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ALCOHOLS OR ltBTONBS BY BBTBROGBRBOUS CATALYSIS 

The present invention relates to the 

oxidation of hydrocarbo~s, alcohols or ketones, in the 

liquid phase and in the presence of a heterogeneous 

5 catalyst. 
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The invention relates more particularly to an 

oxidation process leading to the at least partial 

production of acids from saturated or unsaturated 

hydrocarbons, alcohols or ketones. 

The oxidation of hydrocarbons into .. · .. -

corresponding acids in the presence of a ·homogeneous· 

catalyst, that is ·to say one which is dissolved in ·.:the 

reaction medium, is we::J_l known. Thus, American pateJ:>.t. 

os-A-2,223,493,.published in December 1940, descri:b~il 
.. ·.·• 

... ·~ .. . ..... 
the oxidation of cyclic ·hydrocarbons int·o corr~~P09-~ing 

diacids, in.a liquid p~se generally containing acetic 

acid, at a temperature of at least 60°C, using a gas 
-•.-

containing oxyge~ and in the presence of a homogeneous 

oxidation catalyst such as a cobalt compound. 

However, processes using'h0mogelieous-phase 

catalysts have the drawback, at the ezi:d 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. 

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

oxidation of hydrocarbons, such as alkanes or 

. .. ,.. 
:::'!' ... 
·.J. 

,.·· .... 
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cycloa1kanes, wi·th molecular oxygen,· in the liquid 

phase and in the presence of a heterogeneous catalyst 

consisting of a molecular.sieve" containing cobalt 

implanted in the crystal lattice as active metal. The 

5 catalyst may be sepa·rated, for example by filtration or 

centrifugation, and may if· necessary be recycled. The 

example of this patent, performed with cyclohexane in 

the presence of acetic acid;. shows that cyclohexyl 

acetate and cyclohexanone are essentially obtained. 

10 International Application WO 94/17021 

describes· a process for the catalytic autoxidation of 

various hydrocarbons or alcohols derived from these 

hydrdcarbons, by reaction of o2tYgen, in the liquid 

phase, at high temperature and in the presence of a 

15 molecular sieve containing aluminium oxide, silicon 

oxide an:d/or phosphor1is oxide and a metal, incorporated 

in the crystal lattice, chosen from the metals of 

groups 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 

manganese show· that the alcohol° and the' ketone 

corresponding to the hydrocarbon employed or the ketone 

corresponding· to· the alcohol employed are obtained. 

The proces'ses described in the above two 

25 patent applications show the pos·s:lbilitt of 

hete:J::;ogeneous catalysis in the ·oxidation of 

hydrocarbonil into.alcohols· and ketones. However, an 

essential interest of .. the oxidation of·· hydrocarbons is 
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the .4i:r;ect prod~cti9,J:?, .. of. c9r_%'.esponcii~$J acid~ .. pr 

diac.ids, in pa:i;-tigp.la.r ·· S\lch a' . the p;rod\lction of adiP,ic 

acid by oxidat:ion,. o; .. cyc:l9h,~xaJ:le.~ 

c-The. 15uJ:>ject 9f the p;resent., i:r:iyen1:i~:El, is.,. 

5 pr,ecifijely1 · a Jj>:rO(:E!,~S. for. the 0;2ti.dii.tiO:r;l of h:f:~rocarb.ons, 

a,lcohols or ketones .. by molecula::I:'. oxygen, \115Jing 

heterc;>geneous. cat.~ly~-i~ and . leading_, at least partially 

to the c:;orre~ponc1:i.ng,acids or .~iacid!JI. 

More p:r;~c::i.~,ely, the. invention .con11ista, Qf a 

10 process for the gxi_d~tio:n into ca:r;J;>oxyl;c .. acid, by 

molecular oxygeJ!l or.a gas containing t:he same, of a 
. . '•· .... ··· . . .. ' ... . . 

hydrocarbon, an alcohol 0%,'.a ketone, in the :J,iquid 
.... . . ·' .. . .. ~ . . 

phase:,. in an at lea11t pa:r:tial solvent .of t~e i.ntended 

carboxylic acid, in. t,]l,e pre119Jlc:e.o;_aheterogenec;>\1S 

15 cat~lys;t containi~~ ~t~. least ~ganese .atoms . 

