# XYZ[ e3eV4B6TV 1 WD 96/ 03365 PCT/ FR95/ 00944 METHOD OF RECYCLI NG A CATALYST
+#N-A REACTI ON | NVOLVI NG THE DI RECT OXI DATI ON OF CYCLOHEXANE | NTO ADI PI C
AClI D-Tge present invention relates to the field of 5 the one-step oxidation
‘of cyclohexane to adipic acid, using a gas containing oxygen, in liquid

phase and inw5h§625§§%gce of a catal yst containing coba%?éﬁﬂggégggggt

oxi dati on of "CyCl'Ohéxane to adipic acid is a process een wor ked
at for a long 10 tME‘PHob“oﬁaﬁhb?éL%ﬁeoﬂ @RERHPETOLNt ReRpRMIrQER advant ages
there would be in Tonverting cyclohexane rnto adipic acrd, tnh a single step
and wi thout using an oxig@rdretifd ®Bfe HiREcer ax1batioNe gonpound generati ng
ni trogen oxi des which nust then be treated in order to 15 avoid an

contani nation. Thus, ATeri CYULOHERANEUSNRO2AB28189&CIpUbI i shed Nﬁ%ﬁﬁmww
1940, describes the oxidation of cyclic hydrocarbons to corres

diacids, in a liquid phase generally containing acetic acid, at a 259159
tenperature of at |east 60C, using a gas containing oxygen and in the
presence of an oxi dati Ghecpreispot dnvengion rebatescsepbbedfiehdsofat ent
makes provision for a separation of the adipic acid formed by

cryst al | Bzat ths, oper steac kEddasinrngfasyglobrEananter adéPdr Aedfel ing the
catalyst, in a_new oxidation qperation, and,l ess still_ about the activity

whi ch” a cat aPPdPst Rafa8aSOBEBAPADYy OF¥geBne 18r LAGRE: PRBSeWATAGIR ¢ . T

the presence of a catalyst containing cobalt.

The direct oxidation of cyclohexane to adipic

" acid is a process which has been worked at for a long
10 time, in particular on account of the obvious

advantages there would be in converting cyclohexane

into adipic acid, in a single step and without using an

oxidant such as nitric acid, this compound gemnerating

nitrogen oxides which must then be treated in order to
15 avoid any contamination.

Thus, American patent US-A-2,223,493,
published in December 1940, describes the oxidation of
cyclic hydrocarbons to corresponding diacids, in a
liquid phase generally containing acetic acid, at a

20 temperature of at leaat 60°C, using a gas containing
oxygen and in the presence of an oxidation catalyst
such as a cobalt compound. This patent makes provision
for a separation of the adipic acid formed by
crystallization, but teaches nothing about the manner

25 of recycling the catalyst, in a new oxidation
operation, and less still about the activity which a

catalyst that has been recycled one or more times would
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have. 2.Patent Application WO-A-94/07833 describes a simlar process,

speci fying that the solvent represents less than 1.5 nol per nole of cyclic
hydroggrbon, that 5 the said solvent conprises an organic acid having only
primary or secondary hydrogen atons and that the reaction is carried out in
the presence of at |east 0.002 nol of co?alt-based catal yst par 1000 g of
reaction mxture. At the end of the reaction, the 10 diacid forned is

I sol at ed. Pat,ent Application WO- A-94/ 07834, filed on the sanme day as the
above patent apﬁ??cation, al so describes the sane process, but devel ops the

phases for the treat MergsQind Npgdil il e ARAHI-AL 91 /071833 delicribed f£at ment
consists in separating the diacid formed. by cooling the m xture in order

to bring abouiniresdt E{j:izto?&ém fpddiceyaig tliaacithe aulvents apaymideir Dy
filtration the diacid fromtwo |iquid phases, a non polar one which is
recycl ed, andesspdlan dns wolclpers il ealsh ayerhicd dyydafdaarkam ,0pthagnal

hydrol ysis and a separation of an additional anmount of diacid. These

vari ous pat ertthee masigkmolentt icompniderh axl lapgarie addthaying daliyon of

cycl ohexane to adipic acid with an industrially acceptable selectivity, but
25 they do n®Timfmeyr tsrcostany ihydneganemtoms mnd tdpteddi®e and
relatively rapid deactjvation of the catalyst during its recycling. |ndeed,

when the read9aitiRkiift FFHAIARE i3 the Rrepensk i h&anteans dati on

ti [ | ed i t talli f t di pi id, d
Chon 111t er ed 1o G4 B SHrat oAt A BRGi ¢ ac - the
filtrate thus, gbl i et GAA "t Who Gl U3 Ve " diitln A © acid. the

reaction by
. 10 diacid formed is isolated.

Patent Application WO-A-94/07834, filed on
the same day as the above patent application, also
describes the same process, but develops the phases for
the treatment of the final reaction mixture. This

15 treatment consists in separating the diacid formed, by
cooling the mixture in order to bring about
precipitation of the said diacid, and in separating by
filtration the diacid from two liquid phases, a non-
polar one which is recycled, and a polar one which is

20 also recycled after an optional hydrolysis and a
separation of an additional amount of diacid.

These various patents present solutions which
allow the one-step oxidation of cyclohexane to adipic
acid with an industrially acceptable selectivity, but

25 they do not address the specific problem of the
progressive and relatively rapid deactivation of the
catalyst during its recycling.

Indeed, when the reaction mixture obtained



products .(especially glutaric acid, succinic acid, cyclohexanol,

cycl ohexanone, hydroxycaproic acid and cycl ohexyl esters), the unreacted
cycl ohgxane, the acetic acid solvent and the water fornmed. 10 Sone of these
various conpounds definitely influence the deactivation of the catalyst. In
the process described in Patent Applica%ion WO A- 94/ 07834, the |arger part
of these various conpounds is recycled to the oxidation, optionally after

addi tion of ST 5 OF 0 £V OIS AN HULPPEd W1 &g afA er

n of fd Neke NG X _
separation of an additional amobunt of adipic acid remaining in the m xture.

It turns outoiddt YhedridieaTrlné VSdme sl thite VALIPOUS Lyid) Qe Shéri €

recycled in a new oxidation reaction, relatively rapid deactivation of the
catal yst 20 £5]1©ds6d vl oddes, to tsépatdth Caitdehie ifweyipi tusedxanpl es of
WO A-94/ 07834 that the rate of formation of the adipic acid decreases by 26
%to 43 % afddipiouacidcl dse ofiltwattatthystobtannead ¢dretsing echs of t he
present invention 25 is thus to allow the recycling of the cobalt catal yst
with |it3le eatalysieactesidyah adipie ;agido theizeaction k¥m the process
of the invention includes a step for the treatment of the  r 4 reaction

m xture obt BFRINER | (RERRI I ILY A% iFL D FHREHAS ARMEne to adipic

acid, consisting of an extracfion of at |east sone of,  the glutaric acid and
succi ni ¢ aci%V%%W%ﬁ%l'f &@#%?W%Jbﬁ%ﬁﬁ‘?&‘f%? s"’t"’s‘% 'é‘g:t of the

contai ni ng. COBTTReTH v Eend o e iR AR oL ol oo

cont ai ni ng cob% i ‘on tycl ohexane to

adi pi ¢ acid, ,d v £ SOLVEN o LPIRE %€gﬁ§é JEesd & iphatic carboxylic acid

10 having only primary or secon ydrogen atons, by a gas contai ni ng

’ge_n,ld he said recycsing Pf 00eSse MRl A MY RIS Hesinitdipt the
action m xture derived froma prior operation for the oxidati'on of the

cycl ohexane 1pf Thberddk Ptife ddddl t Svd t Bt 66k | tho ditalyst MY echde nore
vol atil e conpounds, optionally after the crystallization and separation of
at | east songradeddadescribed in Patent Application WO-A-94/07834,
the larger part of these various compounds is recycled
to the oxidation, optionally after addition of further
15 amounts of cyclohexane and optionally after separation
of an additional amount of adipic acid remaining in the
mixture. It turns out that when the catalyst and the
various by-products are recycled in a new oxidation
reaction, relatively rapid deactivation of the catalyst
20 is observed. Thus, it is indicated in the various
examples of WO-A-94/07834 that the rate of formation of
the adipic acid decreases by 26 % to 43 % after four
cycles of the catalyst.
One of the subjects of the present invention
25 is thus to allow the recycling of the cobalt catalyst
with little or no deactivation.

In order to achieve this aim, the process of

the invention includes a step for the treatment of the



adipic acid which it contains, - in that the residue obtained is extracted
20 using a solvent, chosen from ket ones, al cohols, esters, various m xtures
thereqf or mxtures of hydrocarbon and carboxylic acid, this solvent being
capabl e of dissolving all or a large part of the diacids contained in the

said residue, 25 - in that the extractiqgp residue thus obtained, containing
the larger part of the cobalt catalyst, Is used in a new operation for the

oxi dation of .GuclaRexane the ALhtialndd durdhibeitndddiieet @kikARion 5
necessary conpl enments of cycl ohexane, of carboxylic acid and, where

appropriate, o thebayc1cHeRahel td AdiRpE cPaRIANt constistiihg lofr @'l arge part”
neans at | east 50 % by weight of the total amount of 5 the conpound or
conpounds un@xtratiicteicE iadn lelist meme odn thieX glutardy acdideandnt |y be
treated by distillation, at atnospheric pressure or at reduced pressure, of
the nore vol @tided ndemasuidd svhilehc larzr & comedciial [thet keagtdonct ed cycl ohexane,
the 10 carboxylic acid serving as solvent in the oxidation reaction, the
wat er foPned and cert aifn Gimedy padiigceE Ofmidendaventdors copEidte anol and

cycl ohexanone., As nentioned previously, this treatnment may _be preceded by
the crystal | iEZ@storHorldoRE & p&‘ffe&fﬂ f9E F&e¥eding @ caFad¥Etcool i ng of

the reaction m xtyre, and_by . .its separatian, for aml.e via filtration or
centrifugati GYPERHE Sﬁmi 3R Ray BE Ry ft%5 g‘ﬁ AFeGe catal yst from

t he residue obt.aj ned _are especially 20 acef , tshyl: et hyl ne and
13?&1&%)?:%5 5 Shtxshe %%,igﬂ% r?‘c%g' d|’t l(I:Ia%, )élofl K'ﬁ%’(?fui red, be

