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The invention relates to a process for the

5 ©preparation of cyclohexyl hydroperoxide by converting
cyclohexane into a mixture substantially consisting of
0.5-8 wt.% of cyclohexyl hydroperoxide and 0.1-4 wt.% of
cyclohexanol and cyclohexanone in cyclohexane, this being
effected with an oxygen—-containing gas at a temperature

K 10 between 130 and 200°C and a pressure between 4 and 50 bar
during 0.05 to 14 hours in the absence of catalysts, and
optionally subjecting the mixture after the reaction to
partial expansion.

_ Such a process is known from EP-A-004105.

15 Cyclohexyl hydroperoxide is used for the
preparation of cyclohexanol and cyclohexanone. To this end
the cyclohexyl hydroperoxide is decomposed in a separate
reaction step under the influence of a metal catalyst. The
preparation of cyclohexanol and cyclohexanone through

20 oxidation of cyclohexane to mainly cyclohexyl hydro-
peroxide in the absence of catalysts and subsequent
decomposition of the cyclohexyl hydroperoxide in a
separate reaction step is called the uncatalyzed cyclo-
hexane oxidation. It is essential that no (metal)

25 catalysts be present during the oxidation.

In the catalyzed cyclohexane oxidation - where
cobalt and/or chromium compounds are usually applied -
cyclohexanol and cyclohexane are the main products formed,
besides a relatively small amount of cyclohexyl hydro-

30 peroxide, a large portion of the cyclohexyl hydroperoxide
being already decomposed during the oxidation. As a rule
the product of the uncatalyzed oxidation comprises a
weight percentage of cyclohexyl hydroperoxide that is at
least comparable to the weight percentage of cyclohéEEHgi

35 + cyclohexanone. Often, the amount of cyclohexyl hydro-
peroxide present in the mixture after reaction is 2x as

- large as the amount of cyclohexanol + cyclohexanone. In
{contrast, the catalyzed oxidation yields a mixture that
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5 The advantage of the catalyzed oxidation is that

this oxidation reaction can easily be carried out and
simply be controlled. A disadvantage of the catalyzed
oxidation is, however, that relatively many by-products
are formed, such as alkyl carboxylic acids. In view of the

10 low conversion in the cyclohexane oxidation (usually lower
than 6%, but higher than 2%), this is a major disadvantage
since a substantial part of the raw material is lost.
Still, by far the majority of the commercial processes use
a catalyzed oxidation.

15 In the uncatalyzed cyclohexane oxidation a
smaller number of by-products is obtained. However, this
process has the disadvantage that it is very difficult to
start the oxidation reaction and to keep it going, so that
a longer reaction time and/or higher temperatures are

20 needed for an acceptable conversion, on account of which a
part of the advantage is lost, for this also results in
by-product formation.

The invention provides a solution to this
problem and is characterized in that 0.1 to 3 wt.% of

25 oxidic products with linear or cyclic alkyl chains with 1
to 6 carbon atoms are present in the cyclohexane at the
start of the oxidation reaction.

GB—A—1151287 describes a process in which cyclo-
hexane is oxidized in the presence of oxidic products. GB-

30 A-1151287 however describes an oxidation of cyclohexane at
120°C and the oxidic products mentioned are products with
the same carbon number as cyclohexane. Furthermore the
continuous oxidation of cyclohexane takes place with 1.1 -
1.3 % cyclohexylhydroperoxide present and no indication is

35 given how much cyclohexylhydroperoxide is present at the
beginning of the oxidation. According to the present
invention the start of the oxidation is promoted by adding
extra oxidic components to the reaction mixture. In
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alkanones and cycloalkylhydroperoxides. US—-A-349156

10 teaches however that the oxidation of cycloalkanes with
high carbon numbers react different than cyclohexane.

It is surprising in view of an article of Vasin
et al. (Khimicheskaya Promyshlennost, Vol. 20, No. 7, page
3-6, 1988) and in view of US-A-5043481 that adding C,-—

15  oxidic products to the oxidation reaction of cyclohexane
is advantageous. The article of Vasin et al. teaches that
the concentration of cyclohexanol and cyclohexanone in the
cyclohexane to be oxidized should be kept as low as
possible because their presence would result in a loss of

20 yield of useful products. US-A-5043481 teaches that the
return of oxidation products to the oxidation zone results
in significant loss of net selectivities on a molar basis
to cyclohexylhydroperoxide, cyclohexanone and cyclo-
hexanol. Thus US-A-5043481 teaches that the amount of C4-

25 oxidic products fed to the oxidation should be kept as low
as possible. Furthermore US-A-5043481 and the literature
cited there teach that it is desirable to add a tertiary
alcohol in a large amount to the alkane to be oxidized in
order to accelerate oxidation. This has as a disadvantage

30 that makeup tertiary butanol, for example, is to be
supplied continually.

From US-A-3109864 (which relates to a catalyzed
oxidation process), for example, it appears that it is
customary to purify the cyclohexane to be recycled.

35 The present invention provides a simplified
procéss in which cyclohexane to be recycled need not be
purified and no makeup of tertiary alcohols is needed,
while still resulting in oxidized cyclohexane that is
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Oxidic products with linear or cyclic alkyl
chains are in particular alcohols, alkanals, alkene
oxides, alkanones, acids and/or alkyl hydroperoxides.
Preferably, use is made of alkanones, alkanols, alkanals
and alkene oxides. Examples of suitable oxidic products
are formic acid, acetic acid, ethanol, acetaldehyde, 1-
propancl, 2-propanol, propanal, propanone, butanal,
butanone, 1l-butanol, 2—butanol; 2-pentanone, pentanal,
pentanol, cyclopentanol, cyclohexanol, cyclohexanone, 6-
hydroxy hexanone, 6-hydroxy hexanal, 1,2-dihydroxy cyclo-
hexane, cyclchexyl hydroperoxide, cyclohexene oxide or
mixtures of these.

_ As a rule the boiling points of the oxidic
products are lower than that of cyclohexanone.

Preferably, use is made of mixtures of oxidic
products, mixtures being simply available.

Linear or cyclic alcohols, alkanals, alkanones,
alkene oxides, acids and/or alkyl hydroperoxides with 1-6
carbon atoms are preferably added to clean cyclohexane at
the start-up of a plant. Use may also be made of cyclo-
hexane in which these components are already present. In
the rest of this application the wcrd 'components’ will be
used as a collective noun designating the oxidic products
with linear or cyclic alkyl chains.

Preferably, more than 0.2 wt.% and in particular
more than 0.25 wt.% of these oxidic products are present
in the cyclohexane to be oxidized. As a rule the
advantages of the invention are fully achieved if the
amount of oxidic products is below 2 wt.%, the upper limit
not being critical. However, if the amount of oxidic
products is too high at the start, the process efficiency
decreases because the maximum desirable conversion is
rapidly achieved. The amount of C; compcnents is

. preferably less than 1 wt.% and the amount of Cs

components is preferably less than 1 wt.%.
Oxidation can be performed either batch wise or

I
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circumstances of oxidation in this reactor part can be

10 compared to the start of a batch wise oxidation. The
' circumstances of oxidation in the last reactor can be
compared to the circumstances at the end of a batch wise
oxidation.
‘Oxidation preferably takes place in a system of

15 reactors arranged in series or in a pipe-reactor with
compartments. Usually oxygen or oxygen containing gases
are supplied to each reactor or reactor part. It is very
important that the oxidation starts in the first
reactor(s) (reactor parts) because otherwise the off gases

20 leaving the seperate reactors will contain too much oxygen
and hydrocarbons (such as evaporated cyclohexane). These
gas mixtures can cause explosions. By performing the
oxidation according to the invention this safety risk can
be minimized.

25 As a rule the reaction is carried out
autothermally or through control of the temperature.
Temperature control is usually effected by discharging the
reaction heat via a gas flow, an intermediate cooling, or
other methods known to one skilled in the art. To prevent

30 transition metals (which promote cyclohexyl hydroperoxide
decomposition) from entering the mixture to be oxidized,

- preferably reactors are chosen the internal walls of which
are inert. Use can be made for example of reactors with
internal walls made of passivated steel, aluminium,

35 tantalum, glass or enamel. This is of particular
importance for small production capacities, where the
ratio between wall area and liquid volume is unfavourable.
For large capacitiés, separate inertization of the wall is
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negligible amount of metal ions not having any substantial

influence on the reaction enters the oxidation mixture, in
the framework of this invention the reaction is considered

5 an uncatalyzed cyclohexane oxidation. In contrast with the
uncatalyzed cyclohexane oxidation, the catalyzed cyclo-
hexane oxidation - as a rule with cobalt and/or chromium
addition - yields a reaction mixture with a relatively
small amount of cyclohexyl hydroperoxide compared with

10 cyclohexanol + cyclohexanone.

