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. HYDROCARBONS TO ACI DS The present invention relates to aMMﬂWMﬁmﬂ t he
oxi dation of hydrocarbons, in particular of branched or mmmm"
ﬁagurateg aliphg}ic 5fhy?r0ﬁarbons, of cycloaliphatic or al kylkagemati c
ydrocar bons and/ or of al cohol / ket one conpounds) to acid or_pol '
conpounds. ¥Or@paPes0%Bre particularly to the oxidati%ﬁ?ﬂﬁyﬁﬁﬁqgégizing
agent conprising nol ecul ar 10 oxygen, ofl cycl ohexane and/or of cycl ohexanol
and/ or cycl ohexanone to adipic acid. The oxidation of cyclohexane to adipic
acid is a process which has been studied for many years. This is because

adipic acid is an mo ‘ iﬁﬁting mat eri al

i n nunmerous manuf ac vie or—of pol yners,

for exanpl e pol yam desq RO Sif ; .r . rSeye cesses for
t he manufacture of 20 gg?pk%gg%ﬁé %?gﬁgg%égog%?ggﬁg,tguéhbgéc%%%zene,

phenol, cycl ghexeng gki@xckehexangyahavarbess, Pravibdeds chheroyicdati on of
cycl ohexane, elther directly

branched or unbranched saturated aliphatic

5 hydrocarbons, of cycloaliphatic or alkylaromatic
hydrocarbons and/or of alcohol/ketone compounds, to
acid or polyacid compounds.

It relates more particularly to the
oxidation, by an oxidizing agent comprising molecular

10 oxygen, of cyclohexane and/or of cyclohexanol and/or
cyclohexanone to adipic acid.

The oxidation of cyclohexane to adipic acid
is a process which has been studied for many years.
This is because adipic acid is an important chemical

15 compound used as starting material in numerous
manufacturing processes, such as the production of
polymers, for example polyamides, polyesters or
polyurethanes.

Several processes for the manufacture of

20 adipic acid from hydrocarbons, such as benzene, phenol,
cyclohexene or cyclohexane, have been provided.

The oxidation of cyclohexane, either directly
or in two stages, is the most advantageous route for
producing adipic acid.

25 Thus, United States Patent 2,223,493,

published in December 1940, discloses the oxidation of
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or in two stages, is the npost advantageous route for producing adipic acid.
.25 Thus, United States Patent 2,223,493, published in Decenber 1940,

di scl oses the oxidation of 2 cyclic hydrocarbons to the correspondi ng
diacids, in a liquid phase generally conprising acetic acid, at a
tenperature of at |east 60C, using a gas conprising oxygen, in the presence
of an oxidation catalyst, such 5 as a cobalt conpound. Many other patents
and articles disclose this reaction for 2he direct oxidation of cycl ohexane
to adi pic acid. However, to obtain acceptable yields for the production of
adi pic acid, these docunments disclose 10 the use of acetic acid as sol vent
in the presence_either, of a.,honogen S I : er ageneous

cat al yst. N@ﬁyF&ﬁCnEyd68cﬁ§8 PsbgowgﬁgoF%?F%S§?%ggﬁgﬁﬁlgfq?%é g%t?ble whi ch
appeared in the j.qurnal, " . - o745t Bhe aut hor of
15 which is &}q$g a %%sﬁhggﬁggﬁﬁﬁ rFgggrgggnggﬁggﬁggegﬁagkehgfocess for the
di rect oxidati f I n Nigi S @ sedepafi sdmigt ed St at es
Patents 3, 23%?8’@’?%%%%2?’?23? ?Lfafggc, T e % 5, 3911:,f T57 Sand

Eur opean Pat %@é;g%%q 251 nehigh ding@ @Fe araldxaldn tAdrheangarenys sathal ytic
systens. Processes for the direct oxidation of cyclohexane in the presence
of a heterpggnreuetatial YWmpouteh as al um nophosphat es substituted by
cobalt, have al so been proposed, as in European Patent 25 No. 519 569. The
choi ce of a solvent, nanmely cadetr paawnts arBl jax tdre iegpotitsgnitosshdmdc eri sti c
i n obtaining an acceptabl e degree of conversion of the cycl ohexane and an
accept abl e prmdiadtiicon fufr adiepidi resitd oxfife sy off A PBHARRMC exhi bits
nunmer ous di sadvant ages brought 5 about by, for exanmple, its corrosive
nature under adieitcergsaircht W%rprtésﬁh*@lébrﬁﬁqu]&é&e]ﬁfﬁt‘{% nmore, the
use of this solvent presents nunerous proble in the stages.for. the
separation ardexretiqiePbiok rﬂ?lé?ficpiagc i oF T R LS i ng of

various 10 conpounds. , .
10 gﬁg use of acetic acid as solvent in the presence

either of a homogeneous catalyst or of a heterogeneous
catalyst. Mention may be made, by way of illustration,
of the article which appeared in the journal
wChemtech”, 555-559 (September 1974), the author of

15 which is K. Tanaka, which summarizes and comments on
the process for the direct oxidation of cyclohexane.
Mention may also be made of United States Patents
3,231,608, 4,032,569, 4,158,73, 4,263,453 and 5,321,157
and European Patent 870 751, which disclose various

20 homogeneous catalytic systems.

Processes for the direct oxidation of
cyclohexane in the presence of a heterogeneous
catalyst, such as aluminophosphates substituted by
cobalt, have also been proposed, as in European Patent

25 No. 519 569.

The choice of a solvent, namely acetic acid,



Thi.s is because, in the presence of acetic acid, it is difficult to

. Separate and extract fromthe reaction m xture, the byproduct conpounds
fromthe oxidation, such as the cycl ohexanone and the 15 cycl ohexanol
formed. In addition, the extraction of the adipic acid by crystallization
and its purification are rendered difficult because the solubility under
cold conditions of this acid is higher at 25C in acetic 20 acid and | ower
at 80C in acetic acid than in water. Theg separation and the recycling of

t he honbgeneous catalyst are also difficult in the presence of acetic acid.
In fact, on the one hand, recycling the catal yst wi thout extracting the

| atter does not allow a, 25 sufficient.catal yti Lty 10 be retained
and, on the OFh8P RERGT“PRE 8%8?3 ggﬁéggggsé%agg?%%S!P ea&1 4 catal yst

O e SOy htRdp R SEhOREdoEn BALLLEULAT oin cHeRoR1BRLRANS bal 2 722

783 and 2 748° are co ex and expensive. Furthefnore, this sol vent

requires a 5agli B&E%gkhﬁ@dp%a%%ii%ﬁ dehudnaticoncela.t heer @aet ibgn mixture to
be carried out. Several processes for the oxidation of cycl ohexane to

adi pic aci d QR §i BBhGesitaganwiiReuhuilee cuse dikagvenitages hroaghtal so been
provi ded. Sone 10 provide for carrying out this reaction in the absence of
sol vents andzgbher HyWi fhrs ekeaplie, diehcasrosjar nagstrer sndear téeanpl e
acetates (US 4 098 817), acetone (US 2 589 648) or al cohols, such as

but anol , net kanpleratyeleo hexapale seurac etoodittdions (ERIZ8F OAREIMDT €FThese
processes generally result in selectivities for adipic acid which are very
| ow. Furt her nbree ustehe fs dhientso livsed: einesiendehimpinerong fradiliensy idhder t he
conditions for the oxidation of the hydrocarbon, such as cycl ohexane. This
| ow st abi | i t vH20 Stemss tfora thigy s aRararivt GndbreRtre et 'i(i?rﬁ ch renders
such processes unusable. One of the ains of the present invention is to
provi de a pr@&desd @eitherpdurad @r?doftk}ﬁ/dfreﬁé’é:rﬁﬂd’r% I E5i91 e stage to
produce acids or polyacids in a 25 nmediumwhich is |iquid under the

condi ti on<¥ ofSHRY Stat i on reaction which makes possible separation of 5

This is because, in the presence of acetic
acid, it is difficult to separate and extract from the
reaction mixture, the byproduct compounds from the
oxidation, such as the cyclohexanone and the

15 cyclohexanol formed.