cycl ohexanon&™ el ng preterre

reused 1n 0! Rehp¥iadey Ye 1AL U6R° 21 1EHa 2 WDy 199 R o eoy el ed ‘i n
" 10 having only primary or secondary hydrogen atoms, by a
gas containing oxygen, the said recycling process being
characterized:
- in that the reaction mixture derived from a
prior operation for the oxidation of the cyclohexane to
15 adipic acid is treated in order to remove the more
volatile compounds, optionally after the
crystallization and separation of at least some of the
adipic acid which it contains,
- in that the residue obtained is extracted
20 using a solvent, chosen from ketones, alcohols, esters,
various mixtures thereof or mixtures of hydrocarbon and
carboxylic acid, this solvent being capable of
dissolving all or a large part of the diacids contained
in the said residue,
25 - in that the extraction residue thus obtained,
containing the larger part of the cobalt catalyst, is
used in a new operation for the oxidation of

cyclohexane to adipic acid, after addition of the



‘The al cohol s which may be used to extract the 25 catalyst fromthe residue
obt ai ned are especially 1-propanol, 2-propanol, 1-butanol, 2-butanol, tert
butanql and cycl ohexanol, cycl ohexanol being preferred since it can, if
required, be reused in other stages of 6 the process, for exanple it can
be recycled in the oxidation. The estersgwhich may be used to extract the
catalyst fromthe residue obtained are especially 5 esters derived fromthe

al cohol s ont g0ggh ehpveai ] dndht N |6y ORI £ GF | Secthsey T Ol ¥

primary or secon ydrogen atons, such as those which are used in the

cycl ohexane oxéf@tiQd, roRéeté OdppMptikes, 0bf seowaipt eftdhese. extraction 10
sol vents may, of course, be used, especially m xtures of cycl ohexanol and

cycl ohexanone (soneti Nesnreferpeésémt asext pnete tdirer" katgepant't ures nay
al so be suitable, for exanple m xtures of aliphatic or cycloaliphatic

hydr ocar bons meanofataléasy| 5¢ hchysweightwhof htlve | ottml duidurt &Rl ow. A
second subject of the invention also consists of a process for recycling a
cat al yst Tontthei coppowrd tor | eompewnds  wrdepreengidrrationyi dati on of

cycl ohexane to adipic acid, by a gas 20 contai ni ng oxygen,_ the said
recycling process bei ngtRfaFeReetrn JHLXLUT 1R COREER SR B P xt ur e,

oDt O e PELELL O Pl AL B P EBAERETE: 20 Pl
P bt o aprghdbed SHEDaRRe PVSE UK AU e A SUEL ORI ae YHECR
are especially the unreacted cyclohexane, the
" 10 carboxylic acid serving as solvent in the oxidation
reaction, the water formed and certain intermediate
compounds such as cyclohexancl and cyclohexanone. As
mentioned previously, this treatment may be preceded by
the crystallization of some or all of the adipic acid,
15 via cooling of the reaction mixture, and by its
separation, for example via filtration or
centrifugation.
The ketones which may be used to extract the
catalyst from the residue obtained are especially
20 acetone, methyl ethyl ketone and cyclohexanone,
cyclohexanone being preferred since it can, if
required, be reused in other stages of the process, for
example it can be recycled in the oxidation.
The alcohols which may be used to extract the
25 catalyst from the residue obtained are especially
l-propanol, 2-propanol, l-butanol, 2-butanol, tert-
butanol and cyclohexanol, cyclohexanol being preferred

since it can, if required, be reused in other stages of



'sol vent rand wat er has been separated and fromwhich m xture at |east sona
of the adipic acid forned has a 7 been recovered by crystallization, is
subjeated to at | east one extraction using at |east one cosol vent or using
a mxture conprising a cosolvent and a carboxylic acid, 5 - in that there
are separated, on the one hand, a mxturg containing at |east some of the
cobalt catalyst, sone of the carboxylic acid and possibly residual anounts
CONPENEUSr 8885 s ONfbPCeRihiSle NBHca 58| HédWil 6QNLRI tHET t he _
cosolvent and at Teast 10 sonme of the glutaric acid and succinic acid which
are formed i nokh@aoxbflati on reaction, as well as some carboxylic acid, -
and in that the m xture containing at |east sone of the cobalt catalyst is
used in a new operati onThé éstethsewbikchiatayprbefuged| ohesatreat¢o Glepi c aci d,
optionally after the addition of extra cobalt catal yst. The cosol vents

whi ch may be catalystt ficopr teesxestduwe dolbtained rrecerpectablyct of the
invention are generally chosen from hydrocarbons, 20 especially aliphatic
and cycl 0Bl i ppaters hgerbrad bbrem kae odbeohels drenFirred ARG tWith

of ot her

hydr ocar bons,

there may be neniloned_ exane, heptane, octane, nonane,
decane, undecBhtPPABHRCSREPIRBL LS cROHRR RVIBS &ﬁﬁ%dpf+EP§%t%ﬁes, t hose

whi ch have been nmentio

he_extraction of_the ' Ln the,process

d,f h
according to TRE°F ?§¥n§%%f§é?£o?t?ﬂ%’iﬁ%%%t??nF%%@eB%gﬁggg?r%y%T%%exanone

bei ng preferrfg'theacyclohexane oxidation reaction.

15

20

25

Mixtures of several of these extraction
solvents may, of course, be used, especially mixtures
of cyclohexanol and cyclohexanone (sometimes referred
to as olone). Other solvent mixtures may also be
suitable, for example mixtures of aliphatic or
cycloaliphatic hydrocarbons and of carboxylic acids,
which will be defined below.

A second subject of the invention also
consists of a process for recycling a catalyst
containing cobalt, in a reaction for the direct
oxidation of cyclohexane to adipic acid, by a gas
containing oxygen, the said recycling process being
characterized:

- in that the reaction mixture, obtained from a
prior operation of oxidation of the cyclohexane to
adipic acid, from which mixture at least some of the
intermediate oxidation products, especially such as
cyclohexanol and cyclohexanone, some carboxylic acid
solvent and water has been separated and from which

mixture at least some of the adipic acid formed has



‘8 Anong -the al cohols, those which have been nentioned for the extraction of
the residue in the process according to the first subject of the invention
may beg used, cycl ohexanol being preferred. 5 It is preferable to use

cycl ohexane as cosol vent in the process according to the second subject of

the invention, since this facilitates the treatment of the various

sol utions obtained during the process and their possible recycling in the

oxi dat i on 10 § £ACt] Qlly i By UeryPALL Ol 8ot U s WAk b tId B0 G ai

separation operations, Is used in the process of the i'nvention, is obtained

fromthe oxidedd® SOV e c SEor0fubitd GeXadist hé o s idd Ng oxygen,
in a 15 liquid nedium conprising a carboxylic acid and in the presence of a

cat al yst contwdindgita anhetire Fsmphis i paradsaliverit tdnid < raubaascic on

m xture, reference may be nade to the processes described in the prior art,
especially i mmdixd, 20 abovenenti oned US- A-2,223,493. Thus, the initial

cycl ohexane/ carboxylic acid weight ratio may, for exanple, be between 0.1/1
and 10/ 1 fand pref er abl yimbethlertioens |azmpeparati Qbdihe Qnalband,
preferably conprjises a cobalt conmpound which is soluble in the 25 reaction
medi um choseh MEFtW@RMAREFIIRE ol teaslt RARR AeLtheraRaLhI y such as
cobalt acetate tetrahydrate%aﬁOQEIt chl oride, cob It‘ﬁronid and cobalt
nitrate. 1 93FTHEPty AP QMRS SRR 1 AT4h 279, RIRS of the

DL SRem | S0 B0k GEbE £ 4 bl e EISHAE G0, 8L YA gICS 2o the
g?ggg' ;9 Pﬁeclgir%%,ggas?égld&&bec&{m Ynd@ ol vidO WL d M it | ”i‘ tial
. 10 some of the glutaric acid and succinic acid which are
formed in the oxidation reaction, as well as some
carboxylic acid,
- and in that the mixture containing at least
some of the cobalt catalyst is used in a new operation
15 for the oxidation of cyclohexane to adipic acid,
optionally after the addition of extra cobalt catalyst.
The cosolvents which may be used in the
process according to the second subject of the
invention are generally chosen from hydrocarbons,
20 especially aliphatic and cycloaliphatic hydrocarbons,
ketones and alcohols.
Among the hydrocarbons, there may be
mentioned hexane, heptane, octane, nonane, decane,
undecane, dodecane and cyclohexane.
25 Among the ketones, those which have been
mentioned for the extraction of the residue in the

process according to the first subject of the invention

may be used, cyclohexanone being preferred.



The cycl-ohexane oxidation reaction is generally carried out at a
tenperature of from60C to 10 180C and preferably of from 70C to | 20C. The
pressure is not a critical paraneter of the reaction and is generally

bet ween 10 kPa (0.1 bar) and | 0,000 kPa (100 bar). Before perform ng the
extraction operation 15 according to theginvention, the crude reaction

m xt ure obtai ned from oxidation of the cycl ohexane is subjected to various
operations for the sepapidPtHy 3BuAf, ithde@NHilde Nare AN ding to a
first variant of the process 20 according to the second subject of the
invention, thenYitied GE ithe xtrdct ity df rtie hesdidlecdiedHed cooling to
a tenperature of 16C to 30C for exanple, which brings about the

crystal li zat ipidc@issatadozastimprie dfhe (fdrati pubjecitd oforthed inArentries: phase
mediumis thus 25 obtai ned conprising a solid phase essentially consisting
of adi pi c acimhy &e mEest, cpcllcherarl being preferaesenti al |y contai ni ng

t he unreacted cycl ohexane and a | ower acetic liquid phase essentially

cont ai ni %y 11 the addtii® Zuafenakd endice e CicdoheXagiec agci d, t he

cycl ohexane oxi dation internedi ates such as, cycl ohexanol, cycl ohexanone and

hydr oxycapr 0i%88diVER thykip rtfu BRSO REh 2ge g ite Lbied 885P"Succinic acid, 5
dth bal t t al ... The medi bt ai ned by | i,nq .t ti

Xt Ure oy, SRS G ST S et O RS & P AR THEAE 9% B say ¢ ha

it contains qn iﬂé%tlprptc'tﬁlet Qr%‘?cq_o%cg @ﬁclu%‘i'ogxsa%%tgl%e%%ﬁ 33 1T the

conversion of ‘the cycl ohexane during the oxidation I's 10 complete or al most

compl ete. Al pioddde Iyid Uhelly GRMIIYIAR1dng it 30ld bidilgpD || qui

phases constituting the filtrate or the centrifdgate are separated
tling,p i f faaediks. the cycl ohexane phase, which contains small anounts
of cycl ohexane oxi dation products, may be recycled in a new oxidation
reaction. The crude reaction mixture which, after

certain separation operations, is used in the process
of the invention, is obtained from the oxidation known
per se of cyclohexane, by a gas containing oxygen, in a

15 liquid medium comprising a carboxylic acid and in the
presence of a catalyst containing cobalt.

