WD 96/ 31455 1 | PCT/ FR96/ 00515 ALCOHOLS OR
KETONES BY HETEROGENEQUS CATALYSI S, The 'present. i nvention relates to the

oxi dati on of hydrocarbons, alcohols or ketones, in the |iquid phase and in
the presence of a heterogeneous 5  catalyst. The i nvention relates nore
particul arl y 1t 0, ation process |leagding to the at '

producti on %‘P %c%slﬁsgm saturated or ug'saturat ed hydr é%%gﬁsgkgghol S or
ket ones. 10 The oxi dation of hydrocarbons into corresponding
acids in the presence of a honpgeneous catalyst, that is to say one which

i s dissolved in Qaigdei igH) FRiNER B NerERdEGENEoUS WWATAL#BEECaN patent:
US- A- 2, 223, 493, published 1 n Decenber 1940, describes 15 the oxi dation of

cyclic hydrocarbons into correspondlng diacids, in a liquid phase generally
containing acetic acid, at a tenperature of at |east 60[err]C, using a gas
cont ai ni ng oxygen and The tpeepent cimeention hwebgtesote bkedati on cat al yst

such as a cobalt conpound. 20 However, processes using
honpbgeneous -qatiatat ien awshasdmerbmsmam«lsmrt etenesef imhd&hecact i on,
of requiring the separation_of the dissolved catal which is generally
to be recycl 9 phase #%%c%?ohhﬂraﬂﬁﬁ?Ecﬂh?Ehan%EFeSEQSHFPPFed 25

Pat ent EP- A-0O, 5%B¥569 descri bes the catal ytic oxidation of hydrocarbons,
such as al kit

The invention relates more particularly_ﬁo an
oxidation process leediﬁg to the at least partial
productien of acids from saturated or unsaturated
hydrocarbons,“alceﬁols or ketones.

10 The_oxidation of hydrocarbons into
corresponding acids in the presence of e'hohbgeneeﬁei,
catalyst, that is to sef one which is dissolved 1q:ﬁhe
reeeeior.rediﬁm,eis weii known. Thus, American patege.
US-A-2,223,493, published in December 1940, describes

15 the oxidation of cyclieehydrocarbons inte'ésrreepegﬁihg
diacids, in a 1iqﬁid piese generally containing acetic
acid, at a temperature of at least 60°C, using a gas ;
ccnta;n:ng oxygen and in the presence of a homogeneous
oxidation catalyet such as a cobalt compound.

éb ; . 'However, processes using}hdﬁeéeﬁeeﬁs-pheee
catalysts hare.the dre&back, at the end of the"
reaction, of requiring the separation of the dissolved
catalyst, which is generally to be recycled, from the
reaction products which must be purified.

25 Patent EP-A-0,519,569 describes the catalytic

oxidation of hydrocarbons, such as alkanes or



2 cycl oal kanes, with nol ecul ar oxygen,in the liquid phase and in the
presence of a heterogeneous catal yst consisting of a nol ecul ar sieve
containing cobalt inplanted in the crystal lattice as active netal. The 5
catal yst may be separated, for exanple by filtration or centrifugation, and
may if necessary be recycled. The exanple of this patent, perforned with
cycl ohexane in the presence of acetic aid, shows that cyclohexyl acetate

and cycl ohexanaqne are essentially obtained. 10 ., , Internationa
Appl i >clat i on S5 @msﬂe‘gﬁl?b‘& lecuiar QxXvger: (18 Eheatdapddaut oxi dati on

[ . . | cohols derpved | h hyd b , b
Feacti on of HEARERe iy Ehf BEPERRREcEE & ﬁﬁé’%%gﬁ_%évatya%ggi%a?{'ﬁ the
presence of Gonly ot 4R S5 215! 4610 ALOL GoRLUILLLYTLGKREE. S| con

oxi de and/or p o§% s oxide and a : i ncor por crystal
lattice, chosginddeda tiie ¥kd dsyobal PUPEIde 2o éctivéhﬂlﬁéagf. g Periodic
Tabl e and rare- earth netals. e exanples perforned wth these 20

het er ogeneousa iyl & Shy 56 SepaPt 6d) Oﬁwnéfaa%yraga%esnebawhhabzi he
al cohol and the ketone corresponding to the hydrocarbon enpl oyed or the

ket one cor r espuohneli fugd i dioe aid oy Bfpheyessary Bot pespdledheTReOCESSES
described in .the above two 25 patent applications show the possibility of
example of this patent, performed with cyclohexane in
the presence of acetic acid, shows that cyclohexyl
acetate and cyclohexanone are eésehtial;y'obtained.

10 : * International Application WO 94/17021
describes a process for the catalytic autoxidation of
varioué'hydrbcarbons or alcohols derived from these
hydrocarbons, by reaction of oxygen, in the liquid

 phase, at high temperature ‘and in the preéence“of a

15 - molecular sieve containing aluminium oxide, silicon -
oxide and/or phosphorus oxide and a metal, incorporated
in the crystal lattice, chosen from the metals of -
grdupé'4,'5, 6,7 and 8 of the Periodic Table and rare-

' earth metals. The examples performed with these

20 heterogeneous catalysts containing chromium or
manganesé'show:that-the'alcoholhand the ketone
corresponding to the hydrocarbon employed or the ketone
éérreséondihg'téﬁthe alecohol employed are cbtained.

The processés described in the above two

25 patent applications show the possibilitf of

| heterogeneous catalysis in the oxidation of
hydrocarbons into alcohols and ketones. However, ai

essential interest of the oxidation of hydrocarbons is



het er ogeneous catal ysis in the oxidation of hydrocarbons into al cohols and
ketones. However, an essential interest of the oxidation of hydrocarbons is
3 the direct production of. corresponding acids or diacids, in particular
such as the production of adipic acid by oxi dation of cycl ohexane. The

subj ect of the present invention is, precisely, a proeess for the

oxi dati on of hydrocarbons, al cohols or Ret ones by nol ecul ar oxygen, using

heterogeneous catal ysis and | eadi
corr espondi rid* (é%ﬁggﬁ Qﬁ%i??éﬁbl % %o€C§§%$Rai%#2£%%eéﬁt%gﬁ consists of a
10 proces Or c{hg ,g,g:éﬁ&f&hi% s&é‘ﬁb éyl:h& ﬁfbéucbxoﬂ%ecuh%i%ygen or

a gas cont aith drocar ‘an” al cohol or "a ketone, in the

l'iquid phase, $Ebn PEEL & 159&*@&& of the intended carboxylic
acid, in the pre ce d# %eterodg%eOUS 15 = catal yst containing’ a¥ | east

manganese at ons. 'ncorﬁﬂﬁaé@ﬂjéettbe ch¥spiesent! invehtdomnlisGul ar. sieve.
The hydrocarbons which are used as starting materials in the process of the

i nventi an argre@igelP,; approtesbatdy theaomidatiohoafkhydeocarbong onatic
hydr ocar bons, al kenes and” cycl oal kenes having from3 to
alcohols or ketones. by molecular oxygen, using
 heterogeneous catalysis and leading at least partially
to the corresponding.acids or diacids.
More precisely, the invention comsists of a
10 process for the oxidation into ca:k?gxl}c_écid, by
molecular_oxygen_o;,g_ggs.copta;ping:ghg_gamg, of a
hydrocarbon, an alcohol or. a ketone, in the liquid
phase, in an at_least_pa;tialisolvgpthqﬁ the intended
carboxylic acid, in the presence of a heterogeneous
15 catalysxgpontainigg_gtg1east pangaqgsg:gtqpéi:.
_.incg;porated in the crystal matrix of a molecular. .
sieve.
. . The hYdroqérboqs_wh;ch;argsusgd as étaxting
materials”in the.procgss.oflthg.iévengion_a:e_pore”
20 particularly alkanes,.cycloalkanes, alkylaramatic
hydrocarbons, alkenes and. cycloalkenes. having frdm 3 to
.20 carbon atoms... . =
The alcohols or ketones which #;eiglgo used
as substrates are thosa.qhich cor;equpd teo the
25 hydrocarbons def:ned above.
Among, these hydrocarbons, one of the most
advan;agepus;is:mosthgeﬁin;te}y.cyglqhq;aﬁgf,:he_r.