In addition, the extraction of the adipic
acid by crystallization and its purification are
rendered difficult because the solubility under cold
conditions of this acid is higher at 25°C in acetic

20 acid and lower at 80°C in acetic acid than in water.

The separation and the recycling of the
homogeneous catalyst are also difficult in the presence
of acetic acid. In fact, on the one hand, recycling the
catalyst without extracting the latter does not allow a

25 gufficient catalytic activity to be retained and, on

the other hand, the operations of separating the




the acid produced and recycling of the catalyst by sinple operations with
.acceptable yields. To this end, the invention provides a process for the
oxi dation of substituted or unsubstituted 5 saturated aliphatic or
cycl oal i phatic hydrocarbons or of al kylaromatic hydrocarbons to acids or
polyacids in a liquid nmedium by an oxidizing agent conprising nol ecul ar
oxygen, characterized in that one of the constituents of the |iquid nedium
is an organic acid 10 conpound of the fallow ng general fornula (l): in
which: HOOC-Ar--E-R ]~ - Ar represents an aromatic radical containing an
aromatic ring or several aromatic rings 15 in condensed form - n

radi ool of TRRHTH FouPRo 50 BEmePEfdbrns) dierioeoh T pR EERRERE ° )

radi cal owr hg ornul a -~ ~~C I R3in

uni ch: KL ﬁ?ﬁgf’?xﬁ%}n phLehcarRobdentv5al 185 ghaf oremt. sreprasent an alky!
complex and expensive.

Furthermore, this solvent requires a

5 difficult and expensive dehydration of the reaction
mixture to be carried out.

Several processes for the oxidation of
cyclohexane to adipic acid in a single stage without
the use of acetic acid have also been provided. Some

10 provide for carrying out this reaction in the absence
of solvents and others with solvents, such as organic
esters, for example acetates (US 4 098 817), acetone
(US 2 589 648) or alcohols, such as butanol, methanol,
cyclohexanol or acetonitrile (EP 784 045).

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

20 leads to a high consumption of the solvent, which
renders such processes unusable.

One of the aims of the present invention is
to provide a process for the oxidation of hydrocarbons
in a single stage to produce acids or polyacids in a

25 medium which is liquid under the conditions of the

oxidation reaction which makes possible separation of



6 to 4 carbon atons or a fluorine, chlorine or bromne atom According to
. the invention, the oxidation reaction is carried out in the presence of a
manganese 5 based catal yst. According to the invention, the conpound of
general formula (lI) is advantageously chosen fromthe |ist of benzoic and
napht hal eni ¢ aci ds whi ch are advantageously substituted by tert-al kyl
groups such as 10 tert-butyl or by trifluorocarbon-based radicals. Mention
may be made, as acids suitable for the imivention, of

3,5-di-tert-butyl benzoic acid, 3,5-di-trifluoronethyl benzoic acid,
4-trifluoromethyl benzoic acid, 4-tert-butylbenzoic 15 acid. These acid

conpounds nay. be at | east partlall bIe C ons) to be
oxi di zed, %@F e B gF&t&rgnghgecVéssu e conzﬁtg%ﬁ%ig%% §?2 carrying
out the oxi d%{l' 2ol SRELRT ol Gidh AL ey alagaquslieray be sparingly sof uble

in water, thit™PsS say a So ess than 10% by wei ght at room
tenperat ure (10C - 30C)I‘o T™HE & &8, aihd 838feiBIdd Yoy iescibliochaul d be

under st ood as meani ng that, "under the conditions of 25 the OX|dat|on
reaction, th%d?“ﬂﬂ@|d£ﬂ6d§1dﬂ“%ﬂ“ﬁﬁ%%ﬁﬂiuted or unsubstituted
5 saturated aliphatic or cycloaliphatic hydrocarbons or
of alkylaromatic hydrocarbons to acids or polyacids in
a liquid medium by an oxidizing agent comprising
molecular oxygen, characterized in that one of the
constituents of the liquid medium is an organic acid

10 compound of the following general formula (I):

in which:
HOOC—A{R |,

- Ar represents an aromatic radical
containing an aromatic ring or several aromatic rings
15 1in condensed form,
- n represents an integer which may be equal
to 1, 2 or 3,
R represents a radical of the following

general formula (II):

20

in which:
R1l, R2 and R3, which are identical or

different, represent an alkyl chain containing from 1



in-the other is at |east greater than 2% by wei ght and that a
. honogeneous |iquid phase conprising at |east a portion of the hydrocarbons
to be oxidized and of the acid conpound is forned. In a preferred
enbodi nent of the invention, 5 the mscibility between the hydrocarbon and
t he above acid conpound is such that, under the conditions of
i npl enentation of the invention, these two conpounds forma single
honmogeneous |iquid phase. However, it is possible, w thout departing 10
fromthe scope of the invention, to use organi c conpounds having a
solubility in water greater than that indicated above if the coefficient of
partition of _thi,s u t wee : i : ction
nediun1mhichtgséeﬁ%?gﬁﬁygggﬁgig? %TE?%g&&%Eﬂy F@%gﬁgﬁ%cgghggﬁgﬁﬁﬁized, t he
oxi dati on in%@r&gdiates and t he nonorgani c phase conprising the water

e

formed during Che oxidation reaction makes it possible to obtain a

concentration of the OrA%r&ixfaﬁ%"%ur&%eofixﬁmri@n,f @Al idac iion the said
aqueous phase of less 20 than 10% by wei ght. According to another

charact eri st ixga@ft ilohe iisNvertdiead dute igontRNigralisadtfofaci thaaaprised i n the
reaction nediumis determned in order to obtain a nolar ratio between the
nunber of gWbagfedGataandtt.ne 25 nunber of nol of manganese netal form ng
the catal yst of between 0.5 and 100 000, preferably between 1 and 8 5000.
The concentration of acdictcrshipeure ithe Hevvearquiian oxitdatdampaverfl 9h can vary
within wide limts. Thus, it can be between 1 and 99~ by weight with 5
respect to tloenestedl fimeimyta ofl )t He |ddnaTt agafiushyarraser fif g rtde

advant ageously be between 2 and 50~ by weight of the liquid nedium It is
al so possi bl &is# tHfodrenagsfeasd rbl’é%é:r%lqlrﬁj”fcr GfRide &te t he i nventi on,
to use the 10 acid conpound in conbination wth ot.her conpound whi ch can
in particul araqﬁ’&"\%atgf?é’hbqf]fyecﬁuhﬁtlitﬁﬁ%{/ilﬁ’g tie?ﬁt'sa; et iqﬁ‘%‘f}g’grﬁ? e
productivity of the reactiqn for, axidation to.adipic acid.and in

particul a@Pt H'ee]:sto'lqi‘rbtiyi i P4t '%é’n S oSt e I?\7bbnafslegdn TR SH Darti cul ar be

Al ogenat oo COTEBERIEE e TR ey TR el i ounds. Nenti on
may be made, 3§ JIRr&PArd4 Gl Ard . it aRlS, G o f, nitriles such as
3,5-di-trifluoromethylbenzoic acid,
4-trifluoromethylbenzoic acid, 4-tert-butylbenzoic
15 acid.
These acid compounds may be at least
partially miscible with the hydrocarbon(s) to be
oxidized, under the temperature and pressure conditions
used for carrying out the oxidation reaction, and
20 advantageously may be sparingly soluble in water, that
is to say a solubility of less than 10% by weight at
room temperature (10°C - 30°C).
The term “at least partially miscible” should
be understood as meaning that, under the conditions of

