27 Decenber 2004 WO 02/ 00588 PCT/ FRO1/ 01976 PROCESS FOR THEOXI DATI ON OF
HYDROCARBONS, ALCOHOLS AND/ OR KETONES The present invention 27ebatesbdn 200
oxi dation with oxygen, or a gas containing it, of hydrocarbons to the
correspondi ng carboxylic acids, = alcohols and/or ket ones or of al cohols
and/ or ket correspondlng car boxylic acids i.rect oxidation
wth oxygegﬁ foigaﬂégﬁocarbons nore particul arly of é%@pﬁsgwdﬁgé 78 n the
presence of a catalyst, is a process which has been: studied for a | ong
time. The reason for this is that therke woul d be obvious advantages in

avoi di ng the use of an oxidizing agent such as-nitric acid, used in one 15
of the steps of the current |ndusty|£ﬂ procegsed mhlch mouéd spare the

need to proceEROERSS,) . b2 PROGARBONS ants of
such a process of catalytic oxi i ] h ygen, cobalt is the catalyst
20 nost frequently recomended. . ; n patent US-A-2 223 493,
publ i shed i n Decenber 1940, describes the oxidation of cyclic hydrocarbons
to the.corresponding diacids, in a |iquid phase generally conprising

acetic acid, at a 25 %E§E§£§g§%§-gkv@5tl %sge?ggééu%hg 9.4 gas cont ai ni ng a

catal yst, is a process een ong ason for this is
. t hat be ObVLOUS-rion with oxygen, or a gas containing it, of

hydrocarbons to the corresponding carboxylic acids,
alcohols and/or ketones or of alcohols and/or ketones
:. to the.corresppnding-carboxylic aaids.
'The.direCt 6gidatioh with_Qxygen ofr
_ 10 .hydrocarbdns, more particularly of cycloalkanes, in the
‘presenca.bf a catalyst, is a procesa which has been
studied for a long timé. The reason for.this is that
there would be;obvious advantages in'avéiding the use
of an oxidizing_ageht aqch as nitric acid, used in one
15 of the stepsrbf the'cﬁrreﬁtrindustfial processes, which
‘would spare the needito process thé nitrogen oxides
‘ geaeraﬁed.
- -Ih the many variants of such a process of
catalytic oxidation with oxygen, cobalt is the catalyst
- 20 most frequently recommended. | |
Thus,-Américan patentrUS—A~2 223 493,
published in December 1940, describeé'the oxidation of
:cyglig hydrocarbons pb'the'éoirespondihg.diacids, in_a
liquid-phase geherallyrcamprising acetic acid, at a

25A temperature of at least 60°C, using a gas containing



advant ages i n avoiding the use agent such as nitric acid, used in one the
current industri-al processes, which need to process the nitr2Ag@scexdpees? A
Decenber 2004 oxygen and in the presence of an oxidation catalyst such as a
cobal t conpound. Anerican patent US-A-4 902 827, published in February

1990; describes an inprovenment to the g%r oxi dation of cycl ohexane to _
adipic acid, in a liquid phase conpristng acetic acid, at a tenperature of
from80C to 160C and in the presence of an oxidation catalyst conprising a

sol ubl e cob ynd_apgd a Lubl e zirconi um_and/ or_hafni um conpound.
10 Nbre'recgﬁ%?§$ngﬁahg§ EQSon§§8ﬁ§En8§daPn°ﬁ£§? OreRaLa) g4 333 to use,
in the contgxty of sthe, BéigaEbﬂgogkdhydrocarbons W th oxygen, a catal yst
conpri sing a cobalt sa?t and a ferric¢ salt. It has al so been -reconmmended

~in patent 15 EP 0 870nf541 £0nUBEe8neanaLusy o@APIi% NG, 1q0hald (gal ¢ and a

chromumsalt to inprove the selectivity. And rcé n catalyst for this

oxi dation Fremeidon WD) ABY-PELEBNLHONRErbYHRRGARGSENFQ; £CONOMIC
reasons. but also to nmake the - 20 products obtained easier to purify, it is

- preferabi e diaariomiéh eyedbBeysheCOCEALpALI QBT ¢R &S 1asligw as
" possible.. Thus, nanganese is an advantageous catalyst' in processes for.
- oxi di zi ng oy sEhexamer i Nevgrabet bssacid, tatna euhpbhatuabt Beughomhe 25
.selectivities obtained with the catal ytic systens used . .
- 80°C to 160°C and in the presence of an oxidation
: catalyst”comprising'a solubielcqbalt compound and a
;olublerzirconium and/or hafnium compound.
10 ' . More recently, it has been recommended in
. patent EP-A-0 694 333 to use, in the édntext of thé
rl bxidation of hydrocarbons with oxygen, a datalyst |
| CO@prisihg a cobalt salt and a ferric sélt.
| It has al?o been recommended in patent
15 EP 0 870 751 to use a catélyst cémprising a cobalt salt
and a -chromium sait to-impr0ve the éelectivity. |
" Another common catélyst for this oXidation 
reaé;ion,which may be mentioned is manganese;
| ;For econémic reasons but also to make the .
1720 éroducts'obtained easier to purify, it is preferaﬁle to
work witﬁ é gatalyst cohéentration which is as low as
poséibie;,?hus, manganese is an advantagéous cataiysf
.'f in processes fof oxidizing cyclohexane. |
| Nevertheless, it tﬁrns-out that although the
"_ 25 selectivities obtained with the catalytic systems used
 in the prior;art ﬁrqcesses described above a:e'

acceptable, the production efficiency of these



in the prior-art processes descri bed above are acceptable, the production
efficiency of these 27 Decenber 2004 3 5 10 15 processes needs? tbechfber 2004
further inproved in order to allow such a reaction to be exploited
industrially. This is what the present invention proposes to achieve. Mre
specifically, an aspect of the present 3invention consists of a process for
oxi di ziing hydrocarbons, al cohols and/or ketones to carboxylic acid using

- oxygen or a gas containing it, in aliquid phase in a solvent chosen from

‘pol ar prOt'ﬁré@é¥§QES n@@gskagrkﬁpr@h %h%&lvg %%o%@@_'ﬂnthﬁr %fs e of a

catal yst di'ssolved in the reaction medi um acterized in t
~catal yst co@%l@@eguahsalmbﬁ@tlwang@nQaaaﬁnﬂqwtedﬁmndu$bmp@hhﬂ, a soluble
chrom.um conpound an ocarbons whi ch are

' | .ubl d. .The h
'used as starting sub?ﬁr%geg iﬁh%%g g§§§%ﬁ@§'b§“ %ﬁéﬁ%@ G kanes, i

. al kyl ar onatd cabyi dbear bors, s@d@_@&a@ﬂ@,cyghoabis@aeso@&h@ rprrwsefﬂ@m 3to
20 carbons atons. Anong these hydrocarbons, the cycl oal kanes, in
particul ar YRESREHANCh RARBiatFi ngeEontai mHﬂ@P‘??%ﬁn 5 £a1 1D%daHrsmat ons,

are defs ni gyr She-BBAL, | APABHATL, 20asbhce ekl Oxidat i Cygfmfianones

dlcarboxyllc acids or to the internediate cyc oaI anols an
acid using oxygen or a gas containing it, in a liquid

phase in a solvent chosen from polar 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

10 manganese and/or cobalt compound, a soluble chromium:
compound anﬂa soluble iron compound.
The hydrocarbons which are used as starting
:substrates in the process may be alkanes, cycloalkanes,
]
15 jalkylaromatic hyrdocarbons, alkenes and cyclocalkenes

containing from 3 to 20 carbons atoms.

| Among these hfdrdcérbphs,-the cycloélkanes,;
'in‘pafticu;ar those ﬁhich have a fing containing from 5
to 12 carbon atoms, are defipitely fhe most:iﬁportaﬁt,r
20  since their 6xidatidn leads to dicarboxylic -acids or to
the-ihtefmediéte cycloalkanols and_cyéloalkanones;
.Tpé hydrocarbon which is most advantageous is
cyclohexane,'the oxidétion of whiéh,leads to adipic
" acid, one of the base compounds of polyamlde 6,6, but
25 may also glve cyclohexanone leading to caprolactam and

thus to polyamlde 6.