It is essential to the process according to the
invention that the components be present already at the
start of the oxidation reaction. In a'continuously
operated oxidation the components'are fed to the (first)

15 reactor part in which the start of the oxidation takes
place. Although this is not necessary, preferably the
components are added to the cyclohexane before the
cyclohexane enters the (first) reactor, or the cyclohexane
already contains these components. It is also possible for

20 the components (optionally mixed with a portion of the
required cyclo-hexane) to be passed through a separate
line into the (first) reactor and to be mixed with clean
cyclohexane there. Clean cyclohexane is understood to mean
cyclohexane with less than about 0.05 wt.% of oxidic

25 products with linear or cyclic alkyl chains.

The start of the oxidation according to the
invention can be defined in two ways. First, the start of
the oxidation takes place when between 0 and 0.5 wt.%
oxidic C4 components are formed apart from the oxidic Cg

30 components added according to the invention. Second, the
start of the oxidation, regardless of the amount of oxidic
components added according to the invention, takes place
when oxygen and cyclo—hexane are present together at a
certain temperature (130-200°C) during a certain residence

35 time. At relatively low temperatures, like 160°C, the
start of the oxidation will take place in the first 20
minutes. At higher temperatures, like 190°C, the start
will take place in the first 2 minutes. By using the law
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or they can relatively easily be separated also upon

10 further oxidation to acids, or they are relatively rapidly
oxidized to CO, upon further oxidation, so that the
mixture after reaction contains a relatively small amount
of interfering component.

. The use of these components is very

15 advantageous, not only because they strongly increase the
reaction velocity, but also because it was found that
these components do not have any adverse influence on the
selectivity of the oxidation process.

- In a second preferred embodiment of the process

20 according to the invention,'besides more than 0.1 wt.% of
components with 1 to 5 carbon atoms use is also made of
more than 0.1 wt.% of components with 6 carbon atoms. This
relates specifically to cyclohexanol, cyclohexanone and
cyclohexyl hydroperoxide. Hexanal and cyclohexane epoxide

25 are very suitable, too. Preferably, this C; component is
present in an amount of less than 1 wt.%, since larger
amounts decrease the selectivity towards the target
product. This embodiment is advantageous because during
cyclohexane oxidation the amount of components with 1-5

30 carbon atoms may become smaller than desirable. By keeping
process—inherent C; component in the cyclohexane that is
to be recycled, or optionally by making up for any losses,
there is no need for the purchase or makeup of components
with 1-5 carbon atoms.

35 In practice, particularly components with 4-5

- carbon atoms - besides those with 6 - prove very suitable.
In a third embodiment of the process according
to the invention use is made of 0.1-3 wt.% of Cq ————
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al cohol s is negapdnewtis.eThiilsl is of special advantage if entirely
‘clean’ cyclohexane is used. The C; component can be
obtained, for example, from the light components flow
5 (consisting particularly of hexanal and cyclohexene oxide
in cyclohexanone) that is distilled off in the ,
cyclohexanone purification process. Until now burning of
fhese components has been fairly customary. _ '
' For one skilled in the art it is also possible

10 to combine these embodiments, so that independent of the
process operation of the oxidation one or more measures
can be applied simultaneously or independently.

In particular the second embodiment is
preferably carried out by condensing the off-gases formed

15 during oxidation, optionally together with the gas mixture
formed upon expansion of the reaction mixture (together:
the gas flow), and supplying them to the start of the
uncatalyzed cyclohexane oxidation without any further
purification step. This ensures that the desired amounts

20 of C,-C; components continue being recycled, and in the-
case of continuous process operation there is no need to
add linear or cyclic oxidic products to the process to
ensure that the oxidation reaction proceeds properly.

There are energetic advantages in using the heat

25 released upon condensation of the recycled gas flow for
heating the fresh cyclohexane fed to the reactor. This can
be effected either using a heat exchanger or by direct
absorption of the gas flow in cyclohexane that is to be
heated.

30 As oxygen—containing gas, oxygen as such may be
chosen, air, rich or poor in oxygen, or oxygen mixed with
nitrogen or another inert gas. Air is preferred, but the
air can be mixed with extra inert gas to eliminate the
risk of explosions. To eliminate the risk of explosions

35 usually so much oxygen-containing gas is fed to the

~ reactors, in such a way, that the oxygen concentration of
the off-gas remains below the explosive limit. The oxygen
feed (calculated as pure oxygen) as a rule amounts to
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Usually it is desirable to cool the reaction
mixture leaving the oxidation reactor before allowing the
cyclohexyl hydroperoxide to decompose. As a rule the
reaction mixture is cooled at least 10°C, preferably at
least 30°C. The reaction mixture is preferably cooled by
expansion, but cooling can also be effected by means of
heat exchangers. If expansion is applied, a portion of the
cyclohexane is evaporated (with some C,_C, components),
which is preferably fed back to the oxidation. On account
of the expansion simultaneous concentration of the
cyclohexyl hydroperoxide to be decomposed takes place.
This is advantageous as it makes it possible to carry out
the decomposition step more efficiently and because less
decomposition catalyst (see below) is needed.

Cyclohexyl hydroperoxide decomposition takes
place, after cooling, under the influence of a transition
metal catalyst, such as cobalt or chromium, preferably as
described in EP-A-004105 or EP-A-092867.

As a rule the decomposition temperature is
between 20 and 150°C, preferably between 50 énd 130°C. The
pressure in this step is not critical and usually it will
be between 1 and 30 bar.

Cyclohexyl hydroperoxide, preferably in a
concentration of 4-50%, can also be applied very
advantageously as oxidizing agent in the preparation of
alkane oxide from a corresponding alkene.

The invention will be elucidated on the basis of

the following non-restrictive examples.
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Comparative Experiment A

A 5 1 batch reactor with a reflux condenser was
charged with pure cyclohexane (99.9+%, HPLC grade). The
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experiment was stopped. Subsequently, the liquid

5 composition was analyzed. Besides cyclohexane there was
only 0.26 mol% of cyclohexyl hydroperoxide, 0.02 mol% of
cyclohexanol and 0.01 mol% of cyclohexanone. Acids and C,_
Cs components were found only in trace amounts.

10 Example T
A 5 1 batch reactor with a reflux condenser was

charged with cyclohexane. In total the cyclohexane
contained 0.2 mol% of cyclohexyl hydroperoxide, cyclo-
hexanol and cyclohexanone. By means of a'thermostatted

15 bath the reactor temperature was raised to 165°C and
maintained at that level. Air was blown through the
reactor. The vapour from the reactor was completely
condensed in the reflux condenser. After 25 minutes the
air supply was shut off and the reactor cooled. The liquid

20 contained 1.89 mol% of cyclohexyl hydroperoxide, 0.22 mol%
of cyclohexanone, 0.20 mol% of cyclohexanol, 0.18 mol% of
acids and 0.08 mol% of components with 3-5 carbon atoms.
This experiment proves that in this amount oxidic products
with 6 carbon atoms have a strongly reaction accelerating

25 effect.

Example IT
The reactor described in Example I was charged

with cyclohexane containing 0.2 mol% of cyclohexanol,

30 cyclohexanone and cyclohexyl hydroperoxide as well as 0.25
mol% of C, and C5 components (butanol, pentanone, pentanal
and pentanol). The temperature was set at 165°C. After air
had been blown through for 25 minutes, the reaction was
stopped. The liquid was analyzed and it was found to

35 contain 2.97 mol% of cyclohexyl hydroperoxide, 0.54 mol%
of cyclohexanone, 0.43 mol% of cyclohexanol, 0.41 mol% of
acid and 0.29 mol% of C;_C; components. This experiment
proves that the addition of C,/Cs components strongly
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Example III
The experiment of Example II was repeated at
5 160°C. After 25 minutes the reaction was stopped. The
liquid composition was: 2.03 mol% of cyclohexyl hydro-
peroxide, 0.21 mol% of cyclohexanone, 0.19 mol% of
cyclohexanol, 0.13 mol% of acids and 0.26 mol% of C,—Cs
components. This experiment proves that at the same

10 conversion as in Example I a much better selectivity was
achieved (0.13 mol% of acid instead of 0.28 mol%) through
the use of a reaction temperature that was 5°C lower.

