Titl e: HYDROCARBON, ALCOHOL AND/ OR KETONE OXI DATI ON METHOD  Abstract The
I nvention relates to a nethod for the oxidation of hydrocarbon in
carboxylic acid, alcohol and/or correspondi ng ketone or 18 Semignb e"a%Q@/sor
ketone in corresponding carboxylic acid by oxygen or a gas containing
oxygen. 'The inventive nmethod consists in oxidation of hydrocarbon,

al cohol and/or ketone with the aid of oxygen or a gas containing oxygen in
aliquid ph'as'e and in the presence of a catalyst that is dissolved in
the reaction_mxture characterlzed |n that the cat al st corrpr i ses a

sol ubl e man — ROk

Sept enber 2 SS FOR OXI DI ZI NG HYDROCARBO\IS ALCO—D_S AND/ OR
KETONES. The%ﬁﬁventlon relates to the oxidation, by nmeans of oxygen

or a gas containing ItThe present invention ‘relates to the

oxidation, by means of oxygen or a gas containing it,
5 of hydrocarbons to the corresponding carboxylic acids,
alcohols and/or ketones or of alcohols and/or ketones
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.



5 of hydrocarbons to the corresponding carboxylic acids, alcohols and/or
ket ones or of al cohols and/or ketones to the correspondbqg carggx lic
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acids. The direct oxidation using oxygen of hydrocarbon
particularly cycl oal kanes, in the 10 presence of a catalyst is a process
whi ch has been the subject of study forjsa long tine. |Indeed, there would
be obvi ous advantages in avoiding the use of an oxidizing agent such as

itri i d, i in one, of the ste f ot current industrija
processes, which 15 wold A @nmereheﬂ?ﬁé%aa_tﬁserﬁab'tn@bg%:s@teeg of
it t heé t I e..numerous_variants, of a _catalytic
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conprising acetic acid at a tenperature of at [east 25 60C with the aid of

a gas comnt aigni’ny tex gt @anthd N Nehe P5LSEHEEC OF £ adn 0¥k gakt 9Bncat al yst such
as a cobalt conpound. 18 Septenber 2003 2 The Anerican patent US-A-4 902

827, publ i sked aliys tFelmmrariys 12006 stelsds i b esompouipr OF essios 1 £ Oahheaai-r
oxi dation of cyclohexane to adipic acid in a I'iquid phase conprising
acetic aci dsat u®leemeapstunce off Finombsl 8O0GndY A60EE dmafninthe presence of
an oxidation catalyst conprising asol uble conpound of cobalt and a -
, 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 conmpound of zirconium and/or of hafnium More recently, the patent
EP- A-0 694 333 has reconmmended the enploynent, in the cgntext of the 10
oxi dation of hydrocarbons using oxygen., of a catalyst ?@Pﬁgzog:i
cobaltic salt and a ferric salt. As another customary catalyst of this

oxi dation reaction nention my be nade & nanganese. On econom c grounds,
and also to facilitate 15 the purification of the resultant products, it is

preferabl e tixaperaie %Iﬁlbl@%é@@@ﬁés@oééh?b%nﬁata%l&’%tt lceh%nsccergr{eat! on.
Theref ore, manganese i s an advantageous catalyst 1 n cyclohexane ©oxidation

processes. Igolivh foutth otbievesmpdimad. t he selectivities 20 obtained with
the catal yst systens used in the prior- art processes described above are -
still in need of inprdiiesrenydroddebonesent chniest ueRdaias stta gy de such
i nprovenent. It consists nore precisely in a process 25 for oxidizing
hydr ocar bon Sv#isdatidie sand! orh & erores s sisthgt hexygerntioa gas @@iisai ning it,
in quui% phase and in the presence of a catal yst dissolved in the :
reaction” nB@tGmC L attey i FRE i reXtheat keneat apysyleosopeitses at 18