25 the oxidation reaction, the solubility of one compound

in the other is at least greater than 2% by weight and




20 -acetonitrile, benzonitrile, imdes belonging to the famly described in
. patent application EP 0824962, and nore particularly N hydroxysuccini m de
(NHS) or N-hydroxyphthalimde (NHPI), hal ogenated derivatives such as

di chl oronet hane, fluorinated conmpounds such as: 25 Cyclic or acyclic
fluorinated or perfluorinated aliphatic hydrocarbons or 9 fluorinated
aromati ¢ hydrocarbons, such as perfl uorotol uene,

per fl uor onet hyl cycl ohexane, perfl uorohexane, perfl uoroheptane,

per fl uorooct ane, perfluorononane, 5 perfl uorodecalin,

per fl uoronet hyl decalin, a,a,a-trifluorotoluene or

1,3-bis(trifluoronethyl)benzene_ Perfl.uorinated or .fl.uari_na sters, such
as perffuoroFEPEyF 58%8§83F8F§ 5quédp8befﬁoFg?gFﬁﬁﬁ%ﬁaﬁgaﬁggg%F%uorinated
or perfluorinated ketan 0] t hers ch_a Juaroa 0 ori nat ed

or Berf|uoriR8F§a°8|8§h§ﬁ§,5¥§Eﬁ%3§b8§§fPﬁo?gﬁg§gﬁgﬁfgp§5 %grgggtanol, 15

per fl uor ononanel,, f rode l..s perfluoro-t-butanol,
35.sFebb g4csogly

perfluoroisoSFopano hexaf | uor o- 2- propanol Fl uorinated or

perfluorinated nitrilegy, SUghede PR LHROAARRINANIGE ithe 2@vEhtabmnnat ed or
perfluorinated acids, such as trifluoronethyl benzoic acids,

pent af | uo0beRzOLG saGIKT 1 iR okt XaR0hy daeicdrper fndorekepbare ¢ aci d,
per fl uorooct anoi ¢ acid, perfluorononanoic 25 acid or perfluoroadipic acid

Fl uori nat ed Qrigekbmpeiindatied shiath dest ,sutider Hheasopetifdiwosoicddooct ane or
per fl uor obronooct ane Fl uorinated or perfluorinated am nes, such as
perfl uor ot ri preRErsitae,iopei whco imvienitdeny| diiase ¢gwo compounds
perfluorotripentyl am ne.
form a single homogeneous liquid phase.
However, it is possible, without departing
10 from the scope of the invention, to use organic
compounds having a solubility in water greater than
that indicated above if the coefficient of partition of
this compound between the organic phase(s) of the
reaction medium which essentially consist of the
15 hydrocarbon to be 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 organic compound of
general formula (I) in the said aqueous phase of less
20 than 10% by weight. |
According to another characteristic of the
invention, the concentration of acid compound in the
reaction medium is determined in order to obtain a
molar ratio between the number of mol of acid and the

25 number of mol of manganese metal forming the catalyst

of between 0.5 and 100 000, preferably between 1 and



The oxidation is carried out in the presence of a catalyst. This catal yst

. conprises manganese as catalytically active netal elenent. This catalyst is
enpl oyed either in the form 10 of conpounds, advantageously at | east
partially soluble in the |liquid oxidation nmedi umunder the conditions of

i npl enentation of the oxidation reaction (honogeneous catal yst), or
supported on, absorbed on or bonded to an inert support, such as silica or
alum na, for exanple 15 (heterogeneous @atal yst). The catalyst is
preferably, in particular under the conditions of inplenmentation of the
oxidation reaction: either soluble in the hydrocarbon to be 20 oxidi zed, or
sol uble in the acid conpound, or soluble in the hydrocarbon/acid conpound
m xture fornﬁﬁ@oa honobgeneous |iquid phase under the conditions of

i npl ement ati on of the reacti rding &t oRfcRheld a¢h emeodi nent  of
t he 11 invention, thégﬁaF8F§§§QE§§g%ﬁ§%§o S%ﬁé% n o%gdbﬁ t hese nedi a at
room tenperature.or at. e I re.f lHiRO Wiiltrsa imEdisa i N a new
oxidation. T éqPérnF“%g%E%dgﬂﬁ%?ﬁﬁﬁégg%g%ﬁﬂfgﬁﬁggn that 5 the catalyst is
at |east parijaldy;golibl &d Bdihrdied WRINdY woRsideratiah | n the case
of heterogenéeous ‘catalysis, the catalytically active netal elenents are
suppor t ed Or i NERINORY &thd Rdtdll Gedghy dfesiporidugidorgtinine arat ritx 10 or
in a polyneric matrix or are in the formof organonetallic conpl exes
grafted to a0 GRle afvaraganislys ippdrdtweke 2 emd "SGfcdnporsit et is
understood to nean that the netal is an elenent of the support or that the
operation is gfargieed iantidvintddidBn.conpl exes which are sterically trapped in
porous structures under the conditions of the oxidation. In a preferred
enbodi nent of the inverltt ors akRo IRARRIeNOU LR e RRYENEF s catal yst s
conposed of salts or of conpl exes of manganese. The, 20 concentrégion by

wei ght of netdepamtdmesieem dheeigpRe At ndhyafesnt 1 1 he® 1¥¢fti 't Oxi dat i on
25000 ppb - ek o RN o SIS EE TP ERT DR SO BT IR 000 ppy 26
T ventl OnaerEL ! &, "B HRALLLEHL AT L A Doe PRL RSP GyEhgal T phati
the selectivity and/or the productivity of the reaction
for oxidation to adipic acid, and in particular the
solubilization of oxygen.
15 Mention may in particular be made, as
examples of such compounds, of nitriles, hydroxyimide
compounds, halogenated compounds, more advantageously
fluorinated compounds. Mention may be made, as more
particularly suitable compounds, of nitriles such as
20 acetonitrile, benzonitrile, imides belonging to the
family described in patent application EP 0824962, and
more particularly N-hydroxysuccinimide (NHS) or
N-hydroxyphthalimide (NHPI), halogenated derivatives
such as dichloromethane, fluorinated compounds such as:

25 Cyclic or acyclic fluorinated or

perfluorinated aliphatic hydrocarbons or



12 .cycl ohexane or cycl ododecane, to the corresponding |inear diacids,

. adipic acid and dodecanoic acid. According to a preferred embodi ment of the
invention, it relates to the direct oxidation of 5 cyclohexane to adipic
acid by a gas conprising oxygen, in a liquid nediumand in the presence of
a manganese catal yst. The oxidation reaction is carried out at a

t enperature of between 50C and 200C, preferably 10 between 70C and 180C. It
can be carried out at atnospheric pressure. However, it is generally
carried out under pressure in order to keep the conponents of the reaction
mediumin the liquid form The pressure can be between 10 kPa (0.1 bar) and

20 000 kPa 15 (200 bar), preferably between 1 r) 000 kPa
(100 bar). The oxygen us&d“CEn"HE agogﬁ%écfggﬁﬁggagéoggﬁi§$%$E%%ith an

inert gas, such as nitrogen | i e I fo-air nore or
| ess enriched in 20 oxygg%.rEiliml}%toliﬁglenlé!S 8%§§1ﬁm?gggﬁhﬁﬁ@%qu

he amount  of en nto the nediumis

advant ageous| y_bet ween 19001000, J7th oEloHIBlm ! JeBIRUAGh et ox di zed.
n e e

The oxidation process ca carri out continuously or batchw se. The
|l iquid reaction nedium perfluorooctane, perfluorononane,

5 perfluorodecalin, perfluoromethyldecalin,
o,a,a-trifluorotoluene or
1,3-bis(trifluoromethyl)benzene
Perfluorinated or fluorinated esters, such
as perfluoro(alkyl octanoate)s or

10 perfluoro(alkyl nanoate)s
Fluorinated or perfluorinated ketones or
ethers, such as perfluoroacetone
Fluorinated or perfluorinated alcohols,
such as perfluorohexanol, perfluorooctanol,

15 perfluorononanol, perfluorodecanol,
perfluoro-t-butanol, perfluoroisopropanol
or 1,1,1,3,3,3-hexafluoro-2-propanol
Fluorinated or perfluorinated nitriles,
such as perfluoroacetonitrile

20 Fluorinated or perfluorinated acids, such
as trifluoromethylbenzoic acids,
pentafluorobenzoic acid, perfluorohexanoic
acid, perfluoroheptanoic acid,
perfluorooctanoic acid, perfluorononanoic