oxidation of which leads to adipic agid, ome of the



20 carbon atons. The ‘al cohols or ketones which are al so used as substrates
are those which correspond to the 25 hydr ocar bons defi ned above. Anbng

t hese hydrocarbons, one of the npbst advantageous is nost definitely

cycl ohexane, the oxidation of which |eads to adipic acid,one of the 4
basi ¢ conmpounds of nylon 6-6. In a siml,ar manner and for the sane reason,
cycl ohexanol and cycl ohexanone are anong the nost advant ageous al cohols and

ket ones whiggdygﬁégh . érbﬁinyi eLgsent oxidation process. The

nol ecul ar sieves in ose crystdl Tattice the nmanganese is incorporated

are, in particular, netmld apidiLat OfahResOaradl Fed #8Q! isha® rdiEdoms

alum nosilicates, borosilicates, ferrosilicates and 100 gallosilicates,
si | icoal um p9RNGHNhGERA (APEYclcsheranonboapbaamengAlRRe) moat Silicalites.

Metallosilicates are crystallized tectosilicates of natural or synthetic
ori gi n whos advaytiagdeous alldoiolen ahd katernedi whishomaly deserssd/ dof 15
tetrahedral units of Sierr] and TQerr], T representing a trival ent
el ement Ssucirhes ptaganti oxidationprocesa.or iron, preferably al um ni um
The netall osilicates of _
-~ 'The molecular sieves in whose crystal lattice
the manganese is incorporated are, in particular,
metallosilicates (also called'zeolites) such as
aluminosilicates, borosilicates, ferrosilicates and
10 gallosilicates, silicocaluminophosphates (SAPOs),
aluminophosphates (APOs) and silicalites.
"Metallosilicates are crystallized
tectosilicates of mnatural or synthetic origin whose
crystals result from the three-dimensional assembly of
15 tetrahedral units of Si0, and TO,;, T representing a
| - trivalent element such as aluminium, gallium, boron or
iron, preferably aluminium. The metallosilicates of
aluminosilicate type are the most common.
The metallosilicates have, within the crystal
20 lattice, a system of cavities connected together by
channels of well-defined diameter which aré referred to
as pores.
- - The metallosilicates may exhibit a one-
dimensional, two-dimensional or three-dimensional
25 lattice. -
Among the metallosilicates which may be used

are natural zeolites such as, for example, offretite,

clinoptilotite, erionite, chabazite. and philipsite.



alum nosilicate type are the nost conmon. The netallosilicates have, within
the crystal 20 lattice, a systemof cavities connected together by
channel s of well-defined dianmeter which are referred to as pores. The

nmetal losilicates may exhibit a one- dinensional, two-dinensional or

t hr ee- di nensi onal 25 | attice. Anong the netallosilicates which may be
used are natural zeolites such as, for anple, offretite, clinoptilotite,

erionite, chabazite an il Lpsite _S.Synthetic netallodilicates are
also entirely suitablegyéggﬂ%$8sm8F3§§ﬂfﬁ§¥?%Eﬁ§t3??03?F?C3? %rﬁﬁYh a
one-dinensiq¥@%_égiéice;mhych,nay,be.nentjoned,;inter 5 alia, are zeolite
ZSM 4, zeol 1€ E, Ze0lite ZSM 12, zeolite ZSM 22, zeolite ZSM 23, and

zeolite. ZSM 48. As exagp oL get. b E6aM bbi i bdPas i sional
| atti ce which may pref%$§§?§Q%egﬁsgg+e§%%%§g% n%y beln%dﬁeg? gg?% ?eolite,

nordenite arghdOdimbéSsibRalt EatfScecghidh hii¢ BElHehOSohean! eatect h a

three- dinensional lattice, nention may be made nore particularly of

zeolite sy, z&Dida}caxe Zeolite ZSW-&, zeolite L, zeolite ZSM-12, -
'zeolite ZSM-22, zeolite ZSM-23, and zeolite ZSM-48.

As examples of metallosilicates with a two-
dimensional lattice which may preferably be‘used,
mention may be made of beta zeolite, moidenite and -

10 ferrierite.

As regards  the metallosilicates with a three-
dimensional ‘lattice, mention may be made more
particularly of zeolite Y, zeolite X, zeolite ZSM-5, -
'zeolite 'ZSM-11l and offretite. - .

15 - . .Use is preferably made' of synthetic. . - :
metallosilicates and more: particularly of those: which.
are in the following forms: :

-.mazzite with an Si/Al molar ratio of 3.4

S zeolite=L'with-anuSi/Alamolarsratio of 1.5

20 -  to 3.5

- - mordenite with an .Si/Al molar ratio-of 5 to

15

- ferrierite with an Si/Al molar ratio of 3

“to 10 -0

25 _ - offretite with an Si/Al meolar ratio of 4 to

848
- beta zeolites with an Si/Al-molarlratio-of

15:to 25 . = .



zeolite ZSM 11 and of fretite. 15 Use is preferably nade of
synthetic netallosilicates and nore particularly of those which are in the

following forms: - nazzite with an Si/A nolar ratio of 3.4 - zeolite L
with an Si/Al nolar ratio of 1.5 20 to 3.5 - nordenite with an
Si/Al molar ratio of 5 to 15 - ferrierige with an Si/Al nolar ratio of 3 to
10 25 - offretite with an Si/A nolar ratio of 4 to - beta

zeolites with an Si/A. éslitési P, OinlpatOid®lar €he Z88Lit&s Y, I N
particular the zeolites obtained after de-alum nation treatnent, nore

particularly zeolites difained hafitesi dé-almhiviatibn Ot fba GheAt S mbban 3,
preferably of 5 between 6 and 60 - zeolite X of faujasite type
with an Si/A nolar ragaxtidularly ozdobites 788+ YiwitESAASSHYAR! um ni um
silicate with an Si/A nolar ratio of 10 to 2000 10 - zeolite
ZSM11 with a nol ar r #eRrBHirEtie of greater than 3, preferably of

5 . . between 6 and 60
- zeolite i of faujasite type with an Si/Al
molar ratio of 0.7 to 1.5
- - zZeolites ZSM-5 or aluminium silicate with
an Si/Al molar ratio of 10 to 2000
10 .7+ . - zeolite ZSM-11 with a molar ratio of 5 to
30.
The metallosilicates used in the present
process are known products described in the literature
[c£ Atlas of zeolites structure types by W. M. Meier
15 and D. H. Olson, published by the Structure Commission
of ‘the International Zeolite Association (1978)]. Use
may be made of commercially available zeolites or they
may be synthesized abc&rding to processes described in
the literature. |
20 -~ Among the silicalites, silicalite of type 1
of similar structure to 2ZSM-5, silicalite of type 2 of
.similar structure to ZSM-11 and beta silicalite are
used more particularly.
- The amount of manganese incorporated into the
25 molecular sieves may vary widely and will be determined
during the preparation of the heterogeneous catalysts.
"~ It may be indiéated*that,-generally,-thg manganese

.represents by weight from 0.1% to 10% of the total



30. The netallosilicates used in the present process are known products
described in the literature [cf Atlas of zeolites structure types by W M
Meier 15 and D. H QO son, published by the Structure Commi ssion of the
International Zeolite Association (1978)]. Use may be nade of commercially
avail abl e zeolites or they may be synthgﬁized according to processes
described in the literature. Anmong the silicalites,

silicalite of tgggt§fggk§i§bg%%u§é%gg§gg%’tQdéﬁwéé,e%§%§xﬂﬂﬂftof type 2 of

similar strufffdu ‘a silicalite are used nore particularly.

