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1" PROCESS FOR THE- OXI DATI ON OF HYDROCARBONS, ALCOHOLS AND/ OR KETONES The
present invention relates to the 5 oxidation with oxygen, or 28 gasember 2004
containing it, of. hydrocarbons to the correspondi ng carboxylic acids, -

al cohol s and/ or ketones or of alcohols and/or" ketones to the corresponding
carboxylic i ds. di rect oxidati-on with oxygen of rocarbaons, nore
particul arl &5é9§$§glkanes inthe presence of a cé%éh%ﬁg% f&i%Qﬁarocess
whi ch has been studied for a long tine. The reason for this is that there
woul d be obvi ous advantages in avoi di ngt the use of an oxidizing agent such
as nitric acid, used in one 15 of the steps of "‘the current industrial
processes, mhlch woul d spar e the need to Process the n|tr0oen oxi des
generated. In PRRCESS : . RCARBONS 5 L8xi dat i on
Wi th oxygen, cobalt is the catal , frequently reconnended Thus,
Anerican patent US-.A--2 223'493§§§é§gkg§§§35§n Decenber 1940, !
describes-the oxidation of cyclic hydrocarbons to the corresponding
diacids, in .a liquid phase generally conprising acetic acid, at a 25

t enperature of at Ieafﬁe ggé?gﬁkngngggeio%o gﬁlnlng 27 cenber 2004 10

oxygen ‘and in the presenc an oxi dation C "as a cobalt

‘:COWPOUm% ADEf & LRI P AL £8 5§&é€ﬂ,98% §25aspEBhE§E%Qqult, of

hydrocarbons to the corresponding carboxylic acids,

alcohols and/or ketones or of alcohols and/or ketones
:. to the.corresppnding-carboxylic aeids.
'The.direCt egidatioh with_Qxygen ofr
_ 10 .hydrocarbens, more particularly of cycloalkanes, in the
‘presence.ef a cetelyst, is a procese which has been
studied for a long time. The reason for.this is that
there would be;obvious adventages in'aveiding the use
of an oxidizing_ageht eqch as nitric acid, used in one
15 of the stepsref the'cﬁrreﬁtrindustfial processes, which
‘would spare the needito process the nitrogen oxides
‘ geeeraied.
- -Ih the many variants of such a process of
catalytic oxidation with oxygen, cobalt is the catalyst
- 20 most frequently recommended. | |
Thus,-American patentrUS—A~2 223 493,
published in December 1940, describee'the oxidation of
:cyelie hydrocarbons ;e'the'eoirespondihg.diacids, in_a
liquid-phese geherallyrcemprising acetic acid, at a

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



February 1990, describes an inprovenent to the air oxidation of

cycl ohexane to adipic acid, in a liquird phase conprising aceti Oeaemnder 200
tenperature of from80C to 160C and in the presence of ‘an oxidation

catal yst conprising a soluble cobalt conpound and a sol uble zirconium
and/ or haf ni um conpound. More recently,.it has been recommended in patent
EP- A-0 694 333 to use, in the context cﬁ the oxidation of hydrocarbons
wi t h oxygen, alcatalyst conprising a cobalt salt and a ferric salt. It has

al so been r nded i en 870 751 ta use atal yst - '
conpri sing (g}gg(gﬁl ?ﬁgalll{-] eﬁ% Ee ﬁieu %sglnt Otx&diarjr'ﬁrotf’vé:attr‘?é Yt ectivity. ]
Anot her co C y dation. reacti on which nay be nentione
is nanganeg§99%d$§2%0%%%%%Er%gg 083%Eut al so to nake the - 20 products-

 obtained easier to puhiyschh bacBhel Sxahle baanly W13 P!

‘concentration which is as | ow as possi anese 1s

advant ageousets@tiaty st ooo &é§é§§§é§ Lﬁrlﬁ%skgkréln@ﬂtclﬁ%' eRexang
Neverthel ess, it turns out that although selectivities obtained

With thes cabalgdt Los Yt eFc U6REx2hE tbeali bok- Akl dhr 9eesses %acrl,bed above
“are acceptable, the production efficiency of these 27 Dece 2004 5 10

15 processqﬁu&&edxmmmimnm@rahetlcn@cﬂaﬁdatnaOtd@peEatuQe|aw &%@m a
.reaction to be exploited industrially.
: 80°C to 160° 'C and in the presence of an oxidation
: catalyst”comprlslng'a soluble‘cqbalt compound and a
solublerzirconium and/or hafnium compound.
10 ' '-More recently, it has been recommended in
.._patent EP-A-0 694 333 to use, in the edntext of the
7— bxidation of hydrocarbons with oxygen, a eatalyst |
| CO@prisihg a cobalt salt and a ferric selt.
| It has alSo been recommended in patent
15 EpP 0 870 751 to use a catalyst comprising a cobalt salt
and a. chromlum salt to lmprove the select1v1ty |
Another common catalyst for this ox1dation
reaé;ion,which may be mentioned is manganese;
| ;For econemic reasons but also to make the .
1720 éroducts'obtained easier to purify, it is preferaele to
| work witﬁ e eatalyst coheentration which is as low as
poseibie,,jhus, manganese is an advantageous cataiysf
. in processes fof oxidizing cyclohexane.
| Nevertheless, it tﬁrns-out that although the
25 selectivities obtained with the catalytic systems used
ein the prior;art ﬁrecesses described above a:e'

aeceptable,'the production efficiency of these



This. is what-the present invention proposes to achieve. Mre
specifically, an aspect of the present invention consists of27a perennss imﬂ4
oxi di zi ng hydrocarbons, al cohols and/or ketones to carboxylic acid using
oxygen or a gas containing it, in a liquid phase in a solvent chosen from
polar protic solvents and polar aprotig solvents and in the presence of a
catal yst dissolved in the reaction nedium characterized in that the '

- catalyst conprises a soluble manganese and/or cobalt conmpound, a sol uble
‘chrom um coppeysdeandn@-go! ubl e yd O@u%mqunqmpI%%e@ydiﬁca&P@@f %Ch are
used as starting substrates in the process nay be al kanes, cycl oal kanes,

~al kyl ar omat#tloyr dochr Bonmsacalikenés aﬁda@pﬂqmﬂédnmndmswmzml&mg fron13 to

20 carbons at ons. Anoﬁg these h dr ocar bons, %r %ﬁ oal kanes,

particul ar those which have a fl ﬁ& c ‘?a?ﬁ@ﬁ& o B=n 6OE253§§ﬁ5ﬁ“%tons

~are defini tebyatheenest Morepideditt i 20l Bf NCent HepeceXbdatihen dreads it o

di carboxylic acids or to the internedi ate cycl oal kanol s and cycl oal kanones.

