WO 2004/ 041768 PCT/ FR2003/ 003196 Process for Produci ng Carboxylic Acids The
present invention relates to a process for producing carboxylic acids. 5 It
relates nore particularly to a process for producing carboxylic acids by
oxi dati on of wo hYotpoaLlés with oxygen or a gas conpaiinRg 0o8yQes,1w8nd

even nore particularly to the oxidation of cyclohexane to adipic acid. 10
Adi pic acid is an inportant ;:g]en‘i cal . conpound used . in many fields. Thus,
adipi c acid can be uSEPESSartOTaddaGUrd 1o GRERPprddudtEdshot h in the area
of foods and in concrete- However, one of the nbst inportant wuses is its
application as a nonomer in the production 15 of polyners, including

pol yur et hanes and préyastaesnt Sewesmat i Pm 0aeSISRSd Otopr 8dustde &¢li @igxr aci d
have . been pro(ﬁ sed. One of the nost, jnportant, used industrially on a

| arge scal e, ROMTSHRI| RRBRPHY g 2CLIT -one or two step(s), cycl ohexane to a
m xture ofs 20 cyctehexelatésychohexapaneiailfirdy gaso Cant FrtidegsHXYRN or

w th oxygen. After extractiopn and.purification of the .

cycl ohexanol /W&%ﬂb&%nongaﬁg?ﬁ &S t héSe SonpSiinds OX3FE i z&F i n @

parti cul ar t dhadht¢darashdwithh oxyigdrc omca dga5cbaveyat ngt bixygephocessl has a

maj or drawback _associated wth t for ion of .nifrous_vapoyr. Many
studi es have DHeeh Carri gfrotuﬁc%mna%f%egoygt edec\)/xe]r%%t]aorbr&ﬁ,esc N 8?1@6%8%/% Zi ng

hydrocarbons e tédipkygenidr a gas containing oxygen, that makes it 30
P ocessed "ar e descrrBRa, Aopar tioearar oot oaet Bhltes? kBhGoRRl, stese
2,791,667, FR®, re5yo3dighds - uFmi904amdpicdmncdecan ybet Needeagsi @ i s
C@ffied out idd@itive in many products, both in the area of foods
1 and in concrete. However, one of the most important
uses is its application: as a monomer in the production
15 of polymers, including polyurethanes and polyamides.
Several processes for producing adipic acid have
_been proposed. One of the most important, used
industrially on a large scale, consists in oxidizing,
in one or two step(s), cyclohexane to a mixture of .
20 cyclohexanol/cyclohexanone with a gas containing oxygen
or with oxygen. After extraction and purification of
the cyclohexanol/cyclohexanone mixture, these compounds
are oxidized in particular to adipic acid with nitric
acid.
('i 25 , However, this process has a major drawback
associated with the formation of nitrous wvapour.

Many studies have been carried out in order to
develop a process for oxidizing hydrocarbons with
oxygen or a gas containing oxygen, that makes it

30 possible to directly obtain carboxyiic acids, mainly
adipic acid.

These processes are described in particular 1in
patents FR 2,761,984, FR 2,791,667, FR 2,765,930 and
US 5,294,739.

35 Generally, the reaction is carried out 1in a
solvent medium, the solvent being a monocarboxylic acid
such as acetic acid. However, such a process has not,

for the moment, been the subject of any substantial



sol vent nedium the solvent being a nonocarboxylic acid such as acetic

aci d- However, such a process has not, for. the nonent, been the subject of
any substantial 2- industrial devel opnment since the separation of adipic
acid and of acetic acid requires considerable process steps in order to
obtain, firstly, a highly pure adipic acid conpatible with the demands

required for itr&ﬂftlo{eﬁ’ﬁugﬁteiv@lo%mé}% yanhde, dH péé{;h‘f?‘c% fofs tegliiie
applications, and, secondly, récovery_and recycling o tﬁe acetic acid that
are as conpl @@l dsapdssithl acebisgs adigl reTeésREN AT YAl ¢ z@TORESST ocess.

In order to ali¢&pPtifhooraardy ot Rese igrawbiacksyy,, 19 HQ?ElyS Lyentsiikavwe been
sought and proposed for carrying out the oxidation of ¢yclohexane with
oxygen. ThusCbnotdfpdxyPre  attbBisoFb8nt SePAatsar ESAPPEHAI | LT i hfat ure

have beenspraopas@g:tisnpasti cgbayamidpat enh FR-28060Z2. The aeckdsihave the
advantage of a low 15 affinity wth adc'af)i c acid and of det bei Qg sol L%| ein
sol vents for 3RRbHE2EEPES sGOR asSSEIRILY CohSEQqUERYI I tFRCYSLOU8r YTof the

adi pi ¢ aci d ithd hecagueougiphateat paeseat abrbhetrendDfipddeivkédabi @ step
can be carried . out nore read'héwith i
S

L m%gd entrai nnent of the nono- 20
carboxyl i ¢ sdt¥ent® FowWe¥BH-e B85 V&Rt S7EaR RETESHi gh nelting points,

in particular abovEnanbidnt tenperatmpe, whi cfemerBansheseor dreoivploés,
extraction prrg(é@%? ﬁ%a%{)%tgheha%t r%(été]ngnoé)g%%g@a_r%&onp?éggggges st be

carried out . nperatures. ai s~ of present

i nvention is ¢arrproposetartief fectdyeiandoédasy pradvessd ovl phodusioss -
car boxyli ¢ ac@dss by n@xbdat-hel. Al hydr 0gachens sl ng, toxéfggnﬁgbo%ﬁﬁfE.c ,
contai ni ng oxygen, In the presence of a 30 sonent fhat s [ipophilic in
nature, whi chlprbeEsse 58 abseap RinsisRd nglaf Peffracilag ek r Retisdt of the

FR 2806079. The acids have the advantage of a low
15 affinity with adipic acid and of not being soluble in

solvents for adipic acid, such as water. Consequently,

the recovery of the adipic acid in the agqueous phase

present at the end of the oxidation step can be carried

out more readily with limited entrainment of the mono-
20 carboxylic solvent.

