) ' PROCESS FOR PRCODUCI NG CARBOXYLI C ACI DS The present
invention relates to a process for producing
carboxylic acids. 5 It relates nore particularly to a .
process for produci ng carboxylic acids by oxidation of
a hydrocarbon with oxygen or a gas containing oxygen,
and even nore particularly to the oxidation of
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20  industrially on a large scale, consists in oxidizing,
in one or two step(s}), cyclohexane to a mixture of
cycliohexanol/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
Us 5,294,739.

Generally, the reaction 1is carried out in a solvent

medium, the solvent being a monocarboxylic acid such as
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- 2 acetic acid. Oher solvents have been proposed,

for instance the carboxylic acids that are |ipophilic

in nature, described in Patent FR 2,806,079. 5 Many

pat ents have descri bed the opepating conditions for
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extecattiingathd . achdsef orsmddserpiyr | hipivieg bbem apeb3dS83, for
re [ th on-.axi di hydr Qqcar.hon_and t he, . ,
atarver e o PR ARt A IR "Ry f bpopmiic in
by FedGet sesicarifmecham Gatardr §For2 |88Ks Gltbstantial |y
decrease the yield of the process. Anbng these,
by-products containing an al cohol function, such as
cycloﬁ@?ﬁh&?tgﬁ§%ﬂQ9Y%u@¢§ﬁﬁ%P¢@ HagnPOPrakanpacenditions
t héprcanhieactrewcth ont handci ds sbor @, $@:ra$ 0 %E%%s for
es hus._to reat decgrease the yield o
re%%%nggqggrbﬁyilF@gdgbigé?mﬁéCoﬁﬂi %319 hENRBt R o150
extegrtiléngandtbe separatiiodzefl t haydcicdarbome eshers the
argaehtgr recycled 20 with the non-oxidized
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The presence of esters in the reaction nmedium can
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with the non-oxidized hydrocarbon or are entrained with
the recovered acids. The presence of esters in the
reaction medium can result in 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 is less

gelective for acids.

One of the aims of the present invention is to
propose a process for producing carboxylic acids by
oxidation of hydrocarbons wusing 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
hydrocarbon with oxygen or a gas containing oxygen, in
the presence of a monocarboxylic acid-based solvent and



hydr ocarbon with oxygen or a gas contai ning oxygen, in
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- 3 of an oxidation catal yst, characterized in that
the reaction nediumis treateg so as to separate and
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oxidiat ia@n, oRbdatNohhatatyyot ysichpladihe-osder Sinf OLHBE the
5 duri r%[the oxi dati on reactl on_is carried out

tréattenm bt THE FRactT ot Hedfi T 29 t et b‘%qor%egarate and
sepatataon oftheai decacbdsylbemediciods af tferrnsepar aﬁrQﬁgof the

sai or t f the oL

der%gﬁtﬁoo{rﬁt e rgﬁ“cttlh%% %ruognly JO’“:'A%coggll ngepst rac’ formed
Spr édwright | athehapaétetiioni c nfaathen | nvent cenriede out by
hydrodsmsiend s earri@d outhyraddi tiQmto, t hglgﬁgkumﬂé)fore

be treated of a strong acid and maintenance of said
medi SRA R PR e?ﬁae?%%@r%cb?isgif@ﬁ{“@id PRafftEE, separation of

pr efsirdabbyiak bﬁ@m@cm gaC aﬁaa&a@ﬁt 15f Theiepebt88n9t phase
r{f for%o ti}g eracg ure mai nt ai ned depends
He st eer Cthere ol ysed, and is
1Odeter miqeddima gsuak mamTETrdntidlhoshaskiclleadsitict hef the
aLtlrﬂ}iJﬁﬂ%& hetoﬁftﬂyé‘ﬂofly ié‘elsoeﬁﬁﬁhagﬁﬂg %@Pta‘%{d%tmn to

process. norder'to perform
wattdie cdredieim adeled be t heamddicumab be tséapeq acid and

HoweMelteddtce @€dbbianxelivet et C@”t@ﬁp@kh%?@t g;c% dcjreater
the amount _ present in the mediumor the water a

Fhe 0 r PP i% Surteteresi . 8@%(3 MGt ORC aci d

15that |‘181§Upte&b|od fof thiménveid i @RichaCtHs hgamp@racpkKa is
of Ies t.han 2 ép eferre of e

. B e
A SUt pHoH ¢ SRS U i Te- i be

nmention ma dbe
ni thydrcdgiskd, hyehmdchllsr i @deeerdinefydimobromieuati dpanner by

ort SERQE'I‘édaCirq ttr;éfg% a&uldl%&%gp% }Sg%t&g‘@ Qf the

Genera e anount of strong ac
S0 %ﬁ@m@a&@w raft i e raegst of | ess than
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added to the medium to be treated. However, this
addition of water can be eliminated 1if the amount
present in the medium or the water added with the
strong acid is sufficient.

25 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,

30 or the like.

Generally, the amount of strong acid added is
defined so as to have a concentration by weight of less
than approximately 10% relative to the weight of the

35 reaction medium, preferably of between 0.1 and 10%,
advantageously of between 0.1 and 4%.

In one embodiment of the invention, the strong acid
is added in pure form, preferably in the form of a



35 reaction nedium preferably 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 form-of4 a - 4 concentrated

sol ution. According to another enbodi nent of the

i nvepn¢entrathe stivhyoacid is added in a formthat is
carried on 5 or attached to an inert material such as a
resin. This  enbodi ment nmakes it possible to carry out
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concentration of water present in said medium is
sufficient to obtain the formation of two phases. When
the amount of water present 1s not sufficient, an

25 additional amount of water is added to the reaction
medium before carrying out the separation by settling
out, before or after cooling.

