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MAKI NG CARBOXYLI C ACI DS *159159* The present

invention relates to a process for producing
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process for produci ng carboxylic acids by OX|dat|on

of a hydrocarbon wth oxygen or a gas containi
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i nportant chem cal conpound used in many fields. *159159*

Thus, adipic acid can be used as_an additive in many

produdte  BEERSNT t REVEREAOst £E3aSe5andCin coﬁEP@FéS for

How \vefuc 10Re c@frada@lrmstadlmmrtant 15 uses |s its

applhéftlon a§ﬁ3 mononer in t g uctjon £

Spoly di nd"pot ylﬁaeﬁ%la%% and p%?ya?n d8§ocess oF

Sewﬂkahupnmpesse&bkondpkoduaqm@sad|pbc acikd dagven beerf a

ort ,
T Pon i oo, conel SUa i eRT P 3y dgnr an

| n eo1ea dnox%pgrép@@,}aréycrt@hémeowiaath@rkt9Fecm€lohexane

cyclphexanel /446 .ohexanone with a gas contai ning

oxygen or wth oxygen. After extraction and
1Opurificatlon of the cycl ohexanol /cycl ohexanone
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processes are described In particular in patents FR
2,761,984, FR 2,791,667, FR 2,765,930 and US
5,294,58%ral processes for producing adipic acid have

been proposed. One of the most important, used
20 industrially on a large scale, consists in oxidizing,
in one or two step(s), cyclohexane to a mixture of
cyclohexanol/cyclohexanone with a gas containing oxygen
or with oxygen. After extraction and purification of
the cyclohexanol/cyclohexanone mixture, these compounds
25 are oxidized in particular to adipic acid with nitric

acid.

However, this process has a major drawback
associated with the formation of nitrous vapour.

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

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

Generally, the reaction is carried out in a solvent
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Generally, the reaction is carried out in a solvent
[T 11 11 11l medium the solvent being a

nonocar boxylic acid such as acetic acid. Qher

sol vents have been proposed,_for_ instance the
carboxylic acids that are lipophilic in nature,
described in Patent FR 2,806,079. 5 Many patents have

desediked e eperadihbeangdid | AdSocd okl Scr8agdi 8ch as
and also the,various steps for extracting the acids

f oPfSd LR FEGT nd tkem S0t WSs  Pelgcl RRR { REOPOsed, for
nornn@tiaticze dt hy droecdndxorl iandatheés thatat akgstlipophilic in

Ho r.. Inthi ti reactj on, -products  form
i s e st L ST B R e The
yield of the process. Anong these, by-products 15

cont aiiiRY At altcohpl, U@&élcjﬁzp%ec?uEl?ﬁgép@i‘SjcQHSX@BHhtiﬁions

are particularly harnful. ct, y can react w
t héodci d&ifor Aedctdenas ang girvéCestdées HadirHgs s6eps for

gr eadtlpia dacieasget he el doohelecoyuaried, iGay bey¥hi Gand also
acids. According to the nethqod of extraction and of 20
sef&AGIIR %D thE acP@® offdiester s PyPEosprkey  and  the
rexatladdstwi th t he non-oxi di zed hydrocarbon or are
entrained with the recovered acids. The presence of
esters in the reaction nediumcan result in a
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resulting fromthe oxidation of these esters.

pr oBi%eA of O&st % or RECCERSi-s alPORBe rotese,  by-products

subsinantiindingsi age alkehei daihopisAckueh iss | e98loBBxanol,
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carthexybhctdacifisrnmd, osbdais oroof ghydr eearebensandi nthus to

ox%&%%tﬁ&'ad%%}ease the vyield of recovered carboyxlic
acids. According to the method of extraction and of
separation of the acids, the esters are either recycled
with the non-oxidized hydrocarbon or are entrained with
the recovered acids. The presence of esters in the
reaction medium can result 1in a decrease in the
activity of the <catalyst and especially in the
formation of unwanted by-products resulting from the
oxidation of these esters.

The problem of ester formation is all the more
substantial since the oxidation reaction 1is 1less

selective for acids.

One of the aims of the present invention is to
propose a process for producing carboxylic acids by
oxidation of hydrocarbons using oxygen or a gas
containing oxygen, in which the harmful effect of the
esters formed is decreased.

To this effect, the invention proposes a process for
producing carboxylic acids by oxidation of a
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35 contai ning oxygen, in which the harnful effect of

the esters forned is decreased. To this effect, the

i nvention proposes a process for producing carboxylic

aci ds by oxidation of a hydrocarbon with oxygen or a

gas contai ning oxygen, in the presence of a

nmonocar boxyl i ¢ aci d- based sol vent and of an oxidation
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In order to perform the hydrolysis, water can be
added to the medium to be treated. However, this
addition of water can be eliminated if the amount
present in the medium or the water added with the
strong acid is sufficient.

As strong acid that is suitable for the invention,
acids having a pKa of less than 2 are preferred. By way
of example, mention may be made -of sulphonic acid,
sulphuric acid, nitric acid, hydrochloric acid,
hydrobromic acid, orthophosphoric acid, triflic acid,
or the like.

