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METHCD FOR THE CONTI NUOUS PREPARATI ON OF A M XTURE OF A CYCLOALKA
CYCLOALKANCOL AND A CYCLOALKYLHYDROPEROXI DE The invention relates to a

nmet hod for the continuous preparation of a mxture of a cycl oal kanone, a
cycl oal kanol and a_cycl oal kyl hydr oper oxi de, according to which a
correspondi ng’ %@%W%aJkane I's oxidized wherelﬂ-Fhe cyclic al kane has between
5 and 20 carbon atons, in a continuous process, with the aid of an
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m xture of cycl ohexanon@F & CBOALKE ] aNOL ARBeRoxi de in a
continuoug process is descri bedc #ﬁ;ﬁ%&ﬁ;@RO&ﬁ@V\back of this known
method is that the selectivity ™© € oxlidatlon reaction towards the
desired products (cycl ohexanone, cycl ohexanol and

The invention relates to a method for the
continuous preparation of a mixture of a cycloalkanone, a
10 cycloalkanol and a cycloalkylhydroperoxide, according to
~ which a corresponding cycloalkane is oxidized wherein the
cyclic alkane has between 5 and 20 carbon atoms, in a
continuous process, with the aid of an oxygen—-containing
gas, in the absence of a metal catalyst, at a temperature
15 of between 130 and 200°C.

Such a method for the preparation of a mixture
of cyclohexanone, cyclohexanol and cyclohexylhydroperoxide
in a continuous process is described in EP-A-0092867.

A drawback of this known method is that the

20 selectivity of the oxidation reaction towards the desired
products (cyclohexanone, cyclohexanol and
cyclohexylhydroperoxide) is relatively low, as a result of
which a significant amount of byproducts is formed.

The aim of this invention is to provide a method

25 with which the selectivity of the cycloalkane oxidation
reaction towards desired products is higher. In particular
the aim of the invention is a method with which the
selectivity towards cycloalkylhydroperoxide is higher.

This aim is achieved because the oxidation is at

30 least partly carried out in the presence of between 0.002
and 2 mmole of a phenolic compound per kg of reaction
mixture (mmol/kg).

It has been found that when the method according
to the invention is used, the selectivity of the oxidation

35 reaction towards a cycloalkanone, cycloalkanol and in
"particular towards cycloalkylhydroperoxide is higher,
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and in particul ar toward8 SUcRofBRJEAyarBEREG; bR diseleprd fo
obtaining cyclododecylhydroperoxide by oxidation of

5 cyclododecane in the presence of 0.01-30 wt.% of a
phenolic compound. The experiments are conducted with 1
wt.% (1170 mmol/kg) phenol, 2.5 wt.% (230 mmol/kg) cresol
and 0.2 wt.% (18 mmol/kg) resorcinol.

It is surprising that a significantly lower amount of

10 phenolic compound than disclosed in these experiments has
a favourably effect on the selectivity to cycloalkanone,
cycloalkanol and cycloalkylhydroperoxide and more in
particular to cyclohexanone, cyclohexanol and
cyclohexylhydroperoxide.

15 In an article in Kinetics and Catalysis USSR
(1960, 1(1), 46—-62) phenol and a-naphthol are mentioned
and are used as inhibitors in the catalysed oxidation of
n-decane. It is hence surprising that the oxidation
reaction of a cycloalkane according to the invention is

20 . hardly slowed down by the addition of the phenolic
compound.

The use of phenolic or dihydroxybenzene-like
compounds during the oxidation of cyclohexane with the aim
of ihcreasing the selectivity is described in SU-A-197555.

25 In contrast to the method according to the invention the
oxidation reaction is catalysed with the aid of a metal
catalyst at a temperature of between 200 and 250°C and

< results in a mixture of cyclohexanol and cyclohexanone. In
addition, according to the examples of SU-A-197555 a large

30 amount of phenolic compound is used per kg of reaction
mixture (90 and 140 mmol/kg). It is hence surprising that
the addition of small amounts of phenolic compound to an
uncataleed oxidation and at a lower temperature has a
positive effect with respect to the selectivity at the

35 same degree'of conversion.

The use of a phenolic compound duriﬁg the
uncatalysed oxidation of cyclododecane is described in an
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cyclo roxi de by oxidation of cycl ododecane in the presence of
0.01- henol i ¢ conpound. The_experinents are conducted with 1
w.% (1170 mmol /'kg) phenol, 2.5 mﬁ.@b(?S@ Tmol / kg) cresol and 0.2 w.% (18
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Cat al ysi s USSReaction mechanism of the oxidation of cyclododecane. The
phenolic compound is added to a batch process after a
5 portion of the cyclododecane has already oxidized. The
article contains no indication that the addition of such a
phenolic compound in a continuous process could result in
an increase in the selectivity.
The phenolic compound contains one or more
10 groups according to Formula (1)

and is soluble in the cycloalkane under reaction
15 conditions.

Such a phenolic compound is preferably an
organic compound having a molecular weight of less than
1000 and having 1-5 aromatic rings.

A suitable group of phenolic compounds can be

20 represented‘by Formula (2):
“ OH
RS R!

(2)
R R?

R3
25

where R! through RS may, independently of one another, be
an —0-R® group or an R7 group, where R® and R’ may,
independently of one another, be H or organic groups
having between 1 and 30 carbon atoms, whether or not

30 substituted with ether, carbonyl, hydroxyl, amine, amide
and ester groups,
and/or where R!' and R? or R? and R® or R® and R* or R* and
RS can together constitute an aliphatic or aromatic ring
having 5, 6, 7, 8, 10 or 12 carbon atoms.

35 Examples of suitable phenolic compounds, whether
or not substituted, are phenol, 2,6-ditertiary-
butylphenol, 2,6-ditertiary-butyl-4-methylphenol,
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t hat reactlon of a cycl oal kane according to the invention is
hardl by the addition of the phenolic conpound. The use of
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cycl ohexane with the aimof increasing the selectivity is described in
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ydroqulnone, pyrocatechol, resorc1nol, p—phenoxyphenol

and o-phenylphenol.
Preferably m—cresol, 2,4—ditértiary—butylphenol,
2,6-ditertiary-butylphenol and phenol are used.
Mixtures of the aforementioned phenolic
10 compounds may also be used. Mixtures of phenolic compounds
that are prepared during the preparation of a specific
phenolic compound can for example be used advantageously
because further purification is then not required.
The concentration of phenolic compound is
15 generaily smaller than 2 mmol/kg, preferably smaller than
1 mmol/kg and in particular smaller than 0.9 mmol/kg. The
concentration of phenolic compound is generally greater
than 0.002 mmol/kg, preferably greater than 0.01 mmol/kg
and in particular greater than 0.05 mmol/kg. The invention
20 also relates to a process wherein the concentration of
phenolic compound is less than 0.01 wt.% relative to the
reactionmixture. The above mentioned concentrations are
the concentrations based on the amount of phenolic
éompound fed to the reaction mixture. The actual average
25 concentration during the oxidation reaction shall be lower
than the above mentioned concentration because part of the
phenolic compound will disappear during the oxidation.
In general the invention relates to the
oxidation of cyclic alkanes having between 5 and 20 carbon
30 atoms. In particular the invention relates to the
oxidation of cycloalkanes having between 6 and 12 carbon
atoms. Examples of suitable cyclic alkanes are
cyclohexane, cyclooctane and cyclododecane. In particular
the invention relates to the oxidation of cyclohexane
35 because the oxidation products cyclohexanol, cyclohexanone
and cyclohexylhydroperoxide, separately or as a mixture,
are used for many applications. More in particular the
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the sel ectivi
ea311y obtainable. Cyclohexylhydroperoxide can for example

be used as an oxidizer in the preparation of alkane

5 epoxide from a corresponding alkene. The

| cyclohexylhydroperoxide in the mixture can also be
decomposed to obtain a mixture of cyclohexanone and
cyclohexanol. This so-called K/A mixture is a product that
is used as such for example in the preparation of adipic

10 acid. The decomposition of the cyclohexylhydroperoxide
generally takes place after cooling of the mixture, under
the influence of a transition—-metal catalyst such as
cobalt or chromium. Preferably the decomposition of
cyclohexylhydroperoxide is carried out with the aid of a

15 method described in EP-A-004105 or EP-A-092867.