The hydr ocatBERWAPRh | SORBLELadVant agedus REOCRSE| oHe&ane ORIFE 288 at i on

of whi ) | eaAsrb0afibile  Asknodle ghdlBe base supounds Hl-palyan de 6. 6,

but 25 may al so give cycl ohexanone | ng to caprol actam an sto

pol yam de 6GacRy De@egbe:rxy@im 4r The gresenntpiodegs itgy ahse tiaqnﬂgﬂ for

t he - oxi datj on of .the_int iate al cohols or ketones rticul ar

cycl oal kandl'& % hd 1& cf o & Vﬁ es 58ﬁ?8lﬁ%ﬁ§“ polar’ protic delvents

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.



from5 to 12 carbon atons, to prepare the corresponding dicarboxylic

acids. In the text hereinbelow, the process will be describexl’ mecenber 2004
particularly for the oxidation of hydrocarbons, essentially cycl oal kanes,
and preferably for the oxidation-of cyclohexane. 10 The catal ytic system
“which may conprise manganese and/or cobalt, chrom um and iron conpounds
make it = possible to-prepare adipic acfd directly with good selectivity
~and i nproved production efficiency, when the oxidation of cyclohexane s

perfornmed. These 15 ta%x;ic roperties are obpviously very advantageous
for an industrial expl§i FASER 0PI IMAtI b PeatssdnfomHeheatal ytic

syst em may i it her at ' | east,.one manganese conpound which is soluble
in the,AZOO%ggggééﬁ %Ed&ﬁ&.%ﬁ%ﬁ&&%d e(ﬁééﬁh?%si?FzggﬁﬂﬂQ§¢ﬁ%an-nanner,
from-mang : i de; > hrom de nganese nitrate and manganese
carboxylaﬁgg?g%gphgﬁng?&%gg&%gﬁggﬁeggﬁgﬁﬁéﬁéggééq%ﬂﬁﬁh%ﬁQEaﬁﬂ%ﬁﬁhnese :

pPropi onat efrFRNGaPESE2adLRRLA, AFBRLANGTE ﬁ%e#]a?réeﬁtt%eorc 2rﬁrtﬁné§3nl AT eaction

succi nate, or at .least one cobalt conpou 1S SO

~mediurds. €hesePox{Pic gxa@rle, in a non-limting manner, from cobalt 27
“Decenber 2004 chl oride, cobalt brom de, cobalt nitrate and cobalt

carboxyl ates, for.inshanhe eehal he2egehdba it LMY HrdlRss ARl §,Pr opi onat e,
cobal-t "adi pate, cobalt glutarate or cobalt succinate. The catalyst also
may Conpridﬁse¢ibedsmonqeparticularly for the oxidation of
hydrocaﬁbchs,-essentiélly cycloalkanes, and preferably
: for the Qxidation‘of cyclohexane.
lQ_ ' The catalytic systeﬁ which méy comprise manganese
and/or cobalt, chromium and iron compounds make it
_possible’;b prepare adipic aéid directly with good
‘seiectiﬁity and improved-production effigienéy, when
,therokidation of cyqlohéxané is performéd; These
15_ Catalytic prdpe;ties'are obviously very advantageous
for an industrial exploitaﬁion of this oxidation
:feaction. A | |
'The-catalytic system may coﬁprise either ét
least éné'manganesé cémpound which is soluble in the.

- 20 _reactioﬁ medium; choseﬂh for example, in a hon-limiting
'mapner, ftom manganese chioride; mangénese bromide,
Qmanganése nitrate and manéanesé carboinates, fbr 

ipgtance manganese adetaﬁe tetraﬁydraté, manganese

Apropionate, manganese adipate,'ménganese glutarate or
25'.manganese succinate, or at least one éobalt-éompound!

ﬁhiéh is-soluble in the reaction.mediﬁm,_chosen,rfqr

example, in a non-limiting manner, from cobalt



chrom um conmpound which is soluble in the reaction nmedium chosen, for
exanple, in a non-limting manner, from chrom um chloride, chr @E-Ukber 2004
brom de, chromium nitrate and chrom um carboxyl ates, for instance 10
“chrom um acetate, chrom um propi onate, chronium adi pate, chrom um gl utarate
or chrom um suecinate, and mneral or_organic chromc acid salts. The

catal yst al so may conprise at | east one iron conpound which is soluble in
"the reaction nmedium 15 chosen for exanple, in a non-limting manner,

fromiron h I|de§te |ro§ g jron carboxylates, for instance the '
acet at e, 695& ¢, SO0 é’m iGleut &oh%t gH taea fratand aeebakion chel at es,

for instangg Fron gcetylaceton tes. 20 Finally, the catalyst may al so
conprise a 5821 PEontd %&ﬁﬁ(ﬁDQﬁ%HNQHﬁqﬁﬁﬁxﬁﬁRFQQﬁ 2, sol'uble

in the reaghj, se r limting manner,
frontzlrcon%u%?EHF Pgbnggg(rggﬁﬁ&%,ﬁﬁgﬁggﬁ £QHﬁ$£tﬁiqﬁe4%ﬁ%e%md
‘2|rcon|untggbgagbgﬁxba5§§e for instance zirconium acetate, zirconium

propi onate, zirconi um adi pate, zirconiumglutarate or zjrconi um succinate,

‘and haf gi um chl ori delhdatataby27 Desenbey 26RAr6sbr ani deashabpcum nitrate
and haf ni um carboxyl ates, fore instance hafnium acetate, hafnium

~propi onat echhah i Mead E@ﬁh@ wﬁﬁéﬁlEg‘gbmhﬁﬁét%ﬁthQaE@b%%H%ﬂpc'nate The
nol ar ratios between the manganese and/ or e cobalt, the chrom um and
the i ron imedhemgcathbyéngc feySéﬁampﬁy,VﬂﬁYamhthm1ﬁ1WhH% manger, !t is. thus
from chromlum chlorlde, chromium bromlde, chromium
nltrate and'chromlum carboxylates, for instance:
10 .chromium acetate, chromium propicnate, chromium
adipate, chremiumfglutarate or chromium suecinate, and
mineral or .organic.chromic acid salts.:
The eatalyst also may coﬁprise at least ane 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 .
agetylacetonates. |
20 : Finally,‘the_Catalyst may alsc'comprise at
_leaet'one ziiConium and/or hafniﬁm compeund which is
soluble in the reaction medium, chosen, for example, in
"  a non- limiting. manner, from zirconium chlorlde,
'_721rcon1um bromide, 21rcon1um nltrate and zirconium
-é5 'carboxylates, for 1nstance zirconium acetate, zirconium
propionate, 21rcon1um adlpate, 21rcon1umrglutarate or