The ampunt of o QgﬁﬁggﬁgiQBQB@HE@LGQO&QU@:@h%o%ienﬂﬂ“dﬂﬂ&ﬁ”aﬁéEVes may

vary widely and w e determ ned during the preparation of the

het er ogeneougxeakaliyaiy 1blv ERkdResendidated thedactisie paldty of hchemnganese
represents by weight fromO0.1%to 10% of the total 7 wei ght of the

mol ecul ar si gyealyitjowherbase contiehteawhdehbarey taios daxgs Hovectie
contents which are excessively | ow needless dilute the active part of the
cat al yst 5 wheieks ofoenestingwpacitiale dissolatdern: @f tthe Jangansses causing
partial dissolution of the manganese, when the catal yst is used.

when the catalyst is used. .. .~ . . . .~

The amount of heteércgeneous catalyst employed

méy*bemextrémelyfvariable,=inrparticdlar-as a function

of the conditions for carrying out the process: process

10 in continuous, batchwise or ‘semi-continuous coperation.
In general, the amount of catalyst, expressed as a
weight percentage of .manganese metal relative to the
substrate to be oxidized, represents from 0.001% to :5%.

Within the context of continuous operation of

15 the process, it is quite obvious that the amgunt of.
catalyst-relaﬁivpcto the substrate is unimportant and
‘that the ratios indicated above may thus be much
larger.

Besides manganese, the heterogenéous-i'

20 catalysts used may also.conﬁain oné or more other
‘elements which may play a catalytic role. These .
elements will be chosen :in.particular from the elements
of groups 4a, 5a, 6a, 7a, 8 and 4b of the Periodic
Table of the elements asspublished-in.Bulletin de la

25 ' Société Chimique, No. 1 of-January 1966, as well as the

- group of yttrium and rare-earth metals. . - .
. As an illustration of such elements. which may

be present with the manganese, mention may be made. of



The .amount of het erogeneous catal yst enpl oyed may be extrenmely variable, in
particular as a function of the conditions for carrying out the process:
process 10 i n continuous, batchw se or sem -continuous operation. In
general, the anopunt of catalyst, expressed as a wei ght percentage of
manganese netal relative to the substratae to be oxidized, represents from
0.001%to 5% Wthin the context of confinuous operation of 15 t he

process, it éf%élﬁk&ﬁ-- Gl iddiatnd BSs @HPUPLN Q8 what A ¥Bhuke! ative to the
ant” and t d a

substrate i s uninport at the rafios indicate ove may thus be

much | ar ger . BR31das, BNGHRSE, thSghets] OMETPBEEndR, rhdhdlysts used may
al so contain one or nore other elenents which may play a catalytic role.

These el enerichatid, dickdDseirdd, PRatheniah, f gefnhAtutl, ckRAl @and groups 4a,
5a, 6a, 7a, 8 and 4b of the Periodic Table of the elenments as published in
Bul l etin de dexilfm. T et &t ndfjuehedls’ elemérifapuaxpreased &y well as the
group of yttriumand rare-earth netals. As an illustration of such el enments
whi ch mdy bevedrgisentelative heo nelngaweightnefit tbe supsbratredsdcobe - 8
titanium zirconium hafnium vanadium niobium tantalum chrom um
tungsten, neixisdandn ¥hgererally between 0.001% and 5%. .

The temperature at which the oxidation
reaction is performed is verY'variable,-in-particular
depending on the substrate used. It is generally

10 between 50°C and 200°C and preferably between 80°C and
140°C. |

- The pressure is not a critical parameter of
the process. It may be less than, equal to or greater
~ than atmospheric pressure. It will generally be between

15 0.1 MPa (1 bar) and 20 MPa (200 bar), without these

| values being imperative. |

Pure oxygen, air, air enriched with or : -
depleted in oxygen or alternatively oxygen diluted with
an inert gas may be used. | '

20 . fThe liquid reaction medium contains an at
least partial solverit “for the carboxylic acid whose"
preparation is intended by the use of the process of .
the invention. This solvent may be very varied in
nature insofar as it is not substantially oxidizable

25 under the reaction ‘conditions. It may be chosen in
bartibular from polar protic solvents -and polar aprotic
solvents. Polar protic solvents which may be ﬁentibned,

for example, are carboxylic acids containing only



cobalt, nickel, iron, ruthenium germanium tin and cerium The content of
these el enents, expressed by 5 weight relative to the weight of the
substrate to be oxidized, is generally between 0.001% and 5% The
tenperature at which the oxidation reaction is perfornmed is very variable,:
I n particul ar depending on the substrate,used. It is generally 10 bet ween
50[err] C and 200[err] C and preferably'bé%ween 80[err]C and 14Q[err]C. The:

pressure is ggimggﬁp%kigghogaégﬁgkggﬁggehhgxg&gﬁfi%l#é&ég@ﬁfg%less t han

equal to or Qreat an atnosp essure. W “generalty be between

15 0.1 MPaafiphat)canedidd WBeing0% el b £¥ bhdbrrid; .5%%@4 ues being

i nperative. Pure oxygen, air, air enriched with or deplete ‘i n ‘oxygen or
al ternativel yepEygepodikyledrboilylde aedds @aThRs Fusidhcetic

The liquid reaction nediumcontains an at |east partial sol vent for the
car boxyl i c asetidwhwatepr apdr alcohols whieanthe kwntalsratrsamsedd tike process of
the invention. This solvent may be very varied in nature insofar as it is
not subs?antderiyedxfdpmasdl gepliteundefrome ar gddiiced ikendiRdlars. . It may be
chosen in particular frompolar protic solvents and pol ar aprotic sol vents.
Pol ar prot i c2BBPYEAt SodMPRESNHRLiEE Maut PenBentioned. afisre examwlsar boxyl i c
aCidS'ContaiQL29183L¥3alkyl_és:ers 1=;alkyl~radiq41;h§ving from 1
to 4 carbqngatqms)mcfpCa;boxylic}aqidsgnip particular
~aliphatic .carboxylic acids having from 1 to 9 carbon
10 ;atoﬁs or perfluoroalkylcarboxylic acids, and
tetramethylenesulphone (or sulpholaﬁe).
- Acetic acid is generally preferred, in
particular when the substrate to.be oxidized is -
cyclohexane. .
is - . . .The solvent, as defined above,. represents
from 1% to 99% of the weight of the reaction medium,
préfe:ably,ﬁrqm 10% to 90% and, even more preferably,
- from 20% to 80%. .-
| The liquid reaction-mediﬁm-cgpsiggs_of_the
20 substrate . to be o;idizgd._golvent_and heterogeneous
catalyst; it may,also_contain.rwhere-apprpp;iatgz~9the£
compounds,;in;particular¢sucﬁ_as,initiators._Thé.
initiators are often hydroperoxides such .as, for. .
example, cyclohexyl -hydroperoxide or .tert-butyl ..
25 hydroperoxide.. They. are also ketones or aldehydes such
ashgﬁor”gxamp;e,;pyclohexanone,uwhichlisuone,gf_the__;