The temperature at which the oxidation is
carried out is generally between 130 and 200°C. The
temperature is preferably higher than 160°C. The
temperature is preferably lower than 190°C.

20 The pressure at which the oxidation is carried
out generally lies between 0.1 and 5 MPa. The pressure is
preferably higher than 0.4 MPa. The pressure is preferably
lower than 2.5 MPa. In the case that cyclohexane is
oxidized the pressure will generally be higher than 0.6

25 MPa and lower than 2.0 MPa.

The oxidation is carried out in continuous mode
and preferably takes place in a system of reactors
connected in series or in a compartmentalized tube
reactor. The reaction is generally carried out

30 autothermally or by controlling the temperature. The
temperature is generally controlled by discharging heat of
reaction via a stream of gas, via intermediate cooling or
via other methods known to a person skilled in the art. In
order to ensure that transition metals (which promote the

35 decomposition of cycloalkylhydroperoxide) do not make
their way into the mixture to be oxidized, reactors with
an inert inside wall are preferably chosen. To this end
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mhether small production capacities, in which case the wall
5 surface versus the liquid volume is disadvantageous. In
the case of large capacities separate inertisation of the
wall is not absolutely necessary. It will be clear that if
a negligible amount of metal ions make their way into the
oxidation mixtufe{ which have no essential influence on

10 the reaction, then, within the framework of the present
invention, one can speak of an uncatalysed cycloalkane
oxidation. In contrast with the uncatalysed cycloalkane
oxidation, the catalysed oxidation — which generally
involves the addition of a metal such as cobalt and

15 chromium - yields a reaction mixture with relatively
little cycloalkylhydroperoxide relative to cycloalkanone +
cycloalkanol.

Generally the product of the uncatalysed
oxidation of cyclohexane comprises at least an amount of

20 cyclohexylhydroperoxide in wt.% that is comparable with
the amount of cyclohexanol + cyclohexanone in wt.%. Often
the mixture contains more than 2x as much
cyclohexylhydroperoxide as cyclohexanol + cyclohexanone
after the reaction. In contrast with this, the catalysed

25 oxidation yields a mixture that contains less than 50%
cyclohexylhydroperoxide relative to the amount of
cyclohexanol + cyclohexanone in wt.%. Often this is even
less than 40% peroxide relative to the amount of
cyclohexanol + cyclohexanone in wt.%.

30 The concentration of cycloalkylhydroperoxide in
the reaction mixture as it leaves the (last) oxidation
reactor is generally between 0.1 and 8.0 wt.%. The
cycloalkanone concentration of this mixture is generally
between 0.1 and 10 wt.%. The cycloalkanol concentration of

35 this mixture is generally between 0.1 and 15 wt.%. The
degree of conversion of cycloalkane relative to this
reaction mixture is generally between 0.5 and 25 %. The



or not subﬁﬁgghhgtﬁgggeg{l@e phgnol , 2,6-ditertiary- butyl phenol,
2,6-diterti hylphenol -4- mcresol, bisphenol-A
bi phenol , I Ilﬂnﬂgl MW phenol , 2-hydroxynapht hal ene, 2, 6-di net
hylphenol butylphenol, 2,4,6-tritertiary-utyl phenol,
2,4-dinethy| 6-tertiary-butyl phenol, 1- hydroxynaphthalene hydrqu|none,
pyrocat echol, resrcinol, p-phenoxyphenol and o- phenyl phenol . Preferably
mcresol, ,4-ditertiary-butyl phenol, 2,6-ditertiary-butyl phenol and phenol
are used. M fegree of chaversionenfi cyedoprEavei éswﬁpeaag%mhgtaee@ Be
used. M xuregn@f gRhenol i c compounds that are prepared during the
preparation of a SpeCIEBFthe case of a series of connected reactors or
a compartmentalized tube reactor the phenolic compound can
5 be supplied separately to each reactor (or compartment).
It has been found that it is preferable if the
concentration of phenolic compound in the first reactors
is relatively lower than the concentration in the last
reactor or reactors. It may also be advantageous to supply
10 a phenolic compound to one or more reactors only and not
to all of the reactors.

Oxygen as such, air, with increased or reduced
oxygen content,; or oxygen mixed with nitrogen or another
inert gas can be chosen as the oxygen-containing gas. Air

15 1is preferable, but the air can be mixed with extra inert
gas to prevent the risk of explosions. In general, in
order to prevent the risk of explosion, so much oxygen-
containing gas is fed to the reactors, in such a manner,
that the concentration of oxygen in the offgas remains

20 Dbelow the explosion limit. The supplied amount of oxygen
(calculated as pure oxygen) is generally between 0.1 and
50 N1 per 1 of cycloalkane. This amount is dependent on
the reaction rate and oxygen is preferably present in a
small excess but this is not critical because the amount

25 of oxygen is generally not limiting.

The invention will be further elucidated with
reference to the following non-limiting examples.

Example I

30 Into a double-walled glass reactor (volume equal
to a liquid contents consisting of 270 g of cyclododecane
(of 170°C)) equipped with 4 baffles, a turbine mixer,
coolers, a thermometer and two feed pipes melted
cyclododecane was fed through one feed pipe, with the aid

35 of a pump, at a rate of 732 g/h and through the other pipe
a solution of the additive in melted cyclododecane, with
the aid of a second pump, at a rate of 90 g/h. The
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pipe with the aid of a control valve. The reaction
temperature was 170°C. The speed of the stirrer was 2000
min-!. Air was supplied at the bottom of the reactor via a
gas distribution system at a rate of 30 Nl/h. Analyses of
10 the effluent of the reactor showed that the selectivity
towards cyclododecylhydroperoxide, cyclododecanol and

cyclododecanone was 73.4, 4.4 and 15.2 mol%, respectively,
(total 93 mol%) at a degree of conversion of cyclododecane
of 4.4 mols%.

15
Example II

Example I was repeated. The feed rate of the

additive was controlled so that the concentration in the
reactor was 0.094 mmol/kg. Analyses of the effluent of the

20 reactor showed that the selectivity towards
cyclododecylhydroperoxide, cyclododecanol and
cyclododecanone was 61.6, 12.1 and 18.4 mol$%,
respectively, (total 92.1 mol%) at a degree of conversion
of cyclododecane of 4.4 mol%.

25
Example ITI

Example I was repeated. The feed rate of the

additive was controlled so that the concentration in the
reactor was 0.48 mmol /kg. Analyses of the effluent of the

30 reactor showed that the selectivity towards
cyclododecylhydroperoxide, cyclododecanol and
cyclododecanone was 68.0, 4.3 and 18.1 mol%, respectively,
(total 90.4 mol%) at a degree of conversion of
cyclododecane of 5.0 mol%.

35
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mxture i s a pddédst Andiyses of the effluent of the reactor showed that
the selectivity towards cyclododecylhydroperoxide,

5 cyclododecanol and cyclododecanone was 54.6, 13.3 and 18.8
mol%, respectively, at a degree of conversion of
cyclododecane of 4.67 mol%. This experiment was repeated.
Analyses of the effluent of the reactor showed that the
selectivity towards cyclododecylhydroperoxide,

10 cyclododecanol and cyclododecanone was 51.7, 15.3 and 19.5
mol%, respectively, (total 86.5 mol%) at a degree of

conversion of cyclododecane of 4.7 mol%.

