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*"PROCESS FOR PURI FYI NG ADI PI C ACI D | N WATER The present

i nvention relates to a process for purifying adipic acid in water.
Adipic acid is one of the two base materials 5 for preparing polyam de
6-6. For the ' I ons of polyam de 6-6 it is nece ve a
very high w8 ‘lhjérgﬁy and this purity nmust exist already g:?ﬁ- e’g“tgg%‘e

of the precursors, especially at the adipilc acid stage.

Dependi ng on the process by which adipic acid 10 I's prepared the

impurities it cont aiPROGERE DERURIBICATION DE LIRCIDE ADIRIQUEIDANS L'FAUt process
can be applied to adipic acid originating fromvarious processes of
synt hesi s. In fact, one of the nost trouble and s tjres nost
y La présente invention conceme un procedg, dg puﬁf?cr;gon de l'ac? e ad{p%e
dans f'eau.
5 L'acide adipique est l'une des deux matiéres de base de la préparation du

polyamide 6-6. Pour les applications du polyamide 6-6, il est nécessaire d'avoir une trés
grande pureté et cette pureté doit déja exister au stade des précurseurs, notamment au
stade de I'acide adipique.

Selon le procédé de préparation de l'acide adipique, les impuretés qu'il recéle sont

10 évidemment différentes. Le présent procédé peut s'appliquer a l'acide adipique
provenant des divers procédés de synthése. En effet, une des impuretés les plus
génantes et parfois les plus cotiteuses est constituée par la présence de traces du
catalyseur utilisé lors de la préparation de 'acide adipique.

Cependant dans I'exposé qui suit, le procédé sera appliqué plus particulierement a

15 racide adipique issu de la double hydroxycarbonylation du butadiéne ou encore issu de
l'oxydation du cyclochexane.

La premiére hydroxycarbonylation du butadiéne conduit & un mélanges d'acides
penténoiques, principalement a l'acide 3-penténoique. La deuxiéme
hydroxycarbonylation porte sur les acides penténoiques obtenus dans ia premiére

20 réaction et conduit a l'acide adipique contenant également une certaine quantité d'acide
méthyl-2 glutarique, d'acide éthyl-2 succinique, ainsi que d'autres composés, provenant
déja de 1a premiére réaction d'hydroxycarbonylation, tels que la gamma-valérolactone,
les acides penténoiques non transformés, l'acide méthylbuténoique. Il contient aussi
des traces du catalyseur utilisé dans la deuxiéme réaction d'hydroxycarbonylation,

25 le plus souvent l'iridium et/ou le rhodium.

L'oxydation directe du cyciohexane en acide adipique est généralement réalisée
en présence de cobalt et dans ce procédé I'acide adipique obtenu contient des traces
de catalyseur au cobalt.

L'acide adipique étant g2u soluble & froid et beaucoup plus soluble a chaud dans

30 l'eau, ce solvant est généralement utilisé pour la cristallisation dudit acide.

Cependant, compte-tenu des puretés trés grandes exigées de plus en plus pour
l'acide adipique, notamment en ce qui concerne les traces métalliques, une ou méme
plusieurs recristallisations dans l'eau s'avérent souvent insuffisantes.

Outre la géne que peut occasionner la présence de traces métalliques pour les

35 diverses utilisations de l'acide adipique, la valeur elle-méme de certains catalyseurs
comme liridium ou le rhodium, compte-tenu des tonnages trés importants de l'acide
adipique, fait que leur récupération la plus poussée possibie est indispensable dans le
cadre d'un procédé industriel économiquement viable.



costly inpurities is forned by the presence of traces 15 of the catal yst

.~enployed during the preparation of adi pi ¢ aci d.
However, in the description which follows, the process will be
applied nore particularly to adipic acid obtained fromthe double
hydr oxycar bonyl ati on of 20 butadiene or fromthe oxidation of
cycl ohexanewo 97/46509 The first hydroxycarbonyl ati FETEREPRi ene
| eads to a m xture of pentenoic acids, principally 3- pentenoi ¢ acid
The second hydroxycar bonyl ati on affects the pentenoic acids obt ai ned

[nthe first —2n prfgﬁrgghyg&qoﬁ%gnéiﬁédﬁ uh ProdelePirkeifd db cHstalisatinau dencl udes a

certain anount ni -
other  Compoamisiabsalign AaFAqHP acibaue qans eith garpetpis o oyl Hidhe thctafiion 71
reaction, sgghechstallisation est effectuée en présence d'un acide protonique fort et/ou en
présence de monoxyde de carbone.
5 Par acide protonique fort, on entend dans ie présent texte un acide protonique
minéral ayant un pKa inférieur a 1.

A titre d'exemples non limitatifs de tels acides protoniques forts, on peut citer
I'acide iodhydrique, I'acide bromhydrique, l'acide chlorhydrique, I‘acide nitrique, I'acide
sulfurique.

10 La quantité d'acide protonique fort peut varier de 0 4 100 moles par mole de métal
catalyseur compris dans l'acide adipique. De préférence, la quantité d'acide protonique
varie de 1 a 50 moles par mole de métal catalyseur.