However, these solvents can have high melting
points, in particular above ambient temperature, which
means a more complex extraction process or that the
extraction or separation processes must be carried out

25 at high temperatures.

One of the aims of the present invention is to
propose an effective and easy process for producing
carboxylic acids by oxidation of hydrocarbons using
oxygen or a gas contalning oxygen, in the presence of a

30 solvent that is 1lipophilic in nature, which process
uses a step consisting of effective extraction of the
acids formed and complete recycling of the oxidation
solvent.

To this effect, the invention proposes a process

35 for producing dicarboxylic acids by oxidation with
oxygen or a gas containing oxygen of a cycloaliphatic
hydrocarbon in the presence of an oxidation catalyst
and of an oxidation solvent that i1s 1lipophilic in
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nature, characterized in that it comprises &a step of



acids formed and conpl ete recycling of the oxidation solvent. To this
effect, the invention proposes a process 35 for producing dicarboxylic
acids by oxidation with oxygen or a gas containing oxygen of a

cycl oali phatic hydrocarbon in the prese?ce of an oxidation catalyst and of
an oxidation solvent that is lipophilic Pn” nature, characterized in that it

conprises a step _of .3 extraction_.of the dicarboxylic acids.forned jn the
oxi dat i on stgﬁ%régﬁgfgkiﬁg i%hgar?§Fﬁ§g8§¥?an ?Fégﬁd BRESE, LA e%%?action
of the diaci dsidsitngransespr actneistiologveit carwhiicky abut eash theqokddati on
sol vent and the .5 cycloallphatie Bydragapbon;are jnsq) ubl &, A5 g sglvent
that is Iipoﬁ i1 ¢ in nature, ~nonocar oxyﬁlc onpounds are preféerred. For
t he purpose eblivieatpatrermhidineapr bdaststheeoxdédasiider e ltverise dmdothbl e in

t he extragtiggdyyafﬂﬁaéégc:i?&ggggrﬁgﬂngéi%%Féfhggéq sol vent, neasured at

90C and under “atnosp pressure, 1s |ess an or equal to 10% by wei ght
relative to the sélsver®. Aeévrding thetonelshatappphisicc o t Heatwyenti on,

the extracti %n%fca%)%}lq(a Ao ReL I Sreafrd edepuy in 15 a

countercurrent-flow liquid/liquid extracti'on col unm. The extraction sol vent
i s advant ageous| y F€fosehef i3Padfe §folpicoRpERSItNg POt aProEFERt sarRat er

and al cohol s csuuGhicasdBthanel indheupt ef enr edes el disSad&rv Ot ai £
solution containing mainly water. 20 As liquid-liquid extraction colunmms

n : )
that arelVsuittedife FOYURHEL Frvent iSGAT 1R KR ouBSpFIREHPPEs Hhd- @8%i ces

comonl'y usedrider ndusbspRbrPEOGRSSASI1EAN be Used. thBuS,o€okdims. webh
on using a_ disc or r ol ums usi ng pul se technol ogy,

mechani cal agitati tor,
static 25 coﬂﬁ%ﬁéXMWﬁ%%ﬁaf?ﬁ%ﬁ%&V?Hﬁys%ﬁ §9§Y?%tpa0ked colums are
sui tabl e. Preferablosombingmsowochle ndchadtcatistic of the invention,

the extraction of the diacids formed is carried out in

15 a countercurrent-flow liquid/ligquid extraction column.
The extraction solvent is advantageously chosen from
the group comprising polar solvents, water and alcohols
such as methanol. The preferred solvent is water or a
solution containing mainly water.

20 As liquid-liquid extraction columns that are
suitable for the invention, the wvarious principles and
devices commonly used in industrial processes can be
used. Thus, columns with mechanical agitation using a
disc or rotor, columns using pulse technology, static

25 columns with perforated trays or static packed columns

) are suitable. Preferably, columns with mechanical
agitation are preferred. Of course, this extraction can
be carried out in a single extraction column or in
several extraction columns mounted in series and/or in

30 parallel without nevertheless départing from the
context of the invention. It is also possible to use
one or more extraction columns in combination with
washing-settling devices.

According to a preferred novel characteristic of

35 the invention, the reaction medium derived from the
oxidation step 1is fed into the extraction step under
given temperature and pressure conditions so as to
maintain the cycloaliphatic hydrocarbon in the liguid
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agitation are preferred. O course, this extraction can be carried out in a
single extraction colum or in several extraction colums nounted in series
and/or in 30 parallel wthout neverthel ess departing fromthe context of
the invention. It is also possible to usg one or nore extraction colums in
conmbi nation wth washing-settling devices. According to a preferred nove

characteristic of éﬁaﬁ@&gé&%@ﬂ&i onnd heyf£aCcLE oA MRdi ypLdeyiyedsdrom the
e t

oxi dation step is into e extraction step under given tenperature and
pressure condidiored soCHs t 3G nt @i ik he teyersaltiugifat i @ty dP5E&FBER i n t he
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out under given_tenperature and ﬁ[essure conditions so as to naintain the
cycl oal i phat iR/ AFRERAR bbR FhRSt heaPiguFB8@ERate. 5 The maintaining of the

hydrocarbgn in therhd quiadntstategdusf ngnthengxtd@cthon phasehdrakesuity
possible to maintain the gé:datlon solvent_in the solubilized, state, or to
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tenperature ramye belPdw tRe "0 1T yPnd CERPEF AT TP e S By Et aPFEYEEon
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any preci itation.OL t he oxi io ol.yent, rticul en?odi t of
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colum in a dinédeti terperatereurcenditoonde thiatstarextiesst ivaot venn. Thi s

second solvent,|s; &, 59l vens 40 or 5t h%le%?eqaalé&% Sok‘.!lﬁgte. SYEh &5 the .
nonocar boxyl i'c aci ds t hat arerﬁlpophl IC 1n nature and is not mscible with
: solidifying temperature or crystallization temperature
of the oxidation solvent, or at a temperature that

15 prevents any precipitation of the oxidation solvent.