Example IV
15 The reactor was charged with cyclohexane

containing 0.3 mol% of cyclohexanol, cyclohexanone and
cyclohexyl hydroperoxide and 0.25 mol% of C;_Cs components.
The reactor temperature was raised to 160°C and air was
blown through. After 25 minutes the reaction was stopped.

20 The liquid was analyzed, yielding the following
composition: 2.05 mol% of cyclohexyl hydroperoxide, 0.23
mol% of cyclohexanol, 0.27 mol% of cyclohexanone, 0.15
mol% of acids and 0.31 mol% of C,;.Cs; components. This
experiment proves that on account of addition of C.-Cs

25 components a larger amount of C6 component does not have
any adverse influence on the overall selectivity as
compared with Example II.

Example V _
30 The first reactor of a cascade of 4 reactors in

series (25 1 each) was charged with 141.6 kg/hr of
cyclohexane. Besides cyclohexane this flow contained 0.12
wt.% of cyclohexyl hydroperoxide, 0.32 wt.% of cyclo-
hexanol, 0.19 wt.% of cyclohexanone and 0.34 wt.% of C, Cs
35 component. The reactors were continuously operated at a
pressure of 9.7 bar and a temperature of 169-170°C. The
overhead discharge flows from the reactors contained,
besides nitrogen, 54 kg/hr of cyclohexane vapour with
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oxidic products in the cyclohexane to be oxidized could be

and cycl ohexanone Mﬂ|“mlq&5 Elﬁqmgaﬁach reactor part un- til the reqU|red

kept roughly constant, this amount being such that a

10 uniform and smooth continuous reaction took place. To each
of the réactors 1.6 kg/hr of air was supplied. The
reaction, and in particular the residence time, was
controlled such (by adjusting the cyclohexane feed flow)
that slightly more than 2% cyclohexyl hydroperoxide was

15 present in the reaction mixture discharged. Under these
conditions the residence time was about 0.7 hours, and the
flow leaving the 4th oxidation reactor 88.6 kg/hr. This
flow contained 2.2 wt.% of cyclohexyl hydroperoxide, 1.6
wt.% of cyclohexanol, 0.76 wt.% of cyclohexanone, 0.4 wt.%

20 of acid and 0.27 wt.% of C;.C; components. The efficiency
in terms of the target product (cyclohexyl hydroperoxide,
cyclohexanone and cyclohexanol) was 87 wt.%. Through
expansion (evaporation, mainly of cyclohexane) the
reaction mixture was cooled down to 110°C. The cyclohexyl

25 hydroperoxide concentration in the mixture after cooling
was 3.1 wt.%. ' '

Example VI
The first reactor of a set—up as described in

30 Example V was charged with 181 kg/hr of cyclohexane. The
composition of this flow was 0.12 wt.% of cyclohexyl
hydroperoxide, 0.27 wt.% of cyclohexanol, 0.16 wt.% of
cyclohexanone and 0.63 wt.% of C, C; components. The
oxidation reactors were operated as in Example V at 9.7

35 bar and 169-170°C. Besides nitrogen, the overhead flows
from the reactors contained 66.5 kg/hr of cyclohexane
vapour with small amounts of C;_Cg components. This vapour
was absorbed in 114.5 kg/hr of cold cyclohexane, and this
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8 As a rule the reaction is carried out autothermally or through
control of the tenpgiaShaetéias Hre %ure con- trol is usual ly effected by

di schargi ng the react Eﬁ gas f I%{v,_ an internedjate co [ NGy OF
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als (which pronote c ohexyl hydroperoxi de deconpo- sitjon) fRkgm -m
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wal | s of whi cRizturenwas. used esnfeedrfgs the &izspl seettpeactor sawht bfi n-
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is i I cul ar i nportancge
e”a”Ef' Thi's Q%dognp%ggtggu ar'g%e res%dence time, was controlled such

(by adjusting the cyclohexane feed flow) that slightly
5 more than 2% cyclohexyl hydroperoxide was present in the
outflowing reaction mixture. Under these conditions the
residence time was 0.55 hours, and the flow leaving the
4th reactor 115.5 kg/hr. This flow contained 2.3 wt.% of
cyclohexyl hydroperoxide, 1.3 wt.% of cyclohexanol, 0.6
10 wt.% of cyclohexanone, 0.31 wt.% of acid and 0.28 wt.% of
C3.Cs compounds. The efficiency in terms of the target
product (cyclohexyl hydroperoxide, cyclohexanone and
cyclohexanol) was 88 wt.%. _
This example proves that there is a clear
15 increase in the reaction velocity upon an increase in the
amount of C; C; components from ~ 0.3 to ~ 0.6 wt.%, while
the selectivity towards the target compounds is even
enhanced somewhat. '
In this example, too, it proved to be possible
20 to carry out a smooth, uniform, continuous, uncatalyzed
cyclohexane oxidation.

Example VII
In the same way as in Example VI, 181 kg of

25 cyclohexane was supplied, which consisted of 90 kg/hr of
clean cyclohexane, 66.5 kg/hr of vapour from the reactors,
and 24.5 kg of vapour obtained upon expansion of the
outflowing reaction mixture (which resulted in cooling of
the mixture from 180°C to 110°C). The composition of the

30 cyclohexane fed to the first reactor was: 0.19 wt.% of
cyclohexyl hydroperoxide, 0.35 wt.% of cyclohexanol, 0.21
wt.% of cyclohexanone and 0.72 wt.% of C,_Cs components.
The flow leaving the fourth reactor amounted to 115 kg/hr.
This flow contained 2.4 wt.% of cyclohexyl hydroperoxide,

35 1.5 wt.% of cyclohexanol, 0.8 wt.% of cyclohexanone, 0.42
wt.% of acid and 0.30 wt.% qf C;.C; components.

This experiment shows that recycle flows from
the process are very suitable for the supply of C,_Cg



for small production capacities, where the ratio between wall area and
l'iquid volunme is unfavourable. For |arge capacities, separate inertization
of the wall is not strictly necessary. It wll be clear that, ifAﬁ 7100

negligi bl e amount of netal ions not having any substanti nce on the
reaction enters the oxidation mixture, in the framework pfTHSEEETYRBHERN |
the reaction is considered an uncata- |yzed cycl ohexane i_datREPhACED

contrast w t hcomponends te e¥ed aheXagi®exane oxi dation, the catal yzed
cycl ohex- ane oxidation - as a rule with caobalt and/or chrom um addi tion -
yields a reaction mxture with a relatively small anount of cycl ohexyl
hydr oper oxi de =t h cy- cl ohexanol + cycl ohexanone.

The cyclohexyl hydroperoxide containing flow

5 obtained in Example VI was subjected to a peroxide

decomposition step as described in Example I of EP-A-
92867. The resulting mixture, mainly comprising cyclo-
hexanol and cyclohexanone, wés subjected to separation by
distillation. In a first column the components lighter

10 - than cyclohexanone'were separated off. These consisted of
hexanal, 1,2-dihydroxy cyclohexane, epoxy cyclohexane and
some cyclohexanone.

In the same way as. in Example III cyclohexane

was air-oxidized, 1.0 wt.% of the mixture from the above-

15 described first column having been added to the clean
cyclohexane (so that the cyclohexane contained 0.3 wt.% of
Cs and 0.6 wt.% of C; components). The composition of the
liquid obtained after 25 minutes’ oxidation was: 2.6 wt.%
of cyclohexyl hydroperoxide, 0.47 wt.% of cyclohexanol,

20 0.74 wt.% of cyclohexanone, 0.41 wt.% of acids and 0.62
mol% of C;_Cs; components.