Example IV

15 Example I was repeated only now phenol was used
as the additive. The feed rate of the additive was
controlled so that the concentration in the reactor was
1.0 mmol/kg. Analyses of the effluent of the reactor
showed that the selectivity towards

20 cyclododecylhydroperoxide, cyclododecanol and
cyclododecanone was 59.6, 14.8 and 18.7 mol%,
respectively, (total 93.1 mol%) at a degree of conversion
of cyclododecane of 4.4 mol%.

25 Example V
Example IV was repeated only now the feed rate

. of the additive was controlled so that the concentration
in the reactor was 0.8 mmol/kg and the cyclododecane feed
was lowered in such an amount that the degree of

30 conversion of cyclododecane was 4.7 mol%. Analyses of the
effluent of the reactor showed that the selectivity
towards cyclododecylhydroperoxide, cyclododecanol and
cyclododecanone was 58.0, 12.5 and 17.8 mol%,
respectively, (total 92.0 mol%).

35
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conversion was 5.1 mol%. Analysis of the effluent of the
reactor showed that the selectivity towards cyclododecyl-—-
hydroperoxide, cyclododecanol and cyclododecanone was

61.4, 6.3 and 15.3 mol%, respectively, (total 91.1 mol%).

10 Comparative experiment C
Example VI was repeated but no additive was

added. The degree of conversion of cyclododecane was 5.1
mol% as in Example VI. Analysis of the effluent of the
reactor showed that the selectivity towards

15 cyclododecylhydroperoxide, cyclododecanone and
cyclododecanol was 48.6, 11.7 and 17.4 mol%, respectively
(total 77.6 mol%).

Example VII

20 Example I was repeated only now 2,6—-ditertiary-
butyl-4-methylphenol was used as the additive. The feed
rate of the additive was controlled so that the
concentration in the reactor was 0.94 mmol/kg. Analysis of
the effluent of the reactor showed that the selectivity

25 towards cyclododecylhydroperoxide, cyclododecandl and
cyclododecanone was 59.2, 13.2 and 18.5 mol%,
respectively, (total 91.9 mol%) at a degree of conversion
of cyclododecane of 4.5 mol%.

30 Example VIII
Example VII was repeated. The feed rate of the
additive was controlled so that the concentration in the
reactor was 1.9 mmol/kg. Analysis of the effluent of the
reactor showed that the selectivity towards cyclododecyl-
35  hydroperoxide, cyclododecanol and cyclododecanone was
63.1, 8.6 and 17.0 mol%, respectively, (total 88.7 mol%)
at a degree of conVersion of cyclododecane of 4.6 mol%.
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controlled so that the concentration in the reactor was
5 1.1 mmol/kg. Analyses of the effluent of the reactor
showed that the selectivity towards
cyclododecylhydroperoxide, cyclododecanol and
cyclododecanone was 65.0, 8.1 and 18.5, respectively,
(total 91.6 mol%) at a degree of conversion of
10 cyclododecane of 4.3 mol%.

Example X
Example I was repeated only now 4-methoxyphenol
was used as the additive. The feed rate of the additive
15 was controlled so that the concentration in the reactor
was 1.0 mmol/kg. Analysis of the effluent of the reactor
showed that the selectivity towards
cyclododecylhydroperoxide, cyclododecanol and
cyclododecanone was 60.7, 13.2 and 17.8 mol%,
20 respectively, (total 91.7 mol%) at a degree of conversion
of cyclododecane of 4.4 mol%. '

Example XI
Example I was repeated only now 2,4,6-

25 tritertiary-butylphenol was used as the additive. The feed
rate of the additive was controlled so that the
concentration in the reactor was 1.0 mmol/kg. Analyses of
the effluent of the reactor showed that the selectivity
towards cyclododecylhydroperoxide, cyclododecanol and

30 cyclododecanone was 65.7, 9.9 and 16.4 mol%, respectively,
(total 92.0 mol%) at a degree of conversion of
cyclododecane of 4.5 mol%.

Example XTI

35 Example I was repeated only now 2,4-ditertiary-
butylphenol was used as the additive. The feed rate of the
additive was controlled so that the concentration in the
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General ly

the product ofytheduaeahabysedasxsdan 09, af afdClONBXAIE: £ OXPEPSEEi w1y past

an anount of

10

15

20

25

30

(total 91.1 mol%) at a degree of conversion of
cyclododecane of 4.5 mol%.

Example XIII
An experiment with cyclohexane was carried out

in a setup equipped for tests under pressure similar to
the setup described in Example I. 2,6-dibutyl-tertiary—4-
methylphenol was used as the additive. The feed rate of
the additive was chosen so that the concentration in the
reactor was 1.25 mmol/kg. Analyses of the effluent of the
reactor showed that the selectivity towards
éyclohexylhydroperoxide, cyclohexanol and cyclohexanone
was 92.3 mol% at a degree of conversion of cyclohexane of
3.5 mol%.

Example XIV

Example XII was repeated only now phenol was
used as the additive. The feed rate of the additive was
chosen so that the concentration in the reactor was 0.6
mmol /kg. Analyses of the effluent of the reactor showed
that the selectivity towards cyclohexylhydroperoxide,
cyclohexanol and cyclohexanone was 91.5 mol% at a degree
of conversion of cyclohexane of 3.4 mol%.

Example XV

Example XIV was repeated. The phenol
concentration was 0.3 mmol/kg and the total selectivity
was 91.9 mol% at a degree of conversion of cyclohexane of
3.5 mol%.



cycl ohexyi hydroperoxide in wt.%that is conparable with the—amount—of—
cycl ohexanol + cycl ohexanone in w.% Oten the mxture cont. .aj.ns nore than
2x as much cycl ohexyl hydr oper oxi de as cycl ohexanol + cycl oh S gplaced
the reaction. In contrast with this, the ﬁatalysed oxi dati o

m xture that contains |ess than 50960yc|6 exylhydroperOX|de

amount of cycl ohexanol + cyclohexanone in wt.% Often this is even less

t han 40% peroxide relative to the amount of cycl ohexanol + cycl ohexanon in
w. % The concembaaaitdweokbxpeclimankybhydroperoxide in the reaction mxture
as [t | eaves the (1ast) pgui (3Ll 231" GAG! Pbpbir8ANEREY! HoRek1ERBuL. ingnd 8 O
wt. % The cycl oal kanone Concéntration o P I's mxture |s enerally betmeen
0.1 and 10 w a@ditliencyfl eal kdditt ivencAnalysrsnoss thei sfinenteofsth

gene! a"yt bet \e%%%t%z sHoekd tHat”rnENeedRELe0i0y €8RMeAEi On Of cycl oal kane
relative to this

5 cyclohexylhydroperox1de, cyclohexanol and cyclohexanone
was 89.4 mol% at a degree of conversion of cyclohexane of

3.4 mol%.

e



react'i on mxture is generally between 0.5 and 25 % The gsqseefig 1aced

conversi on of cycl ohexane is generally between 2 and 6%“?l mﬁﬂm“

al series of connected reactors or a conpartnentalized tub

phenol i ¢ conpound can be supplied separately to each react

conpartment). It has been found that if itd preferable if the concentration
of phenolic conpound in the first reactors is relatively |Iower than the
concentration in the last reactor or reactors. It may al so be advant ageous
to supply a phenolic conpound to one @rLmdré& Med8ctors only and not to al

of the reactors. Oxygen as such, air, with increased or reduced oxygen

content, or oxygen mxed with n|trogen or anot her
1. Method for the continuous preparation of a mixture of

a cycloalkanone, a cycloalkanol and a

5 cycloalkylhydroperoxide, according to which the
corresponding cycloalkane is oxidized wherein the
cyclic alkane has between 5 and 20 carbon atoms, in a
continuous process, with the aid of an oxygen-
containing gas, in the absence of a metal catalyst,

10 at a temperature of between 130 and 200°C,
characterised in that the oxidation is at least
partly carried out in the presence of between 0.002
and 2 mmol of a phenolic compound per kg of reaction
mixture (mmol/kg).