-compounds formed during the- oxidation. of cyclohexane or

acetaLdghyde.gThe_initia;or_p:efe:ahly represents from



9 primary or secondary hydrogen atons, in particular aliphatic acids having
from1 to 9 carbon atons, perfluoroal kyl carboxylic acids such as
fluoroacetic acid, water and al cohols when the catal yst used is 5 derived
froma zeolite or froma silicalite. Polar aprotic solvents which may be
mentioned for exanple, are lower alkyligsters (= al kyl radical having from
1 to 4 carbon atons) of carboxylic acids, in particular aliphatic
carboxyl i c #&% dso [20% roy fwelglt t pePativéotio l1€he wedBRt 06f the

perfl uoroal kyl carboxylic acids, and tetranethyl enesul phone (or sul phol ane).
Aceti c aci d deagiren ahixtyrefesedd, withpatt thesarprnbporthensuhatriage t o be
oxi di zed is cycl ohexane. 15 The sol vent, as ‘defined above,
represents @& GRithcal gmivg. tir peryheubarivwhencthe progedsuie preferably
from10%to 90% and, even nore preferably, from20%to 80% The |iquid
reaction nmediFRehRIREARIuSHE- JPhe %%Bg%?ﬁ?ﬁ $® eepeciail¥dusesnlent and

Compounds. | MReEEATIAT 1S R GELRFEPR apd: IMcPRRFERAPRT . Wheno ton
hycoper 4 U, Al ofon 5 S4RBbReq 4E £ ELba YRR SRR EIUE B et
exanpl e, cygohgxAMGatldlcdd £REMOtné NStart of the reaction.
| A strong acid, that is to say in the present
invention an inorganic or organic acid whose pKa is
10 less than or equal to 3, may also be added to the
reaction mixture as defined above. Non-limiting -
examples of such acids which may be mentioned are
nitric acid and trifluoroacetic acid. The addition of
such a strong acid has the effect of improving the
15 reaction kinetics and generally also its selectivity
towards carboxylic acid. The strong acid represents
from 0% to 20% by weight relative to the weight of the
reaction mixture. .
The heterogeneous catalyst is prepared
20 according to known techniques, which a person skilled
in the art is*capable_of-adapting; as a function of the
amount of manganese and of the nature and amounts of
the other elements to be incorporated into the crystal
matrix of the molecular sieve. Reference may be made,
25 for example, to the process described in US patents
‘4,759,919, 4,567,029 and 4,310,440 for the preparation
of aluminophosphates;:and in US 4,410,501 for the

preparation of manganese silicalites.



conpounds formed during the oxidation of cycl ohexane or acet al dehyde. The’-.

initiator preferably represents from 0%to 20% by weight relative to the
wei ght of the reaction mxture used, w thout these proportions having a
critical value, in particular when the process is fornmed continuously. The
initiator is especially useful 5 wheny gtarting the oxidation and, in
‘particular, when the reaction is perforned at a tenperature bel ow

120[err] C 1t mey be |ptroducesh (T enb! Bmpbdhds 06e! ERar 0a2LbAB. A SLTONg

acid, that is to say int

e present invention an iInorganic or organic acid

whose pKa i Sejléinent§Séntéping’ ifEdathéOcBystn). basbibe; attad is the
reaction mxture as defined above. Non-limting exanpl'es of such acids
whi ch nmay begg@nd i speBcar e£nsilicongi ghaaghorué) uatuminiin ori Borvhe

addition of such-a strong acid has the effect of inprovin

the 15

reaction ki.netigslbidmgencinbhy mabganesesandcotberyrPesfdPds carboxylic

acid. The strong acid represents fromQ%to 20% by meiggg
ys

wei ght 08 t helememtsohonbatimeorrpeakedeinEenEbascryey

relative to the

tattige.05 oq 20

according to known techni ques, which a gers n illed,insthe art is capable
egfgﬂaﬁg i : P

of adapti ng, the moleaulasnsbevencahfiolh

and88i5RS of the nature and

anount f _ i i
unts of the ofhel eLemeiise’:PE LNgRLRataLeds' BhentnEntr ystal

mpbilizing agenﬁ; and ‘the mixture obtained is subjected

to a hydrothermal treatment, in order to obtain the

10 zeolite, the silicalite, the aluminophosphate or the

15

silicoaluminophosphate.vThe'structuring agent is,. for:
example, an ahinetsuch,as.diethanolamine, methylamine
or hexamethylenediamine or ‘a quaternary ammonium salt.
The mobilizing agent ﬁayﬁbe, in particular, a .

hydroxide, a fluoride or an amine. The temperature of

the hydrothermal treatment of the mixture is between

about 100°C and about 200°C, preferably between 120°C

and 170°C and, even more preferably, between 125°C and

150°C. At the end of the hydrothermal treatment, the

20 material obtained is separated according to the - .

- .standard techniques of solid/liquid separation,

preferably by filtration. It may be advantageous to

carry out a washing operation, preferably with water:..

‘The material obtained is subjected to a

25 drying at a temperature chosen preferably between 50°C

. and 120°C, under atmospheric pressure -or under reduced

pressure'choseh between 133 Pa and .atmospheric .

pressure.

-



mat.ri x of the nol ecul ar sieve. Reference may be made, 25 for exanple, to
.the process described in US patents 4,759,919, 4,567,029 and 4, 310, 440 for
t he preparation of al um nophosphates, and in US 4,410,501 for the
preparation of manganese silicalites. In general, the conpounds of the
various elements entering into the crystal lattice,:that is to say a source
of silicon, phosphorus, alum niumor boron or galliumor iron, manganese

and .other possible 5 Lﬂﬂ?nt&é%fﬁPrM§iﬁdd'ﬂ&ocaﬂéiﬁwtﬁ‘i lattice
of the nolecular sieve, ar€ mxed in the desired proportions, along with a

structuri ng a4eNta gl Feripdi-d tddé b £ Usetweat (3 0 ec naxdus000ktai ned is
subjected to a hydrot hernmal treatnent, in order to obtain the 10 zeolite,

t he SI|ICaHﬁthéﬁ&bI#lﬂﬁrhgtwgﬁﬂmﬁeoﬂm ah® 500fcoal unm nophosphate. The
structuring agent is, for éexanple, an am ne such as diethanol am ne,

met hyl ami ne or hexanetTie efimhhn¢acalyst lqamtbe'mas9damﬁi powden oxThe
nobi | i zi ng agent may be, in partlcular a 15 droxide, a fluoride or an
am ne. Bhe mmpdetpiaced, tfor hexampker nbn Fhéa? ne of PeadFixture is

bet ween about 100 err]C and about 200[ er r% refg gbly bet vve? 120[err]C
and 170[ err 5@ %ﬁ/ene’ﬁﬁ‘édi?%‘?e?’éb Fus %@vgéﬁt 85P8r r FERTE TS0 err] C
At the end of the her ﬂgatnent the 20 material obtained is
separ at ed ad® ?t#' ec '

The catalyst may also be placed in shape

using, in a conventional manner, a binder of silica,
10 alumina or clay type. "

As indicated above, the process of the
invention may be carried out in a batchwise, semi-
continuous or continuous manner. Heterogeneous
catalysis lends itself particularly well to a

15 continucus or semi-continuous operation of the process.
The examples which follow illustrate the':
invention.
EXAMPLE 1
1) - Preparation of-éhe catalyst -
20 (procedufe similar to that of Example 88 of US
'4,567,029) -

A solution of 8.2 g of manganese acetate
[Mn (CH,CO,) ,#4H,0] in 107.4 g of water is added to
46.9 g of aluminium'isopropoxide;'To the gel thus

25 formed are added a éolution'domposéd of 46.2 g of 85%
phosphoric acid, 46.3 g of water and 46.9 g of
diethanolamine.