In another embodiment of the invention, the
30 extraction of the carboxylic acids formed can be
carried out by means of a liguid/liquid extraction by
treatment of the reaction medium derived from the
reactor with an extraction liquid.
The monocarboxylic acid solvent present in the
35 reaction medium is advantageously insoluble in the
extraction liquid.
For the purpose of the patent, the products are
considered to be insoluble in the extraction liguid if
their solubility in said liquid, measured at 90°C and
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extraction liquid. For the purpose of the patent, the

products are considered to be insoluble in the

extraction liquid if their solsubility in said |iquid,
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oxidation reaction. Thus, in the case of the oxidation
of cyclohexane, the cyclchexane that has not reacted,
and all the organic compounds formed that have a
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 alcochol and the ketone
(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
organic compounds described above.

According to another embodiment of the invention,
the treatment with a strong acid in order to hydrolyse
the esters 1is carried out after elimination by




recycled during this step. However, the treatnent wth

a strong acid can also be carried out on the reaction
nmedi um before the separation by distillation of the 35
organi ¢ conpounds descri bed above- According to another
enmbodi nent of the invention, the treatnent with a
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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

25 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

30 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 is
separated from the dicarboxylic acids or from the

35 aqueous phase present by, in particular, the techniques
described above. The oxidation solvent thus separated
ig recycled in the oxidation step after,
advantageously, a purification, for example by
distillation. The agueous phase containing the acids




30 treated so as to recover the carboxylic acids
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ot her method. Advantageously, the oxidation sol vent
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can be added to the hydroly51s medium and the amount of
strong acid added may be greater than 10% by weight.
The medium obtained containing acids is added directly
25 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
oxidation, with oxygen or a gas containing oxygen, of a
30 hydrocarbon, more particularly of an arylaliphatic
cycloaliphatic hydrocarbon such as c¢yclohexane or
cyclododecane. The oxidation reaction is generally
carried out in the presence of a solvent. The solvent
may be very varied in nature insofar as it is not
35 substantially oxidizable under the reaction conditions.
It may 1in particular be chosen from polarprotic
solvents and polaraprotic solvents. As polarprotic
solvents, mention may be made, for example, of

carboxylic acids having only primary or secondary



di carboxylic acid, w thout any step of separation and
recovery of the alcohol. The reaction nmediumis

general ly obtained fromthe oxidation, with oxygen or

a gas contai ni ng oxygen, of a g0 hydrocarbon, nore
particularly of an arylaliphatic cycloaliphatic
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lipophilic organic compounds, mention may be
made, for example, of hexanoic acid, heptanoic acid,
octanoic acid, 2-ethylhexanoic acid, nonanoic acid,
Gecanoic acid, undecancic acid, dodecancic acid,
stearic acid (octadecanoic acid) and their
permethylated derivatives {complete substitution of the
hydrogens of the methylene groups with the methyl
group}, 2-coctadecylsuccinic acid, 3,5-ditert-butyl-
pbenzoic 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. Mention may also be made of the acids
belonging to the above families and bearing various
electron-donating substituents (groups with a hetero
atom of the O or N type) or electron-withdrawing

substituents (halogens, sulphonimides, nitro groups,



As |ipophilic organic conpounds, mention may be nade,
for exanple, of hexanoic acid, heptanoic acid,
octanoi ¢ acid, 2-ethyl hexanoic acid, nonanoic acid, 25
decanoi ¢ aci d, undecanoic acid,qdodecanoic acid,
stearic acid (octadecanoic acid) and their
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havééﬁ%lstlng essentially of the Thydrocarbon to be

oxidized, the oxidation intermediates and the

nonorganic phase comprising the water formed during the

oxidation reaction makes it possible to obtain a

25 concentration of the solvent in said aqueous phase of
less than 10% by weight.

The oxidation 1s in general carried out in the
presence of a catalyst. This catalyst advantageously
comprises a metal element chosen from the group

30  comprising Cu, Ag, Au, Mg, Ca, Sr, Ba, Zn, Cd, Hg, Al,
sc¢, In, Tl, Y, Ga, Ti, Zr, Hf, Ge, Sn, Pb, V, Nb, Ta,
Cr, Mo, W, Mn, Tc, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, P4,

Pt, lanthanides such as Ce, and combinations thereof.
These catalytic elements are used either in the form
35 of compounds that are advantageously at least partially
soluble in the liquid oxidation medium under the
conditions under which the oxidation reaction is
carried out, or are carried by, absorbed onto or

attached to an inert support such as silica or alumina,



water-solubility that is greater than that indicated
above, if the partition coefficient for this conpound
20 between the organi c phase(s) of the reaction nmedi um
consi sting essentially of the hgdrocarbon to be
oxi di zed, the oxidation internediates and the
nonbpgaakemphase conprising the water formed during the

oxi dat i r t gkes. | ible_to ohtain a 25
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sed
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mineral matrix, or in or into a polymeric matrix, or

are 1in the form or organometallic complexes grafted

onte an organic or mineral carrier. The Term

“incorporated” is intended to mean that the metal is an

25 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
oxidatiomn.