zirconium succinate, and hafnium chloride, hafnium



p055|ble to use M and/or Co/ Cr/Fe nol ar ratios. mhlch are advantageously
-bet ween 1/0.0000. 1/ 0. 0001 and 1/100/100, preferably bet ween sl 38340 Ghoa
and 1./10/10.. 10 The anount of zirconiumor hafnium when they are
~ present, may vary in nolar ratios, relative to the nanganese or cobalt,
~which are simlar to those. |nd|cated aﬁgve for chromum The catalyst may
be obtained in situ by 15 | oadi ng the nganese and/ or cobalt,. chrom um
i ron and optionally zi rconi um or hafni um conpounds into the reaction
' at the time of wuse by njxing the said

di
'(r:rgrr;)lcjnTnds i ﬁ@d%?ogsﬁﬁbl W é&&ueré‘d‘ &arfmﬂa% ‘f%@?igé}r?%%ﬂvhf%ﬁd{] or
Co/ Crl F l. d/ r rati.os ref.er this
'nlxtureelgngPéggggg gg?hl¥m §8%$8E%L gﬁggﬁﬂ%béﬁﬁgf natey l%ﬁ t he sane

nature as thg;gn %eusﬁ?ffl(?i.hmt gﬁut%)ijaqg N a%c{[d on Orci::.dnlarjge(:t ly inthis

solvent. The a unf of catal expressed as a wel per cent age of

netal elenents (Mangapgsencgalakhe i GhHUEMD, It :ﬁgﬁggécgﬁéé qu' -

zirconiumor hafnium relative to the reaction m xtu I's” gen

between 87 bpeegbsa1200¢nd. cArBROLY and Ft%eari%%d‘i%“tt%e%ﬁ]aﬁ]
verthe ESS

0.001% and -2% without these.values being critical. Ne |t is a

case of havipgtem meyivity whtBhni 8 Utk ¢laglfe . Witt R@Utchrowever, using
excessively large anounts. The reason for this is that the catalyst wll

have. to bepsspibhéetiof nsen Mheahidrak cedcti/oe ﬁﬁdbuﬁkamdo%e@ﬁﬂdﬁi It is
- advant ageous al so to use a conpound
‘ are advantageously between 1/0.00001/0. 0001 and
1/100/100, preferably between 1/0.001/0.01 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 manganese and/or cobalt, chromium, iron and
optionally zirconium or hafnium compounds into the
reaction medium. It may aleb be prepared'et:the'time'ef-
use by mixing the said compounds in the proportions -
'requifedito obtein the desired Mn ahd/or Co/Cr/Fe and .
20 optionally Zr and/or Hf molar ratios.'Prefexably, this
| mixture_is prepared using a solvent, advantageously a
solvent‘ef the same nature as the one used for the
oxidation;reaction or directly in this solvent.
| ihe amount qf eatalyst, expressea as'a‘weight
25 percentage of metal elements (manganese,_cobalt}ﬁ
chremium, iron and, optlonally, zirconium or hafnlum)

relatlve to the reactlon mixture, is generally between



which initiates the oxidation reaction. The initiators are often .
hydr oper oxi des, for exanple cycl ohexyl 10 hydroperoxide or tert pAbbMber 2004
hydr oper oxi de. They are al so ketones or al dehydes, for exanple

- cycl ohexanone which is one of the conpounds fornmed during the oxidation of
cycl ohexane or- of acetal dehyde. Generally, the initiator represents from
0.01%to 20% by wei ght: 15 relative to t he wei ght of the reaction m xture
used, wi thout these proportions having a critical value. The ‘initiator is
usef ul abovg_gbb when sg@rting t he oxidation and when the oxidation of
cycl ohexane’r 89P&rf BPffed *afPd PETFETAORR TS hetwrsn 04007y aned 20

introduced-5;0n1tPﬁ sgag% of the reacti.on. The |liquid reaction nmedi um
preferably “€ontarng" FU&nt &wiicch P gt Gréddicad -palavicthsdiasent for the

car boxyl-i ¢ agci d_and/of t Lcohal _and/or. t.he ket.one whose preparation is
‘i nt ended bygga??y?négéﬁtB%Zgagﬁggpchgf lgﬁtghg'1ﬁ§e&ﬁ(§¥fé%ﬁ%?%ﬁﬂvent may

be of very 1 n r oy| it LS. not -substanti_al | oxi_di zabl e
under the rﬁg%?ﬁgﬁ'2%ﬁg§¥?ghs¥ggﬁgn§§cgesﬁyeﬁgbgﬁ5§F 566%%§Sch&§€n in
particul gr fEQ8bR0FGF PhOLT EsSRHLYENES ae?ta& E@rwﬁaﬁohb%esggv%gts:_Polar
protic solvents which nmay be nentloneg, or exanplé, are carboxylic acids

‘cont ai i Ng &byr PEEABE Yo' tEECONHANY rA%EE 298N mBHO MR, abA 3 egrc&ie&‘ﬂaf
al i phatic acids containing from2 to 9 carbon,atons,.per?l or oal - kyl

carboxylic acids suchrtsistadithneagaecabi 6186i do 886 al eshgbsnguch as tert
but anol . Pol ar aprotic solvents which may be nentioned,
which initiates the oxidation reaction. The initiators
are often hydroperoxides, 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‘;eaction;

The ligquid reactionlmedium preferabiy
cdntains a solvent which.is at léaét é partial solvent’
fgr the Carboxyiic acid and/or the élcohol 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



for exanple, are lower alkyl esters (= alkyl radical” containing from1 to
4 carbon atons) of carboxylic -acids, in particular -of aliphati @ecember 2004
carboxyli.c acids containing from2 to 9 carbon atons or of

~per fluoroal kyl carboxylic acids, tetranethyl ene sul phone (or sul phol ane),
acetonitrile, hal ogenated hydrocarbons. _ 15 such as di chl oronet hane, and

ket ones such as acetone. Acetic acid i & preferably used as solvent for the
oxi dation. reaction of cyclohexane. It is convenient to use a catalyst
whose. - manganese _and chr stituents are in the form of conpounds

deri ved f r om'25 SPhéd i BB A _l{’lr?@r; PSS Hs RS VNSO pf R et that the
S0 Comotons 2 SeselAl s e o IR g scalgte

chromi um acétate a ifon aceta are e

. for this reasqancd3nlhe %@rv%mé%%t’?%ieg%%&g% ly represents

from1%to 99% by weight of the r _ medi um
preferably t6amal@%nk0o9a% #rdmRyen orfors%co?{d%f@{] g@%&%ﬁ{na@?ﬁqé 0 80% The
é

oxi dation may al so- bé carried out 'in the pres ter-1ntroduced from

the initisal pstageudbr 516PGaRHECEIS dsTRRAARENY YWidndlz WY ah the oxidation
reaction is carried out is variable, in particular depending on the