~ The hydrocarbon which is nost advantageous is cyclohexane, the oxidation
of which leads to adipic acid, one of the base conpounds of Xblpeaminder626)4
but 25 may al so gi ve cycl ohexanone | eading to caprolactamand thus to
pol yanm de 6. . 27 Decenber 2004 4 The present process may al so be used for
"the oxidation of the internedi ate al cohols or ketones, in parti-cular
cycl oal kanol s and cye¢l ohexanones contaﬁnlng from5-to 12 carbon atons, to
~ prepare the corresponding 10 di carboxylic acids. In the text herelnbelomL
the process wll be escri bed-nore particular]y for the oxidation.of

hydr ocar bons, essent iiall P*&E Gl S Y et eriablyseqd ofFox nehe
oxi‘dation-Qqf . exan The catal.tlc SV. m whi ch may conprj se nanganese
8%%8¥%%89 ot %hﬁdl PG Qéh&;?tor pESIMM S 1 prepar e

and/ or coba chrom™Um-a

adi pi-c -aci ﬂaaﬁigﬁﬁ_aﬁe%t: 999d 38/, e%&ll cloﬁg %Pr Oved ! OduﬁFCtlﬂlgog' 15

efficiency, dation of cyc ohexa

catal ytic prgopestigsiar 0 ver, t S for an | dustrla
ORE5L L8512 820RKHOUS LV ey, %q&é%%eraegg:[%% Nsiadtte

exploitation of this oxidation reacti on.

~conprisg efibgrpakyllieagtigae nmanganese conmpound which is soluble |n t he
20 reaction medium chosen; for exanple, in a non-limiting manner, from

manganese chlori de; mnngﬁaesexbrﬁgkdgnbeq@@gaqgsePﬁ@k@@gewqqq RgRnganese
.car boxyl ates, for :
descrlbed more partlcularly for the oxidation of
hydrocarbons,-essentlally cycloalkanes, and preferaply
: for the oxidation‘of cyclohexane.
lQ_ ' The catalytic systeﬁ which may comprise manganese
and/or cobalt, chromium and iron compounds make it
_p0551ble to prepare adlplc ac1d dlrectly with good
‘select1v1ty and improved productlon efflclency, when
~the ox1dat10n of cyclohexane is performed These
15_ catalytlc propertles are obviously very advantageous
for an 1ndustrlal exp101tatlon of this oxidation
-Areactlon.
“The catalytlc system may coﬁprlse elther at.
least one manganese compound which is soluble in the.

- 20 _reactlon medlum, chosen, for example, in a non-llmltlng
'manner, from manganese chlorlde, manganese bromlde,
Qmanganese nitrate and manganese carboxylates, for

1pstanoe manganese acetate tetrahydrate, manganese

Apropionate, manganese adipate,'manganese glutarate or
25'.manganese succinate, or at least one oobalt-COmpound!

ﬁhioh is soluble in the reaction.mediam,_chosen,rfor

example, in a non-limiting manner, from cobalt



i nst ance manganese acetate tetrahydrate manganese propi onate, nmanganese
adi pate, manganese glutarate or 25 manganese succinate, or atz7 e2skmBAE 2004
cobal t conpound which is soluble in.the reactlon,nedyun1. chosen, for
“exanple, in a non-limting manner, from cobalt 27 Decenber 2004 chl ori de,
cobalt bromi de; cobalt nitrate and cobalt carboxyllates,- for.instance
cobalt acetate tetrahydrate, cobalt p?opionate, cobalt adi pate, cobalt
“glutarate or cobalt succinate The catal yst .al so may conprise at|east one
chrom um coppoun Og- uble i'n the reaction medium chosen, for -

exampl e, i fFa°hofSri r‘i’ﬁ'@tde' G4 Icth o Ak e Mnst i ebakthr oni um

brom de, nltrat and chrom um carboxyl ates, for instance 10
chron1un1acé?g? SﬁFéwlﬁﬁlpﬁSEFﬁﬁﬁﬁé %ﬁA£HQﬁﬁ %xﬁ%ﬁrQhWQ#ﬁtﬁmglutarate

or- chrom upLg i m £or.r ni cchrom cid salts. The
Catalver areainE PEbRLolLer SRR e G R EHsthin MR 5 Wl Ubl e. i n
“the reactlegbggglggbclﬁaggosen for exanple, in a non-limting manner, from
20 iron halides, 1ron nitrate, iron-carboxylates, for instance the: '

‘acetat es propi onat e, Tlseiccanal gst ghUsarase cempadispahe, 1apdti bR chel ates,
for instance iron acetylacetonates. - - Finally, the catalyst may al so

-conpri se athrbeash @6ﬁpéhﬁ§0ﬁhﬂﬂhamgllehﬁﬁﬁ'EH‘%B@pggﬁgtﬂQJCh IS
medium, chosen, for example, in a non- llmltlng manner,
from chrcmlum chlorlde, chromium bromlde, chromium
nltrate and'chromlum carboxylates, for instance:

10 .chromium acetate, chromium propicnate, chromium
adipate, chrcmiumfglutarate or chromium succinate, and
mineral or .organic.chromic acid salts.

The catalyst also may coﬁprise at least cne iron
- compound whlch is soluble in the reaction medium,

15 chosen, for example,_ln a nonwllmltlng manner, from
Viron,halides; iron nitrate, iron'carboxylates, for
1nstance the acetate, proplonate, succ1nate, glutarate
or adlpate, and iron chelates, for 1nstance iron .
acetylacetonates. |

20 : Finally,‘the_catalyst may alsc'comprise at

_leaet'one ziiConium and/or hafniﬁm compcund which is
soluble in the reaction medium, chosen, for example, in
"  a non- limiting. manner, from zirconium chlorlde,
'_721rcon1um bromide, 21rcon1um nltrate and zirconium
- 25 'carboxylates, for instance zirconium acetate, zirconium

propionate, zirconium adlpate, 21rcon1umrglutarate or

zirconium succinate, and hafnium chloride, hafnium




soluble in the reaction nmedium chosen, for exanple, in a non-limting
~manner, from zirconium chloride, zirconiumbromde, zirconi ummnigtatseNhos
zirconium 25 carboxyl ates, for instance zirconium acetate, zirconium

. propionate, zirconi um adi pate, zirconiumglutarate or zirconium succinate,
~and hafnium chl oride, hafnium 27 Decenber 2004 6 brom de, hafniumnitrate
and ‘haf ni um car boxyl ates, for instance”hafnium acetate, hafnium
propionate, hafnium adipate, hafniumglutarate or hafnium succinate. The

- ol ar ratio%‘bet the cohalt, the chrom um and

t he .manganese and/or 5
the iron in Fﬁg‘l\éygt?g ?‘&ums%ﬁtgﬁ%r‘?af’\ﬁaﬂ?%lﬂﬂ ﬁ%‘?}ﬁ’ﬂél?%t@e.f?? is. I t hus
i'ble to: lar.. Col Cr/ Fe mol.ar. ratios whi ch are adyvant ageously
Dotveon’ 11 0 03587570 E6B] ha St AT s) P@(ﬁn%fpe?%%ﬁﬁw\é&ghﬁ%‘? 001/ 0. 01
d 1./10/1Qg44 Th t i ni re.hafnium_.when they are _
gpesent, na§d§§%gefnﬁﬁgﬂggarggﬁgéf%%eagﬁﬁﬁ§ 4}%Wufdaﬁﬁﬂ§;%$e or cobalt,

“which are sinilar to &Hesﬁohﬁg: £akad ABAGIA! U GlldyTn e GALALYST MRy

be obtained in situ by 15 | oadi ng the nanganese an chr'om um

i ron andsopthenabby1Zir €8 BAYSMHiB& RMERMAWRS 4 RER F‘c*aecafﬁlcé i on
medium It may also be prepared at the time of ‘use by m Xing e said
conpounds i aybbempnaporaiPnEitheguir 6d dko rahigai n trhe desiyed M and/ or

Co/-Cr/ Fe and 20 optionally Zr and/or Hf nolar ratios. Preferably, this
m xture i s pospibke tsi ngeaMsohudrbr advaryageaiddlay aatidsveHicy the sane
- nature as the one used for the -
~ are advantageously between 1/0.00001/0.0001 and
1/100/100, preferably betweeﬁ i/0.00l/0.0l and 1/10/10..
10 _ The amcﬁnt of zirconium or hafnium, when they
are present, may vary in molar ratios, relative to the
‘manganese or cobalt, which are similai to'those‘ |
indicated above for chromium.
| The catalyst may be obtained in situ by
15 loading-the manganése and/or cobalt, chromium, iron and
optionally zirconium or hafnium compounds into the
reaction medium. It may algb be prepared'ét:the'time'df-
use by mixing the said compounds in the proportions -
'requifedito obtéin the desired Mn ahd/or Co/Cr/Fe and .
20 optionally Zr and/or Hf molar ratios.'Prefexably, this
. mixture_is prépared using a solvent, advantagéously a
solvént‘bf the same nature as the one used for the
oxidation;reaction or directly in this solvént.
| The amount qf catalyst, expressea as'a‘weight
25 percentage of metal elements (manganese, cobalt,’
chr&mium, iron and, optionally, ziréonium or hafnium)

relative to the reaction mixture, is generally between



oxi dation reaction or directly in this solvent. The anpbunt of catalyst,
expressed as a weight 25 percentage of netal elenments (nmanganesgcemobaldons
chromium iron and, optionally, zirconiumor hafnium relative to the
“reaction mxture, is generally between 27 Decenber 2004 7 0.0001% and 5%
and advant ageously between 0.001% and 2% w thout these val ues being
critical. Nevertheless, it is a case of having an activity which is
sufficient wthout, homever usi ng excessively |arge anounts. The reason
have to be separated fromthe final

