PRCCESS FOR THE MANUFACTURE OF CARBOXYLI C ACI DS The present invention
relates to a process for the nmanufacture of carboxylic acids by oxidation
‘of an 5 al kyl hydroperoxi de conpound. 10 It relates nore particularly to
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accept abl e yic¥kdohkyane is a process which has been studied for
many years. This is because adipic acid is an important

chemical compound used as starting material in many

15 manufacturing operations, such as the production of

polymers, for example polyamides, polyesters or
polyurethanes.

Several processes for the manufacture of adipic acid
20 from hydrocarbons, such as benzene, phenol, cyclohexene
Oor cyclohexane, have been provided.

The oxidation of cyclohexane, either directly or in two

stages, is the most widely studied route for producing
25 adipic acid.

Thus, by way of illustration of the processes for the
direct oxidation of hydrocarbons to dicarboxylic acidg,
United States Patent 2 223 493, published in December

30 1940, discloses the oxidation of cyclic hydrocarbons to
the corresponding diacids, in a liquid phase generally
comprising acetic acid, at a femperature of at least
60°C, using a gas comprising oxygen and in the presence
of an oxidation catalyst, such as a cobalt compound.

35
Numerous other patents and articles disclose this
reaction for the direct oxidation of c¢yclohexane to
adipic acid. However, to obtain acceptable yields for
the production of adipic acid, these documents disclose



+ ion of adipic acid, these docunents disclose the use of acetic
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bo n esence of a 30 carboxylic acid w
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t he di sadvant ages exhlblted by adeIC acid. These processes generally

, i Furthernore, the
result in vepystPM oS b%'t%gg a dl%@% %ﬁ%gcesses for the
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sol vents used, often ex
irect ox1dat10n of cyclohexane in the presence of a
15 heterogeneocus catalyst, such as aluminophosphates
substituted by cobalt, as in European Patent
No. 519 569,

Provision has also been made for several processes for

20 the oxidation in a single stage of cyclohexane to
adipic acid without use of acetic acid. Some make
provision for carrying out this reaction in the absence
of solvents, others with solvents, such as organic
esters, for example acetates (US 4 098 817), acetone

25 (US 2 589 648) or alternatively alcohols, such as
butanol, methanol or cyclohexanol, or acetonitrile
(EP 784 045). Finally, Patent Application WO 01/66502
has provided a process for the direct oxidation of
hydrocarbons to dicarboxylic acids in the presence of a

30 carboxylic acid with a lipophilic nature as solvent.
This solvent makes it possible to overcome the
disadvantages exhibited by adipic acid.

These processes generally result in very low
35 selectivities for adipic acid. Furthermore, the
solvents used often exhibit low stability under the
conditions for the oxidation of a hydrocarbon, such as
cyclohexane. This low stability results in a high



conditions for the oxidation of a hydrocarbon, such as cyclohexane. This

| ow stability results in a high consunption of the solvent, which nakes it
«(difficult to exploit such processes industrially. Manufacturing processes
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in a first substage, the hydrocarbon is oxidized to

15  hydroperoxide. After separation of the hydroperoxide
from the unreacted hydrocarbon, the hydroperoxide is
decomposed in a separate reactor to alcohol and/or
ketone. In another embodiment alsoc made use of, the
production of hydroperoxide and its decomposition to

20 alcohol and/or ketone are carried out simultaneously in
a single reactor.

Currently, the oxidation of alcchols and/or ketones is
carried out with nitric acid. Such a reaction produces

25 nitrous and nitric oxides as main effluent, requiring
the presence of a treatment process for these oxides to
reduce the effect on the environment. This treatment of
the effluents has a damaging effect economically on the
two-stage oxidation processes.

30
One of the aims of the present invention is to provide
& process for the oxidation of hydrocarbons to produce
acids or polyacids which does not require the use as
oxidation agent of  nitric acid or one of its

35 derivatives and thus which does not produce nitrogen
oxide discharges.

To this end, the invention provides a process for the
manufacture of carboxylic acids, characterized in that
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30 In a preferred enbodlnent of the invention, the honbgeneous
or heterogenggéléecactaaéa)ﬁ}tfcs &9 2R2R % are employed either in the

form of compounds advantageously at least partially
soluble in the 1liquid oxidation medium under the
conditions of implementation of the oxidation reaction
or supported on, absorbed on or bonded to an inert
support, such as silica or alumina, for example.

In the case of heterogeneous catalysis, the
catalytically active metal elements are supported on or
incorporated in a micro- or mesoporous inorganic matrix
or in a polymeric matrix or are in the form of
organometallic complexes grafted to an organic or
inorganic support. The term *incorporated” is
understood to mean that the metal is an element of the
support or that the operation is carried out with
complexes sterically trapped in porous structures under
the conditions of the oxidation.

In a preferred embodiment of the invention, the
homogeneous or heterogeneous catalyst 1is composed of
salts or of complexes of metals from Groups 1IVb
(Ti group), Vb (V group), VIb (Cr group), VIIb (Mn
group), VIII (Fe or Co or Ni group) and Ib (Cu group),
and cerium, alone or as mixtures. The preferred
elements are in particular Co and/or Mn and/or Cr
and/or Zr, Hf, Ce and/or Zr, Hf. The concentration of

metal in the liquid oxidation medium varies between



salits or of conplexes of netals from Goups IVb (Ti group), Vb (V group),
VIb (Cr group), VIIb (M1 35 group), VIIl (Fe or Co or Nl group) and Ib (Cu
-group), and cerium alone or as mxtures. The preferred elenents are in
particular Co and/or M and/or Cr andlog Zr, Hf, Ce and/or Zr, H . The
concentration of metal in the liquid oxidation nmediumvaries between
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Mention may be made, by way of examples of such
15  hydroperoxides, of cyclohexyl hydroperoxide,

cyclododecyl hydroperoxide, tetralin hydroperoxide,

ethylbenzene hydroperoxide or pinane hydroperoxide.

Among these hydroperoxides, one of the most
20 advantageous is very certainly cyclohexyl
hydroperoxide, the oxidation of which results in adipic
acid as main dicarboxylic acid, one of the base
compounds for the manufacture of polyamides, more
particularly of poly (hexamethylene adipate) .
25
These hydroperoxides can be obtained by various
rrocesses and can be used in the process of the
invention in the purified form or as a mixture with

other compounds originating in particular from their
30 manufacturing processes.

