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*7) Abstract

The invention relates to a method for the ‘oxidation of hydrocarbon in carboxylic acid, zlcohol and/or corresponding ketone or alcohol
and/or ketone in comesponding carboxylic acid by oxygen or a gas containing oxygen. The inventive method consists in oxidation of
hydrocarbon, alcohol and/or ketone with the aid of oxygen or a gas containing oxygen in a liquid pha¥e and in the presence of a catalyst
that is dissolved in the reaction mixture, characterized in that the catalyst comprises a soluble manganese compeund ang at least one soluble
chrome compound.

(57} Abrégé

La présente invention conceme I'oxydation par P'oxygéne ou un gaz en contenant, d’hydrocarbures en acides carboxyliques, alcools
et/ou ctones correspondants ou d'alcools evou de cétones en acides carboxyliques correspondants,, Elle consiste plus précisément en un
procédé d’oxydation d*hydrocarbure, d’alcool evoun de cétone, 2 'aide d’oxygéne ou d'un gaz en contenant, en phase liquide et en présence
d’ur catalyseur dissous dans le milieu réactionnel, caractérisé en ce que Je catalyseur comprend un composé soluble du mangangse et au
moins un composé soluble du chrome.,




The present invention relates to the oxidation, by neans of oxygen or a
gas containingit, 5 of hydrocarbons to the correspondi ng carboxylic acids,
al cohol s and/ or ketones or of al cohols and/or ketones t% $%9f86?rr?é§)§ondi ng
carboxylic acids. The direct oxidation using oxygen-of hydrocarbons, nore
particularly cycl oal kanes, in the 10 presence of a catalyst is a process
whi ch has been the subject of study forqa long tine. |ndeed, there would
be obvi ous advantages in avoiding the use of an oxidizing agent such as
nitric acid,__as is used in one of the steps_of the current in
BRO OR  OXTD 0 YRROCH 4 BLC AND / OF

nitrogen th%m%'neﬂgenerat ed. In the nunerous variants of a catalytic
oxi dation pre€ess—of this kind using oxygen, cobalt is  the catal yst npst

frequently r ecommndeceir%eg?pﬁ(gslol%?{ gjgrgs‘g%?%jéoﬁ h?ﬁf\ggreisc%_ Ratent US-A-2 223

493, published in Dec : cribes the oxidation of cyclic
hydr ocar bong, 4Q; 1ih&n cab ¢ enandi nig &ﬁéﬂsok N agggqebqtgmﬁggg@er ally

conprising acetic acid at a tenperature of at |east 25 60C w fhe aid of
a gas cont aigH Mg dpoaefhbaidl i e c@fﬁé@ﬁ@ﬁd@ﬁ%aaaQEbﬂ§l&@naéiih@',ySt such

as a cobalt conpound. 18 Septenber 2003 2 The Anerican patent US-A-4 902
827, publishae@dohol Febrdiary KdHPhedescrobesl ashoDpr anepent keeohhe air
| to the cdrrésponding carboxylic acids. '
The direct oxidation using oxygen of
hydrocarbons, more particularly cycleocalkanes, in the
10 presence of a catalyst is a process which has been the
subject of study for a long time. Indeed, there would
be obvious advantages in avoiding the use of an
oxidizing agent such as nitric acid, as is used in one
of the steps of the current industrial processes, which
15 would do away with the need to treat the oxides of
nitrogen that are generated. |
'In the numerous variants of a catalytic
oxidation process of this kind using oxygen, cobalt is
the catalyst most frequently recommended.
20 For instance, the American patent
VUS—A—Z 223 493, published in December 1940, describes
the oxidation of cyclic hydrocarbons to the
corresponding diacids in a liquid phase generally
comprising acetic acid at a temperature of at least
25 60°C with the aid of a gas containing'oxygen and in the

presence of an oxidation catalyst such as a cobalt

compound.



oxi dation of cyclohexane to adipic acid in a liquid phase conprising
acetic acid at a tenperature of from5 80C to 160C and ig helgresence of
an oxidation catalyst conprising asol uble conpound of d Rterghgr 2003

sol ubl e conmpound of zirconium and/ or of hafnium More recently, the patent
EP- A-0 694 333 has: recommended the enpkoynent, in the context of the 10
oxi dati on of hydrocarbons using oxygen., of a catalyst conprising a

bal tic ‘sal d f i lt. As t talyst of this -
oxi dation reaction meriibTRg SR RAboBE Trhahests 8o cBURGHEESE ounds,

d al to.facilitat jfi.cation of the resultan roducts, it is
Spefgrzg|e0569§%%?% é%ﬂﬁf%§¢ﬁéﬂ%%%%gcg%g%%ibT%rgg?gFQEtEFc%ngﬁﬁFat!gn.. -
-Th f , i ysLihns gy 1exane oxidation
bl ocesaee, PRIBRGN (O Ay AMMMAIENG ASBERL YRl a D BYE SRRNRRC, et