For the preparation of this crude reaction
mixture, reference may be made to the processes
described in the prior art, especially in the

20 abovementioned US-A-2,223,493. Thus, the initial
cyclohexane/carboxylic acid weight ratio may, for
example, be between 0.1/1 and 10/1 and preferably
between 0.5/1 and 3/1. The cobalt catalyst preferably
comprises a cobalt compound which is soluble in the

25 reaction medium, chosen for example from cobalt
carboxylates, preferably such as cobalt acetate
tetrahydrate, cobalt chloride, cobalt bromide and

cobalt nitrate.



Tt may al.so be advantageous to concentrate the reaction m xture, prior to
the adipic acid crystallization operation; a single acetic liquid phase 20
may then be found, during the precipitation of the adipic acid. According
to a second variant of the process according to the second subject of the
i nvention, the final crude reaction mxtye nmay be renoved while hot, 25
for exanple at a tenperature which nay be up to 75C. The reaction m xture

then separates into tWorhpdgiduRBageScR¥atght! | B9praBsb@PaE ayabggﬁ&ane
phase essentially containing the unreacted cycl ohéxane and a 12 | ower

acetic |iquidppbaagtageenki abb¥1€0pbahBivg tBetAeetbbcaibfl, miReurdi piC
acid, the water forned, the cycl ohexane oxidation internedi ates such as

cycl ohexanol , igygenbesangnbeswdehydr. 0xy8aandi 8 acafdd prbfepabliucts such as
glutaric acid and succinic acid, and the cobalt catalyst. As in the first
vari ant, the betweeguldOph&sesdaRe%sepithout bhieset vhlngs beangycl ohexane
phase, which contains small anmounts of cycl ohexane 10 oxidation products,
may be rebycl edithcalnedtoiBdabpwavesacai anesthencefnbavingda above for the
first variant is also valid for the other variants: if the cycl ohexane used
in the oxidat Bffisientt agriyisy1whileoRot r nedng: AEFESEANRACRTBERERo | i quid
phases there, hut only_a single acetic phase. After possible ncentration,
the acetic ph8§eai§aFﬁ%XBEoﬂﬂé8htB“§tt§ ErgfuPﬁpﬁfaEB% F5°§OggFor exanpl e,

whi oh causes bhe gfyslallizalion.ol gha?Qeb§ashasom of the adipic acid

Besides cobalt, the catalyst may also contain
. 10 other compounds based on metals such as manganese
and/or copper and/or cerium and/or vanadium.
It is advantageous also to use an initiator
compound for the oxidation reaction, for example such
as a ketone or an aldehyde. Cyclohexanone, which is a
15 reaction intermediate, is most particularly mentioned.
The initiator generally represents from 0.01 % to 20 %
by weight of the weight of the reaction mixture used,
without these proportions having a critical wvalue. The
initiator is especially useful when starting the
oxidation and when the cyclohexane is oxidized at a
temperature below 120°C. It may be introduced at the
start of the reaction.

The carboxylic acid acting as solvent in the
cyclohexane oxidation reaction is more particularly a
25 saturated aliphatic carboxylic acid having from 2 to 9

carbon atoms and having only primary or secondary
hydrogen atoms.

Acetic acid is preferably used as solvent for



separated by filtration or centrifugation. This adipic acid may be purified
by recrystallization froma suitable solvent, which nay advant ageously be
acetio acid or water. Wien acetic acid is used as the 25 recrystallization
solvent, it may than be added to the acetic phase obtai ned above. According
to a third variant of the process accordhgg to the second subject of the

i nvention, a 13 wat er/cycl ohexane azeotropic m xture may be distilled
of f during thepXidalidHe =R dxdatidn HelaRtiTonaTal itdle lesthict e ure by
settling, the cycl dhexane may then, if so desired, be reintroduced into the
reactor. This greddntVaeticri@ASlonSOR e¥id B idaWAL 1l Bebeeferedl o om t he
reaction mxture. The final crude reaction mxture nmay then be treated
accordi ng to tfea fdamtendancentasdaher idastoxiydve, aicldt used dnsaheby cool i ng
in order to precipitate the adipic acid, filtration or 10 centrifugation.
The consequencmrdfousembepsy afthdhepaocesst.o avoi d t he possi bl e separation
of the liquid part into two distinct phases on settling. The single liquid
phase obt & ned is than tTheataddatione maymalgy bes capeigdeout pgradde 15 The
acetic phase, obtained in one or, other of these three variants for the
treatment of EFEsEER of YRFeredntiradured dre thes 1odiiadt afags of
extraction with cycl ohexane, either such as it is obtained after separation
by settling (&85®*99%%5n the case where 20 the water has been renoved

therefronm), or prefer ab%egzc%(?%?géqg lggar&aq:q_g%ﬁgte%%tﬁgnbg_sheati ng to a

tenperature of 30C to 8 d pressure. i's concentrating makes it
possible to r%&%‘é%a&‘l@e AlrAdi Qﬁ%} gt ACIdmpalralt®et orfﬂ%rm Qololey ¢f the

wat er and at | east “"soma of the |ight conpounds which nay be present,

h as 3@me afgol-lte afiC pePera®1y0lo st Feoay glookexanalzoec .of the
cycl ohexanone. The conpounds thus separated fromthe acetic phase may be
recycled in the cycl ohexiie pressienidisgdaloton irdicall paramatiedt alf or after
separation of at |east sone of the water which they contain. Cenerally,
concentr at i ng thedueas ttilon amek iie geassraldya betwesn A0pkPacr(i0i.dgbaxdm 80 %
to 10 %of its initial 5 volunme, these val ues being given nerely as
exanpl es. One apgk i18nt00dokHast(d 0i0n bagnicentrati ng to dryness the

Before performing the extraction operation
15 according to the invention, the crude reaction mixture
obtained from oxidation of the cyclohexane is subjected
to various operations for the separation of some of its
constituents.
According to a first variant of the process
20 according to the second subject of the invention, the
crude reaction mixture may first be subjected to
cooling to a temperature of 16°C to 30°C for example,
which brings about the crystallization of at least some
of the adipic acid formed. A three-phase medium is thus
25 obtained comprising a solid phase essentially
consigting of adipic acid, an upper cyclohexane liquid
phase essentially containing the unreacted cyclohexane

and a lower acetic liquid phase essentially containing



acetic phase, that is to say in renoving all of the acetic acid which it
contains. Partial concentration of the acetic phase nay 10 also allow, if
it is followed by a cooling under the conditions indicated above for the
crystallization of the adipic acid, an additional anpunt of adipic acid to
be precipitated. The concentrated or nonggoncentrated acetic 15 phase is
extracted either with cycl ohexane al one or with cycl ohexane/ acetic acid

mxtures. The.ggsgEbtak RALA! the WAVEYCEorhba] L8SpIEX4EL& CERSI Sting of
the acetic phase subjected to the extraction and of the cycfohexane shoul d

have an over akictyakabnsapriaseibs 2Atashddietgbt stahi @sbetween 1/ 1 and
50/1 and preferably between 2/1 and |15/1. This neans that, depending on the

conposi ti on otythehagehol, pbgakchbkancnd ahtfichyiihexyasapposctaeddipents of
the reaction m xture which are descri bed above, the acetic acid required to
extract 25 thbyepmpdscteoauthuasdglubadiei abid aydl| sheximis ageide acid

m xture will consist partly or totally of the acetic acid contained in the
acetic phBse apduwche gebahtreabadusti t Ehe hwediunopekairednby heoehirgwher e

t he 15 acetjc acid of the said acetic phase has been renoved. The
extraction mafPBeTrBRFFLPREBIBRBT 8 MABr cWRPHRSABPTORFIALA, t AR RoR¥ext of a

ti , by.th [, tri techniques.,It may be carried 5
ot ot 5t enpRRaEE BSNAHEr boRp +B  EREBY, FPHG hbi FRRRLEReORLY | ERE or

solvents veetl J05e SEALRR hAlaLE REORT by RET OAURY BELYECT 106,10 B0C
one conversion of the cyclohexane during the oxidation is
. 10 complete or almost complete.

After filtration or centrifugation of the
solid, the two liquid phases constituting the filtrate
or the centrifugate are separated by settling, if need
be: the cyclohexane phase, which contains small amounts

15 of cyclohexane oxidation products, may be recycled in a
new oxidation reactionm.

It may also be advantageous to concentrate
the reaction mixture, prior to the adipic acid
crystallization operation; a single acetic liquid phase
may then be found, during the precipitation of the
adipic acid.

According to a second variant of the process
according to the second subject of the invention, the
final crude reaction mixture may be removed while hot,
25 for example at a temperature which may be up to 75°C.

The reaction mixture then separates intoc two liquid
phases by settling: an upper cyclohexane phase

essentially containing the unreacted cyclochexane and a



10 hand,- a solution which contains at |east some of the glutaric acid and
succinic acid which it is desired to separate out, as well as residual
amounts of other byproducts which may still remain, such as | actones,
esters and products of over-oxidation, and, on the 15 other hand, a m xture
essentially containing the cobalt catalyst. This m xture is generally
separated by settling. The cobalt catal yst thus separated out is recycled

in a new cyclhaxane icdaitﬂcﬁielq gggd&rass?eqmqmﬂw%daeaqf&i‘ﬂg gHd!r t her

addition to conpensate for t es suffered during the various

treatnents ofaddiad eacid,oncHE ddif OfcaidledHe datdie aradd)exane oxi dation.
This catalyst remains as active as the new 25 catal yst used in the first

cycl ohexane @ydiaiedarmpesaidaiicidrritenadidues budtecaec! ed a | arge nunber
of times without considerably decreasing its activity and the selectivity
of the reactiayeliachdxmmmlacatyalchExhnone BhdA hiyinckyoapredic @fcitdhe i nventi on
consists of a continuous process for the oxidation of cyclohexane to adipic
acid, usithg dywarabmts muth &8 gntania aqigyiandratiaphndeadigi.ng a
carboxylic acid as solvent 5 and in the presence of a catal yst containing
at | east cob@®d theurcrhakt AafFalyatat it includes the following steps: a)
t he actual oxidation of the c clgg?xane to adipi¢c acid, .10 b). the reaction

m xture gjerivedfromtlﬁ?dﬂ | ‘Eﬁtt"f‘?é’_‘(,aﬁﬂ'oﬁé’}%ﬁé’q& _"ﬁ’lc acid is
reated |1 Odelad® LSRR, AL S SR ot | At
o nes PR A el G AP L S st chosen
10 oxidation products, may be recycled in a new oxidation
reaction.
The comment made above for the first variant
is also valid for the other variants: if the
cyclohexane used in the oxidation is virtually all
15 converted, there cannot be two liquid phases there, but
only a single acetic phase.
After possible concentration, the acetic
phase is then cooled to a temperature of 16°C to 30°C
for example, which causes the crystallization of at
20 least some of the adipic acid formed, which is then
separated by filtration or centrifugation. This adipic
acid may be purified by recrystallization from a
suitable solvent, which may advantageously be acetic
acid or water. When acetic acid is used as the
25 recrystallization solvent, it may then be added to the
acetic phase obtained above.