In a particular embodiment of the invention, a
second extraction solvent is fed into the extraction
column 1in a direction countercurrent to the first
extraction solvent. This second solvent 1s a solvent

20 for the oxidation solvent such as monocarboxylic acids
that are lipophilic in nature and is not miscible with
the first extraction solvent. This double extraction
allows a virtually complete recovery of the oxidation
solvent and recycling thereof.

25 This second solvent is chosen from apolar solvents
having a solubility in the first extraction solvent of
less than or equal to 5% by weight relative to the
first extraction solvent, this solubility being
measured at a temperature of 20°C under atmospheric

30 pressure. Advantageous, this second solvent is chosen
from acyclic or cyclic, saturated hydrocarbons, and
aromatic hydrocarbons. Advantageously, this second
solvent is the hydrocarbon to be oxidized, in
particular cyclohexane. Advantageously, the supply of

35 this second solvent represents at least partially the
supply of hydrocarbon to be oxidized in the oxidation
process of the invention when 1t 1s a continuous

process.



the first extraction solvent. This double extraction allows a virtually
conpl ete recovery of the oxidation solvent and recycling thereof. 25 This
second solvent is chosen from apol ar solvents having a solubility in the
first extraction solvent of |ess than_og equal to 5% by weight relative to
the first extraction solvent, this solubility being neasured at a

tenperature 0f,20G 3N ALATPSPNENHE13Q3PHES S & n AGMAN BHEOYSo s | i §nSecond

solvent is chosen fromacyclic or cyclic, saturated hydrocarbons, and
aromati ¢ hydQdc ol UvantBgeblisl f1ireki exésa6hd orsdiemnt s2rfethe

hydrocarbon te@@dXedizadribh HALEEH! @rrecyghgﬁﬁéae- Aeysatagesusly, the
supply of 35 this second solvent represents at [east partially the supply

of hydrocar bGF 6Pk B RZd$ £ H&Bxi dati on  process of the invention

when it is a contiTH®OUSeadt DeeSRedlnaipr gbaetad 1gmkediamd of réhethe
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According to @ prefeped thanact ericdi Ahithe haenvephion, (thecsghvent is
chosen from car do_xty_l Ic acids that are lipophilic in nature.
conaitions.

According to a preferred characteristic of the
15 invention, the solvent is chosen from carboxylic acids
that are lipophilic in nature.

The expression “lipophilic acid compound that 1is
suitable for the invention” 1is intended to mean
aromatic, aliphatic, arylaliphatic or alkylaromatic

20 compounds comprising at least 6 carbon atoms, that may
comprise several acid functions and that have low
water-solubility, i.e. a solubility of less than 10% by
weight at ambient temperature (10°C-30°C).

As lipophilic organic compounds, mention may be
25 made, for example, of hexanoic acid, heptanoic acid,
) octanoic acid, 2-ethylhexanoic acid, nonanoic acid,
decanoic acid, undecanoic acid, dodecanoic acid,
stearic acid (octadecanoic acid) and their
permethylated derivatives (complete substitution of the

30 hydrogens of the methylene groups with the methyl
group) , 2-octadecylsuccinic acid, 3,5-ditert-butyl-
benzoic acid, 4-tert-butylbenzoic acid, 4-octylbenzoic
acid, tert-butyl hydrogen orthophthalate, naphthenic or
anthracenic acids substituted with alkyl groups,

35 preferably of tert-butyl type, substituted derivatives
of phthalic acids, and fatty diacids such as dimer
fatty acid. Mention may also be made of the acids
belonging to the above families and bearing wvarious

1 - A I anhe - T
electron-donating substituents {(groups with

)
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The expression "lipophilic acid conpound that is suitable for the
invention" is intended to nean aromatic, aliphatic, arylaliphatic or

al kyl aromati ¢ 20 conpounds conprising at |east 6 carbon atonms, that may
conprise several acid functions and that shave low water-solubility, i.e. a
solubility of |ess than 10% by weight at anbient tenperature (10C 30C). As
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aci d sol vent 4 osen SO es ageous y o ain a %onngeneous phase
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the solvent in the ydrocarbon or the reaction nmediumto be at |east 10
greater_thant?WQﬁy @&ﬁ%ﬂﬁ, and for at |east one honpbgeneous |iquid phase
conprising at |easigspi®d®dously, the solvent is chosen from those

15 with 1low water-solubility, 1i.e. that have a water-
solubility of less than 10% by weight at ambient
temperature (10-30°C).

However, 1t 1s possible, without departing from
the context of the invention, to use a solvent having a

20 water-solubility that 1s greater than that indicated
above, 1if the partition coefficient for this compound
between the organic phase(s) of the reaction medium
consisting essentially of the hydrocarbon to be
oxidized, the oxidation intermediates and the

25 nonorganic phase comprising the water formed during the

) oxidation reaction makes it possible to obtain a
concentration of the solvent in said agqueous phase of
less than 10% by weight.

The oxidation is in general carried out 1in the

30 presence of a catalyst. This catalyst advantageously
comprises a metal element chosen from the group
comprising Cu, Ag, Au, Mg, Ca, Sr, Ba, Zn, Cd, Hg, Al,
Sc¢, In, T1, Y, Ga, Ti, 2Zr, Hf, Ge, Sn, Pb, V, Nb, Ta,
Cr, Mo, W, Mn, Tc, Re, Fe, Ru, 0Os, Co, Rh, Ir, Ni, . Pd,

35 Pt, lanthanides such as Ce, and combinations thereof.

These catalytic elements are used either in the
form of compounds that are advantageously at least
partially soluble in the liquid oxidation medium under

. A | (. cigm T 1.. ,.1.. - ~ R e~ BN B
the conditions under which the oxidation reaction is



t he hydrocarbons to be oxidized and sone of the solvent to be forned.
Advant ageously, the solvent is chosen fromthose 15 with |ow

wat er-solubility, i.e. that have a water- solubility of |less than 10% by
wei ght at anbient tenperature (10-30C).-However, it is possible, wthout
departing from the context of the invention, to use a solvent having a 20
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oxi dation i nteerRdiatas and the 25 nonorgani c phase conprising the water
formed during the_ _oxidation reaction nmakes it pqgssible to obtain a
concentration of thE sBRYBAYSEN $3i PLEfRFAR YPhasd® oPATFeSEleRan 895 by

wei ght. The exiedatde8itsSohd gentdal whach egh@utoxinidthieon 3@cpresencei of a
catal yst. This catal yst advantageously conprises a netal el enent chosen
fromthe groGRFiedpri%iing Cu, Ag, Au, My, Ca, Sr, Ba, Zn, Cd, Hg, Al, Sc,
In, T1, Y, Ga, Ti, ZreibherCGe,sSubRb, ¥n Nxhela, hy@ocdbboMY My Toe Re,