- the catal ystsusf emmgised A 408 8 i Hra it Prosessescdescpibed above are

still in need of inprovement. The present invention ains to provide such
i mprovensnt 80I°C eNSIELT e P S Ve ddhde PEOCLESoR DL OF oAXi di zi ng

hydr ocar bon, al cohol and/or ketone, using oxygen or a gas containing it,
in liquid phaselasd icomptrhiesipresencel Wil e catpbysd of sseby et kndt be -
reaction medium characterized in that the catalyst conprises at 18
Sept enber 2@93UQlﬁeﬁﬂmRmW@duﬂﬁﬂﬂi;qnnﬁFNMﬁnﬁtmmqminhbﬁmﬂumt Ieast one
' More recently, the patent EP-A-0 694 333 has
recommended the employment, in the context of fhe
10 oxidation of hydrocarbons using oxygen, of a catalyst
comprising a cobaltic salt and a ferric salt.
Ls anothér customary catalyst'of this
oxidation reaction mention may be made of manganese.
On economic grounds, and also to facilitate
15 the purification of the resultant products, it is
preferable to operate with the lowest possible catalyst
- concentration. Therefore, manganese is an advantageéus
catalyst in cyclohexane oxidatiocn processes.
It is found, however, that the selectivities
20 obtained with the catalyst systems used in the pfior-
art processes described above are still in need of
improvement.
The present invention aims to provide such
improvement. It consists more precisely in a process
25 for oxidizing hydrocarbon, alcohol and/or ketone, using
oxygen or & gas containing it, in liquid phase and in
the presence of a catalyst dissolved in the reaction

medium, characterized in that the catalyst comprises at



sol ubl e chrom um conpound. The hydrocarbons which are used as starting
substrates in the process cif the invention are nore 5 pgr%icularuy

al kanes, cycl oal kanes, al kyl aromatic -hydrocarbons, al Kl tefper 2003
cycl oal kanes having 3 to 20 carbon atonms. Anmong t hese hydrocarbons the
cycl oal kanes, especially .those which have a ring containing 5 to 12 10
carbon atons, are w thout doubt the nobst inportant, since their oxidation
| eads to thadlicardexydéruatt daangant9e ! BerbBlemediale oxalgaldanol s and
cycl oal kanones. The hydrocarbon of greatest interest is cycl ohexane,
whose oxi datscdrud leadsh t @m gk Pt Sm@shild . one-  of the starting conpounds for
nyl on 6,6, but which nay also provide cycl ohexanone, which |eads to :
caprol actam and thus The nyydroGaridhes prrsent apeooess &an salase iy used for
the oxidation 20 of internediate al cohols or ketones, especially .

cycl oal kanols&gid ars chexdroresctrays ngf Sthe 18vearhon sakomeret 0 prepare

t he corr%§ponding di carboxylic acids. In the text below, the process wll
be nore “paPBrEHAAF PestFHRs f oty ¢ hea bkidasi onlsy1l25ompdriccar bons,

essential ly. cycl oal kanes, d, with specjal_preference, for the oxidation
of cycl ohexade °“fHe Chtral e%ﬁ%t%ﬁﬁcﬁﬁ&%?%iganéénﬁéﬂﬁﬁg-§ftﬁaﬁ§anese and

of chrom um.qakes E%ngisible to prepare 18 Septenber 2003 4

Amoﬁg these hydrocarbons fhe cycloalkaneé,
especially those which have a ring containing 5 to 12
10 carbbn atoms, are without doubt the most important,
since their oxidation leads to the dicarboxylic acids
or to the intermediate cycloalkanols and
cycloalkanones.
The hydrocarbon of greateét interest is
15 cyclohexane, whose oxidation leads to adipic acid, one”
of the starting compounds for_nylon 6,6, but which may
also provige cyclohexanone, which leads to caprolactam
and thus to nylon 6. |
The present process can also be used for the oxidation
20 of intermediate alcohols or ketones, especially
cycloalkanols and cyclohexanones having 5 to 12 carbon
atoms, to prepére the corresponding dicarboxylic acids.
In the text below, the process will be more
particularly described for the oxidation of
25 hydrocarbons, essentially cycloalkanes,-and, with
special preference, for the oxidation of cyclohexane.
The catalyst system comprising compounds of

manganese and of chromium makes it possible to prepare



adipic acid directly with a good selectivity fromthe oxidation of

cycl ohexane; this feature is obviously highly advantageous. The catal yst
system conprises at |east one 5 manganese conpound whi ct® PRPBPEA3 n t he
reaction nmedium selected for exanple, nonlimtatively, from nanganese
chloride, manganese broni de, nanganese  itrate and manganese carboxyl ates
such as nmanganese acetate tetrahydrate, nmanganese propi onate, manganese 10