15 2. Method according to claim 1, characterised in that
the phenolic compound contains one or more groups
according to Formula (1)

OH (1)

20
and is soluble in the cycloalkane'under reaction
conditions.
3. Method according to claim 2, characterised in that
the phenolic compound has a molecular weight of less
25 than 1000 and has 1-5 aromatic rings.
4, Method according to claim 3,'characterised in that
the phenolic compound is represented by Formula (2):
OH
RS R}

30 (2)
R4 R?

R3

where R' through R’ may, independently of one another,
be an —O-R® group or an R? group, where R® and R’ may,
35 independently of one another, be H or organic.groups
having between 1 and 30 carbon atoms, whether or not
substituted with ether, carbonyl, hydroxyl, amine,

LT




I nert gas can be chosen as the oxygen-contai ning gas. erable

but the air can be mixed with extra inert gas to prevent th B“mRekmmj
explosions. In general, in order to prevent the risk of expl

"oxygen- containing gas is fed tot e reactors, in such a ma

concentration of xygen in the offgas reﬂélns bel ow t he epr05|on I|m

The- suppl i ed anbunt of oxygen (cal cul ated as pure oxygen is generally
between 0.1 and 50 NI per 1 of cycloal kane. This anmount is dependent on the
reaction rate and @migken arsl Erstfear a_irlquppwr,esammlt/omnwm-zsns.*:alRl1 andeR$ dwiR? hi s

i's nOt_CFIt!Ca| %ﬁﬁf%@t%? §ED%H§e§i Rgeagg %99? Ll imting. The

i nvention wll her "el uci mnth re erence |OMAn
non-limting exanples. Panatidute @Wbaéhﬂ@ﬁﬁﬂé-ﬂélPé@mg¢é§srﬁéacP§N1@QOIune

equal to a liquid contergs gonsi ¥, N @fr 420 car®onC vtloagedecane
5 5. Method according to any one of claims 1-4,
characterised in that the concentration of phenolic
compound in the reaction mixture lies between 0.01
and 1 mmol /kg.

6. Method according to any one of claims 1-5,

10 characterised in that the concentration of phenolic
compound is smaller than 0.9 mmol/kg.

7. Method according to any one of claims 1-6,
characterised in that the concentration of phenolic
compound is smaller than 0.01 wt.%.

15 8. Method according to any one of claims 1-7,
characterised in that the cyclic alkane has between 5
and 20 carbon atoms.

9. Method according to claim 8, characterised in that
the cyclic alkane is cyclohexane.

20 10. Method according to claim 9, characterised in that
the phenolic compound is phenol.

11. Method according to any one of claims 1-10,
characterised in that the temperature during the
oxidation lies between 160 and 190°C.

25 12. Method according to any one of claims 1-11,
characterised in that the pressure during the
oxidation lies between 0.1 and 5 MPa.

13. Method as substantially described in the introduction
and the examples.

* € L M s &
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(of 170[err]C)) equipped with 4 baffles, a turbine mxer, coolers, a
t hermonmeter and two feed pipes nelted cycl ododecane was fed through one-
feed pipe, with the aid of a punp, at a rate of 732 g/h and through the

ot her pipe a solution of the additive in | ted cycl ododecane, with the aid
of a second punp, at a rate of 90 g/h.” ~ -8- residence tine was hence
20 mnutes. 2,6-ditertiary- butyl phenol was used as the additive. The feed
rate of the additive was controlled so that the concentration in the
reactor was 0.96 mmol /kg. The prodiktBVAST R A X fr mthe reactor via an
overflow pipe with the aid of a control valve. The reaction tenperature was

170[err] C. The speed of the stirrer was 2000
METHOD FOR THE CONTINUOUS PREPARATION OF A MIXTURE OF

A CYCLOALKANONE, CYCLOALKANOIL AND
5 A CYCLOALKYLHYDROPEROXIDE

Method for the continuous preparation of a

mixture of a cycloalkanone, a cycloalkanol and a

10 cycloalkylhydroperoxide, according to which the
corresponding cycloalkane is oxidized wherein the cyclic
alkane has between 5 and 20 carbon atoms, in a continuous
process, with the aid of an oxygen-containing gas, in the
absence of a metal catalyst, at a temperature of between

15 130 and 200°C, the oxidation being at leat partly carried
out in the presence of between 0.002 and 2 mmol of a
phenolic compound per kg of reaction mixture (mmol/kg).



: qorsRI-ATRs
mnferr]. Alr was supplied at ‘the botton1of the reactor via a gas

distribution systemat a rate of 30 nl/h. ‘Anal yses of the effluent of the
reactor showed that the selectivity towards cycl ododecyl hydr eper oxi-de, -

cycl ododecanol ~and cycl ododecanone was 73.4. 4.4 and ‘15.2 nol %
respectively. (total 93 nol% at a degree of cogversion of cycl ododecane of
4.4 mol % Exanple || Exanple | was repeated. The Teed rate of the additive
was controlled so that the concentration in the reactor was 0.094 mol / kg.
Anal yses of the effluent of the reactor showed that the selectivity towards

Cyclododecylhydrﬁ@&hgﬁ R ¢ NYOYs PREPARATIONI CFAAONIXTERES L. 6.
12.1 and 18.4 no tfﬁéﬁ%ﬁ. CydLomLRANOL ANDIcRree of
conver si on of cyclododecane of o¥ero Rk VL HEDROPEROX IDE -

+ e

The invention relates to a method for the
continuous preparation of a mixture of a cycloalkanone, a
cycloalkanol and a cycloalkylhydroperoxide, according to
which a corresponding cycloalkane is oxidized wheréin the
cyclic alkane has between S and 20 carbon atoms, in a
continuous process, with th% aid of an oxygen-containing
gas, in the absence of a metal catalyst, at a temperature
of between 130 and 200°C.

' Such a method for the preparation of a mixture
of cyclohexanone, cyclohexanbl and cyclohexylhydroperoxide
in a continuous process is dEscribed in EP-A-0092867.

A drawback-of this?known method is that the
selectivity of the oxidation reaction towards the desired

-p:oducts (cyclohexanone, cyclohexanol and
cyclohexylhydroperoxide) is relatively low, as a result of
which a significant amount of byproducts'is formed.

The aim of this invention is to provide a method
with which the selectivity of the cycloalkane oxidation
reaction towards desired pzo&ucts is higher. In particular
the aim of the invention is a method with which the '
selectivity towards cycloalk&lhydroperoxide is higher.

This aim is achieved because the oxidation is at
least partly carried out in ﬁhe presence of between 0.002
and 2 mmole of a phenolic co&pound per kg of reaction
mixture (mmol/kg). L

It has been found. that when the method according

[ ' to the inventlonlls used, the selectivity of the oxidation
reaction towards a cycloalkanone, cycloalkanol and in
partiéular towards cycloalkylhydroperoxide is higher,
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Example | was repleated. The feed rate of the additive was controlled so |,
that the-concentration in the reactor was i0.48 muol/kg. Anal yses of the -’
éf fluent of the reactor showed that the selectivity towards

cycl ododecyl hydroper oxi de, cycl ododecanol and cycl ododecanone was 68.0, 4.3
and 18.1 nol % respectively. (total 90.4 HDI@@ at a degr e of conversion of .
cycl ododecane of 5.0 nol % -9- Conpar atjieve experinents A - B Exanple |

was re eated but no additive was added. Adalyses of the eff uent of the
react or showed that the selectivity towards cy | ododecyl hydr oper oxi de,

cycl ododecanol g3éneue! e¥e Q@RROBRIMS 124t thdndwhed 1B $henolic
compound is present. ;

In SU-A-686329 a%method_is disclosed for
obtaining cyclododecylhydrdperoxide by oxidation of
cyclododecane in the preseﬁce of 0.01-30 wt.% of a
phenolic compound. The expériments are conducted with 1
wt.% (1170 mmol/kg) phenol, 2.5 wt.% (230 mmol/kg) cresol
and 0.2 wt.% (18 mmol/kg) tesorcinol. .