Le monoxyde de carbone peut constituer au moins en partie (de préférence au
moins 0,5 bar absolu) I'atmosphére surmontant la solution dans ie réacteur de

15  cristallisation ou de recristallisation (ou ciel du réacteur) ou créer dans ledit réacteur une
pression supérieure 3 la pression atmosphérique.

En pratique, on opérera donc sous une pression absolue de 0 2 50 bars de
monoxyde de carbone, la limite supérieure n'ayant pas de caractére critique, mais étant
représentative d'un appareillage industriel qui ne soit pas excessivement colteux.

20 De préférence la pression absolue en monoxyde de carbone sera comprise entre
1 bar et 50 bars.

_ L'acide adipique brut soumis & la recristallisation selon le présent procédé est
habituellement un acide adipique ayant déja subi un ou plusieurs traitements de
purification, notamment par cristallisation dans l'eau, par raffinage ou encore par

25 distillation, afin d'avoir une pureté minimale de 85 % environ.

Généralement Facide adipique que l'on recristallise par le procédé de l'invention a
une pureté de 95 % a 99,95 %.

La recristallisation consiste a dissoudre l'acide adipique a purifier dans le minimum
d'eau a chaud, c'est-a-dire habituellement & une tem;:érature de 80°C a 250°C,

30 en présence d'un acide protonique fort et/ou sous atmosphére ou pression au moins
partielle de monoxyde de carbone, puis a faire cristalliser I'acide adipique dissous par un
refroidissement de la solution, éventuellement aprés un ensemencement de la solution
a faide de cristaux d'acide adipique pur.

Généralement la quantité d'eau utilisée est celle qui conduit & une solution saturée

35 d'acide adipique a la température choisie. A titre indicatif, a 80°C la solution saturée
comporte environ 40 % d'acide adipique en poids par poids.
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- ganmma- val erol act one, unconverted pentenoic acids, and nmet hyl but enoi ¢
acid. It also includes traces of the catal yst enployed in-the second
hydr oxycar bonyl ati on reaction, usually iridiumand/or rhodium 5
The direct ogialbdy of cycl ohexane to adipic - acid is o
carried out in the presence of cobalt, and in this process the adipic
aci d obt ai ned contains traces of cobdt catal yst.

Since adipic acid is of low solubility in 10 water when cold but is nuch
nore sol ubl e whenl®BAocédégetinvention %Wtégi‘@mg@d%ﬁ'&?@%a&m%@eﬁdwmﬁe
crystal lizati arpartir des méfanfiéecréactiofingls qul le contiennent.

C'est ainsi que I'on peut par exemple cristalliser I'acide adipique a partir du
mélange obtenu par hydroxycarbonylation d'acide penténoique par 'eau et le monoxyde
5 de carbone. Ce mélange réactionnel peut étre mélangé avec I'eau en présence d'un
acide protonique fort et/ou sous atmosphére ou pression au moins partielle de
monoxyde de carbone, et 'ensemble est maintenu & une température de 80°C a 250°C,
comme indiqué précédemment pour la recristallisation.
Le promoteur utilisé dans la réaction d’hydroxycarbonylation pouvant étre I'acide
10 iodhydrique ou 'acide bromhydrique, il peut ne pas étre nécessaire de rajouter de
l'acide protonique fort. Cependant, on peut si on le souhaite compléter la quantité
d'acide protonique fort présente dans ie mélange réactionnel.
De méme, la réaction d’hydroxycarbonylation étant conduite en présence de
monoxyde de carbone, il peut ne pas étre nécessaire de rajouter ce composé pour la
15 cristallisation, mais le cas échéant cette possibilité n'est pas exclue. On peut également,
comme pour la recristallisation de l'acide adipique, opérer en I'absence de monoxyde de
carbone en purgeant 'atmosphére du mélange d'hydroxycarbonylation avant sa
cristallisation.
Les exemples qui suivent illustrent F'invention.
20

EXEMPLE 1

Dans une ampoule de verre, on charge 5,16 g d'acide adipique contenant 31,0 ug
de Co (0,0006 % en poids par poids d'acide adipique) et 7,5 m! d'eau. L'acide adipique
25 a été préparé par oxydation directe du cyclohexane en présence d'acétate de Co et a
é1 purifié par recristallisation dans l'eau. Il ne contient pas d'impuretés organigues en
quantités dosables.
L'ampoule cuverie est placée dans un autoclave de 125 ml que I'on ferme.
On met & froid un ciel de monoxyde de carbone (1 bar environ).
30 On chauffe a 185°C et on maintient environ 30 min 2 cette température.
Apres refroidissement et purge de l'autoclave a I'azote, on filtre I'acide adipique et
on rince l'autoclave avec quelques mi d'eau.
On fave I'acide adipique filtré avec 2 fois 5 ml d'eau, puis avec 3 fois 8 ml d'eau.
On séche I'acide adipique pendant une nuit a I'stuve (60°C). On dose le cobalt
35 présent dans l'acide adipique final par plasma a induction couplée, couplé avec la
spectrométrie de masse (IPC/Masse). On trouve 0,000012 % de Co en poids par poids).