The process of the invention can be carried out
preferably in the presence of a solvent advantageously
composed of the hydrocarbon used for the manufacture of
35 the hydroperoxide. However, recourse may be had to
various solvents, such as alkanes, among which will
more particularly be mentioned hexane, heptane and
isooctane, cycloalkanes, among which will be mentioned,

by way of illustration, cyclohexane and cyclooctane,



30 '‘manuf acturi ng processes. The process of the invention can be carried out
preferably in the presence of a sol vent advantageously conposed of the
“hydrocarbon used for the manufacture of 35 the hydroperoxi de. However,
recourse may be had to various solvents -such as al kanes, anong which wl|
nore particularly be nentioned hexane, heptane and i sooctane,
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sol vents. 5 downdyeandi hisbaukd be pAbgd LhaLenas_ the hydroperoxide is
generall% produced in the formof a solution in a hydrocarbon, for exanple
cycl ohexane, by oxidation of the latter, the oxidation reaction is
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any other comwventitonabts 2on@tH8Y. known per se. It is also possible
to use a solution of hydroperoxide in the solvent, for
15 example cyclohexane, which is substantially pure.

Thus, the process of the invention can be carried out
on a solution originating from the oxidation of a
hydrocarbon to hydroperoxide, as is or after removal of
20 certain by-products by, for example, washing the
golution with water to remove in particular water-
soluble acids, or on the hydroperoxide purified by
conventional purification processes, such as

distillation, extraction or any other conventiocnal
25 method.

The oxidation reaction is carried out at a temperature
of between 50°C and 250°cC, preferably between 70°C and
200°C. It can be carried out at atmospheric pressure.

30 However, it is generally carried out under pressure in
order to keep the components of the reaction medium in
the liquid form. The pressure can be between 10 kPa
(0.1 bar) and 20 000 kPa (200 bar), preferably between
100 kPa (1 bar) and 10 000 kPa (100 bar).

35
The oxygen used camn be in the bure form or as a mixture
with an inert gas, such as nitrogen or helium. Use may
also be made of air enriched to a greater or lesser
extent with oxygen.



The oxidation reaction is carried out at a tenperature of between 50C and
250C, preferably between 70C and 200C. It can be carried out at
-atmospheric pressure. 30 However, it is generally carried out under
pressure in order to keep the conponents .of the reaction nmediumin the
liquid form The pressure can be between 10 kPa (0.1 bar) and 20 000 kPa
(200 bar), preferably between 100 kPa (1 bar) and 10 000 kPa (100 bar). 35
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initiates t hﬁ‘eﬂj‘ﬂtgaBkoﬂlert%ﬁCtvir% §88£e6‘:‘§_’ tfoortl'?é(ar (lagtioxe'} anE::th?:Qlei‘:’e ’an
al dehyde or a hydrgPeroxl e.
generally lies between 0.00001% and 5% and preferably
15 Dbetween 0.0001% and 2%, without these values being
critical. However, it is a matter of having a
sufficient activity while not using excessively large
amounts of a catalyst which subsequently has to be
separated from the final reaction mixture and recycled.
20
It can be advantageous also to employ a compound which
initiates the oxidation reaction, such as, for example,
a ketone, an aldehyde or a hydroperoxide.
Cyclohexanone, which is a reaction intermediate in the
25 case of the oxidation of cyclohexane, is very
particularly indicated. Generally, the initiator
represents from 0.01% to 20% by weight of the weight of
the reaction mixture employed, without these
proportions having a critical value. The initiator is
30 of use in particular during the start of the oxidation
and when the oxidation is carried out at a temperature
of less than 120°C. It can be introduced from the
beginning of the reaction.

35 It is also possible, without thereby departing from the
scope of the invention, to add, to the reaction medium,
another compound which can have in particular the
effect of improving the productive output and/or the
selectivity of the oxidation reaction for adipic acid,



Cycl ohexanone, which is a reaction internediate in the 25 case of the
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sinitiator represents fromO0.01%to 20% by wei ght of the weight of the
reaction mxture enployed, w thout theseg proportions having a critical
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aliphatic hydrocarbons or fluorinated aromatic
15 hydrocarbons, such as prerfluorotoluene,
perfluoromethylcyclohexane, perfluorchexane,
perfluorcheptane, perflucrococtane, perfluocro-
nonane, perfluorodecalin, perfluoromethyl-
decalin, o,0,0-trifluorotoluene or 1,3-bis(tri-
20 fluoromethyl ) benzene
~ perfluorinated or fluorinated esters, such as
perfluoro({alkyl octancate)s or perfluoro(alkyl
nonanocate)s
- fluorinated or perfluorinated ketones, such as
25 perfluoroacetone
- fluorinated or perfluorinated alcohols, such as
perfluorohexanol, perfluorooctanol, perfluoro-
nonancl, perfluorodecanol, perfluoro-t-butanol,
perfluoroisopropanol or 1,1,1,3,3,3-hexafluoro-
30 2-propanocl
- fluorinated or perfluorinated nitriles, such as
perfluorocacetonitrile
- fluorinated or perfluorinated acids, such as
trifluoromethylbenzoic acids, pentafluorobenzoic
35 acid, perfluorchexanoic acid, perfluocrcheptanoic
acid, perfluorooctancic acid, perfluorononanoic
acid or perfluorcadipic acid
- fluorinated or perfluorinated halides, such as

perfluoroiodooctane or perfluorobromooctane
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perfluoro(al kyl octanoate)s or perfluoro(al kyl nonanoate)s - fluorinated

-or perfluorinated ketones, such as 25 perfluoroacetone - fluorinated or

perfluorinated al cohols, such as perflugprohexanol, perfluorooctanol,

per fl uoro- nonanol, perfluorodecanol, perfluoro-t-butanol,

per f | uor oi sopropanol fbuotidated, H3- bexaflliuerascdd %mﬂig?gpog??ﬂ{lggrinated
e -

or perfluorinated nitrjles, such as perfluoroacetonitrile uorinated or
per f | uori nat ed acids§ég%§ﬁoﬁggr%9F?Pﬁ BHet hy| BEREdreraErdbutylamine

pent af | uor obenzoi c 35 perflupeocttipenbeXandhe aci d, perfl uorohept anoic

aci d, perfluorooctanoi Ld: .p orongnanoi c_. acid or perfl uoroadipic
acid - fluorinated ggéggéng%?i%éiéd’h%T? e¥S YRTLATAS 2pefi| GoEEABEGBOCT ane

or perfl udrobromooct&ed, 9 sucdimec natadidr pelwidiverdapatesd ani gesq such
as perfluorotripropydaivde;verflponat pibukybam ne. or, ...
perfluorotripentyl anm ne - cé?boxy%#céggﬁésgaébb%;g?@ﬁﬁ%ﬁ}%paﬁ?ﬁyrﬁrutaric
5 acid, succinic aciPCRhiAfoedrioret iyl def iveniabs, acidacids with a

|'i pophilic nature, such as the tert-butyl of benzoic acid. Mention may be

made, as IipgghiLic carboxylic gcids 1Q suitable for the invention, of
hexanoi ¢ aci 0 "hepPad®i¥ && dMa8€t arff ¢ lddiophidis hgrnbramdic aatids