It is surprising that a siénificantly lower amount of
phenolic compound than dis%losed in these experiments has
a favourably effect on the%selectivity to cycloalkanone,
cycloalkanol and cycloalkyﬂhydroperoxide'and more in
particular to cyclohexanone, cyclohexanol and
cyclohexylhydroperoxide. i .

In an article inlkinetics and Catalysis USSR
(1960, 1(1), 46-62) phenolzbnd a-naphthol are mentioned
and are used as inhibitors{in the catalysed oxidation of
n—-decane. It is hence su:prﬁsing that the oxidation
reaction of a cycloalkane a@cording to the invention is
hardly slowed down by the addition of the phenolic
compound. ? : '

The use of phenolﬁc or dihydroxybenzene-like
compounds during the oxidatﬁon of cyclohexane with the aim
of increasing the selectivi%y is described in SU-A-197555.
In contrast to the method a%cording to the invention the
oxidation reaction is catalysed with the aid of a metal
catalyst at a temperature ok between 200 and 250°C and
results in a mixture of cycﬁohexanol and cyclohexancne. In
addition, according to the éxamples of SU-A-197555 a large

amount of phenclic compoundiis used per kg of reaction
mixture (90 and 140 mmol/kg?. It is hence surprising tpat
the addition of small amounFs of phenolic compound to an
uncatalysed oxidation and aF a lower temperature h;s a
positive effect with respect to the selectivity at the
same degree of conversion. ! _ |

The use of a phenplic compound during the

uncatalysed oxidation of cy#lododecane is described in an
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nol % respectively, at a degree of conversion of cycl ododecane of 4.67
nmol % This experinment was repeated. Anal yses of the effluent of the reactor
“showed that the selectivity towards cycl ododecyl hydroper oxi de,

cycl ododecanol and cycl odo ecanone was 51.:7, 15.3 and 19.5 nol % .
respectively, (total 6.5 nol% at a degree of conversion of cycl ododecane
of 4.7 nol % Exanple |V Exanple | was~répgated only now phenol was used as
the additive. The feed rite of the additive was controlled so that the
concentration in the reactor was 1.0 mmol /kg. Analyses of the effluent of
t he reactor axhbmnethﬁtPébﬁosehﬂccwmwtkpv\asda wgbqglode@xl)hygggperom de,
cycl ododeca C Qn

respectlvelgfﬁif tan%3£€Q99f 8 8t¥§3§rﬂ§ BPv85ﬁ68P§38ﬂ 6PtEyE%Bdodecane

of 4.4 nol yprfeaction mechanlsm of the oxldhtzon of cyclododecane. The
phenolic compound is added to a batch process after a
portion of the cyclododecane has already oxidized. The
article contains no indication that the addition of such a
phenolic compound in a continu:us process could result in
an inc;egsg in the selectivity;

The' phenolic compound is préferably an organic compound
having a molecular weigh of less thhn 1000 and having a molecular
weight of less than 1000 and having 1-5 aromatic rings.

A suitable group of phenolic compounds can be
represented by Formula (2):

O
RS Rt .
2
3 ) (2)
R3

where R! through RS may, indepghdently of one another, be
an -0-R® group or an R’ group,ﬁyhere R® and R? may,
independently of one another, be H or organic groups
having between 1 and 30 carbon atoms, whether or not
substituted with ether, carbonyl hydroxyl, amine, amide
and ester groups, :
and/or where R!' and R2 or R? and R?® or R? and R* or R! and
R® can together constitute an qlxphatlc or aromatic ring
having 5, 6, 7, 8, 10 or 12 ca&bon atoms.

- Examples of suitable;phenolic compounds, whether
or not substituted, are phenol, 2,6-ditertiary-
butylphenol, 2.G-ditertiary-buﬁyl-4-methylphenol,

5 This is the replacement sheet

pate: 2 0 FEB 1997



Exanpl e V Exanple IV was repeated only now the feed rate of the additive
was controlled so that the concentration in the reactor was 0.8 mml /kg and
f he cycl ododecane feed was |lowered in such an anount that the degree of
conversi on of cycl ododecane was 4.7 nol %_ Anal yses of the effluent of the
react or showed that the selectivity {owards cycl ododecyl hydr oper oxi de,

cycl ododecanol and cycl ododecanone was 58.0, 12.5 and 17.8 nol % e
respectively, (total 92.0 nol%. - 10 -}Exanple VI Exanple V was rep
ated only ndWaIRSGleed yephendl the bikfianal \art ardriary-hyut wphanal + he

concentrati LHydroxynaphthalene, 2,6-dimethylphenol, 2,4-ditertiary-
butylphenol, 2,4,6-tritertiary-butylphenol, 2,4-dimethyl-
6-tertiary-butylphenol, l-~hydroxynaphthalene,
hydroquinone, pyrocatechol, res_rcinol, p~phenoxyphenol
and o-phenylphenol. g '

Preferably m—-cresol, i,4-ditertiary—butylphenol.
2,6-ditertiary-butylphenol and phencl are used.

Mixtures of the aforementioned phenclic
compounds may also be used. Mix%u:es of phenolic compounds
that are prepared during the pnbparation of a specific
phenolic compound can for examp?e be used advantageously

' because further purification is;then not required.

The concentration of phenoliq compound is generally smaller
than 2 mmol/kg, preferably smaller than 1 mmol/kg and in
particular smaller than 0.9 m@ol/kg. The concentration of
phenolic compound is generally greater than 0.002 mmol/kg,
preferably greater than 0.01 mmol%kg and in particualar greater
than 0.05 mel/kg. The above mentioned concentrations are the
concentrations based on the amount of phenolic compound fed to
the reaction mixture. The actual a&erage concentration during the
oxidation reaction shall be 1owér than the above mentioned.
concentration because part of the phenollc compound will
disappear during the oxidation.

In general the invention relates to the
oxidation of cyclic alkanes haﬁing between 5 and 20 carbon:
atoms. In particular the invenqion_relates to:.the
oxidation of cycloalkanes havi&g between 6 and 12 carbon
atoms. Examples of suitable cyclic alkanes are
cyclohexane, cyclooctane and cyélododecane. In particular
the invention relates to the oﬁidation of cyclohexane
because the oxidation products cyclohexanol, cyclohexanone
and cyclohexylhydroperoxide, sqbarately or as a mixture,

~are used for many applicationsJ More in particular the
|

!
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the reactor was 0.48 mmol /kg. and the cycl ododecane conversion was 5.1
nol % Anal ysis of the effluent of the reactpor showed that the sel ctivity
t owar ds cycl ododecyl - hydr oper oxi de, cycl ododecane 1 and cycl ododecanone
was 61.4, 6.3 and 15.3 nol % respectively, }total 91.1 nol %9 . Conparative
experinent C Exanple VI was repeated but noj/additive was added. The degree
of conversion of cycl ododecane was 5.1 nnL@@as in Exanple VI. Analysis of
the effluent of the reactor showed that theLseIectivity t owar ds
cyclododecylhydroperoxide, cycl ododecanone and cycl ododecanol was 48. 6,

&és7r2nga32d4om%P§1 é?%%¥%L¥Fa%Otgbﬁt9F¥22EégﬁyPgﬁ&ggg%ﬁéégagxgaeé§lphe
addi tive. The fe@ench einfused addphenelmaséompbnnhlbécausbhghehh& is _
: easily obtainable. Cyclohexylhydroperoxide can for example
be used as 'an oxidizer in épe preparation of alkane
‘. epoxide from a corresponding alkene. The
cyclohexylhydroperoxide inithe mixture can also be
decomposed to obtain a mixqute of cyclohexanone and
cyclohexanol. This so-called K/A mixture is a product that
is used as such for examplé in the preparation of adipic
acid. The decomposition of ‘the cyclohexylhydroperoxide
generally takes place afteJ cooling of the mixture, under
the influence of a transitibn-metal catalyst such as
cobalt or chromium. Prefera&ly the decomposition of
cyclohexylhydroperoxide isicarried out with the aid of a
method described in EP-A-004105 or EP-A-092867.

