WD 99/ 44980 PCT/ FR99/ 00420 PROCESS FOR
SEPARATI ON AND PURI FI CATI ON OF ADI PI C ACI D The present
invention relates to the treatnment of the reaction m xtures resulting
from an 5 oxidation reaction of cycl ohexane to adipic acid and nor e
particularly ted ke epation of the various conSEKHQ%@b§/gb4§Be said
m xtures and to the purification of the adipic aci

The direct oxidation of cyclohexane to adipic 10 acid is a process which

has been oper atpRdCESS FOROBEPARATIONTEND BUREFiCOPTEN diegavEer®iaddie

obvi ous advant ages whi ch there wou e in converting cyclohexane to
adipic acid in a single stage and w t hout enpl oying an oxi di zi ng
agent, such as nitric acid, this conpound 15 generating nitrogen oxides
whi ch woul d subsequent| yThe prkseatt tnbentienateslateoritertie prevent any
pol I ution. Pat ent WO A-94/ 07834 di scl oses the oxidation

of cyclic hydr@@@ﬁ@mﬁ@tt@fcbhﬁespaqdnqg giztuves Fesulteing frdm qui d phase
conprising a solvent, using a gas 20 conprising oxygen in the presence of
an oxi dati or? Ode@é?tl§F1y§teaC§E|@h aé evebbhexarenpoadipihadcal dsbl vent
conprising an organic acid haV|ng onIy primry or secondary hydrogen
atons. This paf®fe &3riigedagdyeto thepseparation yohtheeaniayss of
treatment of the flnal 25 reac |on m xture. This treatnment consists in
separati ng CORE taitHERG S1 8% ﬁ9léofa+¥ﬁ‘gr%ear%ﬁ XGUrtd® n order to

bri ng about the Rr:eg i pitatio sai d_djacid, and in separating, by
filtration, th&Ydia F& ﬁ?BnP?mgLe 88: 88 a L &

The direct oxidation of cyclohexane to adipic

10 acid is a process which has been operated for a long
time, in particular because of the obvious advantages
which there would be in converting cyclohexane to
adipic acid in a single stage and without employing an
oxidizing agent, such as nitric acid, this compound

15 generating nitrogen oxides which would subsequently
have to be treated in order to prevent any pollution.

Patent WO-A-94/07834 discloses the oxidation
of cyclic hydrocarbons to corresponding diacids, in the
liquid phase comprising a solvent, using a gas

20 comprising oxygen in the presence of an oxidation
catalyst, such as a cobalt compound, the said solvent
comprising an organic acid having only primary or
secondary hydrogen atoms. This patent enlarges more
particularly on the stages of treatment of the final

25 reaction mixture. This treatment consists in separating
the diacid formed, by cooling the mixture in order to
bring about the precipitation of the said diacid, and

in separating, by filtration, the diacid from two



2 | i qui d phases, a non-polar phase, which is recycled, ~and a
pol ar phase, which is also recycled after optional hydrolysis and
separation of an additional anount of diacid. 5 ~ This
patent provides a solution for oxidizing cycl ohexane to adipic acid in
one stage with an industrially acceptable selectivity but it does not
furnish an industrially applicable solutién to the treatnent of the
reaction mxture resulting fromthe 10 oxidation, taking into account the

Rt vng” Wifuid phé3EROUS hBAChLOAr PERANE! Sullith PP ARl

unconvert ed naterlals and cata ‘on, it
turns out in peagl kCoBE phase, SHALCH Psr%ygﬁte%%xél{ee@tmr process does

not result in 15 an adipic acid exhibitin y required in a

great many applp&abhalshotirbysiBi SHEYsEFRPAL B of an Sididinghdmterial.

This is because, whether for the production of polyamde 6,6 or for

ot her applicateopantso€hdaactile 20 production of sone pol yurethanes, the
purity of the adi pi c acid enpl oyed nust be extrenely high, both for
contents of 5organi ¢ bypr Btist pateht chroabdeesal solution fomdssidiaing

col ourations, and for contents of netal residues, in particular traces
of the catal yscygdetiexaps to adipic adh@d jm esmatstagentitdn drhus rel ates to
an i nproved process for the treatnment of the reaction ~ mxture
resul ti ng frombREs§riaddyorrdeptahlefselectin phdxeme tt dlogdi miot acid by

nmol ecul ar ox nin an ,
yg%urnlsg an industrially applicable solution to the

treatment of the reaction mixture resulting from the
10 oxidation, taking into account the separation of the
various reaction products and byproducts, unconverted
materials and catalyst.
In addition, it turns out in practice that
such a perfunctory treatment process does not result in
15 an adipic acid exhibiting the purity required in a
great many applications of this highly important
starting material.
This is because, whether for the production
of polyamide 6,6 or for other applications, such as the
20 production of some polyurethanes, the purity of the
adipic acid employed must be extremely high, both for
contents of organic byproducts, which can result in
undesirable colourations, and for contents of metal
residues, in particular traces of the catalyst used.
25 The present invention thus relates to an
improved process for the treatment of the reaction
mixture resulting from the direct oxidation of

cyclohexane to adipic acid byhﬁolecular oxygen in an



3 organi c solvent in the presence of a catal yst, characteriz
that the said process conprises: - a separation into two |
phases by settling: an upper phase, which is essentially 5

cycl ohexane, and a | ower phase, essentially conprising t he sol ven
diacids formed, the catalyst and a pokrti on of the other reaction
products and of the unconverted cycl ohexane; - a

distillation of the said | ower phase, 10 making it possible to separ
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a crystallization, preceding or_follow ng the
RO ofmﬁéﬁ pkBeEr yeREFL PR aPTRRUGES and of the

unconverted cyclohexane;

- a distillation of the said lower phase,
making it possible to separate, on the one hand, a
distillate comprising at least a portion of the most
volatile compounds, such as the organic solvent and
water, as well as unconverted cyclohexane,
cyclohexanone, cyclohexanol, cyclohexyl esters and
lactones possibly present, and, on the other hand, the
distillation bottoms comprising the diacids formed and
the catalyst;

- a separation of the catalyst from the
distillation bottoms obtained above, either by
crystallization from water, by electrodialysis or by
passing over an ion-exchange resin, after dissolution
of the said distillation bottoms in water, or
alternatively by washing with water or by liquid-liquid
extraction;

- a reducing and/or oxidizing purification
treatment of the adipic acid in aqueous solution;