According to a third variant of the process

according to the second subject of the invention, a



m xtures thereof or mxtures of hydrocarbon and carboxylic acid, which

sol vent is capable of dissolving all or a large part of the diacids
contained in the 20 said residue, d) the extraction residue thus obtained,
containing the larger part of the cobalt catalyst, is used in a new

cycl ohexane oxi dation operation a). Eagﬂ3of the various steps of this
conti nuous 25 process has been outlined above and reference may be nade to

this descripidOgrjeycibReRr@d i £268¢r &FDOGhIREESe Uhay NSe PALSEST1Ied fOUrth

subj ect of the invention consists of 17 a continuous process for the

oxi dat i on of o £§ CH@PEXGNEh& CoRIAPE Lo Ci flac tibbi Jardd Jo&f €N Séparg DEygen, in
a liquid nediumconprising acetic acid as solvent and in the presence of a
catal yst condéfi thig mixtenstbyeobattlihg C heliecdydlsltskane they themncl udes
the follow ng steps: a) the actual oxidation of the cycl ohexane to adipic
acid, b) eithErsobdésivedi nige ofeimbroducied fimed trlecteartow xtThis
optionally after concentrating, in 10 order to crystallize at |east sone of
the adi p¥c a@liowscparbersh 29me ef skhel wRF9F ctadrel »smeved rExemn or
centrifugation and then, if necessary, separation by seftling of the
filtrate or ‘Ef'i‘etﬁ%a‘é%:h?‘?i’f"cﬁg‘é‘f’éeoleé%/n%b“‘?%t%r‘éd%y’&?%%k%‘hem’dﬁ%‘é’éeand an

acetic phase, 15 or: I crude firﬁﬂ reacti opn mxture while

b f
hot, the E?i%alf ctReR &ghﬁgﬁégbﬁ%@égf?%‘é%h%}%% Tt r’?fﬁr']iro’p"fﬁgedm xt ure,
! . . STy .
phase. cool | SEFTLRA Bade 2 that bk 0 Dudy S COSKENE BISEAgH 680 OFT g

. 8
phase, cooling e ac c phase which een

or, where a | L gl et 4 0..2Ss to crystallize at
EEpL e ohnd aS 1Y) SR80 s BipER s

| east sone e adi plc acid, Iltration or

%r | fugat | Gdn©f i #h@a €068, aFhdi Corbésuérice Vs tf&i@&fﬁ% Cerdlaggrer5 Or 1 b3)
r val of the water fromthe reaction mxture during the oxidation step
a), by distiisatse civeidt tite Oyss ilské Ndpit £ i A7 6ot It Piguid part
into two distinct phases on settling. The single liquid
phase obtained is then treated in the same way as the
acetic phase.
15 The acetic phase, obtained in one or other of
these three variants for the treatment of the final
crude reaction mixture, is subjected to an extraction
with cyclohexane, either such as it is obtained after
separation by settling (especially in the case where
20 the water has been removed therefrom), or preferably
after having been concentrated by heating to a
temperature of 30°C to 80°C at reduced pressure. This
concentrating makes it possible to remove some of the
acetic acid, at least the majority of the water and at
25 least some of the light compounds which may be present,
such as some of the cyclohexane, of the cyclohexancl or

of the cyclohexanone. The compounds thus separated from

the acetic phase may be recycled in the cyclohexane



‘optional reintroduction of the distilled cycl ohexane a 18 into the
reactor, followed by treatnent of the crude final reaction m xture

aecording to the variant bl), the said treatnent giving, in this case, a

single liquid phase which is treated in the sane way as an 5 acetic phase
for the remainder of the process, c) copgentration of the acetic phase in
order to renove therefromat |least the majority of the water, if this has

not been dongyiBatfEnVatbpt ePBherdinCbERL bPNaBtet NBepapit £oRN@EE USI NG
10 cycl ohexane or a cycl ohexane/acetic acid m xture in an anmount such that,

in the cycl oexpagsacsbine BPatRe WXtdtewhife ON&yakbnexThohexane/ acetic
acid weight ratio is between 1/1 and 50/ and preferably between 2/1 and

| 5/1, 15 e) seperallyp) ebneefivethbirzyanedcoést the scathenphgsattbeast sone
of the glutaric acid and succinic acid, on the one hand, and of a m xture
essenti al | y cohtmenregréhentibhal fromt 80yt toohO theobHt hes bmhtiaR0 f)
recycling of the mxture containing the cobalt catalyst in a new oxidation
reacti onSa).veheheof thpseuplves being givenimerelyiagoeXampbeess has been
outlined above and reference may be nmade to this description for the
particul ar cABOJVAEARBL2GORFLIERR HRoERRIENYFRLINANPP cITVRERH ERE| ow
illustrate the present invention. 19 EXAMPLES 1 TO 5. The conpounds gi ven
bel ow are ch%?ﬁgﬂc BgaPﬁonFQ%Hpé?aFﬁr%?yih?orﬁm?Y%%ﬂi% s?geEQﬁ 1.5 litre

autocl ave whi ch_has_been pre:purged with nitrogen and 5 which is fitted
with a six BPEREIACREES YHPER At aRgréains:

Partial concentration of the acetic phase may
" 10 also allow, if it is followed by a cooling under the
conditions indicated above for the crystallization of
the adipic acid, an additional amount of adipic acid to
be precipitated.
The concentrated or non-concentrated acetic
15 phase is extracted either with cyclohexane alone or
with cyclohexane/acetic acid mixtures. The essential
point is, however, that the mixture consisting of the
acetic phase subjected to the extraction and of the
cyclohexane should have an overall cyclohexane/acetic
20 acid weight ratio between 1/1 and 50/1 and preferably
between 2/1 and 15/1. This means that, depending on the
composition of the acetic phase obtained after the
various treatments of the reaction mixture which are
described above, the acetic acid required to extract
25 the composition thus defined with a cyclohexane/acetic
acid mixture will consist partly or totally of the
acetic acid contained in the acetic phase or will be

introduced with the cyclohexane in the case where the



‘various openings for introduction of the reagents and the fluids or for
renoval of the reaction products and the fluids: - cobalt acetate
tetrahydrate: 4.0 g (16 mml) 10 - acetic acid: 359 g (5.98 nol) -

cycl ohexane: 289.7 (3.45 nol) - acetal dehyde: 1.2 g (27.3 nmol). After
closing the autoclave, the nitrogen preégpre is brought to 20 bar, stirring
is started at 15 800 revolutions/mn and the tenperature is brought to 102C

over 29 mn. %%ﬁtééﬂ&%fﬁﬂ@e@a{@pi@&@& Ph2Lk b s Hedleptaicredi r (5. 85

% oxygen). Th et gas owrate 1s set at 250 litres/hour. After about

10 min of induction, dufjhdCextd&dic 2h (EF God pEOESHVEE Mot NSt THB SN, t he
tenperature rises suddenly to 106C arid the oxygen starts to be consuned.
When the oxygeimé®nbeNtwidthidetlve reqitdie efitddancimiddetprassdes 1 % the
supply of depleted air at an oxygen content of 5.85 %is replaced by a
supply of airbRbtlad wenakyipdusionteht tedhril s % ItTheXdygeramoiednt at the
reactor outlet remains below 1 %throughout the test. The average

t enper at ¥ e oMt het st bempeeatureprangine Britta e drd 1ing goixk \en 50
litres of oxygen have been consunmed, the_outlet valve and the air supply
are closed. 2Ehe ROLYSRL (PFesol Rt ARGt The i SXETRC R A ®ve is gradual |y
brought to 75C. 5 The reac ixture is then recovered using a w thdrawal

val ve connect%%“?’ba]alﬂi?)ﬁ%ﬁ Petyren slqokf"erf“?‘grﬁq{'l%/ | ed to about 20C.
A th - ph i j bt ai i st f d di pi id which h
ree- phase_ne %%Jargiai é)%tvg%%idsco%gns?(%o crude adi pi ¢ aci ich has

precipitated § a 4 g) and a cycl ohexane phase

(143.2 g). The autocl av ése,u%ggigg t%}ﬁ%%é%a%c%‘g%g?%rgmlfe Hrﬂes' ng liquid

is added to the acetic phase. e cont g aced after a

’denseio ar e fsldleth t So1 e S GhIPHEX ARen PNASE - a tl 51 ds ¢ St |dat i on from
ace

tic acid, 294.5 mmol of recrystallized adipic acid are obtained,
glutaric acid and succinic acid which it is desired to

separate out, as well as residual amounts of other by-
products which may still remain, such as lactones,
esters and products of over-oxidation, and, on the

15 other hand, a mixture essentially containing the cobalt
catalyst. This mixture is generally separated by
settling.

The cobalt catalyst thus separated out is
recycled in a new cyclohexane oxidation reaction,

20 optionally after a further addition to compensate for
the losses suffered during the various treatments of
the reaction mixture obtained from the cyclohexane
oxidation.