_substrate usedboht aksmgeneraifllyorbatlwgen c2060oa7d 120G and sef /bl y
between '80*C and 10 140C. The pressure is not a critical parameter of
' - trifluorcacetic acid, and alcohols such as tert-
Bptanol. Polaf 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,ItetraméthYlenersﬁlphone 
(or sulpholéne), acetonitrile( halcgenated hydrocaﬁbons
15 such as dichloromethane, and kétohes such as 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-‘



the process. It- may be less than, equal to or greater than atnospheric
pressure.It will generally be between 0.1 MPa (1 bar) and 20 JMPac£2Q0-Dar0os
wi t hout these 15 val ues being inperative. Pure oxygen, air,
oxygen--enriched air, oxygen-depleted air or oxygen diluted with an inert
gas: may be used. The exanples which followillustrate the 20 invention.
EXAMPLE 1 The reagents below are |loaded?into a 1.5 1 titanium autocl ave
‘equi pped with. heating nmeans via a heating collar, cooling neans, a

turbom xer. and neans 25 for introducing and renoving gas and for pressure
regul ati on, MaEYut BISHFE divnd 55 gétf et F Chared veYER MPT@0gen: 27
Decenber 2004 10 - .292. 5 f .cycl ohexane 357 g-of acetic acid 3.4 g of
cyclohexanoﬁge-ef?féygrff%{%oﬁmﬁo(%bg

Co) of cobalt acetate tetrahydrate';

0. 162 0.74 mol of, ‘of. chr.omium_acetate di hydrate - 1,183 g (3.2
nol 0719 I(:e) of iron gg?%ﬁx&g&t&r?é]t &3y .Sé:’dD%fc%éJe?; Xt etn cFRSi ng t he

reactor, 1t pirasahich! 8¢ 3htbr000cRBud A0S BN G O 20603 1S
5 the process. : '

lThe temperature at which the-o%idation
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 proéess. It may be less than, equal to or greater
than'atmogpheric pressure.:It,will generally be between
0.1 MPa (1 bar)ranq 20 MPa (200 bér), without these v

i5 values‘beinglimperative.

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

‘The examples which follow illustrate thé

20 invention. |
EXAMPLE 1

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

25 -for'introducingrand removing gas and for pressure
'régulation, the autoélave'being purged befdrehénd with

nitrogen: .



20C and heat is applied. The tenperature reaches 105C in the bulk over 20
mn. The nitrogen is replaced with 15 air containi ng 5% oxyges Waderknhér 2004
pressure of 20 bar. The normal gas flow rate of the air is 250 1/h. After
a brief period of about a few ninutes w thout consunption of oxygen, the
‘tenperature rises-by a few. degrees and _ oxygen consunption .is observed.
The. oxygen content of 20 the air is gﬁﬁﬁually increased to a value of  21%
The oxygen content in the gas leaving the reactor remains |ess than 5%

After reaction for 76'n1£§£es, 52.8 normal litres of oxygen have been -
- ¢onsuned, correspondi ng a> 25°8ef¥EeObr¥@dRversi on of the cycl ohexane of

about. 20% After stoppin he flushing with air and cooling to a
t enperature of 70C, the ?%zc?i%h ﬁ??FgFeaf?dDecenber 2004 11 is analysed to

‘determn ne the degree of §ogver§£on agd the selectivity. These analyses are
performed by gas chromatogt aphy (The PRFKERSBFecti vity” - ST - neans the

nol ar ratio, expressed ag A per t e.number of .noles tered, of
a species relative to tﬁi'?%é%rgf?éZ?Sﬁﬁ%bé? 89¥n8%e§°%Fthéc§5§ Fes

calculated fromthe nunher. of gpies of cyclohexane effectively converted).
The follow ng results are obtal ned: - Degree of conversion (DC) of the 10

‘cycl ohexane: - ST of cyd ofexanolo rehamhye be £Be oeveheBgxape converted: -
ST of cycl ohexanone relative to the. _ _ . _
‘ ' - acetate dihydrate
- 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



cycl ohexane converted: 15 - ST of adipic acid relative to the cycl ohexane
converted: 20.7 %6.3 %4.9 o 0 67.1-%- ST of adipic acid HryelLehsxanqnig
+ cycl ohexanol relative to the cycl ohexane converted: .78.3% 20 - Mol ar
ratio of adipic acid/total diacids formed: 859 % -EXAMPLE 2 - COVPARATI VE

Exanple | is repeated in the sane apparatus and under the sane operating

~conditions,. loading the 25 follomﬁnglﬁeagents - 292.5 g of. cycl ohexane
357 g of acetic acid 27 Decenmber 2004 12 10 - ST of cycl ohexanol. rel ati ve
to the cyclohexa jerte ree of conversion (DC) of the

"cyclohexane aEaEYEF A 6f &ﬁﬂﬁﬁ*%hf(F?%R?%Z9§nﬁ°Qﬁe¥§$O%fa%@balt
acetate 1eLhanydighes0ity! Il WlIRed Fd SLANRILEY gas

chromatography (the term “selectivity" - ST - means the
.'moiar ratio, expressed as a percentage of the number of
Sr_moles‘metered,-of a species relativé to thé-theoretical
number of moles of the Spééies calculated from the
‘number of moles of cyclohexane effecﬁively_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: - | 7 . 78.3 %
20 - Molar ratio of adipic acid/total diacids
 formed: - - | 85.9 3

EXAMPLE 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




laéetate‘dihydrafe 0.6 g of water. The reaqtion:tine i s 95 ninutes instead
of 76 mnutes in Exanple 1, for an equivalent degree of comersl.oth. N0
following results are obtained: 15 - ST of cycl ohexanone relative to ?%é

cycl ohexane -converted: - ST of adipic acid retative to the cyclohexane
converted: ST of adipic acid + cycl ohexanone + 20 cycl ohexanol relative to :
t he cycl ohexane converted: = - Ml ar ratifo of adi pic acid/total diacids '

“formed: 21.1 %5.1 % 3.4 %70.9 %79.4 %85.7 %This test clearly shows
t he influence of the 25 y%on qa the activity of the catal yst. : ¥
H & S

"Specifically, in ordeF_t%r [ %ﬁ%%ﬂ??%?nﬂﬁaree of - conversion of ‘the
Xanple 1. whil'e may nt ai hot b SqUNvhl ShiCRbl ETPOPRIT CORERES adipic
acid. EXAMPLE 3 - CCNPA@%@BQ%Ydrate' o o
- 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’
conversién. -
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
cyClohexéne con?erted: S ' 1' 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



frEkaane | is repeated in the same appar atus -and under the same operating
~conditions, loading the follow ng reagents: 292.5 g of cyclqﬁp&%ggmber3§gb4
g of acetic acid -, 3.4 g of cyclohexanone 10 - 4.17 g (16.7 mmol.