. inc.C?_rporated in the .. crysta.l matrix of a mo.lecular · .. 

sieve •. 

' ... ~ : .. The hydroca.rbo:r:is w~;i.ch are.used as starting 

materials. in the process of th_e ;i.:rivent~on aJ:"e .JDOre. 

2 0 particularly a~kanes, ._,cycloalkane1B, alkylaromatic 

hydrocarb~ns_, alkenes and cyc::loalken•s. hav,,ing from ~ to 

. 20 carbon atOJl.lS • 

. The alcohols or ketones which are.also used 
. . . . . . . . . . . ~ . . : . . 

as substrates are those w.hich correspond t,o the 

25 hydrocarbons de.fined ,.abo.:ve. 

Amon~', these hYciJ;'ocarbons, one of the 2'J.C?St 

advantageous is most. def_initely cyclohexane, the 
. .. . . . ' .. .. .. 

oxicia.tion. of which leads to a(lipic -.~i(l, .one .c;>f the 
. . .. . ,, -::.: . 

. ' 
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basic compotinds of ny1on 6-6. 

In a simi1ar manner and for the same reason, 

cyclohexanol.and cyc1ohexanone ·are among the most 

·advantageous alcoholsand·ketones· which may be used in 

5 the present oxidation process. 

The mo1ecular sieves in whose crystal lattice 

the manganese is incorporated are, in particular, 

metallos·ilicates (also called zeolites) such as 

aluminosilicates, borosilicates, ferrosilicates and 

10 gallosilicates, silicoaluminophosphates (SAPOs), 

aluminophosphates (APOs) and silicalites. 

· Metallosilicates. are crystallized 

tectosilicates of natural or synthetic origin whose 

crystals result from the three-dimensional assembly of 

15 tetrahedral units of Si04 and T04 , T representing a 

trivalent element such as aluminium; gallium, boron or 

iron, preferably al~nium. The metallosilicates of 

aluminosilicate type are the most common. 

The metallosi:licates have, within the crystal 

20 lattice, a system of caviti~s connected together by 

channels of well-defined diameter·which are 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· zeoli·tes such as, for example, offretite, 

clinoptilotite, erionite, chabazite and philipsite. 
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Synthetic metallos'ilicates are·also entirely 

·suitable. . .... 

Examples of: 'Synthetic metallosilicates with a 

one-dimensional lattic.e whi.ch may· be mentioned·,, inter 

5 alia, are zeolite ZSM-4, zeolite L; zeoli-te ZSM'.":'12, 

,·zeo·lite ZSM-22, zeolite ZSM-23; andzeolite.ZSM-48. 

10 
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25 

As examples, ·of metallosilicates with. a two-

dimensional latti'ce which may preferably be: used, 

mention may be made of beta zeolite, mordenite and · 

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-11 and ef.fretite. · · · 

. Use is preferably·· made· of . synthetie . 

metallosilieates and· more particularly of those· whieh·: 

are in the following·: forms: • 

- mazzite with an Si/Al molar ratio of 3 •. 4 

· ·. zeolite L with an Si/Al· molar. ratio of 1. 5 

to :3•5 

- mordeni te with an ; Si/Al . molar ratio·~ of 5. to 

15 

- ferrierite with an.Si/Al molar ratio of 3 

to 10 ·· :~: 

- offretite with an Si/Al molar ratio of 4to . . . 

>.8. 5 . ' 

- beta zeolites ·.with an Si/Al mol.ar ratio of 

15 to 25 · .. 