Generally, the amount of strong acid added 1is
defined so as to have a concentration by weight of less
than approximately 10% relative to the weight of the
reaction medium, preferably of between 0.1 and 10%,

advantageously of between 0.1 and 4%.
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General ly, the anount of strong acid added is 35
defined so as to have a concentration by wei ght of

| ess than approximately 10% relative to the wei ght of
the reaction nedium preferabjy_of between 0.1 and
10% advant ageously of between 0.1 and 4% In one
enbodi nent of the invention, the strong acid is added
in pure form preferably in the formof a

concentrat ed sol uti on C t o anot he ,
enbodient" of ei“hSdﬁﬂ%ﬁt © /3\ it He‘g‘é‘?ri%‘b“'acF ©j §t3888q acid
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possi ble to carry o 10 hydrol ysis under idea
conditions and to be able to readily separate and
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sufficient, an additional anount of water |s added to
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two phases, an aqueous phase and an organic phase. This
separation by settling out 1is obtained or promoted
directly by cooling of the reaction medium, when the
concentration of water present in said medium 1is
sufficient to obtain the formation of two phases. When
the amount of water present 1s not sufficient, an
additional amount of water is added to the reaction
medium before carrying out the separation by settling

out, before or after cooling.

In anocther embodiment of the invention, the
extraction of the carboxylic acids formed can be
carried out by means of a liquid/liquid extraction by
treatment of the reaction medium derived from the
reactor with an extraction liquid.

The monocarboxylic acid solvent present in the

reaction medium 1is advantageously insoluble in the



35 treatnent of the reaction nmediumderived fromthe
reactor with an extraction |Iiquid. The nonocarboxylic
acid solvent present in the reaction nediumis
advant ageously insoluble in the - 5 extraction

liquid. For the purpose of the patent, the products
are considered to be insoluble in the extraction
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carried out after el1 m_nation, by  evaporation or
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According to a preferred embodiment of the

invention, the treatment with a strong acid is

advantageously carried out after elimination, by

evaporation or distillation, of the organic compounds

25 exhibiting a boiling point of 1less than or equal to

that of the alcohols and/or ketones formed during the

oxidation reaction. Thus, in the case of the oxidation

of cyclohexane, the cyclohexane that has not reacted,

and all the organic compounds formed that have a

30 boiling point less than that of the alcohol and of the

ketone (cyclohexanol or cyclohexanone in the case of

the oxidation of cyclohexane), are separated from the

medium by distillation and, preferably, recycled in the

oxidation step. The alcohol and the ketone

35 (cyclohexanol and cyclohexanone) are also separated and

recycled during this step. However, the treatment with

a strong acid can also be carried out on the reaction

medium before the separation by distillation of the



the oxi dation of cycl ohexane), are separated fromthe
medi um by distillation and, preferably, recycled in
the oxidation step. The al cohol and the ketone 35
(cycl ohexanol and cycl ohexangng) _are al so separated
and recycled during this step. However, the treatnent
wWth a strong acid can also be carried out on the

r eastd Ot c nesthpn e des e sepasabd on by distillation
of the organi c conpounds descri bed above. According to

anot her enbodi ment of the invention, the treatnent
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no Roxylig, solvent. The 20 separation of the

al cohol s” forned, such as cycl ohexanol in the case of
t he oxi dati on of cycl ohexane, is advantageously
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30 extraction process and device, .the oxidation

sol¥entt™¢ or af#g t A& oFf&ni €¥pRASéon of cyclohexane, is
advantageously obtained by distillation. The

monocarboxylic solvent is recycled after separation-of
the acids formed during the hydrolysis. This separation

25 1s advantageously obtained by extraction of said acids
formed, with a solvent, such as water. It is carried
out either by addition of the extraction solvent and
separation of the aqueous and organic phases by means
of separation by settling out, or in a liquid/liquid

30 extraction process and device, the oxidation solvent
forming the organic phase.

The alcohol (cyclohexanol) separated is
advantageously recycled at the oxidation step. The
medium obtained after separation of the alcohols can be

35 treated so as to recover the carboxylic acids present,
by precipitation, crystallization or any other method.

Advantageously, the oxidation solvent present in the

medium obtained after separation of the alcohol 1is



The al cohol (cycl ohexanol) separated is

advant ageously recycled at the oxidation step. The

nmedi um obt ai ned after separation of the al cohols can

be 35 treated so as to recoverythe carboxylic acids
present, by precipitation, crystallization or any

ot her nmethod. Advantageously, the oxidation sol vent
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In a particular embodiment of the invention, when

25 the strong acid is nitric acid, the alcohol formed by

the hydrolysis of the esters is oxidized to an acid in

the hydrolysis medium. For this, an oxidation catalyst

can be added to the hydrolysis medium and the amount of

strong acid added may be greater than 10% by weight.

30 The medium obtained containing acids is added directly

in the step consisting of crystallization of the

dicarboxylic acid, without any step of separation and
recovery of the alcohol.