25 acid or perfluorocadipic acid

Fluorinated or perfluorinated halides, such



25 which has exited fromthe reactor is advantageously treated according to
. known processes which nmake it 13 possible, on the one hand, to separate
and to recover the diacid produced and, on the other hand, to recycle the
nonoxi di zed or partially oxidized organi c conpounds, such as cycl ohexane,
cycl ohexanol and/or 5 cycl ohexanone, the catal yst and the acid conpound.
The catalyst, in addition to nanganese, can al so conpri se ot her conpounds
based on netals chosen fromthe group copsisting of cobalt, copper, cerium
brom ne, vanadi um chrom um zirconium hafniumand a 10 conbi nati on of
sone of these elenents. It is in particular advantageous to conbine the
manganese with an el enent su%g as co aIt.t It is ad¥%aha (SaITES %Lso to enpl oy
a conmpound whi ch initi 8BeBSFhe 8% PAREPET PRSP ok such~as, tor 15 exanpl e,
a ketone, an al dehyde aqr  a_hydroperoxi de. Cycl ohexanone and cycl ohexyl

hydr oper oxi de, which aPE PBSCtion internediates in the case of the

oxi dation of cycl ohexa r; Y cRabth- g4k arli ¥ HicRdl Galieds , ThRedhisls at or
generally represents f?gﬁf }g E%?OOZOE Ey 20 ﬁeﬁght oflthg weightabf t he

reaction mxture enpl oyed.r1\WokReYl Jridesa aREARON Pe@FI WdaW-Ng a critica
value. The initiator iS of use in particular during the starting of the

oxidationg It can be ir&tﬂi%ltg;q@nﬁh@ndxh@e&&gwﬂmi@feddwanaaret.i on. 25 The
oxi dation can also be carried out in the presence of water, introduced from

the initial stage of Th% thadandeesss Amrirididcated iabore ddwsergact i on

m xture resulting fromthe oxidation is subjected to various operations for
the separati @f &f caa vaft.i This catrstlivisre mtesnpni sesdarpndagresex@®l e, to
allow their recycling, to the oxidation and the recovery of the acids
produced. Accertdilyy itc@ld ¥f iacdtive meatedt iaderfemtm of the process, the crude
reaction mxture can be first of all 10 subjected to cooling, for exanple
to a tenperature of 16Ghi® IFECalMftcH DHrg YAa5h R e c‘-rr}/srt%aq 5% i on of

at least a portion of the acid forned. A nediumis thys, ahtai ned i ch

conpri sest® 1 iCPTHREE 0 RSTERF ASEBTRYAIRYy loefasatcigfr%dta%qé'ass[oeablfpg]ef i qui d

organi ¢ phase 15 conpri si essentially.the unreact.ed conpau Q. be

oxi di zed, optitbridlg Siplt% %@%f%&%&?%%%‘%h%r ;tr%lae t(‘rcl(DeI{E?)l§<lclL!L a él oOnfp

i nternedi ates, (ar several or i.C phases,: i Cl t he

hydr ocar bon all’%%r%‘ﬂerbt Gt e%ncrﬁ‘esm Cgasta]tdr¥ oéw eérarlpder?a{ ur ega and a |iquid
catalyst), or supported on, absorbed on or bonded to an

inert support, such as silica or alumina, for example

15 (heterogeneous catalyst).
The catalyst is preferably, in particular

under the conditions of implementation of the oxidation

reaction:

either soluble in the hydrocarbon to be

20 oxidized,
or soluble in the acid compound,
or soluble in the hydrocarbon/acid compound
mixture forming a homogeneous liquid phase
under the conditions of implementation of the

25 reaction.

According to a preferred embodiment of the



20 -aqueous phase conprising essentially acid byproducts fromthe oxidation
.and the water formed. The catal yst can be in one of the organic phases, if
it is soluble in the said phase, or in the | ower aqueous phase. After
filtering or centrifuging of the solid, 25 the separation by settling of
the organi c and aqueous |iquid phases constituting the filtrate or the 15
centrifugate is carried out, if necessary; the organic phase or phases can
be recycled in a further oxidation reaciion. It may be advantageous, prior
to the 5 operation of crystallizing the acid, to concentrate the reaction

m xture. According to a second alternative formof the process, the final

crude reaction _m xture n be withdra under ondi ti.an I anpl e
at a 10 tenpéPXFBFéoﬁhig ecgﬁt%gggh g%é T%engg%%%oEgnF?%u?g % gﬁ%x

separates by_settling.into I | Lqui-¢l PRASES  @RE-OFHOr € organi c
phases conprpgﬁﬁa 8§s£ﬁ?ﬁaF?§pF%§%Eﬁ%£§§t8 hygroca?bgﬁ, tﬁé aci d conmpound

and oxi dation. i I edi aackia Lihaw deld aquaeysnphase conprising
essentially ?ﬁggggﬁgg Fg%%%d %ﬁ& tﬁe watgr Porned. According to the

solubility and the natyhe @brihe seat@diest ist hadedlddodcan hapr st in the
organi ¢ phase or phases and can be recovered by solid/liquid separation

bef ore preci piealcia®a 19/ t2Q sChys Nalalsitz glairei adfl yt e latile: fior méd in the case
of a heterogeneous catal yst, or extracted by liquid/liquid extraction, over
resins or el eeddiedi ahyeirs dohditldersatdanubl e in the aqueous phase. As in the
first alternative form the liquid 25 phases are separated by settling; the
organi ¢ phase or phasedrcamebeasecydl dtiarawenaausercaddlddiison theact i on.

16 In these enbodi ments, the acid conpound used in accordance with the

i nvention i s ageredrvalilap Igive Saritl vien matalorgHemen tés SRt i SUPRBHFSh&HR of the
organi ¢ phase or phases. Consequently, after separation of the acid 5
formed and opticO¥RABALSY tife 3 MPFLP P& YUHg NI e A ried, the

oxi dation by-products, .the catal yst, and the aciq?gOQPoundzire recycled in
the oxi datq oPStidyd RIS T 1t 28d Hfurdtarbon @i The oxi dati on

LT eat mont of HETEIRA o SRS G4 At ARb SIS b Yepar at od and
(ecoyered bY SINAD0 AIM | W Sl a A aRspess of ther before
understood to mean that the metal is an element of the
support or that the operation is carried out with
15 complexes which are sterically trapped in porous
structures under the conditions of the oxidation.
In a preferred embodiment of the invention,
the homogeneous or heterogeneous catalyst is composed
of salts or of complexes of manganese. The
20 concentration by weight of metal, expressed as weight
of manganese, in the liquid oxidation medium is
advantageously greater than 10 ppm, preferably between
50 ppm and 25 000 ppm, and more advantageously still
between 50 ppm and 5000 ppm.

25 The invention applies more particularly to

the oxidation of cycloaliphatic compounds, such as



15 .produced or with the acid produced. In the |latter case, the acid
produced can be recovered by extraction with water. It is remarkabl e that
the recovery of the acid conmpound should be al nbst total, that is to say 20
that a very small quantity, which is practically nonmeasurable, of acid
conpound is converted during the reaction or carried with the adipic acid
separated. Thus, the rate of recovery of the acid conpound is greater than
97 0 . 25 In these exenplary enbodi nent g2of the invention, water can be
added to the reaction nediumto 17 obtain better dissolution of the acid
byproducts fromthe oxidation and better recovery of the acid fornmed. The

acid is general recover ed |tat| |n of the
geactlon 5 nEHi&ﬁPefﬁg a@'dcyﬁﬁ' éd can ea%éufgﬁéﬁ% acg%rding to
way of examplaeias FrEdy e 1%“%‘3’%%%% R S 300 11 the
nonor gani ¢ or aqueous | HY O 4 Qﬁisc% 0 385 dfip Gty ds dHee latter is
extracted either before crystallization of the acid fornmed, by

precipitati pgﬂer@&U@Ctﬂ@&&%§'ﬂw e AW tDINGRRAS N I as
liquid-liquid extraction, electrodialysis or treatnment over ion-exchange

resins, 15 f y@xBRshe Ao AdigyiCrasidlby zatgan afmprhiesiagy dAygered, by
extraction technlques descri bed above or simlar techniques. O her

advant ages ant detiaicdhs dfmddimm rarghtirortivé |drdresume afbre merag@rigseappar ent
in the light of the 20 exanpl es given bel ow purely by way of indication and
catalyst.
The oxidation reaction is carried out at a
temperature of between 50°C and 200°C, preferably
10 between 70°C and 180°C. It can be carried out at
atmospheric pressure. 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
15 (200 bar), preferably between 100 kPa (1 bar) and
10 000 kPa (100 bar).
The oxygen used can be in a pure form or as a
mixture with an inert gas, such as nitrogen or helium.
Use may also be made of air more or less enriched in
20 oxygen. The amount of oxygen fed into the medium is
advantageously between 1 and 1000 mol per mole of
compounds to be oxidized.
The oxidation process can be carried out
continuously or batchwise. The liquid reaction medium