Sept ember 2003 3 | east one sol ubl e manganese_conpound and at |east one
sol ubl e chr O TR“EdMSBtitd. 2 H it ar pohsa hhpeRSaPevEged3asoseAarti ng

substrates E?rﬂa@% %rt%gneéss cif the invention are nore 5 particularly
al kanes, cycl oal'kanes, "al kyl aromatic -hydrocarbons, alkenes and

cycl oal kanes having 3ﬂﬂb&§3tﬁéﬁé“ﬁb&ﬁéggkbons the cycloalkanes,

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



Anong 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 nost

i nportant, since their oxidation |eads to the dicarboxyl i&Sertemger 203 o t he
i nternedi ate cycl oal kanol s and cycl oal kanones. The hydrocarbon of greatest
interest is 15 cycl ohexane, whose oxidatj on | eads to adipic acid, one- of
the starting conpounds for nylon 6,6, but which may also provide

cycl ohexanone, which | eads to caprolactam and thus to nylon 6. The present
process can 35l BereERddiBRCEhE BkFHapi BROY2GeSF CLATAtHRditae tiicohol s or

ket ones, especjally cycloal kanols and_cycl ghexanones having 5 to 12 carbon
atoms, to pr¥pd %t¥ﬂ% %%r?%% %?%?ﬂ@eﬂiEgﬁﬁo FRFETacitds © Vﬁﬁ%ﬁﬁé'text bel ow,

t he process gglﬂlbe g@retaﬁggtécularly descri bed for the oxidation of 25
hydr ocar bons, %ss%n?laﬁ?y yc?oalkanes, and, with special preference, for

t he oxidation of cycl qp;i St - coaprisi.ng-conpounds of
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adi pi ¢ acj d flidfatd Yo Weddb Q0006 58k ecti ¥hiypi oMt hge oxhdatign of
cycl ohexane; this feature is obviously highly advantageous. The cat al yst

system conpricfisundl d&Bsdtanerod spnganesensnlpauadtwiieh, i sxeal uble in the
reaction nedium selected for exanple, nonlimtatively, from manganese

chl ori de,  margsaywesses orai del, deapngangses s ai brahtdapdmanggasese car boxyl ates
such as manganese
lnitrate and manganese carboxylates such as manganese
acetate tetrahydrate, manganese 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.



acetate tetrahydrate, manganese propionate, manganese 10 adi pate, manganese
gl utarate and nmanganese succinate. The catalyst further conprises at | east
one chroni um conpound which is soluble in the reaction 1&RRRAteMPersi08ct ed
for exanple, nonlimtatively, from chrom um chloride, chrom um brom de,
chromumnitrate .15 and chrom um carboxyl ates such as chrom um acet ate,
chrom um propi onate, chrom um adi pate, chrom um glutarate and chrom um
succi nate. Finally, the catalyst may further conprise at |east one
conmpound of zirconi um &rel/BPLBF RathPENPRRFERN 20¢ sheemibime and titee

reaction nmedium selected for exanple, nonlimtatively, from zirconium
chloride, ZAEGHITHR btdnFde, C3F7L¥RF uRY AEERaf&naNd T2 Mddhiidm» i boxyl at es

ori de, | FAEGHI U biont e, c2F ¢ FPaFeafacii MioA s b
21t coni um o dPH st e A 25° 717 CBRT TP StctPnareLaNd AP DWCHI or | de.

zi rooni um gl & 25 2t7 _ ffi et or

i nl um aceCate P han oy oy b Shat €, Doy R AnD - S At B ChaP i um gl ut arat e

and haf nizu Nt e, JS wept eprbgs 2 5o The nol ar ratios between the
MoRGE ey I e 3 Po

chrom um and the mandanese In the catal yst systemcan vary within w de

limts. Thus it is-posgidlfndenendt oyifFbMumDl dhenl pibasnef advant ageously
bet ween 0. 00001 and 100, 5 preferably between 0.001 and 10. The anount of

zi rconi um whety prigtei mnEldr yatyos théNafDlar tbathesmahghakiswe to the
manganese, which are simlar to those indicated above for chrom um
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