- a crystallization, preceding or following the

purification treatment, when the crystallization has

t ai ned
r by
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The

ase obtained in the stage 5 of separation by settling is

t roduced into a cycl ohexane oxi dati on operati on.

| vent enpl oyed in the oxidagion of cycl ohexane is nore
hosen from aliphatic carboxylic acids. -It is generally
d. The catal yst preferably conprises cobalt,

manganese or anditxbeef ehredbdl buvi ih EF@ePrtdUWHMHNY the caPAliglst,; such

as nmanganese,

cobal t - based m xt ures,

chrom um iron, zirconium haf ni um or copper. Anbng
aSreatrgbyal bizatisn Sohoied tdpicokalild #rdmchr omi um

or cobalt, chromi um and zirconium or cobalt and iron, or cobal t
and manganese, wateggebal t and zi rconi um and/ or haf ni um are nore
particularly well suited. This catal yst is used for the oxidation of

cycl ohexane in

in the reaction m xture.
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d preferably used, is separated fromthe adipic acid.
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of cyclohexane is more particularly chosen from
aliphatic carboxylic acids. It is generally acetic
acid.

The catalyst preferably comprises cobalt,
manganese or a mixture of cobalt with one or more other
metals, such as manganese, chromium, iron, zirconium,
hafnium or copper. Among cobalt-based mixtures,
catalysts comprising either cobalt and chromium, or
cobalt, chromium and zirconium, or cobalt and iron, or
cobalt and manganese, or cobalt and zirconium and/or
hafnium are more particularly well suited. This
catalyst is used for the oxidation of cyclohexane in
the form of compounds of these metals which are soluble
in the reaction mixture.

The stage of distillation of the lower phase
is carried out so that most, insofar as possible
virtually all, of the unconverted cyclohexane which may
still be present in this lower phase and of the
solvent, in particular of the carboxylic acid
preferably used, is separated from the adipic acid.

This stage makes it possible to separate the light



5 oréanic conpounds (nore volatile than the diacids),
i s advantageous to recycle in the stage of

optionally after a treatnent i ntended to renove water fromthem

Mention may be nade, as exanples of such |ight organic conpounds,
adi pogeni ¢ conpounds (capabl e of being
such as cycl ohexanol ,
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whi ch it
oxi dati on of cycl ohexane,

5
of

converted into adipic acid),
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out at a tenperature of 25[err]C to 250[err]C and under an ‘absol ut e
pressure of betyyeieih k& Ra addaaiaeeBler t6 recycPéessUfiRe dtigd edtper at ure of
the m xture during the 15 distillation will preferably be maintained

bet ween 70[ err]dxidatican®fl29c@bhk&ane, optionally afiher ch stiddtaidrtn can,
i f necessary,

parti cul ar

be carried out in several successive stages, in
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cyclohexanone or cyclohexyl acetate, and other
compounds, such as lactones (essentially butyrolactone
and valerolactone).

The distillation stage is generally carried
out at a temperature of 25°C to 250°C and under an
absolute pressure of between 10 Pa and atmospheric
pressure. The temperature of the mixture during the
distillation will preferably be maintained between 70°C
and 150°C.

The distillation can, i1f necessary, be
carried out in several successive stages, in particular
in the preferred form, where it is desired to remove
the largest portion, for example more than 90% and even
more than 99%, of the solvent, such as an aliphatic
carboxylic acid.

To perfect the separation of the light
organic compounds mentioned above, use may be made, in
the distillation, of an inert entrainer which can
either be water in the form of steam or also be an
inert gas, such as nitrogen.

The distillation stége can optionally be

To

or gani ¢ conpounds nenti oned above,



6 conpl eted by an extraction of the distillation bottons using a
wat er-i mm sci bl e organi c sol vent. This extraction can be used to
separate the esters, in particul ar cycl ohexyl esters, which can be
found in the 5 distillation bottonms. Use may be made, as non-limting
exanpl es of such organic solvents, of alighatic, cycl oal i phatic or
aromati ¢ hydrocarbons, aliphatic, cycl oal i phatic or aromatic
carboxylic acid esters, or ketones. As it is preferable to avoid as

far as 10 possidnpdeted byt aadestirabtbnned ERSP@LEEES] 14 ot bt toms Process
of the invention, cyclohexane wl | advant ageously be used as

extracti on sol wentng Bherater-iextisaébleaoryani ecyelwsht n Thiew oxi dati on
reaction, either directly or after hydrolysis of the esters. 15

The distill at e exfr@Aatdedn ganhbedusedl tat separate tiperedtiears,ddscri bed above
conprises the various vol ati |l e conpounds and water. These volatile
conpounds Pard isulagorymilehesyleeanarar ewhicls carcys dibumi dmeke

oxi dation reactj,on of cycl ohexane, after an at |east 20 partial renoval

of the water bylifty WasaRnneatsomsn Use mayrbe qrade, B aautlighitdng
distillation. The distillation bottons obtained at the end
of the distill &P8RIFhPENSHEROTIRNLP pFREYERES, el iPhatig bj ected to the

extraction operg%r%gii%he treated in order to separ t he catal yst

25 at
whi ch they conmprise: atic or aromahic RYdrocarhaptafly® ed out, in

Const st b EIRGLOE T DY B LR 0 R hers, ST
ketones. As it is preferable to avoid as far as

10 possible the introduction of new compounds into the
process of the invention, cyclohexane will
advantageously be used as extraction solvent. The
extract can be recycled in a new oxidation reaction,
either directly or after hydrolysis of the esters.

15 _ The distillate obtained in the distillation
operation described above comprises the various
volatile compounds and water. These volatile compounds
are of economic value and are thus recycled in a new
oxidation reaction of cyclohexane, after an at least

20 partial removal of the water by any known means, in
particular by azeotropic distillation.

The distillation bottoms obtained at the end
of the distillation, which have, if appropriate, been
subjected to the extraction operation, are treated in

25 order to separate the catalyst which they comprise.