The reaction medium is generally obtained from the

35 oxidation, with oxygen or a gas containing oxygen, of a

hydrocarbon, more particularly of an arylaliphatic

cycloaliphatic hydrocarbon such as cyclohexane or

cyclododecane. The oxidation reaction 1s generally



30 The nmedi um obt ai ned containing acids is added
directly 1in the step consisting of crystallization of
the dicarboxylic acid, w thout any step of separation
and recovery of the al cohol - ghe reaction nediumis
generally obtained fromthe 35 oxidation, wth oxygen
or a gas containing oxygen, of a hydrocarbon, nore
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The expression “lipophilic acid compound that is
suitable for the invention” is intended to mean
aromatic, aliphatic, arylaliphatic or alkylaromatic
25 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
30 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
35 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
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'ess than y wei ght at anbient tenperature
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2d rom t R@vantageously, the solvent 1is chosen from those
with low water-solubility, i.e. that have a water-
solubility of 1less than 10% by weight at ambient
temperature (10-30°C).
However, it is possible, without departing from the
25 context of the invention, to use a solvent having a
water-solubility that 1is 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
30 oxidized, the oxidation intermediates and the
nonorganic phase comprising the water formed during the
oxidation reaction makes it ©possible to obtain a
concentration of the solvent in said aqueous phase of
less than 10% by weight.
35 The oxidation 1is in 'general carried out in the
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,
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20 According to a preferre
i nvent i ontea¢hor at @l §3Fri/@dei’s- sol ubl e in one of

thegedmdiy ato a preferred embodiment of the invention,
the catalyst used is soluble in one of these media at
ampient 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
under consideration.

In the <case of a heterogeneous catalyst, the
catalytically active metal elements are supported or
incorporated in or into a microporous or mesSoporous
mineral matrix, or in or into a polymeric matrix, or
are 1in 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
porous structures under the conditions of the
oxidation.

In a preferred embodiment of the invention, the
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20 1 MyESghthes 1iqf@D R€dium, more advantageously it can be
between 2 and 50% by weight of the liquid medium.

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

25 particular have the effect of improving the
productivity and/or the selectivity of the reaction of
oxidation to adipic acid, and in ©particular the
solubilization of the oxygen.

As examples of such compounds, mention may in

30 particular be made of nitriles, hydroxyimide compounds,
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

35 to the family described in European Patent EP 0824962,
and more particularly N-hydroxysuccinimide (NHS) or
N-hydroxyphthalimide (NHPI), halogenated derivatives

such as dichloromethane, and fluorinated compounds such
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al cohol ch as’ 15 perfluorohexanol o

perfluori‘o]d&wtecberqlf udraEr fluorinated nitriles such as
20 perfluorocacetonitrile,

- fluorinated or ©perfluorinated acids such as
trifluoromethylbenzoic acids, pentafluorobenzoic
acid, perfluorohexanoic acid, perfluoroheptanéic
acid, perfluorococtanoic acid, perfluorononanoic

25 acid or perfluorocadipic acid,

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

- fluorinated or ©perfluorinated amines such as
perfluorotripropylamine, perfluorotributylamine or

30 perfluorotripentylamine.

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.

35 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



nonanol , perfluorodecanol, perfluoro-tert-butanol,

per fl uoroi sopropanol or 1,1,1, 3, 3, 3-hexafl uoro- 2-
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as 20 perfluoroacetonitrile, 1kl uwori nated or
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Advantageously, the 1ligquid reaction medium that has
20 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

25 catalyst and the acid compound.

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

30 hydroperoxide, 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

35 having a critical value. The initiator 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 in the




or less enriched with oxygen nmay al so be used. The
anount of oxygen supplied to the nmediumis 15

advant ageously between 1 and 1000 nol per nole of
conpounds to be oxidi zed. The pxidation process can be
carried out continuously or according to a batch
process. Advantageously, the liquid reaction nedi um
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20t E%mpletely miscible at low temperature) and an aqueous
liquid phase containing essentially acid by-products of
the oxidation and the water formed. The catalyst may be
in one of the organic phases if it is soluble in said
rhase, or in the lower aqueous phase.

25 After filtration or centrifugation of the solid, the
organic and aqueous liquid phases constituting the
filtrate or the centrifugate are separated, if
necessary, by settling out: the organic phase(s) may be
recycled in a further oxidation reaction.

30 It may be advantageous, prior to the operation
consisting of crystallization of the acid, to
concentrate the reaction mixture.

According to a second variant of the process, the
final crude reaction mixture can be withdrawn under hot

35 conditions. The reaction mixture then separates by
settling our into at least two liquid phases: one or
more organic phases containing essentially the

hydrocarbon that has not reacted, the acid compound and
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insoluble, along with the solvent used in the oxidation
step. '

As above, the <catalyst may be in the organic

25 fraction and will be recycled into the reaction medium.
It may also be in the fraction containing the
carboxylic acids, referred to, in the interests of
greater simplicity, as the aqueous phase. The catalyst
is recovered according to the usual techniques listed

30 above.

According to the present invention and a first
embodiment thereof, the step consisting of hydrolysis
by addition of an acid and maintenance at temperature
is carried out on the reaction medium before separation

35 of the carboxylic acid or on the medium recovered after
separation by settling out or filtration of the
crystallized acid.