5 

10 

6 

- zeolites Y, in particular the zeolites 

obtained after de-alumination treatment, more 

particularly zeolites US-Y with an Si/Al 

molar ratio of greater than 3, preferably of 

between 6 and 60 

- zeolite X of faujasite type with an Si/Al 

molar ratio of 0.7 to 1.5 

- zeolites ZSM-5 or ~l~inium silicate with 

an Si/Al molar ratio of 10 to 2000 

- 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 

[cf---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 according to processes described in 

the literature. 

20 Among the silicalites, silicalite of type 1 

of similar structure "tp ZSM-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 indicated that, generally, -the manganese 

.represents· by weight- from 0.1% to 10% of .the total 
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weight of the molecular·· sieve, without -these limit 

values being absolute •. However, ·contents which are 

excessively loW needless dilute :the active part of the 

catalyst; whereas contents ~J:iich are too· large run the 

5 risk of causing partial dissolution. of the manganese, 

when the catalyst· is· used. .. 

The amount of heterogeneous catalyst employed 

may·be· extrelilelyvariable,· in~pa.rticular as a function 

of the conditions for·carrying out the process: process 

10 in continuous, batchwise ·or :semi.;.continuous operation. 

In general, the amount of catalyst, expressed as a 

weight percentage of ,manganese meta1.relative to the 

substrate to be oxidized, rep res en ts from O • O O 1% .. to . 5% • 

Within the context· of· continuous operation of 

15 the process, it is quite·obvious that the amount of,. 

catalyst· relativ.e to the substrate is unimportant and 

that the ratios indicated above may thus be mu.ch 

larger. 

Besides manganese, the heterogeneous 

20 catalysts used may also contain one or more other 

·elements which· may play a catalytic. role. These 

elements will be ohosen·in.particular from the elements 

of groups 4a, Sa, 6a, 7a, 8 and 4b of the Periodic. 

Table of the elem.en.ts as published in Bulletin de la 

25 Societe Chimique, No •. 1 of January 1966, as well· as t;.he 

group of yttrium and _:rare-earth metal.a. 

As an.illustration of such elements.which.may 

be presentwith the manganese,· mention· may be made-of 
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titanium:, zirconium, hafnium, vanadium, niobium, 

tantalum.,. chromium, tungsten, ·molybdenum, rhenium, 

cobalt, nickel, iron, ruthenium, germanium, tin and· 

cerium. The content of these' elements, expressed by 

5 weight relative to the weight of "the substrate to be 

oxidized, is generally between o·. 0-01% and 5%. 

The temperature at which the oxidation· 

reaction is performed·is very yariable, in particular 

depending on the s'libstrate used.' :rt is generally 

10 between S0°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. 

·.v. Pure oxygen, air, ··&.ir enriched with or~-· 

depleted in oxygen or alternatively oxygen diluted with 

an inert ·gas may be used. 

20 The liquid reaction m:ediumcontains an at 

least 'par'tial ·solvent '.'for the carboxylic acid whose·. 

preparation· is i:r:itendedby the use of the process of 

the invention.· This solvent may be very varied in 

nature insofar as it· is not subst·a:ritially oxidizable 

25 under the reaction conditions. ·.:It may be chosen in 

particular from polar protic s·olvents ·and polar aprotic 

solvents. Polar protic· solvents ··which may·· be mentioned, 

'for example, are carboxylic acids containing only 
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primary. o.r e.:,ecqndary. h.ydroge:a, a,t;oms, in pa;c:"tiqula:;i:­

aliph.ati.c acj,_c;il!I hav;i.ng froa 1 :to·. 9 carbe>n ,a:toms, 

perfluoroalky:1carboxylic;; aci.4s such ·as ,flu9roacetic 

acid, :water . and al..QQllQls when the ca.ta~yst ,µ9ed is 

5 derived· .from -.a . zeoli. te. or ;f:rom a .. ~il:l;pa,li t.e. Polar 

aprotic solvents w:b.:i,;.ch may. be mentioned, fe>:r _example,. 

are lower a.lkyl es·ters ·(= alkyl radical ha.:ving from 1 

to 4 carl:>o.n atQms}: ·:·of carboxyl~c · a.c;:ids;~ . i:n particular 

aliphatic :carboxylic: ao~ds having fJZ"om 1 tp ~-·· carbon. 