This separation can be carried out, in a
first alternative form, by a crystallization process

which consists essentially ihudissolving the said



7 distillation bottons in the m ni num anount of water, general ly

whil e hot, and then crystallizing mainly the adi pi ¢ acid. Furthernore,
t he agueous sol ution conprising the catal yst can be treated in order
to 5 isolate the said catalyst, which can be recycled in a new

oxi dati on operati on. The separation can al so be carried out
by ot her known techni ques, for exanple, after dissolution of the

said distillation bottons in water, by carrying 10 out an el ectrodial ysis

of the sol uti Oral%l@;tﬂ'l%%%ﬁr bla)étoms iRagAkNgi ANRuR A GA Wi Qer an
i on- exchange resin. he el ectrodi alysis can be carried out as

disclosed in gene?allgl gt wﬁ&llbl gati 0BndO:-Ref 76 3P6021 1 ilhihd GRki@xIGh age
resins are resins capabl e of blndlng the netal cations 15 of the catal yst.
They general | y deyd f @edid.oraktieemnpse, theOdqadodsi sbhxutiadiire or
functional groups of a conpl exi ng nature. The functional groups of an
acidic natosmpréarsd nge treakcbyaivnkphoahcbact teated aib pdear tw&ci d

groups. The functional groups of a conplexing nature 20 are generally
groups of irA dddicdedts ¢cher said aatadphbsphbick ¢ypebe recycled in a The

separation can also be carried out, in anot her alternative form by one
or nore washi ngew oxagéﬁapmonpe@ntnha distillation bottonms with water. By
25 such a washing operation, the catalyst, in particular, as well as a

portion of the diacids, ITREp&EPREALAPD cangalsarbe wyxieth®ut d¥a | esser

extent, su00|n|c aC| are dissolved. In order to prevent or greatl
restrict inown techngques, for example, afté) dlssolutf%n y

of the said distillation bottoms in water, by carrying

10 out an electrodialysis of the solution obtained or by
passing the said solution over an ion-exchange resin.
The electrodialysis can be carried out as disclosed in
Patent Application WO-A-97/36673. The ion-exchange
resins are resins capable of binding the metal cations

15 of the catalyst. They generally have functional groups
of an acidic nature or functional groups of a
complexing nature. The functional groups of an acidic
nature are generally sulphonic acid or carboxylic acid
groups. The functional groups of a complexing nature

20 are generally groups of imidodiacetic or
aminophosphonic type.

The separation can also be carried out, in
another alternative form, by one or more washing
operations on the distillation bottoms with water. By

25 such a washing operation, the catalyst, in particular,
as well as a portion of the diacids, in particular
glutaric acid and, to a lesser extent, succinic acid,

are dissolved. In order to piéﬁent or greatly restrict



8 the dissolution of adipic acid, use is made of an anount of

wat er or of water saturated with adipic acid whi ch represents, by

wei ght, from 1% to 100% of the wei ght of the distillation bottons and
preferably from 5 10%to 50% The stage of separation of
the catalyst is foll owed by an operaitgi on of purification of the adipic
acid, which has been placed in aqueous sol ution. . Thi s
purification can be carried out by 10 hydrogenation and/or by treatnent

with nitric acithe dissaeh/tQonbyfoxieplEoacid} hugdl B¢ uhade @GN Or W th any
ot her oxi di zi ng agent, such as ozone and hydroper oxi des (1 ncl uding

hydr ogen per oxiat®unt of water or ofThatbydsagenatedrwith alipiiagedds|y
carried 15 out using hydrogen in the presence of a catalyst. Ment i on
may be nmade, ashdafhalhypiresasntsonblyi weighty, froexbdptesio®® dafhdde which
conprise at |east one netal ~ fromgroup 8 of the Periodic Cassification
of the El eneright odclthes dpstiddatrpnpbat towen and tpreeferably? Exssni um
rhodium iridium nickel or cobalt. These netals are preferably in
metal lic form d®® &0e50%. advant ageously deposited on a solid support. Use
may non-limtingly be nade, as solid sugport, of  charcoal s, | cl ays,
zeolites or oxides, suchThe §tPoeasf afmarakson of &he |t éShilfas or
magnesi a. The catal yst. can be enpl oyed as_a stationary bed_or. as a
fluidized or  TOlMHEMEVDER. OPREHYBROGENBEF bR CAF He TarTMOEHRLC
continuously or, liag chil;o%, UL 8041 BYOUS4°PE" 84:88ud Ssotution.
This purification can be carried out by
10 hydrogenation and/or by treatment with nitric acid
and/or by oxidation with molecular oxygen or with any
other oxidizing agent, such as ozone and hydroperoxides
(including hydrogen peroxide).
The hydrogenation is advantageously carried
15 out using hydrogen in the presence of a catalyst.
Mention may be made, as catalyst, as non-limiting
examples, of those which comprise at least one metal
from group 8 of the Periodic Classification of the
Elements, such as palladium, platinum, ruthenium,
20 osmium, rhodium, iridium, nickel or cobalt. These
metals are preferably in metallic form and are
advantageously deposited on a solid support. Use may
non-limitingly be made, as solid support, of charcoals,
clays, zeolites or oxides, such as silicas, aluminas,
25 silicas/aluminas or magnesia. The catalyst can be
employed as a stationary bed or as a fluidized or

moving bed. The hydrogenation can be carried out

continuously or batchwise but continuous operation is



9 favoured fromthe viewpoint of a plant of industrial type.
The treatment with nitric acid can be carried out with an aqueous
solution generally conprising from 5 20%to 80% of pure nitric acid by
wei ght per wei ght of solution. This treatnent is generally carried out
by heating the m xture at a tenperatgre of 25[err]C to 120[err]C

and preferably of 40[err]C to 100[err]C for a period of tine of a few
mnutes to a few hours. The heating can 10 advantageously be carried out
vi a successi ve favauredafyom thephasesohit aof eapelaituref Sirdduaited aln t he
ranges of val ues i ndi cated above. The amount of nitric acid

enpl oyed can véavpew dely. It nust, on the one hand, very clearly be
sufficient for the desired oxidation 15 and, on the other hand, not be
excessively high, for  Thepbrhateenhi¢ith apttecoagid qgaaadensarygdedn | |
general ly be made of 0.8 nol to 4 nol and preferably of 1 nol to

2 mol of nitri @uichdtpepnlagugpufsseolubien|gengyallly compyigingn fremhe
treated. This treatnent is general#gﬁ,ZO carried out. in the absence of

catal yst. |t c&R%afS0o8B& of Purg RiEHGRCHA Rh&$irHdeReF srei@htacd yst
i Si . bal d/ di, ds.
Ao The treoat mefPIEEHOPes PLS| RECRIPB nof | SSPGTE T (I Lo Ofaddurs it is
f bl | 2d b he. i , - Of - o L it
Dapour o f or madipg s kpERLETRN oy o “Pelllordnl of an B Bt ot e,

such as nitrogefy preferably of 40%® O HRFIOREM G QL BEULRN  PXYIER 1S

nor e
a few minutes to a few hours. The heating can

10 advantageously be carried out via successive stationary
phases at a temperature situated in the ranges of
values indicated above. The amount of nitric acid
employed can vary widely. It must, on the one hand,
very clearly be sufficient for the desired oxidation

15 and, on the other hand, not be excessively high, for
both technical and economic reasons. Use will generally
be made of 0.8 mol to 4 mol and preferably of 1 mol to
2 mol of nitric acid per 100 grams of adipic acid
solution to be treated. This treatment is generally

20 carried out in the absence of catalyst. It can also be
carried out in the presence of a catalyst comprising
one or more cobalt, copper and/or vanadium compounds.
As the treatment can result in the formation of nitrous
vapours, it is preferably completed by the removal,

25 while hot, of the said nitrous vapours formed by
movement through the liquid mixture of an inert gas,
such as nitrogen.