25 which has exited from the reactor is advantageously

treated according to known processes which make it



il l.ustration. Exanple 1 The following materials: - 0.0344 g of Mi(acac)3
(107 ppm expressed as 25 M) (Acac: acetyl acetonate) - 0.5594 g (5.71
mol ) of cycl ohexanone 18 - 45.0965 (536.9 nmol) of cycl ohexane - 5.0157
g (28.17 mmol ) of 4-tert butyl benzoic acid are charged to a 125 m titanium
aut ocl ave equipped 5 with means for heating by a ring heater, with a
turbine and with means for introducing gas and for regulating the pressure.
After closing the reactor, stirring at 1800 revol utions per minute is
applied, 125 bar of air 10 (at 20C) are introduced and the heating is
initiated. The bulk tenperature reaches 140C in 10 minutes and is
mai nt ai ned for I nutes. After cool.ing and de ressurd %lnge % %Freactor S
c

opened. The PQ&@PP ' nPRt GRE CBftprige&s pF§EE fgebgﬁ%%|5|ng cycl ohexane
and 2 brect g o Iug wisle b Oy solucdn el 6.l O g ddeg sani <

dgraphy Wi the usé o nt er nal

standard. Tne,deqree ot canvey Spa 251152 S M Yanic

compounds, such as cyclohexane, cyclohexanol and/or
5 cyclohexanone, the catalyst and the acid compound.

The catalyst, in addition to manganese, can
also comprise other compounds based on metals chosen
from the group consisting of cobalt, copper, cerium,
bromine, vanadium, chromium, zirconium, hafnium and a

10 combination of some of these elements. It is in
particular advantageous to combine the manganese with
an element such as cobalt.

It is advantageous also to employ a compound
which initiates the oxidation reaction, such as, for

15 example, a ketone, an aldehyde or a hydroperoxide.
Cyclohexanone and cyclohexyl hydroperoxide, which are
reaction intermediates in the case of the oxidation of
cyclohexane, are very particularly indicated. The
initiator generally represents from 0.01% to 20% by

20 weight of the weight bf the reaction mixture employed,
without these proportions having a critical value. The
initiator is of use in particular during the starting
of the oxidation. It can be introduced from the
beginning of the reaction.

25 The oxidation can also be carried out in the

presence of water, introduced from the initial stage of



20 (DC) is 7 . 17 0 . The results of the anal yses are assenbled in Table I
.below. Table I ProductsST oAdipic acid53.6d utaric acidll.8 19 Succinic
acid 3.5 The tert-butyl benzoic acid is quantitatively assayed at the end of

the test. ST ~ = selectivity for the conpound indicated in the first colum
with respect to the cycl ohexane converted. 5 DC ~ = degree of conversion of
t he cycl ohexane Exanples 2 to 6 The following materials: - 0.0033 g of

Mnh(acac)3 (106 ppm expressed as M) (Acaa. acetyl acetonate) 10 - 0.0585 g
(0.597 nmol) of cyclohexanone - 5.00 (58.9 mmol) of cyclohexane - 2 nol % of
acid conmpound with respect to cycl ohexane are charged to a 30 ml C22 all oy

aut ocl ave eq%h%P%gO%ZSgﬁrlheating nmeans and stirred by shaking.

As indicated above, the reaction mixture
resulting from the oxidation is subjected to various
operations for the separation of some of its

5 constituents in order, for example, to allow their
recycling, to the oxidation and the recovery of the
acids produced.

According to a first alternative form of the
process, the crude reaction mixture can be first of all

10 subjected to cooling, for example to a temperature of
16°C to 30°C, which brings about the crystallization of
at least a portion of the acid formed. A medium is thus
obtained which comprises a solid phase composed
essentially of acid, at least one liquid organic phase

15 comprising essentially the unreacted compound to be
oxidized, optionally the dissolved acid compound and
the oxidation intermediates (or several organic phases,
if the acid compound and the hydrocarbon are not
completely miscible at low temperature) and a liquid

20 aqueous phase comprising essentially acid byproducts
from the oxidation and the water formed. The catalyst
can be in one of the organic phases, if it is soluble
in the said phase, or in the lower aqueous phase.

After filtering or centrifuging of the solid,

25 the separation by settling of the organic and aqueous

liquid phases constituting the filtrate or the



After closing the reactor and placing under stirring, 100 bar of air (at

. 20C) are introduced and the heating is started. The reactor is thus stirred
for 3 hours at 120C. After cooling and depressurizing, the 20 reactor is

opened. The reaction m xture conprises a phase conprising cycl ohexane and a

precipitate. The whole is dissolved in acetic acid and the organic products

are assayed by gas chromat ography with the use of an internal standard. 25

The degree of conversion of the cycl ohexgnhe 20 (DC), based on the assay

of the products at the end of the test, is presented in Table Il, for each
agld ﬁonpguzg3zsed Table 11 ExAcid conpoundDC cycl ohexane

~2wW t hout trifluoroneth nzoi ¢ aci d2. 3244-t ert.-hut oi C

aci d3. 645napﬁ@ﬁ§ﬁ6|BQEG?dGSQEéﬁgﬁ? Y4 41, §§C§S§?r¥ﬁlég 5Q§gﬁ}ér

e A A e L A
cyclohexanoneééC l%ng of cycl ohexane

It may be advantageous, prior to the

5 operation of crystallizing the acid, to concentrate the
reaction mixture.

According to a second alternative form of the
process, the final crude reaction mixture can be
withdrawn under hot conditions, for example at a

10 temperature which can reach 75°C. The reaction mixture
then separates by settling into at least two liquid
phases: one or more organic phases comprising
essentially the unreacted hydrocarbon, the acid
compound and oxidation intermediates and a liquid

15 agueous phase comprising essentially the acids formed
and the water formed. According to the solubility and
the nature of the catalyst, the latter can be present
in the organic phase or phases and can be recovered by
solid/liquid separation before precipitation or

20 crystallization of the acid formed, in the case of a
heterogeneous catalyst, or extracted by liquid/liquid
extraction, over resins or electrodialysis if it is
soluble in the aqueous phase.

As in the first alternative form, the liquid

25 phases are separated by settling; the organic phase or

phases can be recycled in a further oxidation reaction.



- 0.500 g of 4-tert-butylbenzoic acid are charged to a 30 mMl C22 all oy

. autoclave equi pped with heating neans and stirred by shaking. 15 After
closing the reactor and placing under stirring, 100 bar of air (at 20C) are
i ntroduced and the heating is started. The reactor is thus stirred for 3
hours at 120C. After cooling and depressurizing, the 21 reactor is
opened. The reaction m xture conprises a phase conprising cycl ohexane and
the precipitate. The whole is dissolvedlién acetic acid and the organic
products are assayed by gas chromatography with the use 5 of an internal
standard. The DC of cyclohexane and ST for adipic acid are presented in

Table 111 for variou t Tahl:
(ppm 10100100010 OOOZTﬁidgh% %%%égﬁgég%gon hgy%P33A5588§ﬁ§§g%%§? 79 10

ppm parts beL, glg: F&aan% Bes @ e@ﬁ%ﬂ%%%n”@%afbeh@rbll@.yr ot Medi um

Exanmpl e 12 The OW ng materia - Mh(acac) 3 (Acac: acetyl
15 acetonatehn or forms an essential component of the organic phase

or phases. Consequently, after separation of the acid

5 formed and optionally of the liguid phase comprising
the water formed, the oxidation by-products, the
catalyst and the acid compound are recycled in the
oxidation stage with the nonoxidized hydrocarbon and
the oxidation intermediates.