10 The catal yst can be obtained in situ by charging the nanganese,
chrom um and, optionally, zirconium conpounds to the reaction nmedium It
can also be prepared at the time of use by mixing the sk ¥ertemRpifieds in
the proportions necessary to obtain the 15 desired Cr/WVn and, optionally,
Zr/Mh molar ratios. This mxing is preferably carried out using a solvent,
advant ageously a sol vent of the sane kind as that used for the oxidation
reaction, or directly in this solvent. 20 The anount of catalyst, '
expressed asadadgisghtviger detcage die et Bed nhRgankse, LéARSmM um and
optionally, zirconiumrelative to the reaction mxture, 1is situated
general ly béﬁﬁé&ﬁq@.@@@fqﬂMTQ?%reQ%ﬁﬁfﬁfageousIy bet ween 0.001 and 1%

al t hough t hese 25 val ot critical, tant, however, is

s .are VWhat . i S |
Lo have a sufficient activi By Bt AR IO UsTHGL OExEessvs Sfounts. The
reason Tor EQH%i%%e%P%%F&%%n%Bf%ﬁp%ﬁﬂP9£x£5§§FSECP% é%%&??‘%hehave to be

separated fromthe reaction nedi um and recycl ed. i's advant ageous

to enpl oy fupther Qns iagiet |y doradbe oxidatiop,peaction. The 5
initiators are o?ten hydr oper oxi dés, such as for exanple cycl ohexyl

hydr oper oxi de a1l y INraiaRYd dede FoiF thert biphtyat ors are ketones
or al dehydes, such as for exanple cycl ohexanone, which is one of the
conpounds f ayaedpeutixiget. heruaxindat iion wifa tlék < yat © hexiamee ©oroacet al dehyde. I n
general, the initiator represents fromO0.01%to 20% by wei ght of the
wei ght of 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



the reaction m xture enpl oyed, although these proportions are not
critical. The initiator is used above all at the tine qf startjng the

oxi dation and 15 when the oxidation of cycl ohexane is ca1r8r§eé’ge'8{’ﬁrgz@ﬂ03a
tenperature | ower than 120C. It can be introduced from the beginning of
the reaction. The liquid reaction rredi_um preferably contains an at | east
partial solvent for the carboxylic 20 acid and/or al cohol and/or ketone
which it is envisaged to prepare by enploying the process of the invention.
Thi s sol venhagdirdpe Mg yvadrdmbitonn meeufbyopravkdedarbhaylit i s not
substantial |y oxidizable under the reaction conditions. It can be sel ected
in particul 8195 PUGH FA T Prlstacamiichtackhd pefarlaphetFcsyehvents. As -

pol ar protic sol ven&%s nment.i on may be nade, for exanple, of carboxylic
aci ds havi n§Sohfy ‘prthalor A% AP Ot e BhE, MEBpEER Ry

ali phatic agids_18 Septenber 2003 7. havin t o 9 carbon. at ons,

per f | uor oal §§7I E‘géﬁdx%%lrc RO 'SL?cthaosW? i‘%r]f%Jr oé?:e?f]éyjacfﬁg%‘éﬁa al cohol s
such ascteft: anol.. j\C vent ' be .nmade, for
exanpl e, 5of f‘%&%&‘ gl IE{/)I %?:c%%%q aa;)cré) |§c)aléssgjf%rgg\1/i%%nﬁé%%g)gygfg%/b%ﬁ_lg?bm)_
esters of C@EBQQSXE'l@(})z?%'l@ﬁyhatﬁ%o%@r@d%laﬂd Rhatd £ & POXYL 1 £oa61 ds having 2

to 9 carbon atons, of “perfl uoroal kyl carboxylic acids, tetranethylene
sul phone (otasbbphakans), cacelfopdrilerodialpganaise, hydrospabons such as

di chl oronet hane, and 10 ketones such as acetone. Acetic acid is preferably
used as sol venraferhylkeeoxiudahicnr r@actsulphafl aye) ohexdnenitiiis, j udi cious
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



to enploy a catal yst whose manganese and chrom um constituents are in the
form of conmpounds deriving from 15 the carboxylic acid h is use
solvent, provided that the said conpounds are sol uble % %%emBﬁr&q%é

medi um Acetates of nmanganese and of chromiumare therefore used
preferably, in particular for this readon. 20 The sol vent, as defined
above, represents generally from1%to 99% by wei ght of the reaction
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The oxi dation can also be carried out In presence “of wat er

introduced fgeamaddme y niddderstage Oéndt@@optosﬁéspr&%rfa%@%%%fe%rﬁt whi ch .
the oxidation reaction is carried out-is variable in accordance 18