The oxidation with molecular oxygen is more



10 particularly carried out with air, air enriched in oxygen or
air depleted in oxygen, in the presence of a catal yst. The catal ysts
descri bed above for the treatment by hydrogenation are suitable for
this 5 treatment with nol ecul ar oxygen. Use is preferably nade of a
metal chosen from pal |l adium plati num rutdheni um osm um rhodi um or .
iridium The oxidation with hydroperoxides, preferably
carried out with hydrogen peroxide, can be uncatalysed 10 or can be

catal ysed by tpmamdtcallpsily camréetli onal wyth air useih verhhidHed irype of

oxi dizing agent. Preference is nore particularly given to

het er ogeneous cwtvaieystos aefir deplebtkdcihaoxggene iypehe Refesemmee afay be
made, for exanple, to the catalysts disclosed in Patent 15
Appl i cati on WOBd/a3y4%5 Ghe gapalyatsFRescpiliad, gaeve |for theparticul ar, use
may advant ageously be nmade of those ~ which conprise titanium

The purificati SFeMepdr Byehxdregenatiion are spitakle (i s and/ or

oxi dati on usin%.nolecular, 20 oxygen, ozone or hydroperoxi de_can be

preceded or ® CTrRSMERredib] ROLPEULABNPXYSRD adddf pi§ RrFenakivr Mades by
finely dividedc&plid, chh as, far exanyied_a carpon, bl ack .or an

al umi na. This (Fedt METEsERGFER LapPyPalladiym, pladinyl MRS st car bon
bl ack or of al ym to .t he hot _aqueous solution conprising the adipic
aci d and t%%hgﬁwyrrPﬁgﬁuﬁhPFelﬁb 19F the said solution in order to

separate the carbon bl ackyand,tg: 8030G P nyard SRMAIAES oHUfL i Nt

can al so be carried out
carried out with hydrogen peroxide, can be uncatalysed

10 or can be catalysed by the catalysts conventionally
used with this type of oxidizing agent. Preference is
more particularly given to heterogeneous catalysts of
molecular sieve type. Reference may be made, for
example, to the catalysts disclosed in Patent

15 Application WO 96/31455 or in Patent FR-A-2,744,719. In
particular, use may advantageously be made of those
which comprise titanium.

The purification by hydrogenation and/or
nitric treatment and/or oxidation using molecular

20 oxygen, ozone or hydroperoxide can be preceded or
followed by a treatment for adsorption of impurities by
finely divided solid, such as, for example, a carbon
black or an alumina. This treatment schematically
comprises the addition of carbon black or of alumina to

25 the hot aqueous solution comprising the adipic acid and
the filtration while hot of the said solution in order
to separate the carbon black and the adsorbed

impurities. This treatment can also be carried out



continuous]y on a stationary bed. The treatnent by
hydr ogenati on and/ or the treatnment with nitric acid and/or the
treat ment by oxi dati on using nol ecul ar oxygen, ozone or 5
hydr operoxi de is generally followed by an operation of crystallization
of the adipic acid fromwater, which makes it possible in particular
) 11 )
to separate the glutaric and succiniC acids present, and then by
recrystallization of the said adipic acid in order to 10 achieve the

desired puri tyCON%&&&@fQ&?rété&”tl%a&l}ebed catal yst has been carried
out using a crystallization, it is dsually sufficient to carry out a

recrystallization. The treatmelt &wch&%&@bbhéﬁibﬁnaﬁa¢69rtﬁélS 15
recrystallization can be carried out under the condi tions descri bed

above. They essesitméhty widlsirSitdit acid @ngyokVicRg theagflentco@cid in the

m ni mrum anmount of water, generally while hot, and in then
crystallizing ox1dat&amem§gﬁgaﬂdhenuﬂ;ﬁIm&ygand adbnecoaC|d by cooling the
20 solution under the usual crystallization conditions (for exanple,
progranmed §r aoyditopkecexiade im gdrerally tfedpeweatiuby, aseedengt wom hofadi pi c
acid crystals, if appropriate). The exanpl es which

fol low illustrerestablizgioweaf itde adipiExampiESromAmBter, which The

following are charged at roomtenperature toa 1.5 litre autocl ave,
purged bef or elfadgesi 1th possible in particular to separate the

glutaric and succinic acids present, and then by
recrystallization of the said adipic acid in order to
10 achieve the desired purity. When the separation of the
catalyst has been carried out using a crystallization,
it is usually sufficient to carry out a
recrystallization.
This crystallization and/or this
15 recrystallization can be carried out under the
conditions described above. They essentially consist in
dissolving the adipic acid in the minimum amount of
water, generally while hot, and in then crystallizing
or recrystallizing the said adipic acid by cooling the
20 solution under the usual crystallization conditions
(for example, programmed gradual decrease in the
temperature, seeding with adipic acid crystals, if
appropriate).
The examples which follow illustrate the
25 invention.
EXAMPLES 1 AND 2
The following are charged at room temperature

to a 1.5 litre autoclave, pufééd beforehand with



12 nitrogen, which is lined with titanium and equi pped with a

si x- bl aded turbine inpeller and with various openi ngs for the

i ntroduction of the reactants and fluids or for the discharge of the
reaction products 5 and fl uids: - cobalt acetate tetrahydrate:
4.0 g (16 nmol) acetic acid: 19 357 g (5.95 nol)
- cycl ohexane: 292.5 ¢ (3.48 nol ) To-

cycl ohexanone: 3.2 g (32.7 nmmol ). 10 Af ter
closing the aunhgekayen,t HBibht L8908 Mned wi bk CESLE®i S dHP WA idgel0 bar,
stirring is started at 1000 revolutions/mn and the tenperature i's