10 atoms or perfl-q.or~allcylca::rpoxylic acids,. ~d 

tetramethylenesulphone (or sulpholane). 

15 

. . ~· .. · Acetic ac.i<l is generally pref,er:r;-e?., in 

cyclohexane • 

. ·The solv~-t, .as defined, abOVe, represents 

from 1% to 99% of the weight of the reaction medium, 

preferably .fro;m 10% to 90'15 and, even more preferably, 

from 2:0% to 80% •. 

The liquid reaction ·medium c~nsi~~s of the 

20 substrate .to be ox;i.d;z,d,. so.lvent and hete~ogeneous 

catalyst; :i,t may also con-t.ain, wherfl .appr,~p;-ia~e, · other 

compo:unds, . in _particularsuch as. init;l.ators. The. 

ini tia.tors .. are often hydrQperoxides. such. ,~s, for. 

example, cyclohexyl--hyc;troperoxide qr .1:ert-l:>u~yl 

25 hydrope,ro.x;de. ThE!Y are .also keto11e11or aldehydes i;such 

as, ·for example, .cyclohexanone, which_ is one ,.(),f . the 

.·· compoun.ds formed d~::ring ,th~· oxidation, of cyc':f:.ohexane or 

acetal.dehyde. ·:The ini t;at:or preferaJ:>ly repr~sents from 
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0% to 20% byweight relative to the weight of the 

reaction mixture used, without these proportions having 

a critical value, in particular when the process is 

formed-continuously. The initiator is especially useful 

5 when starting the oxidation and,· in particular, when 

the reaction is performed at a ·temperature be-low 120°C. 

It may be introduced from the start of the reaction. 

A :strong acid, that-is to say in the present 

invention· an inorganic or organic acid whose pita 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 ar~ 

nitric acid and trifluoroacetic acid. The addition of 

such a strong acid ha- 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 technique~, which a person skilled 

in the art is c.apable of adapting 1 as a function of . the 

amount of manganese an(l 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. 
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'· I:n general,:- the compo1lnds oi the·various 

-_elements ent·ering into the crystal lat.tice; 'that·· is to 

say a source of-'· silicon, phosphorus, aluminium or boron 

or gallium/·or iron~ manganese and o:ther ·p.ossible. 

5 elements to be:'incorporated into the crystal: lattice of 

the molecular sieve, are mixed in the desired-. 

proportions, along with a structuring agent and a 

mobilizing agent~ an:d •the mixtµre obtaine.d is subjected 

to a hydrothermal treatment, in order to obtain the 

10 zeolite, ·the •silicalite, the aluminophosphate or the 

silicoaluminophosphate. · 'l'he struc.turing agent is, .. for. 

example, 'an amine . such. as . diethanolamine, methylamine 

or hexamethyle:ii.ediamine or a quaternary ammonium salt. 

'l'he mobilizing ·agent may:be, in particular, a 

15 hydroxide,· a fluoride or an amine.: 'l'he temperatui:-e .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 obtai:1;1ed is separated' according to the 

.standard techniques of- ·solid/liquid S4!Jiparation, 

preferably by fil•tration. I:t may be advantageous to 

·carry· out a washing .operation, preferably with .water~ 

'l'he material' obtained is subjected t.o a 

25 drying at a ··temperature chosen• preferably bet'!"een 50°C 

and 120°C, under atmospheric pressure or under. reduc.ed 

pressure chosen between 133 Pa· and.atmospheric 

pressure. 
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Lastly·~,·'the material obtained is calcined in 

air, ata temperature of between 300°C and 500°C, 

preferably of between 400°C and 500°C. 

The final catalyst may be used as a powder or 

5 may be placed, for· example, in the'shape of beads, 

pastilles, extrudates or crushed particles, according 

to various known techniques. 

The catalyst may als~ 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 continuous or semi-continuous operation of the process. 

invention. 