Fe, Ru, Gs, Co, Rh, Irk.HL, gq, 35 Pt, |anthanides such as Ce, and

conbi nations thereof. °*FfééE%atal ytic el enents are used either in the form
of conpounds t hat -ar ecadgaitdgeous! yhat lligagthilpar tacald ycoapalohé, i n t he

|1 quid oxjdation mediyp undar, ) henCandi thgng unden ki gh e soxi daj on
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preferably, in particubascundgpe,5 the ceadhitoBssundgaephi Gh;the exidation
reaction is carried out: _ ,
reaction 1s carried out.

According to a preferred embodiment of  the

15 invention, the catalyst used is soluble in one of these

media at ambient temperature or at the temperature for
recycling of these media in a further oxidation.

The term “soluble” 1is intended to mean that the
catalyst 1is at least partially soluble in the medium

20 under consideration.

In the case o0of a heterogeneous catalyst, the
catalytically active metal elements are supported or
incorporated in or into a microporous or mesoporous
mineral matrix, or in or into a polymeric matrix, or

25 are in the form or organometallic complexes grafted
onto an organic or mineral carrier. The term
“incorporated” is intended to mean that the metal is an
element of the carrier or that the process is carried
out with complexes that are sterically trapped in

30 porous structures under the conditions of the
oxidation.

In a preferred embodiment of the invention, the
homogeneous or heterogeneous catalyst consists of salts
or complexes of metals of groups IVb (the group of Ti),

35 Vb (the group of V), VIb (the group of Cr), VIIb (the
group of Mn), VIII (the group of Fe or Co or Ni) and Ib
(the group of Cu) and cerium, alone or as a mixture.

The preferred elements are, in particular, Mn and/or Co
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- either soluble in the hydrocarbon to be oxidized, - or soluble in the

| i pophilic acid conpound, 10 - or soluble in the hydrocarbon/lipophilic acid
conpound m xture form ng a honobgeneous |iquid phase under the conditions
under which the reaction is carried outg According to a preferred

enbodi mrent of the 15 invention, the catalyst used is soluble in one of
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total weight of liquid medium, more advantageously it
can be between 2 and 50% by weight of the liquid
15 medium.

It is also possible, without nevertheless
departing from the context of the invention, to use the
solvent 1in combination with another compound that may
in particular have the effect of improving the

20 productivity and/or the selectivity of the reaction of
oxidation to adipic acid, and 1in particular the
solubilization of the oxygen.

As examples of such compounds, mention may in
particular be made of nitriles, hydroxyimide compounds,

25 halogenated compounds, and more advantageously
) fluorinated compounds. As compounds that are more
particularly suitable, mention may be made of nitriles
such as acetonitrile or benzonitrile, imides belonging
to the family described in European Patent EP 0824962,
30 and more particularly N-hydroxysuccinimide (NHS) or
N-hydroxyphthalimide (NHPI) , halogenated derivatives
such as dichloromethane, and fluorinated compounds such
as:

- cyclic or acyclic, fluorinated or

35 perfluorinated, aliphatic hydrocarbons,
- aromatic fluorinated Thydrocarbons such as
perfluorotoluene, ‘perfluoromethylcyclohexane,
perfluoroheptane, perfluorooctane, perfluoro-

nonane, perfi

S T

P . ~=1 2 1
Luorocaecairine, per fluor omeciiy iL—



Ce and Fe. The concentrations of nmetal in the liquid oxidation nmediumrange

bet ween 0. 00001 and 5% (WMt %, preferably between 0.001% and 2% 5 Moreover,
the concentration of solvent in the reaction nediumis advantageously
determned so as to have a nolar ratio gf the nunmber of nolecul es of
solvent and the catal ytic el enment netal funber of between 0-5 and 100 000,
preferably between 1 gnd_5000. 10 The can ntratl n. of solve in the liquid
oxi dation nedi um can gary§mnth|n°brdad% #ﬁi ST %%nn%e B%fﬁeen

and 99% by wei ght reIatrvéluorbm@thmﬁeﬂenmaqﬂn of liquid medium nnre
advantageous! y It - cag.beRsturen & angd SOy el gt ol dhe Liad das

nmedium It is al so poSsi out nevert ess eparting fromt

context of the |nventaéhyltd?%@élmﬁéoogbﬁVQﬁtesnCUOnﬁﬂhaﬂidmemﬁlhoaﬂother
conpound §hat may inpactigylar have the effect of inproving the 20
productivity and/or tﬁe selectivity of the reaction of oxidation to adipic
acid, and in particul Afuphénaseidub®t i parifénosinefebxygbanens seycdhpies of
such conpounds, nmenti ga - FRYckBadediddLul ar be made of nitriles, hydroxyim de
conpounds, 25 hal ogenat ed conpounds, and_ nore advantageously fluorlnated
conpounds. As conpoundsUfRifages mir PCPRFEPELNAFEY SdCRIlE SHER i 8% nmy be

made of nitriles sucBea$laceldrixaridie opecbenzonrbbEibecli, M sesr bebesgi ng to
t he fanllé descri bed I n Eurqpean Patfgt EP_0824962, 30 and. nore gartlcularly
u

N- hydr ox¥y8ucci ni mi de PRASICdr  N-RAGHF OXGPRERSPIATLde ( NPBT ) LU PSP ogBhaT ed
derivatives such as #uehhernonet hane, peﬂfihuebuBabedpa@mpounds sucbr as: -

cyclic or acyclic, ori g erfluarinated | i phatic
hydr ocar bons, - arona# é éo %agbdc d%a?%éﬁ%xﬁdgﬁf
, ~ fluorlnated or perfluorinated nitriles such as

perfluoroacetonitrile,

15 - fluorinated or perfluorinated acids such as
trifluoromethylbenzoic acids, pentafluoro-
benzoic acid, perfluorohexanoic acid,
perfluoroheptanoic acid, perfluorooctanoic
acid, ©perfluoronocnanoic acid or perfluoro-

20 adipic acid,

- fluorinated or perfluorinated halides such as
perfluoroiodooctane, or perfluorobromooctane,

- fluorinated or perfluorinated amines such as
perfluorotripropylamine, - perfluorotributyl-

25 amine or perfluorotripentylamine.