adi pate, manganese gl utarate and nmanganese succinate. The catal yst further
conpri ses atZduRast ofkd EhFent L CbRPoandoRAi ER1ESTIBHEN &Ko e react i on
medi um selected for ex ng}l{ﬁjr?nonl imtative from chrom um_chl oride,

u

Ly,
chr oni um br U LR o he¥arei5thpg é\ﬁ/FBHirﬁmléaP FRPUSEs such as
chrom um acet at.e, cél_\;orw; unég.ropi onate, chrom um adi pate, chrom um
glutarate and"%l'hr)(’)n"—il uni Suettnat e. Final | y, the catalyst may further

comprise at | east O.r‘erﬁé’”cpﬂé%ﬂ% §§é%ggﬂi E%EQ%8 gt hatniumuhich 20 is

soluble in the reaction nedi sel e for ‘exanple, nonlimtatively, from

zi rconi um Chi e se ZESHONAMN KO8 s ZLEGBNEUThNkhEALE 43RG 0%l I CONi UM
car boxyl ates such as zirconium acetate, zirconium propionate, zirconium

adi pate, zi meEaiun Halared® Bl 2DaghlEPNhUM sweeckRate1and shafni um
chloride, hafnium brom de, hafniumnit-rate and hafni um car boxyl ates such

as haf ni um aeetgtres sdafini o der aponat ese hatanude, atlapgtaeskaf ni um
gl utarate and haf ni um succi nate. 18 Septenber 2003 :
lnitrate and manganese carboxylates such as manganese
acetate tetrahydrate, ﬁanganese propionate, manganese
10 adipate, manganese glutarate and manganesé sucéinate.
The catalyst further comprises at least 6ne
chromium compound which is soluble in the reaction
medium, selected for example, nonlimitatively, from
chromium chloride, chromium bromide, chromium nitrate
:15 and chromium carboxylates such as chromium acetate,
chromium propionate, chromium adipate, chromium
glutarate .and chromium succinate.
Finally, the catalyst may further comprise at
least one compound of zirconium and/or of hafnium which
20 is scoluble in the reaction medium, selected for
example, nonlimitatively, from zirconium chloride,
zirconium bromide, zirconium nitrate and zirconium
carboxylates such as zirconium acetate, zirconium
propionate, zirconlum adipate, zirconium glutarate and
25 zirconium succinate and hafnium chloride, hafnium
bromide, hafnium nitrate and hafnium carboxylates such

as hafnium acetate, hafnium propicnate, hafnium

adipate, hafnium glutarate and hafnium succinate.



5 The nol ar ratios between the chrom um and the manganese in the catal yst
systemcan vary within wide limts. Thus it is possible to enpl oy
Cr/Mi.nolar ratios of advantageously between 0.00001 ant® S&riembér 2003
preferably between 0.001 and 10. The anount of zirconium when present, can
vary within nolar ratios, relative to the manganese, which are simlar to
those indicated above for chromum 10 The catal yst can be obtained in
situ by  charging the manganese, chrom um and, optionally, zirconium
compounds to the reactThh Redrtunfaticeahebrsen beeprhgamddmtanchahd ne of

use by m xing the said conmpounds_in the proportions necessary to obtain
the 15 desi M&d G M,'tg%t?%h%t”9? Y FMRMBRAr VEEY] SRR idfi xing i

f er abl ied aqut usjng, | . .ad |vent of th
e ki nd ad THE ot ot ROk Bt ohOr BRBL PInC 2P aRFa y i thi o
sol vent. = 2Q.the, Ay d@én€%%%%§iy0%%<?%§§ﬁfg. 83081 "8hdk gher cent age of

el enental manganese, chrom u Zi'rconiumrelative to the

reactiongm xtuw®,  is, siduated gepgrally bgtween 0.0001 and 5%
advant ageou)éﬁjlty bel}amelZ}Fl_0.001 and 1% a+th'ough t hese 25 val ues are not

critical. Wiat is inport@ndmoloeyerziitsoniOmhakgen pubkkgicentaactivity but
W t hout using excessive anounts. The reason for this is that the 18
Sept enber 2@@3y within molaxr ratios, relative to the manganese,

which are similar to those indicated above for
chromium.

10 The catalyst can be obtained in situ by
charging the manganese, chromium and, optionally,
zirconium compounds to the reaction medium. It can also
be prepared at the time of use by mixing the said
compounds in the proportions necessary to obtain the

15 desired Cr/Mn and, optionally, Zr/Mn molar ratios. This
mixing is preferably carried out using a solﬁent,
advantageously a solvent of the same kind as that uéed
for the oxidation reaction, or directly in this
éolvent.