However, owing to the very high purities whi ch are increasingly
“requi red for adipic acid, 15 especially insofar as trace netals are

concer ned, one or even a nunber of recrystallizations from water
often prove to be i nadequat e. f st:def t?ﬁ trorbges
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such as iridiumor rhodlun1 bearing in Mnd the very | ar ge t onnages
of adipic acid, nmeans that it is essential to recoyerlfhen)azl

t horoughly &XEMRLEDI e in the context of an econonmically viable _
indust?iar 25 process. The present invention con3|?ts I n
an i nproved cess for stallization gr recrystallization o
adipic acid in Rﬁfg‘?é?e gmRie:! e‘?‘l feeRnt S 41Le dy memept f'acide adipique,

contenant 31,2 pg de Co (0,0006 % en poids par poids d'acide adipique), 7,5 ml d'eau
S et 1 midune solution de 98,7 mg de HC! dans 50 mi d'eau. Le rapport molaire HCl/Co
estde 10.
Les conditions opératoires sont les mémes que pour I'exemple 1, mais le ciel de
CO est remplacé par un ciel d'azote (1 bar absolu).
Aprés lavage et séchage, on dose le cobalt présent dans l'acide adipigue final.
10 On trouve 0,00002 % de Co en poids par poids).

EXEMPLES3A 7

On répéte I'exemple 1 avec un acide adipique comportant de liridium. L'acide
15  adipique a été préparé par hydroxycarbonylation de l'acide 3-penténoique en présence
d'un catalyseur & base d'Ir et a été purifié par recristallisation dans 'eau. Il ne contient
pas d'impuretés organiques en quantités dosables.
Le tableau 1 ci-aprés rassemble les conditions dans lesquelles ont été réalisés les
exemples (Tp = température) ainsi que ies teneurs initiales et finales en Ir (Irinitial et Ir
20 final) exprimées en microgrammes par gramme de l'acide adipique (AJOH mis en

oeuvre.
Exemple | AdOH | Eau Tp | Durée CO |[Rapport Ir Ir
eng eng | en°C |en min| en bars | molaire | initial final
Hiflr
Ex3. 52 7,75 185 30 30 10 22 0.86
Ex 4 52 9,0 185 | 1200 1 10 2,2 0,82
Ex 5 5,35 8.2 185 | 1200 1 20 2,2 0,92
ExB 4,9 7,25 90 30 |0(1bar 10 5,0 3.8
N2)
Ex7 4,95 8.0 185 | 1200 | O (1 bar 20 2,2 1,06
N2)

Tableau 1
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- crystallization or recrystallization is carried out in t he presence
of a strong protic acid and/or in the presence of carbon nonoxi de.
In Ehls teétm;;rﬁn% protic acid is understood 5 to mean an inorganic
protic aci I C as a pKa of | ess than 1.

nonlimitati WOV es of such strong protic acids n%%'{wg%sﬁsbe
made of hydroiodic acid, hydr obron®c acid, hydrochloric acid, nitric
acid and 10  sul phuric acid. The quantity of strong
protic acid gREMPEE B fromO to 100 nol per nole of catalyst netal

present in
Dans un ballon en verre surmonté d'un réfrigérant et muni de moyens de
chauffage et de refroidissement, on charge 5,44 g d'acide adipique, contenant
5 0,00095 % de Rh, 7,5 g d'eau et une solution aqueuse de Hi (rapport molaire HI/Rh
contenu dans l'acide adipique = 10). L'acide adipique a été préparé par
hydroxycarbonylation de I'acide 3-penténoique en présence d'un catalyseur a base de
Rh et a été purifié par recristallisation dans l'eau. Il ne contient pas d'impuretés
organiques en guantités dosables.
10 On met a froid un cie! d'azote (1 bar environ).
On chauffe & 90°C et on maintient environ 30 min & cette température.
Aprés refroidissement, on filtre l'acide adipique et on le lave avec 2 fois 5 mi d'eau
saturée en acide adipique.
On séche {'acide adipique pendant une nuit a I'étuve (60°C). On dose le rhodium
16  présent dans I'acide adipique final. On trouve 0,00054 % de Rh en poids par poids).

ESSAI COMPARATIF 1

On effectue une recristallisation dans I'eau d'un acide adipique obtenu par
20  hydroxycarbonylation de I'acide 3-penténoique en présence d'iridium et de Hi. Cet acide
adipique a déja subi une cristallisation et il contient encore 0,00022 % d'iridium.

La recristallisation s'effectue de maniére classique par dissolution & 95°C environ
de l'acide adipique dans le minimum d'eau, puis par refroidissement progressif de ia
solution obtenue, puis filtration, enfin lavage de I'acide adipique filtré avec 2 fois 5 m|

25 d'eau et avec 3 fois 8 mi d'eau.

On séche I'acide adipique pendant une nuit a 'étuve (60°C). On dose liridium
présent dans |'acide adipique final. On trouve 0,00022 % de Ir en poids par poids).
On n'a donc pas réussi a diminuer Ia teneur en iridium de l'acide adipique.
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nonoxi de can nake wWp at | east spakt (preferably at least 0.5 lia_r on
absol ute) of the at nosphere above the solution in the crystalliza

or I eRloe, | zation reactor (or reactor headspace) or can 20

create within the said reactor a pressure which is gPEHFRY7/00938N t he

[ [ the process wll
heric pressure. | ngpracti ce,
?Lrenr);?ore beIO oper at ed under an absol ute pressure of fromO to 50

| - ; it in nature
bars of carbon nonoxide, the upperrEVENBICATIONRE! NI 25 vx/nictrzlht : galnolt n
but being representative of [ n‘d"‘usﬁg?‘;'—a'ppr g?éfgglsy the absol ute
' expensi ve. '
S?gg: 3: \e/elo%/ car BbTProgédé de purification par cristallisation ou recristallisation dans l'eau de
l'acide adipique contenant des traces de catalyseur, caractérisé en ce que ladite
S  cristallisation ou recristallisation est effectuée en présence d'un acide protonique fort

et/ou en présence de monoxyde de carbone.