J The invention applies more particularly to the
oxidation of cycloaliphatic compounds, such as
cyclohexane or cyclododecane, to the corresponding
linear diacids, adipic acid or dodecanoic acid.

30 According to a preferred embodiment of the
invention, it relates to the direct oxidation of
cyclohexane to adipic acid, with a gas containing
oxygen, 1in a liquid medium and in the presence of a
manganese catalyst, 1in particular a manganese- and

35 cobalt-based catalyst.

The oxidation reaction is carried out at a
temperature of between 50°C and 200°C, preferably of

between 70°C and 180°C. It can be carried out under

CJ
()

11y carried

atmospheric pressure. However, it 1s genera



per fl uorotol uene, perfluoronethyicycl ohexane, perfl uoroheptane,

per fl uorooctane, perfluoro- nonane, perfluorodecaline, perfluoronethyl
.................................... 9 decaline, a,a,a-trifluorotoluene or
1,3-bis- (trifluoronethyl) benzene, perf{porinated or fluorinated esters
such as al kyl perfluorooctanoates or alkyl perfluoro- 5 nonanoates,

f1uori nat ed %rutpelﬁrflﬁhélpran%eéﬂséﬂ%@ngé %%Chccsas aPSEB'lHor Sonthugri nat ed

or perfluorinated al cohols such as pe | uor ohexanol per uorooctanol
per fl uoro- 1@fh&ﬁﬁuﬂea%ﬁ#@mu@?@éé@aﬁ&lthﬁeﬁquHQJﬁQﬁm bir@nef ¢ssure

perfl uoroi sopigpangk orpedwded, 3,13 kmexaflouar es=2-pr opanol , 20 -obbureinat ed
or perfluorinated nitriles such as erfluoroacetonltrlle 15 - fluorinated

or perfluori nat®d 2edids sBEﬁf8§ab9V|fﬁﬁﬁWﬁﬁﬁthyFB@n%BPc dél&?l'penﬁaﬁluoro-

benzoi c agi d,; gpeydd uarphexanab£r pci d, perfl uor ohept anoi ¢ aci d,
per fl uorooctanoi c _acid, perfluorononanoic acjd or perfluoro- 20 adipic
acid, - fluorinatéd*%r P uorSHL el al PRestSudh LR | 887 oPSdo ct ane,
or perfluorommxﬁnxéameth aHtmnem@tgdsomqmﬂféy0ﬁunabq@muﬂme5e$uﬁh.as
perfluorotrinpr.o ylan1 %f gﬁrfluorot

i n

_ % | s 25 ami he or 4
perfluorotri 2% AVEAETS géﬁplggyﬁﬁ?brﬁﬁ%t?%iﬁaP?yu§8 t he
oxi dati on of ’m,ecl omhoyn@at i OfCOMDQAgHJIB swuohl asd cyol ohdranenetium is

CVC'OdOdEBa“%nH}Ig%ﬂ§<§9£%f599ggﬂggn | neglq di 695mo?d'§%§ agLd.0r o ¢

dodecanoi ¢ acl Accor 0 a preferred enbodi nment t he

compounds to be ox1dlzed
The oxidation  process can be carried out
. continuously or according to a batch process.
Advantageously, the liquid reaction medium that has
15 left the reactor 1s treated according to known
processes for, firstly, separating and recovering the
diacid produced and, secondly, recycling the non-
oxidized or partially oxidized organic compounds such
as cyclohexane, cyclohexanol and/or cyclohexanone, the
20 catalyst and the acid compound.

It 1s advantageous to also use a compound that
initiates the oxidation reaction, for 1instance a
ketone, an alcohol, an aldehyde or a hydroperoxide.
Cyclohexanone, cyclohexanol and cyclohexyl hydro-

25 peroxide, which are reaction intermediates in the case
of the oxidation of cyclohexane, are all particularly
indicated. In general, the initiator represents from
0.01% to 20% by weight of the weight of the reaction
mixture used, without these proportions having a

30 critical wvalue. The 1initiator is especially useful
during the initiation of the oxidation. It can be
introduced from the beginning of the reaction.

The oxidation can also be carried out 1in the
presence of water introduced from the initial stage of

35 the process.

In these various embodiments, the carboxylic acid
recovered after the liguid/ligquid extraction step can
be purified according to the usual techniques described

in many documents, for examplie by crystallizaticn and



invention, it relates to the direct oxidation of cyclohexane to adipic
acid, with a gas containing oxygen, in a liquid mediumand in the presence
of a manganese catalyst, in particular a nmanganese- and 35 cobalt-based
catal yst. The oxidation reaction is carrjed out at a tenperature of between
50C and 200C, preferably of between 70éland 180C. It can be carried out
under atnospheric SSuUre. -1.S nerally carried - out
under a presgure sgggg Fgﬁﬁﬁnt%fn tﬁ%réo oﬁ% Ve&%ﬁ ?%%hr&&nW%%Fﬂbdlunlln
the liquid f@catlfheapméssure otlaer beormrwieen skl yeRec 0. Purarfiendi@® 000
kPa (200 ba‘é}oc@égfe glzlev etyeen: 100, kPR (4, bach andy. 2 49, 000 kb, (100
bar). The oxygen use be i'n pure tform or m xt u an [nert gas
such as nitrNgen20ﬁ4ﬁeBﬁﬁn@ndN2n%ﬁﬂ%ﬁ&ﬁ | ess enrlched mnth oxygen may al so
be used. g The anount.; qfrq ygen: §upghk§d L pedi;um | 0 agdy, ously
bet ween 1 and 100%l Ot | §- Il conpo%%%2§?o bé'OX| ?%ed f?%ogfdatlon
process can ﬁécﬁéﬁﬁﬁedwbﬁh ‘éﬁhtpﬁﬁ6ﬂ§¥y BRagecorY@g t 6sa barkhyprokess.
Advant ageousl:%mpﬁ@%ellqulé'ﬁﬂa%aégd op tedibn L habohasphaskef ti o he reagtor is
treated accordin no rocesses_for, flrstly, separatlng and
recovering tﬁ@vaafcééfieﬁuﬁrléfdu@é&ré‘rﬁedsecfd‘?ﬂﬂ thecPTIaR) S hPdFe oXY di zed

