic ac otese HCording to one of claims 1 to

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

promoter,

- the reaction mixture obtained is subjected to
molten medium crystallization, after having optionally been
concentrated, making it possible to separate at least 40%
of the weight of the catalyst contained in the reaction

20 mixture,

- the catalyst thus separated is recycled to
an operation for the hydroxycarbonylation of pentenoic
15 acids.
2. 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
20 and water, in the presence of a catalyst based on
iridium and/or rhodium and of at least one iodinated

promoter,

- the reaction mixture obtained is subjected to
molten medium crystallization, after having optionally been
25 concentrated, making it possible to separate at least 40%
of the weight of the catalyst contained in the reaction

mixrure,

“This is the replacement sheet
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7, characterized in that the nolten nediumcrystallization conpri ses
cooling the optionally concentrated reaction 15 mxture in a controlled
and progressive way froman initial -tPnperature at | east equal to the
crystallization tenperature of the m xture, and preferably between
this t enper at ure andthéecaeaprs bt thes ageniriated e gerycled to

hydr oxycar bonyl ati on reaction was carried out, to a final tenperature
greater than 3t @REERtient fer nkRej RYITOxXYCapheny i afiahee o REEREEERE t he
constituents of the said ~reaction mxture, so as progressively to
crystal lize and/oxpf ddipidexdciabisfeqhe reaction nixture. 15

9. Process according to claimS8, characterized in that the initial

e IS e e R T oce
u , . . . SS
co FadEinead S el 74

according to Iné _ _ _ characterized in that the
phase, ki ng |19 bobsiH 1S LRGP e S My gid 1 10
catalyst g thjn @ draldl dfod rActd Qe is separated by the refining
operation.
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 molten medium
crystallization in order to eliminate at least a part of
the more volatile compounds which it contains.

5. Procese according to Claim 4,

characterized in that the concentrate of the reaction

mixture subjected to the molten medium crystallization
represents, in weight by weight, from 10% to 90% of the
reaction mixture emerging from the hydroxycarbonylation

10 operation.

6. Process according to one of claims 1 to

20 5, characterized in that the hydroxycarbonylation is
carried out in a solvent chosen from carboxylic acids
such as saturated aliphatic acids and aromatic acids
having leass than 20 carbon atomsa, saturated aliphatic
or cycloaliphatic hydrocarbons and their halogenated

25 derivatives, aromatic hydrocarbons and their
halogenated derivatives and aliphatic, aromatic or
mixed ethers.

7. Process according to one of claima 1 to

This is the reptacement sheet
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11. Process according to one of clains 1, 2, 8 “to -16;—characterized
In that the nolten nedium crystallization conga

third phase, or
sweat i ng phase, consi sting, by progressive he 'm”m”ime"! ﬂﬂ"ﬁl ted
5 crystals, in recovering a sweating fraction contai Loy r part
of the catalyst and other constituents 8f the :

25 12. Process according to claim 11, . Characterized
in that the shwatharprephestzed imrthatd i hysirogycpadonyd a2 t ¥fmper at ur e
bet ween the final tenperature of the drajni n%laise and 150[err]C, and

preferably betaeehedopper +p CCRA PTG @cids th ves-. 13, Process
according to one of clains 1 chartzgcterj zedli pt hat the

2 d to 12,
duration of the moPt en REQFEHT car%&%rﬁggﬁol Re SHSVEEE

etween 1 hour and 30
7, characterized in that the molten medium crystallization

comprises cooling the optionally concentrated reaction

15 mixture in a controlled and progressive way from an initial
temperature at least equal to the crystallizatiomn

temperature of the mixture, and preferably between this
temperature and the temperature at which the

10 hydroxycarbonylation reaction was carried out, to a
final temperature greater than or equal to the melting
point of the eutectic of the constituents of the said
reaction mixture, so as progressively to crystallize
the adipic acid of the reaction mixture.

15 9. Process according to claim 8,
characterized in that the initial tgmperature is
between 100°C and 200°C and the final temperature
between 0°C and 70°C.

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

20 8 and 9, characterized in that the molten medium
crystallization contains a second phase, or draining phase,
making it possible to separate at least a part of the
catalyst within a draining fraction.

11. Process according to one of claims 1, 2,

8 to 10, characterized in that the molten medium
crystallization contains a third phase, or sweating phase,
consisting, by progressive heating of the deposited

5 crystals, in recovering a sweating fraction containing

another part of the catalyst and other constituents of the

treated reaction mixture. This is the replacement sheet
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hours. 14. Process according to one of clains 1, 2

and

8 to 13, characterized in that the fraction obtained in the draining

phase is recycled to the hydr oxycar bonyl ati on reaction. 15
15. Process according to one of clainms 4% 2 and 8 to 13,
characterized in that the fractions obtained in the draining and

sweati ng phases are recycled to the hydroxycarbonyl ati on reacti on.

1l2. Process according to claim 11,
characterized in that the sweating phase is carried out
5 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 8 to 12, characterized in that the duration of the

molten medium crystallization is between 1 hour and 30
hours.

14. Process according to one of claims 1, 2
and 8 to 13, characterized in that the fraction
obtained in the draining phase is recycled to the
hydroxycarbonylation reaction.

15 15. Process according to one of claims 1, 2
and 8 to 13, characterized in that the fractiomns
obtained in the draining and sweating phases are

recycled to the hydroxycarbonylation reaction.

AN
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