2) - Procédé selon la revendication 1, caractérisé en ce que l'acide protonique fort

est choisi parmi lacide iodhydrique, I'acide bromhydrique, l'acide chiorhydrique, I'acide
10 nitrique, 'acide sulfurique.

3) - Procédé selon l'une des revendications 1 ou 2, caractérisé en ce que la
quantité d'acide protonique fort varie de 0.3 100 moles par mole de métal catalyseur

compris dans I'acide adipique et de préférence varie de 1 & 50 moles par mole de métal
15 catalyseur.

4) - Procédé selon l'une des revendications 1 & 3, caractérisé en ce guele
monoxyde de carbone constitue au moins en partie I'atmosphére surmontant Ia solution
dans le réacteur de cristallisation ou de recristaliisation ou crée dans iedit réacteur une

20  pression supérieure a la pression atmosphérique.

5) - Procéda selon l'une des revendications 1 a 4, caractérisé en ce que l'on opére
Sous une pression absolue de 0 bar & 50 bars de monoxyde de carbone.

25 6) - Procédé selon I'une des revendications 1 a 4, caractérisé en ce que 'on opére
Sous une pression absolue de 1 bar et 50 bars de monoxyde de carbone.

7) - Procédé selon l'une des revendications 1 & 6, caractérisé en ce gue {'acide
adipique brut soumis a la recnstallisation a une pureté minimale de 95 % environ, et de
30 préférence a une pureté de 95 % & 99,95 %.

This Sheet Has Been Reilaced
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(54) Title: METHOD FOR PURIFYING ADIPIC ACID IN WATER
{(54) Titre: PROCEDE DE PURIFICATION DE L'ACIDE ADIPIQUE DANS L’EAU
(57) Abstract

The invention discloses a method for purifying adipic acid in water. More precisely it discloses an improvement in adipic acid
crystallization or recrystalhzanon in water, characterised in that the said crystallization or recrystallization is effected in presence of a strong
proton acid and/or in the presence of carbon monoxide. This crystallization or recrystallization particularly enables the content of metal
catalyst traces in the adipic acid to be reduced.

(57) Abrégé

La présente invention concerne un procédé de purification de I'acide adipique dans I'eau. Plus précisément elle concerne un
perfectionnement 2 la cristallisation ou 2 la recristallisation dans 1'cau de 'acide. adipique, caractérisé en ce que ladite cristallisation
ou recristallisation est effectuée en présence d’un acide protonique fort et/ou en présence de monoxyde de carbone. Cette cristallation ou
recristallisation permet en particulier de réduire la teneur de 1'acide adipique en traces de catalyseur métallique.




“The recrystallization consists in taking the adipic acid to be
‘purified and dissolving it in the m ni mum anount of hot water, i.e.

usually at a 15 tenperature from80 to 250[err]C, in the presence of a
‘strong protic_ac under an at | east parti al ressure or

at nosphere of F% %¥§QM|de and in theﬁ_ |ndu0|ﬁfﬁZ§EﬁZﬂQQ%%ﬁlon
of the dissolved adip| A 1. optionally
after havi ng seeded adi pi ¢ aci d.

General ly, the quantity gﬁgg t mhlch | eads to a
saturated solution of a ﬁ acf3 Iﬂyeqpct qsrh af)tseesn °erﬁ)é?1é&ciﬁ By way
of indicationfal purifyi¥y Adillid R+ t Solution contains

approxi mately 40%p Y %(ra gpl c acl t per wei ght.

The process of the Invemﬂgﬂd 43 5% one oﬁrmféct% e il id 7@t i on of

adipic acid from
5 for preparing polyamide 6-6. For the applications of

polyamide 6-6 it is necessary to have a very high
purity, and this purity must exist already at the stage
of the precursors, especially at the adipic acid stage.

Depending on the process by which adipic acid

10 is prepared the impurities it contains are obviously
different. The present process can be applied to adipic
acid originating from various processes of synthesis.
In fact, one of the most troublesome and sometimes most
costly impurities is formed by the bresence of traces

15 of the catalyst employed during the preparation of
adipic acid.

However, in the description which follows,
the process will be applied mofe particularly to adipic
acid obtained from the double hydroxycarbonylation of

20 butadiene or from the oxidation of cyclohexane.