forthmmtﬁ&bgega \éstvmll

reacti on mefi HAPARd2P 3d pAvad tagpavsdge et veieso ¢-@Uige andonpound
which initi Les tg g tion r actl n.. The initiators are often

hydr oper oxi 888, ¥t ﬁog ﬁ%?éecyé SRExYEG Kydidisériox Ny Sgrthedrassout v

hydroperOX|g§ Ihsyﬁggs 8ksﬂa§§%%2%§0%%&gkg @Xg%ﬁg far ex leengX,dat,on

‘cycl ohexanoné *ohichrs Sne''d

of cycl ohex of de r e |n|t|a r resents
fromO. 01@6?g€5§%§byh§ﬁ§gﬁk g¥ g%@% lV%lg %& gﬁt UP% ion

m xture gseges¥bhhoyt EH§§619rQHQEtkﬁ@scgﬂgﬁ?%tawgl&a?%%J %%I%p The

initiator is useful above all when starting € oxXi “on and “when t he
-oxi dat i on 0§d§a§éQQQXﬁ£@mlﬁhepgiﬁainﬁéaékléntﬁgeﬁﬁﬁtHBG Q%'g Wi140C. It may

be. 20 introduced fromthe start of the reaction. The [iquid fFeaction
medi um pref erabl y ConﬁaimSa@vaﬂtdQébuﬂhhﬁbolﬁoahséeéskoﬁpBﬁhH'a' sol vent -

for the carboxylic acid and/or the al cohol and/or th
which 1n1t1ates the oxidation reactlon The initiators
are oftep hydroperox1des, for example cyclohexyl
iO hydroperoxide or tert~butyl hydroperoxide. Théy are
also'ketones or aldehYdéé, for exaﬁ?le'éYClohexanone
which is one of the coﬁpoundslforméd during the
-oxidatioh of cyclohexane or of acetaldehyde; Generally,
the initiéto; repfgsents from 0.01% to 20% by weight
15 ;elative to the weight of the'reaétion mixture uséd,
without these proportions having a criticalrvalue;.The
‘ initiator is usefui'abeve all when starting the |
jbxidétion and when the oxidationrof éycldhexane'is
:.performéd at a temperature below'120°c. It_méy be
.20 .intrqduced from the start-;f the‘reaction.

The ligquid reactlon medlum preferably
contalns a solvent Wthh is at least a partlal solvent’
fgr the carboxyllc acid and/or the alcohol and/or the

" ketone whose preparation is intended by carrying out
25 the process of the invention. This solvent may be of
ﬁery varied nature, provided it is ﬁdt subétanﬁially

oxidizable under the reaction conditions. It may be



ket one whose preparation is intended by carrying out 25 the process of the
invention. This solvent may be of very varied nature, providedpetekSefOloos
substantially oxidizable under the reaction conditions. It may be 27
“Decenber 2004 a chosen in particular frompolar protic solvents and pol ar
aprotic solvents. Polar protic solvents_ ,which may be nentioned, for

exanmpl e, are carboxylic acids containi%g only primary or secondary
hydrogen atons, in 5 particular aliphatic acids containing from2 to 9

car bon atons, perfl.uoroal kyl .carboxylic acids such as. trifluoroacetic
aci d, and aF@8ﬁ8Psl£u€ﬁ€%%ﬁH%%rtﬁiﬁ@nﬁﬂ¥aﬁmﬂ€ﬂtﬁﬁnéﬂ%%?%&ﬁv%m%s whi ch may

be nentioned,. ., _for | e, 0 | kyl_esters (= al kyl, radi cal 10 ‘
cont ai ni ng %P&r%rlapgé}q%ar o&%reg}égﬁsmfﬂoo]%%érbogyﬁ i q:dss,m?]nc dftY cul ar of

_aliphatic cgeb%wtiien@a,d%mcg@satﬂgreng e B Iy piﬁ@@&'}%satm or of

~ perfluoroal kyl carboxylic acids, ranet hyl ené s one or sul phol ane),

acetonitriIQongghggggab%th¥gﬁ3@§@bg&sSeggd%%ggégﬁvgkgggpQ&gﬁkpsg_ and -

ket ones such as acetone. “ACetic acid is prefe u as-sol'vent. for

the oxi dati parteaallaenadfipbktliehexame. cointlaS naRyeanty tQ, use a catal yst
whose manganese and chromum constituents are i'n-the form of conpounds

_derived frome2Bohhetemshopplrifd uatiosd 1kyed cashboshiar adiidisdrt tfwat the said
conpounds are soluble in the reaction medium Mnganese acetate, chrom um
acetate andtridhuaretatticareitdhusnpr eflephbly wset, asn tgati+ cular for this
-rgason.‘ bptanol. Polar aprotic solvents which méy be-mentioned;

_Vfb; example, are lower alkyl esters (=-alkyl radical
- 10 'containing from 1 to 4 carbon atoﬁs) of éarboiyliq
acidé, in‘particular-éf‘aliphatic carboxylic acids
containing from 2 to 9 carbon atoms or of
perfiuoroalkylcarboxyliq acids,ItetraméthYlenersﬁlbhone 
(or sulpholéne), acetonitrile( halcgenated hydrocaﬁbons
15 such as dichloromethane, and kétohes such aé aéeténe.
| Acefic acid is preferabiy used as solvent for
the‘oxidation reaction of cyclohexane. It is cbnvenieﬁt '
tb,ﬁse a éatalySt Whggéﬁmanganese and chromium
constituents are in thé forh‘of compounds derived from
20 the carboxylié acid used as. solvent, pro#ided‘that the
| said'cqmpounds are‘soluble'in the reaction medium.
 Mangahese acetate, chromium acetate and:ifon aceﬁate
-are'thus preferably used, in particular-for this
reason.
25 ' The solvent, as defined aboﬁe;_génerélly,' 

represents from 1% to 99% by weight'of the“reaction-‘



25 The sol vent,. as defined above, generally represents from1%to 99% by
wei ght “of the reaction 27 Decenber 2004 nmedi um preferably frempd0%uto- 3fks
and even nore preferably from20%to 80% The oxidation may al so. be
carried out in the presence of water introduced fromthe initial stage of
5 the process. The tenperature at which the oxidation reaction is carried"
out is variable, in'particular dependiflg on the substrate used. It is
‘general ly between 50C and 200C and preferably between 80C and 10 140C.
The pressure is not a critical paraneter of .the process. It may-be |ess

t han, equaImF@4§F“gE€§F€Fab@ﬁh Iéﬁhﬂébhé??c O car@reven tmere| general ly be
betmeen e;a gé f) ang g (200 bar), w thout these 15 val ues

bei ng |nper§Fi &3P dhYe g oA Qfxygen enriched air, oxygen-depl.eted
ai r. or oxygen dlluted th a |nert as be used, he exanpl es which
followillustrate the™ PR, rr%és(m%blewpe et bRIBRare

| oaded into ?e%e%ce O%I%%Q %%Egﬁﬂbon1qﬂy&§q§9 m‘thihgff%$§$%t? S via a.

heati ng col cool i'ng neans Xer duci ng
and rennglnghgairgggsgor pressure regul ation, the autoclave being purged
beforehand wth™ nitrogen: : ,

The temperature at which the ox1datlon

reaction is carried outris variable, in particular

depehding on the substrate used. It is generally

between SOdC and 200°C and preferably‘between‘80°c and
10 140°C. |

The pressute is not a critical parameter of
the proeess. It may be less than, equal to or greater
than'atmoepheric pressure. It will generally be between
0.1 MPa (1 bar) ‘and 20 MPa (200 bar), without these

i5 values‘beinglimperative.

Pﬁre oxygen, air, oxygen-enriched ai},
oxygen-depleted_air or oxygen diluted with ah ineft gas
may. be used. 7

The examples which follow illustrate the

20 invention.
EXAMPLE 1

The reagents below are loaded into a.1}5 1
titanium autoclave equipped with heating means vie a
heeting collar, cooling means,.a turbomixer_and means

25 -for'introducingrand removing gas and for pressure
'regulation, the autoelaverbeing purged beferehend with

nitrogen: .