brought to witB5pesikCbhuded?tuibime Thepdl 1¢00a1 ivdl Hhemarieplsaced with
20 bar of depleted air (5% oxygen). The gas flowrate 15 at the inlet is
adj usted to 250pkentings/ fiour the introduction &f tithe areddtditid @ndoeri od of
approxi matel y 10 min, during which there is no consunption of oxygen,
t he tenperaturélnﬁ§§soﬁyf9rtbhe[é1$¢haamd ofethox yrpar tieyi productst 0 be
consumed. The oxygen assay in the air at the 20 inlet of the autoclave is

gradual |y bPoughe féuzdss according to the consunption by the

oxi dat i on. oxygen assay at the outlet of the reactor

r emai ns belom/5@6throﬁﬁﬁééP Pﬁ%t? gt teyrhydrpedatbr@ 9 (15|WWQ%k aut ocl ave
oscill ates between 104.9 and 10 lerr]C. 25 When 50 litres of

oxygen have been consBf€HiC ac1€Hegree of conversi3 the’ Ty bhexane of
0,
approximately 20%, the ; Htlnuous i njection of thfeg2 5 g'éf“ﬂs ngn%se IS

begun: the injection 6¥ “aR"§E3EFe acid
- cyclohexanone: 3.2 g {(32.7 mmol).
10 After closing the autoclave, the nitrogen

pressure is brought to 20 bar, stirring is started at

1000 revolutions/min and the temperature is brought to

105°C over 20 min. The nitrogen is then replaced with

20 bar of depleted air (5% oxygen). The gas flow rate
15 at the inlet is adjusted to 250 litres/hour.

After an induction period of approximately
10 min, during which there is no consumption of oxygen,
the temperature rises by 2 to 3°C and the oxygen begins
to be consumed. The oxygen assay in the air at the

20 inlet of the autoclave is gradually brought to 21%
according to the consumption by the oxidation.

The oxygen assay at the outlet of the reactor
remains below 5% throughout the test. The temperature
in the autoclave oscillates between 104.9 and 105.1°C.

25 When 50 litres of oxygen have been consumed
(degree of conversion of the cyclochexane of
approximately 20%), the continuous injection of the

ligquid phase is begun: the ingection of an acetic acid



13 solution conprising 1.1% by wei ght of cobalt acetate

tetrahydrate at a flowrate of 3.7 m/mn and injection of cycl ohexane
at aflowrate of 4.1 m/mn. The liquid product is stored continuously
imna7litre decanter at 5 70[err] C. After 400 m nutes

si nce the begi nning of the reaction, ¢ghe air is gradually replaced by
nitrogen and the contents of the autoclave are transferred to the
decanter. The contents of the decanter are a two-phase 10 m xture. The

upper phase, WbLhtidn %&ﬁ;ﬁtiﬁﬂdl 1% B WeAl@xane apdatenhabparéew
products and little cobalt, is separated. The | ower acetic phase (2340

g conpr i seerdmpdiat & Hf o !ﬁdwﬁa:té QF pr.odugymiangnaf ihfiection
cobalt. The acetic phase is subjected to a two-stage 15 distillation under

the follow ng @ﬁnd{vél'dtli@'cane atd)a fldvwsihadteaidfod .at age¢min. The ligquid

pressure: 60 kPa tenperature: 135[err]C The
results obtaln@do@m@tcrdIsﬂmxbdrcdﬂtandb&sﬂtha bellowitre decanter at The
distillate represents 1830 g and the distillation bottons approximtely
510 g. B) 70 stillation stage 2. The distillation
bottons resulting fromthe 25 stage 1) are freed fromthe volatile organic
conpounds whi ch t heyAEermrd &k myppukias sdnse ithicebepdpndngsebabhat

150[ err] C under a pressure 10 kPa (743 g _of steam over 7 h

reaction, the air is gradually replaced by nltrogén and
the contents of the autoclave are transferred to the
decanter. The contents of the decanter are a two-phase
10 mixture. The upper phase, which is essentially
cyclohexane and contains few products and little
cobalt, is separated. The lower acetic phase (2340 g)
comprises the bulk of the oxidation products and of the
cobalt. The acetic phase is subjected to a two-stage
15 distillation under the following conditions:
a) distillation stage 1:
- pressure: 60 kPa
- temperature: 135°C.
The results obtained are collated in the
20 table below.
The distillate represents 1830 g and the
distillation bottoms approximately 510 g.
b) distillation stage 2.
The distillation bottoms resulting from the
25 stage 1) are freed from the volatile organic compounds
which they comprise by virtue of injection of steam at
150°C under a pressure 10 kPa (743 g of steam over

7 h).



14 The results obtained are collated in the tabl e

bel ow. Conpounds Starting Distillation Distillation
unt r eat ed bot t ons, bot t ons, mass
stage 1 stage 2 cycl ohexanone 183. 3 mmol 75 mol
0 cycl ohexyl acetate 19.3 nmmol 14 36. 3 nmmol 0 _
free cycl ohexanol 217. 3 mmol 56.5 mol o - glutaric
acid 184.5 mmol 184.5 mmol 184.5 mol ~ succinic acid
121.1 ol 121.1 nmol The reddltd obPdined are afBPisreATiih the 1656. 5
mmol 1656.5 mol 1656. 5 nmol hydr oxycaproic acid 23.4 mmol
23 mol taplenpelow. hydr oxyadi pi ¢ aci d 76 mol 76 ol
76 mol but yr ol act one 77.9 mol 64 mpl O]
val erol act one | compounag3- 4 Mol sml%:.@"”' Distillatin pisti BRI pcid
1830 ¢ npt <10 mmo _
quantitatively _untreated bottoms, :ig&gg@'ned
(*): total acid (free and esterfified) 5 1000 g of wafer are
added to the djstillation Naldsems fromgthe stage 2| ;JRhe £onbi ned
m xture is

cyclohexanone 183.3 mmol 75 mmol 0

cyclohexyl acetate 19.3 mmol 36.3 mmol 0

free cyclohexanol 217.3 mmol 56.5 mmol 0

glutaric acid’ 184.5 mmol 184.5 mmol 184.5 mmol

succinie acid’ 121.1 mmol | 121.1 mmol 121.1 mmol

adipic acid’ 1656.5 mmol | 1656.5 mmol 1656.5 mmol

hydroxycaproic acid 23.4 mmol 23 mmol 23 mmol

hydroxyadipic acid 76 mmol 76 mmol 76 mmol

butyrolactone 77.9 mmol 64 mmol 0

valerolactone 23.4 nmol 10 ramol 0

acetic acid 1830 g not <10 mmol

quantitatively
determined

(') : total acid (free and esterified)