nonanoi cL0 ackd; tdbtandbe a@hdinwﬁﬁﬁﬁ@&gi%ﬁﬂﬁé%adB¥E¥éHEﬁf:ﬁé#ﬁ%n&EcStearic
(oct adecanoi g);aci dogpd. el rpegmety[gted derivatiVes (corprele
substitution“of the hyardgens?ot Y cid, nonanoic
acid, decancic acid, undecanocic acid, dodecanoic acid
or stearic (octadecanoic} acid and their rermethylated
derivatives (complete substitution of the hydrogens of
1> the methylene groups by the methyl group), 2-
octadecylsuccinic acid, 2,5-di(tert-butyl)benzoic acid,
4-({tert-butyl)benzoic acid, 4-octylbenzoic acid, tert-
butyl hydrogen orthophthalate, naphthenic or
anthracenic acids substituted by alkyl groups,
20 preferably of tert-butyl type, substituted derivatives
of phthalic acids, or fatty diacids, such as fatty acid
dimer. Mention may also be made of acids belonging to
the preceding families carrying various electron-
donating substituents (groups with heteroatom of the O
25 or N type) or electron-withdrawing substituents
{halogens, sulphonamides, nitro or sulphonanato groups,
or the like).

It can also be carried out in the presence of water
30 introduced from the initial stage of the process or by
controlling the amount of water in the reaction medium,

either by addition or removal.

As indicated above, the reaction mixture resulting from
35 the oxidation is subjected to various operations for
separating some of its constituents in order, for
example, to make possible their recycling in the
oxidation and the recovery of the acids produced.



15 the nethyl ene groups by the nethyl group), 2- octadecyl succinic acid,
2,5-di(tert-butyl)benzoic acid, 4-(tert-butyl)benzoic acid, 4-octyl benzoic
‘acid, tert- butyl hydrogen orthophthal ate, naphthenic or anthracenic acids
substituted by al kyl groups, 20 preferahby-of tert-butyl type, substituted
derivatives of phthalic acids, or fatty diacids, such as fatty acid

di mer. Menti éeceaylialgsddeanmddesal siciakndel wngisemt @£ tHige Ppesediag

fam | ies carkyeng i ou {ron-_donating substituents (groups wth
het er oat om of Iteh,e %qéjﬁoorsr%%ﬁgerﬁ) oIPl}éF%E?r ofi®Ri t fdr&ki nd’éub%% t uBfit s
(hal ogens, s@MPAGREREDES, eralindrtsusphenprabougeowEs,]sar thesbbke). |t

can al so be gakr ie8Gm@Hle i NyK e r. 30 introduced fromthe
initial s%na;lge of _t he processﬂg}_ p%gﬁg%%t ?gﬁPﬁﬁté:%tehecraYrﬁﬁﬁiloﬁa%?%ro n the
reacti on tredflim 188fthe® bYORBAPRI offorthenowaid ABormeilcatrd mbavem t he

reaction m xtumpriesubt ahaoliampndsd el i QL d & subj.ected, Jc_)dvari ous
oper ati ons fog separating sonme _of its constituents in order, f0 %Xarrpl e,
to make possPble 1R re®feli fd M heorgapdst i cphase, t hecompoveingof t he

aci ds producedsentif@llifccondi ngnteaat&fr s@o,@%éﬁﬁ@a#eégt%%r tn%}g%%%?g%gr ?gezs,
Subyj |

the crude re ' m xture can first. of all be )

t enper at ur e ggg%gf&l}(oé%ﬁcﬁo‘iygpte%lt&e W B g egysigdiates or
crystal Ii0zat pthenf Breduteastresyloringn fafort hehaci gxfapredn, A grdi um
conprising a [ o] d essentially of acids,, at |east one

i qui d organil%&b%gsg&agg}ﬁ%rgggﬁg’ ggggﬁtlisépﬁi elsﬁ«?r’&ri'ragééi &fF b diid to be
oxi di zed, pREREBEYSt Harogol veat cardatthienoxantat ithe iwdesiredoanes,orid0 ot her

product s reshingptreALEe 194 dalign.a | Byidsaguequs, phas,
conprising essentjally acidic by- -~ Mo pe ! Abla®HORR R e
organic phases, if it is soluble in the said phase, or

15 in the lower aqueous phase.

After filtering off or centrifuging the solid, the
liquid organic and aqueous phases constituting the
filtrate or the centrifugate are separated by settling,

20 if this occurs: the organic phase or phases can be
recycled in a new oxidation reaction.

It can be advantageous to concentrate the reaction
mixture prior to the operation for crystallization of
25 the acid.

According to a second alternative form of the process,
the final crude reaction mixture can be withdrawn under
hot conditions, for example at a temperature which can
30 reach 75°C. The reaction mixture then separates by
settling into at least two liquid phases: one or more
organic phases, c¢omprising essentially the unreacted
hydrocarbon, the solvent and the oxidation
intermediates, and a liquid aqueous phase, comprising
35  essentially the acids formed and the water formed.
Depending on the solubility and the nature of the
catalyst, the latter can be present in the organic
phase or phases, recovered by solid/liquid separation
before precipitation or crystallization of the acid



praducts fromthe oxidation and the water forned, is this obtained. The
catalyst may be found in one of the organic phases, if it is soluble in
-the said phase, or 15 in the |ower aqueous phase. After filtering off or
centrifuging the solid, the |I|iquid organi ¢ and aqueous phases constituting
the filtrate or the centrifugate are separated by settling, 20 if this

occurs: the drgamicc jrhaskeokapkases gaheBerogesrelad ddtAA8W Qxi datd on
reaction. Iti%anige %d anbageous E concentrate the reaction mxture prior
or g)t i gﬁ

to the operation &l | Zat C8f off TUSBUFHePREFR, ABXSFEFES§St obY second
alternative flagmidt/ lilkmigh oeessactide, fithabughude reachi by Nexbukeocan be
wi t hdrawn undgr 1,R9l; conditions, for exanple at a tenperature which can 30
reach 75C. The réaction m xture then separates by settling into at |east
two | iqui%l phases: one or nore organic phases, conprising essentially the

unreacted hydr agard@n,rithe SOl e @nk t Xi i | At Lates, and a
| i qui d agueous phase, cghprising 3§N2Q§%H?$5’Itqﬁ%efg |%§ §%$§§8 ahd t he
wat er for medSePBERERGI nGTEh TS uphase yorndhelsesnatar ebef retecledt al yst ,

the latter caa benpwesgAtaitAochheeacgabhC phase or phases, recovered by
solid/liquid separation before precipitation or crystallization of the
acid - 11 forned in the case of a heterogeneous catalyst or, if it is

sol ubl e it t e atheoss ippdsaer®eitriaciad Byambiayi A4 i quied exLEACEEAN,

through a re g@egr ceérgc [.0- Cgcia%y%ips' 5 As in the first alternative form

the |iquid phasEs aFE" SEpatAtEY: Phetldt gaFPCtiREs et Phades eRhaba

recycl ed inbettew cdistatliwnareacfi ethe acidic by-products from the
oxidation and better recovery of the acid formed.