EXAMPLE 1 

The exampl'es which follow illustrate the · 

1) - Preparation of·the catalyst · 

20 (procedure similar to that of Example 88 of us 

'4,567,029) 

A solution of 8.2 g of manganese acetate 

[Mn(CH3C02 ) 2 •4H20l in107.4·g of water is added.to 

46.9 g of aluminium isopropoxide• To the gel.thus 

25 formed are added a solution composed 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 
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autogenous pressure f'or 24 ·hat 200°C., The solid is 

recovered .by f:iltration, washed with:wate:r;- and then 

air-dried at room temperature and, lastly, calci·ned. to 

a temperature :of SS0°C. --

5 · An M:a... alumi;:i:;Lophosphate having a ··eon tent of 

10 

15 

s.7% by weight. of Mn is thus obtained. 

2) - Oxidation of cyclohexane 

The following are lo~dedinto a 30 ml Pyrex 

glass bulb: 

- 60 :mmol of cyclohexane 

- 5.8 g. of acetic acid 

- O. 03 g of acetaldehyde .. -

- o .1 g CO .1 .mmol of Mxl.). of Mn .· 

alu:ininophosphat·e prepa,;:ed in ~). , 

The bulb is placed in .al25 ml ·autoQlave. 

fitted with. means of heating, of:,,intro¢tuci:ng gas, of 

regulating the pressure and of stirring. 

The mixture is heated with·stirring and under 

a static air pressure of 100 bar, a.t 105°Ca,nd_is 

20 maintained at ·this temperature for 3 h. ,. · 

After cooling, the catalyst is separated out 

by filtration,. A liquid two-phase mixtur.e is obtained, 

which is separated by settling of the phases into a · 

cyclohexane.layer_and .an·a.cet~c .layer. 

2 5 Tbe two layers are · a~sayed by gas .. 

chromatography. 

The following results are obtained: 

- degree of convers:i.:o~. (DC) of the 
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· ·· cyclohexane: 6.1 % 

EXAMPLE 2 

- yield (CY) of cyclohexanol + cyclohexanone 

·+ adipic acid relative to the cyclohexane 

converted: 

- ·cy of adipic acid relative to the 

cyclohexane converted: 

90.2% 

57.4% 

- adipic acid/total of the diacids formed 

molar ratio: 90.9% 

·-·Mn passed into solution: <1% of .the total 

Mn employed. 

l) - Preparation of the catalyst 

Two solutions A and B are prepared in the 

following manner. 

15 Solution A : 0. 716 g of Mn(N03 ) 2 •4H20 is 

dissolved in 4p·g of water. 

Solution B : 9.53 g of tetrapropylammonium 

bromide are dissolved in 43 g o~ water, which have been 

premixed with 22.14 g of aqueous methylamine solution 

20 (at a concentration of 40% by weight). 

Solution A is added to-solution B with 

stirring at room temperature, over 15 -minutes. 

7.~9 g of silica (sold'under the trade name 

Aerosil 50) are then added.slowly; with vigorous 

25 stirring, to the mixture: obtained above. The resulting 

gel is.placed in a teflon jacketed autoclave and is 

treated at 60°C for 1 h 30 and then at 185°C for 120 h 

without stirring. The Mn silicalite obtained is 
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separated from the gel by centrifugation~ washed with 

demineralized water until: a.=neutral pH is obtained, 

dried and then calcinedinair to a t~perature of 

--550°C. _,_---

An Mn. silica.lite having a content of 2% by 

·weight of Mn is thus obtained. . ... ~. 

2) Oxidation of cyclohexane ... 

Example 1 is repeate(i (under the-:·:,same 

operating conditions and'in the.same.equipment), with 

the following charges: 

60 mmol of cyclohexane 

- 5 • 8 g of acet_i_c:. aqi(i : ·. 