cobalt acetate tetrahydrate 0.8 g of water. The reaction tine is 75

m nutes. The following results are obt ned: 15 Degree of  conversi.on (DC)
of the cycl ohexane: 20.3 % .ST of cycI]hexanoI rel ative to-the cycl ohexane
converted: 11.6 % - ST of cyclohexanone relative to the 20 cycl ohexane
converted: ST.qf _a | relatlve t clohexane

convert ed: lggﬁ&)s} }hﬁ&e ﬁ%ﬁggfggf'é§51 oHeXan ?Qﬁ%&%ﬁ%ld/ I
relative torhhgrguchakexang converted: Mol ar ratlo of adipic acid/tota
di aci ds forrredr 78.2 §§%5 3327 Decenber 2004 14 This test shows, in :

._conparlson EmgybLgxgnpl@oyPAhh@IQQS|tlve effect of the presence of . iron

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 cyclehexahone

10 4.17 g (16.7 mmol of Co)‘of cobalt acetate
| tetrahydrate | |
- 0.8 g of water.
The reactien'timefis 75 minutes.
The-following resulté are obteiﬁedﬁ
15 - Degree .of cenvereion (DC) of the. -
eyclehexane: B L - . 20.3%

- ST of cyclohexanol relative to the

o\¢

cyclohexane eonverted: 11.6

- ST of cyclohexanone relative to the

o\@

20 Cyciehexane converted: : . 4.5

- ST of adipic acid relative to the

o°

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

- Molar ratio of adipic acid/total diacids

o\¢

formed: . - ' 7 _ 85.4



and chrom umon the selectivity and production efficiency of the catal yst.
5 EXAMPLE 4 Exanple | is repeated in the same apparatus and inggi-hhe, SHE:
operating conditions, but |oading the. follow ng conpounds into the
reactor: 292.5 g of cyclohexane 357 g of acetic acid - 3.4 g of

“cycl ohexanone 4.13 g (16.6 mmol of CD)J%f cobalt acetate tetrahydrate
+0.2325 g (1.06 nmml of Cr) of chrom um™acetate dihydrate 1.086 g (3.1 ol

of Fe) of -iron acetylacetonate 0.8,g of water. 4 ',' The rfactlon time
is 73 mnutes. The fo resyl LS are obt ai ne ree of conversion
(DCO) of the cyclohexl:!”t'hg‘gI @%§F %ﬁ' f?l&ﬁéﬁﬁ%ﬁa¥%ﬁ%31%% o the cyclohexane

converted: @§a§£l@f1Cthgh§é§@@@%er@f¥éé§33f)the presence of 1ron

-and chromium on the select1v1ty‘and production
_efficiency 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 J

cyglohéxane éonverted{_ S : o 2.5 %



cycl ohexane converted: 20.3 %9.8 % 2.5 % 27 Decenber 2004 15 - ST of
adipic acid relative to the cycl ohexane converted: 68.8 - ShL-ofy.adiDLe o9 4
acid + cycl ohexanone + cycl ohexanol relative to the cycl ohexane converte
78.3 - Mdlar ratio of adipic acid/total diacids forned: 85.3 0 EXAMPLE 5
- COVMPARATI VE Exanple 1'is repeated in the sane apparatus - 10 and under the
same operating conditions, but |oading 1% he foll ow ng conpounds into the

- reactor: - 292.5 g of cyclohexane - 357 g of acetic acid - 3.4 g of
cycl ohexanone - 4k%égC§16 1. nmo] of of cobalt acetate tetrahydrate
0.309 g (1.25 $ndit Sy cﬁc%§w¥ﬁﬁ%ﬁﬁvﬁc PatBe dihydrate 0.6.g of water.

20 The reaction. i-nduction tine i nlnutes and the reaction tine is 160
mnutes. The fol9S %fbal}eescfﬁqve%tr% obt ai ned: Degree of conve?% 8t (DC) of

the cycl ohexage:, ¢ adipic acid + cyclohexanone +
| cyclohexanol relative to the_cyclohexane
5  converted: | _ ' ' | . 78.3 %
- Molar ratio of adipic acid/total diacids

formed: I : ' 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'%



25 - ST of cycl ohexanol relative to the cycl ohexane converted: 17 4.6 % 27
Decenber 2004 16 10 - ST of cycl ohexanone relative to the cxglg@g&g&grzoqé
S

converted: - ST of adipic acid relative to the cyclohexane converted: -
of adipic acid + cycl ohexanone + cycl ohexanol relative to the cycl ohexane
converted: - nolar ratio of adipic acid/total diacids forned: 1. 7%

74.3 %77:2 %83.4 % This test taken irmonparison with Exanple 4 clearly

shows the positive effect on the production efficiency of the conbihation
' affecting the selectivity.

.of iron with chromu i t hout signifjcantl

EXAMPLE 6 15' égéé%%%% e%ﬁﬁ%ﬂf.g?éa#bgﬁeﬁxiﬁbﬁ a 1.5 1 titanium

aut ocl ave equi H@ggh%u%gﬁg§kgg§ps via a heating coJIar,'cgo%ung nmeans,
or i -

a turbom xer arnd neans ntroduci ng and renoving gas and for‘pfessure
- - ST of adipic acid relative to- the ' '

X

cyclohexanélconverted: . o 74.3 %
, 5 - ST of adipié acid + cyclohexanone + |
'cyclohexanol relative to theVéyclehexane
converted: AR ' | 77.2 %
- Molar ratio of adipic'acid/total diacids | |
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 beforeﬁand'with
20  nitrogen: - | |
| f7292.5 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 | ,7 |
R - 0.1585 g .(0.73 mmol of Cr) of chromium

acetate dihydrate



regul ati on, the autoclave being purged beforehand with 20 nitrogen: 292.5

g of cyclohexane - 357 g of acetic acid 3..67 g of cycl ohexaro —%é -4,
g (16.6 mmol of Co) of cobalt acetate tetrahydrate - o.1595§3 Bgf e %ﬁég
of Cr) of chrom um. acetate ‘di hydrate 27 Decenber 2004 17 1.0895 g (3.1