The examples prove that there are several points
in a process for the preparation of cyclohexanone and
25 cyclohexanol at which oxidic products are formed that can
very advantageously be used in the process according to
the invention.
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be passed through a separate |Iﬂe into the %B % ctor aﬁg to be m xed
with clean cybt ohekEOSRES{ heF cthey RLaPRYREY Y% L1 B¥dr 25 rean
cycl ohexane with | pesekbhae Bpocdbndedbing. &yoiohéxdne pnbduatm1mtuhellnear

or ‘cyclicgal kyl ch T he-oxi da C e
|nvent|onscan be d éﬂgiﬁtlngtggbﬁggéé %ilé 5¢ geggé ? %fgghgﬁgg?%8x§?lon
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apart fromthe oxigyg16h8%8hoi@Min cyclohexane, this being effected
using an oxygen—-containing gas at a temperature
between 130 and 200°C and a pressure between 4 and 50
10 bar during 0.05 to 14 hours in the absence of

catalysts, and optionally subjecting the mixture
after the reaction to partial expansion, this process
being characterized in that 0.1 to 3 wt.% of oxidic
products with linear or cyclic alkyl chains with 1-6

15 carbon atoms are present in the cyclohexane at the
start of the oxidation reaction.

2. Process according to claim 1, characterized in that
the oxidation is performed continuously in a serie of
at least two reactor parts in which the start of the

20 oxidation reaction takes place in the first reactor
part or first reactor parts and in which the amount
of cyclohexyl hydroperoxide, cyclohexanol and
cyclohexanone increases in every reactor part.

3. Process according to claim 2, characterized in that

25 the oxidic products are fed to the reactor part in
which the start of the oxidation takes place.

4, Process according to either of claims 1-3,
characterized in that as oxidic products use is made
of formic acid, acetic acid, ethanol, acetaldehyde,

30 l-propanocl, 2-propanol, propanal, propanone, butanal,
butanone, 1l-butanol, 2-butanol, 2-pentanone,
pentanal, pentanol, cyclo-pentanol, cyclohexanol,
cyclochexanone, 6-hydroxy hexanone, 6-hydroxy hexanal,
1,2-dihydroxy cyclo-hexane, cyclohexyl hydroperoxide,

35 cyclohexene oxide or mixtures of these.

5. Process according to either of claims 1-4,
characterized in that more than 0.25 wt.% of oxidic
products is present in the cyclohexane to be
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from recyclable flows of a cyclohexane oxidation
5 process.

7. Process according to any one of claims 1-6,
characterized in that the mixture after the reaction
contains more cyclohexyl hydroperoxide than cyclo-
hexanol plus cyclohexanone (in wt.%).

10 8. Process for starting an uncatalyzed cyclohexane
oxidation process by adding 0.1-3 wt.% of oxidic
products with linear or cyclic alkyl chains with 3-6

" carbon atoms to cyclohexane and subsequently passing

an oxygen—containing gas through the cyclohexane

15 - mixture, the mixture being kept at a temperature
between 130°C and 200°C and a pressure between 4 and
50 bar. _

9. Process according to any one of claims 1-8,
characterized in that 0.1-3 wt.% of linear or cyclic

20 oxidic products with 1-5 carbon atoms is present in
the cyclohexane to be oxidized.

10. Process according to any one of claims 1-8,
characterized in that more than 0.1 wt.% of oxidic
products with 1-5 carbon atoms and 0.1-1 wt.% of

25 oxidic products with 6 carbon atoms are present in
' the cyclohexane to be oxidized.

11. Process according to any one of claims 1-8,
characterized in that 0.1-3 wt.% of oxidic products
with 6 carbon atoms is present in the cyclohexane to

30 be oxidized. '

12, Process for the preparation of cyclohexyl hydro-
peroxide by converting cyclohexane into a mixture
consisting substantially of 0.5-8 wt.% of cyclohexyl
hydroperoxide and 0.1-4 wt.% of cyclohexanol and

35 cyclohexanone in cyclohexane, this being effected
using an oxygen-containing gas at a temperature
between 130 and 200°C and a pressure between 4 and 50
bar during 0.05 to 14 hours in the absence of



hh afirs f .fhe process according to the invention use is made
of 0.1 to”ﬂ m IT Hents with 1-5 carbon atons. These components with
fewer thanhy u are preferred begquse either they are QES9E bged

toget her with evaporating cycl ohexane, or they can relatiyvy : .
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was found that theg’eeylélcgrrﬁ&?errﬁcs?ecf&%? %\H‘a&‘nf&d&é’r ﬁew?:n%q @FFE Son t he
selectivity of thepeodiatisowipioeysdic alkiyl Qmwmtsfr:erdag(bmnt
of the progess accqrg ' WolcH i.de I n40. . % 0
conponent ggwith 1 ?g(?Srbggrs%ﬁgtdo%swutsd s agrs%cr)l%rr%&g%c})’% rm?e & ﬁan%el w . %
of conponents withoFidatigpreacd#®n.This rel ates specifically to

cycl ohexanol , 18- Process for the preparation of cyclohexyl hydro—
peroxide by converting cyclohexane into a mixture

consisting substantially of 0.5-8 wt.% of cyclohexyl

10 hydroperoxide and 0.1-4 wt.% of cyclohexanol and
cyclohexanone in cyclohexane, this being effected
using an oxygen-containing gas at a temperature
between 130 and 200°C and a pressure between 4 and 50
bar during 0.05 to 14 hours in the absence of

15 catalysts, and optionally subjecting the mixture
after the reaction to partial expansion, this process
being characterized in that 0.1 to 1 wt.% oxidic
products with cyclic alkyl chains with 1-5 carbon
atoms are present in the cyclohexane at the start of

20 the oxidation reaction.

14. Process according to either of claims 12-13,
characterized in that the oxidation reaction is
performed continuously in a serie of at least two
reactor parts in which the start of the oxidation

25 reaction takes place in the first reacfor part of
first reactor parts and in which the amount of cyclo-
hexyl hydroperoxide, cyclohexanol and cyclohexanone
increases in every reactor part.

15. Process as substantially contained in the

30 specification and the examples.
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¢l ohexanone and cycl ohexyl hydroperoxide. Hexanal and cycl ohexane epOX|de
are very suitable, too. Prefer- ably, this (Jerr] conmponefit-s

an amount of less than 1 w.% sinc s A decr epse

tivity towards the target product. Ba&ﬁrk rpt&nl;lS' s ad- kL .
because during cycl ohexane oxidati on the anmount of conponents with 1-5

carbon atoms may be- cOnfhe Myt 141k SRAIdANE 8 BRI HbPPSS- | nher -

ent C[err] conponent in the cyclohexane that is to be recy- cled,
optional |y by RE@RaFRRIPT Gf H¥Fihaxsrl fimq@m&%&m q‘%vqﬁri'el%r chase
or makeup §f cYHIVHIHanNM Idtdl - ntidttifre AciiBisting substantially of

11 0.5-8 wt.% of cyclohexyl hydroperoxide and 0.1-4 wt.% of
cyclohexanol and cyclohexanone in cyclohexane, this being

effected using an oxygen—containing gas at a temperature
between 130 and 200*C and a pressure between 4 and 50 bar
10 during 0.05 to 14 hours in the absence of catalysts, and
optionally subjecting the mixture after the reaction to
partial expansion, this process being characterized in
that 0.1 to 3 wt.% of oxidic products with linear or
cyclic alkyl chains with 1-6 carbon atoms are present in
15 the cyclohexane at the start of the oxidation reaction.
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In-practice, particularly conponents with 4-5 carhb ato =]

wth 6 - prove very suitable. s ShEET HASTBEENNENt mkml@@i m
according to the invention use is de ofsH)ALED wt . % of Brr| conpo- neh
Preferably use is nmade of less thamftw9%C[err] com p¢n¢ tzsgpm‘\g%s )f
speci al advantage if entirely 'clean' cyclohexane is used. {The Cerr] -
conmponent can be ob- tained, for exanpi®, fromthe light |c OTTeTItS 11 0OW

(consisting particularly of hexanal and cycl ohexene ox- ifjde in

cycl ohexanone) that is distilled of ABSTRATT cycl ohex- anon€ purification

process. Until now burning of these conponents has been fairly customary.
For one skilled in the arBRAQGE ] : MARFE bi ne t hese

enbodi ments, so that |ndepeuaLL' 1% et ati on of the oxidation

~one or more meas- ures gﬁangﬁvaaegbﬁdraiavggaegous ¥oBbstndgpendent | y.