or partiall yvazcu@uz;edt@&meaﬂq@o@pwmaguchlq@ﬁdfcycd;@b@xzaa&rw@i@ﬂaexanol
and/ or g_IéQ(;Iohexanone 20 catal yst and the acid congound It iIs

advant a use98C§F§3léé¥S&5bon85un SREPETE 04T ot 8 t FE-DRTES! i TP TRact i on,

for instancefar kekamde.an al cohol, an al dehyde or a hydr oper oxi de.

Cycl ohexanone, cycl] ohexanol dc cIohexyI dro erOX|de whi ch are

reaction intermedr ares i m’thgpl anic pﬁg rec vered from @he
reaction medium can be subjected to distillation

operations in order to recycle the nonoxidized

15 hydrocarbon, the wvarious oxidation compounds such as
the alcohols, the ketones, and the oxidation solwvent.
In addition, the organic phase can be subjected to a
treatment 1in order to eliminate the esters, in
particular before recycling of the solvent.

20 Other advantages and details of the invention will
become apparent in view of the examples given below,

only by way of indication.

Example 1
25

- Oxidation step

522 g o0f cyclohexane, 55 g of tert-butylbenzoic

acid and 6 g of cyclohexanone (initiator) are placed in

30 a 1.5 1 reactor. Manganese and cobalt are added in
respective amounts of 50 and 20 ppm by mass.

The mixture 1is stirred at 130°C, 20 bar, for

150 min wunder a continuous stream of gas containing

nitrogen and oxygen. After 35 1 of oxygen have been

35 consumed, a mixture of cyclohexane, of tert-

butylbenzoic acid, of cyclohexanone, of cyclohexanol,

of manganese and of cobalt is added continuously. A

level sensor connected to a reactor emptying system

1. A A~ ~

P 2o PR e —~ —~ 4
makes it possibie Lo keep the reactor level constant.



of the oxidation of cyclohexane, are all particularly indicated. In
general, the initiator represents from 0.01%to 20% by wei ght of the weight
of the reaction mxture used, w thout these proportions having a 30
critical value. The initiator is especial4y useful during the initiation of
the oxidation. It can be introduced fromthe beginning of the reaction. The
oxi dation can also be carried out in the presence of water introduced from
the initial stage of 35 the process. In these various enbodi nents, the
carboxylic acid reddvered-t eFt®he |iquid/liquid extraction step can be
purified according to the usual techniques described in many docunents, for

exanple by Crystallizatign _and 11 _recrystallizatjon fromvarious solvents
such as water, a@ééttiec?a i OB Sot Pikr SBF‘é&ﬁrilEeéioIVeqftr%e.' Pﬁripﬂré_dﬁrbn‘)%
processessar 0ion gparft i exl @it descrebedibn kiemnokePdtsentss1d¥ad 2, X482299 and

2,749,300. 5 Simlarly,.if _the catalyst.is not.entirel recycled.with the
organi c phasé),§I ?nda&i% Dhr PRy o lscoarf%feeq ety Eﬁif’?acfgﬁténoph & dgteshs
phase, it w Iaibeaiakhhrdtageotsl yAcxbraatadaftion el adugousephaseidy

vari ous techyiugs, ueh as,|iquigh!iguld extractign, 19 el.ectrodiglysis, or
treat ment on Tfon~exchange resin, or exanpl €. reover, the organi ¢ phase
recovered frahadwe redetired nedi uns camdmsubpbetsed t whdtbt i ¢datsons

operatio i : e e oxl di 5 ro, bo ri ous
oxi dat i ogéco%ps%{Jegﬁgsl%slgl h g%ﬁ% t h&ef% ﬁ%o&?éﬁge%et%yﬁgs,g@%d ét]%tééo F%gti on
sol vent. | nmeddilts .onancheasr gapPerphaltasean i ssusiectted 886 acrgaeatment in

order to elimmpale the,eshersonthinBar WsaWan aafor & Ferediage of the
sol vent. 20 her advant ages, and details_of the invention wll
] tert-butylbenzoic acid, cyclohexanone, cyclohexanol and
other by-products of the reaction.

15 Analysis of the two phases shows that 85% by
weight of the adipic acid formed and present in the
reaction mixture portion is recovered and extracted in
the aqueous phase, and 99.3% by weight of the t-BBA is
recovered in the organic phase.

20
Example 2

The oxidation step is identical to that described
in Example 1. However, the oxidation reaction medium
withdrawn continuously from the reactor is fed into an

25 agitated stage extraction column having a theoretical

/ stage number of 10. The extraction column operates at a
temperature of 100°C under a pressure of 5 bar.

The column is fed at the level of an intermediate

stage (fifth stage) with the oxidation reaction medium,

30 with a flow rate corresponding to a feed of 1.11 kg/h
of t-BBA and 1.09 kg/h of adipic acid at a temperature
of 100°C under a pressure of 5 bar.

The column is also fed, at the head of the column,
with water with a flow rate of 1.62 kg/h and, at . the

35 foot of the column, with a flow of cyclohexane equal to
1.04 kg/h.