20 The amount of catalyst, expressed as a welight
pexrcentage of elemental manganese, chromium and,
optionally, zirconium relafive to the reaction mixture,
is situated generally between 0.0001 and 5%,
advantageously between 0.001 and 1%, although these

25 wvalues are not critical. What is important, however, is
to have a sufficient activity but without using

excessive amounts. The reason for this is that the



6 catalyst will have to be separated fromthe final reaction nedi um and
recycled. It is advantageous to enploy further an initiator conpound for
the oxidation reaction. The 5 initiators are often hydr§eeriemnbBes2008uch as
for exanpl e cycl ohexyl hydroperoxide or tert-butyl hydroperoxide. Further
initiators are ketones or al dehydes, such as for exanple cycl ohexanone,
which is one of the conmpounds formed during the oxidation of 10

cycl ohexane or acetal dehyde. In general, the initiator represents from
0.01%t 0 20%Aty Wsitghtl 19f have il gt P2 ¥hecd ehEPToRDfi L0 enpl oyed,

al t hough these proportjons are not cru%ical. The initiator is used above
all at the £EREGPSMEIWY 3K IBEHATONn and 15 when the oxidation of

cycl ohexane is carrie& out at, a teqperature | oyer %ha 120C. It can be
introduced from the Bégitinidfy a9 eac? i TP The ?Fgﬁ?ﬁ f8acti on nedi um
preferably . .al t ] t S e C xylic 20
acid and/orlglﬁgé%gl%%aﬁg)f“%rouﬁe ?ﬁéﬁp%}}écﬁé}f gégléﬁlv%és)éa%%gg?ba‘g?gpare by

enpl oyi ng thQipLocess Qfrel ggtie%vw&ﬁber&bi&eépl yeok ganehe highly

variable in nature, provid that" it is not substantially oxidizable under
the reactigpazaendi dyeNShekly lICAY RO IRt RE bn partiwatar 25 from pol ar

protic solvents and pol ar-aprotic solvents. As polar protic solvents
ment i on nmayhbdropdecxfiale . e@xatples, iofitciartmxylarce acétsndavong only prinary
or secondary hydrogen atons, especially aliphatic acids ‘
aldehydes, such as for example cyclohexanone, which is
one of the compounds formed during the cxidation of
10 cyclohexane or acetaldehyde. In general, the initiator
repreéents from 0.01% to 20% by weight of the weight of
the reaction mixture employed, although these
proportions are not critical. The initiator is used
above all at the time of starting the oxidation and
15 when the oxidation of cyclohexane is carried cut at a
temperature lower than 120°C. It can be introduced from
'£he beginning of the reaction.
The liguid reacfion medium preferably
contains an at least partial solvent for the carboxylic
20 acid and/or alcochol and/of ketone which it is envisaged
to prepare by employing the process of the invention. -
This solvent can be highly variable in nature, provided
that it is not substantially oxidizable under the
reaction conditions. It can be selected in particular
25 from polar protic scolvents and polar aprotic scolvents.
As polar protic solvents mention may be made, for

example, of carboxylic acids having only primary ox

secondary hydrogen atoms, especially aliphatic acids



18 Septenber 2003 7 having 2 to 9 cafbon at ons, perfluoroalkylcarboxylic

acids such as trifluoroacetic acid, and al cohols such ert Q%I%@Sl' As
pol ar aprotic solvents nention nmay be made, for exanpl PleTahRI2 kyl (=
al kyl radical 5 having 1 to 4 carbon atons) esters of carboxyllc aci ds,
especially aliphatic carboxylic acids hQV|ng 2 to 9 carbon atons, or of

per f 1 uor oal kyl carboxylic acids, tetranéthylene sul phone (or sulpholane)
acetonitrile, hal ogenated hydrocarbons such as di chl oronet hane, and 10
ket ones suchaa’én@c@t dite.® Apethan atiahng s Ipﬂlefbmam?lbsédaabosaﬂ\ient for the

oxi dation reaction of cyclohexane It is judicious to enploy a catalyst
whose nmangaAE3€ Safd Chiditum L leiraa it s2ak@ i andhel eebmi af seehpounds

deriving from 15 the carbaoxylic acid which js used as sol vent, provided
that the safd &6 oglr‘l’&sa“ﬁ?]e iR r?H%tJr‘"ea%‘?Jr%‘ﬁ“t?re‘H‘?ﬁFﬁoﬂc’@ﬁat es of

manganese a d ofdchr um.are- the fore us eL a@%% ﬁlcular for
this reasonc 26%Fre $&|$§%@P e&ﬂéb & %s ﬁ@ ally from

1910 994 by ekt o, e ) %'%W . st bl g 3l 0%

and, nore pre bly, fron1 e OXI ion ca

out in the eggeeagiq @19bralier datyduced fLom the, . th aJcoS§age of the

process. The enpera ure at which the oxidation
carbon atoms, or of perfluorcalkylcarboxylic acids,

tetramethylene sulphone {or sulphblane), acetonitriie,
halogenated hydrocarbons such as dichloromethane, and

10 ketones such as acetone.