The first hydroxycarbonylation of butadiene
leads to a mixture of pentenoic acids, principally
3-pentenoic acid. The second hydroxycarbonylation
affects the pentenoic acids obtained in the first

25 reaction and leads to adipic acid which also includes a
certain amount of 2-methylglutaric acid,
2-ethylsuccinic acid and other compounds originating

from the first hydroxycarbonylation reaction, such as



"reaction mxtures in which it is present. WO 97/ 46509
: 5 PCT/ FR97/ 00938 ¢ It is thus possible, for
exanple, to crystallize adipic acid fromthe m xture obtained by
-hydr oxycar bonyl ati on of pentenoic acid with water and carbon
monoxi de. Thi ¥Or @7dW%659%i xture can be nized 5 with t RETERN?/14P%3Rk

presence of a strong protic acid and/ or_under an, at_| east parti al
pressure or agaFEFARd erolactgmey, WRGPHIHREH LSRRI He %ﬁ’o‘?% n%‘(ciure can

DKL o s A B BB Al et e e
hydroxycarbon%é%gfyéewg%gféyédn@ﬁt%ié“@%égﬁ&“ﬁ&&yaﬁyégrbonylation
reaction, usually iridium and/or rhodium.

5 The direct oxidation of cyclohexane to adipic
acid is generally carried out in the presence of
cobalt, and in this process the adipic acid obtained
contains traces of cobalt catalyst.

Since adipic acid is of low solubility in

10 water when cold but is much more soluble when hot, this
gsolvent is generally employed for the crystallization
of the said acid.

However, owing to the very high purities
which are increasingly required for adipic acid,

15 especially insofar as trace metals are concerned, one
or even a number of recrystallizations from water often
prove to be inadequate.

Besides the trouble which can be caused by
the presence Qf trace metals to the various uses of

20 adipic acid, the intrinsic value of certain catalysts,
such as iridium or rhodium, bearing in mind the very
largé tonnages of adipic acid, means that it is
essential to recover them as thoroughly as possible in
the context of an economically viable industrial

25 process.

The present invention consists in an improved
process for crystallization or recrystallizatién of

adipic acid in water, characterized in that the said



'hydrobronic acid, it may not be necessary to add the strong protic
‘acid. However, if desired, the quantity of strong protic acid present
in the reaction mxture 15 may be suppl enented.

‘Simlarly, e oxycar bonyl at on reaction is conducted in
t he presence 3@8;{@(#%% nMoNoxi de i t3may not be ne&® W%/&Wthl s

lity is 20
conpound 0! rystalllzatl tho thJS 0SS]j bj
not excl uded |T§ pprtolglrz%a e, alliza ITLLE ()‘?P‘bfl%dl pi c

acid, it is al Eﬁ%% t he abs ce of rbo_n
monoxi de, by eHe puregil ng tfhe at rmg%ﬁ ré)%o&%m%ﬁ} e ard %if‘?atlon_

m xture prior ptr%s'eﬁ—z%ec'b‘ffsrc@xlﬂoﬁitﬁo?ﬂ:xz. The exanpl es whi ch
followillustrate t I nvent i on.

In this text strong protic acid is understood
5 to mean an inorganic protic acid which has a pKa of
less than 1.

As nonlimitative examples of such strong
protic acids mention may be made of hydroiodic acid,
hydrobromic acid, hydrochloric acid, nitric acid and

10 sulphuric acid.

The quantity of strong protic acid can vary
from 0 to 100 mol per mole of catalyst metal present in
the adipic acid. Preferably, the quantity of protic
acid varies from 1 to 50 mol per mole of catalyst

15 metal.

The carbon monoxide can make up at least part
(preferably at least 0.5 bar absolute) of the
atmosphere above the solution in the crystallization or
recrystallization reactor (or reactor headspace) or can

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

In practice, the process will therefore be
operated under an absolute pressure of from 0 to 50
bars of carbon mohoxide, the upper limit not being

25 critical in nature but being representative of
industrial apparatus which is not excessively
expensive.

Preferably, the absolute pressure of carbon
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<A glass bulb is charged with 5.16 g of adipic acid, containing 31.0

[err]g of Co (0.0006% by wei ght per wei ght of adipic acid), and 7.5
-m of water. The adjpic 5 acid has been prepared by diyect oxidation
of cycMheAf839? t he presence of €o acetate and 00938

puri 11 o0 O Sestald L 30 OBt SOPR P e, COMAIN A
Spen 2P P25 1 e e, e S o gleds 8t el osed
recrystallization according to the present process is
usually an adipic acid which has already undergone one
5 or more purification treatments, in particular by
crystallization from water, by refining or else by
distillation, to give it a minimum purity of
approximately 95%.
| Generally, the adipic acid recrystallized by
10 the process of the invention has a purity of from 95 to
99.95%.

The recrystallization consists in taking the
adipic acid to be purified and dissolving it in the
minimum amount of hot water, i.e. usually at a

15 temperature from 80 to 250°C, in the presence of a
strong protic acid and/or under an at least partial
pressure or atmosphere of carbon monoxide, and in then
inducing crystallization of the dissolved adipic acid
by cooling the solﬁtion, optionally after having seeded

20 the solution using crystals of pure adipic acid.

Generally, the quantity of water employed is
that which leads to a saturated solution of adipic acid
at the chosen temperature. By way of indication, at
80°C the saturated solution contains approximately 40%

25 of adipic acid by weight per weight.

The process of the invention likewise

embraces the crystallization of adipic acid from

reaction mixtures in which it is present.