The organic phase recovered at the head of the
column comprises 1.11 kg/h of t-BBA, 1.04 kg/h of

~mrm o memd Y NNAT Ve S~ P e e
hexane and 0.007 kg/h of adipic acid.



becone apparent in view of the exanples given below, only by way of

i ndication. Exanple 1 25 - oxidation step 522 g of cycl ohexane, 55 g of
tert-butyl benzoic acid and 6 g of cycl ohexanone (initiator) are placed in
30 a 1.5 1 reactor. Manganese and cobal tymre added in respective anounts of
50 and 20 ppm by mass. The mixture is stirred at 130C, 20 bar, for 150 mn
u]pder a COE“ nUgUS‘h%t r@qubeﬁsgaqsha:@@t a.iirﬂmgca}mmtralﬁgeﬂh@nekdaﬁ?/g@rf dhter 35 1
of oxygen have _been 35 consuned, i xture of _cycl ohexane, of tert-

but yl benzoi ¢ CRdHI™ 01CO(ETWTIlccPﬁs'gxar@o‘ﬂjed,T g?g HclThexarnhe  of - tangdhBseind of
cobalt is addedecontnidnuowsdly kdh levaeddsensaictdnnected to a reactor

enptyi ng system kes it _possible to ke the react evel Constant. 12 -
Extraction step A@ -3 %%ﬁ?is thgf"ggﬁ iiegmd)rfseglfan%? gﬁﬁgr;{:i Sh BF °©85200 g of
oxi dati ons r eadt itdre nintenteiors nasloéat ed. pAssabie dfo 260 paf wat enalsyadded
to this frac%‘ﬁ” t'tr}’li ?‘aé‘iﬁ‘f{ ag?an%fﬁmsg & F0G A& _i%%.'r%ggtéygfdgﬁgo{ihen
separation Dy settlinhg out, Two phaseés are recovered: a ['ower  phase,
referred to &slagméousIiphdset whsshdcmnlaiars: 10sessbmstal kytilie ldi acinds
produced and the catalytic gELaLS AN aByppepephasg. LeLarr edrigyas
organi c phase, which contains essentially cycl ohexane, the

tert-butyl bendya tadapuschiol chexatioesateyat ohexanol and ot her by-products
of the reaction. 15 Anal¥siisof tdgnd Woyphases shews: & hal-89%hy,, webght of
the adipic acid forned and gresent inthe reaction mxture portion is
recovered an§ié¥eria&edi®nt ?h@réifdéldhsp%ﬁ%e,lnar’}i-:i“ggfsﬂ%f‘b;?f\ae?@ﬁ?f%f t he
t-BBA is reqoefcedrmiay t e orgadtePhassore the recycling of the

oxidation solvent.



20 Exanple 2 The oxidation step is identical to that described in Exanple
1. However, the oxidation reaction nmedium w thdrawn continuously fromthe
reactor is fed into an 25 agitated st_aghte4 extraction colum having a
theoretical stage nunber of 10. The extraction columm operates at a
tenperature of 100C under a pressure of S bar. The colum is fed at the

| evel of an internediate stage (fifth stage) with the oxidation reaction
medium 30 with a flowrate correspdﬂcﬁ to a feed of 1.11 kg/h of t-BBA
and 1.09 kg/h of adipic acid at a tenperature of 100C under a pressure of 5
bar. The colum is also fed, at the head of the colum, wth water with a
flow rate lof 1.B2dagsh &od, paduled ng3sifautbaytie eolidembwi ehidatiow of
cycl ohexane tggual to 1.04 kg/h. The organi c_phase rfecoveref af.thet head of
the col utft&onpifeeds 1% Kh S T2 BEAY 19099%Y/ Riof et Shes@ie" Hnd
0.007 kg/ hy@fradrbd -{€ @6é dpresdBce THE aguerusiaphase dMddidrawnmd éhe foot
of the colum conprises 0.001 kg/h of t-BBA, 1.62 kg/h of water and 1.083
kg/ h of adipi coatfdtiThessalviadits cteak| y igenohsReRiteliGat ithe PrEe¢Ees 5 of

the i nventian kGS Jdq PASSERLE e @ddablead riuatly o lethieAdigl copci d
formed without entraining oxidation Ssolvent. Tn fact, said solvent 1's
al nost enttiheel WWidurbddwey bt ganaciphaséoamnddmaynbe thecycl:eidafi@t, step,

advant ageously, a purjfication. 10 In addiii on, .so of the adigi c_acid may
be entraiFEFIST % B gSRAFEYPRIsOU tHe bt &f PEEFEr s 2D TRESEA Ml he

treated beforgmd hei 48£y8! hangf at Persexedthen 180l Wkrernt Ih -which at
least the oxidation solvent and the <cycloaliphatic
hydrocarbon are insoluble, further characterised in that
the extraction of the diacids is <carried out 1in a

countercurrent-flow liquid/liquid extraction column.

2. Process according to Claim 1, characterized in that
the oxidation solvent that is lipophilic in nature 1is a

monocarboxylic acid.

3. Process according to Claim 1 or 2, characterized in
that the reaction medium derived from the oxidation step is
fed into the extraction step under given temperature and
pressure conditions so as to “maintain the cycloaliphatic

hydrocarbon in the liquid state.

4. Process according to one of the preceding claims,
characterized in that the extraction of the diacids 1is
carried out under given temperature and pressure conditions
so as to maintain the cycloaliphatic hydrocarbon in the

liquid state.



CLAIMS 1. Process for producing dicarboxylic acids by oxidation with oxygen
or a gas containing oxygen of a cycloaliphatic hydrocarbon in the presence
of an oxidation catalyst and of an 9xi§a{ion solvent that is lipophilic in
nature, characterized in that it conprises a step of extraction of the

di carboxylic acids formed in the oxidation step, consisting in carrying
out, in liquid phase, an extraction of the diacids u5|ng,a first extraction
sol vent i+ whi REPGESS | 3RECEHEND x| it i s6ifvehheanBreRedapsl oalrpRati c

hydrocar %ﬁ‘aﬁé&éf‘fé’é&'b'fn furlper gharacrefi sg %%SVEPSB 5?%%9""%' on of

t he di aci Is carried out in a countercurrent I qui iquid

extracti otheodrumiro ;Ehsb@35$oamemtds| ngnt ah€@ agmodp chanacisinrigedatart hat