Acetic écid is preferably used &s solvent for-
the oxidation reaction of cyclohexane. It is Jjudicious
to employ a catalyst whose manganese and chromium
constituents are in the form of compounds deriving from

15 the carboxylic acid which is used as solvent, provided
that the said compounds are séluble in the reaction
medium. Acetates of manganese and of chromium are
therefore used preferably, in particular for this
reason.

20 The sclvent, as defined above, represents
generally from 1% to 99% by weight of the reaction
medium, pfeferably.from 10% to 90% and, more
preferably, from 20% to B0%.

The oxidation can also be carxried out in the

25 presence of water introduced from the .initial stage of
the process.

The temperature at which the oxidation

reaction is carried out is wvariable in accordance, in



reaction is carried out is variable in accordance, in 18 Septenber 2003 8

articular, with the substrate enployed. It is generall etween 50C and
2000 and preferably between 80C and 140C.- The pressure 1%1599#%? ber 2005t i cal
paraneter-of 5 the process. It can be |lower than, equal to or greater _

t han atnospheric pressure. In general, 8 will be situated between 0.1 MPa
(I bar) and 20 MPa (200 bar), although t hese val ues are not mandatory. It

is possibl e $.0us8s, Pur y ixch r, oxygen- depl et ed
air, or elsg;oxygen &|lﬂéﬁf§3?h %%s%g%?é 8&@1%$%b eggngles whi ch foll ow

illustrate e &b 120, iBwierdd 05 0 ° EXAMPLED 3 CCQ{BABéEE\éEaé%Z%e@W dd,f anium

aut ocl ave equi pped with heating-collar heating neans bi ne, gas
i ntroducti o OofeEansmdnd pressure regul ation neans is charged with: 21.25 g
(253 mmol ) of cycl ohexane 27.35 g of acetic acid 0.26 g (2.65 mmol) of
cycl ohexanone - 0.0143'te (D-dhmaols afio€od ofienbalt pacamatert etsr ahydr at e.
After closing the reactor, the mxture is _
5 the process. It can be lower than, egual to or greater
than atmospheric pressure. In general, it will be
situated between 0.1 MPa (1 bar) and 20 MPa (200 bar),
although these values are not mandatory.
It is possible to use pure oxygen, air,
10 oxygen-enriched or oxygen-depleted air, or else oxygen
diluted with an inert gas.
The examples which follow illustrate the

invention.

EXAMPLE i, COMPARATIVE

15 _ A 125 ml titanium autoclave equipped with
| heating-collar heating means, a turbine, gas
introduction means and pressure regulation means is
charged with:
- 21.25 g (253 mmol} of cyclohexane
20 ' - 27.30 g of acetic acid
- 0.26 g {(2.65 mmol) of cyclohexanone
- 0.0143 g (0.057 mmel of Co) of cobalt
acetate tetrahydrate.
After closing the reactor, the mixture is
25 stirred at 1000 revolutions per minutg, alr pressure is
created (100 bar at 20°C) and the mixture is heated.

The temperature of the mixture reaches 105°C in



25 stirred at 1000 revolutions per mnute, air pressure is created (100
bar at 20C) and the mixture is heated. The tenperature of the m xture
reaches 105C in 18 September 2003 9 10 minutes and this BetReAPeTZ003s

mai ntained for a further 170 mnutes. After cooling and depressurization,
the reaction mxture consists of two ligquid phases, which 5 are

honogeni zed by addi ng acetic acid. The honpbgeneous m xture thus obtained is
assayed by gas chromatography. The results obtained are as follows: degree
of conver si gno MBAVHS 39 oHekankemrangtupe ThEsmeéptkinddndost rat es t hat
cobalt Is no%{a ood catal yst at the concentration tested. EXAMPLE 2, _
COVPARATI VE LG g ed in the same apparatus and under the sane

operating conditions but, replacin 15 the cobalt acetate hydrate with
0.061 'nmol of Mh in t%‘eétfeorr rﬁoo‘?cllr{g%gaarh%s%e@é%?E?JélF@Ff‘SHdeé?e (0.015 g).

The reacti i | SnlZ ] es. I, sul ts. obtained are as follows: -
Degr ee of cglr%\?zadreﬁgn %%(Eg Ig%f r]-H%:nyc Soﬂsgx%ﬁéw? belrey 2 §F8ﬁe?<‘§m6|° rel ative
to the oeyclohexahe fnWRld e aaddSd Aoy elohexgnone relative to the

cycl ohexane converted: _
The homogeneous mixture thus obtained is

assayed by gas chromatography.
The results obtained are as follows:
- degree of conversion (DC) of cycloheﬁane: <1%
10 This result demonstrates that cobalt is not a
lgoOd catalyst at the concentration tested.