In a preferred embodiment of the invention, the

30 homogeneous or heterogeneous catalyst consists of salts

or complexes of metals of groups IVb (the group of Ti),

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.

35 The preferred elements are, in particular, Mn and/or Co

in combination with one or more elements chosen from

the group comprising 2Zr, Hf, Ce, Hf and Fe. The

concentrations of metal in the ligquid oxidation medium

range between 0.00001 and 5% (wt%), preferably between



of these nmedia in a further oxidation. 15 The term
"soluble" is intended to nean that the catalyst is at
| east partially soluble in the nedium under
consideration. In the case af 13 het erogeneous catal yst,
the catalytically active netal elenents are supported
or g 2hincaidarated in or into a m croporous or
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concentration e liquid oxidation nmedium
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201 and-99% yr ek ghbdeebat nvertaekhe Hyah@xyimide compounds,
halogenated compounds, and more advantagecusly
fluorinated compounds. 4As compounds that are more
particularly suitable, mention may be made of nitriles
such as acetonitrile or benzonitrile, imides belonging

25 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
as:

- ¢cyclic or acyclic, fluorinated or perfluorinated,

aliphatic hydrocarbons,

- aromatic fluorinated hydrocarbons such as
perfluorctoluene, perfluoromethylcyclohexane,
perfluoroheptane, perflucrooctane, perfluoro-
neonane, perfluorodecaline, perfluocromethyl-
decaline, o, o, 0-trifluorotoluene or 1,3-bis-
(trifluoromethyl)benzene,

- perfluorinated or flucorinated esters such as alkyl

perflucrococtancates or alkyl perfluorononanocates,




10 weight of liquid nmedium nore advantageously it can

be between 2 and 50% by wei ght of the |iquid nmedium

It is also possible, wthout neverthel ess departing
fromthe context of the inventign, to use the sol vent

i n conbination with another conmpound that may in 15
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and nore ' xysucci ni m de (NHS) or
N-hydroxggﬁ%%gﬁgh?gé¥?ﬁﬁg¥??ghalogenated derivatives
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perfluor%ggéap?nggggngFaggéﬁ%Fh?F}gdecaIine,
1%, a, a-tr Ethooinabkdeneror pEr3lhiog-inated halides such as
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fluorinated esters such as al f p uor ooct'anoat es
or al kyl £pePFLugFBfAon&foateer flugpinatedyopmiaesd dgruch as

per fl uorpaatedoket ongsopytAmasie , Pl UQIRANS MNBy Tamine or
fl uorinated erfLuorln?ted al cohol s such as

r
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oxidation of cycloaliphatic compounds, such as
cyclohexane or c¢yclododecane, to the corresponding
linear diacids, adipic acid or dodecancic acid.
According to a preferred embodiment of the
25 invention, 1t relates to the direct oxidation of
cyclohexane to adipic acid, with a gas containing
oxygen, in a liquid medium and in the presence of a
manganese catalyst.
The oxidation reaction 1s <carried out at a
30 temperature of between 50°C and 200°C, preferably of
between 70°C and 180°C. It can be carried out under
atmospheric pressure. However, it 1s generally carried
out under a pressure so as to maintain the components
0of the reaction medium in the ligquid form. The pressure
35 can be between 10 kPa (0.1 bar) and 20 000 kPa
(200 bar), preferably Dbetween 100 kPa (1 bar) and
10 000 kPa {100 bar).
The oxygen used may be in pure form or as a mixture

with an inert gas such as nitrogen or helium. Air more




per fl uoroi sopropanol or 1,1,1, 3,3, 3-hexafl uoro-2-

propanol, - fluorinated or perfluorinated nitriles such

as perfluoroacetonitrile, 10 - fluorinated or
perfluorinated acids such as -tnfluoronethyl benzoic

acids, pentafluorobenzoic acid, perfluorohexanoic
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20 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 critical wvalue. The initiator is especially
useful during the initiation of the oxidation. It can

25  be introduced from the beginning of the reaction.

The oxidation can also be carried out in the
presence of water introduced frbm the initial stage of
the process.

as indicated above, the reaction mixture derived

30 from the oxidation is subjected to various operations
consisting in separating some of 1its constituents so
as, for example, to allow the recycling thereof at the
ijevel of the oxidation and the recovery of the acids
produced.

35 according to a first variant of the process, it is
possible, first of all, to subject the crude reaction
mixture to cooling to a temperature of 16°C to 30°C,
for example, which brings about the crystallization of
at least some of the acid formed. A medium is thus



anmount of oxygen supplied to the mediumis

advant ageously between 1 and 1000 nol per nole of
compounds to be oxidized. 5 The oxi dation process can
be carried out continuously_ofgaccording to a batch
process. Advantageously, the liquid reaction nmedi um
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the recovery of the aci s pro duce 5 Accordi ng"to A&
f|r§@n9%¢Fé%¥eo¥h?hée%F%é@§sml¥FuF§ possi bl e, first of

208l |, tacsubfiesy tde &rudeon@BCHaPNant MUM €né 0 RRRIHNRY the
to ?igg g%& grgeggt}gg %gx%%%e can be withdrawn under hot
conditicons. The reaction mixture then separates by
settling out into at least two liguid phases: one or
more organic phases containing essentially the
25 hydrocarbon that has not reacted, the acid compound and
the oxidation intermediates and an aqueocus liquid phase
containing essentially the acids formed and the water
that has formed and/or been added. According to the
solubility and the nature of the catalyst, 1t may be
30 present in the organic phase(s), recovered Dby
solid/liquid separation before precipitation or
crystallization of the acid formed, in the case of a
hetercgenecus catalyst, or, 1if it is soluble in the
aqueous phase, extracted by liquid/liquid extraction,
35 on resin, or electrodialysis.