‘ol of Fe) of iron acetylacetonate -- 0.8 g of water. After closing the
reactor, it is stirred at 1 000 rpm. 1d nitrogen, pressure of 20 bar is
created at  20C and heat is applied. The tenperature reaches 105C in the
bul k over 20 min. The nitrogen is replaced with air containing 5% oxygen-
“under a pressure of 20 bar@83FHe hor @hsof | Bl rafeiobnthe ai r is 250
1/h. After a 10 brief period of about a few m nutes w thout: consunption of
oxygen, the tenperature 358 3R ECHEWR degrees and  oxygen consunption is
-observed. The oxygen coq{ t of . the air is gradually increased to a val ue
of 21% The oxygen contert 9Pt AP | eaving the reactor remains 15 |ess.

t han 50.. Wen 50 nor litres.of oxygen _have been. consuned,
-corresponding to a degﬁggroFESSHQgrgﬁéanPC%Pﬁe e ASh&tak& st a&bout 200,

. conti nuogs inb§5t£ﬂﬂ,jQtﬂitrogen,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
Qf-oxygen, the temperature rises by a few'degreés-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 less than 5%;,_  |

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;phase of a soluti&n of acetic acid

20 containing 1.1% by weight of cobalt acetate
tetrahydrate,*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 bf
4.3 ml/min of cyclohekanerére begun. |
- 25 . The consumption of oxygen during the

injection period is 0.6 1/min.



the liquid phase of a solution of acetic acid 20 containing 1.1% by wei ght
of cobalt acetate tetrahydrate, 0.043% by wei ght of chrom umacetalfber 2004
di hydrate and 0.3% by wei ght of iron acetylacetonate at a flowrate of 3.9
m/mn and an injection of 4.3 n/mn of cyclohexane are begun. 25 The
consunpti on of oxygen during the |nje3§%on period. is 0.6.1/mn. 27

Decenber 2004 18 After stopping the fl ing with air and stopping the
injections of the reagents, the nixture is cooled to a tenperature of 70C

s of 1 \ f
Converoton and sel ect AT Sk S e @%?féﬂﬁe%?%#ﬁéirﬁegrees‘_’ )
Conversi an (BOPRar ke q“é%ﬁ"}%etéfloﬁ{% LGS he ARBEoFSI 46 ve to

conversion (DC

the cycl Oh@@l%cht"bV% tif'éiin erat%-E‘é)fQiCyfd(&qe nfeég%f‘&le 1x€%t he

cycl ohexane converted: -- of "adi pi'c acid relatTve *%ycl ohexane

~converted: ST a0k 13@ied e ceiat iy thexafmeous Gygtobexapol relative to
the- cycl ohexane converted: 19.6 0 6.
' 5> conversion and select1v1ty These analyses are

performed by gas-chromatography.
| 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: 7 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

oP

20 . formed: 7 ' _ , 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
ellmlnatlng only the iron 1n‘the-1n1t1al load and in

the solution injected,.



6.0 0 65.3 % 77.8 %--Mlar ratio of adipic acid/total diacids 20 forned:
85.1 % The production efficiency of the catalyst is 60.7 g.-of j
~produced per litre and per hour. EXAMPLE 7 - COVPARATI VE Exéﬁngggﬁﬁgrq£kﬂ
repeated in the sanme apparatus 25. and under "t he same operating ‘
~conditions, but -elimnating only the iron in the initial ‘load and in the:
solution injected. 27 Decenber 2004 19 The oxygen consunption during the
i-njection period is 0.44 1/mn. The followi ng results. are obtained: o
Degree of conversion %ﬁgi of ‘the cyclohexane; -. ST of cyclohexanol -
relative to the cycl 8%@99%nﬁ9ﬂ§£FP?§PQﬁd%&%m%hERﬁnbﬂée¢§¥9ﬂ|ve to the
cycl ohexane_:conv rted %g ] ST of adipic acid relative to the cycl ohexane
“converted: BfT 6P &Fp C|é“$ cycl ohexanone + cyclohexanol relative to the

cycl ohexane converte 1% | ar, ratio aof adi C|d/t taI di aci ds
y he 2o1108ing® Yedul't LU i fned!

f or med:
- Degree of conversion (DC)'of the
5 _cYclohexane: | } -. ' 8 18.2 %
- 8T of dyclohexanol relative to thé
cyclohexane converted: _ ' 5.1%
- . 8T of-cyclohexanone_relative to-the |
cyciohéxahe con?erted: | _ _ o 4.8 %
‘10 - 8T of adipi& a;id relative to the | |
‘cyclohexéne COnverﬁed: | R ' 69.5 %
- ST of adipic acid + cyclohekahone + |
cyc;ohexanolrreiative'to'ﬁhe cyclohexane
* conveited: | : ' - 79.4 %
15 - Molar ratio of aaipic acid/total diacidsl
formed: | R 85.0 %
The production efficiency of thé catalyst.is
47.5 g of adipic acid'produéed per litre andrpef 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 o%ygen consumption during the injection.
257 period is 0.55 1/min. :

The followiﬁg results are obtained:



18.2 % 5.1 %4.8 0 69.5 %79.4 %85.0 % The production efficiency of the
catalyst is 47.5 g of adipic acid produced per litre and pebshgULaiber 200
EXAMPLE 8 - COVPARATI VE 20 Exanple 7 is repeated in the sanme apparatus an
under the sanme operating conditions, but”". elimnating the iron and
chromumin the initial load and in the solution injected. The oxygen
consunption during the injection 25 p@Piod'is 0.55.1/mn. The foll ow ng
results are obtained: 27 Decenber 2004 20 Degree of conversion (DC) of the
cycl ohexane: ST of cyclohexanol relative to the cyclohexane converted: 5
-> ST of cycl JIRSESHHOME retuieveien (Re) e¥cEBRexane converted: - ST of
~adipic acid rel ative to the cyclohexane converted: - ST of adipic acid +
cycl ohexanone.%¥ TBhexanol relative to the cycl ohexane ¢8nvetted:

.= 8T of cyclohexaﬁol 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
- ST of adipic acid + cyclohexanone_%

10 -cyclohexanol relative to the cyclohexane

v

convefted: - 78.2

-~ -Molar ratio of adipic acid/total diacids

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 - Comparativé
| The ingré&iehts below are loaded into. a
125 ml't;tanium aﬁtoclave eéuipped with heating'meanS-
via élheatiﬁg cellar, a”turbomixer and gas introduction
720 ‘and pressure regulation means: | -
| o 21.25 g (253 mmol) of éyclohexané
- 27.35.g of acetic acid -
.= 0.26 g (2.65 mmol) of cyclohexanone
- 0.0357 g (0.146-mmol.of Mn) of manganese
25 | acetate tetrahydrate _
| | ~ 0.011 g of chromium acetate dihydfate

(0.04 mmol of Cr).