- 0.03 g of acetaldehyde 

0.54 g (0.2 mmol of Mn) of Mn catalyst 

prfii!pared in lJ ~--

By assaying the two layers by:gas 

chromatography,- _·the following results ·are.obtained: 

- degree :of· conirersion (DC) ._.·of the 

cyclohexane: -•·· - 7. % 

- yield (CYl of cyclohexanol +>cyclohexanone 

.+ :adipic acid relative :to the cyclohexane 

conver.ted: ·81% 

-· .. - CY of -- adipic:, acid relative to the 

cyclohexane -conv:erted :. · 3 9% 

- ·Mn passed· into solution:. <1% of the total 

Mn employed. 

=:: 

I 
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.· COMPARATIVE TEST 

l) - Preparation of the catalyst 

Catalyst: manganese zeolite synthesized 

according to Example l of OS patent 4,491,637, 

5 substituting the cobalt nitrate with manganese nitrate. 

140 g of Mn(N03 ) 2•4H20 are dissolved in 100 g 

of water and .this solution is added· to 500 g of zeolite 

HY. The aqueous phase is evapo~ated with a rotary 

evaporator under reduced pressure· (10 mbar) and at a 

10 temperature of 80°C ••90°C. This procedure is carried 

out until the catalyst is dry. l:t is then calcined for 

3 hours at 550°C. 

The catalyst contains· 5.3% of manganese. 

2) - Oxidation of cyclohexane 

15 Example 1 is·. repeated (under the same 

20 

operating conditions· and in the ·same· equipment) with 

the following charges: ·· 

60 mmol of cyclohexane 

- 5.8 g of acetic acid 

- · O ~· 03 g of acetaldehyde 

0.1 g (0.097 :mmol of Mn) of Mn catalyst 

prepared in 1). 

By assaying the two layers by gas 

chromatography, the following results are obtained: 

25 - degree of conversion- (DC) of the 

cyclohexane: 1. 5 % 

- yield (CY)· of cyclohexanol + ayclohexanone 

relative to the cyclohexane 
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converted: .100% 

- CY of adipic::: acid relat·ive .. to the. 

cycl~hexane converted: 0% 

-·Mn pass.ed into solution: l3% of the to.tal 

5 Mn mnployed • .. 

.COMPARATIVE TEST·B 

Oxidation of· cyclohexane under; .homogeneous . catalysis 

with cobalt acetate. .· 

Example l is ,repeated {under the. same 

10 operating condit~o:11s and in the:. same equipmellt) with 

15 

the :following charges:; ~; ·.·· 

obtained. 

60 mmol of cyclohexane 

5. 8 g of. acetic acid ·. 

0.03 g of acetal~•hyde 

0 •. 0.11• g_ (0.07 mm.col of Co) of cobalt 

acet;a.te tetraj:iydra te. 

After cooling, a two-phase liquid mixture is · 

By assaying the two layers by gas 

2 0 chromatography, the f.ollowing. res'11 ts are obtained: 

25 

degre1t .of co:1:1version (DC) of the 

cyclohexane 

yield (CY) of cyclohexi1D,ol + 

cyclghexanone .. relative to th.• 

10.1% 

9ycle>hexane conyerted: 84.7% 

CY of adipic acid-relat~ve to the 

cycle>he::x:~e converted: . · 53. 2% 

adipic acid/total of the· diacids formed 
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molar: ·ratio: 84.7% 

COMPARATZVE TEST C 

Oxidation of cyclohexane under homogeneous catalysis 

with manganese acetate 

5 Example l is repeated (under the·same 

10 

15 

20 

operating conditions and in the same equipment) with 

the following charges: 

obtained. 

60 mmol of cycl~hexane 

5.8 g of acetic acid 

0.03 g of acetaldehyde 

0.0172 ·g (0.07 mmol of Mn) of. manganese 

acetate tetrahydrate. 