As in the £first variant, the 1liquid phases are
separated by settling cut: the organic phase(s) can be

recycled in a further oxidation reaction.

According to a third variant of the process of the
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heaffo qgeggr §§§ 133 tlgrbr onlkhgsn% 1%B{%écové¥%d after

separation by settling out or filtration of the
crystallized acid.

According to a second embodiment of the invention,

25 the hydrolysis of the esters is carried out by addition

of an acid to the separated 1liquid organic phase,

before the recycling into the oxidation reactor, and
optionally water.

In these two embodiments, it may be advantageous o

30 separate, prior to the addition of the strong acid, the

organic compounds such as the hydrocarbon that has not

reacted, the alcohols and ketones formed and all the

other products having a boiling point lower than said

alcohols and ketones, and also the monocarboxylic

35  solvent, in an advantageous embodiment of the
invention.

In these various embodiments, the recovered

carboxylic acid can be purified according to the usual
techniques described in many documents, for example by




aqueous phase, extracted by liquid/liquid extraction,

35 on resin, or electrodialysis. As in the first

variant, the liquid phases are separated by settling

out: the organic phase(s) can be& -recycled in a further

oxi dation reaction. According to a third variant of the
proce¥stailinetions amivenréonystaelieacioon rMfedinum various
Wt HITouACET amdihe, s T Gactor under ; hot, GendLili oR 9 rganic
after_cooling is introduced into a step consisting o of

|i g¥PHY ERERI d Pé%ﬂﬁ&@ﬁﬁéﬁnof PrREesgESox At aigt dsparticular

fora@@IcriﬁB@dS ext r acideitt | Qi@ eng sgengeal | yot hgowaber  ang

n%ht%Q £88 acids forned are soluble; the organic
57

hydr ocar bons, al cohol, ketones and esters
are lﬂsnih@tby ahﬁnghﬂt&aﬁ&&y@@lyenhouS%iﬂﬂrdﬁﬁ recycled
oXi o] st O ve, e catal
the‘gglltr'ﬂéaﬁlhc flpgaa%l Ion Q% v Iﬁncge rec ‘% él %é)or t%%mpletely
reaeftoachedi umith t whe al gagupeusn titeadeactiidn will  be
CON @b &th Pl bEs 16ar bRXYLECe@Ci HSom eéﬁéreéiqﬁgouén % fse by

|nterests of reater sinplicity, _as the_aqueous ase.

eV Rt QS s tt eSS ovERER éﬁtoFHHH@d(élHHédu§%éFraCt10nr
tec@matte@diasj}'gﬂs akaverrAaenedingod 0 ildie pkeBAAke resin,
invention and a first enbodi nent thereof, the step
coné?st?ﬁdm% hydrolysis by addition of an acid and
mai nt elladgcpracesenpef attiree ROverst tan r redtesgutionpolssible to
reacihon medlumhehors sepapel | oy odfig LarbayliGre  in
acid or on ihe medi umrecovered after separation by
15setRa ¥ rEcwlRr of OFNEdr BY | @heoﬁxﬂﬁétl@ﬁyﬂfaluheze&ﬁtm;ﬂsj if the

Accpigi &g to-a sprondiemedicnent nekot-Be LA%eNLEQPc1143. 1In
t he %Xdro sis of the esters is carried out by addition

of HeieFt o the séﬁ&F&P@&HQQnMQﬁorEBﬁlce§ﬁ§§§ and the

bef DI tdei s€CY®t | Rthd NiFRriae i@k dakri OByrgaslgErsanflake it

QS&QQ%SIL%%SlPOpaerCEH Segthéggggugﬁghg actlvf%gaof the

20 ox1datlon catalyst and to facilitate the extraction of

U'I

the diacids formed from the oxidation medium.
Other advantages and details of the invention will
become apparent in wview of the examples given below,

only by way of indication,

Examples 1-A and 1-B:

- Oxidatilon:

4 g of cobalt tetrahydrate, 357 g of acetic acid, 29%0 g
of cyclohexane and 3.6 g of cyclohexanone (initiator)
are placed in a 1.5 1 reactor. The mixture 1s stirred
at 105°C under a pressure of 20 bar and under a
continuous stream of gas containing nitrogen and
oxygen. After 50 1 of oxygen have been consumed, a
cyclohexane solution and a solution of acetic acid
containing 1.1% by mass of «cobalt are injected
continuously, the level in the reactor being maintained

constant. The reaction mass 1s recovered in a glass




30 separate, prior to the addition of the strong acid,

the organi c conpounds such as the hydrocarbon that has

not reacted, the alcohols and ketones forned and al

the other products having a bpyling point |ower than

said alcohols and ketones, and al so the nonocarboxylic

35 B@¢a@maclérmamnaﬂyﬁ@da@eowsoenbodinent of the

i nv, [ h v r| nt t.he ecov red
cafﬁ%éy ?%cggoﬁ %ﬁ&tgé %%% ?e aﬁger aﬁpe he® usl fitled
t echiriiepesadeg®r i bed- lﬁ5ﬁﬁny0déca@e@t§ tﬁaﬂ exanplef by mass