EXAMPLE 2, COMPARATIVE

Example 1 is repeéted in the same apparatus
and under the same operating conditions but replacing
15 the cobalt acetate hydrate Qith 0.061 mmol of Mn in the
form of manganese acetate tetrahydrate (0.015 g) . The
reaction time is 170 minutes.
The results obtained are as follows:
- Degree of conversion (DC)lof
cyclohexane: 15.3%
- DS for cyclohexanol relative to the

cyclohexane converted: 24,5%

- DS for cyclohexanone relative to the

o2

cyclohexane converted: . 0.0
~ DS for adipic acid relative to the

cyclochexane converted: 48.4%



DS for adipic acid relative to the cycl ohexane converfed
0.0% 48. 4% 18 Septenber 2003 10 DS for adipic acid + cycl] ohexanone +
ohexanol rel & A SRRSEERA03! al

cycl ohexanol relative to the cyclohexane.converted: -

di aci ds fornmed nol ar

ratio: - DS for other conpounds (butyrolactone,

val erol act one, hydroxyadi pic acid, 72.9% 77.60 hydroxycaproic acid):
S repeated in the sane apparatus and under the sane

EXAMPLE 3 Exanple 2 i
operating conditions

acetate (0.09 mmol) o

of conversion (DC) of

cycl ohexane convert ed:

EXAMPLE 3

and under

ddi t st 0.011 f chromu
PeorBe '@%éguﬁfﬁo%?a% PR of | ove: -

15. 3% 24. 50

13. 2%

m
Degr ee

S _f h I | ative to the
cyBYBhRISHRge: o1 B8, O Cytéw Sriveto the

cyc r

cyclchexane converted: ‘ _ 12.9%
Adipic acid/total diacids formed molar

ratio: ) 77.6%
DS for other compounds (butyrolactone,
valerolactone, hydroxyadipic acid,

hydroxycaproic acid): 13.2%

Example 2 is repeated in the same apparatus

the same operating conditions but adding to

the catalyst 0.011 g of chromium acetate {0.04 mmol) of

Cr.

The results obtained are as follows:

Degree of conversion (DC) of

ce

cyclohéxane: 11.3

DS for cyclohexanol relative to the

ol¢

cyclohexane converted: 1¢.2

DS for cyclohexanone relative to the

c@

cyclohexane converted: 0.0

DS for adipic acid relative to the

al®

cyclohexane converted: 65,5
DS for adipic acid + cyclohexanone +

cyclohexanol relative to the

a0

cyclohexane converted: ) 75.71
Adipic acid/total diacids formed molar

ratio: ‘ 78.9%

de

DS for other compounds: 6.7



11. 3% 10. 2% cycl ohexane converted: 0.0%- DS for adipic acid relative to
the cycl ohexane converted: - DS for adipic acid + cycl ohexanone +

cycl ohexanol relative to the cyclohexane converted: Adi'Sieriembeiad08
diacids formed nolar ratio: - DS for other conpounds: 65.50 75.7% 78. 9%
6.7a 18 Septenber 2003 11 EXAMPLE 4 Exanple 2 is repeated in the sane
apparatus 5 and under the sane operating conditions but adding 0.0031 g of
Cr acetate instead of 0.011 g. The results obtained are as follows: -
Degree of c&FPLEE (DC) of cycl ohexane: - DS for cycl ohexanol relative

to the cyclohexane cqnverted:. -, DS for cycl phexanone relative to the
cycl ohexane Converted%&ample 2 is repeatgg in éhe same apparatus ,

and under the same operating conditions but adding
0.0031 g of Cr acetate instead of 0.011 g.
5 7 The results obtained are as follows:

- Degree of conversion (DC) of

o0

cyclohexane: ' 13.4

- DS for cyclochexanol relative to the

[e)}
N
de

cyclohexane converted: 1

- DS for cyclohexancne relative to the

o

cyclchexane converted: 0

- DS for adipic acid relative to the

cyclohexane converted: ' 5B8.5%
- DS for adipic acid + cyclohexanone +

cyclohexanol relative to the

cyclohexane converted: 74.7%
- Adipic acid/total diacids formed mclar |

ratio: ‘ 79.0%
- DS for other compounds:' 9.8%

EXAMPLE 5

Example 3 is repeated in the same apparatus
and undér the same operating conditions but adding
15 ppm of Zr in the form oflzirconium acetate. The
10 reaction time is 60 minutes.
The results obtainea are as follows:

- Degree c¢f conversion (DC) of

%

cyclohexane: 14.0



- DS for adipic acid relative to the cyclohexane converted - DS for

adi pic acid + cycl ohexanone + cyclohexanol relative to t ohexane
converted: - Adipic acid/total diacids formed nolar rati® qme &%90 ot her
conmpounds: EXAMPLE 5 13. 4% 16. 2% 0% 58. 50 74. 7% 79.0% 9 8@6Exanp|e 3is
repeated in the sane apparatus and unggr the sane operatlng,condltlons but
adding 15 ppmof Zr in the formof zirtdoniumacetate. The 10 reaction tine
is 60 mnutes. The results obtained are as follows: - Degree of conversion
(DO of cycl ohexane: DB4.£f@% 1§ Septeerarerl 200 t12ve OS e cycl ohexanol

rel'ative to the cyclohexane converted: DS for cycl ohexanone relative to
the 9.8% cyclohexane converted: 9.8%