The temperature dt which the oxidation is
carried out is generally between 130 and 200°C. The
temperature is preferably higher than 160°C. The
temperature is preferably Qower than 190°C.

The pressure at which the oxidation is carried
out generally lies between 0.1 and 5 MPa. The pressure is
preferably higher than 0.4 MPa. The pressure is preferably
lower than 2.5 MPa. In the;case that cyclohexane is
oxidized the pressure will)generally be higher than 0.6
MPa and lower than 2.0 MPa;

~ ‘The oxidation 1s}carrled out in continuous mode
and preferably takes place .in a system of reactors
connected in series or in % compartmentalized tube
reactor. The reaction is generally carried out
autothermally or by controlling the temperature. The
temperature is generally cdantrolled by discharging heat of
reaction via a stream of g s} via intermediate cooling or
via other methods known to a person skilled in the art. In
order to ensure that transﬁtion metals (which promote the
decomposition of cycloalkyfhydroperoxide) do not make
their way into the mixture [to be oxidized, reactors with
an inert inside wall are preferably chosen. To this end
This is the replacement sheet
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concentration in the reactor was 0.94 mol /kg. Analysis of the effluent of
the reactor showed that the selectivity towards cycl ododecylhydrop roxide,
éeycl ododecanol and cycl ododecanone was 59.2, 13.2 and 18.5 nol %
respectively, (total 91.9 nol% at a degreé of conversion of cycl ododecane
of 4.5 mol % Exanple VIII Exanple VII was repeated. The feed rate of the
additive was controlled so that the concentéation in the reactor was 1.9
nmol / kg. Analysis qf the effluent of the reactor showed that the
selectivity towards cycl ododecyl - hydroperoxi de, cycl ododecanol and

cycl ododecanone yg¢ &n lfo8. xangld b HDAL0of cE86EbYE! Navihgt #h B8s¥de
nol %9 at a degree of cgnver5|on of cgclofo efane of 4.
wall o passivated steel, ja

uminium, gaggé%gm, glass or

enamel. This is particularlly important in the case of

small production capacities, in which case the wall

surface versus the liquid viclume is disadvantageous. In

the case of large capacitie separate inertisation of the

wall is not absolutely nec Ssary. It will be clear that if
a negligible amount of metal ions make their way into the
oxidation mixture, which have no essential influence on -
the reaction, then, within he framework of the present
invention, one can speak oé an uncatalysed cycloalkane
oxidation. In contrast with the uncatalysed cyclocalkane
oxidation, the catalysed oﬁidation - which generally
involves the addition of a metal such as cobalt and
chromium - yields a reaction mixture with relatively
little cycloalkylhydroperoxjiide relative to cycloalkanone +
cycloalkanol.

Generally the p:ohuct of the uncatalysed
oxidation of cyclohexane cdmprises at least an amount of
cyclohexylhydroperoxide in wt.% that is comparable with
the amount of cyclohexanol # cyclohexancne in wt.%. Often
the mixture contains more than 2x as much
cyclohexylhydroperoxide as3¢yclohexanol + cyclohexanone
after the reaction. In coné:ast with this, the catalysed
oxidation yields a mixture Ehat contains less than 50%
cyclohexylhydroperoxide relative to the amount of
cyclohexanol + cyclohexanoné in wt.%. Often this is even
less than 40% peroxide relative to the amount of
cyclchexanol + cyclohexanone in wt.%.

The concentration%of cycloalkylhydroperoxide in
the reaction mixture as it 1eaves the (last) oxidation
reactor is generally between 0.1 and 8.0 wt.%. The
cycloalkanone concentration of this mixture is generally
between 0.1 and 10 wt.%. Thé cycloalkanol concentration of

. this mixture is generally b§tween 0.1 and 15 wt.%. The
degree of conversion of cycioalkane relative to this

reaction mixture is generally between 0.5 and 25 %. The

2 0 FEB 1897
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Exanpl e |1 X Exanple | was re eated only now mcresol was used as the

addi-tive. The eed rate of the additive was; controlled so that the con

entration.in the reactor was 1.1 mol/kg. Apalyses of t e effluent:of..the

reactor showed that the selectivity towards!cycl ododecyl hydroperoxide,

cycl ododecanol and cycl ododecanone was 65.__0;,7 8.1 and 18.5, respectively,

" (total 91.6 nol% at a degree of conversioni‘of cycl ododecane of 4.3 nol %
Exanpl e X Exanple | was repeated only nom74lnethoxyphenol was used as the

additive. The feed rate of the additive was,controlled so that the

concentration i ndegsereaft gonwes siod mﬁohMi}onhn§Q§nks(ﬁendnakﬁﬁlhgrueeﬁ 2

t he reactor showgdqgt gat the selectivity tom?rds cycl ododecyl hydr oper oxi de,

cycl ododecanol and -
¥ In the case of a(series of connected reactors or

a compartmentalized tube reactor the phenolic compound can
. _ be supplied separately to Each reactor (or compartment).
It has been found that it jis preferable if the
concentration of phenolic 4ompound in the first reactors
'is relatively lower than the concentration in the last
reactor or reactors. It may also be advantageous to supply
a phenolic compound to onem
to all of the reactors. ,
Oxygen as such, Jir, with increased or reduced
oxygen content, or oxygen mixed with nitrogen or another
inert gas can be chosen as:the oxygen-containing gas. Air
is preferable, but the air can be mixed with extra inert
gas to prevent the risk of!explosions. In'general, in
order to prevent the risk of explosion, so much oxygen-
containing gas is fed to the reactors, in such a manner,
that the concentration of dxygen in the offgas remains
below the explosion limit. IThe supplied amount of oxygen

Oor more reactors only and not

(calculated as pure oxygen1 is generally between 0.1 and
50 N1 per 1 of cyc:lo::alkane.i This amount is dependent on
the reaction rate and oxygen is preferably present in a
small excess but this is npt critical because the amount
of oxygen is generally notglimiting.

The invention will be further elucidated with
reference to the following inon-limiting examples.

Example I

_ Into a double—wailed glass reactor (volume equal
to a liquid contents consijting of 270 g of cyclododecane
(of 170°C)) equipped with 4 baffles, a turbine mixer,
coolers, a thermometer andjtwo feed pipes mélted
cyclododecane'was fed through one feed pipe, with the aid
of a pump, at a rate of 732 g/h and through the other pipe
a solution of the additive in melted cyclododecane, with
the aid of a second pump, at a rate of 90 g/h. The

This is the replacement sheet_
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cycl ododecanone was 60.7, 13.2 and 17.8 nol % respectively, (total 91.7
nol %9 at a degree of-conversion of cycl ododecane of 4.4 nol % Exanple Xl
Exanple 1 was repeated only now 2,4,6- tritertiary-butyl phenol was used as
the additive. The feed rate of the additive was co trolled so that the
concentration in the reacto was 1.0 mmol /ikg. Anal yses of the effluent of
the reactor showed that the selectivity towdrds cycl ododecyl hydrope oxi de,
cycl ododecanol and cycl ododecanone was 65.7, 9.9 and 16.4 nol %
respectively, (total 92.0 nol % at a degr of conversion of cycl ododecane
of 4.5 nol % Exappkéd¥hteExafpl @ak heacecpoaméduteky Boé~didedtiaeii-ary-

ch s, ous BRE RS UL bRKE ol EpkoRdei¥i6t! thioeRlH EAKS ¥Eoene
: additive was controlled so that the concentration in the
reactor was 0.96 mmol/kg.
The product was drained fr¢m the reactor via an overflow
pipe with the aid of a con$101 valve. The reaction
temperature was 170°C. The|speed of the stirrer was 2000
min~'., Air was supplied at {the bottom of the reactor via a
gas distribution system at a rate of 30 Nl/h. Analyses of
. the effluent of the reactor showed that the selectivity
towards cyclbdodecylhydrop'roxide. cyclododecanol and
cyclododecanone was 73.4, 4.4 and 15.2 mol%, respectively,
(total 93 mol%) at a degree of conversion of cyclododecane
of 4.4 mol%.