18.50 10.8% 5. 8% 61. 6% 78. 2% . 84. 0% The producti on efficiehcy of the

catalyst is 15 56.5 g of adipic acid produced per litre and.pe ;
Exanple 9 - Conparative The ingredients bel ow are | oaded intgﬂabeggﬁgﬁﬁ 2004
titanium autoclave equi pped with heating nmeans via a heating collar, a
turbom xer and gas introduction 20 and pressure regul ation neans: 25 - Mol ar
rati o of adipic acid/total diacids forded: - 21.25 g (253 mml) of ,
cycl ohexane 27.35 g of acetic acid - 0.26 g (2.65 nmmpl) of cycl ohexanone
0.0357 g (0.146 mol of -M1) of nmanganese acetate tetrahydrate 0.011 g of
chroni um acet at e di hy@f&f& L@sdrImidle gleaghor 27 bebenpleirped4a1l -and t he
reactor is ge@b d. The _temperature reaches 105C.in the bulk in 10 mn and
this tenmperat fBM, 5 2R PAEaPREFSHEE & 0% O alsr @Y. 3§ teFeaterd i ng and

+ depressuri zahhop ot g ok 8RCY kORI §rEONU SIS Hutio LI quid phases,
' 105°C in the bulk iﬁ 10 min and thié temperature is
5 maintaihed for a further 150 miﬁ.
After'cooling and depressurizétion,.fhe
reaction mixture consists of two 1iquid phases, which.
are homogenized by adding acetic acid... |
The homogeneous.miXturetthus obtéihed is.
10 'assayed by gés chromatography; | |
| The féllowing results are obtained:

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

e

cyclohexane: ' ‘ S 149

- 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:



are honogeni zed- by addi ng aceiic acid. The honbgeneous. mi xt ur e- t hus
obtained is After closing the reactor, it is stirred at 1 00Q.rp n
air-pressure (100 bar at 20C) is created 10 assayed by gas c¢ Foﬁ%%%%%ﬁbﬁ€p4

‘The following results are. obtained: - Degree of conversion (DC) of the -

cycl ohexane: 14.9 % 15 - ST of cycl ohexanol relative to the cycl ohexane

converted: --- ST of cycl ohexanone rel atd%e to the cycl ohexane converted:

-19.4 % - ST of adipic acid relative to the cyclohexane converted: 20 - ST

of adipic.acid + cycl ohexanone + cycl ghexanol relative to the cycl ohexane
B9340¢ . ¢

0.0 %50 0_converted: ~ MbPAr o ot Cali pife ediad/total di aci ds
catalytic- system the oySEERFhBVFRGERESFALFoni ng composi tion: 27 Decenber
_72004 22 0.3107 g (1.247 5?8&19fgc?b,852cgggatof Cr) of chromium |
- acetate dihydrate | o
.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'obtaine&:
- Degree of conversion (DC)'of.the' |
cyclohexane: : .,'- 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 .

oo

formed: N o 85.5



acetate tetrahydraté 0. 0119 g (0.012 mol of Cr)-of. chromium acetate

di hydrate 5-- 0.0861 g (0.244 mmol of Fe) of iron acetylace%qn 0

g (0.149 mmol of M) of nanganese(lll) acetyl acetonate. The %%ﬁ%ﬁér 2684
mai nt ai ned at 105C for 10 45 ninutes. The following reésults are obt ai ned:

- Degree of conversion (DC) of the cyclohexane: - ST of cycl ohexanol
relative to the 15 cycl ohexane convert&¥: - ST of cycl ohexanone rel-ative
to the -cycl ohexane converted: - ST of ‘adipic acid relative to the

-cycl ohexane converted:. 20 - ST of adipic acid + cycl ohexanone +
cyclohexanoE&amR%ﬁ\hito the cycl ohexane converted: Ml ar rati-o of adipic

acid/total diacids 12. 1 %9.5 %8.1 %67 0 85.6 % forned: 85.5 % 27
Decenber 2004 23 - Example. 10 is repeated, but using as

catalytic'sysﬁem the system 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



Exanple 11 . Exanple 10 is repeated, but using as catalytic systemthe
system having the following conposition: - 0.3135 g (1.258 fr,
cobalt acetate tetrahydrate -- 0.0114 g (0.0113 mmol of Cr) gg?b%g%%b%%%m
acetate dihydrate - 0.0828 g (0.234 nmmol of Fe) of iron acetylacetonate
0.0522 g (0.148 mml of M) of nanganese(ll 1) acetylacetonate - 0.0059 g
(0.0121 mml of Zr) of zirconium acetydtcetonate. The following results
are obtained: - Degree of conversion (DC) of the -cyclohexane: 11.7 % - ST
- of cyclohexanol relative to_the cyclohexane converted: 20 - ST of

cycl ohexanone M%i'?ﬁi 7Rt19 Phe?EyEREhecdrd toébmlediagidsT of adipic acid
~relative to thf c¥§1 ohexane converted: ST of adipic acid + cycl ohexanone +
25 cycl ohexano 9‘?‘5 tive to the cycl ohexane converted: 8.8 08§.-27 $67.4 %
85.6 % o :



27 Decenber 2004 24 Mol ar ratio of adipic acid/total diacids fornmed: 85.7 %
27 Decenber 2004 WO 02/00588 PCT/ FROL/ 01976 25 CLAIMS 1.. Procgss f

i ember 2004
oxi di zi ng hydrocarbons, al cohols and/or ketones to carboxyllc acra-. ng
oxygen or a gas containing it, in a liquid phase in a solvent 5 chosen

from pol ar- erotjc, sol vent's and pol ar aprotic solvents and in the presence .
of a cataly§$3cﬂ%ﬁﬂﬂiﬂﬁjl n - the reaction nedium char aBREB/FRBY/PhOTAat the

catal yst . conpri ses a sol ubl e manganese and/ or cobalt compound, a sol uble
chrom um conpound and a sol uble iron caxpound. 10-15 2.  Process accordi ng
to claiml, characterized in that the hydrocarbon used as starting
~substrate is chosen from cycl oal kanes whi ch have a ring containing fromb5
to 12 carbon atons, and is preferabl \CLAINS ohexane. 3. Process according to
claim1, characterized in that the al cohol and/or the ketone used as
_starting substrate aré -chof&iPGa®im k9| oaldbnbig ndregekbahkanones which
"have a ring contalnlng fron15 to 12 carbon-atons, and are 20 preferably

cycl ohexanoP1&RARdS &E/Ged@taies 40 P’F%@é‘%}sy]ab‘éo?@i@guﬁengmxﬁgenl ai ms 1
.to 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 reactlon 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'
cydlohexane;- | |
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



characterized in-that the catalyst conprises at |east one nmanganese
conpoynd which is soluble in the reaction nedium chosen fr%glgggg%§g§%004
chloride, 25 manganese brom de, manganese nitrate and nanganése