15 The acid is generally recovered by precipitation during
the cooling of the reaction medium. The acid thus
recovered can be purified according to the standard
techniques disclosed in numerous patents. Mention may
be made, by way of example, of French patents

20 Nos. 2 749 299 and 2 749 300.

If the liguid nonorganic or aqueous phase comprises the
catalyst, the latter is extracted either before the
crystallization of the acid formed, by precipitation or

25 extraction according to known processes, such as
liquid-liquid extraction, electrodialysis or treatment
through ion-exchange resins, for example, or after
crystallization of the acid formed, by extraction
techniques described above or the like.

30
Another subject-matter of the invention is a process
for the manufacture of carboxylic acid which consists,
in a first stage, in oxidizing a hydrocarbon to
hydroperoxide with oxygen or a gas comprising OXygen.

35 The medium obtained, after opticnally concentrating by
evaporating a portion of the unreacted hydrocarbon, is
subjected to a second stage of oxidation of the
hydroperoxide to carboxylic acids in accordance with
the process of the invention described above.



10 .In these inpl ementati onal exanples of the invention, water can be added
to the reaction nmediumto obtain better dissolution of the acidic
-by-products fromthe oxidation and better recovery of the acid fornmed. 15
The acid is generally recovered by prgc&gigation during the cooling of the
reaction nmedium The acid thus recovered can be purified according to the
standard techniques disclosed in nunerous patents. Mention may be nade,

by way of exgngle,.of French patents 20 Nos. 2 749 299 and 2 749 300. |If
the |iquid noT6PGERRE of° adiEdFE Isiths eMbOfbNESES (o téwt alysentibe, | atter

i's extract edtit herdidioor enddieum Crystatihgatikon ¢hd he Al dojigagﬁgonby
precipitatiogtgé 2§seéh%g%}%ogt%pcordanggo known processes, such’ as

|i quid-1iquid extrattion?’ Sat&Et VALY aYS dr 95t vaHent LO¥ hsepghating

i on- exchangeapdsi memoomgexdnpimesodirctaf t etn coyakal | iczat ign-ofy t hepaci d
fornmed, by e i : rechny cri bed above or the,like.” 30 Anot her
subject-nattE%aggb%ﬁgxﬁﬁgénp?gﬁgésqgﬁﬁyg%gé 67 t iR"REAGPacYRFRIBE
carboxyl i ¢ aEhf Whiidhtdonsi Bedium wathi mettest age, d ns0XbHiEZivNb&sic

hydr ocar bon tg1u,hygdroperoxi de with oxygen or a gas conprising oxygen. 35

The nedi um obt ai ned, after optionally concentrating by evaporating a
portion of the unreacted hydrocarbon, is subjected to a second stage of

oxi dati @it of other hy@ropesud dedd earhaxy i gracids i nce, W th the
process of the invention gﬁcribed above. - 15 Egéorg?ﬁéggégpré¥% ed
enbodi ment s BFCPRB i AVERt | OHCaTthe FRRRYE®H rdi Uphe estlalitng dF omhde fir st

oxi dation sésgreplsssgfijvect aselowVvaoiely twealments: f ongsepatati ng,p and
renovi ng by-Pinygégtignorder to purify the hydroperoxide. These
treatnments can conprise Wwashing

15 Example 1

2.9 mg of Mn(III) acetylacetonate and 4.51 g of a
purified solution of cyclohexyl hydroperoxide
originating from the oxidation of cyclohexane, with the
20 following composition, expressed as % by weight:
Cyclohexyl hydroperoxide 10.59%
Cyclohexanone 2.06%

are charged to a 30 ml autoclave made of Hastelloy C22.

25 The autoclave is immediately pressurized to 100 bar of
ailr at ambient temperature and placed in an oven. The
mixture is heated to 130°C with stirring by shaking.

After reacting for 180 minutes, the autoclave is cooled
30 and then degassed. The reaction mass collected is
analysed by gas chromatography (GC).

The following results are obtained:
DC (cyclohexyl hydroperoxide) = 95%
35 DC (cyclohexane) = 2.4%
Adipic acid: 42 mg

The term *DC” 1is understood to mean the degree of
conversion of the product, calculated by the ratio of



the oxidation nmediumw th water or a slightly basic solution. 10 G her
advant ages and details of the invention will becone nore clearly apparent
.in the light of the exanples given below solely by way of indication and
illustration. 15 Exanple 1 2.9 ng of Mykll) acetylacetonate and 4.51 g of
a purified solution of cyclohexyl hydroperoxide originating fromthe

oxi dation of thgclkofeszeecenddiwidig Brgjgilg%%/y crgfcfzgﬁgpt?lﬁ#gﬁa-l%é%‘gs?:d as

% by wei ght: cl.ghexyl _hydropergxide 1 | ohéxano

charged to aa% rﬁ%eatﬁlﬂf&q’ eoﬁaéén@fl Mt uss (rethosepmecdutioe! ake i s

i edi atel y pumbsur bfedtbetlg haneeflileair at anbient tenperature and

pl aced in an oven. The mxture is heated to 130C with stirring by shaking.
After reacting for 180 mnutes, the autoclave is cooled 30 and then
degassed.> ThExpmRdei 8n mass col lected is anal ysed by gas chronat ography
(GC). The follow ng results are obtained: DC (cycl ohexyl hydroperoxide) =
95% 35 DC (cycl ohexane) = 2.4% Adi pic acid: 42 ng The term"DC" is
under st ood t3-AeBf thE dMgfEEIbf acenybasévonafet hen@rogdust, gcabeul gted by
the ratio ofgp1dB8ichh i et nuaber of .starting_nol ecul es
and t he nunber %?l?ﬁngpn%?ggﬁﬁggy\%tﬁ reé%%gcfmtdc:é)t REL9AUAERYf L EPRr t i ng
nol ecul es. 5CERanprédptdon mpiof wrelohexamet yl wéthonathe anfoll Sdimggof a
sol utionoof eyepobexybnhydnenparspddleserigi patipg;frem ddie exidagion of

cycl ohexane, with the follow ng
components:

- cyclohexyl hydroperoxide (CHHPO) 10.76%

- cyclohexanol/cyclohexanone 2.58%
- cyclohexane 85.61%
15 - carboxylic acids 0.13%

are charged to a 30 ml autoclave made of Hastelloy C22.

The autoclave is immediately pressurized to 100 bar of
air at ambient temperature and placed in an oven. The
20 mixture is heated to 130°C with stirring by shaking.

After reacting for 180 minutes, the autoclave is cooled
and then degassed. The reaction mass collected is
analysed by gas chromatography (GC).