t he OX|dat|on solvent that is lipophilic in nature is a nonocarboxylic
acid. 3. BPOcRLL %Q%rdlng to Claim1 or 2, characterized in that the
reaction nmediumderived fromthe oxidation step is fed into the extraction
step under given tenperature and pressure conditions so as to maintain the
cycl oal i pﬁati cProgesoc@adserdimg heol i@ idn sbat echaraPrecessdacigor dhag to one
of the prece % g clalnsactchgrac erh ed in %hat the extraction of the

di aci ds i8¢ cattTedout 2 ThyeY Ven eﬁpeV% Tre and pressure conditions so
as to maintain the cycloallphatlc hydrocarbon in the liquid state. 15 5.
Process according to one of the preceding clains, characterized in that the
first extfacti %?P%W%entaq@rcb%entpr or®Rl arfsol GRALESi n 1 he t§r ouf

conpri si ng, g{‘%@{er ahﬁ"*%?llast 5 s&&’ﬁ&?éx@?ﬁ?"t@ Eg stocivgrf’é ”1% added

characteriz N t rst extraction solvent is water rocess
accordi ngtdo mnnatﬁxﬂianﬂmbﬂ.tstd@, chddacteronead ertthatiansesobdent
extraction solvent is a %ﬁ

being non-miscible with the first extraction solvent, and

not solubilizing the diacids formed.

8. Process according to Claim 7, characterized in that
the first and the second extraction solvents are fed into

the countercurrent extraction column.

9. Process according to Claim 7 or 8, characterized 1in
that the second extraction solvent is chosen from the group
comprising acyclic or cyclic, saturated hydrocarbons, and

aromatic hydrocarbons.

10. Process according to Claims 7 to 9, characterized in
that the second extraction solvent 1is the cycloaliphatic

hydrocarbon to be oxidized.

11. Process according to one of Claims 1 to 10,
characterized in that the oxidation medium is fed into the
extraction column at an intermediate position between the

two ends of the column.



to the extraction step, said second extraction solvent being non-mscible
with the first extraction solvent, and not solubilizing the diacids forned.
8. Process according to Claim7, characterized in that the first and the
second extraction solvents are fed i nt0® The countercurrent extraction
colum. 9. Process according to Caim7 or 8, characterized in that the
second extraction solvent is chosen fromthe group conprising acyclic or
cyclic, shBuraPedchydr oz@epdbAsngande #Hhatdic W@ oPaElsEds N0 ClpisGess
accordi ng

orvent TSP PRE ELERaER Bnar et KOG BUAFRRALPomb ot APSIRE I Sy onss |

according to one of Clains 1 to 10, <characterized in that the oxidation

mediumis fed into the extraction colum at an internedi ate position
between thé- tRBOERAS BFCPRELREI HANONE 26 Th9 PPF6EE48Jacd8idtng to one of

the pr eCEQBQQalgjcéiﬁ)HEed chacagterheedyblohhRhnkNesh¥AEQERr BORN $1hd

cycl oal kane. . Process according to one of the preceding clains,

char act er gzedpi aonpaisihe cyclohkkane asdchyséndbdematke group conpri si ng
cycl ohexane and cycl ododecane. 14. Process according to one of the preceding
clainms, characterized in that the solvent is chosen fromthe group

conpri si ng4MoNPEEOXY| d6cacdtsgt hed agr: | iqrophibld C pirRceinky € c1eawgr,i si ng
from7 to 20 carbon atons. 15. Process according to one of the preceding
claims, e€haracterized iif ttat tHee| FpopaNEi ésacihgsady ef ksERSf GEMULL he

group conprjsing. hexanqj i 2nt anQi g ac o] noi Ld :
2-ethy|hgggﬁéfégéggd,ﬁﬁgﬁgggkgx 2?%, Qggggno%gagcig%gun&gg§%ggél§ci&?
dodecanoi sagard, steprisingcifdonolt adecanenebani dromsd t heir pernet hyl ated
derivatives (conplete substitution of the hydrogens of the nethylene groups

with the methyl group), 2-
15. Process according to one of the preceding claims,

characterized in that the lipophilic acids are chosen from
the group comprising hexanoic acid, heptanoic acid,
octanoic acid, 2-ethylhexancic acid, nonanoic acid,
decanoic acid, undecanoic acid, dodecanoic acid, stearic
acid (octadecanoic acid) and their permethylated
derivatives (complete substitution of the hydrogens of the
methylene groups with the methyl group), 2-
octadecylsuccinic acid, 1,5-ditert-butylbenzoic acid, 4-
tert-butylbenzoic acid, 4-octylbenzoic acid, tert-butyl
hydrogen orthophthalate, naphthenic or anthracenic acids
substituted with alkyl groups, preferably of tert-butyl
type, substituted derivatives of phthalic acids, and fatty

diacids such as dimer fatty acid.

16. Process according to one of the preceding claims,
characterized in that the catalyst is chosen from the group

of transition metals.



oct adecyl succinic acid, 1,5-ditert-butyl benzoic acid, 4- tert-butyl benzoic
acid, 4-octyl benzoic acid, tert-butyl hydrogen orthophthal ate, naphthenic
or anthracenic acids substituted with,alkyl groups, preferably of
tert-butyl type, substituted derivatives of phthalic acids, and fatty

di acids such as diner fatty acid. 16. Process according to one of the
precedlng clains, characterized in that the catalyst is chosen fromthe

group of 1{rafioGess nefapsding1£o 191aproddys GhebraFRE1EEAA M nthat

character{ged dapahhak  {bhepgatal Yol héne@a@geommeeae%gtllencqmmay on
with a co-catalyst chosen fromthe grodp conprising cobalt, chrom um

Z|rconlun¢0h©¢h@hM$hndChp®ﬁnaldhexmr the cgmbmmmnqnmpniﬁlmqocegbaétcord|ng
to one of the recedln c ai ns, ﬁh racterizEg in that the dicarboxylic

aci ds proﬁﬁﬁ%% We  EESERHlm t 8%8?83p ¢otpri $irMg adfpPeacid, sulcinic

acid, glutenptnaeidn.dodecanedi oic acid and/or a m xture thereof.

18. Process according to one of the preceding claims,
characterized in that the dicarboxylic acids produced are
chosen from the group comprising adipic acid, succinic
acid, glutaric acid, dodecanedioic acid and/or a mixture

thereof.