In particular the secon g arrle out by condensing
t he of f- gasesPTeraEat HOR| A§ SYXFYahePsHl géﬁeaarpylﬁsgéVhépnwpﬁﬁ1p§e gas

m xture fegrmegysDoReLXRaNEHOH @fmih&uk@aébhﬁﬂsﬁhﬁbuEQbEEQﬁQ&Bil?rofthe gas
flow, and Sugplyéngttgeg%tcycgghgag hyd:gperOXLde and 0.1-4 wt.% of
cyclohexanol and cyclohexanone in cyclohexane, this being
effected using an oxygen—-containing gas at a temperature
between 130 and 200*C and a pressure between 4 ahd 50 bar
10 during 0.05 to 14 hours in the absence of catalysts, and
optionally subjecting the mixture after the reaction to
partial expansion, this process being characterized in
that 0.1 to 3 wt.% of oxidic products with linear or
cyclic alkyl chains with 1-6 carbon atoms are present in
15 the cyclohexane at the start of the oxidation reaction.
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?uri:cat'al yzed cycl ohexane oxi dation wi thout any further P
This ensures that the desired amounts of Clerr]-C[err] BE JQQME&?CSF‘H
bei ng recycled, and in the case of continuous process ¢pgration there

need to add linear or cyclic oxidic products to the pr¢cy @sg AUGEASAUr
that the oxidation reaction proceeds prop- erly.

12 There are energetic advantages imn using the he on
condensati on of the recycled gas flow for heatlng the firesh cycl ohexane }ed
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Description

The invention relates to a process for the prepara-
tion of cyclohexyl hydroperoxide by converting cy-
clohexane into a mixture substantially consisting of
0.5-8 wt.% of cyclohexyl hydroperoxide and 0.1-4 wt. %
of cyclohexanol and cyclohexanone in cyclohexane, this
being effected with an oxygen-containing gas at a tem-
perature between 130 and 200°C and a pressure be-

' tween 4 and 50 bar during 0.05 to 14 hours in the ab-
. sence of catalysts, and optionally subjecting the mixture
after the reaction to partial expansion.

Such a process is known from EP-A-OO4105

Cyclohexy! hydroperoxide is used for the prepara-
tion of cyclohexanol and cyclohexanone. To this end the
cyclohexyl hydroperoxide is decompos_ed in a separate

reaction step under the influence of a metal catalyst. The
preparation of cyclohexanol and cyclohexanone
through oxidation of cyclohexane to mainly cyclohexyl
hydro- peroxide in the absence of catalysts and subse-
quent decompaosition of the cyclohexyl hydroperoxide in
a separate reaction step is called the uncatalyzed cyclo-
hexane oxidation. It is essential that no (metal) catalysts
he oresent during the oxidation.



tcan be effected either using a heat exchanger or by di-
the gas flow in cycl ohexane that is to be heat ed. Ag
gas, oxygen as such may be chosen, air, rich or poor injo
m xed with nitrogen or -another inert gas. Air is preferr
be mxed with extra inert gas to elimnate the risk of ¢

elimnate the risk of expl osions usuallé so nuch oxygen-
fed to the reactors, in such a way, tha¥ the oxygen cong
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of f- gas remains below the-explosive limt. The oxygen feed (cal cul ated as

pure oxygen) as a rule amounts to be- tween 0.1 and 50 1 (NTP) per | of
cycl ohexane. This anmpbunt depends on the reaction velocity, and preferably

oxygen is present in a small excess, but this is not crit- ical,

of oxygen as a|fubes @ét& rytlﬁl’tlé rﬁécéﬁrdﬁtton Uswild o ido- S

e oxldatlo

desirabl e to cool the rea tlon xture eaving t
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formed, besides a relatively small amount of cyclohexyl
hydre-peroxide, a large portion of the cyclohexyl hy-
droperoxide being aiready decomposed during the oxi-
dation. As a rule the product of the uncatalyzed oxida-
~ tion comprises a weight percentage of cyclohexyl hy-
droperoxice that is at least comparable to the weight
percentage of cyclohexanol + cyclohexanone. Often,
the amount of cyclohexy! hydro-peroxide present in the
mixture after reaction is 2x as large as the amount of
cycliohexanol + cyclohexanone. In contrast, the cata-
lyzed oxidation yields a mixture that contains less than
50% cyclohexy! hydroperoxide relative to the weight
percentage of cyclohexanol + cyclonhexanone. This is of-

ten even less than 40% peroxide compared

with the

weight percentage of cycichexanol + cyclchexanone.
The advantage of the catalyzed oxidation is that this
oxidation reaction can easily be carried out and simply
be controlied. A disadvantage of the catalyzed oxidation
is, however, that relatively many by-products are
formed, such as alkyl carboxylic acids. In view of the low
conversion in the cyclohexane oxidation (usually lower
than 6%, but higher than 2%), this is a major disadvan-
tage since a substantial part of the raw material is lost.
Stiil, by far the maijority of the commercial processes use

a catalyzed oxidation.

n

t he anpunt

actor before

}«saapﬂtﬁ the re-



pansi on,

but cooling can al so be effected by neans of |
expansion is applied, a-portion of

A

t he cycl ohexane is evaporated (with some CJerr]-Cerr]f gom ponents),

is preferably fed back to the oxidation. On account of
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si mul t aneous concentra- tion of the cyclohexyl hydropgrdxide to be
deconposed takes place. This is advantageous as it na{es—Tt—possibte
carry out the deconposition step nore efficiently and |because |ess
deconposition catal yst (see below) is needed. Cycl ohexyl hydr operoxi de
deconposition takes

SHEET),

In the uncatalyzed cyclohexane oxidation a smaller .

number of by-products is obtaine~ However, this proc-
ess has the disadvantage that it is very difficult to start
the oxidation reaction and to keep it going, so that a

longer reaction time and/or higher temperatures are .

needed for an acceptable conversion, on account of

which a part of the advantage is lost, for this also results
in by-product formation.

The invention provides a solution to this problem
and is characterized in that 0.1 to 3 wt.% of oxidic prod-
ucts with linear or cyclic alkyl chains with 1 to 6 carbon
atoms are present in the cyclohexane at the start of the
oxidation reaction. | '

GB-A-1151287 describes a process in which cy-

clohexane is oxidized in the presence of oxidic products.
GB-A-1151287 however describes an oxidation of cy-
clohexane at 120°C and the oxidic products mentioned
are products with the same carbon number as cyclohex-
ane. Furthermore the continuous oxidation of cyclohex-
ane takes place with 1.1 - 1.3 % cyclohexylhydroperox-
ide present and no indication is given how much cy-
clohexylhydroperoxide is present at the beginning of the
oxidation. According to the present invention the start of

the oxidation is promoted by adding extra oxidic com-

ponents to the reaction mixture. In GB-A-1151287 the
level of oxidic components is kept within certain range
after the oxidation has started. The cyclohexylhydroper-

oxide in GB-A-1151287 has not been fed to the reaction

mixture at the start of the oxication but is cycichexythy-

_droperoxide formed in situ.



‘pl ace, after cooling, under the influence of a trans REEEA @Sﬂlosﬁggf

such as cobalt or chromum preferably as descri bed

EP- A- 092867.

and 1 50C, preferably between 50 and 130[err]C. The pr ’SELQQUBWQ
is not critical and usually it will be between 1 and|3p bar.

hydr oper oxi de,

appl i ed very advanta- geously as oxidi zi%ng agent in

As a rule the deconposition tenperajufe i s be- tmee

cl

preferably in a concen- tration of 4-pOYy——Tarmratsob

S ep
hexyl

[ he preparation of

al kane oxide froma correspondi ng al kene. The invention wll Dbe

el uci dat ed on

Exanpl es Conparative Experinent A

condenser was

‘the basis of the follow ng non-restrictive exanpl es.

charged with pure cycl ohexane (99.9+% HPLC grade).

In BE-A- 6.60.522 a process is described in which a
cycloalkane with 8-16 carbon atoms is oxidized in the

A5 1 batch reactor with a refl ux

presence of an initiator such as cycloalkanoles, cyclo- .

alkanones and cycloalkylhydroperoxides. BE-A-

660.522 teaches however that the oxidation of cycloal-

kanes with high carbon numbers react different than cy-
clohexane.

It is surprising in view of an article of Vasin et al.
(Khimicheskaya Promyshlennost, Vol. 20, No. 7, page
3-8, 1988) and in view of US-A-504348 1 that adding Cg-
oxidic products to the oxidation reaction of cyclohexane
is advantageous. The article of Vasin et al. teaches that

the concentration of cyclohexanol and cycichexanone

in the cycichexane to be'dxidized should be kept as low
as possible because their presence would result in a
loss of yield of useful products. US-A-5043481 teaches
that the return of oxidation products to the oxidation

zone results in significant loss of net selectivities on a

molar basis to cyclohexylhydroperoxide, cyciohex-
anone and cyclo-hexanol. Thus US-A-5043481 teaches
that the amount of Cg-oxidic products fed to the oxida-
tion should be kept as low as possible. Furthermore US-

A-5043481 and the literature cited there teach that it is
- desirabie to add a tertiary alcohol in a large amount to
the alkane to be oxidized in order to accelerate oxida-

tion. This has as a disadvantage that makeup tertiary
butanol, for example, is to be supplied continually.