According to a second embodiment of the invention,



crystallization of the acid fornmed, in the case of a
het er ogeneous catalyst, or, if it is soluble in the
aqueous phase, extracted by liquid/liquid extraction,
10 on resin, or electrodialysigsg As in the first
variant, the liquid phases are separated by settling
out: the organic phase(s) can be recycled in a

further ng¥irdalisaR eaceon s tRAGGONH NG #oied thit doy addition
variant of the process of the 15 jnyentign, the |,

¢ eaPEi oAn metF thh Vi hariun SEPGRATRS  eARHGr ARABR:RotPhase,
condefoans tie afreerycidolg nonts thet roxlidediont ceacstoap and

con§%§§igg19&igég#EqIIiquid extraction of the

car Ica ormed. The extraction liquidis
gener alhy thiesendiver ¢mbodiventde 20 H@YIPS crdreanageous to

sol ubbeythe ergani ¢ CoIROUNds:tidly HOCAIDOSSyong acid, the
al cohol, ketones and esters are_ insol ubl al ong wit

, e h
t he CXGPPARt CPFRPUNTS: He@Xi @8t FBR NYCERcaab BRIt (s not
gat &b}é&ttlee{gy_tt}eei arl]E:BﬂoQég?dﬂcﬁ kg_ﬁoﬁé@C}ﬂdﬁ’inémdﬁﬂﬂ |ball the
e recycled into the reaction nedi um t y al so be .

'n ORGEFr RAGDI onbar hifig o He T CHIboRGHTE dEras, than said
10 ef encetolle, iamd h&dtdrersest saraf  grea@t ethsi npbhocéyboxylic

as th eous . phas The is r .

accSP W%ggfo tﬁg us%%l F&gﬁﬁéﬁgggq?stéﬂ&ﬁg%%%%%Ve.Of the

Accangieng 1od -t he present invention and a first

enbodi mant theseof , vhheoskep epBSHshiR8sQf hydeol ysksovered
by addition of an acid and mai ntenance at tenperature

i's CAFPPEY GG B AR eBet PUR e GPum P&y to the usual
1Sep&@@hhg@u%5(HeddﬁihéﬁbomyhbﬁyaddiwmemM$Jiﬁbﬁmm&ample by
recover .ter . separation by settli.ng,out or .

{11 CEAETOT 0P AT ryat al FRTEY ot AECORdi g ¥b a¥2rous
secoond vemicdi sect ofs twetényvencietnc -adid e other organic
hydral,ysi s 0=t .est . i t addj ti :
OsNa T eSS LAt Blodidhl) Brcicuier
bef sles aridadecyéhi ngFrapeht hePakxewat i oNGeacttor’4%agd® and

20 2,749,300.

Similarly, if the catalyst is not entirely recycled
with the organic phase, and is partly or completely
extracted with the aqueous phase, it will be
advantageously extracted from the aqueous phase by

25 various techniques, such as liquid/liquid extraction,
electrodialysis, or treatment on ion exchange resin,
for example.

The process of the invention makes it possible to
limit the formation of Dby-products that are in

30 particular formed by the oxidation of the esters if the
latter are not eliminated before the recycling. In
addition, the elimination of the esters and the
limitation of the formation of by-products make it
possible in particular to maintain the activity of the

35 oxidation catalyst and to facilitate the extraction of
the diacids formed from the oxidation medium.

Other advantages and details of the invention will

become apparent in view of the examples given below,
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optionally water. 5 In these two enbodi nents, it nmay
be advantageous to separate, prior to the addition of
the strong acid, the organic conpounds such as the
hydr ocar bon that has not reagted, the al cohols and
ketones forned and all the other products having a
boi ling point |Iower than said 10 al cohols and ket ones,
angrals eyt heyefodadi@aticn. sol vent, in an

advant ageous enbodi ment of the invention. In these
various enbodi nents, the recovered carboxylic acid
caExeenpiwd fli-d saecdr-#i:ng to the usual 15 techni ques
descri bed i n many docunents, for exanple by
crystallization and recrystallization fromvarious

sol vent s s@adided iwat:er, acetic acid or other organic
sol vents. Purification processes are in particular
described in French Patents No. 749, 299 and 20

2, ﬂﬂ%:ﬂﬁ)CQ@%ﬁqzﬁ?%ﬁahYd¥%E@ca¥%7y%tOﬁsaHSFlénPFﬁgv 230 g

reqyffl t@gicwhéia?haeta@{ogamﬁ @E@ie,cj?@ﬂokhéimﬁéy thltlator)
ete xtracte t he_aquequs phase, it.w

5%ﬂv%L¥%% oti8l tggitﬁaaFF821 ﬁg Cadiied ha§esﬁlrred
25 atar ilds’ a ecmdequesa suessaxd i el d/20G qwrd and under a
ex%%%ﬁhﬁﬂbuselgf#égﬂ'a£¥s §G‘N'ééﬁ%gfﬁgﬁ %99ogen and

excnange resin he process
|n\ﬁ@mq€0'n mBE&S T t 5Podsi DY e Ay rﬁl?V?heb?%lFrré%qrtﬁW%ﬁd a

%}&%@ﬁéﬂatsoqr&ﬂdh 3Bdpapt i syl ariber red bieddie acid
oxi dation of the esters if the latter
el | $AHeR I HEf of e 1B he WecyB2$Hg. OFn ‘5§E§Vionar?heln3e0ted
el i gamain iy t h@h@sls-rzél apd the rkbsitbat bennof malietained
formation of Qﬁg oducts make it ossible in

in

par T 1 o THE NEEPTCLRD. AR 5 e TRl in & glass
oxi txtemra ol ahysttaimked catf dt01Gtate the extraction of

thep aﬁ% a:?éQétI%‘i mﬁﬁxé{a)@@ gBﬁtmgegn nog%qlluga gsh(?ﬁstllled

advant ages_ an rnvention will becone
appaedsr vacwrmw 20t héd eXanpt stgi Ved BéFéMIOUtl?f 4 mass

of 2340 g involved in the distillation, a distillation
bottom product of 510 g 1is recovered. This bottom
product constitutes “the reaction mixture after
distillation of the light products” treated in
Example 1-A below.