"nonoxi de (approximately 1 bar). The tenperature is raised
‘to 185[err]Cand is 15 mintained at this level for approximtely 30

m nut es. After cooling the autoclave and purging it
"With nltrogen |c acid is filtered off and the aut.ocl ave is
rinsed with a e@ %?% nat er . 5 The adlpPETégﬁa7{°PPéped of f

hed with 2 20 th 3.t 8 m of t
lI'?lewggi Si C\Maci dis dri egl gg%r %P@’ﬁt o &%ﬁr e (’a‘n"k‘-’é(ﬁl Séi 0. Tﬁe \(I:vgbglrt
present in t hgrgr'ctﬂggliq p'a&l%g. a'cid from %%%a\ﬁ[qgct IeC%ﬂJLt%t i eed 3’3’0838229@ of

pl asma in conju Ss “SpectT onet T

Co by 25 ga?bx rﬂghgﬁﬁtlﬁg %%ngknfenﬁlc a%ééwaﬁ%ﬁzwater and

Exanple 1 isr peat chargi ng
carbon monox1de. This reaction mixture can be mixed

5 with the water in the presence of a strong protic acid
and/or under an at least partial pressure or atmosphere
of carbon monoxide, and the whole mixture can be kept
at a température from 80 to 250°C as indicated above
for the recrystallization.

10 Since the promoter used in the
hydroxycarbonylation reaction may be hydroiodic acid or
hydrobromic acid, it may not be necessary to add the
strong protic acia. However, if desired, the quantity
of strong protic acid present in the reaction mixture

15 may be supplemented.

Similarly, since the hydroxycarbonylation
reaction is conducted in the presence of carbon
monoxide, it may not be necessary to add this compound
for the crystallization, although this possibility is

20 not excluded if appropriate. As for the
recrystallization of adipic acid, iﬁ is also possible
to operate in the absence of carbon monoxide, by
purging the atmosphere of the hydroxycarbonylation
mi#ture priqr to its crystallization.

25 The examples which follow illustrate the

invention.
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“of adipic acid, containing 31.2 [err]g of Co (0. 0006% by wei ght per
wei ght of adipic acid), 7.5 m of water and 1 m of a solution of

50 m of water. The nolar ratio of HJO to Co is 10.

"96.7 f HC]L i
26 0 %?Lg76ﬁéﬁgging conditions ar® the sane as PER/FRI7/0PR38ple 1

except that t ﬁpﬁﬁﬁ eadspace is replaced by a ni trogen headspace (1
bar gbsolute)‘.g—————'g:'-i After washing and drying, the cobalt present

0 1L P e o G eliel 94 ROSUIPTRL g o YL P
acid, containing 31.0 pug of Co (0.0006% by weight per
weight of adipic acid), and 7.5 ml of water. The adipic

5 acid has been prepared by direct oxidation of
cyclohexane in the presence of Co acetate and has been
purified by recrystallization from water. It does not
contain any measurable quantities of organic'
impurities.

10 The open bulb is placed in a 125 ml
autoclave, which is then closed. |
The headspace is filled cold with carbon
monoxide (approximately 1 bar).
The temperature is raised to 185°C and is
15 maintained at this level for approximately 30 minutes.
After cooling the autoclave and purging it
with nitrogen, the adipic acid is filtered off and the
autoclave is rinsed with a few ml of water.
The adipic acid filtered off is washed with 2
20 times 5 ml of water and then 3 times 8 ml of water.
The adipic acid is dried overnight in an oven
(60°C). The cobalt present in the final adipic acid is
assayed by inductively coupled plasma in cdnjunction
with mass spectrometry (ICP/mass). 0.000012% of Co by

25 weight per weight is found).

EXAMPLE 2

Example 1 is repeated, charging 5.21 g of the



"Exanple 1 is repeated with an adipic acid ~ cont ai ni ng iridiun1_The
-adi pic acid was prepared by hydr oxycar bonyl ati on of 3-pentenoic acid
in the 15 presence of a catalyst based on Ir and was purified by

'recrystalllzatlon fr ter. It contains no nmeasurabl e yantities of
organi ¢ i mpur ¥ 33/4%5096 Tabl &’ 1 beIOM/sunnaPFTé?RPﬁéoeaﬁﬁltlons

gﬂge[he |n|t|gﬁmgnhgﬁFﬁaaggéﬁﬁgﬁ?g% s rrl%%ﬁ%ﬁP&&gpﬁi Esqpe%ﬁ%%%fnal lr),
expressed in MhChRBEI ByPRE18hR e whllGhe of AP %S ,(AAGH, G oved.
of water and 1 ml of a solution of 96.7 mg of HCl in
50 ml of water. The molar ratio of HCl to Co is 10.
5 _ The operating conditions are the same as for
Example 1 except that the CO headspace is replaced by a
nitrogen headspace (1 bar absolute).
After washing and drying, the cobalt present
in the final adipic acid is quantified. 0.00009% of Co

10 by weight per weight is found.