- 16: sryst gl hinzahhem and £gsrystakhhzatign f4 Oc‘ﬂs illation
varlous solvents such as mater acetic aCId or ot

or AATEOM s PHRMESE Pk i 17EAtT ont Pr oCRERERTET ‘TS bottom
par;br@@u@ﬂz desoit et dn Fremeh P@b@&ﬁ:&oh!o auzaara% after

and,. 5 2,749, 300. mlarly, if the cat , 1s._no .
ent(ft’l’%atfé);L taelHed© %%A thhe %+%%%|cgﬁﬁﬁgﬁys%nd §eated in
parExymple conplle¢kdby. extracted with the aqueous phase,

phas'e b DS MO SXELATLRD RAOMLERS AINROUEe che

I OUS tec ues SucC as
10ext V2t ohon ehestnbdd aa%ﬁg drlSttrléétartemn or@ﬁ onthe light

exchah@e- £ £61 ApovEortanple. uiherghaee s @hde1imination
i nvention makes_ it gpi3|blg bﬁ [imt the formati on of

by- Pt ottt SYFhaRe¥PECILA CYEd ofgrenemear (egreiad et heeterred
oxi tlat asn *ofl chlee )estwmirsorfdd hieyl atketrapécn@istillation in

el i re.th cycling. In addition, the
el |Er%%§$%%go%g ??e "é%%ée]?s and the Ilimtation of the
15f ormation of by-products make it possible in

par{igubdird N et ot becackiyity of the 20 oxidation
carafySr—andg¥%3$acr%rrare*fﬁe—exf action of the

di aci ds forned fronythe OX|dat!on nEQ|un1_CIher
advant agege andydeb @ik $s0f offhe thiveHd 01t i | nbecore after

apparent LDy el the eXamp! 5 gl Yen Beho% )oY Blirsea
20 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

a “Dean-Stark” apparatus.
Under these conditions, 20% of the cyclohexyl esters

25 are hydrolysed.

1-B Hydrolysis in the presence of a catalyst

The hydrolysis of the reaction mixture after
30 distillation of the light products and azeotropic

distillation of the olone ({(15.3 ¢g) 1is carried out in

the presence of H;0 {12.1 ¢, including 4.8 g of 2N

nitric solution). The mixture is stirred at 127°C for

18 h, with continuous elimination of cyclohexanol using
35 a “Dean-Stark” apparatus.

Under these conditicons 90% of the cyclohexyl esters are
hydrolysed.



Exanples 1-A and 1-B: - Oxidation: 30 4 g of cobalt
tetrahydrate, 357 g of acetic acid, 290 g of

cycl ohexane and 3.6 g of cycl ohexanone (initiator) are
placed in a 1.5 1 reactor. The;gnxture is stirred at

1050C under a pressure of 20 bar and under a
COoNtxAmOUSs St rgagm@f 2988 containing nitrogen and 35

oxygen. After 50 1 of oxygen have been consuned, a

cycl ohexane solution and a solution of acetic acid

contmi rihegel. ¢Yabylenss Wie cobehttare imjeciesl leaving the
confLaueust vt hgeLeneh L Eheipgactor being maintained
constant. The reaction mass is recovered in a glass -

517 532ceptodc| 6YRhPHERRREd 235 T@COIThEerEabityAbRNZPiFe acid
Conéﬁ@U@U%IMDPbE@cﬂ%ﬁek%ﬂ$ﬁ§|tiﬁ@tléﬂgﬁf %ﬁﬁ#uglaced in a
(120-145C, 0.6 to 0.3 r). Qut a mass .

i nvbl ve |ﬁe?ﬁE°H|stMPPHFP8ﬁe a&ﬂstﬂQhﬂ%Qn1%¥%xﬁ@éﬁﬁd in
proﬂ@@pe@tlﬁéOa@omﬁtse@ﬁveoedndTDOSppmtbpnmagéoduct

co titutes "the reaction mxture afte st|II tio .
& Mgt oo eb e peh Ah BR S arpt Pt Rirows0 min
10Foru®(«anplae ¢oBtinheus eadticsm nbLt gas useaitlasmlhn@ 11Dtrogen
"regﬁ&'%&f@éﬁL”ﬁf@éfe%Bdﬁstéfl%&V@% ?%@g e consumed,

product s” “above that has under goné Fur t el imnation
of Ehe éﬁéﬁ@ﬁe%&%ogﬁéydﬁbhékaﬁﬁﬁ@ ( Hévei RaFEeFer dfsergeated,

to @83" ehener aa@mmoougdﬁémmlrﬁuc ﬂl Sﬁddd abforwong of

th - |
e S oo O o e o S e et Lo - The

15di stohtetht onfoftHeheréaghdbrpried w::tems(ﬂérnﬁe@) insoca rsedtler.

20 n ce, of 9)
mat%?#%%te%gﬁap%€§sﬁatbg gggtgznéhec%%Xture I's %&?%%%d

at 146céped: 18 howairt bheset i medes réld Mimaas onwfous rhase,
Cy%}?b@%awht&%@geséeﬁ@?é"ﬂﬁt %‘é" ARRARL YSro ] and the

t hese condi ti ons, % of _the cycl ohex¥J esters
catalytic metals and an TuUpper ase, referred to as

20 organic phase, which contains essentially cyclohexane,
tert-butylbenzoic acid, cyclohexanone, cyclohexanol and

other by-products of the reaction, including esters.