car boxyl ates, for instance nanganese acetate 27 Decenber 2004 26
tetrahydrate, manganese propionate, nmanganese. adi pate, nmanganese
glutarate and manganese succinate. 5. Process according to one of clains 1
'to- 4, characterized in that the catal yst conprises at 5. |east one cobalt
“conpound which is soluble in the reaction nedium chosen from cobalt
chloride, cobalt bromde, cobalt nitr fe and cobal t car boxyl ates; for

i nstance cobalt acetate, cobalt propionate, cobalt. adipate, cobalt
glutarate and cobalt succinate. 10 6. Process according to one of clains. 1

to 5, ch ‘ ip t e_catal yst. i t | easf. hr omi
comound vkt 157t ter dfnbefet Bt Ber TR, L iRt Ao um
chloride, Gt o WROr o derochraphupLaLbtrate and ghrqm um 15 carboxyl ates,
‘for instance ¢c ronluﬁgaceta?e, cﬁ?onluhrpropionate,rc r‘'om um adi pat e,

chromium gl utarate, s;.hro@y&éygcgeéwﬁﬂgs@lb“t%%@é gt LA 6 ghromc acid

salts. 7. Process according to one of clali characterized in
that -the cafalysdr£oreFi S68 8 th8ASEhENEaLEPYsEOMRAMIA swhi gh is soluble in

the reaction . nedium chosen fromiron chloride, iron

' - 5. leagt one cobalt compound which is soluble 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.



br oni de, iron nitrate and iron carboxylates, for instance iron_acetate,
iron-propionate, iron. adipate, 25 iron glutarate and iron s%gcknat '3375004

Decenber 2004 27 8. Process according to one of the precedi
characterized in that the catalyst

F&F

haf ni um conpound.. 9. Process according to claim@8, 5 characterized

"~ the zirconi um compound which is

from zirconium -chloride, zirconiumbronmde, zirconiumnitrate and’
zi rconi um car boxyl ates, for instance ziryconium acetate, zirconium

- propi onat e,
succi nat e.

haf ni um conmpound whi ch is

haf ni . um chl

carboxyl ates, for instance hatniUm-a
adi pat e, haf;pij t arat:e .or j : i.nat Pr oces ccor.

oneof .ol AR TRed Tha ey ShedA N I ol ST

20 chrom unpshpe: BBAYAN A ot I Q] he iron.is

20 chrom UMokpes 888uBle! Be cORANN % LM BN AL

zirconiun1adipate,zirconiu%710 glutarate or zirconium
10. Process according to claim8, characterized in that

oride, hafgium b, i c hafniumnitrate an af ni um.15
Bl s 2eReds a%:&ra B9 R U Pr ofi%nat e, haf

aracteri ze e nolar ra

01/0. 0001 and 1/100/100. 12.. Process a hg to

= 11, * characterized ingthat pirhecBBl acodldi®y @) weenid g chromum
manganese or the cobalt, the chromumand 25 the iron i's between

- 1/0.001/D. Ofapadté£106d0in that the zirconium compound which is

soluble in the reaction medium is chosen from zirconium

1 o

15

20

chloride; zirconium bromide, zirconium nitrate and
zirconium carboxylates, for instance zlirconium acetate,
zirconium propionate, zircdnium adipate,. zirconium
glﬁtarate or zirconiuﬁ succinatef

10. Process éécording'to claim 8,

characterized in that the hafnium compound which is

soluble in the reaétion medium is-choseﬁ from hafhium
chloride, hafnium bfbmide, hafnium nitrate and hafnium‘
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'
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 that the molar ratios between the

chromium, the manganese or the cobalt, the chromium and

25

the iron is between-l/O.QOI/0.00I and 1/10/10.

conprises-a soluble zirconium or

in that

soluble in the reaction nmediumis chosen

t he

soluble in the reaction nediumis chosen from

ni um
ding to

bet ween t he

claim
t he



27 Decenber 2004 28 13. Process accordihg to one of clains 6 to 12

characterized in that the amount of catalyst, expressed as qymekggﬁber 2004
percentage of metal elenents relative to the reaction mixture, is between
0. 0001% 5 and 5% and preferably between 0.001% and 2% 14. Process
according to one of claims 1'to 13, characterized in that the liquid
reacti on nedi um-contai ns a-solvent chosen fromaliphatic carboxylic acids
containing from2 to 9 carbon atons, 10 perfluoroal kyl carboxylic acids,

al cohol s, hal ogenated hydrocarbons, kejgnes, lower alkyl esters of
carboxylic acids, preferably of aliphatic carboxylic acids containing from
2 to 9 carbon atons or of perfluoroal kyl carboxylic acids, tetranethylene
sul phone 15 (or sulpholane) and acetonitrile. 15. Process according to one

of claims 1 to chieB ACtBfdZesls | fctbpbiih§ersobuenbrused ks @Cgb acid. .
.16. Process accordlng to one of claims 1 to 20 15, characterized in-that

the sol vent Igpretsardctdriond 10h tthHO% by sebght of EBEaﬂ?QEtlon medi um and
preferably from10%to 90. 17. Process according to one o [ains 1 to 16,
charact eri zegkpnesseal asher tvenpsratpeecattadd chfthetal 251 exkdaki on reacti on
is carri-ed out" i s between 50C and 200C and preferably bet ween 80C and
140C. 27 Ded&HsdgivEOd4p Xhhe reaction mixture, is between 0.06001%

5 and 5% and preferably between 0.001% and 2%.
| 14; Process according to one of claims 1 to
'13, characterlzed in that the llquld reaction medlum
contelns a:solvent chosen from allphatlc carboxylic
acids containing from 2 to 9 carbon atoms,

10 perfiuoroalkylcarboxylic ecids, alcohols, helogeneted
hydrocarbons, ketones, lower alkyl esters of carbokylic
‘acids, preferably of allphatlc carboxyllc acids
contalnlng from 2. to S carbon atoms or of
perfluoroalkylcarboxylic aelds, tetramethyiene sulphone

15 (or sulpholane) andraoetOnitrile. | | o
| 15. Process accordlng to one of clalms 1 to
14, characterlzed in that the solvent used 1s acetic
‘acid.

16. Process according to one of claims 1 to

20 15, charectetized in that the solvent represehts-from

1% to 99% by weight'of_the reaction medium and |
preferably from 10%7to 90. |
17, ;Process aocording'to one. of claims 1 to
lG,hoharacterized in that the temperature at which the
‘125 oxidation reaction is cartied~out is between 50°C and

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



18 Proc‘es_s according to one of clains 1 to 17, characteri'zed in that the
pressure at which the oxidation reaction is carried out is tween 0.1 23
(1 bar) and 20 MPa (200 bar). e% BEEEmse £ éwé

29

18. Process according to one of claims 1 to
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