5 1000 g of water are added to the distillation
bottoms from the stage 2. The combined mixture is
heated to 70°C and is then gradually cooled to room

temperature according to the'f-ollowing temperature



heated to 70[err]C and is then gradually cooled to room tenperature
according to the follow ng tenperature

15 profile: 12[err]Ch from70[err]Cto 60[err]C, 5[err]Ch from
60[err]Cto 55[err]C, 1l[err]C h fromb55[err]Cto 44[err]C, 24[err]C h
fromd4[err]Cto 20[err] C 15 After filtration and
washi ng operations with 5 water, 200 g of crude adipic acid are obtained,
whi ch acid has a nmean particle size of 300 i mand conprises (as
wei ght per wei ghtofile: 12°C/h from 76T dNi6D°aGi §°CPh2688%060°C to -
glutaric acid: 0.0030% 10 - cobal t: 0. 0100%

A recrystalli z&5°6n Lo hvafrom 55 %5 tp did°C, 24Phis fromelstd picc acid
results in an adeIC acid (A having a nean particle size of 300
[err]n1conpr|5|ﬁbc(as wei ght per weight): 15 - succinic
acid: 0.0002% glutaric acid: <0.0001% - cobal t:
<0. 0002% Afhércébétratmrala}m wasHing operatiensqwdahs
crystallization |iquors. g of the crude adipic acid are
subj ected 2 WtaGthezpel Qo(ﬂ/ifn@r‘tl‘ﬁ%aiimc et drsyeitaioed, which

65 g of crude ad| aci d_obt ai ned, above from the distillation bottons
fromthe stage®% g? apfean papkigte Hi29 of Y i ppdCcorpaipes

conprising 10% ht of Pd are introduced into a 500 ml autocl ave
which is agitaé§§ Hﬁlgggeﬁgfoﬂﬁ%@hﬁhd whi ch i s heated with an electric

oven. After having Qurgegu£91n1c acid: 0.2000%
- glutaric acid: 0.0030%
10 - cobalt: 0.0100%.

A recrystallization from water of 65 g of
this crude adipic acid results in an adipic acid (A)
having a mean particle size of 300 im comprising (as
weight per weight):

15 - succinic acid: 0.0002%
- glutaric acid: <0.0001%
- cobalt: <0.0002%.

The cobalt catalyst is found in the aqueous
crystallization liquors.

20 65 g of the crude adipic acid are subjected
to the following treatment by hydrogenation.

65 g of crude adipic acid obtained above from
the distillation bottoms from the stage 2, 152 g of
water and 2.8 g of a PA/C catalyst comprising 10% by

25 weight of Pd are introduced into a 500 ml autoclave
which is agitated by being rocked and which is heated
with an electric oven. After having purged the

autoclave at room temperaturéuwith nitrogen, it is



autocl ave at roomtenperature with nitrogen, it is

16 pressurized to 20 bar with hydrogen. Heating is
carried out at 135[err]C for 2 h. Cooling is carried out to 70[err]C,
depressurization is carried out with care and the catalyst is filtered
of f S5 at this tenperature. The adipic agdd is subsequently
recrystallized as above for the acid (A). A purified -adi pic acid (B)
is thus obtained which exhibits characteristics very simlar to the

adi pic acid (Apressurizefegar 4o BHECHItE Rgdfbgat Utaric acid and cobalt.
10 65 g of the crude adipic acid are subjected to the

following nitric treatneHeating is carried &8 #r af3PB2%fy Behght nitric
acid are heated to 65[err]C. 32 g of the crude adipic acid obtained
above f r o@ophendi ssi tharied bott bos7d T Omddrrestsagd zAtdpe 145 added
over 10 min. 70 ng of sodiumnitrite are then added. The tenperature
rises to 75[ er cpErigfi petmuibhataragand the hiastdlorgeriat Urid te3®dg odiff t he
crude acid obtained in the distillation bottoms fromthe stage 2 are
added dvertlGhisntemperaburei ofhei adipic iacidhiin aiubseaentiys 20
tenperature for 1 h and_then the nitrous vapours formnmed are renoved by
bubbl i ng i n ni ¥eS¥StRAL1364AnRH, above for the acithelMdi g Puadifdeds
subsequent |y . recrystallized as above for_the acid_(A), and then
washing i s car APeBIGuBCHAL hBhat Br LIRS | POEMENSRINITE e%Mgdit® are neutral . A
purified adipic,acid (G s _thus . gptaine whi ch exhi bi,ts very simlar
characteristi cS8 aCtgrthécgd}'ﬁﬂﬁ EXorh ?ﬁ)toagj}ee "s@t?&idni(@salé‘?d,
glutaric regards succinic acid, glutaric acid and cobalt.
10 65 g of the c¢rude adipic acid are subjected
to the following nitric treatment.

158 g of 52% by weight nitric acid are heated
to 65°C. 32 g of the crude adipic acid obtained above
from the distillation bottoms from the stage 2 are

15 added over 10 min. 70 mg of sodium nitrite are then
added. The temperature rises to 75°C. While maintaining
this temperature, 33 g of the crude acid obtained in
the distillation bottoms from the stage 2 are added
over 10 min. The reaction mixture is maintained at this

20 temperature for 1 h and then the nitrous vapours formed
are removed by bubbling in nitrogen for 30 min.

The adipic acid is subsequently
recrystallized as above for the acid (A) and then
washing is carried out with water until the wash

25 1liquors are neutral. A purified adipic acid (C) is thus
obtained which exhibits very similar characteristics to

the adipic acid (A) as regards succinic acid, glutaric

acid and cobalt.



acid and cobalt. 17

Batches (A), (B) and (C) of adipic acid are subjected to a heating
test. This test consists in heati ng 50 g of each batch at 215[err]C
for 205 min and in then placing each of themin 415 m of a 5% aqueous
5 ammoni a sol ution. The abpprbance at 454 nm (yel | ow region)
of t he anmoni um adi pates obtai ned i s subsequently - measur ed.