This catalyst remains as active as the new

25 catalyst used in the first cyclohexane oxidation
operation and it may thus be recycled a large number of
times without considerably decreasing its activity and

the selectivity of the reaction to form acetic acid.



as well .as 38.5 mml| of adipic acid, 1.6 mmol of glutaric acid and 1.2 mmol
of succinic acid which are dissolved. About 5 % of the catal yst. which has
been 20 entrained by precipitation of the adipic acid, are recovered in the
acetic acid fromthe recrystallization and this acetic solution is added to
the acetic phase. The acetic and cycl ohexgne phases are assayed by gas
chromat ography. 25 The results of Exanple 1 and of the conparative tests or

exanpl es which fol | ow arg @i¥Esnasddt g tHYl |iaiWeit (WY condiadi= & Of
conversion (DC) of the cycl ohexane: 21 nol % of the cycl ohexane

converted intQ tduhtsaiidus grUaEE Foftid @xidetdicead icyelehddxaras -
selectivity (RT) towards product P: noles of product P x 100/ nol es of

cycl ohexane cawealdigstc mcid, nesdird \a @fasdlican toa fiongrecky(dey,) :imw es of
adipic acid fornmed x 100/ sum of the noles of the adipic, glutaric and

succi ni ¢ aci dsl feprink dnedihen armpi gling @ coartbaxyd id Aid lag @Pllvwsnt he aci ds
and |l actones formed and the very large 10 majority of the cyclohexanol, the
cycl ohexarfone ans itheths @narsnde Rt tHYSE antdming &k laaat as the
water and virtually all of the catalyst. The acetic phase is ncent rat ed
by heating to SRaIty Fharasheiasd e hatkpd inf ‘5’(? BT t he
wat er and sone of the acetic acid, cycl ohexane, cycl ohexanol and

cycl ohexanone, ®%#R8% a sol ution

a) the actual oxidation of the cyclohexane to
adipic acid,

‘. 10 b) the reaction mixture derived from the
oxidation of the cyclochexane to adipic acid is treated
in order to remove the more volatile compounds,
optionally after crystallization and separation of at
least some of the adipic acid which it contains,

15 c) the residue obtained is extracted using a
solvent chosen from ketones, alcohols, esters, various
mixtures thereof or mixtures of hydrocarbon and
carboxylic acid, which solvent is capable of dissolving
all or a large part of the diacids contained in the
said residue,

d) the extraction residue thus obtained,
containing the larger part of the cobalt catalyst, is
used in a new cyclchexane oxidation operation a).

Each of the various steps of this continuous

25 process has been outlined above and reference may be

made to this description for the particular embodiments

of the process.

A fourth subject of the invention consists of



containiing 110 g of acetic acid and 35 g of products (essentially the
diacids and the cobalt catalyst) is obtained. 20 This concentrated acetic
phaseis treated with 1300 g of cycl ohexane at 70C. A red precipitate and a
col ourl ess supernatant |iquid appear, the liquid being renoved while hot
(60C). The supernatant contains nost of e 25 oxidation products (diacids,
cycl ohexanol , cycl ohexanone, esters and l'actones) whereas the precipitate

contai ns npreayg%%tgid%hgfp&%%e@gb%bg @ﬁ@oB&Hdd%&%h”k@eéygioﬁ§§aﬁeon a
sanple) which is 22 retiurned to the reactor with the extra cobalt,

cycl ohexane apd ae@blic acid,NeEenglay gae ceathdhinghokpgens, opar i ons

I ndi cat ed above for the first test. The catal yst is successively recycled 4
tinmes 5 (Exaniligmid medium Compirdsings ackticnadid als Exdwehesabdt dn5 are
collated in Table 1 below. In this table, the foll ow ng new abbreviations
are used: 10 thadphiesencadiofi @ seitdlyssl copthdningeat least cobalt,

cycl ohexanol / cycl ohaxanone m xture - 02 for the maxi mnum anount of oxygen
consuned Bn | chagachkerizedhiin Fhage itcgncdudes the #orilewingasseps :of

oxi dation) - Peff for AJOH for production efficiency for_adipic acid forned
expressed in g/l.h3) 20 theadstaake 2XdLd irrne62 the EYRLABEXSRSE tPhe cycl o-

hexaneRT @6tog%&%ic acid

b) either: bl) cooling of the crude £final
reaction mixture, optionally after concentrating, in

. 10 order to crystallize at least some of the adipic acid,
separation of the said adipic acid by filtration or
centrifugation and then, if necessary, separation by
settling of the filtrate or of the centrifugate
obtained into a cyclohexane phase and an acetic phase,

15 or: b2) removal of the crude final reaction
mixture while hot, the said reaction mixture being a
two-phase or a monophase mixture, its possible
separation by settling into a cyclohexane phase and an
acetic phase, cooling of the acetic phase which has

20 been separated by settling or, where appropriate, of
the single acetic phase so as to crystallize at least
some of the adipic acid, and separation by filtration
or centrifugation of the said adipic acid and of the
acetic phase,

25 or: b3) removal of the water from the
reaction mixture during the oxidation step a), by
distillation of the cyclohexane/water azeotrope and

optional reintroduction of the distilled cyclohexane



‘AdOHPef f- f or AJOHRT % t owar ds ol oneLty %Exanpl e 1l 25

ni n0. 4523. 268. 554. 715. 287. 7Exanpl e 2130 mi n0. 4523. 967. 953. 814. 986. 9Exanpl e
3133 m n0. 4423. 568. 352. 0l 4. 587. 1Exanpl e 41 30 ‘

m n0. 4422. 967. 95| . 5| 4. 886. 8Exanpl e 51 30 m n0. 4424. 668. 355. 713.986.4 Table 1
23 It is observed that the catalytic acthgity, the selectivities towards
adi pic acid and towards ol one (m xture of "adi pogeni ¢ conpounds) and the

|inearity are GaRseRied QKo TUITBHI/ SO ALY o3 CRYPABARLVE TESTS a

TO a The first oxidation test is perforne e sanme anmounts of
reagents and gahally Hea?®d onhaikiR eORRLRIIGSC @BdithleORardankExdipl,e 1, but
the treatnment of the final reaction mxture is different. 10 As in Exanple
1, the aceti c thieasaid tidatmedtmgiviag]l dh thesachde,aadsiaglienes forned
and the very great majority of the cycl ohexanol, cycl ohexanone and

cycl ohexyl acéatigud dviphalseawd ifchr ied treated inasheheamat eayaad anrtual |y al
of the catalyst (about 5 % of 15 the catal yst, which were entrained by

pr eci pi t abi onagkettiice phaisgi Foacithe Jemaindercoddthe piroceesti c acid used for
the recrystallization of the adipic acid and this acetic solution is added
to the acetic phasé&) Th€°§€@H§Ea§H&§e°FSt@GnééﬁFP&tEéaﬂf HéaPFﬁngG°to 50C,
at a reduced pressure rder t ngve t he mat and sone of the

acetic acid, CPECPIRet ée & él&ﬁe &ﬁSF PGHEYaﬁSn& uWPFPra 28 ution
containing |1 aceti.c aC|d and 35 rodu t essentlally t he
Releopa IpR.vRaant Ba)

di acids and t By ROk PSER JOpf AR Yo b
d) extraction of the acetic phase using
" 10 cyclohexane or a cyclohexane/acetic acid mixture in an

amount such that, in the cyclohexane/acetic phase
mixture, the overall cyclohexane/acetic acid weight
ratio is between 1/1 and 50/1 and preferably between
2/1 and 15/1,

15 e) separation of a cyclohexane solution
containing at least some of the glutaric acid and
succinic acid, on the one hand, and of a mixture
essentially containing the cobalt catalyst, on the
other hand,

20 £) recycling of the mixture containing the
cobalt catalyst in a new oxidation reaction a).

Each of the various steps of this continuous
process has been outlined above and reference may be
made to this description for the particular embodiments

25 of the process.

The examples which follow illustrate the

present invention.



cobal t, cycl ohexane and acetic acid necessary to reestablish the

propor,tions

f 24 indicated above for the first teat a. The catal yst

successively recycled 4 tinmes (conparative tests b, ¢, d and e). The

results obtained with the tests a to a 5;
Conparative testReaction tinme02 in 1/ m nDC % of the cycl o-

t owar ds AdOHPgkhMbeESAGONBT 5% t owar ds ol onelLty %eat al22

m n0. 4621. 765.

hexaneRT %

This concentrated acetic solution is sent to the reactor with the extra

is

gre collated in Table 2 bel ow.

eat b1l25 m n0. 4421. 369. 050. 69. 184. 7Test cl 30

m n0. 3613. 871. 032 S7. 084h3Te&hpdﬁﬂasngmGeQOEalaalaia7cﬁzr§8a 7aeat a223
m n0. 2115. 269. 720.59.185.3 Table 2 It i s observed that the overal

selectivity lbobawaetpezditpre,adnttocandtdkandunndlebeelli hedriliyrare
conserved over 5 successive oxidations. On the other hand, if the activity

i s conserved dutirdavieewhicht hagcpeenngrefpukgedawithsnitzogengrsdsi ve

deactivation of the said catalyst is observed.

5

‘. 10

15

25

which is fitted with a six-blade double turbine and
various openings for introduction of the reagents and
the fluids or for removal of the reaction products and

the fluids:

cobalt acetate tetrahydrate: 4.0 g (16 mmol)

- acetic acid: 359 g (5.98 mol)
- cyclohexane: 289.7 (3.45 mol)
- acetaldehyde: 1.2 g (27.3 mmol).

After closing the autoclave, the nitrogen
pressure is brought to 20 bar, stirring is started at
800 revolutions/min and the temperature is brought to
102°C over 29 min. The nitrogen is then replaced by
20 bar of depleted air (5.85 % oxygen). The outlet gas
flow rate is set at 250 litres/hour.

After about 10 min of induction, during which
there is no oxygen consumption, the temperature rises
suddenly to 106°C and the oxygen starts to be consumed.
When the oxygen content of the air at the autoclave
outlet reaches 1 %, the supply of depleted air at an
oxygen content of 5.85 % is replaced by a supply of air
at an oxygen content of 11.35 %. The oxygen content at
the reactor outlet remains below 1 % throughout the
test. The average temperature in the autoclave is

maintained at 106-107°C.