For Example 1-B, the reaction mixture used is the
“reaction mixture after distillation of the 1light
products” above that has undergone further elimination
of the cyclohexanol/cyclohexanone (hereinafter referred
to as “olone”) compounds by azeotropic distillation in

the presence of water.

1-A Hydrolysis without catalyst

The hydrolysis of the reaction mixture after
distillation of the light products (18.6 g) is carried
out in the presence of H,0 (7.2 g), i.e. a water/ester
molar ratio = 77.5. The mixture is stirred at 115°C for

18 h, with continuous elimination of cyclohexanol using



only by way of indication. Exanples 1-A and 1-B: 5 -
Oxidation: 4 g of cobalt tetrahydrate, 357 g of acetic
acid, 290 g of cyclohexane and 3.6 g of cycl ohexanone
(initiator) are placed in a-13% 1 reactor. The

m xture is stirred 10 at 105C under a pressure of 20
bar and under a continuous stream of gas contai ning
ni ta oypeamnsita okyoeppaMites. 50 1 of oxygen have been

consuned, cycl ohexane sol ution and.a solution o
ace ?%eﬁcﬁﬁes on?%?ﬁ%ﬁboﬂ?l%%gf nﬁgsngECSMSﬁ?hSng esters
i nj gce eydBotpsednuously, the level in the reactor
bei ng mai ntained constant. The reaction nmass is
recovered in a glass receptacle nmaintained at 70C
SThel TRaBYIHAl B &P utle EomtPresenty obtai pedalwust
distilled wunder vacuum (120-145C, 0.6 to 0.3 bar).
Qut_of a mass . 20, of 2340 g involved in the
di sti¢| at%‘?r?ojay%ﬂ%ti 195t i oM Dot tRRPrRIuct HxByE g after
i s decoveIgtiodhi Sfboth@g\ l@@?ﬂfducbl@@@%ttis:] Utalﬁﬁi 'I:]tal'\ﬁeotropic
reaction pixture after Lsti ti of the light
pro h%?%lir%fje%?e(ﬁ%i nt%%xghrﬁpg 1&§ 'gagl%I/\L 155 T’-%I?rled out in
10Ex avipe e pleeBentdee p€adizlon (b xturee usedlusinhhe 4.8 g of 2N
"r j ' - ft distillati it i ght °
prggﬁé%gg g%gEEE?RZf ﬁgg;dﬁ%%%%%%eggu%%ﬁégﬁg*i%?n% Foﬁ #Or
of thehcybibRegaR6ENEPEFORIAAGAS IOReOd fafalehexanol using
ref grrpgant ot ask” ohPperateonpounds by azeotropic
distillation in 30 the presence of water. 1-A
Hydrol ysis w thout catalyst The hydrolysis of the
15r eadhdon thaser eonliteton859dksbifl tatel @yfordi®ll igders are
r 18.6 g) is carried out in the presence of
E98€¥§£§1%?$di.e. a water/ester nolar ratio = 77.5.
The m xture is stirred at 115C for 18 h, wth
CONg ebif [ of cycl ohexanol using - 18 a
"Dg%ﬁ%%?g§i"ba§L£?%ﬁ€£?'Lmder t hese conditions, 20% of
t he cycl ohexyl esters

20 In these examples, the “reaction mixture 1leaving the

reactor” is obtained as follows:
522 g of cyclohexane, 55 g of tert-butylbenzoic acid
and 6 g of cyclohexanone (initiator) are placed in a
1.5 1 reactor. Manganese and cobalt are added in
25 respective amounts of 50 and 20 ppm by mass.
The mixture is stirred at 130°C, 20 bar, for 150 min
under a continuous stream of gas containing nitrogen
and oxygen. After 63 1 of oxygen have been consumed,
the stream of gas is stopped, the mixture 1is cooled,
30 and the reactor is depressurized. A mass of 300 g of
water is added to the reactor with gentle stirring. The
content of the reactor is transferred into a settler.
After separation by settling out, two phases are
recovered: a lower phase, referred to as aqueous phase,
35 which contains essentially the diacids produced and the
catalytic metals, and an upper phase, referred to as
organic phase, which contains essentially cyclohexane,

tert-butylbenzoic acid, cyclohexanone, cyclohexanol and



are hydrolysed. 5 1-B Hydrolysis in the presence of a

catal yst The hydrolysis of the reaction m xture after
distillation of the Iight products and azeotropic
distillation of the olone (15.133%9) is carried out in

10 the presence of H20 (12.1 g, including 4.8 g of 2N
nitric solution) . The mxture is stirred at 127C for