25
The following results were obtained:
DC (cyclohexyl hydroperoxide) = 99.8%
DC (cyclohexane) = 0.02%
Adipic acid: 489 mg
30

Example 3

7.6 mg of ScCl;+-6H,0 and 4.56 g of a solution of
cyclohexyl hydroperoxide originating from the oxidation
35  of cyclohexane, with the following composition,
expressed as % by weight, for the main components:
- cyclohexyl hydroperoxide (CHHPO) 10.93%
- cyclohexanol /cyclohexanone 2.29%
- cyclohexane 85.67%



10 .conposi tion, expressed as % by weight, for the main conponents: -

cycl ohexyl hydroperoxide (CHHPO 10.76% - cycl ohexanol/cycl ohexanone 2.58%
.- cycl ohexane 85.61% 15 - carboxylic acids 0.13% are charged to a 30 mi

aut ocl ave made of Hastelloy C22. The autgclave is imediately pressurized
to 100 bar of air at anbient tenperature and placed in an oven. The 20

m xture i s heated-taaiﬁagymltha@ﬁagring by shaki ng. Afg e eacting for 180
m nutes, the auto&ﬁave coo and th n degassed The reaction nmass

col l ected i s &n&r¥&88% g§s hF&nﬁF&@F ofs FpfE ldiMo ¥y resul ts
wer e obtained: DC (cycl ohexyl hydroperoxide) 99.8% DC (cycl ohexane) =

0. 02% Adi of Scd 3. 6H20 4,56 f
solutlonlg:‘C g%é%’ %ﬁalq%?d?%p%mﬁgghggﬁiynggFFH§l%P§nﬁFhél%@qﬂ%¥|Bﬁ gSOofa

cycl ohexane, awrtWQrﬁmbxﬁmbmmﬁgpevapusetamd plged@ssad aas Jodry. wehght, for
e acorRenenLs: = RUEkARCKK! 10dCORELaxLde, COHPRL 10a03%s - ot boxyl i o

cycl ohexanol / cycl ohexanoneé - cyc hexa
acids 0.19% are charged to a 30 nl autocl ave nade of Fbstelloy C22. The

autocl ave i sakgaedi-abeky nBr %%%Ufl's%e ﬁm%tje%o Bafe Oéf fA‘(yf 1%?:%11 th

tenperature and placed i_n"an oven. m Xt ure
stirring by §ﬁ§k|ﬁ§enAf@§9a$%a€tlnﬁhﬁorrﬁﬁgth@ﬂutﬁéssth@OhLeoteavelss

cooled 10 analysed by gas chromatography (GC).

The following results were obtained:

DC {cyclohexyl hydroperoxide) = 86.8%

DC (cyclohexane) = 0%
15 Adipic acid: 105 mg
Example 4

0.4 mg of cobalt{(II} chloride tetrahydrate and 4.50 g
20 of a solution of cyclohexyl hydroperoxide originating
from the oxidation of cyclohexane, with the following
composition, expressed as % by weight, for the main

components:
- cyclohexyl hydroperoxide (CHHPO) 10.93%
25 - cyclohexanol /cyclohexanone 2.29%
- cyclohexane 85.67%
- carboxylic acids 0.19%

are charged to a 30 ml autoclave made of Hastelloy C22.

30 The autoclave is immediately pressurized to 100 bar of
air at ambient temperature and placed in an oven. The
mixture is heated to 130°C with stirring by shaking.

After reacting for 180 minutes, the autoclave is cooled
35 and then degassed. The reaction mass collected is
analysed by gas chromatography (GC).

The following results were obtained:
DC (cyclohexyl hydroperoxide} = 93.3%



and t hen degassed. The reaction mass collected is 10 anal ysed by gas
chromat ography (GC). The follow ng results were obtained: DC (cycl ohexyl
‘hydr oper oxi de) = 86.8% DC (cycl ohexane) = 0% 15 Adi pic acid: 105 ng
Exanple 4 0.4 ng of cobalt(ll) chloridejtsetrahydrate and 4.50 g 20 of a
sol ution of cycl ohexyl hydroperoxide originating fromthe oxidation of

cycl ohexane, mﬁthIKhadyﬁﬂanﬂaheponnpggﬂ(N] expressed as % by weight, for
the main conponent - %%%ff Séyl hydr oper oxi de (CHHPO 10.93% 25 -

cycl ohexanol / cycl o ¥ ArTo 2 MJ cycl ohexane 85.67% - carboxylic acids
0.19% are charged to a 30 m autoclave made of Hastell oy C22. 30 The

aut ocl ave iSE&GHEﬂh@%ﬁly pressurized to 100 bar of air at anbient
tenperature and placed in an oven. The mxture is heated to 130C with
stirring by shaking. After reactlng for 180 m nutes, the autoclave is

cooled 35 and F 4Ry r& ol l ec s ,anal ysed by
gas chronatogrg%ﬂy % Th ﬁ=%ﬁ%%méﬁ?é%éhlTsfﬁéﬁggo%%aVﬁ gripcacid
(cycl ohexyl BePdxiddert= @B. %lutll&n,DC\«éaglméd)haxﬁtﬂe) wa&eﬁ% Adi pi c

d: 98 5 fr M | topat f val
2id and 4. %@3‘@2‘?@ R e, P 20 e Fredpfion” o' ¢

hydr oper oxi d& orlﬁYﬁ%?hﬁﬁa$?on1th¥hnu(ﬁﬂﬂ onfobfowyogohexamposivt i bnt he
fol | owi rigd coerpsekked, as % by weight, for the main components:

- cyclohexyl hydroperoxide (CHHPO) 9.85%

- c¢yclohexanol/cyclohexanone 5.35%

- cyclohexane 84.80%
are charged to a 30 ml autoclave made of Hastelloy C22.

15

The autoclave is immediately pressurized to 100 bar of
alr at ambient temperature and placed in an oven. The
mixture is heated to 130°C with stirring by shaking.

20 After reacting for 180 minutes, the autoclave is cooled
and then degassed. The reaction mass collected 1is
analysed by gas chromatography (GC).