10



20 In addition, the crude adipic acid which precipitates during cooling of
the final reaction mxture is increasingly soiled by the other oxidation
produot s whose concentration rises as the recyclings continue, and this
precipitated adi pic acid entrains 25 increasingly nore cobalt. EXAMPLE 6
A sol ution, which is honmogeneous at 100G ,containing |20 g of acetic acid,
3.7 g of succinic acid 5 (31.6 mol), 7.3 g of glutaric acid (55.3 mmol),

29.2 g of adipic acid (3H@nm8goh)c2Bd 4£Jo{gerbaki-eap8kA! BchsliahRydr at e
(16 mmol ) is gradually cooPed to roomtenperature. A solid containing 21 g

of adi pi c aci ¢neSch@18ePaaaiedanut thy hikt sappop apd albkklrahe emasisting
of 116 g of acetic acid, 3.0 g of succinic acid (25.4 mmol), 7.0 g of

glutaric aci dsamé mimk), t8e2 tgmpkradupeciactie( aGtonbayeatd 4 g of cobalt
acetate tetrahydrate (16 nmol) is recovered. 15 This filtrate is
concentrat ed gradnpiddysbzpdghlictot 784€Ced wWith twice 50 ml of hot (56C)
acetone. The distribution of the conpounds between the acetone extract and
the remai Bi ng solid resThgereactiagncaizgurs igbthen sere¥ered wsapeundsDry
filtrateAcetoneextractSolid residue after extracti on9uccinic aci d25.4

mol 18 ol ( 78. ¥ithdrawas| vedve) erarartedatPd33diRBLRE. #ukfv| £88. #5
99 16. 1nmmol (30.4 % di pi,¢_aci d56 nmmol 45, 1 nnDI%SO.S 940. 7mmmol (19. 1 % Cobal t 16

mol <0. 016 mrSPeP<52Pidhyscorisea( §9. aboptod0iGy ¢ 3 26 EXAMPLE 7 A

sol ution of the same COHP%EELQQBhQEQthEiQL is obtained, consisting

of crude adipic acid which has precipitated (49 g), an
‘.1 10 acetic phase (451.4 g) and a cyclohexane phase
(143.2 g). The autoclave is rinsed with acetic acid and
this rinsing liquid is added to the acetic phase. The
contents of a trap (5.5 g) placed after a condenser are
added to the cyclohexane phase.
15 On recrystallization from acetic acid,
294.5 mmol of recrystallized adipic acid are obtained,
as well as 38.5 mmol of adipic acid, 1.6 mmol of
glutaric acid and 1.2 mmol of succinic acid which are
dissolved. About 5 % of the catalyst, which has been
20 entrained by precipitation of the adipic acid, are
recovered in the acetic acid from the recrystallization
and this acetic solution is added to the acetic phase.
The acetic and cyclohexane phases are assayed
by gas chromatography.
25 The results of Example 1 and of the
comparative tests or examples which follow are
expressed in the following way:

- degree of conversion (DC) of the cyclohexane:



Exanmple 6 is treated in the same way in order to separate out, by
crystallization and filtration, the 5 mgjority of the adipic acid. The
ftltrate obtained consists of 115 g of acetic acid, 3.7 g of succinic acid
(31 mmol ), 7.3 g of glutaric acid (55 nmol), 8.8 g of adipic acid (60 mmol)
and 4 g of cobalt acetate tetrahydrate §46 mmol). 10 This filtrate is
concentrated to dryness and then treated with 5 tines 100 ml of a hot (700

cycl ohexanongpacet b aled cfcibletahB2cb8vertalt AnebIBhE vaZh8udi Stribution
of the compounds between the 15 extract of the solvent m xture and the

remai ni ng sokbgpbatddueti thendiaatedenstiahl Aaittebow. 20 ConpoundsDry
filtrateSol ventextractSolid residue after extractionSuccinic acid31

nmol 16. 4mmol (52. 9-% 14 selexnlivit§. {RY) utawaedacpeab8uanobP44m8iesl 68l . 5

99 10.1 mmol (18.4%di pi ¢ aci d60 nmol 42. 9mmol (71.5 %47.1 mol (28. 5% obal t 16
mol 0. 9mmol ( Bredurts Prrol 009 803%p EbryciohRrhpreEcOn®erbedsi on, which is
honbgeneous at 100C, 25 containing |20 g of acetic acid, 3.4 g of succinic
27 acid, 56.3 g of =gl ut 2iPeazdity, c¥oddagige £arpre ALty anmoles gfof cobalt

tate tetrahydrate i dual | | ed t t t . Asolid
cont ai ni ng 2PI3BGCoRIh Bozmed o FO004sumyoFtBE BALeRyoF FhPation and a
filtrat i.Sti, 16 f ti id ,3.2 f i ni id (27.1
ol ) 6. 5 g 36RPgRa: JHeERRR Srgs SReE iRy feadal e9rRea” 0 NS 80 tmol)  and
4.1 g of cobalt acetat%hgeggggxgrghgsglgoéggg?%)Vk§tﬁgggﬁe5§g.o O This

filtrate is partially concentrate I'n or grve a hot “sol ution of

about 52 9. EhiesaBelaCaR@CIhERbAsS ehithblNsha £HBABHyPYaLYEN N 168.5 g of

acetone therein. The tenperature of the m xture

10 majority of the cyclohexanol, the cyclohexanone and the
cyclohexyl acetate which are formed, as well as the
water and virtually all of the catalyst.

The acetic phase is concentrated by heating
to 50°C, at reduced pressure (4 kPa) in order to remove

15 the water and some of the acetic acid, cyclohexane,
cyclohexanol and cyclohexanone, until a solution
containing 110 g of acetic acid and 35 g of products
(essentially the diacids and the cobalt catalyst) is
obtained.

20 This concentrated acetic phase is treated
with 1300 g of cyclohexane at 70°C. A red precipitate
and a colourless supernatant liquid appear, the liquid
being removed while hot (60°C).

The supernatant contains most of the

25 oxidation products (diacids, cyclohexanol,
cyclohexanone, esters and lactones) whereas the
precipitate contains more than 95 % of the cobalt

(amount determined by assay on a sample) which is



'stabilizes to 60C. The mixture consists of a solid and 15 a super nat ant

| iquid, which are separated while hot. The distribution of the conpounds
betwean the 20 supernatant liquid and the separated solid residue is
indicated in Table 5 bel ow. Conpoundslnitial filtrateSupernatant

l'i qui dSeparated solid residueSuccinic acyd27.1 mol 17. 2rnmol (63. 5% 9. 5 mol
(359 |l utaric acid47 mmol 42. 5nmol (90.4% 4.5 nmol (9. 6% di pi ¢ aci d60

mol 55. 5ml (92+3%hed BEPkhE’ rakkeokaltité RHR! @x22dMBebaic5% 15 mol
(98.2% Table 5 a WD 96/ 03365 28 PCT/ FRO5/ 00944 CLAIM5S 1. Process for

recycling a caiahphlexanat ahai Bge¢ebahtid Aedebgaeli €8 keesthBldihect

oxi dati on of cycl ohexane to adipic acid, characterized 5 in that it

i ncl udes a st epef piropbetibaat tadli catetihabbgacfoenthexfiiretobeakned duri ng
t he oxidation of the cycl ohexane to adipic acid, consisting of an
extraction of at |east Fboeecetallyetghst aucceseivedwdreayciiric4atimeshi ch
are formed in the reaction. 10 2. Process according to Claim1l for
recycl i ng5a cdExaypilesoldt &oniSag cobalt, in a reaction for the direct

oxi dation of cyclohexane to adipic acid, in a_ solvent conprising at |east
one aliphatic carboxyl i ¥rgcr@sN&FengPSALPepr Wikhy ESRMRLCENdaFf gSaﬁ?drogen
atons, by a gas.containin ygen he said recycling process being
characterized?°;iPﬁ at &ﬁgéﬁegcpfgﬁwhixture derived froma prior
operation for the oxida&%pn Qf EQ lgyckggeﬁgggotgngadigic acid is treated

in order to renove the nnréhiﬁ volati'l € compounds, oﬁﬁlonally after the

crystallizati gpp2adiseRanhat K8 gkedl | €ast sone of the adipic acid which it
cont ai ns, ,
10 - AdOH for adipic acid
- olone for the cyclohexanol/cyclohexanone
mixture
- 02 for the maximum amount of oxygen consumed
in litres/hour (this value represents the maximum rate
15 of oxidation)

- Peff for AdOH for production efficiency for

adipic acid formed expressed in g/l.h.

Examples |Reaction]02 in DC % of RT % Peff RT % | Lty %
. time 1/min |[the cyclo-{towards| for |towards

hexane AdOR AdOH olone

Example 1| 125 min | 0.45 23.2 68.5 54.7 15.2 87.7
20 Example 2| 130 min | 0.45 23.9 67.9 53.8 14.9 86.9
Example 3| 133 min | 0.44 23.5 68.3 52.0 14.5 87.1
Example 4| 130 min | 0.44 22.9 67.9 51.5 14.8 86.8
Example 5] 130 min | 0.44 24.6 68.3 55.7 13.9 86.4

Table 1



- in that the residue obtained is extracted using a solvent, chosen from

ket ones, al cohols, esters, 25 various m xtures thereof or m xtures of

hydrooar bon and carboxylic acid, this solvent being capable of dissolving

all or alarge part of the diacids contained in the said residue, 29 -
in that the extraction residue thus obt Ened, containing the larger part of
the cobalt catalyst, is used in a new opération for the oxidation of

cycl ohexane to adipic %&iqf %%%%&H%Qﬁg a@N @ LBRayRACCIRNY16QTPI enent s

@n ;
of cycl ohexane, of carboxylic aci where appropriate, of coObalt

catalyst. 3. fRe0@RISRA4Atd /R toaldd Bldadpiehakde! ahldZ @dwakdlsh @ dnlee
reaction mxture is treated by distillation, at atnospheric pressure or at

reduced 10 pri@Ssitiute ©f Eddpsdies ivolcdimpoandenpanddthehilihearatgsped al |y

t he unreacted cycl ohexane, the carboxylic acid serving as solvent in the
oxi dati on rezochiservedhevsat & sugcessixmed oxddakienisnt er medi at e conpounds
such as cycl ohexanol and cycl ohexanone. 15 4. Process according to Caim 2,
char act ebi ze @OMBARADT VIELW TESAIS, &nfTOne ch serves for extraction of the
catalyst fromthe residue obtained is chosen fromacetone, nethyl ethyl

ket one, cycl ohexanone, Thepfdg@torxidagionateet ieppexformedowitht anol ,
tart-butanol,  cycl ohexanol, esters derived fromthe al cohols nentioned
above with althShfgme amoypes of Zeagents arg Gaty HPFW&P& 5%33§€6ﬁﬁary

hyd , h t whi ch d.in_th | oh idat i
Lot on, i XEOFRE DS SEPRLTECHR 38 BRBERLA iy oo EoTaREeRE A Ly os

of al i phatic g, qyelqalidahatin MIRQEAr 18"a:23d-agkloxy!fc acids. 5.
Focess accorading to Claim or
10 As in Example 1, the acetic phase contains
almost all of the acids and lactones formed and the
very great majority of the cyclohexanol, cyclohexanone
and cyclohexyl acetate which are formed, as well as the
water and virtually all of the catalyst (about 5 % of
15 the catalyst, which were entrained by precipitation of
the adipic acid, are recovered in the acetic acid used
for the recrystallization of the adipic acid and this
acetic solution is added to the acetic phase.
The acetic phase is concentrated by heating
20 to 50°C, at a reduced pressure (4 kPa) in order to
remove the water and some of the acetic acid,
cyclohexane, cyclohexanol and cyclohexanone, until a
solution containing 110 g of acetic acid and 35 g of
products (essentially the diacids and the cobalt
25 catalyst) is obtained.
This concentrated acetic solution is sent to