10 Furthermore, if the acid compound is solid in
a phase of treatment of the reaction medium, it will
advantageously be separated and recovered by employing
solid/liquid separation processes, either before
treatment of the reaction medium to recover the acid

15 produced or with the acid produced. In the latter case,
the acid produced can be recovered by extraction with
water.

It is remarkable that the recovery of the
acid compound should be almost total, that is to say

20 that a very small quantity, which is practically
nonmeasurable, of acid compound is converted during the
reaction or carried with the adipic acid separated.
Thus, the rate of recovery of the acid compound is
greater than 97%.

25 In these exemplary embodiments of the

invention, water can be added to the reaction medium to



- 0.0066 g of Co(acac)3 - 0.5089 g of cycl ohexanone - 45.085 g of

. cycl ohexane - 5.002 g of 4-tert-butylbenzoic acid 20 are charged to a 180
m titani um autocl ave provided with heating neans. After closing the

reactor, stirring at 22 1000 revolutions per mnute is applied, 106 bar

of air (at 20C) are introduced and the heating is initiated. The bul k

t enperature reaches 130C in 20 mnutes and is maintained for 30 mnutes. 5

After cooling and depressurizing, the reactor is opened. The reaction

m xture conprises a phase conprising cycl ohexane and a precipitate. The

3h0|ehls d;ssoIVﬁd in ﬁcehic acid and the organic products are assayed by
as chromat ograp th t .use .of .an 1Q internal T ree of

fﬁnverzlop ?Ebéf&%oﬁ%féﬁﬁé Q%¥t?9§*Fg%ﬁgmhﬁgﬁf%?) of%%ggﬁhgﬁggggsayed at
e end o est. i ndi I i pi i 2. taric

acid: 0.48 g*- c@ﬁﬁdgiéﬁnd:a?% %%tgz%gi\(ﬁecj?}%é%g}ﬁgloch icq—!?’é; aﬁ(ﬁg%ﬁ%none: 0.61

g 20 Example 12 Test llyjs Japeatedaidiaitie feddvawidw dyoad: - 0. 0158 g of
WMnh(acac) 3 (Acac: acetyl acetonate @{ 0. 0060 g of Cb(acaé?S 25 - 0.5164gg of

cycl ohexanong, o 43,10 iGrPlahelPheaN®o1idly of the reaction

5 medium. The acid thus recovered can be purified
according to familiar techniques disclosed in numerous
patents. Mention may be made, by way of examples, of
French Patents Nos. 2 749 299 and 2 749 300.

If the nonorganic or aqueous liquid phase
10 comprises the catalyst, the latter is extracted either
before crystallization of the acid formed, by
precipitation or extraction according to known
processes, such as liquid-liquid extraction,
electrodialysis or treatment over ion-exchange resins,
15 for example, or after crystallization of the acid
formed, by extraction techniques described above or
gimilar techniques.
Other advantages and details of the invention
will become more clearly apparent in the light of the
20 examples given below purely by way of indication and
illustration.
Example 1
The following materials:
- 0.0344 g of Mn(acac); (107 ppm expressed as
25 Mn) (Acac: acetyl acetonate)

- 0.5594 g (5.71 mmol) of cyclohexanone



- 5.07 g of 4-tert-butyl benzoic acid After closing the reactor, stirring at
. 1000 revolutions per mnute is applied, 75 bar of air (at 20C) are

t ntroduced and the heating is initiated. 5 The pressure of the reactor is
mai ntai ned at 100 bar with a partial pressure of oxygen of 20 bar

mai ntained with the aid of a pure oxygen reserve. The bulk tenperature is
mai ntai ned at 130C for 40 mnutes. After cooling and depressurizing, the
reactor is 10 opened. The reaction m xtuge conprises a phase conpri sing
cycl ohexane and a precipitate. The whole is dissolved in acetic acid and
the organic products are assayed by gas chromatography with the use of an

internal standard. 15 The, ge@§g§ % 0QVERSI PN BT Gy ebRbgxARe (DC) is 10. 1.

The quantity of products a sayed he end of the test 1s Indicated bel ow

adipic acid: 3.94 g 20 gl t@{g@ c %8 D7 781 $USET BLgeagid: 0.201 g
cycl ohexanol: 1.4 g cyclo exanon g Exanple 13 25 Test 11 is repeated

with the foll ow ng | oad: bugylbgggglg Qél&hBFZ ~ 4H20 24 - 0.0095 g of
Co(acac)3 - 0.5050 g of cyclohexanone - 45.018 g of cycl ohexane - 5.037 g

of 4-tert-butyyldbenzlidfe®tfda 125 ml titanium autoclave equipped
5 with means for heating by a ring heater, with a turbine
and with means for introducing gas and for regulating
the pressure.
After closing the reactor, stirring at
1000 revolutions per minute is applied, 125 bar of air
10 (at 20°C) are introduced and the heating is initiated.
The bulk temperature reaches 140°C in 10 minutes and is
maintained for 25 minutes.
After cooling and depressurizing, the reactor is
opened. The reaction mixture comprises a phase
15 comprising cyclohexane and a precipitate. The whole is
dissolved in acetic acid and the organic products are
assayed by gas chromatography with the use of an
internal standard.
The degree of conversion of the cyclohexane
20 (DC) 1is 7.17%.
The results of the analyses are assembled in

Table I below.

Table I
Products ST %
Adipic acid 53.6
Glutaric acid 11.8




5 After closing the reactor, stirring at 1000 revol utions per mnute is
~applied, 75 of air (at 20C) are introduced and the heating is initiated.
The pressure of the reactor is maintained at 100 bar with a parti al
pressure of oxygen of 20 bar maintained with 10 the aid of a pure oxygen
reserve. The bulk tenperature is maintained at 130C for 30 m nutes. After
cooling and depressurizing, the reactor is opened. The reaction m xture
conprises a phase conprising cycl ohexanegand a precipitate. The whole is 15
di ssolved in acetic acid and the organic products are assayed by gas
chromat ography with tWe_use_GL—an -nternpl—standard—The—degree of
conversi on of cycl ohexjane ~ 0 The ity of| products assayed
at the end of the test égq(cnq‘ll%L ed d‘.ov ach- 18%;?\1 y2. /lpg glutaric g

acid: 0.48 g_succin 0,13 .9_25%4C dsexckahgxanone:
0f74 g 8%?0&26 bﬁ%#??ﬁﬁﬁ?bﬁ58§§95XEL§P%EQ¥QEE%%§§QS For9the oxi dati on
of substitut oL, b t saturated aliphatic or cycloaliphatic
hydrocarbonsgg PH ?Ey?g%oggggc hydr ocar bons and/ or of al cohols and
ketones to agidg ar (ROL¥RGLES i Bog khaUidmpednumibyieates dinziche agent
conpri si ng nmol ecul ar oxygen, characterized in that the reaction is carried
out in the p'f%%%'ﬂc%o@fa_mﬁ aRgaRespebased eakalyslohrtane aoyaertedci d
conmpound of the follow ng general forrmula (I): HOOC-Ar-f R ~ in which: - Ar
represent s apcakomBiiegrieadiogakoneeiraiionng fanher ayatlioherdamg or sever al
aromatic rings in condensed form - n represents an integer which may be

equal to 1, ZxempldesR2repr&sents a radical of the follow ng general fornula

(I1)y: RLI -7~-CG-R2 R3 in which: RlL, R2 and R3, which are identical or
The following materials:

- 0.0033 g of Mn(acac); (106 ppm expressed as

Mn) (Acac: acetyl acetonate)

10 0.0585 g (0.597 mmol) of cyclohexanone

5.00 (58.9 mmol) of cyclohexane

2 mol% of acid compound with respect to

cyclohexane
are charged to a 30 ml C22 alloy autoclave equipped
15 with heating means and stirred by shaking.

After closing the reactor and placing under
stirring, 100 bar of air (at 20°C) are introduced and
the heating is started. The reactor is thus stirred for
3 hours at 120°C. After cooling and depressurizing, the

20 reactor is opened. The reaction mixture comprises a
phase comprising cyclohexane and a precipitate. The
whole is dissolved in acetic acid and the organic
products are assayed by gas chromatography with the use
of an internal standard.