2-A Hydrolysis with Purolite NRW/160 resins

25
The hydrolysis of the reaction mixture leaving the
reactor (5.37 g) 1s carried out in the presence of H;0
(5.14 g) and of a sulphonic resin sold by the company
Aldrich under the name Purolite NRW160 (1.01 g}. The
30 mixture is stirred at 80°C for 4 h.
Under these conditions, approximately 30% of the
cyclochexyl esters are hydrolysed.

2-B Hydrolysis with Purolite NRW160 resins

35
The hydrolysis of the reaction mixture leaving the
reactor (5.28 g} is carried out in the presence of Hz0
(5.07 g) and of a Purolite NRW160 sulphonic resin
(5.03 g). The mixture is stirred at 100°C for 4 h.



25 are hydrol ysed. 1-B Hydrolysis in the presence of a
catal yst The hydrolysis of the reaction m xture after

30 distillation of the |light products and azeotropic
distillation of the clone (15.899) is carried out in

the presence of H20 (12.1 g, including 4.8 g of 2N

ni ttn@e 50! Yhiegs) . éﬂﬁﬂﬂﬁﬁddﬂe | pstokigaal y127Gsf orof  the
18 h, th conti uous_el i na f cycl ohexanol usi ng

35 Sro Bnely D REeRE vt BLAER St nese condithons: 900

of the cycl ohexyl esters are hydrolysed. - 18
Pl & 6 afafoRrel0 HACER, SHAOBLAS: Lbey gact ] on
5522 g of cycl ohexane, 55 g of tert-butyl benzoic acid

and 6 g @ﬁecy%&@&%&@@qge (bfi tizat OFdad¥ Lol aGRGthiFed after
1.5.1 reﬁﬁéor ?gb ind cobalt _.are added in
res‘Efe%'H %h?ﬂhnt A§h%0 Bﬁﬁ@B(jtﬁasgor‘Tﬁépondlng to

m xitheie nJSesatltmect;@tmp]l:m@, 220 (bag, gf oriddDaddy Q55 g of

under, a_continuous.s rea of S contalnlng

ancEONTeh. TAf £ar 650 Cor ol oate BL93 HhR9ERa naso.
10t hel btg earh ofvages . |slscbp§edg the ﬁmxt meesi so€odid@q) . The

andm_{)b@uf@afé 0£ti§r@'§p£€5§5'6béeﬁorAlﬂaﬁS of 300 g of

wat er 1 s added he reactor wth gentle stirring. The
15 %Qﬁﬁ%nttéﬁsﬁheQQ&QﬁQﬁoq%ytr%ﬁ@ﬁ%%%@@t?hYo §5% of the

seté}€lohetf1 eéssePar @t & ORy @Yo BeEEHL NG out, two phases

are recovered: a |ower phase, referred to as aqueous

phase, which contains essentially the diacids produced
1sandeEtdeplead al yiydrakyal s, wand Ambappestphasereséherred

to as 20 organi c phase, which contains essentially

cycl ohexane, tert-butyl benzoic acid, cyclohexanone,

cycTiohexahpfirahdsist hepfby- prodlr@tas:tdiort he msgition, (10 g)

| LUl 0o SRAES . & Ak DL YRS Hid ha P! 'dtl%tNRWaI&Qm of

resins 25 The drol ysis of the reactlon m xture
Ieth?m)QQW?Oun s having a boiling point lower than or

20 equal to that of the acid solvent tBBA is carried out

5

in the presence of 20 ml of Amberlyst A3l resin (scld
by the company Rohm and Haas) and of 90 g of H;0. The
mixture is heated to 100°C, with continuous elimination
of the c¢yclohexanol formed, using a Dean-Stark
25 apparatus. The mixture is stirred at 100°C for 4 h.
Under these conditions, approximately 95% of the esters
are hydrolvysed and the cyclohexanol formed is
recovered.

30 Example 5 - Hydrolysis in the presence of HNOs

The hydrolysis of a reaction mixture (1.4 g) egqguivalent

to Example 2A, after distillation of the light products

and of the tBBA, is carried out in the presence of HNO;
35 at 60% 1in water (10.1 g) and in the presence of a

catalyst consisting of a small amount of Cu(NOi)y, VO3NH

and NaNO;.

The mixture is stirred for 1 h at 70°C.

Under these conditions, the esters are completely




reactor (5.37 g) is carried out in the presence of H20
(5.14 g) and of a sul phonic resin sold by the conpany
Al drich under the name Purolite NRWMG60 (1.01 g). The

30 mxture is stirred at 80€ £ar -4 h. Under these

condi tions, approximately 30% of the cyclohexyl esters
ar endydilglspsedand- By degicyshexanci Phpohee NRWESODletely
resins 3 he hydr.ol.ysi.s.. the reaction mxture
|e§€Fﬁ§r?ﬁ§ %Peég?g?x?giagig) is carried out in the
presence of H20 (5.07 g) and of a Purolite NRWM60

sul phonic resin (5.03 g). The mxture is stirred at
100C for 4 h. - 19 Under these conditions,
approximately 70% of the cyclohexyl esters are

hydrol ysed. Exanple 3: Hydrolysis in the presence of
H2SO4 5 The hydrolysis of a reaction m xture after
distillation of the Iight products corresponding to
that used in Exanple 1-A (2.6 g, including 0.55 g of
esters) is carried out in the presence of H2O and H2SOU
10 (1 g of water, including 1% by mass of H2SO4). The
mxture is stirred at 160C for 12 h. Under these