Sept enber 2@A3 B Hpaf tioA@r, wth the substrate enployed. It is. generally
bet ween 50C and 200C and preferably between 80C and 140C. The pressure is
not a critical paranmetBre gfrefsute s atessa tricanalephewretkham,s equal to -

or greater  than atnospheric pressure. In general, it will be .situated
bet ween @. 1 tHRa RUOdsH#S)- diid 200 MRa {Q08r bahan, ahuhbugh thegeewtleues are
not nmandat or It is pOSSIb|e to use pure oxygen, air, 10 oxygen-enriched

or oxygen- d&pIEdt &M e ColRsE HBfen I@l@%@@ﬁa%nthtaﬁlﬂhebﬁ gas. The

exampl es mhl h follo | ustrate the 15
mp C % \getween 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 mmcl of Co) of cobalt
acetate tetrahydrate.
After closing the reactor, the mixture is
25 stirred at 1000 revolutions per minute, alr pressure is
created (100 bar at 20°C) and the mixture is heated.

The temperature of the mixture reaches 105°C in



20 invention. EXAVPLE 1, COWPARATIVE A 125 m titani um autocl ave equi pped
with heating-collar heating neans, a turbine, gas introduction neans and
pressure regulation neans is charged with: 21.25 g (25§8ﬁﬁ%ﬁ§m€ﬁr2003

cycl ohexane 27.35 g of acetic acid 0.26 g (2.65 mmol) of cycl ohexanone -

0.0143 g (0.057 mml of Co) of cobalt agetate tetrahydrate. After closing

the reactor, the mxture is 25 stirred a 1000 revol utions per mnute, air
pressure is _created (100 bar at 20C) and the m xture is heated. The

t enper at ur e ' THEP XIS bz heamneseiihe 185 Sepiatibéneg063r9 210 ni nut es

and this tenper ture.;i mai ntained for a further 170 m nutes. After
cool i ng andq£8ﬁ$5§édn A4YH T he reaction mixture consists of two liquid

phases, which 5 are hghogeni zed by addi ng acetic. acid. The honbgeneous
m xture thus obtainedquggéégﬁ yaﬁgsdgﬂ¥8ﬁﬁF5bFabﬁ9pfTﬁBeresults

obt ai ned arqgg%gggg(%%§t rg@B %ﬂggqgfré&gnl£€§%%o%%%§%%gP% agﬁhe<l%) 10~

This result nonstrates that: 'S not "a

concent r at i @i-ot o%RsberDYNPE 2aGOVPARATI VE Exagple 1 is repeated in the

sanme appar at us
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%



and under the sanme operating conditions but replacing 15 the cobalt

acetate hydrate with 0.061 nml of M in the formof man € cetate
tetrahydrate (0.015 g). The reaction time is 170 mnute g%% PReAQoS

obtained are as follows: - Degree of conversion (DC) of cyclohexane: - DS
for . cycl ohexanol relative to the cyclohgxane converted: - DS for
cycl ohexanone relative to the cyclohexane converted: -- DS for adipic

acid relative to the cIohex ne.converted: 1 % 24.50 0.0% 48. 4% 18
Sept ember 2003 10. DS ér 34i pre éEl8C$dcﬁbFﬁﬁ§%§HHﬁ§;?“9d?flghexegolf |
relative to the cycl e - i, acid/tota iacids forne
/ QDSEQHQXSBBX Egggtﬁgﬁt Fgﬁ:E%one val er ol act one,

nolar ratio: - DS for conpounds

hydr oxyadi pi ¢ aci d. 72y8%#Zx8Rchydroxyeapr.oi c acid): 13.2% EXAMRLE 3
Exanple 2 is repeated |n t he sane apparat us
- Adipic acid/total diacids formed molar

ratio: ) 77.6%
- DS for other compounds (butyrolactone,

valerolactone, hydroxyadipic acid,

hydroxycaproic acid): 13.2%
EXAMPLE 3

Example 2 is repeated in the same apparatus
and under 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 cyclochexanol 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
~ BAdipic acid/total diacids formed molar