18 dhavt tihy oorbduciosiso £l ¢ e nedd O Of, Cyet Dh@XAfOobsters.
using a "Dean-Stark" apparatus. 15 Under t hese

condi tions 90% of the cycl ohexyl esters are

hy dz ed yisedir o Exaihgpl et 12- Puantli 2= BIRROL 60 tdeses

exanpl es, the "reaction mxture [eaving the reactor”

is obtained as follows: 522 g of cycl ohexane, 55 g of
Stert-butThdenydirelnsis clnthe geefttépol ohexamendeaving the
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and cobalt are ad respective anmpunts o
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baraldeicH 5Aneier M@ehaﬁ\eC@’ﬁﬁd&b@d@ RREE80 Of1 GAS g). The

containing nitro en and y . ter 63 1 of oxygen
ha\}%l%%‘érngcjo?]s% ed {3 @F (gaﬂ?’é das is stopped, the

lmﬂ)@mmexlStheséedcoﬁﬂlaﬁ@nbheIﬁyﬁﬁdxlmétely 30 of the
dep . S water is added to
theéfégéﬁ%ﬁg\ﬁ%%git?gs%?grgl Secll'he content of the
reactor is transferred into a settler. After
separitl Qi Oy SE5 thi g Bito1 1M0 PRABES ALS:ing ecovered:

a |ower phase, Teferred to as agueous phase, 35 which
contains essentially the diacids produced and the

15cat al yt iiEhérE}ﬁ?diﬁol@.ﬁﬂs asfupher rphaseonr Qlﬁ&ﬂ:ﬁﬁfé Ll@a&fing the
org ni i h contalns ssentjal | Io exane

ter ylszﬁz% gml& AFH SexBhont” & SI &oanole °f Ha0
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20 cyclohexyl esters are hydrolysed.

Example 3: Hydrolysis in the presence of H»S0,4

The hydrolysis of a reaction mixture after
25 distillation of the 1light products corresponding to
that used in Example 1-A (2.6 g, including 0.55 g of
esters) is carried out in the presence of H;0O and H,SO,
(1 g of water, including 1% by mass of H;304). The
mixture is stirred at 160°C for 12 h.

30 Under these conditions, approximately 85% of the
cyclohexyl esters are hydrolysed.

Example 4 - Hydrolysis with Amberlyst A3l resin

35 The hydrolysis of a reaction mixture (10 qg)
corresponding to Example 2A and after distillation of
the compounds having a boiling point lower than or

equal to that of the acid solvent tBBA is carried out



(5.14 g) and of a sul phonic resin sold by the conpany

Al drich under the nane Purolite NRW60 (1.01 g)

m xture is stirred at 80C for 4 h. The 10 Under these
conditions, approximately 30%gf the cyclohexyl

esters are hydrol ysed. 2-B Hydrolysis with Purolite

NRWLEO resins 15 The hydrolysis of the reaction

M xinr ehkepdergridee of eaot Al (OF a&nlgs)riﬁstcaAB'ne&e@qh (sold

n the resence of )..an rolit
NRVE%O P EHeE Y eﬁs_lzw %‘Edo % ﬁ{léfn?gt gﬁegi ?fe H20. The
SthI&ﬂua¢ 1GOﬁEﬁbed4tb 100der, thede cordintucarns,elimination
appgexi mtel y, hex ters ar
hydéglygg1 gg%%gg§gggédro§§%ﬁ%9 I n tSl% res%nceﬁéﬁn Stark
5H28€Mp<‘:|'h@t%§/dr’5h9smexbtﬁr% teastionedi xtut@0aEt Bpr £5h.
di sghiibAl pBsef cbhasthaht péggu}e&gmgetewsr@%@d'dfg e esters

t hat used Exanpl e 1- , Including O, .

est 2FQ) |¥¥Q%R%Y%%douﬁ“¥h tﬁéepre§éﬁé@ 6¥aPQé)angormed is

H2SE8cotdrgdof water, including 1% by mass of H2SO4).

The mxture is stirred at 160C for 12 h. 30 Under

t hese conditions, approximately 85% of the cycl ohexyl
lO0estExsmpte hydribydsetlysExaimpl €hd préyenod yst sHMD1 h

Amberlyst A31 resin 35 The hydrolysis of a reaction

m xture (10 %) correspondi ng to Exanple 2A and after

di sThe¢| avdealppist pé éoﬁfﬁ@@ﬁg§nha\ﬂxﬁglr§ bidil4 iy psivitvalent

| oves tiaafap% mquakttee Hfiattl@ﬁawena@fd t?h@ \a%ghtt BBAducts
is carrlfd t he presence of

AnbiTyS széi F@?ﬁm (l§olc@rrﬂ3‘?dt r?éltcolrﬁoaﬁq*gﬁ ROFPFemee of HNOs
15Haasy &k ofin90wgtet HZLQ TThe Bt uie ithdeatkedehee of a

1006314 . COnL Pk LETL gD o ARecYELohesanobou

is @mdrNeMOaI 1OOC for 4 h. Under these conditions,
apPERX! Pk Eh¥e 9020 OF 5 EREQ CRLET S ke hyopol ysed and

t he exanol formed Is recove
Un er these conditions, the esters are completely

20 hydrolysed and the cyclohexanol formed is completely
converted to adipic acid.