~ DS for cyclohexanone relative to the

cyclohexane converted: 2.5

oo

- DS for adipic acid relative to the”
cyclohexane t hafnium chloride;
hafnium b:omide, hafnium nitrate and
hafnium carboleates such as hafnium
~acetate, hafnium propionate,.hafnium
adipate, Hafnium glutarate, hafnium
~ succinate.converted: 64.5%
- DS for adipic acid + cyclohexanone +
cyclchexancl relative to the
cyclohexane converted: 76.8%
- Adipic acid/totél diacids formed molar

ratio: 78.7%

oe

- DS for other compounds: 5.7



cycl ohexane converted: 2.5%-- DS for adipic acid relative to the

cycl ohexane t hafnium chl oride, hafnium brom de, hafni itrate and

haf ni um car boxyl at es such as haf nium acet ate, hafniunlggﬁk%ﬂék%?KWanium
adi pate, hafnium glutarate, hafnium succinate converted: DS for adipic
acid -+- cycl ohexanone + cycl ohexanol ¥®lative to the cycl ohexane
converted: Adipic acid/total diacids formed nolar ratio: DS for other
conmpounds: 64.50 76.8% 78. 70 5.79618é§§£gﬁgber 2003 13 CLAIM5 1. Process
for oxidizing cycl oal kanes, al cohol r ketones to carboxylic-acid,
usi ng ‘oxygen or a gas containing it, in liquid phase in a solvent.

sel ected from polar protic solvents and polar aprotic solvents and in the

presence of a catalyst; di ssolMed ifht hei@pethon-yrdbyMagbaracterized in
that the catal yst conprises a sol ubl e nanganese conpound and a sol uble

chrom um cogpewMdls and/or ketones to carboxylic-acid, using
| oxXxygen or a gas containing it, in liquid phase in a
solvent selected from pélar protic solvents and polar
aprotic solvents and in the presence of a catalyst.
diSsolved in the reaction medium, characterized in that
the catalyst comprises a soluble manganese cdmpound and
a soluble chromium compound. ‘ |

2. Process according to claim 1,
characterized in that the cycloalkane used as starting
substrate is selected from cycloalkanes having a ring
conﬁaining 5 to 12 carbon atoms and is preferably
cyclohexane.

3. Process according to claim 1,
characterized in that the alcohol and/or ketone used as
starting substrate are selected from cycloalkanols and
cycloalkanones having 'a ring containing 5> to 12 carbon
atoms and are préferably cyclohexanol and/of
cyclohexancne.

4. Process according to one of claims 1 to
3, characterized in that the catalyst comprises at
least one manganese compound which is §oluble in the
reaction medium, selected from manganese chloride,
manganese bromide, manganese nitrate and manganese

carboxylates such &s mangénesé acetate tetrahydrate,



2. Process according. to claim1, characterized in that the cycl oal kane

used as starting substrate is selected from cycl oal kan %a in ring
containing 5 to 12 carbon atons and is preferably cycloﬁé Xémﬁéfingocess
according to claim1, characterized in that the al cohol and/or ketone used

as starting substrate are selected fromcycl oal kanols and cycl oal kanones
having a ring containing 5 to 12 carbon atons and are preferably

Co 3 char BeTREae R LE AR e R R e CE R PRER: PR s one 77
manganese c%qgg ﬁ@“éﬂhiﬁ%£§§¢%%§ in.the . Leaction nedium selected from
manganese chl oride, nanganes rom de, nanhganese nitrate and manganese

carboxyl ates such as ranganesscaset Mot elfnahydr 8he. ok8 $aRke™er 2003 14
manganese propi onate, manganese adi pate, nmanganese glutarate ané manganese

succinate. 3., Bhecessacoadling ik onnof cstal st lebAiprdseshakacterized in
that-the catal yst conprises at |east one chrom um conpound which is
sol ubl e i.n fkesteactsd ahrediummcae@oiedviiom chresiuplehbariktde, chrom um
brom de, chromium nitrate and chrom um carboxyl ates such as chrom um
acet ate, chreactimonpmesiionat eelefuiord uiwenli patenichr onlamideyt arate and
chrom um succi nat e. . _ . ,

chromium bromide, chromium nitrate and Qhromium

carboxylates such as chromium acetate, chromium

propionate, chromium.adipate, chrdmium glutarate and

chromium succinate.