ratio: ‘ 78.9%

de

- DS for other compounds: 6.7



and under the sane operating conditions but adding to the catalyst 0.011 g
of chrom um acetate (0.09 mmol) of Cr. The results obtained are as foll ows:
- Degree of conversion (DC) of cyclohexane: - DS for cy'® aRi&aReN2008 ati ve

to the cyclohexane converted: - DS for cycl ohexanone relative to the 11.3%
10. 2% cycl ohexane converted: 0.0%- DS+fpr adipic acid relative to the
cycl ohexane converted: - DS for adipic acid + cycl ohexanone + cycl ohexanol

relative to _the _cyclohexane converted: Adipic acid/total diacids forned
nol ar - rati &__Eééif_oxp*-l‘“ %r other conpounds: 65.50 75.7% 78.9% 6. 7a 18 Sept enber

2003 11 EXAMPLE 4 Exanmpl e i s repeated in.the .same apparat us ‘and under
the sane operating co%%péﬁ%&gm%tﬁoﬁélt@eo?a ARBEAFEYPnst ead of

0.011 g. 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: ' 58.5
- DS for adipic acid + cyclohexanone +

cyclohexanol relative to the

oe

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

ratio: 79.0%

G

- DS for other compounds:' 8.8
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



The results obtained are as follows: - Degree of conversion (DC) of

cycl ohexane: - DS for cycl ohexanol relative to the cycl %xane converted
- DS for cycl ohexanone relative to the cyclohexane con\}l% eRemberzg0p o
adipic acid relative to the cyclohexane converted: - DS for adipic acid +
cycl ohexanone + cycl ohexanol relative 50 the cycl ohexane converted: -

Adi pic acid/total diacids forned nol ar'4ratio: - DS for other conpounds:
EXAMPLE 5 13.4% 16. 2% 0% 58. 50 74. 7% 79. 0% 9. 8% Exanple 3 is repeated in

t he same apparat us- &%d fwirdery dlivéesaare loper at i itge condihé ons but addi ng 15
ppmof Zr in the formof zirconiumacetate. The 10 reaction time is 60

m nutes. The resul t scoplahesdngr sonyerdldddbws: - Degree of cobv@si on (DO

of cycl ohexane: 14.0% 18 Sept enber 2003
~ 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



12 - DS for cycl ohexanol relative to the cycl ohexane converted: DS for

cycl ohexanone relative to the 9. 8% cycl ohexane converte
adipic acid relative to the cycl ohexane t hafnium chl or

brom de, hafniumnitrate and hafni um carboxyl ates such as haf ni um
acetate, hafnium propionate, hafnium adi pate, hafnium glutarate, hafnium
succi nate converted: DS for adipic acid -+- cycl ohexanone + cycl ohexanol
relative to the cycl ohexane convert?ﬂggﬁggpic acid/total diacids forned

nmol ar . ratio: DS for other conpounds:
2003 13 CLAIMS 1. Process for oxidizing cycl oal kanes,

aSsotomberaone O

76.8% 78. 70 5. 7% 18 Sept enber
al cohol s and/ or

ket ones- to carboxylic-acid, using oxygen or a gas containing it, inliquid

phase in a

sol vent. sgl| ectgdh dd0m ROt abx P0E 1 £g SOY¥eBh$KaAdspol ar

solvents and in the presence of a catal yst

alcohols and/or kgtones 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,

aprotic



di ssolved in the reaction nmedium characterized in that the catalyst

conpri ses a sol ubl e nanganese conpound and a .soluble chramumco nd. 2.
Process according. to claim1l, characterized in that tﬂgqﬁ%%QB%Wﬁgﬁ used

as starting substrate is selected fromcycloal kanes having a ring
containing 5 to 12 carbon atons and is pseferably cycl ohexane. 3. Process
according to claim1l1, characterized in that the al cohol and/or ketone used

as startin trate are. selected from cyclqal kanol s _and_  cycl oal kanones
havi ng a ryﬁéﬂﬁﬁhéﬁﬁﬁﬁé§%%§ﬁéﬁéfd@?%%%“e %oﬁélgﬁgeargaﬁggpgﬁébly o
cycl ohexanol,,and/.of¢ ﬁﬁ&%ﬂgﬁﬁﬁ?ﬁ - §U?EIR§€§§ according to one of clainms 1