After·· cooling, a single homogeneous phase is 

By ·assaying this layer by gas chromatography, 

the following results are obtained: 

EXAMPLE 3 

degree of conversion (DC) of the 

cyclohexane: · · 

yield (CY) of cyclohexanol + 

cyclohexanone relative to the 

0.2115 

cyclohexane converted: 100115 

CY of adipic acid relative to the 

cyclohexane converted:· 0% 

25 l) - Preparation of. the catalyst 

(procedure similar to that of Example 88 of 

us 4,567,029) 

Working as in Example l, but with charges 
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other than Mn acetate, an Mn·aluminophosphate having an 

Mn content of 3% by weight is prepared_~_ 

2) Oxidation·of cyclohexane .' ·. ·. · 

This example was carried out in a-~?O ml ]i>a:rr 

5 reactor equipped with a condenser:~ A flow-meter and 

oxygen analyser,system allows ·the gas' flow rat;e·at·the 

10 

15 

reactor inlet and outlet to be chec~ed•at any moment,. 

as well as the oxygen content _(and consequently the 

rate of consumption o.f. oxygen) • 

:en addition, the reactor is.fitted with 

heating ;and pressure .. r.egul·ating -means and a stirrer. 

The following are loaded into the reactor: 

.. ·. 58 g of cyclohQ:ane · (690 mmol) 

70 g of acetic acid 

0.24 g of·acetaldehyde.{5.46.mmol) 

o. 52 .g; _,(O .2.a mmol of. ·.Mn) .. o~. the Mn : ·;:.:·:. · 

· al'timinophosphate ·prep~red in 1). 

The mixture is heated with stirring (800 

revolutions/minut;e),.under pressure.of air .. containing 

20 10% oxygen ... of. 20 bar:, at· 110°C and at a flow rate of 

20 litres of air/hour. This .temperature is maintained 

for 3 h. 

After ce>oling·, the catalyst is separated out 

by filtration. A two-phase liquid mixture is ob~:ained,' 

25 which is separated, by settling, into a.cyclqhexane 

layer and an acetic layer •. 

The two layers are assayed by gas: 

chromatography. 

! 
., ' 
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EXAMPLE 4 

20 

The followi:Q;g ·_results are obtained: 

degree of conversion (DC) of the 

cycl_ohexane: 2.2% 

yield (CY) of cyclohexanol + 

cyclohexanone + adipic acid relative to 

_the cyclohexane converted: 100% 

CY of adipic acid relative to the 

cycl·ohexane conyerted: 11% 

adipic acid/total .of the diacids formed 

- ·molar ratio: 100% 

1) - Preparati-on of. the catalyst· 

AD Mn silicalite is prepared by mixing 1 mol 

of silica, 0.1 mol of tetrapropylammonium bromide, 

15 1 mol of methylamine1 0.5 mol of hydrogen fluoride, 

0.03 mol of manganese acetate tetrahydrate and 40 mol 

of water. 

The mixture is heated for 2 days at 200°C 

without stirring. 

20 It is filtered' washed with water and then 

calcined for 3 hours at 500°C. 

AD Mn silicalite having a content of 1.0% by 

weight of Mn is obtained. 

2) - Oxidation of cyclohexane 

25 Example 1 is repeated (under .the same 

operating conditions and in the same equipment) with 

the following charges: 



21 

~--.: .. s·o : mmo.l ::.of ... cyc,lo~hilxane· ··· ·· 

O. 03 g of acetaldehyde · 

- '0.·33 sf {0.06 :aDnOi df Mn) of the Mn 

5 '·· ·: .. catalys·t prepared . in .1}.. 

10 

15 

By ·assay·ing the two .layers by gas 

chromatography.,·· ·the following results are obtained: 

degre·e' o.f :conve~sion· · (DC) of the 

.cyclohuaile:· · 8% 

yield (CY) of ·cyclohexanol+ 

cyclohexanone + adipic acid relative to 

the cyclohexane converted: . 74% 

CY of ad:ipic acicl .. relative to •the 

cyclohexane• converted:\ 43% 

'"'!':.: :adipic acid/total :of the di.acids 

.:;eormed molarratio: 76% 

. ::·_.:. 

·. 1:. '.'. _;_. 

: :_~ .i .·.·· .. :: · ... :_:. 