27 Decenber 2004 10 10 1 000 rpm. a nitrogen pressure of 20 bar is created
at 20C and heat is applied. The tenperature reaches 105C i1 hacBib&r OM&S4
20 mn. The nitrogen is replaced with 15 air contai ning 5% oxygen under a
pressure of 20 bar. The normal gas flowrate of the-air is 250 1/h. After a
“brief period of about a few m nutes w thout consunption of oxygen, the
tenperature rises by a fem/degreeS'andlibxygen consunption.is observed. The
oxygen content of . 20 the air is gradually increased to a value of 21%
The.- 292.5 g of -cycl ohexape - 357 g-of acetic acid 3.4 g of cycl ohexanone
.- 4.16 g (16.7 mmol of C%?zo? 2oBhl £Ygdetigeane et rahydrate - 0.162 g (0.74

mmol .of Cr) of chronign13%$etatg dih¥drate,- 1.183 g (3.2 mmol of Fe) of
iron acetylacetonate  ->0' 8 ¢Cof2GaFeF. 28&ffer closing the reactor, it is

-;;ﬁrg?q-at oxygen conLeg%;&p%tgg g@éﬁg g%%ggﬁkhe_reactor remains less than
0 ter reaction for 76 mhu s~ 52 litres of oxygen have
yel ohexane of about 200" M tdr EEoborReZ BE PRASREnGoRRTR SFFEARE cooling
to-a tengerature of 70Ccdhegpaciton mxture ' _
| | - 0.162 g (0.74 mmol of Cr) of chromium
 acetate dihjdrate |
- 1.183 g (3.2 mmol of Fe) of iron
| kacetylécetonate
'1Qj - 0.8 g of wéter.
After Closing'thé reactor, it is stirred at

1 QOO rpm, a nitrogen preésuré of 20 bar is éreated at -

20°C and heatﬁis applied.rThe temperature reacheé-lOS°C

in the bulk.ovéf 29 min. The nitrogen is replééed with
15 air containing 5% oxygen under a pressure of 20 bar.

The normal gaslfloﬁ rate of the air is 250 1/h. After a

Erief'period_of abOut‘a few minutes without Cpnsumptién

of oxygén,‘the temperature_rises by a few degrees and

oxygen boﬁéumptionfisrobServédw The:OXYgen content of
20l the air is graduélly increased to a ﬁalue of 21%. The

oxfgen_cgntent in the gas leaving the reactof remains

less than 5%, | | |

. After reaqtion.for 76 minutes, 52.8 normal

'litreé of oxygen have been consumed, corresponding to é

25 degree of convérsion of the cyclohexane of about'ZO%.r
After stopping the flushing with air and

coocling to a temperature of 70°C, the reaction mixture



27 Decenber 2004 is analysed to determ ne the degree of conversion and the
selectivity. These anal yses are perforned by gas chromatogr aphyecbiiget e5g84
"selectivity" - ST - neans the nolar ratio, expressed.as a percentage of
the number of 5 noles netered, of a species relative to.the theoretical:
nunber of noles of the species calculated fromthe nunber of noles of

"cycl ohexane effectively converted). ThéijIIomﬁng results are obtained: -
Degree of conversion (DC) of the 10 cycl ohexane: 20.7 % - ST of. :
cycl ohexanol, rel aé{i vegt? t he cycl.ohexane converted: 6.3 % - ST of

R cycl ohexanof& PBPAYFTE 68 CRECTEYADHSEIRF TR 21 tpnveXsSipn 1@nd ST of

adi pic acid | at.i .0.the ¢ycl ohexane converted: 67.1 %:- ST of adi pi ¢
acid + cyclSﬁgxg%gégti9%§groﬁ§§§ﬁb@' YAV &1 R LRGDH% S convert ed:
20 - Mol ar ' Lpi.c i.ditaqt al. di.aci.ds . .f oy med;  EXAMPLE 2 '
COVPARATI VEEg%bga&ng.ggﬂA) éggﬁplttg% i & rleepcetéﬁve]cﬂf nt Eﬁér-s'ar*’éea&b?)a‘?lé? us and
under the sgaR,ePeLatbNdc&pRdiELANS s ;034 t f.Ql | owi reagents:: -
292.5 g of cyciaohexane b gS? gbof S‘dasceat ?‘%f&%mﬁ € 20% t ¢ Himber TY o
‘ 5 ~moles metered, of a species relative to the theoretical

number of moles of the speéies calculated from the
number of moles of cyclohexane effectively_éonverted).
The following results are obtained:

- Degree of conversion (DC) of the

oo

10 ' cyclohexane: , ' ‘ - 2007

- ST of cyclohexanol relative to the

oe

cyclohexane converted: _ ' 6.3

- ST of cyclohexanone relative to the

. cyclohexane cbnverted; ' : 4.9 %
- 15 - ST of adipic acid relative to the
- cyélohexaﬁe converted: . 67.1°%

~ ST . of adipic acid + cyclohexanone +

cyclohexanol relative to the cyCloheXane

‘converted: - | . 78.3 %
20 - Molar ratio of adipic acid/total diacids -
 formed: - - | 85.9 3

-EgAMPLE 2 - COMPARATIVE
| - Example 1 is repeated in the samé apparatus
and under the same operating conditions, loading the
25 following reagents:
- 292.5 g of cYcloHexane-

- 357 g of acetic acid




27 Decenber 2004 12 - 3.4 g of cycl ohexanone 4.0 (16.2 nmol of Co) of
cobalt acetate tetrahydrate - 0.157 g (0.64 mmol of Cr) of Q.U
acetate dihydrate - 0.6 g of water. The reaction tine is 95 %??utesﬂ%%%t%gg

of 10 76 mnutes in Exanple 1, for an equival ent degree of conversion. The
follow ng results are obtained: Degree of conversion (DC) of the :
cycl ohexane: - ST of cycl ohexanol rel aive to t he cycl ohexane converted:

- 15 - ST of cycl ohexanone relative to the cycl ohexane converted: - ST of
adipic acid relative tothe c flohexane converted: - ST of adipic acid +
"cycl ohexanone + 20 cycl é&éﬁd¥ reY atPHeXeBOPRe cycl ohexane 21.1 %5.1 %

Bt e 70.2 Mconverted: f% 476 MR01 "8 Qof" o 2ULBLG BOLELLQLE! diacids
| tétrahydrate 
- 0.157 g_(0.64 mmol of Cr) of chromium
5 _ acetate-dihydrate
- 0.6 g of water.
The reaction .time is 95 minutes instead of
76 minutes in Example 1, for an eqﬁiﬁélent degree of’
conversion. -
10 , The following results are obtained: .
- Deg:ee of cqnversion (DC) of the
cYclohexane: S ." 211 %

- ST of cyclohexénol relative to the

cyclohexane converted: . _ | . ,5.1'%
15 - ST of cyclohexanone relative to the
cyclohexane converted: : ' 3.4 %

= 8T of adipic acid rélative to the

o

cyClohexéne con?erted: S ' 'ﬂ' 70.9
- ST of adipic acid + cyclohexanone +

20 cyclohexanol relative to the cyclohexahe

ol@

converted: SR 79;4

' - Molar ratio of -adipic acid/total diacids

ow

formed:. . o o - 85.7

This test clearly shows the influence of the

25 iron on the activity of the catalyst. Specifically,'ih
brdér_to'obtain a similar degree of ConverSiQn of the

cyclohexane, the reaction time was 25% shorter in



. This test clearly shows the influence of the 25 iron on the activity of
“the catalyst. Specifically, in order to obtain a simlar degree Rfcember 2004
conversion of the cyclohexane, the reaction tinme was 25% shorter. in 27 _
Decenber 2004 13 | 10 0.8 g of water. The reaction tine is 75 mnutes. The
follow ng results are obtained: 15 Degr of conversion (DC) -of the Exanple -
1, while naintaining an equival ent selectivity towards adipic acid.
EXAMPLE 3 -- COMPARATI VE Exanple 1 is repeated in the sane apparatus aggz .
under the s r n | Qadi n the follomn ents: :
g of cyclohgggngEzg Y 9%13%f%%éé%%§Q%ﬁ af EE évgﬂ%% - 417
g (16.7 nnn{oggrgg)agg ggbgb&dacetate tetrahydrate cycl ohexane: - ST of
cycl ohexanol relative Po t he cycl ohexane converted: - ST of cycl ohexanone.
rel ative togkhep2f gyclgbgygggTQQ@verted - ST of adeIC acid relative to
“the cycl ohéxane converted: :

Example 1 is repeated in the same apparatus

5 and under the same'operatingrcbnditioﬁs, loading the

" following reagents:

1

© 292.5 g of cyclohexane

357 g of acetic acid

- 3.4 g of cyclbhexahone

10 4.17 g (16.7 mmol of Co)‘of cobalt acetate
| tetrahydrate | |
- 0.8 g of water.
The reactiﬁn'timéfis 75 minutes.
The-following resulté are obtéiﬁedﬁ
15 - Degree .of cbnvéréion (DC) of the. -
éyclbhexane: ' L - . 20.3%

- ST of cyclohexanol relative to the

o\¢

cyclohexane éonvérted: 11.6

- ST of cyclohexanone relativé to the

o\@

20 cyclohexane converted: _ . 4.5

- ST of adipic acid relative to the

o°

cyclohexane converted: - : :61.9
- ‘—.ST of adipic écid + cyclohexanone +
:éyclohexanol relative to the cyclohexane
25 converted: - S | ' - | 78.2.%