6. Process according to one of the

preceding claims,Acharacterized in that the catalyst
_comprisés a soluble zirconium or hafnium compound.
:'7.- Proéess'according to claim 6,
chéracterizéd in that the soluble zirconium compound in
the reaction medium is selected from zirconium
chloride, zirconium bromide, zirgonium nitrate and
- zirconium carboxylates such as zircbnium acetate,
zirconium'propionate,'zirconium adipate, zirconium
glutarate and zirconium suceinate. |
8.  Process according to claim 6,
éharacterizéd in thét the soluble hafnium compound in
lthe reaction medium is selected from hafnium chloride,
hafnium bromide, hafnium nitrate and hafnium
carbOxylates'such as hafnium acetate,_hafnium

propionate, hafnium adipate, hafnium glutarate and

hafnium succinate.



6. Process according to one of the preceding clains, characterized in that

the catal yst conprises a soluble zirconium or. hafnium cgengound. 7.
. Process- according to claim6, characterized in that th& SBPEHIPE 209%0ni um

conmpound in the reaction nediumis selected from zirconium chloride,
-zirconi-um brom de, zirconiumnitrate and zirconium carboxyl ates such as
zirconium acetate, zirconium propionata5 zirconium adi pate, zirconium
glutarate and zirconium succinate. 8. Process according to claim§6,

characterized in that the selyhl gsh%fdydggiq_ggpco&m%é ”%fté‘fa rrg%_c{i on nmedi um
e, [

is selected from hafnium chl oride, hafnium®rom afhru r%?e anq
haf ni um car bexykatescseeh zag haf Rihum aget %ﬁaﬁ%ﬂfﬁ“bé‘é@&éﬁ“ﬁ%%bohaf nium
er

adi pate, hafniumglutarate and hafnium succinate. 18 Septe 3 1S 9.
Process accocHrngito aneé @heChangBnkslo i B beharact®rd@ish idhd hado t he nol ar
rati o between the chrom um and the nanganese is between 0.00001 and 100,
preferably bpreéemnadl@Obeandeh00.5010ankr dcess according to one of clains 1
to 9, characterized in that the anount of catalyst, expressed as a wei ght
percentage of el enent al0-naBganese, ackemerital tchrom un anidirepti anal |y,

el emental zirconjumrelative to the reaction m xture, 10 is situated

bet ween 0.0091 GRAT8%4<piaeer abl $hpét fbenamount of catalyst,

expressed as a weight percentage of elemental
manganese, elemental chromium ana, optionally,
elemental zirconium relative to the reaction mixture,
10 is situated between 0.0001 and 5%, preferably between
0.001 and 1%.
11. Process according to oné of claims 1 to
10, characterized in that the liquid reacticn medium
contains a solvent selected from aliphatic carboxylic
1> acids having 2 to 9 carbon atons,
perfluoroalkylcarboxylic acids, alcohols, halogenated
hydrocarbons, ketones, lower alkyl esters of carboxylic
acids, preferably of aliphatic carboxylic acids having
2 to 9 carbon atoms or perfluorcalkylcarboxylic acids,
20 tetramethylene sulphone (or sulpholane) and
acetonitrile. |
12. Process according to one of claims 1 to
11, characterized in that the solvent used is acetic
acid.
25 _ 13. Process according to one of claims 1 to
12, characterized in that the solvent represents from
1% to 99% by weight of the reaction medium, preferably

from 10% to 90%.



- 0.001 and 1% 11. Process according to one of clains 1 to 10,
characterized in that the liquid reaction nedi um contal a.so

. selected fromaliphatic carboxylic .15 acids having 2 to Sﬁ%ﬁﬁ@ Wﬂgpéns

per fl uoroal kyl car boxylic aci ds, alcohols hal ogenat ed hydrocarbons,

- ketones, |ower al kyl esters of carboxylic acids, preferably of aliphatic

carboxyllc acids having 2 to 9 carbonqgtons or perfluoroalkylcarboxyllc

aci ds, 20 tetranethyl ene sul phone (or sulpholane) and acetonitrile. 12.

Process according to one of clainms 1 to 11, characterized in that the

solvent used i s acetid?- acP&OCE§51§CCPF6Eé§htébéﬁ%ﬂﬁﬁ@'%kﬁ%ﬁﬁa%ﬁt%lains 1

to “characterized in.that .t he sol vent r resents from,_ 1%to 99% by
welght of tHgfr§é€??5ﬁeﬁéﬁﬁﬁnﬁongﬁér EI &m?ﬁﬁ%%(?Rxﬂ%lﬁ% %%%tenber
2003 16 14 Prgc SS accgr E% %g%rgf |&%€ﬂi§.t §Hﬁgact rized in
t hat the te atare af mhlc the ~0Xi ion réadtion |s carfied out is

bet veen 50C;gpdc 200C.3nd peghcr @%Xme@%t WP 804G ang 440C. 15 Process

according to one ai ns characterized in that the pressure at

which the oxidation ﬁgaCtPQ6c%§sC%&Hd%éﬂH§ tlos et waenh 1y VPR 41 bar)
and 20 MPa (200 bar). 5

14, characterized in that the pressure at which the
oxidation reaction is carried cout is between 0.1 MPa

(1 bar) and 20 MPa (200 bar).