14 - The tenperature was set at 165[err] C. The vapour f
conpl etely condensed in the reflux con- denser. Air was

reactor and after 25 mnutes the batch experinment was stjo

ped. Subse-
cljot*&ianwﬁt {887
of

guently, the liquid conposition was anal yzed. Besi des cy
only 0.26 nol % of cycl ohexyl hy- droperoxide, 0.02 nol %
0. 01 nol % of cycl ghexanone. Acids and C[err] Cerr] con
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cycl ohexanol

ponents were T

only in trace amounts. Exanple | .
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From US-A-3109864 (which relates'to a catalyzed
oxidation process), for example, it appears that it is cus-
tomary to purify the cyclohexane to be recycled.

The present invention provides a simplified process
in which cyclohexane to be recycled need not be purified ..
and no makeup of tertiary alcchols is needed, while still -
resulting in oxidized cyclohexane that is obtained at a

high selectivity and a relatively high velocity.

Oxidic products with linear or cyclic alkyl chains are
in particular alcohols, alkanals, alkene oxides, al-
kanones, acids and/or alkyl hydroperoxides. Preferably,
use is made of alkanones, alkanols, alkanals and alkene
oxides. Examples of suitable oxidic products are formic
acid, acetic acid, ethanol, acetaldehyde, 1-propanol,
2-propanol, propanal, propanone, butanal, butanone,
1-butanol, 2-butanol, 2-pentanone, pentanal, pentanal,
cyclopentanol, cyclohexanacl, cyclohexanone, 6-hy-
droxy hexanone, §-hydroxy hexanal, 1,2-dihydroxy cy- .
clohexane, cyclohexyl hydroperoxide, cyclonexene oX-

ide or mixtures of these.

As a rule the boiling points of the oxndtc products .

are lower than that of cyclohexanone.

Preferably, use is made of mixtures of oxidic prod- |

ucts, mixtures being simply available.



*A 5.1 batch reactor with a refIUx condenser was char ged [Wenl » AFeiroRe 8RR
AGRMENG, SHEET

In total the cycl ohexane con- tained 0.2 nol % of cycloh WiE
cycl ohex- anol and cycl ohexanone. By neans of a thernostlatited bath the

reactor tenperature was raised to 165[err]C and naintai ned @ 2tAH6 B8 el .

Air was bl own through the re- actor. The vapour fromth eactor was
conpletely con- densed in the reflux condenser. After 2

supply was shut off and the reactor cool®d. The liquid ¢ontained 1.89 nol

/o

of cycl ohexyl hydroperoxide, 0.22 nol % of cycl ohexanone, 0.20 nol % of
cycl ohexanol, 0.18 nol % of acids and 0.08 nol % of conponents with 3-5
carbon atons. This experinent proves that in this anmount oxidic products
with 6 carbon atons have a strongly reaction accelerating effect.

Linear or cyclic alcohols, alkanals, alkanones,
. alkene oxides, acids and/or alkyt hydroperoxides with
1-6 carbon atoms are preferably added to clean cy-
" clohexane at the start-up of a plant. Use may also te
made of cyclohexane in which these components are
already present.’ In the rest of this application the word
"components” will be used as a collective noun desig-
nating the oxidic products with linear or cyclic alkyl
chains. | | '

Preferably, more than 0.2 wt.% and in particular
more than 0.25 wt.% of these oxidic products are
present in the cyclohexane to be oxidized. As a rule the
advantages of the invention are fully achieved if the
amount of oxidic products is below 2 wt.%, the upper
limit not being critical. Howaever, if the amount of oxidic
products is too high at the start, the process efficiency
.decreases because the maximum desirable conversion ~
is rapidly achieved. The amount of Cg components is
preferably less than 1 wt.% and the amount of Cg5 com-

ponents is preferably less than 1 wt.%. -



.15 .  Exanple || The reactor described in ExanpléREPhASENﬁﬁﬂQSHEET

cycl ohexane containing 0.2 nol % of cycl ohexanol, cycl ¢
cycl ohexyl hydroperoxide as well as 0.25 nol % of C[err
conponents (butanol, pen- tanone, pentanal and pentang
was set at 165[err]C. After air had been bl own througl
reacti on was stopped. The |liquid was ana- | yzed and it

—_—
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or 25 mnutes
was found to con

2.97 nol % of cy- cl ohexyl hydroperoxi de,’ 0.54 ol % of |

nmol % of cycl ohexanol, 0.41 nol % of acid and 0.29 nol (% of C[err] C[érr]

conponent s.

Thi s experinment proves that the addition of Cerr]/Cerr]

conponents strongly increas- es the reaction velocity. Exanole |11

Oxidation can be performed either batch wise or
continuously. In practice the oxidation is performed con-
tinuously in a serie of at least two reactor parts in which
the amount of cyclohexyl hydroperoxide, cyclohexanol
and cyclohexanone willincrease in each reactor partun-
til the required amount of these oxidic Cg compaonents
is reached in the last reactor part. The start of the oxi-
dation reaction according to the invention, takes place
in the first reactor part or first reactor parts. The circum-
stances of oxidation in this reactor part can be compared
to the stait of a batch wise oxidation. The circumstances
of oxidation in the last reactor can be compared to the
circumstances at the end of a batch wise oxidation.

Oxidation preferably takes place in a system of re-
actors arranged in series or in a pipe-reactor with com-

partments. Usually oxygen or oxygen containing gases

are supplied to each reactor or reactor part. it is very
important that the oxidation starts in the first reactor(s)
(reactor parts) because otherwise the off gases leaving
the seperate reactors will contain too much oxygen and
hydrocarbons “(such as evaporated cyclohexane).

These gas mixtures can cause explosions. By perform-
ing the oxidation according to the invention this safsty
risk can be minimized.

1 h
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The eéxperinent of Exanple Il was repeated at 160C. Aft
reacti on was stopped. The liquid conposition was: 2.03
hydr o- peroxide, 0.21 nol % of cycl ohexanone, 0.19 nol 9
0.13 nol % of acids and 0.26 nol % of Cerr]- Clerr] com
experinment proves that at the sane conversion as in EX
selec- tivity was achieved (0.13 nol % of acid instead pf 0.18 nol % thrqgugh
the use of a reaction tenperature that wds 5C | ower. :

- 16-

~ As a rule the reaction is carried out autothermally
or through control of the temperature. Temperature con-
trol is usually effected by discharging the reaction heat
via a gas flow, an intermediate cooling, or other methods
known to one skilled in the art. To prevent transition met-
als (which promote cyclohexyl hydroperoxide decompo-
sition) from entering the mixture to be oxidized, prefer-
ably reactors are'chosen the internal walls of which are
inert. Use can be made for example of reactors with in-
ternal walls made of passivated steel, aluminium, tan-
talum, glass or enamel. This is of particular imporance
for small producticn capacities, where the ratio between
wall area and liquid volume is unfavourable. For large
capacities, separate inertization of the wall is not strictly
necessary. It will be clear that, if a negligible amount of
metal ions not having any substantial influence on the
reaction enters the oxidation mixture, in the framework
of this invention the reaction is considered an uncata-
lyzed cyclohexane oxidation. In contrast with the uncat-
" alyzed cyclohexane oxidation, the catalyzed cyclohex-
ane oxidation - as a rule with cobalt and/or chromium
addition - yields a reaction mixture with a relatively smali
amount of cyclohexy! hydroperoxide compared with cy-
_clohexanol + cyclohexanone. |



Exanple 1V

nol % of cycl ohexanol, cycl chexanone and cy- cl ohexyl h &
0.25 nol % of CJerr] C[err] com ponents. The reactor ternps
to 160[err]C and air was bl own through. After 25 m nut e

2. 05 nni@bof cycl ohexyl hydroper- oxi de, 0.23 nol % of cycllen

0.15 mol % of aci®s and 0.31 ol % of C[err] C[err
Thi s .experiment proves that on ac- count of addrtiomot—cers]

nol % of cy- cl ohexanone,
conponent s.