the reactor with the extra cobalt, cyclohexane and

acetic acid necessary to reestablish the proportions



recycling a catal yst containing cobalt, in a reaction 30 for the direct
oxi dati on of cycl ohexane to adipic acid, by a gas containing oxygen, the
sai d mecycling process being characterized: - in that the reaction m xture,
obtained froma 5 prior operation of oxidation of the cycl ohexane to adipic
acid, fromwhich mxture at |east sone ofsthe internediate oxidation
products, especially such as cycl ohexanol and cycl ohexanone, soma
carboxylic acijfdqiehtanl aBedeV@be thas tRear teparated and from which 10

m xture at | east some of the adipic acid forned has been recovered by
crystallization, is subraet edthoyat hisasuceassexelgCiredpclaidng atimegast one
cosol vent or using a m xture conprising a cosolvent and a carboxylic acid,
15 - in that t(eempazatisepaeatadb,oe,t Heandeehand, a m xture contai ni ng at

| east some of the cobalt catal yst, sone of the carboxylic acid and possibly
resi dual anounts of ot hShecaepoltdsohtdined whshother tkhakd, aatookuti on
containing the cosolvent and at |east 20 sone of the glutaric acid and
succi ni ¢ &ci daxki epldrsefodimedabd et Reb8rPYati on reaction, as well ae sone
carboxylic acid, - and in that the m xture containing at |east sone of the
cobalt catalyst is used in a new operation 25 for the oxidation of

cycl ohexane t p—adrprcagrd,—opfromat-y—af terJrheagdrtTonTof—exqra ctqbal t
catal yst. 6. [PfeFpasatiye FRP| PP 1@|aPfn s o chaitTadt ¢ieits efPr nRY Faf “Ehe
cosol vent usef is.Ghosen fiQm (1,31, |Bld RPAJ-feodirhety Ghog! 1Rbatdd
hydr ocar bons, | ket ones and
hexane AdOH olone
. Test a |122 min| 0.46 21.7 65.4 | 50.1 | 15.0 | 86.8
Test b |125 min| 0.44 21.3 69.0 | 50.6 9.1 | 84.7
10 Test ¢ 130 min| 0.36 13.8 | 71.0 32.5 7.0 84.3
Test d |181 min{ 0.30 16.2 71.1 | 27.4 7.6 | 87.7
Test e |223 min| 0.21 15.2 69.7 20.5 9.1 | 85.3
Table 2

It is observed that the overall selectivity
‘ 15 towards adipic acid and olone and the linearity are
conserved over 5 successive oxidations. On the other
hand, if the activity is conserved during the first
recycling of the catalyst, a progressive deactivation
of the said catalyst is observed.

20 In addition, the crude adipic acid which
precipitates during cooling of the final reaction
mixture is increasingly soiled by the other oxidation
products whose concentration rises as the recyclings

continue, and this precipitated adipic acid entrains



al cohol s,  and. is preferably cycl ohexane. 7. Process according to one of
Clains 2 to 5, characterized in that the aliphatic carboxylic acid 5 used
is acetic acid. 8. Process according to one of Clains 5 to 7, characterized
in that the crude reaction mxture ie subjected to cooling to a tenperature
of 16Cto 30C to bring about the crystalb%zation of at |east sone of 10 the
adipic acid forned, thus giving either a three phase nedi um conprising a
solid phase e Lal LSt | adi pic acid, an upper cycl ohexane

| i qui d phase gﬁgggh?%aé}9g%%?%cb??agﬁd phase, or giving a twophase nedi um
conprising a gghmprighgse essentially 15 consisting of adipic acid and an
acetic phase, TolTowed, if need be, after filtration or centrifugation of
the solid, by separati oA e@blutg@chyowhighi dsphamegehgoast hki 1go°®, Process
according to either of Clains 5 20 and 8, characterized in that the
reacti on m xt epataindagcar?dr gt ef presdct actide adl7pgcofcsdcecindtabkisati on
operation. 10. Process according to one of Clains 5 to 7, characterized in
t hat the 6inal(3dr@damedact 703 850fi gilutaris acadvd85Svwhi mmohdt, 26k gai d
reaction mxture then being a two-phase or nonophase m xture, two |iquid
phases: an upﬁéra€§§P§hé%&%e(Bﬁﬂs@maﬂé andottes afefPPaltqar8tpkase are
separated by settling, if necessary, , 32 and_the said | ower acetic phase
or the singl etgtZapyarptee (1€ Hﬂﬁﬂid1Fogﬁa98ﬁﬁéVaF8PéeeftTGEPPH 30C to
bring about the crystallization of at |east sone of the adipic acid forned,
which is than“§BBSFAFYE®sut by 5 filtration or centrifugation of the acetic

phase. 11 Process acoopdidgih®cBhblthillh F125"8e5aag1d0nc8Ro g0t eri zed i

10 separated out by filtration and a filtrate consisting
of 116 g of acetic acid, 3.0 g of succinic acid
(25.4 mmol), 7.0 g of glutaric acid (53 mmol), 8.2 g of
adipic acid (56 mmol) and 4 g of cobalt acetate
tetrahydrate (16 mmol) is recovered.

15 This filtrate is concentrated to dryness and
then treated with twice 50 ml of hot (56°C) acetone.

The distribution of the compounds between the

acetone extract and the remaining solid residue is

indicated in Table 3 below.

' e e————————————————————tesiencts —
——

20 Compounds |Dry filtrate Acetone extract Solid residue

after extraction

Succinic acid| 25.4 mmol 18 mmol (70.9 %) 7.1 mmol (28 %)

lFlutaric acid 53 mmol 36.4 mmol (68.7 %) |16.1 mmol (30.4 %)
lkdipic acid 56 mmol 45.1 mmol (80.5 %° 110.7 mmol (19.1 %)
Cobalt 16 mmol <0.016 mmol (<0.1 %)|15.9 mmol (99.4 %)

25 Table 3



purified by recrystallization froma suitable solvent, such as acetic acid
or water, which is then optionally 10 added to the acetic phase obtai ned
.above.s 12. Process according to one of Clains 2 to 5, characterized in that
a water/cycl ohexane azeotropic mxture is distilled off during the

oxi dation reaction, and the cycl ohexane i% then reintroduced into the 15
reactor after separation of this mxture by settling and the final crude
reaction m Xt gggmppgt feated. 13. Process according to one of Clainms 7 to
12, characterized Tn that the acetic phase, obtained in the treatnent of
the final crude reacti o gbxtdién 6f €ReSHRNECESHDSLLIogXaEaghaNopi th
cycl ohexane, either such as it is obtained after separation by settling, or
preferably afErambaei 6gibeeneavadchhrthedsde wayi hy épdert eaper at ure of
30C to 80 at reduced pressure. 14. Process according to Claim 13, 25
characteri zedseparabté cohcehyratrysbtadblizabtiomeand Hhhseatioducesheéhi s phase
to a volune representing from80 %to 10 %of its initial volune. 15.
Process a%cor@?i@ribycpgihh&S?diPSQ apdfacterized in that the acetic phase
is concentrated to dryness, that is to s that all of the acetic acid
which it contains is reFB?eﬁ?liﬁ?tPr6EE§€X%§cﬁﬁﬁﬁhﬁt?d°%n%15fgc95ins 13 to

dur i ng' ConcertPBELEnAThar obt o8 o CRYET BBLE rReHe. LYt BRBkhne! o Setfon
ani ch they cchrabRERy R6s&' L8 BRRPIE 478§ of qffEl S, fro Mfalfls™
xiractod of tREr hiThoEyErEREEne B R CEe PO ARl LR MR o e 0
q'.turesloso that the apgijcCephesgeéubsecdhdedOrdtdd to dryness and

then treated with 5 times 100 ml of a hot (70°Q)

cyclohexanone/acetic acid mixture (82/18

weight/weight) .

The distribution of the compounds between the

15 extract of the solvent mixture and the remaining solid

residue is indicated in Table 4 below.

Compounds |(Dry filtrate Solvent extract Solid residue

after extraction

‘ Succinic acid 31 mmol 16.4 mmol (52.9 %) |14.5 mmol (46.7 %)

Flutaric acid 55 mmol 44.8 mmol (8l1.5 %) |10.1 mmol (18.4 %)

20 kdipic acid 60 mmol 42.9 mmol (71.5 %° |17.1 mmol (28.5 %)
Cobalt 16 mmol 0.9 mmol (5.6 %) 15 mmol (93.8 %)
Table 4
EXAMPLE 8

A solution, which is homogeneous at 100°C,

25 containing 120 g of acetic acid, 3.4 g of succinic



15 extraction/cycl ohexane m xture has an overall cycl ohexane/acetic acid

wei ght ratio between 1/1 and 50/1 and preferably between 2/1 and 15/1. 18.

-Process according to Caim17, characterized in that the extraction is

performed one 20 or nore tines or, within the context of a continuous
process, by the usual industrial technigyes and in that it is carried out
at a tenperature ranging up to the boiling point of the solvent or solvents
used, |oreferfataixa,beest.vzae?1 o@%l%ﬁ%ca%lﬁ,mfﬁwrfef&r%@' 15 halavgery 50C and
80C. 19. Process according to either of Cainms 17 and 18, characterized in
that the extrad ipORBBHIMG S Wtridhydiatdhdyd gradiulllli on which
contains at 34 least sone of the glutaric acid and succinic acid, as
wel | as resi dusllegdmumntroax tEmperapene.oducts, and, on the other hand, a

m xture essentially containing the cobalt catalyst, it being possible for
this mixture to 5 be sdpadctisl doptedmingn@l.20g Rfoeddpiacacyid g to Caim
19, characterized in that the separated cobalt catalyst is recycled in a
new cycl Shex@ePagates it aaddildratdeon amd lay fiflitaate comsietingdition to
conpensate for_ 10 the | osses suffered _during the various treatnents of the
reaction m xOfr &¥Gohidfedmen @y d-éhx e syecdRicofci. Continuous

f t i dat.i f | oh t dipi i d i
process o1 g adatiion o Cyelohane 0 adpl g gLl uei 3 95
I d i.n. I i_ni I bal t,
solvent and idie RARISY G OBkH N5 SN LtA, Cobal

oxi dation of {ce-aa)YdrateXane .40 meid13d1iR ¢edbhvdred), the reaction mxture

derived fromthe oXidation of the cyclohexane to adipic acid is treated in
@er taoenove the mommivolmhiva teOTROPAGE a0l eoRller tablt@d, in _
crystallization and separation of at 25 | east sone of the adipic acid which
it contains, ckxderhad edivila Glitaisedshtiionevifr aboad 82 g Thie wert chosen
from ket ones, al cohols, esters, various mxtures thereof or m xtures of
hydr ocar bon amecend3Fatadb®oliutdonciie, tweatledsdlyvennniagcapsblsegobf
dissolving all or a large part of the diacids contained in the said

resi due, d) eifetore &bherein.cFheusemperasyrs oddthe odemtuirei ng t he | arger

part of the cobalt catalyst, is
stabilizes to 60°C. The mixture consists of a solid and

15 a supernatant liquid, which are separated while hot.
The distribution of the compounds between the
supernatant liquid and the separated solid residue is

indicated in Table 5 below.