The following results were obtained:
25 DC (cyclohexyl hydroperoxide) = 93.5%
DC (cyclohexane) = 0.6%
Adipic acid: 527 ng

Example 6
30
3 mg of Mn(III) acetylacetonate, 455 mg of para- (tert-
butyl)benzoic acid and 4.5 g of a solution of
cyclohexyl hydroperoxide originating from the oxidation
of cyclohexane, with the following composition,
35  expressed as % by weight, for the main components:
- cyclohexyl hydroperoxide (CHHPO) 10.76%
- ¢yclohexanol/cyclohexanone 2.58%
- cyclohexane 85.61%
- carboxylic acids 0.13%



10 expressed as % by weight, for the main conponents: - cycl ohexyl

hydr oper oxi de (CHHPO) 9.85% - cycl ohexanol / cycl ohexanone 5.35% -

‘cycl ohexane 84.80% are charged to a 30 m autoclave nade of Hastell oy C22.
15 The autoclave is inmrediately pressurijzed to 100 bar of air at anbient
tenperature and placed in an oven. The mxture is heated to 130C with

stirring by shekiclpre®@l Afd er Ieaet it §oraSQ,JH ut oclave is
cooled and then degassed. The reaction naaés coﬁ%ﬁ%?ﬁ%@&a%%y(g%% by gas
chr omat ogr apre%{_l (G0). The followi ng results were obtai ned: 25 DC (cycl ohexyl

hydr oper oxi d &=QE§QQ%ET§3isy¢mmbanﬁely=ﬁ&é@ﬁuyyﬂgé:@@igbBSgZFn%fExanple
6 30 3 ny of ANB{(Idd) a 455 of para-(tert- bufyl)bénzoic
acid and 4.5ag of a %@?ﬁ%ggn%%hgggégpgﬁefygpH%L?%%@ré%idﬁlo®V9ﬂnaﬁhﬁg from
the oxidati of**&MIreydsoherdns, twi I 0lte wial GWWing ieRMNSIdHMng 35
expressed as % by weight, for the main conponents: - cycl ohexyl

hydroperoxidgggCHHPC» 1Q. 76% - cycl ohexanol / cycl ohexanone 2.58% -
cycl ohexane 85"6foF cactarngody d &k imigiiek3%the Gauttsel shar gedcbe1ag30 M

aut ocl ave nadedof tHast efb ) i s_immedi at el ressurized
to 100 bar of le at anblggﬁtggtaérrpae:?gt 3?%9%33% acedi ncﬁﬁ‘%gﬁg The 5

mxture i s h83Re¥SEY BB08Ri Chremptpprgoby $H&ki.ng. After reacting for 180
m nut es, 1@ he autoclave is cooled and then degassed. The reacti on nass

col lected isg,g following results were obtained:
DC (cyclohexyl hydroperoxide) = 95.4%
DC (cyclohexane}) = 3.2%
Adipic acid: 540 mg
15
Example 7

32 mg of Mn(IIi acetylacetonate and 41.4 g of a
solution of cyclohexyl hydroperoxide originating from

20 the oxidation of cyclohexane, with the following
composition, expressed as % by weight, for the main
components :

- cyclohexyl hydroperoxide (CHHPO) 10.76%

- cyclohexanol/cyclohexanone 2.58%
25 - cyclohexane 85.61%
- carboxylic acids 0.13%

are charged to a 180 ml autoclave made of titanium.

The autoclave is immediately pressurized to 75 bar of
30 air at ambient temperature. The reactor is subsequently
heated to 130°C and is then connected to an oxygen
supply which provides, during the time of the reaction,
an  oxygen partial pressure of 20 bar for a total
pressure of the autoclave of 100 bar. The unit is

35 stirred at 1 000 revolutions per minute throughout the
duration of the reaction.



anal ysed by gas chromat ography (GC). 10 The following results were
obt ai ned: DC (cycl ohexyl hydroperoxide) = 95.4% DC (cycl ohexane) = 3.2%
‘Adi pic acid: 540 ng 15 Exanple 7 32 ng of Mh(l11) acetylacetonate and 41.4
g of a solution of cyclohexyl hydroperoxi de originating from 20 the

oxi dation of cycl ohexane, wth the follow ng conposition, expressed as %

by wei ght, fdrfttdre nedotingnmponesios minuewsl ohawy!a ﬁg@éo%ﬂsd%% O
10. 76% - cy%@e%%/%ga @eg&ano 2.58% 25 - cycl ohexane 85. -
carboxylic acids 0.13% are chargded a TE86 P auiTéSiSav € ord@s tefd t idtsani um
The aut ocl aveialvisffedivatasasy ghreassirdgretbio (Ex)bar of 30 air at anbient
tenperature. The reactor is subsequently heated to 130C and is then

connected_to _an oxygen  supply which provides, during the tine of the
reaction,> arf ﬁ@é WA Flesprldss wereofoltGibmd:f or a total pressure of

the autocl ave of 31g0 (Wc-loﬂ%%ylimh&dr%g% Og{tiidfegeolz %tgl%%ooo revol utions per
n. =T

m nut e throughout _the “duration of the reacti After reacting for
80 ninutes, the affodcyfdohexassled 6ard t hen degassed. The reaction nass

collected is anapgdsgpdcbucgas ghramat ography (GC). 5 The followi ng results

wer e obtained: DC (cycl ohexyl hydroperoxide) = 99.9% DC (cycl ohexane) =
6.2% Adi pic acid: 7.34 ¢
10 After cooling the solution and filtering, a white solid

comprising predominantly adipic acid is obtained. The
productive output associated with this test is of the
order of 100 grams of adipic acid produced per litre of
reaction medium and per hour.

15
Example 8

73 mg of Mn(III) acetylacetonate and 42.6 g of a
solution of cyclohexyl hydroperoxide originating from
20 the oxidation of cyclohexane, with the following

composition, expressed as % by weight, for the main

components:
- cyclohexyl hydroperoxide (CHHPO) 10.76%
- cyclohexanol/cyclohexanone 2.58%
25 - cyclohexane 85.61%
- carboxylic acids 0.13%

are charged to a 180 ml autoclave made of titanium.

The autoclave is immediately bressurized to 75 bar of
30 air at ambient temperature. The reactor is subsequently
heated to 130°C and is then connected to an oxygen
supply which provides, during the time of the reaction,
an oxygen partial pressure of 20 bar for a total
pressure of the autoclave of 100 bar. The unit is
35 stirred at 1 000 revolutions per minute throughout the

duration of the reaction.
[ )



10 After cooling the solution and filtering, a white solid conprising
predom nantly adipic acid is obtained. The productive output associ ated
Wth this test is of the order of 100 grans of adipic acid produced per
litre of reaction mediumand per hour. 15 Exanple 8 73 mg of M(II1)
acetyl acetonate and 42.6 g of a solution of cyclohexyl hydroperoxide
originating fareme20-ddre- Gxd ded+ 08x of 5 hexane,_ w th the follown

conposi tion, _expressed gib:%)%%/fmg? %ﬁﬁe%ghp)gﬁl%ntasu%%?%‘? the® w:lﬁ%

cycl ohexyl hy pé?l(‘?}?i daegéﬁﬁpé)) 18‘h¢6%¢eéyétlonexaasb/ cyoldkexadongs2. 58% -

cycl ohexane 8haGi¥ed byaghexyhirematiodsaPhl3%sane charged to a 180 m
autocl ave nade of titanium The autoclave is immedi ately pressurized to 75

bar of 30 air at anbient tenperature. The reactor is subsequently heated

to 130C &nd IThet fiedloonngctredul @sawe@ty @dfaiselR! Y wWhi ch provides, during
the time of the rg ' pressure of 20 bar for a total

ction an. ox n parti al
pressure of the au?oéFXG%OBFX¥80%%§F9g?ﬁ8X&ﬁﬁﬂ Fs1889%stirred at 1 000
revol utions per nPfiufeythobaghod) the.3duration of the reaction. 0 - 18
After reacting fop453;p b 8S, Lt autocl ave is cooled and then degassed.
The reaction mass co?ﬁglggégfs7'g%a9ysed by gas chromat ography (GC). 5 The
follow ng results were obtained: DC (cycl ohexyl hydroperoxide) = 100%

10 After cooling the solution and filtering, a white solid
comprising predominantly adipic acid is obtained. The
productive output associated with this test is of the
order of 130 grams of adipic acid produced per litre of
reaction medium and per hour.