The reaction mixture is heated under



standard techni ques of solid/liquid separation, preferably by filtration. .
It may be advantageous to carry out a washing operation, preferably with
wat er. The material obtained is subjected to a 25 drying at a tenperature
chosen preferably between 50[err]C and 120[err] C, under atnospheric
pressure or under reduced pressure chos between 133 Pa and at nmospheric
pressure. 12 Lastly, the nmaterial obtaindd is calcined in air, at a

t enperature Eﬁﬁ&igygég ] ef b t ween
400[err] C anghgg’ [err] G The fﬂléﬁ:a%%aég%gé rr%ofoﬁe u@é% %%’1%& g&/der or 5

may be pl acegechb¥erd By Eilitrdtivom aptsrdd heods, Q@&Iéﬁ&sthéﬁtrudat es or
crushed particles, according to various known techni ques. The catal yst nmay

al so be pl acadri-drdedpatYictsn Hemperrusedntdmdal LASEIES , calPinee’ tof
silica, 10 alumna or clay type. As indicated above, the process of the
i nventi on nag bemperatadeowf iS55EPhat chwi Se; . sem -.eonti nuous or continuous

manner. Heterogeneous catalysis |ends itself partlcularly well to a 15
continuoBs or semi - con®mn¥sualaminaphasphiatehawine s cdtkentianH| es whi ch

foIIowHIustrate t he
by welght_of Mn is thus obtained.

2) - Oxidation of cyclohexane
The.ﬁollowing are loaded into a 30 ml Pyrex
glass bulb:

10 _ - 60 mmol of cyclohexane

5.8 g of acetic acid -

0.03 g of acetaldehyde. -

0.1 g (0.1 mmol of Mn) of Mn

aluminophosphate prepared in 1).

is - . The bulb is placedvin,a-lzszmlJautoqlave,
fitted with means of heating, of.introducing gas, of
regqulating the preséure and of stirring.

The mixture is heated with stirring and under
a static air pressure of 100 bar, at 105°C and is

20 maintained at'this_temperature”for.3 h. .-

After cooling, ﬁhe catalyst is separated out
by filtration. A liquid two-phase mixture is obtained(
which is separated by settling;cf_the;phasés intp.a,~
cyclohexane layer. and.an-acetic layer. -

25 " - The two-layers are assayed by gas. .
chromatography. |

The following resﬁlts are obtained:

- .- degree of :conversion (DC) of the



i nventi on.

EXAMPLE 1 1) - Preparation of the catal yst 20 (procedure

simlar to that of Exanple 88 of US 4,567,029) A solution of 8.2 g of

manganese

acetate [Mh(CH err]CO[err])[err][err]4H err]0] in 107.4 g of

water is added to 46.9 g of alum niumisopropoxide. To the gel_thus_25
formed are added a sol ution conposed of; 46.2 g of 85% phosphoric acid, 46.3

g of wate
under

recover ed
tenperatu
An Mh alu
obt ai ned.

r and 46.9 g of diethanolam ne. The reaction mxture is heated

13 aut ogenougsyiltdishd0r 24 h at 200[err]C The solgdl

by filtration, washed with water and then air-dried af room

re and, | ast I-yymaal&l(rcan tef acyclGitEtdn6E Pf cp&DbREkhfona

m nophosphate having a content of 5.7%by weight. of M is thus
2) - xi dat itomddfpicy daid el tiwe {1 | the neyalehéradad i nto a 30

mM Pyrex glass bul b: 10 - 60 mmol of cycl ohexane - 5.8 g of
acetic acid - 0.03 g eeyentfdtchyde 90.2%

5

10

15

20

25

- CY of adipic acid relative to the
cyclohexane converted: : . 57.4%
- adipic acid/total of the diacids formed
- molar ratio: S 90.9%
.- 'Mn passed into solution: <1% of .the total
Mn employed.
EXAMPLE 2
1) - Preparation of the catalyst
Two solutions A and B are prepared in the
following manner. -
Solution A : 0.716 g of Mn(NO,) ,#4H,0 is
dissolved in 40 'g of water.

- Solution B : 9.53 g of tetrapropylammonium
bromide are dissolved in 43 g of water, which have been
premixed with 22.14 g of aéueous-methylamine solution
(at a concentration of 40% by weight).

Solution A is added to solution B with
stirring at room temperature, over 15 minutes.

7.89. g of silica (sold ‘under the trade name
Aerosil 50) are then added slowly, with vigorous
stirring, to the mixture obtained above. The reéulting
gel is.placed in a teflon jacketed autoclave and is
treated at 60°C for 1 h 36 and then at 185°C for 120 h

without stirring. The Mn silicalite obtained is

S TR ——



- 0.19g (0.1 mol of Mi) of M al um nophosphate prepared in 1). 15

The bulb is placed in a 125 nml autoclave fitted with nmeans of heating, of
i.nt roduci ng gas, of regulating the pressure and of stirring. The miXxture is
heated with stirring and under a static air pressure of 100 bar, at
105[err]C and is 20 mai nt ai ned at thl% tenperature for 3 h. After
cooling, the catalyst is separated out § filtration. A liquid two-phase

mxture is °$%§$P§ge welgl & =°6pL By BYCHeBkr1 $650LLBH, OfaLlEaPhatES (N0 a

cycl ohexane er an an ace ayers are

assayed by gergé.?mgg?ieaaaaaxerwﬁti@l LonbREraeSpt $sabBtabhaigned: - degree

of conversi 14 cycl ohexane:
6.1 %- yielgh{&d) a8 eMehOB&Xanabd+ifiyaiehesaaopnempesdtpre a€i d rel ative

to the cycl ohexane converted: . ©90.2%5
- CY of adipssoecid relative to the cycl ohexane converted:
57.4% - adipic acid/total of the diacids forned nolar ratio:
90.9% 5 : An Mn silicalite having.a content of 2% by
‘weight of Mn is thus obtained..
2) - Oxidation of cyclohexane: .
Example 1 is repeated (under the:same
' operating ‘conditions and in the same equipment), with
10 the following charges:

- 60 mmol of cyclochexane

5.8 g of acetic acid -

0.03 g of acetaldehyde -

0.54 g (0.2 mmol of Mn) of Mn catalyst - .