condi tions, approximately 85% of the cyclohexyl esters
are hydrolysed. 15 Exanple 4 - Hydrolysis with
Anmber | yst A31 resin The hydrolysis of a reaction

m xture (10 g) corresponding to Exanple 2A and after
distillation of the conpounds having a boiling point

| ower than or 20 equal to that of the acid solvent tBBA
is carried out in the presence of 20 m of Anberlyst
A3l resin (sold by the conpany Rohm and Haas) and of
90 g of H2O. The mxture is heated to 100C, with
continuous elimnation of the cycl ohexanol forned,
using a Dean-Stark 25 apparatus. The m xture is
stirred at 100C for 4 h. Under these conditions,

approxi mately 95% of the esters




are hydrol ysed and the cycl ohexanol forned is

recovered. 30 Exanple 5 - Hydrolysis in the presence of
HNO3 The hydrolysis of a reaction mxture (1.4 g)

equi val ent to Exanple 2A aft&r distillation of the

l'ight products and of the tBBA, is carried out in the
presence of HNO3 35 at 60% i$FAwEf®er (10.1 g) and in the
presence of a catalyst consisting of a small anount of
Cu(NO3) 2, VO3NH4 nd NaNO2, The m xture is_stirred, for

1 hrat 70O Hder tHese Poitiths, (HPREIbrS aracids by
;:orrpl gt ebyidat2idh :@yfdranl hyddoagdbblme wytchobmyg@oﬂ or a gas
or me |s ely _converted. to i C aci -

5CLAI Vs 15 IHfocesé St or p¥%d[l1m| ng carg%l(%)l i & S%Iéc%y of a
oxi dat i ommdcaryxy btar bew iii-tlased/genodrveatgasarsl of an

Containlé%F ?%@ﬂtcgﬁgﬁ@%tprQ§%Q§§b9érfzeﬁnqua{ﬁ9§y%1 step

aci d- ba oxl dation catal yst
char act ¥R FHR haf &iEp YighsPst ithe ofs kGEs olfy"é'l“@d is

of the esieffedoh®d by tG¥AtRGOULEDYEH eabrRRE oBf medium
the rea t n medi um 10 .bef or tracti n oﬁ.the ,

10car boxyl PEEGET dE™0r 360 3 00T o3t nirie of SFREB1 §8ini 2= iimseT bY
deri ved freommdret modacthen orediriim apheseexdemctaédn fcrrbm the

the Car2?€¥é&% naﬁé§§u$0 @Egr %%t%afhégﬁpg}oqgﬁgr | Nosey1ic

to dai aracterlze |'ysi s step

is carrlﬁﬁﬂ@ﬁanWme@ddltlon to the nedlun1to be treated

of a strong acid and nmai ntenance of said nmedi um at a

tenperature of greater_than 500C _ preferably of ‘
15pettveen BOREESHd FOORCEImg FiF%cé%]saHEcJordlchléa’f%c@’é}?ﬁd in

2, charagh®fi zeHel nhyﬁﬁ@tlytsh@ stdiofg ackd icsirehesen Jud by
aci ds hagéggtfonpgg lerﬁ’g’d{@rgn ar equ@x"eéteg' of 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 i1nert material such as a resin.

30 5. Process according to c¢laim 4, characterized in
that the resins comprising a strong acid are

chogen 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.




25 4. Process according to Claim2 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 claim4, characte!d zed in that the resins
conprising a strong acid are chosen fromthe group
cogg{isi?ﬁ?%ﬁﬁ%ﬂuﬁﬁ@oééiﬂg. 60 PrsxessChiccBlaing to die S
of thet Rﬂﬁﬁ%&t’?ﬂrﬁéﬂ g‘o‘inl SQhQE_araﬂieﬁrijé@ﬁg}:thEBﬂ: htorfe the
separation .o e carpoxylic_.acids_produce rom.the .

7 hot | or AL CSCHTE | BECSRFCy “REBnd Tt "SRR gredium
by settlingbtained 2y 211iguidf bivgsskd aecoracnioto one of
Claims 1 to 5, ~characterized in that the separation of

the carboxylic acids produced fromthe reaction nmedi um

i s bt aifraress | agabudinguite ong aef i bhe pPrgcedigeesslaims,

accor di ney 4,9 oNer Ofed henpracadi ReeCl@dBhic phase obtained
characterjized in that the organl c phase_obtai.ned after

separ at i tFRPTEBORY| i eTacr88 af@rPRyrdcysiacists and

the esteangitslyecyclefl athéheestBroxi dati arsiaRed 9.at  the
lOProcess %gci£Q£q9 to one of the precedi ng clains,

char act éFF 78 1H thatP t he or gani ¢ phase recovered

after separation of the diacids fornmed is 15 subjected

to 4disti ' : ungs. [ R :
;xﬂ%t |£¥§§ %ﬁ %?cégﬁéﬁspg%that'o tggelgéﬁﬁéﬂfﬁénﬁéf me.
during tHeIRGdEl o8 siBp thigdf dlee  ehganydr Ghpsies reepvered
22 10-tpa(9§@135_ %%?%&?'t{l%do gae Oihelg alg® ck d0 8gormed is
characterized in at the qrgani c phase recovere )
after se%h?h??tb?ﬁoFotﬁés&ilgéi%&%r%dt% CEMRCHESy having
di still atiesidinghpotanpierds thad ngr agbell kvg tpeithtef the
| ess than or ual__to.that of the 25 acid solvent us

in the(é}%ﬁg$§n%ggg 9&é§%ﬁ%9 t%e ox1é§klon %tep,(%%fore

1

the hydrolysis step.