to 3, characterize e catalyst conprises at |east one

manganese conpound whigh i spslddd € ddotdieng ! €8Chhano#edh UiY,sse! ggted from
manganese chloride, manganese brom de, nanganese nitrate ané manganese

car boxyl at eg, s e ras HENgANE Sn agelatiend ets ey dsat eomp8;i Sept ggber 2003 14
manganese propi onate, manganese adi pate, nmanganese gl utarate and nanganese
succi nat e. JeaBroeess caccoridimngdngpaned ofhTdli b8 dolabld, iahanacterized in
that-the catal yst conprises at |east one chrom um conpound which is =~
sol ubl e i n thectdéact imewivedi v lessiattir romr ohieni ahlohlidej de,, chromi um
brom de, chromum nitrate and chrom um carboxyl ates such as chromi um

acet ate, ChEBFPTIHUTRSITET e, Cherfmeiin middi e eand helorpmivgl ut arat e and

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 succinate. |
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.



chrom um succi nate. 6. Process according to one of the preceding clains,

‘characterized in that the catalyst conprises a soluble zirconium

-+ or. haf ni um conpound. 7. Process- according to claim®é, @%§?@€F@Ff%¥@ in
that the soluble zirconiumconmpound in the reaction nmediumis sel ected
-from zi-rconium chloride, zirconiumbromde, zirconiumnitrate and

zi rconi um car boxyl ates such as zirconi umsacetate, zirconi um propionate,
zirconium adi pate, zirconium glutarate and zirconi um succi nate. 8. Process

according to claimé, gqhar@gbg%g%e%ééggigﬁqﬁggaéﬁ%t&%f;igﬁﬂ%?ﬂ}gﬁrpound

in the reaction mediumis selected from um ori de,
bromi de, haf Bi ushairhkateiaed haf Rindm card ol At eéaéw*b@ﬁ%é@ﬁ ”tlfl%‘é“
m gl ut arat'e” and

acet at e, - hafnium propi onate, hafnium adi pate, hafniu

haf ni um succehabeiuhs aSepteebeand03 sES 1% HGGASS @S Nthd o e of
clains 1 to 8, characterized inthat the nolar ratio between the " chrom um

and t he mangane$ergblpebmeercd. 00001 amdl 10Q, preferably between 0.001 and
10. 5 10. Process according to one of clains.1 to 9, characterized in that
the anoun? of catal yst10.-exBressed ascarmginghttcperncentfagd afnelengnt al

manganese, elenmental chrom um and, optionally, elenental zirconium
relative to fheChRERRFEBRIARRt tPethal tiesipmeandd dfetasden 30001 and 5%

preferably between 8.001 and. 1%
expressed as a welght percentage of elemental

manganese, elemental chromium and, 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%.



~I1. Process according to one of clains 1 to 10, characterized in that the
| iquid reaction nedium contains a solvent selected from_aliphatic

. carboxylic .15 acids having 2 to 9 carbon atons, perflJ@%%ﬁR??%@é%%@xylic
aci ds, al cohols, hal ogenated hydrocarbons, ketones, |ower al kyl esters of
-carboxylic acids, preferably of aliphatic carboxylic acids having 2 to 9
carbon atons or perfluoroal kyl carboxyl hg acids, 20 tetranethyl ene sul phone
(or sul pholane) and acetonitrile. 12. Process according to one of clains 1
to 11, characterized_ in that the solvent used is acetic acid. 25 13.
Process according to dAe ofr@C&iSHs 2EOF NG Thasetr iZettTh the® t he

sol vent represents from 1% tqQ 99% by i ght of the reaction nmedi um
preferably 1froff269CE5T8664 18 §éﬁ€eﬁ$§r LEE YA Pr gBESS altording to
one of clains, 0 13, characterized.in that .the tenper at ,whi ch the
ox i dati on r BREEPAOPs TEEEPREE ot CPE TS TSRE SoC RS Tt TS of o1 abl v

bet veen 80C,gdc1406. p13+cBLOGESD ALRAUigH0 o Qrona Qf-claims 1 to 14

characterized in that "the pressure at which the oxidation reaction is

carried gut is betweensQ. 1pMBacskl sRbkrdand 40 Mia (ZO0QRams b to

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).