15 . prepared in 1). -
By assaying the two layers by ‘gas - -
chfqmatograthrﬁthe followirng results are obtained:
- degree of conversion (DC). of the .
cyclohexane: - : .. .. - ..~ e T %
20 - yield (CY) of cyclohexanol +: cyclohexanone
-+ :adipic acid relative ‘to the cyclohexane
converted: - - - -~ S  ;f81% f
.= CY of adipic. acid relative to thé
. eyclohexane converted: ..: - . . 39% -
25 ., - Mn passed into solution: <1% of the total:

Mn employed. .. ‘.. °



- Mi passed into solution: <1%of the total 10 Vh enpl oyed.
EXAMPLE 2 1) - Preparation of the catalyst Two solutions A and B are
prepared in the followi ng manner. 15 Solution A : 0.716 g of
Mi(NJerr])[err][err]4H err]0 is dissolved in 40 g of water. Solution B
9.53 g of tetrapropyl amoni um broni de- arge dissolved in 43 g of water, which
have been prem xed with 22.14 g of aqueous nethyl am ne sol ution 20 (at a
concentr at i goM¥aRMOY MeEwht ). Solution A is added to solution B wth
stirring at roomtenperature, over 15 minutes. 7.89 g of silica (sold under

the trade n -A@retid raifllom ¢ {Higs gtowy, with vigorous 25

stirring, to the m xture obtai ned above. The resulting gel is placed in a
teflon jacketed aut oclGatalysti snangexieske et tergyhthesized30 and t hen at
185[err]C for 120 h without stirring. The M silicalite obtained is

separ at ed fRG@OTddinge |t Examnlke lugpf T pakentedt s 9D, 627 neral i zed wat er
until a_neutral pHis obtained, dried and then calcined in air to a

t enper afur e S§PsfIFuting the cobalt nitnptewith margamesegnitrabeent of 2%

by 140 g of Mn(NO,),®4H,0 are dissolved in 100 g

of water and this solution is added to 500 g of zeolite
HY. The agqueous phase is evaporated with a rotary
evaporator under reduced pressure (10 mbar) and at a i

10 temperature of 80°C - 90°C. This procedure is carried ‘
out until the catalyst is dry. It is then calcined for
3 hours at 550°C.

The catalyst contains 5.3% of manganese.

2) - oxidation of cyclohexane

15 B Example 1 is repeated (under the same
operating conditions and in the same equipment) with
the following charges:

- 60 mmol of cyclohexane

5.8 g of acetic acid

20 - 0.03 g of acetaldehyde
- 0.1 g (0.097 mmol of Mn) of Mn catalyst
prepared in 1).
By assaying the twb layers by gas
chromatography, the following results are obtained:
25 S - degree of conversion  (DC) of the

cyclohexane: ~ - ' T 1.5 %
- yield (CY) of cyclohexanol + cyclohexanone

'relative to the cyclohexane



wei ght of M1 is thus obtained. 2) - Oxidation of cycl ohexane Exanple 1 is-
repeated (under the sane operating conditions and in the sanme equi pnent),
with 10 the foll owi ng charges: - 60 nmol of cyclohexane - 5.8 g of acetic
acid - 0.03 g of acetal dehyde - 0.54 g (0.2 muvol of M) of M catal yst 15
prepared in 1). By assaying the two Iayggs by gas chromat ography,. the
followng results are obtained: - degreé& of conversion (DC) of the

cycl ohexane: rted: [ %20 -~ - yield (Ggoef

cycl ohexanol + cyclohexanone + adipic acid relative to the cyclohexane

convert ed: - CY of adipic acllrel@tifie & RiKeicid relative to
t he cycl ohexane convert ed: 39% 25 - M passed

into solution: <1% of bbalbnh&hnuwcewemm 16 -COVPARATI VE G%&ST 1) .
Preparation of the catalyst Catalyst: nanganese zeolite synthesized
. -:Mn passed into solution: -13% of the total
5 . .. . - Mn-employed. -
. COMPARATIVE TEST B - . ..~ .

Oxidation of cyclohexane under homogeneous catalysis .

with cobalt acetate.:

- Example 1 is repeated (under the same
10 operating conditions and in the: same equipment) with
the following . charges:.

- 60 mmol of cyclohexane

- 5.8 g of acetic acid . -

0.03 g of acetaldehyde

15

© 0.0174 g (0.07 mmol of Co) of cobalt
- acetate tetrahydrate. |
After cooling, a two-phase liquid mixture is
obtained. |
By assaying the two. layers by gas
20 ch:omatograﬁhy, the following results are obtained:
- - degree of conversion (DC) of the
cyclohexane L e 10.;%

-~ . yield (CY) of,cyclqhexanol-+_

25 .  gylehexane-cenvertedsur-- ' 84.7%
- CY of adipic acid. relative to the
~cyclohexane converted: . 53.2%

- adipic-acid/total.of the diacids formed



according to Exanple 1 of US patent 4,491,637, 5 - substituting the cobalt
nitrate with nmanganese nitrate. 140 g of Mh(NJ err])[err][err]4H err] O are
di ssolved in 100 g of water and this solution is added to 500 g of zeolite
HY. The aqueous phase is evaporated with a rotary evaporator under reduced
pressure (10 nbar) and at a 10 terrperllaéure of 80[err]C - 90[err]C This
procedure is carried out until the catalyst is dry. It is then calcined for
3 hours at 550[err] C The szl Wsde LNt ai-ns 5. 3% .0of . manganese 42.3%-

Fun er the

Oxi dati on of cycl ohexane 15 Exanple 1 is repeated

sane operat compaRAdIVEOMESING | N- t he sanme equi pnent) with-the foll ow ng
charges:: - 60 nnDI of cyclohexane - b. 8 g of acetlc acid 20 -
0.03 g of : . g arfio O ol ygdlg prepared
in 1). By assayl ng the two Iayers by gas chromat ography, the foll ow ng
resul ts ar ewdbhattanganeie acetate - degree of conversion (DC) of the
cycl ohexane: 1.5 %- yield (CY) of

cycl oheRanol + cycl ohEXameie delif inapeatedc(wgdeshthangame

operating conditions and in the same equipment) with
the following charges:
| - 60 mmol of cyclohexane
- 5.8 g of acetic acid
10 - -~ - 0.03 g of acetaldehyde
.-, 0.0172 g (0.07 mmol of Mn) of manganese
" acetate ﬁetrahydrate.
After“ccdling; a single hombgeneoué phase is
obtained.
15 - - By ‘assaying this layer by gas chromatography,
the following results are obtained:
- degree of conversion (DC) of the
" ayclohexane: - : ' 0.2%
- yield (CY) of cyclohexanol +
20 . : cyclohexanone relative to the
cyclohexane converted: 100%

- CY of adipic acid relative to the

cyclohexane converted: 0%
EXAMPLE 3
25 1) - Preparation of the catalyst

(procedure similar to that of Example 88 of
Us 4,567,029)

Working as in Example 1, but with charges



17 converted: 100% - CY of adipic acid relative

to the cycl ohexane convert ed: 0% - WMh passed into solution:
13% of the total 5 Vvh enployed COVPARATI VE TEST B Oxi dati on of

cycl ohexane under honpbgeneous catalysis with cobalt acetate Exanple 1 i.s
repeated (under the sane 10 oper ati ng gondltlons and in the sane

equi pment) with the follow ng charges: - 60 mmol of cyclohexane - 5.8 ¢

of acetic achiner tHhatsMh Ycstatiad! dehyge a]l%A'?FQP grhate VS.V\%L? g (0.07

nmml of Co) of cobalt acetate tetrahydrate ase
liquid mxtumg contlehd REd33Bpyaselyhtd ilgh r@ﬂ%ﬂe@yers by gas .20 -

chromat ogr aphy, the following results are obtalned degree of
conversion (Pf) obxtidatdwsl offcxyedohexane - - - 10.1%.- yield

(CY) of cycl ohexanol + cycl ohexanone relatlve to ‘the 25 _ _
cycl ohexane converted: This example @as/%Uarrie@Youft dd a 258ciml mPalxati ve to
t he cycl ohexane converted: 53. 2%
5 reactor equipped with a condenser: A flow-meter and

oxygen analyser system élloWs‘the gas’' flow rate -at the

reactor inlet and outlet to be checked :at any moment, .

as well as the oxygen content (and consequently the

rate of consumptionﬁof-oxygen).

10 , In addition, the reactor is.fitted with

heating;and-pressure-tegulatihg-means.and a-stirrer.