15
Example 9

10 mg of Mn(II) acetate (54 ppm by weight), 4.5 mg of
Co(IT) acetate (26 ppm by weight) and 41.7 g of a

20 solution of cyclohexyl hydroperoxide originating from
the oxidation of c¢yclohexane, with the following
composition, expressed as % by weight, for the main
components:

- cyclohexyl hydroperoxide (CHHPO) 7.2%

25 - 6-hydroxyhexanoic acid 0.5%
- ¢yclohexanol/cyclohexanone B.0%
- cyclohexane 84.1%
- carboxylic acids 0.2%

are charged to a 180 ml autoclave made of titanium.
30
The autoclave is immediately pressurized to 75 bar of
ailr at ambient temperature. The reactor is subsequently
heated to 130°C and is then connected to an oxygen
supply which provides, during the time of the reaction,
35 an oxygen partial pressure of 20 bar for a total
pressure of the autoclave of 100 bar. The wunit is
stirred at 1 000 revolutions per minute throughout the
duration of the reaction.




DC (cycl ohexane) = 6.3% Adipic acid: 7.32 g 10 After cooling the solution
and filtering, a white solid conprising predomnantly adipic acid is

-obt ai ned. The productive output associated with this test is of the order
of 130 grans of adipic acid produced perditre of reaction mediumand per
hour. 15 Exanple 9 10 ng of Mi(I1l) acetate (54 ppmby weight), 4.5 ng of
Co(11) acet atrf (A6 peaatbinyerght Fsapdny g .9f splution of cycl ohexyl
hydr oper oxi de, of i ginating from_ the ox?ltjig%i'or;&oef aacl:‘%g orekanss \ﬁioloﬁreldne

foll owing conposition, SEXH°EESed d5 Bpagsight , mBss t ke lieictegbrpanent s:
- cycl ohexy| ampdivsper oy dm2Throratydireprhexaroi ¢ acid (CHHPO) -

cycl ohexanol / cycl ohexanone - cycl ohexane - carboxylic acids are charged to
a 180 m autoclave 30 84.1% O0.2% made of titanium The autoclave is

i mredi at eby Bhes$edilped ngo re5ulas efereaiobtalinaehi ent tenperature. The
reactor is subseqgent 0_130C.,and is then connected to an oxygen
supply which prov?ges(l,'cygl}??%{%gﬁg ti ﬁeg(%f the reaction, 35 an oxygen
partial pressure 8f1P@charifior 3a9¢ogal pressure of the autoclave of 100
bar. The unit is stirred at 1 000 revol utions per m nute throughout the
duration of the reaction.



- 19 After

degassed. The reaction mass collected is

Adi pi c aci d:

reacting for 55 mnutes, the autoclave is cooled and then
anal ysed by gas chromat ography

‘(G0). 5 The follow ng results were obtained: DC (cyclohexane) = 8.5%

3.94 g - 20 CLAIMS 1. Procgss_ for the manufacture of

carboxylic acids, characterized in that”it consists in reacting an 5

organi ¢ hydroperoxide with an oxidi zi ng, t conprising nol ecul ar oxygen
and in the presence of an oxidation ca#§§§2
Claim1l1, characterized in

particul ab,

atom al kene dﬂﬂ¥ having from3 to 20 car
Process accor%dl %qu-l a;-hgf@g 18 aP ﬁy%f Narfdid, 1n2(§h@ha?1%t?,ﬁ@?¢@edf| mrt hat
mﬁﬁé%ﬁNQﬂqQﬁiakymmosen fromthe group consisting of cycl ohexyl

t he organic

. ylaronaé dr ocar bons,
%%% s Yhe aﬁnré suﬁ@ﬂﬁ%aéﬁts;nsuabamilngw:Hh
mwgﬂnqﬂ griopgr apehat DPEn ahorm NOEE  Paktiy Q&gg{y %E,orlne

hydr oper oxi de, cycl ododecyl hydroperoxide, tetralin hydroperoxide,
et hyl benzene hydréggrOX|de and pinane hydroperoxide. 25 4. Process

accordi ng to%
hydr oper o8i deHae hec0XdA8d iy L negs by; SOXéggstégnfggma hydrocar bon by

OG&E Spr é@@@l‘fdgngl ates,Clahar dct eichaed dretihalg t he

an OXIdIZIn% -agen conprl i ng nDIecu ar oxyge

15

20

25

30

35

ing prlmary or secondary hydroperoxides
deriving from alkanes, cycloalkanes, alkylaromatic
hydrocarbons, the aromatic ring of which optionally
cComprises one or more substituents, such as, in
particular, an alkyl group or halogen atom, more
particularly chlorine atom, alkenes and cycloalkenes
having from 3 to 20 carbon atoms.

3. Process according to either of Claims 1 and 2,
characterized in that the organic hydroperoxide is
chosen from the group consisting of cyclohexyl
hydroperoxide, cyclododecyl hydroperoxide, tetralin
hydQroperoxide, ethylbenzene hydroperoxide and pinane
hydroperoxide.

4. Process according to one of the preceding claims,
characterized in that the hydroperoxide to be oxidized
is obtained by oxidation of a2 hydrocarbon by an

oxidizing agent comprising molecular oxygen.

5. Process according to Claim 4, characterized in
that the reaction medium resulting from the oxidation
of a hydrocarbon to hydroperoxide is used as product
reacted with the oxidizing agent.