The reactor was charged with cycl ohexan

Cerr] conponents a |arger anmount of C6 conponent does not have any adverse
I nfl uence on the overall select|V|ty as conpared with Exanple I~ Exanple

sas char ged w th 141, 6 Kssastay dnep s eesgicadidg odel i

was charged with 141

flow contai ned 0. tibmtthat the components be present already at the start’

of the oxidation reaction. In a continuously operated ox-
idation the components are fed to the (first) reactor part
in which the start of the oxidation takes place. Although
this is not necessary, preferably the components are
‘added to the cyclohexane before the cyclohexane en-
ters the (first) reactor, or the cyclohexane already con-
tains these components. It is also possible for the com-
ponents (optionally mixed with a portion of the required
cyclo-hexane) to be passed through a separate line into
the (first) reactor and to be mixed with clean cyclohex-
ane there. Clean cyclohexane is understood to mean
cyclohexane with less-than about 0.0S wt.% of axidic
products with linear or cyclic alkyl chains.

The start of the oxidation according to the invention -

can be defined in two ways. First, the start of the oxida-
tion takes place when between 0 and 0.5 wt.% oxidic Cg

components are formed apart from the oxidic Cg com-

ponents added according to the invention. Second, the
start of the oxidation, regardless of the amount of oxidic
components added according to the invention, takes
place when oxygen and cyclo-hexane are present to-
gether at a certain temperature (130-200°C) during &
_certain residence time. At relatively low températures,

like 160°C, the start of the oxidation wiil take place in’

the first 20 minutes. At higher temperatures, like 190°C,
the start will take place in the first 2 minutes. By using

the law of Arhenius one can now easily calculate during

which period at a certain temperature the start of the
oxidation takes place.

ﬁls



% of “cycl ohexyl hydroperoxide, 0.32 wt.%of cyclo-hex- aaal.0.19 wt %o
cycl ohexanone and 0.34 w.%of Clerr] Cerr] conponent. ﬁEPEAGEMEqu SHEET
FRPetet-t-e—ot—

continuously op- erated at a pressure of 9.7 bar and a

169-170[err] C. The overhead di scharge flows fromthe r¢- |agtgr I pe
besi des nitrogen, 54 kg/ hr of cy- cl ohexane vapour wit:f rré? é“@ﬁgéi D f

Clerr] CJerr] conpo- nents was discharged. The oxidic fgreducts consisted

mai nly of butanol, 2-pentanone, pentanol 2Opentanal and]|cycl opentanol, i.¢
mainly of CJerr] Cerr] conponents, and

L0,

In a first embodiment of the process according to
the invention use is made of 0.1 to 3 wt.% of components
with 1-5 carbon atoms. These components with fewer
than 6 carbon atoms are preferred because either they
are discharged together with evaporating cyclohexane,
or they can relatively easily be separated also upon fur-
ther oxidation to acids, or they are relatively rapidly ox-
idized to CO, upon further oxidation, so that the mixture
after reaction contains a relatively small amount of in-
terfering component.

The use of these components is very advanta-
geous, not only because they strongly increase the re-

- action velccity, but also because it was found that these
components do not-have any adverse influence on the
selectivity of the oxidation process.

In a second preferred embodiment of the process
according to the invention, besides more than 0.1 wt.%
of components with 1 to 5 carbon atoms use is also
made of more than 0.1 wt.% of components with 8 car- -
bon atoms. This relates specifically to cyclohexanol, cy- |
clohexanone and cyclohexyl hydr.dperoxide. Hexanal
and cyclohexane epoxide are very suitable, too. Prefer-
ably, this Cgz component is present in an amount of less
than 1 wt.%, since larger amounts decrease the selec-
tivity towards the target praoduct. This embodiment is ad-
vantageous because during cycichexane oxidation the
amount of components with 1-5 carbon atoms may be-
come smaller than desirable. By keeping process-inher-
ent Cg component in the cyclochexane that is to be recy-
cled, or optionally by making up for any losses, there is
no need for the purchase or makeup of components with
1-5 carbon atoms. | |

1%



hexanal and epoxy

cycl ohexane as (Jerr] conponent. Thi sg ] : ed
in 87.6 kg/hr of cold cyclohexane, and this nixture was|RREACEVENES EE[T

the first reactor.

- By recycling in this way the anmount pf

in the cycl ohexane to be oxidized could be kept roughly} cpn &ﬁbﬁ

anmount bei ng such

To each of the reactors 1.6 kg/hr of air_was supplied. |Th

that a uni form and snpoth conti nuous ¥ ehc

pl
reactjion. an

particul ar the residence tine, was contrdtl ed such (by jadj usting the

cycl ohexane feed flow) that slightly nore than 2% cycl otrexyt—hyeeperoxi-de

was present in the reaction m xture discharged. Under these conditions the

resi dence time was abolf E&n&@lﬁ[@agﬁ?@g[éﬁ?d‘q@‘ﬁdrﬁéﬁt%%ﬂﬁﬂg &&bbon

oxi dati on reactor

88. 6 kg/

ow con- I ne . . % of "Ccyclohexyl

hr . 4
hydr oper oxi de, 1. 62{@ME sibesidesdhase wih7B wproveivensissHtalane, 0: 4
W . % of id d 0.27 . Nia Ll
terms of the targe r,’%ﬂ?x?%ﬁgﬁgﬁﬁﬂ].‘ PR HcRss Eerolding K80 Y "

cycl ohexanol ) was

é’bé)v!ﬂ.‘f%n

AUge &k pB8

cl ohexane) the re3qbrinERerbraBIVBSSRONEEUNESS thih 9" WS Ei%om-

cycl ohexyl hydroperoxi de concent’ration in

ponents. This is of special advantage if entirely 'clean’
cyclohexane is used. The C4 component can be ob-
tained, for example, from the light components flow
(consisting particularly of hexanal and cyclohexene ox-
ide in cyclohexanone) that is distilled off in the cyclohex-

anone purification process. Until now buming of these

components has been fairly customary.

For one skilled in the art it is also possible to com-
“bine these embodiments, so that independent -of the .-
process operation of the oxidation one or more meas- -

ures can be applied simuitaneously or independently.
ln particular the second embodiment is preferably
carried out by condensing the off-gases formed during
oxidation, optionally together with the gas mixture
formed upon expansion of the reaction mixture (togeth-

- er: the gas flow), and supplying them to the start of the

uncatalyzed cyclohexane oxidation without any further
purification step. This ensures that thé desired amounts

.of C4-Cg componernits continue being recycled, and in

the case of continuous process operation there is no
need tc add linear or cyclic oxidic products to the proc-

ess to ensure that the oxidation reaction proceeds prog-
erly. '

Q)l@f(th-@)Mﬁt.?/oery% goynph-cy-



the nixture after cooling was 3.1 wt.% Exanple VI The first reactor

of a set-up as described in Exanpl e REPLACEM‘ENT CRE|
S| pb-e Aottt

:L

V was charged with 181 kg/hr of cycl ohexane. The com pd i~ F—t-11-3

was 0.12 wt. % of cycl ohexyl hy- droperoxide, 0.27 wt. %ﬁf cychggﬁéa@glr
0.16 wm.% of cycl ohexanone and 0.63 wt.%of Clerr] ([enr] do nvs!

12

There are energetic advantages in using the heat
released upon condensation of the recycled gas flow for
heating the fresh cyclohexane fed to the reactor. This
can be effected either using a heat exchanger or by di-
rect absorption of the gas flow in cyclohexane that is to

- be heated.