The following are loaded into the reactor:

-.58 g of cyclohexane (690 mmol)
- 70 g of acetic acid
15 TR _.»-:- 0;24_g-of~#cetaldehyde;(5;46.mmol)
- 0.52 g..(0.28 mmol of Mn) of the Mn -
- aluminophosphate prepared in 1).
The mixﬁure is heated with stirring (800
rgvolutions/minute),;underﬂpressureedf air - containing
20 10% oxygen - of 20 bar, at 110°C aﬁdﬂqt a flow rate of
-20:1itres.of air/hour. This temperature is maintained
~ for 3 h. |
After cooling;, the.¢étalyat is separated out
by filtration. A two-phase liquid mixfure is obtained,:
25 which is separated, byvsétt;ing, inﬁo-a;cyqlghexane
layer and an acetic layer...
The two layers are assayed by gaé.;_'

chromatography .

oty e e o .



- , adipic acid/total of the diacids fornmed nol ar ratio:
.84. 7% COVPARATI VE TEST C Oxi dati on of cycl ohexane under honbgeneous

catal ysis with manganese acetate 5 : Exanple 1 is repeated (under
t he sanme operating conditions and in the sane equipnent) with the foll ow ng
charges: - 60 mmol of cycl ohexane - 59 5.8 g of acetic acid 10 .

- 0.03 g of acetal dehyde 0.0172 g (0.07 nmol of M) of nanganese acetate

tetrahydrate. After cagld FbllowinlFedOIPs s Usbbdit®eédl S obt ai ned. 15
By assaying this |ayer by gas chromatography, the followi ng results are

obt ai ned: - degr ee -0f CcAugred GBE (d¥vartsidie (HC) bEXEHe:
0.2% - yield (CY) of cycl ohexanol + 20 cycl ohexanone
relative to the cycl ohexaneyzimhatage: - - - 100% - ry2ef adipic
acid relative to the cycl ohexane convert ed: 0% EXAMPLE 3
- yield (CY) of cyclohexanol +
5 ' cyclohexanone + adipic acid relative to
the cyclohexane converted: 100%

- CY of adipic acid relative to the

cyclohexane converted: 11%

. nnemmse———— s b s

- adipic acid/total of the diacids formed i

10 -molar ratio: . . = 100%

EXAMPLE 4
1) - Preparation of the catalyst

An Mn silicalite is prepared by mixing 1 mol
of silica, 0.1 mol of tetrapropylammonium bromide,

15 1 mol of methylamine, 0.5 mol of hydrogen fluoride,
0.03 mol of manganese acetate tetrahydrate and 40 mol
of water. _

Thé mixture is héated for 2 days at 200°C
without stirring.

20 It is filtered, washed with water and then
calcined for 3 hours at 500°C. '

An Mn silicalite having a content of ;.0% by
weight of Mn is obtained.
2) - Oxidation of cyclohexane

25 ) Example 1 is repeated (under_ﬁhe same

operating conditions and in the same equipmeﬁt) with

the following charges:



25 1) - Preparation of the catalyst (procedure simlar to that of .
Exanpl e 88 of US 4,567,029) Wrking as in Exanple 1, but with charges 19
ot her than M acetate, an M al um nophosphate having an Mh content of 3% by
wei ght is prepared. 2) Oxi dation of cycl ohexane This exanple was carried
out ina 250 m Parr 5 reactor equi ppgd wth a condenser. A flow neter
and oxygen anal yser systenlalloms the g flom/rate at the reactor inlet
and outlet to be checked at % S.. the _oxygen content (and
consequently the rate of consunp on of oxyge In

addition, the reactor is.filglqdgMdd REALING A pressure regul ati ng nmeans

and a stirrer. The follomﬁng ar e Ioaded Into the reactor: - 58 g of
cycl ohexane (690 mmol) -70 goQfp3ageidfc aadthifshyde 0.24 g of
acet al dehyde(5. 46 mmol ) - 0.52 g (0.28 mmol of Nh) of the Wnh

al um nophosphat e prepared:i0-.88. gTh@.li6x mkdl iGE Mt &F Vel Mhi rring (800
revol utions/ mnute), under pressure of air - contalnlng 20 10% oxygen - of
20 bar, at 110[err]C‘and atcathﬂwwtr@w@pured “An -1). 3
By assaying ‘the two layers by gas
chromatography;“tﬁé:followingwresﬁlts~are obtained:
- degree’ of ‘conversion (DC) of the
- eyclohexane: ~ . i : 8%
10 e - yield (CY) of cyclohexanol +
cyclohexanone + adipic acid relative to
the cyclohexane converted: L I T4%
- CY of adipic“acid@relativbuto-thet
-cyelohexaneiconvértede%-ﬂi s 43%
15 L e:.ngadipic acid/total of the diacids“

. formed molar:ratio: vy o - 76%



- 20.Iitres of air/hour. This te intained for 3 h. After
-cooling, the catalyst is separ Hmmu ,ﬂﬂ tion. A two-phase Iiquid
m xture is obtained, 25 which +s settllng, into a

cycl ohexane | ayer and an acetic |layer.. The two | ayers are assayed by gas

chromat ogr agiy 96 /314%sThe fol | owi ng res*&ts are obtalnggT/ngﬁégsg&ge

conversion (DC) of the cycl ohexane: yield
(CY) of cyclohexanol + 5 . .- & crLarMsycl ohexanone + adipic acid _
relative to the cycl ohexane convert ed: 100% - CY of adipic acid
relative to the cycl olexanesswess t 86k the oxidationlifito - adipic
acid/total.of the diacids fornmed 10 nol ar ratio:

100% EXAMPLBazxbojyl iRy eqpsirchit ibgn mdledelant akygénforMa gabicalite is
prepared by mxing 1 nol of silica, 0.1 nol of t et r apr opyl anmoni um br omi de,
15 1 nol ePntaimingrithe e £ o hydrogarbéhuoandalc6hol el apf -

manganese acetate tetrahydrate and 40 nol _ )
g 5 ketone, in tﬁé liquid phase, in an at least partial

solvent of the intended carboxylic acid, in the -
presence of a heterogeneous catalyst containing at’
least manganese atoms incorporated in the crystal
matrix of a molecular sieve.

10 - - 2. 'Procéss according to Claim 1,
characterized in that the hydrocarbons used as starting
materials are alkanes, cycloalkanes; alkylaromatic
hydrocarbons, alkenes and cycloalkenes having from 3 to
20 carbon atoms and the alcohols or ketones are those.

15 which: correspond to these hydrocarbons.

- 3. - Process according to Claim 1,
characterized in that the hydrocarbon used is
cyclohexane.

- 4. Process according to Claim 1,

20 characterized in that the alcohol used is cyclohéxanol
and the ketone usédlis cyclohexanone.