25 The degree of conversion of the cyclohexane



26 different, represent an al kyl chain containing from1l to 4 carbon atons
~or a fluorine, chlorine or bromne atom 2. Process according to Caim1,
characterized in that the hydrocarbon to be oxidized is at |east partially
m scible with the acid conpound under the conditions of inplenentation of
the oxidation reaction. 3. Process according to either of Clains 2 and 2,
characterized in that the acid conpound is chosen fromthe group conprising
benzoi ¢ and napht hal enic acids. 4. Proce®s according to Caim 3,
characterized in that the benzoic and naphthal enic acids are substituted by
tert-al kyl or quorocarbonbased groups. 5. Process according to Caim3 or

4, ch t th d f
conpr 51 ng. 3. Bt HAE G e AR on e LTy, PR L S
acid, A-triflyer anerhyl, gs gg Srftild] Anddsiertr bl henzoi g aei d. 6.

Process accor %% on e preceding clainms, characterized in that the
per cent age by @@ﬁéqg &gid conpound in the quU|d nmediumis between 1 and
99~ hy melght Ive to the total weight of the liquid nmedium 27 7.
Process according to Caim6, charactiggdizedi n that the abovenenti oned

per cent age by weiaght is between 2 and 50~ hy \A_f,‘_g_ht_g_ppgee_g.g,accor di ng
to one of the pregceding c|ainsg, ,characteri.zed t hat -t catalkylst is
soluble in the IiquLEEnedPunLﬁﬁééLfﬂmg0889“i*i)B d n%%t%tion of the
oxi dation reactign. %Z Process acc%%Q| ng to one o 1,
characterized in catalydes Yo sotuble

3 4—tr1fluoromethyl— 2.32

benzoic acid

4 4-tert-butylbenzoic 3.64
acid

5 naphthanoic acid 0.94

6 benzoic acid 1.65

5 Examples 7 to 10

The following materials:
- x g of Mn(acac); to obtain a catalyst
concentration expressed in ppm of Mn

indicated in Table III below

10 0.0525 g of cyclohexanone
- 4.5 g of cyclohexane
- 0.500 g of 4-tert-butylbenzoic acid
are charged to a 30 ml C22 alloy autoclave equipped
with heating means and stirred by shaking.
15 After closing the reactor and placing under
stirring, 100 bar of air (at 20°C) are introduced and

the heating is started. The reactor is thus stirred for

3 hours at 120°C. After cooling and depressurizing, the



the liquid nmediumunder the conditions of inplenmentation of the oxidation
.reaction. 10. Process according to Caim9, characterized in that the

catal yst is a supported catal yst conprising an inorganic or polymneric
support. 11. Process according to one of the preceding clains,
characterized in that the oxidation is carried out in the presence of a
conpound chosen fromthe famly conprising nitriles, hydroxyi m de conpounds
and hal ogenat ed conpounds. 12. Process aacording to Claim 11, characterized
in that the abovenenti oned conpound is a nitrile conpound chosen fromthe
group conprising acetonitrile and benzonitrile. 13. Process according to
Claim 11, characterized in_that e laaned QBRI i

hydr oxyi mi de &GS Ind It seé'lrlecﬁr (')Itnl']r% ﬁgé%‘g}r%r%mé%lnpn sélzng ngéss #

N- hydr oxysucci,ni _m \V | g, de. pIEOGSSEaEcornl ng to
Claim11, chfrhé"lcrge%f%#ﬁ%@%%ﬁ%e?eﬁi%%c? conmpound is a

hal ogenat ed caipaund, CiAsen faomd - QURERITAS | lgs yeddmior acyclic
fluorinated or perfluorinated aliphatic hydrocarbons or fluorinated
aromati c hydrocanRong a5 Sy ety U dtanpemesography with the use

per fl uor onet hyl cycl ohexane, perfl uorohexane, perfl uoroheptane,

perfl uoroogt ahe, arperdd aionofneaedan®sr f | uor odecal i n, perfl uoronet hyl decal in,
a,a,atrifluorotoluene or 1,3-bis(trifluoronethyl)benzene, perfluorinated or
fluorinated esters, sucthasD@esf | awrglaékate cxnd@ndht£9s ad1pee facikd o al kyl
nanoate)s, fluorinated or perfluorinated ketones, such as perfl uoroacetone,
fluorinated carepfésemiedtid Balebhol 1 Eekhvasipes f Faed bhekanol

per fluorooctanol, perfluorononanol, perfluorodecanol, perfluoro-tbutanol,
per f | uor oi sopcopestra®idny.; 1, 3, 3, 3- hexaf |l uor o- 2- propanol, fluorinated or
perfluorinated nitriles, such as perfluogroacetonitrile, fluorinated or
perfluorinated acids, such as triflugﬁg ﬁ& benzoi c aci ds,

pent af | uor obgmzoiTt—acid, perf I uor ohexanpi ¢ aci d, {perfl uor pheptanoi ¢ aci d,
per f | uor ooct gnoi ¢ aaixd, perf|l uorononanojc ad d o per¥ | uoroadilfi c gcid,
fluorinated or perftruori natgd halides, Buch as perfluoroi pdooct ane |or
perfluorobronomn @noct ane,| fluorinB ed or péPflluorifeled dfi A9, |such as

ST AdOH % 29.7 39.7 38 26.0

[s}

DC cyclo % 3.86 4.27 3.03 1.79

10 ppm: parts per million by mass of manganese metal in
the reaction medium

Example 11

The following materials:
- 0.0154 g of Mn(acac)s (Acac: acetyl
15 acetonate)
- 0.0066 g of Co(acac)i:
- 0.5089 g of cyclohexanone
- 45.085 g of cyclohexane
- 5.002 g of 4-tert-butylbenzoic acid
20 are charged to a 180 ml titanium autoclave provided

with heating means.

After closing the reactor, stirring at



perfluorotripropyl am ne, perfluorotributylam ne or perfluorotripentyl am ne.
15. Process according to one of the preceding clains, characterized in that
t he hydrocarbon to be oxidized is chosen fromthe group conpri sing

cycl ohexane and cycl ododecane. 16. Process according to Caim 15,
characterized in that the acid produced is adipic acid or dodecanedi oi c
acid. 17. Process according to one of the preceding clains, characterized
in that the liquid nmedium after oxidatipen, is separated by settling into
at | east one organic phase fornmed by the nonoxidi zed hydrocarbon and the
acid conmpound, the said organic phases being recycled in a further

oxi dation, and at |east one aqueous. phase containing 4 I r ced. 18.
Process accoridHy G T HHRYT, %é?ld'g‘l 5 ilzseuaplgpflijt%%’t ]t(ﬁbg Ig% g)fs&(ejﬁ;t ract ed
fromthe aquepus e by crystallization. : ; ACGOrdi N do either
of Clainms 9 a 7 or! 8¢ c"r%trrta% %#‘Tgieéd?@nt}g{a}tlg%ﬁﬁ;lt% ystgil' s recycled

with the or gaple BAsalsloe Al Y e ALCOIMAGA ekl Gains 10 and

17 or 18, charatterize at the catalyst is separated fromthe liquid

medi um by separati oy 030 §ehiditws Or solid/liquid separation.