10 Exanple 5 - Hydrolysis in the presence of HNO3 The
hydrol ysis of a reaction mxture (1.4 g) equival ent
to Exanple 2A, after distillation of the |ight

pr e@dueions /Al s the t BBA, Lsogarried out pbd/#R8003/003198
presence of HNOG3 15 at 60%in water (10.1 g) and in

the presence of a catalyst consisting of a snal

anmount of Cu(N03)2, VOBNH4 and NaNCO2. The m xture is
stirred for 1 h at 70C. Und&EAdMése conditions, the
esters are conpletely 20 hydrolysed and the

cyﬁlohe anol fornmed is conpl ete con ertid to adipic

| et el
aeid. WBTEBGAT041765 - BLOCUBCRIFR6O3PE0HLSE CLAFKES bV
1. Procesdsdadrigor odficianghygdn boxyboe adicts dyygen or a gas
oxi dat i f.a. ro wi t h_oxy or as 5
SContaingﬁﬁﬁg§€ﬁg%f i%géﬁggbreséﬁCe ggga p%e €nceé  of  a
nmonocar Penpdarbecivd-Usasedcsdthaaedanddfveart oandatiadh an

Cata'yskpdﬁﬁﬁfﬁﬁieéé@§ﬁyé?,t%ﬁ% 3 ctkeR 20N SEHAY Af step
hydrolysis of the esters tforned is carried out %/ .
t r eat MERCTSE S{HES 2kt PYALReYBEmH 1f berdr €sérrpactewied is

of the carbaed i sutCils Ofch¥mehtedfeoheOfrd N8 ion medium

: organi c se derjved fromthe _reaction nmedium after
10extract ib%&%dv‘fetﬁﬁjcﬁﬁ?Bb%}l iougl BRfdSF R 5agids or by

Process taceamdinty 65 @hd notganbar goterd zadrinedt atom the
the Nydhol¥Rise,sS i iy G L% AUl V1 o RAGET LD LOEAS ) 5
ed of a aci ce

medi um to be trea strong and” mai ht énan
of sai dasddisurhogimesl. t enperature of greater than 50C,
preferably of 20 between 80C and 200C. 3. Process

acgording to Claim2, characterized in that the ,
15stFong &G0FSSS cRGSERHRHT adds Chaving-a CprRE2GFeFéggd in
than or tegual the 2. hgdrdlyProcessepccalsdi nhd0idd aigue by
2;r?ie8%a %ﬁﬁ%&f@ghg g %E%Edgn%gtégn%rggkgdl%f a strong
acid and maintenance of sald medium at a
temperature of greater than 50°C, preferably of

20 between 80°C and 200°C.

3. Process according to Claim 2, characterized in
that the strong acid is chosen for acids having a
pKa of less than or equal to 2.
25
4, Process according to Claim 2 or 3, characterized
in that the strong acid is carried on or attached
to an inert material such as a resin.

30 5. Process according to «claim 4, characterized in
that the resins comprising a strong acid are

chosen from the group comprising sulphonic acids.

6. Process according to. one of the preceding claims,
35 characterized in that the separation of the
carboxylic acids produced from the reaction medium
is carried out by means of separation by settling
out.
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to an inert material such as a resin. 30 5. Process
according to claim4, characterized in that the
resins conprising a strong acid are chosen fromthe
group conprising sul phonic achgs. 6. Process according
to. one of the preceding clainms, 35 characterized in
that the separation of the carboxylic acids produced
fromthe reaction medium is carried out by neans of

se arat'on settll out . . Process
ccordi h§oF ne%?%ﬁ%q% f?o%mecﬁ&a&%%®%&lﬁm 5,
t hat thehaepamatuaedofnhhe tmatboxhbl05@@b&&tﬁb@duQﬂﬂ the

fromth [ idm_ 5 j s opt i ned ,b . :

l'i qui d/ ﬁgg)l%g&é?(t%r gzbgd%n pr§ Y5 sonégtcfb%/d?%ag‘:ttjoo%rf@edlum
of the precbdiragedl diymd iqudhdilacted redrianttibat the
organi c phase obtained after separation of the

carboxylic acids and 10 hydrolysis of the esters is

refycl e§TreEeFRe 2GA NSt @pe 9f PhGCc axee erstiordli @t ims,

to one ehathetpieeedi Nith CLALES,thLh3F G54 EE %ﬁﬁslen é@@émed
t he orgaglc phase recqvered 15 after Separation of

di aci ds°f 6Ffed SPE3T&THPEct €F t FRF stFaTRAF ot Of ??&95 and
conpoundgdhaliyags aolfoi lthrg peitkird esis t hascyfle@fuadt the

to that formed during the oxidation
st ep, be?ggégﬁoﬁesgggroly3|s step. 20 10. Process

according to one of Clainms 1 to 8, characterized in

t hat th?r@E@@@'%cQQﬁ%ﬁ.EFQdeéﬁg off tef ﬁﬁ#ﬁ{lon ofgiaims,

the diacids forned is subjected to dist
the conpBaRASTRAVERE 2% a7t | Fhy pevAniceshasmanregovered

equal taeftbat ofepdieatdshd o@ vepheusethiddidde formed is
oxi datign, ste

bef or t drolysis.step. 11. _
Process ac&SFgéﬁg%tocgﬁgiﬁiﬁ O%régegpﬁg MRS Jppving
char act er bréd ing tdweintt hieeseci dsad oonedqgdaili ng tdat of the
alcohol formed during the oxidation step, before

the hydrolysis step.

10. Process according to one of Claims 1 to 8,
characterized in that the organic phase recovered
after separation of the diacids formed is
subjected to distillation of the compounds having
a boiling point less than or equal to that of the
acid solvent used in the oxidation step, before
the hydrolysis step.

11. Process according to one of the preceding claims,
characterized in that the acids formed during the
hydrolysis step are extracted from the medium with

a solvent for said acids.