The followi ng results, expressed as relative 10 absorbance, are obtai ned,

the reference adipic aci @atbhes (A)[ePBP$§HaiU%)t3¥3é6¥ﬁ¥%:5cid are -

adipic acid (A): 1 - adi pic acid (B): 0. 08 -
adi pi ¢ acid (CpubjecBe@i2to 45heating test Thenadlifigr acdrls () 3nd (O
purified according to the present invention are markedly |ess

col oured t han hketadopb® gcoll éa&rhnbatcingt i ZEEPAMflor 1205 mint Bad AWenti on.
The absorbance at 454 nmis respectively 12 and 8 tinmes |l ower for (B)
and (C) than f&hefAplac20g shckbhofhthemein 415 edldyofpes $3s sefmadiusexcel | ent
purity with respect to the lower diacids or to the catalyst (Co)
but whi ch pPovésmepigomptiséonpre significant traces of other coloured
i mpurities.

The absorbance at 454 nm (yellow region) of
the ammonium adipates obtained is subsequently
measured.

The following results, expressed as relative

10 absorbance, are obtained, the reference adipic acid (a)

representing the value 1:

- adipic acid (A): 1
- adipic acid (B): 0.08
- adipic acid (C): 0.12.
15 The adipic acids (B) and (C) purified

according to the present invention are markedly less
coloured than the adipic acid (A) not comprised within
the invention. The absorbance at 454 nm is respectively
12 and 8 times lower for (B) and (C) than for (Aa),

20 which, however, already possesses an excellent purity
with respect to the lower diacids or to the catalyst
(Co) but which proves to comprise more significant

traces of other coloured impurities.



18 CLAI M5 1.
Process for the treatnent of the reaction mxture resulting from
the direct oxidation of 5 cycl ohexane to adi pic acid by nol ecul ar
oxygen in an organi c solvent in the presence of a catalyst,

characterized iyp bbaysblg said process conpyises: PCT/FR99/004
separation into two |iquid phases by settling: an upper %ase

which is essentially 10 cycl ohexane, and a | ower phase, essentlally
conpri sing the solvent, the diraciMgs forned, the catalyst and a
portion of the other reaction products and of the unconverted
cycl ohexane; - a distillation of the said | ower phase,

15 nmeking it possible to separate, on the one hand, a distillate
conprising at |east a poilti onPobceédhe Pmstthe treatmerMolodt ithe conpounds,
such as the organic solvent and water, as well as unconverted
cycl ohexane, reaction myxztuvhexanesukbtingy cfodexdrm|direot] oxddatiest efs and
20 | actones possibly present, and, on the other hand, the

distillati oh be¥cenbexansr tei adirhe atidiklys Moremdaandxygen in ant he

catal yst; a, separation of the catalyst fromthe
distillation bSFﬂéﬁéCoEP&VﬁQE h%o > R¥esRRCyf a catggysgnystallization
fromwater, glectrodlalgs passing over an ion-exchange

resin, after dF 8g5pGErPpRZzed 1n that ?h?rﬁP%QURFQﬁ%ﬁﬁIQQQHnéﬁeﬁottons in
vater. or ol tegnayvel v, Y peli 0% WD IPLEL L By 1 au o1 quid

settling: an upper phase, which is essentially

10 cyclohexane, and a lower phase, essentially comprising
the solvent, the diacids formed, the catalyst and a
portion of the other reaction products and of the
unconverted cyclohexane;

- a distillation of the said lower phase,

15 making it possible to separate, on the one hand, a
distillate comprising at least a portion of the most
volatile compounds, such as the organic solvent and
water, as well as unconverted cyclohexane,
cyclohexanone, cyclohexanol, cyclohexyl esters and

20 lactones possibly present, and, on the other hand, the
distillation bottoms comprising the diacids formed and
the catalyst;

- a separation of the catalyst from the
distillation bottoms obtained above, either by

25 crystallization from water, by electrodialysis or by
passing over an ion-exchange resin, after dissolution

of the said distillation bottoms in water, or

alternatively by washing with water or by liquid-liquid

(N R RO



19 extracti on; - a reduci ng and/or oxidi zi ng
purification treatnent of the adipic acid in aqueous sol ution;

- a crystallization, preceding or follow ng the 5 purification
treatnment, when the crystallization has not been carried out in order
to separate the catal yst; - 1® recrystallization of the adipic
acid from wat er . 2. Process according to claim1l1, 10
characterized in that the cycl ohexane phase obtained in t he stage of
separation by g@tthkRSchs reintroduced into a cycl ohexane oxi dation
oper at i on. 3. Process according to either of clains 1

and 2, characterized in haeahben®r&ed) sr St MEYingl pur@fplcayedni n t he
oxi dation of the cycl ohexane is chosen from al i phatic carboxylic acids

and is preferaklbgatmentacét theagdibic acid in aqueouk solldtdemss accordi ng
to one of clains 1 to 3, characterized in that the catal yst conprises
cobalt, 20 nmnganese oa aryskallizafisonbgiteatdimome dolivwingt hbe

netal s chosen from manganese, chrom um iron, zi rconi um hafnium or
copper. 5 purificatfon Pregementicothett ihe custadflizlhgiien haso 4,
characterized in that the stage of distillation of 25 the |ower phase is
carried out sonrPhabPemBsfarpiefiepabl in ordexitq manaraflg ther capalyf&onvert ed

cycl ohexane still present in thjs Ipmerzghase and .of the solvent is
separated fromthe édipie refgystallization o the adipic acid from

water.
2. Process according to claim 1,

10 characterized in that the cyclohexane phase obtained in
the stage of separation by settling is reintroduced
into a cyclohexane oxidation operation.

3. Process according to either of claims 1
and 2, characterized in that the organic solvent

15 employed in the oxidation of the cyclohexane is chosen
from aliphatic carboxylic acids and is preferably
acetic acid.

4. Process according to one of claims 1 to
3, characterized in that the catalyst comprises cobalt,

20 manganese or a mixture of cobalt with one or more other
metals chosen from manganese, chromium, iron,
zirconium, hafnium or copper.

5. Process according to one of claims 1 to
4, characterized in that the stage of distillation of

25 the lower phase is carried out so that most, preferably
virtually all, of the unconverted cyclohexane still
present in this lower phase and of the solvent is

separated from the adipic acid.