. Compounds Initial Supernatant liquid Separated solid
filtrate residue
20 Succinic acid| 27.1 mmol | 17.2 mmol (63.5 %) 9.5 mmol (35 %)

lFlutaric acid] 47 mmol 42.5 mmol (90.4 %) 4.5 mmol (9.6 %)

|kdipic acid 60 mmol 55.5 mmol (92.5 %° 4.4 mmol (7.3 %)

Cobalt 16 mmol 0.25 mmol (1.5 %) 15 mmol (98.2 %)

Table 5



‘used in-.a new cycl ohexane oxidation operation a). 22. Continuous process
for the oxidation of cyclohexane to adipic acid, using a gas containing
.oxygen, in a liquid medium conprising acetic acid as 10 solvent and in the
presence of a catalyst containing at |east cobalt, characterized in that it

I ncl udes the_fol, ow teps accordi ng one of d ai c t he
actual oxida Fbﬁsgy3?%5§cyclohexane to 2gipic aci d, 1g§8?/g??%299§%ﬁ)

cooling of the crude final reaction nexhy4j@ optionally after
concentrating, in order to crystallize at Teast sone of the adipic acid,

separation of the saidjadi pisggcesd B iddcvalliiay @ catallyisitugati on and
than, if necessary, separation by 20 settling of the filtrate or of the
centri fugat e cobitaiimdthg Riobad tGy dindlae r@ae tiloas €candhen ddeelcitc phase, or: b2)
renoval of the crude final reaction mxture while hot, the said reaction

m xt ure bei ngxd dawd-ophade oyrc lahexameh e adiptier aciid, s chagwicliles iZied
separation by settling into a cycl ohexane phase and an acetic phase,
cooling &f tHe &bati dtplasdudeiscie fkerhdoxr S&eataessmentseft theg or, where
appropriate, of the single acetic phase so as to crystallize at |east 36
sone of the &@asitdoncmdxtage shraimed, duging (thearrddadiope it ith®gati on of
the said adipic_acid and of the ,aceti,c phase, or,: b3) renoval of the water
fromthe 5 r E¥CHichexIne o afdRify e o FoORELPHIG &F 2P BTSN ati on

of the cycl O%%X%Qell\ggs ' s%%t%OtorfoQ%ea%q.utaric acid and succinic acid

which are formed in the reaction.

. 10 2, Process according to Claim 1 for
recycling a catalyst containing cobalt, in a reaction
for the direct oxidation of cyclohexane to adipic acid,
in a solvent comprising at least one aliphatic
carboxylic acid having only primary or secondary

15 hydrogen atoms, by a gas containing oxygen, the said
recycling process being characterized:

- in that the reaction mixture derived from a
prior operation for the oxidation of the cyclohexane to
adipic acid is treated in order to remove the more

20 volatile compounds, optionally after the
crystallization and separation of at least some of the
adipic acid which it contains,

- in that the residue obtained is extracted
using a solvent, chosen from ketones, alcohols, esters,

25 various mixtures thereof or mixtures of hydrocarbon and
carboxylic acid, this solvent being capable of
dissolving all or a large part of the diacids contained

in the said residue,



optional- reintroduction of the distilled cycl ohexane into the reactor,
followed by treatnent of the crude final reaction m xture according to the
variant bl), 10 the said treatnent giving a single acetic phase, c)
concentration of the acetic phase in order to renove therefromat |east the
majority of the water, if this has not bgen done in the variant b3), d)
extraction of the acetlc phase using 15 cyclohexane or a cycl ohexane/ acetic

acid mxture in ao amoygt tpdehthBabxtiBct8nCy¥eb288%aBRLACBbEE1RBASE
m xture, the overall cycl ohexane/acetic acid weight ratio is between 1/1

and 50/ 1 andcphehehahby thet Maggez/ papBdoltSthe 26be)ltsepsaaysen ok a

cycl ohexane sol ution containing at | east sone of the glutaric acid and
succi ni ¢ aci dsednihha nee bpedataod fbrathexbuidaeserndtal |y containing the
cobalt catalyst, on the other hand, 25 f) recycling of the m xture
cont ai ni ng t hgcdobakaneatal pdirin achdw aftdat additdant pEnthe.

. AUF. A3. Al FE. AsY. Ausl . A&l . AusY. A, | . Au&E. AuY. A’ Y. ASsE. A" Y. ALY. AY. ALY. AN99. A@
(. Aa9l . ABY. Anegesary. REBPAPRERYSs. ARLFY%EhmEnAr LQ’fAEEFbP&iW-lAuQZ AyY. A9Km

&T<=pQGul M=xr | f  ZT

caLﬂgaLﬂca?gaEEQag}gauggaﬁfcaE? 8?%&&?%%;2%3 L&ca ggfigﬁéﬁﬁeflgagl
Ellw K j

}wgke_ ZUQU] ca] ca] cal] CSU] caEJff?ﬁEJfEaf‘Jngff&ﬁ%] 53@%3&“050} cal] cal] cal] cal] ca
U cal] caU calfgableathcall ¢althiat! eat] caheethfidht@ture is treated

by distillation, at atmospheric pressure or at reduced

" 10 pressure, of the more volatile compounds which are
especially the unreacted cyclohexane, the carboxylic
acid serving as solvent in the oxidation reaction, the
water formed and certain intermediate compounds such as
cyclohexanol and cyclohexanone.

15 4, Process according to Claim 2,
characterized in that the solvent which serves for
extraction of the catalyst from the residue obtained is
chosen from acetone, methyl ethyl ketone,
cyclohexanone, l-propanol, 2-propanol, l-butanol,

20 2-butanol, tert-butanol, cyclohexanol, esters derived
from the alcohols mentioned above with aliphatic
carboxylic acids having only primary or secondary
hydrogen atoms, such as those which are used in the
cyclohexane oxidation reaction, mixtures of several of

25 these extraction solvents, and mixtures of aliphatic or
cycloaliphatic hydrocarbons and carboxylic acids.

5. Process according to Claim 1 for

recycling a catalyst containing cobalt, in a reaction



phnl #; o

hog *, ' +cr~xr | fa[ UOU] cal] caU] ca] caU] cal] caU] cal] ca] ca] cal] caU] caU] cal] cal] ca
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~xr| f* ZTNU] cal] cal] cal] cal] cal] cal] cal] cal] cal] caU] cal] caU] ca] ca] ca] cal] cau
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u2x2y?2| vpj d*XSN] ca}cal] ¢aUkhat] the] cedktibhcaiktutkcathtaihed frai] sal] cal
cal] cal] cal] cal] caU] cal] cal] cal] caU] ca] cal] caU] cal] caU] cay2| 2F33Y4y4445] 555
55d606667D7x 7P¥13¥86peoav ik ¥EdoxERtAohcat)] the) cuclehekanechpcal] cal] cal]
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centrifugation of the solid, by separation of the two
liquid phases by settling.
9. Process according to either of Claims 5
" 20 and 8, characterized in that the reaction mixture is
concentrated prior to the adipic acid crystallization
operation.
10. Process according to one of Claims 5 to
7, characterized in that the final crude reaction
25 mixture is removed while hot, the said reaction mixture
then being a two-phase or monophase mixture, two liquid

phases: an upper cyclohexane phase and a lower acetic

liquid phase are separated by settling, if necessary,
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11. Process according to either of Claims 8
and 10, characterized in that the adipic acid is
purified by recrystallization from a suitable solvent,
such as acetic acid or water, which is then optionally
" 10 added to the acetic phase obtained above.
12. Process according to one of Claims 2 to
5, characterized in that a water/cyclohexane azeotropic
mixture is distilled off during the oxidation reaction,
and the cyclohexane is then reintroduced into the
15 reactor after separation of this mixture by settling
and the final crude reaction mixture is treated.
13. Process according to one of Claims 7 to
12, characterized in that the acetic phase, obtained in
the treatment of the final crude reaction mixture, is
20 subjected to an extraction with cyclohexane, either
such as it is obtained after separation by settling, or
preferably after having been concentrated by heating to
a temperature of 30°C to 80° at reduced pressure.
14. Process according to Claim 13,
25 characterized in that concentration of the acetic phase
reduces this phase to a volume representing from 80 %

to 10 % of its initial volume.

15. Process according to Claim 13,
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cyclohexane alone or with cyclohexane/acetic acid
mixtures, so that the acetic phase subjected to the
15 extraction/cyclohexane mixture has an overall
cyclohexane/acetic acid weight ratio between 1/1 and
50/1 and preferably between 2/1 and 15/1.
18. Process according to Claim 17,
characterized in that the extraction is performed one
20 or more times or, within the context of a continuous
process, by the usual industrial techniques and in that
it is carried out at a temperature ranging up to the
boiling point of the solvent or solvents used,
preferably between 10°C and 80°C and more preferably
25 between 50°C and 80°C.
19. Process according to either of Claims 17

and 18, characterized in that the extraction operation

gives, on the one hand, a solution which contains at
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optionally after a further addition to compensate for
" 10 the losses suffered during the various treatments of
the reaction mixture obtained from the cyclohexane
oxidation.
21. Continuous process for the oxidation of
cyclohexane to adipic acid, using a gas containing
15 oxygen, in a liquid medium comprising a carboxylic acid
as solvent and in the presence of a catalyst containing
at least cobalt, characterized in that it includes the
following steps:
a) the actual oxidation of the cyclohexane to
20 adipic acid,

b) the reaction mixture derived from the
oxidation of the cyclohexane to adipic acid is treated
in order to remove the more volatile compounds,
optionally after crystallization and separation of at

25 least some of the adipic acid which it contains,

c) the residue obtained is extracted using a

solvent chosen from ketones, alcohols, esters, various

mixtures thereof or mixtures of hydrocarbon and
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