· .. ·: .. _; 
.••. :' 

i 
I· 

i' 
! 
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CLADIS 

1. Process for the oxidation into 

carboxylic acid, by molecular oxygen or a gas 

containing the same, of a hydrocarbon, an alcohol· or a 

ketone, in the liquid phase, in an at least: partial 

solvent: of the intended carboXy-lic acid, in the 

presence of a het'erogeneous catalyst containing at 

least manganese atoms incorpor~ted in the crystal 

matrix of a molecular sieve. 

2. Process 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 1 

characterized in that the hydrocarbon used is 

cyclohexane. 

4. Process according to Claim 1, 

20 characterized in that the alcohol used is cyclohexanol 

and the ketone used is cyclohexanone. 

5. Process according to one of Claims 1 to 

4, characterized in •that the molecular sieves in whose 

crystal lattice the manganese is incorporated are 

25 chosen from metallosilicates Czeolites) such as 

aluminosilicates, borosilicates, ferrosilicate·s arid 

ga.llosilicates, silicoaluminophosphates (SAPOs), 

aluminophosphates (APOs) andsilicalites. 
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6. Process according to one of Claims 1 to 

5, characteri21:~d·in.-that .the manganese represents by 

weight from O .1% to- 10% of: the total weight of the· · 

molecular,·. sieve. ·.·- ', .. 

7 •.. · .· Process a.c~ording ·· to one of Claims 1 to 

6, chara.cteriz~d ~n that the. amo.unt .of catalyst, 

.expressed as ·a weight pe%',centa.ge of ·Jll.a.nganese metal 

relative .to the subs.trat;e .to .. b~ oxiq.ized, r~presents 

from 0.001% to 5%. 

8 • Process .a.ccording tp. -c>ne of Claims 1 to 

. 7, characterized in· that the heterogeneous catalyst·s 

used contain one or more o.tber el.ements chosen from the 

elements.of groups 4a, Sa, 6a, 7a, 8 and 4b .. of the 

Pe.riodic Table of the .elements, as published in the 

15 Bulletin de la Societe Chimique, No •.. 4 of ·January 1966, 

as well as of the g~oup Qf yttrium and rare~earth 

metals. 

9. Process according to Claim 8, 

characterized in that the heterogeneous cat!l.lysts used 

20 contain one or more other.elm.nent.s cl.Losen ir~ 

titanium, zirconium, hafnium.,.vanad,i.um, niobium, 

tanta,.lum,... chromium, tu,ngsten, JllOlybdenum, rhenium, 

cobalt,· nickel, iron, ruthenium,ge~ium, tl..n ~d 

cerium, . at a. co.nt~:1,1_t, expre1:1sed by weight rel-.tive. to 

25 the weight of. the s'1bstrate J:o be oxidized, of: between 

0.001% and,5%. 

10. Proc,ss ac.corciing to one of_·Cla~~S· 1 to 

9, characterized.in. that the solvent is chosen from 
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polar protic solvents such as c~rboxylic acids 

containing only primary or secondary hydrogen atoms, in 

particular aliphatic acids having from 1 to 9 carbon 

atoms, perfluoroaikylcarboxylic acids, water and 

5 alcohols when the catalyst used is derived from a 

zeolite or from a silicalite and polar aprotic solvents 

such as lower alkyl esters of carboxylic acids, in 

particular aliphatic carboxyli~ acids having from 1 to 

·· 9 ·.carbon atoms or perfluoroalkylcarboxylic acids, and 

10 tetramethylenesulphone (or sulpholane). 

11. Process according to one of Claims 1 to 

10, characterized in that the temperature at which the 

oxidation reaction is performed is between 50°C and 

200°C and preferably between 80°C and 140°C and the 

15 pressure is between 0.1 MPa (1 bar) and 20 MPa (200 

bar). 

20 

12. Process according to one of ·claims 1 to 

11, characterized in that the solvent used contains 

acetic acid. 

13. Process according to one of Claims 1 to 

12, characterized in·that the solvent represents from 

1%.; to 99% of the wtlight of the reaction medium, 

pre.ferably from 10% to 90% and, more preferably, from 

20% to 80%. 

:..-