EXAMPLES 3 TO 7
Example 1 is repeated with an adipic acid
containing iridium. The adipic acid was prepared by
hydroxycarbonylation of 3—pentenéic acid in the
15 presenée of a catalyst based on Ir and was purified by
recrystallization from water. It contains no measurable
quantities of organic impurities.
Table 1 below summarizes the conditions under
which the examples were carried out (Tp = temperature)
20 and the initial and final contents of Ir (initial Ir
and final Ir), expressed in micrograms per gram, of the

adipic acid (AdOH employed.
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) - | ass
PCT/ FRO7/ 00938 EXAMPLE 8 A round-bottomed g

flask fitted at the - top with a condensor and eqU|Eped mqéh means for

"heating and c i i harged with 5.44 g of adipic aci d, _
contai%ing 0.8@%32&#&?0 , 7.5 g of matergand an  PEYEBII/98938i on of

H (ol ar ratig@apprEl gt © RN present in the adipic acid = 10). The

adi pic acid was prepared by hydroxycarbonyl ati on of 3-pentenoic acid
in the A round-bottomed glass flask fitted at the

top with a condensor and equipped with means for
heating and cooling is charged with 5.44 g of adipic
5 acid, containing 0.00095% of Rh, 7.5 g of water and an

aqueous solution of HI (molar ratio of HI to Rh present
in the adipic acid = 10). The adipic acid was prepared
by hydroxycarbonylation of 3-pentenoic acid in the
Presence of an Rh-based catalyst and was purified by

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

A nitrogen headspace is established cold
(1 bar approximately).

The reaction mixture is heated to 90°C and

15 this temperature is maintained for approximately 30
minutes.

After cooling, the adipic acid is filtered
off and washed with 2 times 5 ml of water saturated in
adipic acid.

20 The adipic acid is dried overnight in an oven
(60°C) . The rhodium present in the final adipic acid is

measured. 0.00054% of Rh by weight per weight is found.



.presence of an Rh-based catal yst and was purified by 10

Corgano impurities e OO ogen headspace ist_es?;;n!ni%tnlreési:f
.ﬁggged to 90[err?2/g§§69X|nat6|Yé tenper&Pure i's naTnfa%ﬁ%ZF#§9/°°933_ _
copron ol ycgoaorvpaitgsy 0 after conling the adipic
;2 oven adlpl?GSFL?r]C) T%ép%ﬁoafaﬁ1%?Eggﬂ%alﬁy?ﬁgdf:ﬁa?rgggpﬁgeggzgh}sln

measured. 0. 0RPSASKpEaRboRyldei8At oPes -¥ehOBho S L8¥R%in the
presence of iridium and HI is recrystallized from
5 water. This adipic acid has already ﬁndergone one
crystallization and still contains 0.00022% of iridium.
The recrystallization is carried out
conventionally by dissolving adipic acid in the minimum
amount of water at approximately 95°C and then by
10 gradual cooling of the resulting solution, followed by
| filtration and, finally, by washing of the adipic acid
filtered off with 2 times 5 ml of water and with 3
times 8 ml of water.
The adipic acid is dried overnight in an oven
15 (60°C). The iridium present in the final adipic acid is
assayed. 0.00022% of Ir by weight per weight is found).
Therefore, the iridium content of the adipic acid has

not been successfully reduced.



PCT/ FR97/ 00938 COVPARATI VE

TesT A lIlllllllllllllllﬂﬂlllﬂflll c aci d_obtai ned by i di um

f
hydr oxycar bonyl*at €ontof " 3- menten0|c acid in the presenﬁe o] I c
“and H is recgys from water, This adipic acid has already
32dergone on Cﬂ&d éﬁﬂé%@?t al li zat | on and i%l cont ai nsl?c'ﬁgﬂi%?/ﬂﬁlﬂ&ngl um
The recr stalllzatlon Is carried out onventlona y by dissolvi
adi pi c azid in the m ni num anouﬁ%gﬁﬁag%ater at approximately 95[err]C

[ [ [ fol |l oned by
and then b 10 gradual cooling. of the resulting solution, f
fiItrationyand finally, by washing of the adipic acid filtered off

with 2 times 5 m of water apebibdd for urlfyﬁ‘fé 8b§r1 of water.
The adipic acid is dried overnight in an oven
crystallization or recrystallization in water, adipic

acid containing traces of catalyst, characterized in

5 that the said crystallization or recrystallization is
carried out in the presence of a strong protic acid
and/or in the presence of carbon monoxide.

2. Process according to claim 1,
characterized in that the strong protic acid is

10 selected from hydroiodic acid, hydrobromic acid,
'hydrochloric acid, nitric acid and sulphuric acid.

3. Process according to either of claims 1
and 2, characterized in that the quantity of strong
protic acid varies from 0 to 100 mol per mole of

15 catalyst metal present in the adipic acid and,
preferably, varies from 1 to 50 mol per mole of
catalyst metal.

4. Process according to one of claims 1 to
3, characterized in that the carbor monoxide makes up

20 at least part of the atmosphere above the solution in
the crystallization or recrystallization reactor or
creates within the said reactor a pressure which is
greater than the atmospheric pressure.

5. Process according to one of claims 1 to

25 4, characterized in that it is carried out under an
absolute pressure of from 0 bar to 50 bars of carbon

monoxide.

.\_\ .
—

THIS SHEET HAS BEEN

T




f/ tl ”’ ffidiun1present inthe final adipic acid is
' assa M”Jﬁﬂ{‘l r by weight per weight is found). Therefore, the
|r|d|un1co nteht © e adipic acid has not been successfully reduced.