- Molar ratio of adipic acid/total diacids

o\¢

formed: . - ' 7 _ 85.4



- ST of adipic acid + cyclohexanone + .cyclohexanol relative to the

cycl ohexane 25 converted: - Mlar ratio of adipic acid/total £ 3gi-d8ver 2004
formed: 20.3 % 11.6 % 4.5 %61.9 % 78.2 % 85.4 % 27 Decenber 2004 14 This
test shows, in conparison. with Exanple 1, thé positive effect of the
"presence of iron and chrom umon the Eﬁ ectivity and production
~efficiency of the catalyst. EXAMPLE 4 anple 1 is repeated in the same
appar at us -and under the sane operating conditions, but |oading the

foll.ow n conpounds i t A 292. 5 of cyc) ghexane 10 357 g of
‘acetic agld - nggyg%ghegﬁhoﬁé-}q19ﬁ? 1B of Co) of cobalt

o ot AT, o AL SR Pl AT
‘and chromium on the select1v1ty and productlon
_efflclency of the catalyst.
5 EXAMPLE 4
| Exémple 1 is repeated in the same apparaﬁus
and under the same operating condltlons, but loadlng
the follow1ng compounds into the reactor -
- 292.5 g of cyclohexane
llO. - 357 g of acetié acid
- 3.4 g of cyclohexanone 7
- 4.13 g (16.6 mmol of Co) of cobalt acetate"
tetrah&drate o |
- 0.2325 g (1.06 mmol of Cr) of chromium
15 . ‘ ’ acetaté dihydrate |
- 1.086 g (3 1 mmol of Fe) of iron
acetylacetonate
- O.B,g of water
'_The reactlon time is 73. mlnutes
20 ~ The following results are obtalned
- ‘Degree of conversion (DC) of the
cyclohexane. | ' . "20.3 %
- ST of cyclohexanol'relative'to'the
cyclohexane converted: | , B . 9.8 %
25 - ST of cyclohexanone reiative'tp_the |

cyglohéxane éonverted{_ S : o 2.5 %



-'0.8.g of water. The reaction tinme is 73-minutes. 20 The following results

are obtained: - Degree of conversion (DC) of-the cyclohexa@g‘Decgﬁbgg 2004
cycl ohexanol relative to the cyclohexane converted: 25 -

cycl ohexanone relative to the cyclohexane converted: 20. 3 9 8 % 2.5 % 27
Decenber 2004 15 - ST of adipic acid relative to the cyclohexane
converted: - ST of adipic acid + cycloHé&anQne + -cycl ohexanol relative to
- the cyclohexane 68.8 %5 converted: 78.3 Mdlar ratio of adipic acid/total
diacids forne 85 3 b EXAMPLE 5 - COVPARATIVE Exanple 1 is repeated in
the same appar LR (RS TPeaShWR BpeEB®i ng conditions, but | oading
the follow ng ¢o nds |nto the reactor: - 292.5 g of cyclohexane - 357 ¢
of acetic am(fyéié YheSGnone 15 - 4.0 g (16.1 el % 8C) of . -

CObalt acetat gp ¢ adlplc ac1d + cyclohexanone +
| cyclohexanol relative to the_cyclohexane
5  converted: | _ ' ' | . 78.3 %
- Molar ratio of adipic acid/total diacids
formed: - - ' 85.3 %

EXAMPLE 5 - COMPARATIVE

Example 1 is repeated in the sameﬁépparatué
10 and under the same operating conditions,'but Loading
tﬁe following compounds into'the reactor:
- 292.5 g of cyclohexane
- 357 g of acetic acid
- 3.4 g-éf cyclohéxanone .
';5  - - 4.0 g (16.1 mmol of Co) of cobaltlacetate
tetrahydrate _ | |
~ 0.309 g (1}25 mmol of Cr) of chromium
acetate dihydrate | o
- 0}6_g‘of water.
 20 ~ The reaction induction time is 50 minutes and
| -the reaqfion timeris 160 minutes. |
The following reéﬁlts are obtained:

- Degree of conversion (DC) of the

o0

‘ cyclohexane: S 17.
25 -~ ST of cyclohexanol relative to the

cyclohexane converted: 7 : o o _ '-_"4.6'%



tetrahydrate 0.309 g (1.25 mol of C) of chromum acetate. dihydrate -
0.6.9.0of water. 20 The reaction induction tinme.is50 mnutes gndp.tBfher 2004
reaction tinme is 160 minutes. The followi ng results are obtained: - Degree
of conversion (DC) of the cycl ohexane: 17 % 25 - ST of cycl ohexanol
relative to the cycl ohexane converted: 4.6 % 27 Decenber 2004 10 - ST of
cycl ohexanone relative to the cycloheféhe converted: - ST of adipic acid
relative to the cyclohexane converted: - ST of adipic acid + cycl ohexanone:

+ cyclohexanal,re Lve to the cyclohexane converted: - nolar ratio of
adi pi ¢ acid/tC)%ﬂoéﬁ%£ﬁﬁépe§%ﬁ%%%:r??a 1¥275°3t9877. 2 9% 83.4 % This test

taken i-n conpal ﬁ§$§? 4.. clearly shows the positivg ef fect on
t he productionsé |é¥%%g§ of %%t%%hbination of iron with chroﬁfbm

- ST of adipic acid relative to the

oe

cyclohexanélconverted: . - 74.3
5 - ST of adipié acid + cyclohexanone + | |
'cyclohexanol relative to theVéyclehexane
converted: AR ' | 77.2 %
- Molar ratio of adipic'acid/total diacids o |
formed:. - ' | g 83.4 %
10 o This test taken in comparison with Exaﬁple'é
cleafly shows the positive effect on the prbduction
‘efficiency of the coﬁbination of ifon with chromium,
without significantly affecting the selectivitf.'
EXAMPLE 6 | | | |
15 The feagent; below:are loaded inte a 1.5 1
titahium'autoclave,égﬁipped_with heating.means via a
‘heating coilar, cooling means, a turbomixer and.meang
for introducing and removing gas'aﬁd_for‘preSSure
regulation, : the autd¢la§e‘being purged beféreﬁand“with
20  nitrogen: | | |
| - 292.5 g of cyclohexane
- 337 g of acetic acid |
- 3.677g qf cyqlohexanone
- 4.13 g (16.6 mmol of Coi of cobalt acetate |
25 | - tetrahydrate | | |
- 0.1585 g .(0.73 mmol of Cr) of chromium

acetate dihydrate



w thout significantly affecting the selectivity. EXAMPLE 6 15 The reagents
bel ow are | oaded into a 1.5 1 10 for introducing and renDV|n%ﬁgﬁg— 1?%%04
pressure regulation, the autoclave being purged beforehand wt fl ani um
aut ocl ave equi pped with heating means via a heating collar, cooling nmeans,
‘a turbom xer and neans 20 nitrogen: 292.5 g of cycl ohexane - 357 of ti id
ace ¢ ac g 3.67 g of cycl ohexanone 2514.13 g (16.6 nmol of Co) of cobalt
acetate tetrahydrate 0.1595 g ,(0.73 nmol of Cr) of chromum acetate

di hydrate 27 Decenber 2004 17 - 1.0895 g (3.1 mmol of Fe) of iron -
“acetyl acetonate 0.8 g ofl B3P .9 Af3 el mnoLieg Fak eéatron, it is stirred at

51 000 rpm a nitrogenggé¥§%gé%égn§¥2bar Is created at

_¥ 0.8 g of-watet.
After closing the reaétor, it is stirtéd at
5 1 OOO rém,.a'nitrogen,pressure of 20 bar is created at
20°C and heat is épplied. The temperature_reachés 105°C
in the bulk over 20 min. The nitrogen is replaced with |
air containing 5% oxygen undeﬁ'a preséure of 20 bar.
The normal gas flow rate of the éir,is_250‘l/h.'Aftar a
10 brief period of about a few minutes without cdnsumpfibn
éf-oxygen, the temperature rises by a few'degrees-and
oxygen éonsumption is observed. The oxygen content 6f
‘the air is gradually increased to arvaiue of‘Zl%.fThe
dxygen content in the gas leaving the reactor remains
15 léss than 59;,_  |
When 50 normai.litrés of oxygen have been
consumed, corresponding to a degree of‘convetsion of
the cyclohexane of about 20%, continuous injection into
,the‘iiquid;phage of a soluti&n of acetic acid
20 containing 1.1% by weight of cobalt acetate
tetréhydraﬁe,*0.0ﬁB% by'weight of chromium acetate
dihydraté‘and 0.3% by weight of iroﬁ acetylacetonate at
a flow rate of 3.9 ml/min and an injéction of
4.3 ml/min of cyclohekanerére begun. |
- 25 . The consumption of oxygen during the

injection period is 0.6 1/min.