5 After cooling and depressurizing, the reactor is
opened. The reaction mixture comprises a phase
comprising cyclohexane and a precipitate. The whole is
dissolved in acetic acid and the organic products are
assayed by gas chromatography with the use of an

10 internal standard.
The degree of conversion of cyclohexane (DC)
is 7.8%.
The quantity of products assayed at the end
of the test is indicated below

15 adipic acid: 2.61 g
glutaric acid: 0.48 g
succinic acid: 0.13 g
cyclohexanol: 1.37 g
cyclohexanocne: 0.61 g

20 Example 12

Test 11 is repeated with the following load:
- 0.0158 g of Mn(acac); (Acac: acetyl
acetonate)
- 0.0060 g of Co(acac)s
25 - 0.5164 g of cyclohexanone

- 45.109 g of cyclohexane



21.. Process according to either of Clains 17 and 18, characterized in that
~the catalyst which is soluble in the aqueous phase is extracted by
liquid/liquid extraction, separation over resins or by electrodialysis. 22.
Process according to one of the preceding clains, characterized in that the
catal yst conprises doping el ements chosen fromthe group conprising cobalt,
copper, cerium vanadium chrom um brom ne, zirconium hafniumor a

conbi nati on of some of these elenents. 23. Process according to one of the
precedi ng clains, characterized in that the catal yst conpri ses manganese
and cobalt. 24. Process according to one of t he preceding cl ai s,

characterized in that the concen a4| on cat é(st cxg)éeésed as
manganese, in the oxi dat i dbrP MI Pglftéaﬁ"ét? TO ppm ~25. Process
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Example 13

25 Test 11 is repeated with the following load:

- 0.0144 g of MnBr,-4H0
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4%«3&8(;Lu¥7%g}808{e 1(13& % 8P T) “BCI80% Ua () <" 10% ug&' () -
= 45.018 g of cyclohexane
- 5.037 g of 4-tert-butylbenzoic acid
5 After closing the reactor, stirring at
1000 revolutions per minute is applied, 75 of air (at
20°C) are introduced and the heating is initiated. The
pressure of the reactor is maintained at 100 bar with a
partial pressure of oxygen of 20 bar maintained with
10 the aid of a pure oxygen reserve. The bulk temperature
is maintained at 130°C for 30 minutes.
After cooling and depressurizing, the reactor is
opened. The reaction mixture comprises a phase
comprising cyclohexane and a precipitate. The whole is
15 dissolved in acetic acid and the organic products are
assayed by gas chromatography with the use of an
internal standard.
The degree of conversion of cyclohexane (DC)
is 7.8%.
20 The quantity of products assayed at the end
of the test is indicated below
adipic acid: 2.71 g
glutaric acid: 0.48 g
succinic acid: 0.13 g

25 cyclohexanol: 1.38 g

cyclohexanone: 0.74 g
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hydrocarbons or of alkylaromatic hydrocarbons and/or of
alcohols and ketones to acids or polyacids in a liquid
medium by an oxidizing agent comprising molecular
oxygen, characterized in that the reaction is carried
out in the presence of a manganese-based catalyst and
an organic acid compound of the following general

formula (I):

HOOC—AI—R |,

in which:

- Ar represents an aromatic radical
containing an aromatic ring or several aromatic rings
in condensed form,

- n represents an integer which may be equal
to 1, 2 or 3,

R represents a radical of the following

general formula (II):

in which:

R1l, R2 and R3, which are identical or
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2. Process according to Claim 1,
characterized in that the hydrocarbon to be oxidized is
at least partially miscible with the acid compound
under the conditions of implementation of the oxidation
reaction.

3. Process according to either of Claims 1
and 2, characterized in that the acid compound is
chosen from the group comprising benzoic and
naphthalenic acids.

4. Process according to Claim 3,
characterized in that the benzoic and naphthalenic
acids are substituted by tert-alkyl or fluorocarbon-
based groups.

5. Process according to Claim 3 or 4,
characterized in that the acid compound is chosen from
the group comprising 3,5-di-tert-butylbenzoic acid,
3,5-ditrifluoromethylbenzoic acid, 4-trifluoromethyl-
benzoic acid and 4-tert-butylbenzoic acid.

6. Process according to one of the
preceding claims, characterized in that the percentage
by weight of acid compound in the liquid medium is
between 1 and 99% by weight relative to the total

weight of the liquid medium. -



10 10% u& ()-F10% u& ()- 10 10 10!l &0 10% ()-F !1&0 10%q& ()-F
. (10%@& () - s5556K666dEr S4 10 0 fas 0

gj.(élgj{e l{gc' ()-10% u& ()-Y10% u& ()-310% u& ()- S10% u& ()-s10% u& () - 66677" 888
;

10&10% u& () - $10% u& ()-S 10% u& ()-s-10% u& ()-10% u& ()-10% u& () -
. 9UOdEr s4 10 1082 0 bu& ()-10% u& ()-10% u& () - 88f 8889

10% u& () - 8010% U& () - 3. 10% u& () -f, @OBIU& ()-*910% u& () - ( F10% u& () - U9~9
99:: :1:$:xnbC 10 1F10%G& ()- 10-u 10-u 10-u99 (- (FL0% u& ()

10% u& ()-710% u& ()-&510% u&' ()-3ml0% u& ()-3%::(;; x<<=z[ InbC
o e e Pkl W dine écg%laﬁm)sF 109 ()-1!F
109 () - f ==>=?>?2??2@C?P7?} oP/
characterized in that the abovementioned percentage by
weight is between 2 and 50% by weight.

8. Process according to one of the
preceding claims, characterized in that the catalyst is
soluble in the liguid medium under the conditions of
implementation of the oxidation reaction.

9. Process according to one of Claims 1 to
7, characterized in that the catalyst is insoluble in
the liquid medium under the conditions of
implementation of the oxidation reaction.

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

11. Process according to one of the
preceding claims, characterized in that the oxidation
ig carried out in the presence of a compound chosen
from the family comprising nitriles, hydroxyimide
compounds and halogenated compounds.

12. Process according to Claim 11,
characterized in that the abovementioned compound is a
nitrile compound chosen from the group comprising
acetonitrile and benzonitrile.

13. Process according to Claim 11,
characterized in that the abovementioned compound is a

hydroxyimide compound chosen from the group comprising
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14. Process according to Claim 11,
characterized in that the abovementioned compound is a
halogenated compound chosen from the group comprising

cyclic or acyclic fluorinated or perfluorinated
aliphatic hydrocarbons or fluorinated aromatic
hydrocarbons, such as perfluorotoluene,
perfluoromethylcyclohexane, perfluorohexane,
perfluoroheptane, perfluorooctane, perfluorononane,
perfluorodecalin, perfluoromethyldecalin, a,a,0-
trifluorotoluene or 1,3-bis(trifluoromethyl)benzene,
perfluorinated or fluorinated esters, such as
perfluoro(alkyl octanoate)s or perfluoro(alkyl
nanoate)s, fluorinated or perfluorinated ketones, such
as perfluoroacetone, fluorinated or perfluorinated
alcohols, such as perfluorohexanol, perfluorooctanol,
perfluorononanol, perfluorodecanol, perfluoro-t-
butanol, perfluoroisopropanol or
1,1,1,3,3,3-hexafluoro-2-propanol, fluorinated or
perfluorinated nitriles, such as perfluoroacetonitrile,
fluorinated or perfluorinated acids, such as
trifluoromethylbenzoic acids, pentafluorobenzoic acid,
perfluorohexanoic acid, perfluoroheptanoic acid,
perfluorooctanoic acid, perfluorononanoic acid or
perfluoroadipic acid, fluorinated or perfluorinated

halides, such as perfluoroiodooctane or perfluorobromo-
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phases being recycled in a further oxidation, and at
least one aqueous phase containing the acid produced.

18. Process according to Claim 17,
characterized in that the acid is extracted from the
agqueous phase by crystallization.

19. Process according to either of Claims 9
and 17 or 18, characterized in that the catalyst is
recycled with the organic phase(s).

20. Process according to either of Claims 10
and 17 or 18, characterized in that the catalyst is

separated from the liquid medium by separation by
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soluble in the aqueous phase is extracted by

liquid/liquid extraction, separation over resins or by
electrodialysis.

22. Process according to one of the
preceding claims, characterized in that the catalyst
comprises doping elements chosen from the group
comprising cobalt, copper, cerium, vanadium, chromium,
bromine, zirconium, hafnium or a combination of socme of
these elements.

23. Process according to one of the
preceding claims, characterized in that the catalyst
comprises manganese and cobalt.

24. Process according to one of the
preceding claims, characterized in that the
concentration of catalyst, expressed as manganese, in
the oxidation medium is greater than 10 ppm.

25. Process according to one of the
preceding claims, characterized in that the
concentration of catalyst, expressed as manganese, in
the oxidation medium is between 10 ppm and 5000 ppm.

26. Process according to one of the
preceding claims, characterized in that the

concentration of catalyst, expressed as manganese, in
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