6. Process according to Claim 5, characterized in
that the reaction medium resulting from the oxidation
of a hydrocarbon is washed with water before being
reacted with an oxidizing agent.

t. 2. Process according to

10 that the organic hydroperoxide i's chosen from
t he group conb:sthmpmés@rﬁﬁarmjgg ﬁgﬁg@Q@EM y p deriving from
al kanes, cycl i 8%% iﬁﬁtQF%é

whi ch optiona

g of



30 5. Process according to Claim4, characterized in that the reaction
mediumresulting fromthe oxidation of a hydrocarbon to hydroperoxide is
‘used as product reacted with the oxidizing agent. 35 6. Process according
to daimb5, characterized in that the 2dacti on nmediumresulting fromthe
oxi dation of a hydrocarbon is washed with water before being reacted with
an oxidizing agent. - 21 7. Process according to Claimb5 or 6,

characterized. i n Hrtatestshes & €864 9 diym.resdl ting fromthe oxidation of
a hydrocarbon js freated to rennvégtﬁg é?'.r%r dﬁ%issbfcghéaS%ﬁﬁéﬁﬁ@n ot her
than the hydroper Site. ChE, Pridsdhccoedivg t oesnd tdahgt hef psecedhag

clains, chacedatined dfn a haidtdres @l st | e.in the_liguid
nediunlumgerp%%%u%%gdi%i Es of.in@Lenenfgfi%ﬁééﬁga;§¢t¥§p%¥?dﬁpﬁo y-

reaction.” 9. “Process accor§i REFLEGTErE mtbercvhaactde hydrioperidatdd he
catalyst is insoluble in the liquid nedium under the conditions of

i npl enentatign of p idation. 15 reaction. 10. Process according to
Claim9, character%?ggg?n%%:%%&HW%&%%I%T?SPfi§h§ Ripprdiedw calaiyst

conpri sing aﬁharﬁéﬁgﬁﬁFedodlpotbaenuhenw@@alys20j%g.Sgiggfésjggcgﬁging to
one of the pregfdingeqhahminacghatacterized in that, the oxidation reéaction
is carried ogt in_the,preseﬁgg_g %aqéﬁdﬁ TS © T L ey iceraf ng to
d ai m 110 chil8cPEifgBionnreagaionrhe sol vent is chosen from the gr oup

consi sting of al kanes, cycl oal kanes, aromati c hydrocarbons, hal ogenated

hydrocarbons9 alcghols ket ones, ethers and
. rocess according to Claim 8, characterized in

that the catalyst is insoluble in the liquid medium

under the conditions of implementation of the oxidation
15 reaction.

10. Process according to Claim 9, characterized in
that the catalyst is a supported catalyst comprising an
inorganic or polymeric support.

20
1l. Process according to one of the preceding claims,
characterized in that the oxidation reaction is carried
out in the presence of a solvent.

25 12. Process according to Claim 11, characterized in
that the solvent is chosen from the group consisting of
alkanes, cycloalkanes, aromatic hydrocarbons,
halogenated hydrocarbons, alcohols, ketones, ethers and
the mixtures of these solvents.

30
13. Process according to Claim 12, characterized in
that the solvent is chosen from the group consisting of
hexane, heptane, isooctane, cyclohexane, cyclooctane,
benzene, toluene and Xylene.

35

14. Process according to Claim 11, characterized in
that the solvent is the hydrocarbon corresponding to
the hydroperoxide to be oxidized.



the m xtures of these solvents. 30 13. Process according to Claim12,
characterized in that the solvent is chosen fromthe group consisting of
"hexane, heptane, isooctane, cycl ohexane, cycl ooctane, benzene, tol uene and
xyl ene. 35 14. Process according to Caigpll, characterized in that the
solvent is tthhydrocarbon corresponding to the hydroperoxide to be

oxi di zed. - 22-.15PrPresesscacedidigndd Comdesef thie JyLoedi ¢] ai s,
characterizedcharhbhab, i Dggl 1 GU d pedium after oxiégilonhlgg Sepdfated by
settling into at |east one organi aﬁhas@eforlﬁéﬂll@ t Bedhumoxi daZeer

hydr oper oxi de®%5: @Abiphe $6| \aamaratratl any ageeedsngr Sald daphasgq it ht(;}.‘esai d
organi ¢ phasesrgghng pga¥el edd idation. and the acid produced
bei ng extracted.fromfhe aqueoggéﬁﬂlsegﬁﬁonfgpxﬁﬂ6@§§sh%ﬂﬁﬂﬁﬁﬁﬁfl@ﬁClaim
15, charact eri3@d % $PhveRhe asidd én extreacisedofr emitihe pHHEAUS phase by
crystallizatisiid ldrgPh9ee$saaeeorns t f. t.he preceding clains, 15
characteri zed ic@ égat thg (ifﬁlz;tal ystﬂ%s ‘ e%gygégaﬁ £ t%eneﬁrg’ﬂi‘rﬁ@%e or
phases. 18. Prtesd®attd dPﬁ@@Mﬁaiu?&ﬁngrﬁxmmmmedingromatmg,aqueous

characteri zedohasge hat the catalyst is separated from20 the |iquid nedium

by separation by settling or solid/liquid separation. 19. Process

accordin?gtodggther of Clains 13 and 14, characterized in that the

cat al yst +8ol € ifradesf5aaquedtiiagphase d1g iext {act I gy i qui d

extraction, tqfaq_ar?}tl%ogcglar ough resi n?ﬁar by el egfrgﬁ}%@éé%ﬁg% gInOCESS

according to one of thé precedi ig-tharfg, from the aquecus phase by
crystallization.

17. Process according to one of the breceding claims,
15 characterized in that the catalyst is recycled with the
organic phase or phases.

18. Process according to one of the preceding claims,
characterized in that the catalyst is separated from

20 the 1liquid medium by separation by settling or
solid/liquid separation.

19. Process according to either of Claims 13 and 14,

characterized in that the catalyst soluble in the
25 aqueous phase is extracted by liquid/liquid extraction,

separation through resins or by electrodialysis.

20. Process according to one of the preceding claims,
characterized in that the catalyst comprises manganese
30 as catalytically active element.

21. Process for the manufacture of carboxylic acids
from hydrocarbons, characterized in that it comprises
- a first stage of oxidation of the hydrocarbons
35 to hydroperoxides by OXygen or a gas comprising oxygen,
- a second stage of concentration of hydroperoxide
in the reaction medium by extraction of at least a
portion of the nonoxidized hydrocarbons,



—

characterized in that the catal yst conprises nanganese 30 as catalytically
active elenent. 21. Process for the manufacture of carboxylic acids from
"hydr ocarbons, characterized in that it conprises - a first stage of

oxi dation of the hydrocarbons 35 to hydypperoxides by oxygen or a gas
conprising oxygen, - a second stage of concentration of hydroperoxide in

the reaction nedi umbythxtdagtiage Qff alxifast Of | onoxi di zed
hydrocarbons,cé v ;@ thLQg;s?a%e of, oxidaf?gnogfBk?%?S%%P%&?&%Squ
carboxyl i ¢ acTUS Accordi My E oRECOFHRE pkecedmag CF| dilim. tFez®diPrmcess
according to @laims 21, characterized in that the oxidation nedi um obtai ned
after the second stage is subjected to a treatnent to extract by- products
ot her thag t he hydr oper oxi des.

22, Process according to Claim 21, characterized in
that the oxidation medium obtained after the second
stage 1s subjected to a treatment to extract by-
products other than the hydroperoxides.