5. Process according to one of Claims 1 to
4, characterized in that the molecular sieves in whose
crysﬁal-latticeithé manganese is incorporated are

25 chosen from metallosilicates (zeolites) such as
élqminosilicates, horosilicates, ferrosilicates and
gallosilicates,'silicoaluminbphosphates (SAPOs) ,

alumihophosphates (APO8) and silicalites.



of water. The mixture is heated for 2 days at 200[err] C wi thout etirring
20 It is filtered, washed with water and then cal-cj ned

hours at 500[err]C. An M silicalite having a contemllm |H" ght of
Mh is obtained. 2) - i dation of cycl ohexane 25 lis
repeated (under the sanme operating condi jons and in’the sarre equi prrent)

with the foll ow ng charges 21 - 6 of cycl ohéxane - 5:8 g of
acetic acid - 0.03 g ¢f aCﬂ@éQ@y&@coramg%gow 98 EIRim@f 1M Of the
Wvh 5 catal yst prepared in By assaying the two |ayers

by gas chronmag Ogj}ﬁ}k%téfﬁéd)liﬁ)v&tmrﬂ&&|ﬁ§n§dﬁe£@tﬁéﬂ§6’sents ppgree of
conversion (DC) of the cycl ohexane:
yield (CY) ofwedghtohfrand . % ctye| D0k xak otise ﬂmrhblwe:bg:hti aelbheve to the
cycl ohexane convert ed: 74% - CY of adipic acid relative to the
_mplecular;sieve._,y__ I C A U RO
5 : 7.J,fPrgcess-acqqrdingfta;one of Claims 1 to
6, characterized in that the.amount of catalyst,
.expresged as-e,weight-pezqentage;of-manganeee metal
relative .to tﬁe substrate to . be oxidized, represents
from 0.001% te 5%.
10 , 8. - Process according to -one of Claims 1 to
:ﬁ7, characterized in that the hqterogeneous-catalysts :
used contain. one or more qther-eleménts_chosen'from'the
elements of groups 4a, 5a, 6a, 7a, 8 and 4b. of the
Periodic Table of thehglemen;s, as published in the
15 Bulletin de la Société& Chimique, No. 4 of January 1966,
as well as of the group of;yttrium-and rare-earth
metals.
9. Process according to Claim 8,
characterized_in~that the heterogeneous catalysts used
20 contain one;or more other elements chosen from
titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, tungsten, molybdenum, rhenium,
cobalt,: nickel, iron;,ruthenium,-ge;maniumﬁ_tin-and
| cerium, at a content, expressed by weight relative to-
25 the weight of the substrate to be oxidized, ofpbetween
0.001% and 5%. |
10.. Process according to one of Claims 1 to

9, characterizeg;inmthat the solvent is chosen from



cyclohexane -converted : = . 43% 15 - - _-adipic acid/total of

t'he di acids forned nol ar ratio: .76% WO 96/ 31455 22
PCT/ FR96/ 00515 CLAIMS 1. : Process for the oﬂm mnmnmuﬂ boxylic acid,
by nol ecul ar oxygen or a gas cont ai ni ng 't he , arbon, an

al cohol or a 5 ketone, in the liquid phg@ , ih ah dt Meast partial solvent

of the intended carboxylic acid, in the presence of a heterogeneous

catal yst coRgeu s éé;l:eé‘éivaﬁ{?ﬂaﬁﬁéﬁ 3503551:8&9]@,98@&% in the crystal

matri x of a nolecul ar sieve. F.OCcess accordlng to Caim

1, char act erdcrethimihdabnlephyflaegapPoBecoA8ErdShplabhbRda®Bhs!, i 3nsS are
al kanes, cycloalkanes!b alkgfgronaf?c hydrocarbgﬁs §alk%nes and cyckbalkenes

havi ng fromparti@@lanr sbiphi bie aofidshRaeifghstremol ket ongardbg t hose 15
whi ch correspond to these hydrocarbons. 3. Process according to Claim1,
character|ze%quﬁirnsrilmphgdlbzhcbnhouykﬂc|actgsloha:eneand Process
according to Claim1, 20 characterized in that the al cohol used is

cycl ohe no@%ﬁﬂh?*ﬁaVhﬁ%n%hﬁs@ﬂtﬁkYéycuaﬂ@xaﬂoderlved from a

zeolite or from a silicalite and polar aprotic solvents
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particular aliphatic carboxylic acids haﬁiqg fram_l to
';§“carb6n atoms §¥tpérf1ﬁ9roalky1garbbxy1ic acids, and
10 tetramethylenesulphone (or sulpholane),_J
| 11. Process accordiﬁg to one oflCIaims 1l to
10, characterized in that ﬁhé_temperaéurelgt which.the
oxidation reaction is performkd:ié'between 50°C and
200°C and preferaﬁly between 80°C and 140°cland the
15 pressure is between 0;1 MPa (1 bar) and 20 MPa_(ZOO
bar).
12. Process according to one of Claims 1 to
11, characterized in that the solvent used contains
acetic acid. |
20 ' | 13. "Process according to one of Claims 1 td
o 12, chaiacterlzed 1n that the solvent represents from
'1% ‘to . 99% of the we:ght of the reaction medium, . _
;preferably_f:op_IO% to 90% and, ppre preferably,_frqm.
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5.. " 'Process according to one of Clainms 1 to 4, characterized in that the
nol ecul ar sieves in whose crystal lattice the manganese is incorporated are
25 chosen fromnetallosilicates (zeolites) such as alum nosilicates,
borosilicates, ferrosilicates and gallosilicates, silicoalum nophosphates
(SAPGs), al umi nophosphates (APQGs) and silicalites. 23 6. Process
“according to one of ains 1 to 5, characterized in that .the nmanganese
represents by weight fromO0.1%to 10% of t he t ot al melght of the nol ecul ar
sieve. 5 7. Process according tac one of Clainms 1 to 6,
characterized in that the amount of catal yst, expressed as a weight
percent age of nmanganese netal relative to the substrate to be
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according to one of Clainms 1 to 7, characterized in that the heterogeneous
catal ysts used contain . one or nore other elenments chosen fromthe el ements

of groups 4a, 5a, 6a, 7a; 8 and 4b of 1 "eukeh Pk afb£939ﬁ858§ <2 ements,

as published in the 15 Bulletin de ] a Societe i mque il January
1966, as well as of the group of yttr4mmt¥%e°%F?wmdang to

.PCT Application PCT/FR96/00515

I, Norval O’CONNOR PhD, _
c/c Europa House, Marsham Way, Gerrards Cross, Buckinghamshire;
England, do solemnly and sincerely declare that Ianm conversant
with the English and French languages ‘and am a competent
translator thereof, and that to the .best of my_knowledge,and
belief the following is a true and éérreét translation of the
PCT Application filed under.No. PCT/FR96/00515.

Date: 25 September 1997

\

N. O’ CONNOR
For and dn behalf of RWS Translatlons Ltd.
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(S4) Titre: PROCEDE D'OXYDATION D'HYDROCARBURES, D'ALCOOLS OU DE CETONES PAR CATALYSE HETEROGENE

(57) Abstract

A method for oxidising liquid-phase hydrocarbons, :alcohols -or ketones - in. the presence of a heterogencous catalyst. The method
particularly enables the oxidation of a liquid-phase hydrocarbon, alcohol or ketone to carboxylic acid using molecular oxygen or a gas
containing same, in an at least partial solvent for the desired carboxylic acid, and in the presence of a heterogencous catalyst comprising
at least manganese atoms i into the crystal lattice of a molecular sieve. The liquid phase comprises a solvent generally selected
from polar protic solvents and polar aprotic solvents, and particularly from carboxylic acids and esters thereof. :

(57) Abrégé

La présente invention conceme I"oxydation d’hydrocarbures, *alcools ou de cétones, en phase liquide et en présence d'un caulys?ur
hétérogene. 11 s'agit plus précisément de I'oxydation en acide carboxylique, par I'oxygene moléculaire ou un gaz en contenant, d'un
hydrocarbure, d'un alcool ou d’une cétone, en phase liquide, dans un solvant au moins partiel de 1'acide carboxylique Vls_é. en présence
d’un catalyseur hétérogine comportant au moins des atomes de manganése incorporés dans le réseau cristallin d’un tamis moléculaire.
La phase liquide comporte un solvant généralement choisi parmi les solvants protiques polaires et les solvants aprotiques polaires, plus

particulidrement parmi les acides carboxyliques et leurs esters.
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