12. Process according to one of Claims 1 to 9 and 11,
characterized in that the oxidation solvent
present in the hydrolysis medium is extracted and
purified before recycling at the oxidation step.



hydrol ysis step are extracted fromthe mediumwith a
sol vent for said acids. 12. Process according to one
of Caims 1 to 9 and 11, 35 characterized in that the
oxi dation solvent present in-the hydrolysis nediumis
extracted and purified before recycling at the _
oxidation step. - 23 13. Process according to Caim
11, 18har Broeeszechdavrdived the %Pégfhrlﬁﬁovgﬁggfgggﬁzed in
the hydr i's diymare m xed w e di .
extra%:/t egh#omthtgﬁeabu'%igat FSITO¥EdSIm drfdh tie  hydrolysis
oxi dat i oRefEERUML S5 ipfet ewexhr adtd ol ofidibe esticagicdsd from
14. Process ahaQdiing, t o008 of, 4 hgnprt%"eed'oﬁgdglci"cﬁs'medium
characterized in that the ggrocarJon.ls a
cycl oal KAREOTG 0S4 Bragk bersa acterdiagids. one of the
precedi ng cl ai s, char?cteri ﬁed in that the
cyc| pal kane is_chosen fromthe group conprising .
czcighexgﬁ%c%%%l 38§8F8&188e<§€né?ne_L5°ﬁ6FhF’r ®ceseding claims,
accor di ngha vactner died heipr eceihg €hai ™hydrocarbon is a
char act eéigfgai'}gaﬁgat the solvent is chosen from the
group conprising nbhocarboxylic acids conprising from
101 to 6 carbon atons, and acids 20 that are |ipophilic
N T UrigsoSIpraebogalhgmed it 20 CARPOR.BLONE; (17, ;.
Process according to one of the preceding*C S
char act €7 az]?ézi‘f:tr%‘gﬂﬁd% ftRe FiRpbpHile ccacildslag%eZSis chosen
chosen ffmom t heclgy oURyrGAIT | Hddh eXGRPI C I &hexan and
hept anoiccy(:alci L 400t aﬁgoi C aci d,d?rg)- et hﬁexgﬁﬁ C aci 5,
nonanoi ¢ AcH CWethoi ¢ acid, undecanoi ¢ ~acid,
15dodecanoi ¢ acid, stearic acid (octgdecan0|c aci d) and

t hej ivatives, 3 . ,
2- gcq'aggfﬁﬁécﬁ?%og%@ g,OS-O&iet &% -Hht yPB%_ﬁ?B%Eg claims,
aci d, 4-IEHaghasiasschzoh c theitd, tie osbyirberhzdisc chosen from

(8]

the group comprising monocarboxylic acids
comprising from 1 to 6 carbon atoms, and acids
20 that are lipophilic in nature, comprising from 7

to 20 carbon atoms.

17. Process according to one of the preceding claims,

characterized in that the lipophilic acids are
25 chosen from the group comprising hexanoic acid,
heptanoic acid, octanoic acid, 2-ethylhexanoic
acid, nonanocic acid, decanoic acid, undecanoic
acid, dodecanoic acid, stearic acid (octadecanoic
acid) and their permethylated derivatives,
30 2-octadecylsuccinic acid, 3,5-ditert-butylbenzoic
acid, 4-tert-butylbenzoic acid, 4-octylbenzoic
acid, tert-butyl hydrogen orthophthalate,
naphthenic or anthracenic acids substituted with
alkyl groups, substituted derivatives of phthalic
35 acids, and fatty diacids.

18. Process according to Claim 16, characterized in

that the lipophilic acid is chosen from the group



acid, tert-butyl hydrogen orthophthal ate, naphthenic
or anthracenic acids substituted with al kyl groups,
substituted derivatives of phthalic 35 acids, and
fatty diacids. 18. Process acegrding to C aim 16,
characterized in that the lipophilic acid is chosen
fromthe group - 24 conprising dinmer fatty acids or
napht hemictnpari s iay hicaeRs C ragids Sulists t Bed Wobnenic or
tert-butaw n4rQups. 5 19. Process according to one ofl
the preceding ¢l dicms, 2CtHar aSHBStiE4 TR t HEttH hetert-butyl
cat al ysgrosipghosen from the group of transition
netals. 20. Process according to Claim 18,
characterized in 10 that the catalyst is based on
> martgane $& AGE S€orfsi Grd 1910 Wi @ honec ofCdthe ystecdmien claims,
from t hehadaeuR rGorRr IS b y ZL L Lum,_ ceri
haf ni um_and iron. %g f%%n%E%gegééagégﬁggﬁé g%;dﬁé£% from
t he pre&ggiﬁ&OBPaPﬁSFra@ﬁéﬁé@PeFﬁiééshn that the
pol ycarboxylic acids produced are chosen fromthe
grggp cggg&ising adiglc acid, succinic acid, glutaric
acid, dOdECENedforer ALt arfd/ drtdd Miblrur eheReFesrized in
10 that the —catalyst is based on manganese in
combination with a co-catalyst chosen from the

group comprising cobalt, zirconium, cerium,

hafnium and iron.

15 21. Process according to one of the preceding claims,
characterized in that the polycarboxylic acids
produced are chosen from the group comprising
adipic acid, succinic acid, glutaric acid,

dodecanediocic acid and/or a mixture thereof.