20C-and heat is . applied. The tenperature reaches 105C in the bulk over 20
mn. The nitrogen is replaced with air containing 5%)oxygen2wn@gEeﬁ%Fr 2004
pressure of 20 bar. The normal gas flow rate of the air is 25 :
After,a 10 brief period of. about a few nminutés w thout consunption of
oxygen, the tenperature rises by a few.degrees and oxygen consunption is
observed. The oxygen content of the air s gradually increased to a val ue
of 21% The oxygen content in the gas Ieaving t he reactor renains 15 | ess

~than . 5% . Wen 50 nor tres of o e ave been onsune
corresponding to a deggékééﬁg%g el f% u?%%ngyEFB e?éﬁeaﬁﬁ about 20%

t | f t d 20
conta i ng. iy e i i i ok “{"?ﬁs =&l aBp iR (bR b BEEL4E, vt it
of chroni umeakAateat eo ] m@ﬂﬁéﬁa@ﬂ% QL B% Py V‘Bhgé‘tré’%cg{ﬁﬁ/ﬁfe{%' gecetonate

at aflowrate of 3.9 mM/mn and an 1 njection- of

- cycl ohexane iar enlae_gwed 2% e GRHEMRHOR, O AXY 98 pthe injection
perlod is 0.61/mn. 27 Decenber 2004 18 ﬁﬁteﬁ stoﬁg?ﬁ%étﬂg flushing with

“air ‘and St cppiveg stibe iatjdecldiens i6fi thhe ‘I’h%&ergr%l%‘é@s mxfure is cooled to
a.tenperature of 70C. The reaction mxture is analysed to determ ne the

vari ous degpeesoahed donverssichiromadcd@lag@ehi.vity. These anal yses are
perforned by gas chromat ography. The followi ng results are obtained:
The following results are obtalned

- Degree of conversion (DC) of the

cyclohexane: ‘ . 19.6 %
10 -~ ST of cyclohexanol relative to the |
cyclohexane converted: S 6.5 %

- ST of cyclohexanone relative to the
cyclohexane converted: o 6.0 %

- ST of adipic acid relative to the

o

15 cyclohexane converted: R 65.3
-" ST of adipic acid + cyclohexanone +

:cyclohexanol relative to the cyclohexane

o

converted: - ' h ' 77.8

- Molar ratio of adipic acid/total ‘diacids

o

20 . formed: ' , 85.1
The productlon eff1c1ency of the catalyst is
60 7-g of adipic acid produced per litre and per hour.

'EXAMPLE 7 - COMPARATIVE

_ Example 6 is repeated ln the same apparatus
25 and under the same operating condltlons, but
ellm;natlng only the iron 1n‘the-1n1t1al load end in

the solution injected,.



- "Degree of conversion (DC) of the cycl ohexane: 19.6. % 10 - ST of

cycl ohexanol relative to the cycl ohexane. converted: 6.5 % - ST

~cycl ohexanone relative to the cycl ohexane converted: 6.0 % }gé%gg?m%ﬁﬁ[ﬁQ94
acid relative to the 15 cycl ohexane converted: 65.3 % -'ST of adipic acid
"+ cycl ohexanone + cycl ohexanol relative to the.cyciohexane converted: -
Mol ar ratio of adipic acid/total diacid® 77.8 % 85.1 % The production
effrciency of the catalyst is 60:7 g of adipic acid.produced per litre and’
per hour. EXAMPLE 7 - COVPARATIVE Exanple 6 is repeated in the sane o
apparatus 25. and und@f CFYISENEBIRIMRGIRP Huei 29 okBe bRIeCBLPM nati ng
only the irgn_i.nthe initial, |.oad and in the solution injected. 27

" Decenber ZOBﬁriQdTﬁé‘8X§deﬁ/gﬁﬁsunppion during the injection period is
0.44 1/min. The fol | of00 cLasUNSiy Yed AR JIE0: BB, 5849 cOn i (DC

- Degree of conversion (DC)'of the

o\

5 cyclohexane: I . 18.2

- ST of cyclohexanol relative to the

de’

cyclohexane converted: _ 5.1

- 8T of-cyclohexanone_relative to-the

cyclohexane converted: _ _ o 4.8 %
10 - ST of adipic acid relative to the |
cyclohexane converted: R ' 69.5 %

- ST of adipic acid + cyclohexanone +

cyc;ohexanolrrelative'to'the cyclohexane

~ converted: | ~ ' : 79.4 %
15 - Molar ratio of adipic acid/total diacids
formed: | - 85.0 %

The production efficiency of the catalyst.is
47.5 g of adipic acid'produced per litre &dnd pef hour.

EXAMPLE 8 - COMPARATIVE

20 _ : _Examplé 7 is tepeated in thé same apparatus
and under the same operéting conditionSf_but'
‘eliminating the iron and chfomium in thé initial’ load
and in the solution inﬁected. 

‘ The oxygen consumption during the injection.

257 period is 0.55 1/min. :

The followiﬁg results are obtained:



f'h gvers on) ot e cyclohexane: ST of cyclohexanol relative to the

cycl ohexane converted: - ST of cycl ohexanone.relative to the,gy

converted: 10 - ST of adipic acid relative to the cyclohexanggcgﬁggg%%g%og%
of adipic acid + cycl ohexanone cycl ohexanol relative to the cycl ohexane
converted:: 15 - Ml ar ratio of adipic acid/total diacids 18.2 %5.1 % 4.8 %
69.5 % 79.4 %forned: 85.0 % The prodd®tion efficiency of the catalyst is
47.5 g of adipic acid produced per litre and per hour. EXAMPLE 8 - -
COVPARATI VE 2Q Exanple 7 is repeated in the sane apparatus and under the
‘sane oper at T nIGRS t9orfenRrESion (DC) of the |

- cyclohexane: .- ' 18.5 %

.= 8T of cyclohexapol relative to the

o -

cyclohexane cohverted: | ‘ 10.8
5 - ST of cyclohexanone relative to the
cyclohexane converted: ' - 5.8 %

- ST of adipic acid relative to the

o0

cyclohexane,converted: - | 61.6
-aST of adipic acid + cyclohexanone +

10 3cyclohexanol relative to the cyclohexane

oe

converted - 78.2

~~ -Molar ratlo of adipic ac1d/total dlac1ds

o\@

formed- , : - 84.0
The production efficiency of the catalyst is

.15 56.5 g of adipic acid produced per litre and per hour.

- Example 9 - Comparative
| The ingré&iehts below are loaded into. a
125 ml't;taniumaaﬁtoclave eéuipped with heating'meanS-
-via a'heatiag collar, a”turbomixer and gas introduction
720 “and pressure regulation means: | -
| - 21.25 g (253 mmol) of cyclohexane
- 27.35.g of acetic ac1d
.= 0.26 g (2.65 mmol) of cyclohexanone
- 0.0357 g (0.146-mmol.of Mn} of manganese
25 | acetate tetrahydrate
| | - O 011 g of chromium- acetate dlhydrate

{C. 04 mmol of Cr).



eiininating the iron and chromiumin the initial | oad “and in the solution
I njected. The oxygen consunption during the injection . 25 pe%’°§gééﬁ%ﬁ§?004
8 gree o

1/min. The following results are obtained: 27 Decenber 2004 (
conversion (DC) of the cyclohexane: ST of cyclohexanol relative to the
cycl ohexane converted: 5 - ST of cycl ohexanone relative to the cycl ohexane
converted: - ST of adipic acid relativ€lto the cyclohexane converted: 10
acid + cycl ohexanone relative to the cycl ohexane 18.5 % 10.8 % 5.8 % 61.6 %
78.2 % Ml ar ratio of adipic _acid/total diacids ST of adi pi ¢ _cycl ohexanol
converted: formed: After closing the reactor, it is stirred at
1 000 rpm, an air.pressure (100 bar at 20°C) is created -
-and the reactor ié heated. The temperature reaches
105°C in the bulk in 10 min and this temperature is
5 maintaihed for a further 150 min.
After cooling and depressurizétion, the
reaction mixture consists of two 1iquid phases, which
are homogenized by adding acetic acid.
The homogeneous.miXturetthus obtéihed is
10 ‘assayed by gas chromatography.
The following results are obtained:

- — Degree of conversion ({(DC) of the

e

cyclohexane: ' ‘ S ~'14.9

- ST of cyclohexanol relative to the

ole

15 cyclohexane converted: | o 19.4

~- ST of cyclohexanone relative to the

oo

cyclohexane converted: : IR 0.0

- ST of adipic acid relative to the

[

cyclohexane converted: _ Y
20 - ST of adipic acid + cyclohexanone +

cyclohexanol relative to. the cyclohexane

oo

converted: o S - . 69.4
~ Molar ratio of adipic acid/total diacids. |

formed: ' o 77.6 %

25 Example 10
Example 9 is repeated, but using as catalytic-

system the system héving'the_following composition:



' 84.0 % The production efficiency of the catalyst is 15 56:5 g of adipic
acid produced per litre and per hour. Exanple 9 - Cbnparat|v§7TBgcember 2004
ingredients below are |oaded into.a 125 nl titanium autoclave equipped
‘with heating nmeans via a heating collar, a turbom xer and gas introduction

20 and pressure regul ation neans: 21.25 (253 mmol ) of cycl ohexane. 27.35
g of acetic acid 0.26 g (2.65 mmol) of %gclohexanone 25 - 0.0357 g (0.146

-mmol  of M) of manganese acetate tetrahydrate - 0.011 g o; chroriuﬁ1 ]

' i ' .- 27 Decenber 2004 21 After closing the
?ggéﬁgs,d:Py?;agfi§?é84a5v§&885953%r233 QWPlpF5§§ﬁﬂe‘Fﬁ@ﬂﬁﬁﬂﬂ?i85€ggygiﬁ
.created -and the reactor | eated. The tenperature reaches 1 in the
bulk in 10 nmin and this ?Eﬁgﬁpﬁg%?grﬁ§Y§rﬁ§ﬁntained_for a'furthe{ lg? Phg-
1iqui d phases, whi ch ar o hokegehi 384085 BRBInG TGl GHICPHE homogeneous
m xture.thus obtained is SAYE as chromat ography. The fol | owi ng
_results are obtai ned: e ég?g% §¥ﬁgggéggsion (DC) of the

5 - 0.0861 g (0.244 mmol of Fe) of iron
écetylacetonate |
- 0.0525 g (0.149 mmol of Mn) of
manganese (I1I) acetylacetOnéte.
The mixture is maintained at 1055¢ for
10 " 45 minutes. | |
" The folloﬁing resglts are obtained:
- Degree of conversion (DC)'of.the' |
cyclohexane: : .A' 12.1 %

- ST of cyclohexanol relative to the

oe

15 = cyclohexane converted: o o 9.5

-~ ST of cyclohexanone relative to the

Q\DA

cyclohexane converted: o o 8.1

- ST of adipic acid relative to the

o\°

- cyclohexane converted: = ... 67
20 - ST of adipic acid + cyclohexanone +

cyclohexanol relative to the'cyclohexane

ol®

converted; | ‘ ' _ ' o - 85.6

- Molar ratio of adipic'acid/total diacids e

oo

formed: N o 85.5



cycl ohexane: 14.9 % ST of cycl ohexanol relative-to the 15 cycl ohexane
converted: 19.4 % - ST of cycl ohexanone relative to the cychohgxans
converted: 0.0 % - ST of.adipic acid relative to the cyclohgiaﬁé er 2004
converted: 50 % 20 - ST of adipic acid + cyclohexanone + cycl ohexanol -~
relative too.-the cycl ohexane converted: 69.4 % - Mlar ratio of adipic
acid/total diacids forned:- 77.6 % 25 Bnple 10 Exanple 9 is repeated, but
using-as catal ytic systemthe system having the follow ng conposition: 27
Decenber 2004 22 - 0.3107 g (1.247 mmol of Co) of cobalt acetate
t et rahydrat E@r@lE Id (0. 012 mml of .Cr) of chronmium acetate dihydrate -
0.0861 g (0.244 mmol of Fe) of iron acetylacetonate -. 0.0525 g (0.149 mol
of M) of manganese( [EA3MRIGetY deetirrgatedhebwt xestegi 8Smai nt ai ned at
. 105C for 10 45 minutes. The follow ng results are .obtajned: - Degree of
conversi on EBé? gﬁlﬁhéygﬁﬁﬂ(ﬂhgqﬁﬁﬁtem having the following

compositionﬁ

o
|

-~ 0.3135 g (1.258 mmol of Co) of cobalt
acetate tetrahydrate o |
- 0.0114 g (0.0113 mmol of Cr) of chromium
acetaté dihydrate - -
- 0.0828 g (0.234 mmol'gf-Fe)'of iron'
10 acetylacetonate o o
- 0.0522 g (0.148 mmol of Mn) of
manganese(III)racetylacetonate
- 0.005% g (0.0121 mmol of Zr) of. zirconium
acety;acetonate. ‘
15‘7 o © The fbllowing_results are obtained:-

- Degree of convefsion-(DC) of the

ol

cyclbhexane: ' : | . ' - 11.7

- ST of cyclohexanol relative to the

oe

‘cyclohexane converted: - - 8.8

20 ~ ST of cyclohexanone relative to the

or

'cyclohexéne converted: _ - . ' 9.4

- ST of adipic acid relative to the

g

~cyclohexane converted: ' 67.4
-~ ST of adipic acid + cyclohexanone +

25 _cyclohexanol'relative to the-cyclohexané

oP

converted: ' o o 85.6



- ST of cyclohexanol relative to the 15 cyclohexane converted: - ST of
cycl ohexanone rel ative to the cycl ohexane converted: ST of adip '
relative to the cyclohexane converted: 20 - ST of adipic ac%g bEcBfb& 2004
cycl ohexanone + cycl ohexanol refative to the cyclohexane converted: 12.1
%9.5 %81 %67 %85.6 %- Mlar ratio of adipic acid/total diacids
formed: 85.5 % 27 Decenber 2004 23 Exaﬁ%?e‘ll Exanpl e 10 is repeated, but
using as catalytic systen1the system having the followi ng conposition: 15
- - 0.3135 g (1. 25@? of cobalt acetate tetrahydrate - 0.0114 g
(0.0113 rrrml oery B?ti:ﬂr% BftPACeRSEE/ Fiotpdr Siacids 0828 g (0.234 mmol -

~of Fe) of |ron acq&ylacetonate 0. 0522 ¢ (0 148 mmol of M) 0%5 -



manganese(l11) acetyl acetonate 0.0059 g (0.0121 mol of Zr) of zirconium
~acetyl acetonate. The following results are obtained: Degreeznggggvers5%%
(DC) of the cyclohexane: - ST of cycl ohexanol relative to the “cyclohexan
converted: 20 ST of cycl ohexanone relative to the cyclghexanefcogverted
ST of adipic_a relative to the cyclohexane converte ST of adipic aci
+ cyclohegaﬁgh@ Qﬁ?%@clohexanol rel ati-ve to the cycl BEBAERE1/0d8Vert ed:
11.7 %8.8 0 9.4 %67.4 %85.6 % 27 Decenber 2004 24 - Ml ar ratio of
adipic acid/total diacids fornmed: 85. 2% 27 Decenber 2004 WD 02/ 00588

PCT/ FR0O1/ 01976 25 CLAIMS 1.. Process for oxidizing hydrocarbons,

4
e
d

CLAIMS
1; - Process for ox1dlzlng hydrocarbons,
.alcohols and/or ketones to carboxyllc ac1d usrng oxygen
or a gas contalnlng it, in a liquid phase in a solvent
5 chosen from polar protlc solvents and polar aprotic |
solvents and in- the presence of a catalyst dissolved in
the reaction medium, characterlzed in that the catalyst
comprlses ‘a soluble manganese and/or cobalt compound, a
soluble chromium compound and a soluble iron c0mpound.
10 : ‘ 2. Process according.to claim 1,
characterlzed in that the hydrocarbon used as startlng
substrate is chosen from- cycloalkanes which have a ring
containing from 5.to 12 carbon atoms, and 1s'preferably'
cyclohexane;- | |
15 : | 3. Process accordlng to clalm 1,
characterized in that the alcohol and/or the ketone
used as startlng substrate are chosen from
cycloalkanols and'cycloalkanones which have a ring
'containing from'S to 12 carbon -atoms, and are
20 preferably cyclohexanol and/or cyciohexanone.
| 4;_ Process according to one of claims 1 to
3; characterized in that'the catalyst comprises at
least one manganese compound which is soluble in the
reaction medium, chosen from manganese chlorlde,
25 manganese bromlde, manganese nitrate and manganese

carboxylates, for instance manganese acetate



al cohol s and/ or ketones to carboxylic.acid.using oxygen or a gas
contaln}ng it, inaliquid phase in a solvent 5 chosen fron1eglgrcxhghg%oo4
sol vents. and polar aprotic solvents and in the presence of & cata yé?

di ssolved in the reaction nedium characterized in that the catal yst _
conpri ses a sol ubl e nanganese and/or cobalt conmpound, a soluble chrom um
conpound and a soluble iron conpound. 10 2. Process according to claiml1,
‘characterized in that the hydrocarbon used as starting .substrate is chosen
from cycl oal kanes whi ch have a ring c%ntaining from5 to 12 carbon atons,
and is preferably cycl ohexane. 15 3. ﬁocess.according to claim1,
characterized in that the al cohol and/or the ketone used as starting
substrate are chosen from cycl oal kanols and cycl oal kanones whi ch have a.