Example IT _

Example I was repeated. The feed rate of the
additive was controlled so that the concentration in the
reactor was 0.094 mmol/kg. Analyses of the effluent of the
reactor showed that the seﬂectivity towards
cyclododecylhydroperoxide, 'cyclododecancl and
cyclododecanone was 61.6, 12.1 and 18.4 mol%,
respectively, (total 92.1 mol%) at a degree of conversion
of cyclododecane of 4.4 mol%k.

Example ITI | _

Example I was repLated. The feed rate of the
additive was controlled so ‘that the concentration in the
reactor was 0.48 mmol/kg. A lyses of the effluent of the
reactor showed that the selzztivity towards
cyclododecylhydroperoxide.Zhyclododecanol and '
cyclododecanone was 68.0, 4.3 and 18.1 mol%, respectively,
(total 90.4 mol%k) at a degrée of conversion of
cyclododecane of 5.0 mol%. !

e
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-12- reactor was 1.1 mmol/kg. Analysis of the effluent of the reactor
showed that the selectivity towards cycl ododecyl hydr oper oxi de, “

:cycl ododecanol and cycl ododecanone was 67.4, 5.4 and 18.3 nol % _
respectively, (total 91.1 nol% at a degree of conversion of cycl ododecane
of 4.5 nmol %  Exanple XII1 An experinent: mﬁth cycl ohexane was carried out in
a setup equi pped for tests under pressurq;%rﬂlar to the setup described in
Examle |. 2,6-dibutyl-tertiary-4- nethyl phenol was used as the additive.
The feed rate of the additive was chosen so chat the concentration in the .

reactor was 1.25 mmol /kg. A alyses of the jeffluent of the
Comparative experiments A B

Example I was repeated but no additive was

. added. Analyses of the effluent of the reactor showed that
the selectivity towards cyglododecylhydroperoxide,
cyclododecanol and cyclododecanone was 54.6, 13.3 and 18.8
mol%, respectively, at a ddgree of conversion of
cyclododecane of 4.67 mol%s{ This experiment was repeaéed.
‘Analyses of the effluent o the reactor showed that the
selectivity towards cyclod décylhyd:operoxide,
cyclododecancl and cyclododecanone was 51.7, 15.3 and 19.5
mol%s, respectively, (totalJﬂS.s mol%) at a degree of
conversion of cyclododecane of 4.7 mols.

Example IV | /

Example I was repgated only now phenol was used
as the additive. The feed r?te of the additive was
controlled so that the condéntration in the reactor was
1.0 mmol/kg. Analyses of.th% effluent of the reactor
showed that the selectivitxltowafds
cyclododecylhyd:opetoxide.ﬁpyclododecanol and

- cyclododecanone was 59.6, 1&.8 and 18.7 mol%,
respectively, (total 93.1 mol%) at a degree of conversion
of cyclododecane of 4.4 mol%.

|
E;amglg v k

' Example IV was reéeated only now the feed rate

of the additive was controlled so that the concentration
in the reactor was 0.8 mmol}kg and the cyclododecane feed
wvas lowered in such an amouét that the degree of
conversion of cyclododecane was 4.7 mols. Analyses of the
effluent of the reactor shoéed that the selectivity
towards cyclododecylhydropeioxide, cyclododecanol and
cyclododecanone was 58.0, 12.5 and 17.8 mol%,

" respectively, (total 92.0 mdl%).

' |
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react or showed that the selectivity towardscycl ohexyl hydroperoxi de, c¢
cl.ohexanol and cycl ohexanone was 92.3 mol % at a degree of conversion of
cycl ohexane of 3.5 nmol % Exanple XIV Exanple XIl was repeated only now
phenol was_used.as the additive. The feed rgte of the additive was chesen
so that the comcentr ation in the reactor was 0.6 mmol/kg. Analyses of the
effluent of the reactor showed that the selectivity towar s

cycl ohexyl hydr oper oxi de, cycl ohexanol and-c}@l-ohexanone was 91.5 nol % at a
degree of conversion of cyclohexale of 3.4 | % Exanple XV Exanple XV was
repeated. The phenol concentration was 0.3 ol /kg and the-total

selectivity was daRol®l fgat a degree df co?version of cycl ohexane of 3.5

0
mol % . .- Example V was repdated only now the feed rate of

the additive was controlledso that the concentration in
the reactor was 0.48 mmol/ké. and the cyclododecane
conversion was 5.1 mol%. Anélysis of the effluent of the
reactor showed that the selectivity towards cyclododecyl-
hydroperoxide, cyclododecan¢l and cyclodcdecanone was
61.4, 6.3 and 15.3 mol%, respectively, (total 91.1 mol%).

3
Comparative experiment C f

Example VI was rgpeated but no additive was
added. The degree of conveﬁsion.of cyclododecane was 5.1
mol% as in Example VI. Anaiysis of the effluent of the
reactor showed that the selectivity towards
cyclododecylhydroperoxide, cyclododecanone and
cyclododecanol was 48.6, 1f.7 and 17.4 mol%, respectively
(total 77.6 mol%). |

3
_Example VI }

Example I was reqaated only now 2,6-ditertiary-
butyl—-4-methylphencl was used as the additive. The feed
rate of the additive was antrolled so that the
concentration in the reactér was 0.94 mmol/kg. Analysis of
the effluent of the reactor showed that the selectivity
towards cyclododecylhydroperoxide, cyclododecanol and
cyclododecanone was 59.2, 13.2 and 18.5 mol%, '
respectively, (total 91.9 &ol%) at a degree of conversion
of cyclododecane of 4.5 mol%.

]

',  Example VIII 3
Example VII was fepeated. The feed rate of the
additive was controlled so?that the concentration in the
reactor was 1.9 mmol/kg. Ahalysis of the effluent of the
reactor showed that the selectivity towards cyclododecyl-
hydroperoxide, cYclododecabol and cyclododecanone was
63.1, 8.6 and 17.0 mol%. respectively, (total 88.7 mol%)

at a degree of conversion bf cyclododecane of 4.6 mol%.
‘ ’ This is the replacement sheet
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13 Conparative experinment D Exanple Xl was repeated only now w t hout the
addition of an additive. Analyses of the effluent of the reactor showed
that the selectivity towards cycl ohexyl hydroperoxide, c cl ohexanol and

cycl ohexangne was 89.4 nol % at a degree of;conver3|on of cycl ohexane of 3.4

mol % ~ -8- CLAIMS 1. Met hod for the cohtinuous preparation of a mxture
of a ~ }
‘ -l 11 -
|
Example IX )

Example I was repeated only now m-cresol was
used as the additive. The feed rate of the additive was
controclled -so that the congentration in the reactor was

- 1.1 mmol/kg. Analyses of tie effluent of the reactor
showed that the selectivit} towards
cyclododecylhydroperoxide,  cyclododecanol and
cyclododecanone was 65.0, i.l and 18.5, respectively,
(total 91.6 mol%) at a degree of conversion of
cyclododecane of 4.3 mol%. | |

}
Example X | |

Example I was repgeated only now 4-methoxyphenol
was used as the additive. The feed rate of the additive
was controlled so that the iconcentration in the reactor
was 1.0 mmol/kg. Analysis éf the effluent of the reactor
showed that the selectivitg towvards
cyclododecylhydroperoxide, cyclododecanocl and
cyclododecanone was 60.7, 13.2 and 17.8 mol%,
respectively, (total 91.7 #:l%) at a degree of conversion
of cyclododecane of 4.4 mol;.