20 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

25 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
30 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

35 present in the hydrolysis medium is extracted and
purified before recycling at the oxidation step.

13. Process according to Claim 11, characterized in

that the acids recovered from the hydrolysis




the hydrolysis step. 11. Process according to one of

the preceding clains, characterized in that the acids
formed during the 30 hydrolysis step are extracted from
the mediumwith a solvent fer2¥atd acids. 12. Process
according to one of Cdains 1 to 9 and 11,

char act er¢dieen | ArEhati e okFHatthen Ebhgnds 3 tpeetedt from

in the hyglolbysigscredl umdsugXtdracigd @i oRYARLELEEE medium
before recycling at the oxidation_step. 13. Process

accor di rgf QFQ]%%?E%EFl%%a?%CF%?lqeﬂc+ﬁs that the acids
recovered fromthe hydrolysis - 23 nedium are n1xed
? th dlacids extﬁéctedﬁfron1 hg gﬁldatlon .

i the Foxttat Foh hediim-“et'or e° ScEVGiT aims,
d|a0|ds cladact&rozeds accorihaty tmhene‘m§d1¢marbon is a
pr ecedi characterized in that the
hydr ocar aﬁhgifg.n%ycloalkane 15. Process according to
one of the preceding clains, 10 characterized in that

the gyclpabkane hscehasey ftbomﬁ@%ﬂr eup %@Hécﬁ'rgﬂ claims,
cyclohex ne and %i%ééOdOde Pro accor di ng

C .
1073 oo STFAE UL nd Tol SPAE. £ G BfodiFn chosen
that thefismhventhe s chosgn fromphe gioup cprpsh&kage  and

nDnocarb conprising from1l to 6 carbon
at ons, %%%ﬂﬁgégiat are |ipophilic in nature,

conpriS|ng from7 to 20 carbon atons. 20 17. Process

aCCPﬁd'fﬁkéébé@eaeéokh§n8f%QSQhﬂg &GEak®B, preceding claims,
characterized in that t i pophilic acids are chosen

fromtlu??ﬁ%ﬁﬁﬁ%%ﬁﬁﬁ@sﬂﬁgtHE%hth@ Falyenthept asdosen from

acid, octieoi cgaeug, 2-@ddpythexenoi cmdboasirthoxeAanoi Cacids
aci d, decanoi c acid,_ undecangi c . aci dodecanoi ¢ a id

stearic AU Y DLt AdEAHbi 5%|§5 QheAFoms acids

per met hytlx edader iMatapdeislic in nature, comprising from 7
to 20 carbon atoms.
20
17. Process according to one of the preceding claims,
characterized in that the lipophilic acids are
chosen from the group comprising hexancoic acid,
heptanoic acid, octanoic acid, 2-ethylhexanoic
25 acid, mnonanoic acid, decanocic acid, undecanoic
acid, dodecanoic acid, stearic acid (octadecanoic
acid) and their permethylated derivatives,
2-octadecylsuccinic acid, 3,5-ditert-butylbenzoic
acid, 4-tert-butylbenzoic acid, 4-octylbenzoic
30 acid, tert-butyl hydrogen orthophthalate,
naphthenic or anthracenic acids substituted with
alkyl groups, substituted derivatives of phthalic
acids, and fatty diacids.

35 18. Process according to Claim 16, characterized in
that the lipophilic acid is chosen from the group
comprising dimer fatty acids or naphthenic or

anthracenic acids substituted with tert-butyl

groups.




2-octadecyl succinic acid, 3,S-ditert-butyl benzoic

acid, 4-tert-butyl benzoic acid, 4-octylbenzoic 30 acid,
tert-butyl hydrogen orthophthal ate, naphthenic or

ant hraceni c aci ds substituted 2d th al kyl groups,
substituted derivatives of phthalic acids, and fatty
di acids. 35 18. Process according to Caim 16,

ChaI@Cteﬁf@@@%énacEgﬁﬁlﬁBeﬂd Qﬁﬁ@'&fctﬂ@'%ﬂé%éd?ﬁﬁ”hlalms

fromthe group conprising dinmer fatty acids or
napht henfie2 G Ct &t Frdcehi Shadi d'sh%u%%{ﬂiﬂ%dlﬁn tgrosen from
tert-butyhe GFOUPSof -t2dnsilOiofkresesssaccording to one
of the preceding clains, characterized in that the
catal yst is chosen from the group of transition
metals. EI@©ES§WGﬁﬁssﬂhhuprdbngCﬂaiﬁléBn1l8haracterized in
char act egized e thalatbe-catal yshalsabaggd anese in
manganese in nblnatlo with a co-catalyst c osen
fromt hecm@%n@tie@hprmsﬂhg aco|§§|~1catﬁulbf@@m Ghpseeri fhpm the
10 haf nigma@and id@Rpr 2dind’r 0CESISa AECOr i 491 @RE Of cerium,
t he preced ng clal characterized in that the
10pol ycar 0¥k }@md?1 lr‘ﬁ‘f‘oduced are chosen fromthe

group conprising 15 adipic acid, succinic acid,

th;’ég“ pAG 8 4R48EANRTT ¥t QK do BN B UMW S claims,

characterized in that the polycarboxylic acids
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produced are chosen from the group comprising
15 adipic acid, succinic acid, glutaric acid,

dodecanedioic acid and/or a mixture thereof.