Cori nt aj nj f ' t d 20 f I !
oyolohexanar ShgrettRte: Raddailed R Bt dhe e cnlbente S CEES claims 1.

to 3, charpgfelzed %ﬁ&&?&t&hsnﬁaﬁ%g}%egg”gh'c%ﬁ%aﬁée. | east one manganese
conpound which”1's sol e 1n the Treactron rmedium chosen from manganese

chioride, 25 manganess, br op}dges1099RB2a8nEI LEALACARE TANIANESE (o

carboxyl ates, for instance nanganese acetafe 27 Decenber 4
tetrahydrate, cmeRRESE PEQPLIRNELEL FRRJARESEyad BALPrisERNganese glutarate

and manganese .succinate. 5. Process according to one of clains 1 to 4,

charact €3 i Zeshst driatcdthel €atabystndORRLEEeSsaboluble in the

| | reaction médium,,chosen from CObalt.ﬁhldride, cbbalt
bromide,-cobalt nitrate and cobalﬁ carboxylatés, for
instance cobalt,acetate, cobalt pr0piqnate, cobalt_
adipate, cobalt glutarate and cobalt succinate.

- 10 : 6. Process according to one of claims 1‘£o
| 5, characterized in that the catalyst comprises at

leéét one chromium compound ﬁhich is soiublé in the
reaction medium, éﬂosen from chromium chléride,
chromium bromide, chromium;nitréte and chromium .

15 carboxylates, for instance chromium-acetate,'éhromium
propionate, chromium adipate, chromium glutarate,
cﬁromium_succinate and mineral or organic chromic acid
saltsf | | | |
7 | 7. Process accbrding to one of claims 1 to

20 .6, characterized in that the éatalyst comprises at
‘léast'one,iron compound which is-soluble in the

- reaction medium, chosen from ifon chloride, iron '
bromiﬁe,'iron nitrate and iron carboxylates, for
insﬁance iron écetate, iron propionate, iron adipate,

25 iron glutarate and iron succinate.



| east one cobalt conmpound which is soluble in the reaction nedium chosen
fromcobalt chloride, cobalt brom de, cobalt nitrate and cobl%

carboxyl ates, for instance cobalt acetate, cobalt propionaté&,’ E8GgFper 2004
adi pate, cobalt glutarate and cobalt succinate. 6. Process according to one
of clains 1 to 5, characterized in that the catal yst conprises at |east

- one chrom um conpound which is soluble i.n the reaction nedium chosen from
chrom um chl oride, chrom um brom de, chromumnitrate and chrom um 15
‘carboxyl ates, for instance chrom um acetate, chrom um propionate, chrom um
~adi pate, chromumglutarate, chrom um?ucci nat e and mneral or organic
chromc acid salts. 7. Process according to one of clains 1 to 20 6,
characterized in that the catalyst conprises at |east one iron conpound

which is soluble in the reacti dium. chaosen fromir.on chloride, iron
““broni de, iron ni trate%énd %?c%)’r?e%%r c():fﬁrarql@sq $Qrong nr% arft® iron acetate,

i ron propio g alg] i:pat e i : r at I ron succinate. 27
Decenber 20 gég%d%?lePFgg:eLglg'agg(%?-&cﬁ%%lg)et)&ngrgf&%qﬂper e%ae%allufn‘ﬁs%l ai s,

characteri zggmbRi 583t ot B8 1684@! ¥t cHAHY ioﬁﬁ%ﬁ@ql@mccﬁnﬁdﬁani um or

.~ haf ni um conpound. 9. Process according to claim racterized in that
- the 'zi rconi um conpound_whi kol ssS@lcehRiiny the J18aG6t iPn nediumis chose

fromzirconium chloride, zirconiumbrom d€, zirconiumnitrate and '
‘ . 5 characterized in that the zirconium compound which is
-soluble in the reac;ion medium is chosen from zirconium
chloride; zirconium bromide, zirconium nitrate and
zirconium carboxylates, for instance zircgnium acetate,
zirconium propionate, zircdnium adipate,. zirconium
'lQ .glﬁtarate or zirconiuﬁ succinatef
| | 10. Process éécording'to claim 8,
characterized in that thé hafnium compound which is
soluble in the reaétion medium is-choseﬁ from hafhium
chloride, hafnium bfbmide, hafnium nitrate and hafnium‘
15 carboxylates, for iﬁstance hafnium acetate, hafnium
propionaﬁe,-hafnium adipate} hafnium glutarate'or
hafnium succinate.
'11. Process according to one of claims 1 to
10, characterizéd in that the mOlar'ratioé between the'
. .20 chromiuh, thg mapganese or the cobalt, the_chromium and
the iron is between 1/0.00001/0.0001 and 1/100/100.
12. Proceés according to claim.ll,
characterized in thgt the‘molér ratiés betweén the
-'chroﬁium, the mangénese or the cobalt, the chromium and

25 the iron is between 1/0.001/0.001 and 1/10/10.



zi'rconi um car boxyl ates, for instance zirconium acetate, zirconium

propi onate, zirconium adi pate, zirconium 10 glutarate or zircoNipdtbmber 2004
succinate. 10. Process according to claim@8, characterized in that the

haf ni um conpound which is soluble in the reaction nmediumis chosen from
haf ni um chl oride, hafniumbrom de, hafniumnitrate and haf ni um 15

car boxyl ates, for instance hafnium acetate, hafnium propionate, hafnium
adi pate, hafniumglutarate or hafnium succinate. 11. Process according to
one of claims 1 to 10, characterized in,ghat the nolar ratios between the
20 chrom'um the manganese or the cobalt, the chromumand the iron.is

bet ween 1/0.00001/0. 0001 and 1/100/100. 12. Process according to claim11,
characterized in that the nolar ratios between the chromum the manganese

or the cobalt, the chrigy unpasse25 4b€oia0Agi 8cbghwesr 141@i8Q140,Q01 and
.1/10/10. 27 Decenber 2004 28 .13. Process according to one of clainms 6 to
12, charact &rd,zethdradteati 1de pnothdt ofhakabyuat, ofexpER3sed, as a wei ght

percentage of netal elements relative to the reaction mXxture, is between
0. 0001% 5 am&kr3%ssmet] @reefae el ghth gtewesen Oa O 184 andt 2% eldmePescess
according to one of clains 1 to 13, characterized in that the lLiquid
reaction nediedmtigenttsl e rmadatamn ohiostenrd ; ois abé phatn cOcabbbdxylic acids
containing from2 to 9 carbon atonms, 10 perfl uoroal kyl carboxylic acids,
alcoholsp hépggéﬁa@@@ preferably between 0.001% and 2%. :
| 14; Process according to_one of claims 1 to
'13, chaiécterized in tﬁat the liquid reaction medium.-
contains a:sblvent chosén from aliphatic carboxylic
acids containing from 2 to 9 carbon atoms,
10 perfiuoroalkylcarboxylic écids, alcohols, halogenéted
hydrocarbﬁns,rketonés, lower alkyl esters of carbokylic
‘acids, preferably of aliphaﬁic cérquylic acids
containing from 2A£o 8 carbon atohs or of
perfluoroalkylcarboxylic agids, tetramethyiene sulphone
15 (or sulpholane) andraCetbnitrile. | | o
| 15. Process according to one of claims 1 to
14, chaﬁacterized in that the solvent used is acetic
‘acid. | |
16. Process according to one of claims 1 to
20 15, characte;ized in that the solvent répresents-from
1% to 99% by weight 'o_f_the reaction medium and |
preferably from 10%7to 90. |
17, ;Process aécording'to one. of claims 1 to
16, qharacterizéd in that the temperature at which the

‘.25 oxidation reaction is carried out is between 50°CAand

'200°C and preferably between 80°C and 140°C.



hydr ocar bons, ketones, |ower al kyl ésters of carboxylic acids, preferably
of aliphatic carboxylic acids containing from2.to 9 carbonza]t gm; Iﬁ@rﬁ of 04
per fl uoroal kyl carboxylic acids, tetranethyl ene sul phone 15 (or SF% ?%r‘?eo)
and acetonitrile. 15. Process according to one of clainms 1 to 14, '
characterized in that the solvent used is acetic acid. 16.. Process
according to one of clains 1 to 20 15, characterized in that the sol vent
represents from 1%to 99% by wei ght of.the reaction nmedi umand preferably
from10%to 90. 17. Process according tg one. of clains 1 to 16,
characterized in that the tenperature &> whi ch. the .25 oxidation reaction
is carried out is between 50C and 200C and preferably between 80C and
140C. 27 Decenber 2004 29 18:. Process according to one of clains 1 to 17, -
characterized in that ,t;he ssure at _which the oxidation.reactjon is
carried out is bet me%tSO. 1%5%6‘139%& TG GHE 2° W&e(‘égocg%%‘}‘?’ 't

17, characterized in that the pressure at which the

- oxidation reaction is carried out is between 0.1 MPa

- {1 bar) and 20 MPa (200 bar)Q