AR o




20 6. Process according to one of clains 1 to 5,

characterized in that the distillation stage is carried out at a
tenperature of 25[err]C to 250[err] C and under an absol ute pressure of
bet ween 10 Pa and at nospheric 5 pressure and preferably at a tenperature
si tuated between 70[err] C and 150[ergg C. 7. Process
according to one of clains 1 to 6, characterized in that the
distillation stage is conpl eted by an extraction of the distillation
bottons 10 wusing a wat&.-i MproeebBkca8t828ifgSOb VG -of claims 1 to 8.
Process according to claim7, characterized in that the extraction is

carried out 5, wharagite@tigad ¢nsehienthehasevillamiet istmid Gs

cycl oali phatic or aromatic hydrocarbons, aliphatic, 15 cycloaliphatic or

aromati ¢ car boxadrird edcicthte stteps tempdraturekef 028y, tan@5H°€f endblpdert h

cycl ohexane. 9. Process according to one of clains 1 to

8, characteriz&én iapsciate pregsvrel bat behweent bdrsPa and aiftmd spdrkrdtc t he end

of the distillation, which have 20 been subjected, if appropriate, to the
extraction 5 Prsssugs end preferablrdati a beteerabureprtatatadthe

catal yst which_they conprise, by a ,crystallization operation or by an
electrodialysh?QEdéﬁ? gﬁsgiﬁﬁdt¥é8(L sai d solution over an ion-exchange
resin or by one or 25 gore mashing ogera jons with water. )

ng

10. Process according to’one 5F°EP% §orging togmg &S, dd G t hat
the purificatiqn i5.830tk8dsea 1n°bhalY chYIGOIENEL O, Y L eat ment
completed by an extraction of the distillation bottoms
10 using a water-immiscible organic solvent.

8. Process according to claim 7,
characterized in that the extraction is carried out
with an organic solvent chosen from aliphatic,
cycloaliphatic or aromatic hydrocarbons, aliphatic,

15 cycloaliphatic or aromatic carboxylic acid esters, and
ketones, and preferably with cyclohexane.

9. Process according to one of claims 1 to
8, characterized in that the distillation bottoms
obtained at the end of the distillation, which have

20 Dbeen subjected, if appropriate, to the extraction
operation, are treated, in order to separate the
catalyst which they comprise, by a crystallization
operation or by an electrodialysis or by passing the
said solution over an ion-exchange resin or by one or

25 more washing operations with water.

10. Process according to one of claims 1 to
9, characterized in that the purification is carried

out by hydrogenation and/or b§ treatment with nitric

R R L




21 acid and/ or by oxidation using nol ecul ar oxygen, ozone or
hydr oper oxi de. 11. Process according to claim10,
characterized in that the purification by hydrogenation 5 is carried out
usi ng hydrogen in the presence of a catal yst. 12.
Process according to either of clains 10 and 11, characterized in that
the catal yst conprises at | east one %%tal fromgroup -8 of the Periodic
10 dassification of the Elenents, such as palladi um pl ati num

rut heni um osmawndraa%gg})yi_ bikdbH T oAl G&Bhg mole £ P8l den p[?%%reab'y

deposited on a solid sup rocess —according to claim

10, char agreyeedperokhak .t he purification by treatment 15 with
nitric acid is carried out with an aqueous sol ution conprising from

20% to 80% of pure nitrigiaci Brocessbic¥6i@ivigpes yeightiof sol ution
14. Process according to claim 13, characterized in that the treatnent

wWith nitric acicharact2@izedr ihedhaut thy peaifigativh BXhifdrRfendtion

t enper at ure of 25[err]C to 120[err]C and preferably of 40[err]C to
100[err] C fbr ds carrpedi odtofisihgehpliragérevimm the grdéseracd ef ours.

15. Process according to either of clainms 13 and 14, characterized in
that the treat ®@t@lwisth nitric 25 acid is carried out in the absence of
catalyst or in t he Eresence of a catal yst conprising one or nore
cobal t, copper and/or varRddi uRreeapduageording to either ofp clpdissedd

according to claim10, , . )
and 11, characterized in that the catalyst comprises at

least one metal from group 8 of the Periodic
10 Classification of the Elements, such as palladium,
platinum, ruthenium, osmium, rhodium, iridium, nickel
and cobalt, preferably deposited on a solid support.
13. Process according to claim 10,
characterized in that the purification by treatment
15 with nitric acid is carried out with an agueous
solution comprising from 20% to 80% of pure nitric acid
by weight per weight of solution.
14. Process according to claim 13,
characterized in that the treatment with nitric acid is
20 carried out by heating the mixture at a temperature of
25°C to 120°C and preferably of 40°C to 100°C for a
period of time of a few minutes to a few hours.
15. Process according to either of claims 13
and 14, characterized in that the treatment with nitric
25 acid is carried out in the absence of catalyst or in
the presence of a catalyst comprising one or more
cobalt, copper and/or vanadium compounds.

16. Process accordIhg to ¢laim 10,

RN O R



22 characterized in that the purification by oxidation is

carried out with air, air enriched in oxygen or air depleted in
oxygen, in the presence of a catalyst. 17. Process according
to claim16, 5 characterized in that the catalyst is a metal from

group 8 of the Periodic Cassification of %he El enent s chosen from

pal l adium plati num ruthenium osm um rhodi um or ir.idium
18. Process according to claim10, 10 characterized in that the

purification bi‘:h%@aﬂ%tek??ed in Hﬁéggtl@e I‘%ﬂ#e&aoa&oqle H " gardatggno'i% W th

hydr ogen rocess ac to one of

clainms 1 to carl'gedcgﬁf:aﬁigﬁ' mﬂl%h&grfé}?ed q{-’%ﬂi&xfép(yro'él%' di zi ng

15 purification treatment y an operation-o

crystalli Za“oﬂeﬁﬂ@‘:ﬁﬁ Qﬁ 5§9§a§taiﬁlgﬁélﬁb£néé1%f a caAdRist acid from

wat er . . Process according to one of clalns lto 19,
characterized in that thg7redpgbagsgngééﬁrdaﬂghgbru1a1&01mur|f|catlon
treatment is preceded or is followed by a treatment for adsorption of

i mpurities Py ahhiraekgrized fhvtked sidichtalyst is a metal from
group 8 of the Periocdic Classification of the Elements
chosen from palladium, platinum, ruthenium, osmium,
rhodium or iridium.

18. Process according to claim 10,

10 characterized in that the purification by oxidation
using a hydroperoxide is carried out with hydrogen
peroxide.

19. Process according to one of claims 1 to
18, characterized in that the reducing and/or oxidizing

15 purification treatment is followed by an operation of
crystallization and/or of recrystallization of the
adipic acid from water.‘

20. Process according to one of claims 1 to
19, characterized in that the reducing and/or oxidizing

20 purification treatment is preceded or is followed by a

treatment for adsorption of impurities by a finely

divided solid.

AR