" CLAI M5 Process for purifying, stal lization
or recrystalll za?véﬁsmgwat er, adipic 12 aci d cont a| n?ﬁ'ﬁ/FR 4400938

h t d hat the sa adi pi ¢ aci s.a nmnimum
ity or e par ot i 6l y%éaesﬁdamreapa EBy Ena b, fipdRsor to

4, characterized in that it is carried out under an
absolute pfessure of ffom 1 bar and 50 bars of carbon
monoxide.

5 7. Process according to one of claims 1 to
6, characterized in that the crude adipic acid
subjected to recrystallization has a minimum purity of

approximately 95%, and preferably has a purity of from
95% to 99.95%.
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recrystal |zat|on is carried out in the presenQe Qf a ?3 n“é’tromb'gop'b'td C

‘acid anHw u, , um,ﬂmnce of carbon, , = mbnoxide. 1Q ; =~ se2 né 5
Process im1, * characterized~in that the strong ’pTOtIC

"acid is sel ect éd from hydr oi odi ¢ acigd, hydrobronmic acid,

hydrochloric acid, nitric acid and sul phuric acid. - 3.
Process according to either of clains 1 15 and 2, characterized in that
the quantity of strong p'roticm&mromo to 100 nol per mole
of . catal yst metal present in the adipic acid and, pref erabl vy,
varies from1l to 50 nol per nole of . .catal yst net 4,
Process accor ditg Pt'?FQS’ﬁc-FP urdicationgpar c[lgtalhsatlon:’c}/ u regasts @i%@f‘?éﬂ“ﬁa‘{ et the

carbon nongytide sfpique dintenant déé tfacas te patalyseir, chactérsoen rcer@ea@mwamd&e
sol uti og in
adipique a une pureté mlnlmale de 95 % environ et ladite cristallisation ou
recristallisation est effectuée en présence d'un acide protonique fort et/ou en présence
de monoxyde de carbone.

2) - Procédé selon la revendication 1, caractérisé en ce que l'acide protonique fort
10 est choisi parmi I'acide iodhydrique, I'acide bromhydrique, I'acide chiorhydrique, I'acide
nitrique, l'acide sulfurique.

3) - Procédé sélon I'une des revendications 1 ou 2, caractérisé en ce que la
quantité d'acide protonique fort varie de 0 @ 100 moles par mole de métal catalyseur
15 compris dans l'acide adipique et de préférence varie de 1 a 50 moles par mole de métal
catalyseur. |
“
4) - Procédé selon I'une des revendications 1 4 3, caractérisé en ce que le
monoxyde de carbone constitue au moins en partie I'atmosphére surmontant la solution
20 dans le réacteur de cristallisation ou de recristallisation ou crée dans ledit réacteur une
pression supérieure a la pression atmospheérique.

5) - Procédé selon I'une des revendications 1 4 4, caractérisé en ce que I'on opére
sous une pression absolue de 0 bar & 50 bars de monoxyde de carbone.
25 _
6) - Procédé selon 'une des revendications 1 & 4, caractérisé en ce que 'on opére
sous une pression absolue de 1 bar et 50 bars de monoxyde de carbone.

7) - Procédé selon l'une des revendications 1 & 6, caractérisé en ce que l'acide
30 adipique brut soumis a la recristallisation a une pureté de 95 % a 99,95 %.



the crystallization or recrystallization reactor or creates within the
- said reactor a p[§§§QLg_mh|ch Is 25 greater than the atnospheric

. pressture— 5. Process accordlng to one of clains 1 to
AVENDE “““ 12 4,
char ac%@ﬁﬁ“\““““‘l‘t I's carried out under an absol ute pressure of
fromO 150 Wbafs Of carbon opagMsde. 6. Process
according to one of claims 1. to 5 4, characterized in that it is carried
out under an absol ute pressure of from1 bar and 50 bars of carbon
1. Process for purifying, by

crystallization or recrystallization in water, adipic
acid containing traces of catalyst, characterized in

5 that the said adipic acid has a minimum purity of
approximately 95% and the said crystailization or
recrystallization is carried out in the presence of a
strong protic acid and/or in the presence of carbon
monoxide. |

10 2. Process according to claim 1,
characterized in that the strong protic acid is
selected from hydroiodic acid, hydrobromic acid,
hydrochlofic acid, nitric_aéid and sulphuric acid.
3. Process according to either of claims 1

15 and 2, characterized in that the quantity of strong
protic acid varies from 0 to 100 mol per mole of
catalyst metal present in the adipic acid and,
preferably, varies from 1 to 50 mol per mole of
catalyst metal.

20 4. Process according to one of claims 1 to
3, characterized in that the carbon monoxide makes up
at least part of the atmosphere above the solution in
the crystallization or recrystallization reactor or
creates within the said reactor a pressure which is

25 greater than the atmospheric pressure.

5. Process according to one of claims 1 to

AMENDED SHEET
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10

Process according to one of claims 1 to

mh“\!‘that thé crude adipic acid 10 subjected to
as a purity of from 95 to 99.95%

- rec TN

12

4, characterized in that it is carried out under an
absolute pressufé of from 0 bar to 50 Bars of carbon
monoxide.

6. Process according to one of claims 1 to
4, characterized in that it is carried out under an
absolute pressure of from 1 -bar and 50 bars of carbon
monoxide.

7. Process according to one of claims 1 to
6, characterized in that the crude adipic acid
subjected to recrystallization hés a purity of from 95

to 99.95%.
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