Example XI ?

Example I was :eﬁeated only now 2,4,6~
tritertiary-butylphenol was, used as the additive. The feed
rate of the additive was controlled so that the
concentration in the reactor was 1.0 mmol/kg. Analyses of
the effluent of the reactorlshowed that the selectivity
towards cyclododecylhydroperoxide, cyclododecanol and
cyclododecanone was 65.7, 9.9 and 16.4 mol%, respectively,

. (total 92.0 mol%) at a degree of conversion of
cyclododecane of 4.5 mol%.

Example XII !
Example I was repeated only now 2,4-ditertiary-
butylphenol was used as the'additive. The feed rate of the

additive was controlled so that the concentration in the
- This is the replacement sheet
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whi ch the correspondi ng cycl oal kane .i s oxi di zed wherein the cyclic al kane
has between 5 and 20 carbon atoms, in a continuous process, with the aid of
an oxygen-contai ning gas, in the absence of a netal catalyst, jat:-a .., -
tenperature of between 130 and -200[err]C, characterised in that the
oxidation is at least partly carried out in|the presence of between 0.002
and 2 mmol of a phenolic conpound per kg ofﬁieaction m xture (nmol/kg). 2.
Met hod according to claim1 characterised in that the phenolic conpound
has a nol ecul ar wei ght of |ess than 1000 and has 1-5 aromatic rings. 3.

Met hod accordi ngréacebai wag tharmmbtykgedanalybas bbBetpbesgklaef®NBEUBHeI S

represented by F (2%; r rrl.thcgugh rr] may,
I ndependent |y ofPé%gkgﬁo%hgygsbéha%hghs gLEeCleQEQ gongSS
cyclododecylhydroperoxide, kcyclododecanol and
cyclododecanone was 67.4, 5.4 and 18.3 mol%, respectively,
{total 91.1 mol%) at a degqee of conversion of

cyclododecane of 4.5 mol%. !

- Example XIII )

An experiment witt cyclohexane was carried out
in a setup equipped for tests under pressure similar to
the setup described in Examtle I. 2,6-dibutyl-tertiary-4-
methylphenol was used as the additive. The feed rate of
the additive was chosen so that the concentration in the
reactor was 1.25 mmol/kg. Apnalyses of the effluent of the

reactor showed that the selectivity towards
cyclohexylhydroperoxide, c?clohexanol and cyclohexanone
was 92.3 mol%s at a degree of conversion of cyclohexane of
3.5 mol%. |

Example XIV .

Example XII was rjepeated only now phenocl was
used as the additive. The fieed rate of the additive was
chosen so that the concentration in the reactor was 0.6
mmol/kg. Analyses of the effluent of the reactor showed
that the selectivity towasz cyclohexylhydroperoxide,
cyclohexanol and cyclohexanone was 91.5 mol% at a degree
of conversion of cyclohexaée of 3.4 mols.

Example XV J
Example XIV was ﬁepeated. The phenol
concentration was 0.3 mmol/kg and the total selectivity

was 91.9 mol% at a degree df conversion of cyclohexane of
3.5 mol%.
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an -O-Rerr] group or an R err] group. mhqre Rlerr] and R err] may,

i ndependently of one another be H or orgaqic groups having between 1 and 30
:car on atons, whether or not substituted with ether, carbonyl, hydroxyl,
amne, and ester groups, and/or wh re Rlerr] and Rerr] or Rlerr] and -
Rlerr] or Rerr] and RlerrJor Rerr] and R err] may toge her constitute an

aliphatic or aromatic ring having 5, 6, 7. ﬁ 10 or 12 carbon atons. 4,
Met hod according to any one of clains 1-3,‘ haracterised in that the

concentration of phenolic conmpound in the feaction mxture |lies between
0.01 and 1 mmol/kg. 5. Method according to any one of clains 1-4,

characterised i L of, phenolic conpound is smaller

than 0.9 mmmol/kg. Example XII was repeated only now without the
addition of an additive. Alalyses of the effluent of the

reactor showed that the seiectivity towards

cyclohexylhydroperoxide, cyclohexanol and cyclochexanone

was 89.4 mol% at a degree i

3.4 mol%. )

f conversion of cyclohexane of

| This. is the repfacement sheet



_6 Met hod accordlng to any one of clains 115' characterised in that the
cyclic alégﬂgﬂﬁgg_beLmeeﬂ=5—and 20 carpon atons. 7. Nethod according to
tlaimé aracterised gﬁat t he cycllc al kane i s cycl ohexane. 8. thhod

'accordlng t “ﬂ“& terised in that the phenolic conpound is
phenol . 9.

to any .one oﬂ4clalns 1-8, characterised in that
t he tenperaturecdurlng t he oxi datron I'i es petween 160 and 190[err]C. 10.

Met hod accordi ng-to_any one: of :cl.ai n8 1-9, -chqracterlsed in that the
pressure durlng the oxi dati on Iles betmeen 0. and 5 NPa

= [P Y - -'-_‘-- . - -

|
. c;LAI;ns
1. Method for the continuous preparation of a mixture of a
cycloalkanone, a cycloalkanpl and a cycloalkylhydro-—
peroxide, according to which the coirespondinq
cycloalkane is oxidized whetein the cyclic alkane has
.between S and 20 carbon ato s[ in a continuous process,
with the aid of an oxygen-cOntaining gas, in the absence
of a metal catalyst, at a temperature of between 130 and
200°C, characterised in that the oxidation is at least
pacrtly carried out in the pIesence of between 0.002 and 2
mmol of a phenclic compoundper kg of reaction mixture
(mmel/kg) . ?
2. Method according to claim 1, characterised in that the
phenolic compound has a molgcular weight of ‘less than
1000 and has 1-5 aromatic rings. '
3. Method according to claim 2; characterised in that the
phenolic compound is_repres%nted by Formula (2):
oH {
RS R

R¢ -3 .I!L (2)

Rl

where R®* through R"mag, indgpendently of one another, be
an -0-R® group or an R’ group, where R® and R’ may,
independently of one another, be E or organic groups
having between 1 and 30 carbon atoms, whether or not -
substituted with ether, carbonyl, hydroxyl, amine, . Gamadl
and ester groups. and/or where R' and R? or R? and R? or R?
and R* or R' and RS may togeiher constitute an aliphatic

6

or aromatic ring having 5, 6, 7, 8, 10 or 12 carbon

atoms. \
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10.

N B

Method according to any one of claims 1-3, characterised
in that the concentration éf phenclic compound in the
reaction mixture lies between 0.01 and 1 mmol/kg.

Method according to any one of claims 1-4, characterised
in that the concentfation;&f phenolic compound is smaller
than 0.9 mmol/kg. 3

Method according to any one of claims 1-5, characterised
invthat the cyclic alkane has between 5 and 20 carbon
atoms. v

Method according to claim 6, characterised in that the
cyclic alkane is cyclohexane.

Method according to claim ?, characterised in that the
phenolic compound is_phenoi.

Method according to any oné of claims 1-8, characterised
in that the temperature during the oxidation lies between
160 and 190°C. .

Method according to any on% of claims 1-9, characterised

in that the pressure du:ing the oxidation lies between
0.1 and 5 MPa. |
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