As oxygen-containing gas, oxygen as such may be
chosen, air, rich or poor in oxygen, or oxygen mixed with
nitrogen or another inert gas. Air is preferred, but the air
can be mixed with extra inert gas to eliminate the risk of
explosions. To eliminate the risk of explosions usually
s0 much oxygen-containing gas is-fed to the reactors,
in such a way, that the oxygen concentration of the off-
gas remains below the explosive limit. The oxygen feed
(calculated as pure oxygen) as a rule amounts to be-
tween 0.1 and 50 | (NTP) per | of cyclonexane. This .
amount depends on the reaction velocity, and preferably
oxygen is present in a small excess, but this is not crit-
ical, the amount of axygen as a rule not being a limiting
factor. |

Usually it is desirable to cool the'reaction mixture
leaving the oxidation reactor before allowing the cy-
clohexyl hydroperoxide to decompose. As a rule the re-
action mixture is cooled at least 10°C; preferably at least
30°C. The reaction mixture is preferably cooled by ex-
pansion, but cooling can also be effeéted-by means of
heat exchangers. If expansion is applied, a portion of



The oxidation reactors were operated as in Exanple V at 4 :
169-170[err] C. Besides nitrogen, the over- head flows fr Br'P RGEMEMT SHEET
contai ned 66.5 kg/ hr of cy- clohexane vapour with small anpunt
C[err] conpo- nents. This vapour was absorbed in 114.5 k /1r
cycl ohexane, and this mixture was used as feed for the f{r$t reactor.
each of the reactors 1.8 kg/hr of air was_supplied. The eaction, and in
particul ar the residence tine, was contr &Pl ed such (by adj-usiing-the

cycl ohexane feed flow) that slightly nore than 2% cycl ohexyl hy-
. droperoxide was present in the outflow ng reaction mx- ture. Under these
conditions the residence tine was 0.55 hours, and the flow | eaving the 4th

reactor 115.5 thg tuyc!@hlacahe/vmmvaf:mmds (withesome T eleyyaomy-

d de, 1.3 h .0f 0.31
W Db of aci 4 BNEnE) e (earefecBly fétL s th%@"@ﬁﬁqﬁéﬁncy n
terms of the Qroglcddiedrf tﬁéCé;TE%msadmdswnemavndgus:mm@mr@ne and

cy- cl ohexanol

h |
i ncrease in tﬁbm@c%%&%%exy W %ﬁ&?@%&ig&g}%ﬁ Bat L |elsqaqcere<ra]r
Qerr] conponqaied pHrate? 'ﬁﬂé’lsﬁcﬁ/éﬁtﬁ@e\%é &s itmakes it possible

to carry out the decomposition step more efficiently and
because Iess decompositi'on catalyst (see below) is
needed.

Cyclohexyl hydroperoxide decomposmon takes
place, after cooling, under the influence of a transition
metal catalyst, such as cobalt or chromium, preferably
as described in EP-A-004105 or EP-A-092867.

As a rule the decomposition temperature is be-
tween 20 and 150°C, preferably between 50 and 130°C.
The pressure in this step is not critical and usually it will
be between 1 and 30 bar.

| Cyclohexy! hydroperoxide, preferably in a2 concen-
tration of 4-50%, can also be applied very advanta-
geously as oxidizing agent in the preparation of alkane
oxide from a corresponding alkene.

The invention will be elucidated on the basis of the
following non-restrictive examples.

Examples

Comparative Experiment A

A 5 | batch reactor with a reflux condenser was
charged with pure cyclohexane (99.9+%, HPLC grade).



‘the-:selectivity towards the target conpounds is even BEPkAGEMENJbﬁﬁﬁﬁB.

19 In this exanple, too, it proved to be possiblje
snoot h, uniform continuous, uncatal yzed cy- cl ohexan
VI | In the same way as in Exanple VI, 181 KE HR ¢f

supplied, which consisted of 90 kg/hr of clean cycl ohgxc

vapour fromthe re-

to carry out

dxigdpt AYG-199FX pnbl e

cycl ohexane
D f
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The temperature was set at 165°C. The vapour from the -
reactor was completely condensed in the reflux con-
denser. Air was blown through the reactor and after 25
minutes the batch.experiment was stopped. Subse-
quently, the liquid composition was analyzed. Besides -
cyclohexane there was only 0.26 mol% of cyclchexyl hy-
droperoxide, 0.02 mol% of cyclohexanot and 0.01 moi%

of cyclohexanone. Acids and C5;. C5 com
found only in trace amounts.

"Examole |

ponents were

‘A 5 | batch reactor with a reflux condenser was
charged with cyclohexane. In total the cyclohexane con-
tained 0.2 mol% of cyclohexyl hydroperoxide, cyciohex-
anol and cyclohexanone. By means of a thermostatted'

bath the reactor temperature was raised

to 185°C and

maintained at that level. Air was blown through the re-
actor. The vapour from the reactor was completely-con-
densed in the reflux condenser. After 25 minutes the air .
-supply was shut off and the reactor cooled. The liquid
-contained 1.89 mol% of cyclohexyl hydroperoxide, Q.22
mol% of cyclohexanone, 0.20 mol% of cyclohexanal,
0.18 moi% of acids and 0.08 mol% of comgonents with
3-5 carbon atoms. This experiment proves that in this -
amount oxidic products with 6 carbon atoms have a

strongly reaction accelerating effect.



-actors, and 24.5 kg of vapour obtained upon expansion of f{
reaction mxture (which resulted in cooling of the m xturé
110C). The com position of the cycl ohexane fed to the fin
0.1 9 wt.%of cyclohexyl hydroperoxide, 0.35 w.% of cys d
wt . % of cycl ohexanone and 0.72 w.%of Cerr] CJerr] conpd
IeaV|ng the fourth reac- tor anounted to 115 kg/hr. This f

. % of cycl ohexyl hydroperoxide, 1.5 w13 of cycl ohexanoll,

PLACEMENTY BHEET

st} reactor was:

| dhex2nAliG 18921

ngnts. The rowv
| oW cont al ned 2. 4
0,8 w.%of

cyclohexanone, 0.42 wt.%of acid and 0.30 w.% of (err]
conponents. Thi s experinment shows that recycle flows f

derr]

romthe process

are very suitable for the supply of CJerr] Cerr] com ponents to .
cycl ohexane. Exanple VIII The cycl ohexyl hydroperoxi de cont ai ni ng

fl ow ob- tmluxign Exaﬁgug VI was subjected to a peroxi de de- conposition

step as describ
mai nly conprising cy-

le | of EP-A- 92867. The resulti

ng m xture,

The reactor described in Example | was charged
with cyclohexane containing 0.2 mol% of cyclohexanal,
- tyclohexanone and cyclohexyl hydroperoxide as well as
0.25 mol% of C4 and CS components (butanol, pen-
tanone, pentanal and pentancl). The temperature was
set at 185°C. After air had been blown through for 25
minutes, the reaction was stopped. The liquid was ana-
lyzed and it was found to contain 2.97 mol% of cy-
clohexyl hydroperoxide, 0.54 mol% of cyclohexanone,
. 0.43 mol% of cyclohexanol, 0.41 mol% of acid and 0.29
mol% of C5.Cg components. This experiment proves
that the addition of C,/C4-components strongly increas-

es the reaction velocity.

Example lii

. The experiment of Example |l was repeated at
160°C. After 25 minutes the reaction was stopped. The
liquid composition was: 2.03 moi% of cyclohexyl! hydro-
peroxide, 0.21 moi% of cyclohexanone, 0.19 mol% of -
cyclohexanol, 0.13 moi% of acids and 0.26 moi% of C4-
Cs components. This experiment proves that at the .
same conversion as in Example | a much better selec-
tivity was achieved (0.13 mol% of acid instead of 0.18
moi%) through the use of a reaction temperature that

was 5°C lower.

0
S




20 * clohexanol and cycl ohexanone, was subjected to sep-fﬂﬂq C
distillation. In a first colum the conponents |ighter tHan uyEE@@' aéﬁﬂ
were separated off. These consisted of hexanal, 1,2-dihydrdxy, gyclohexang,
epoxy cycl ohexane and sone cycl ohexanone. In the sane ﬂésﬁuﬁ 19941
1l cycl ohexane was air-oxidized, 1.0 wt.%of the m xturqg flcom t he
above-de- scribed first colum haV|ng been added to the 4l ean cy- cl ohexan
(so that the cycl ohexane contained 0.3 wl®&b of Cs and 0. 8—w—%-oefClerr]

conponents). The conposition of the |iquid obtained after 25 m nut es'
oxi dati on was:

Examole |V

The reactor was charged with cyclohexane contain-
ing 0.3 mol% of cyclohexanal, cyclohexanone and cy-
clohexy! hydroperoxide and 0.25 mol% of C,.C5 com-
ponents. The reactor temperature was raised to 160°C
and air was blown through. After 25 minutes the reaction :
was stopped. The liquid was analyzed, yielding the fol-
lowing compasition: 2.05 mol% of cyclohexyl hydroper-

- oxide, 0.23 mol% of cyclohexanol, 0.27 moi% of cy-

clohexanone, 0.15 mol% of acids and 0.31 mol% of
y C,.C5 components. This experiment proves that on ac--
count of addition of C,.Cg components a larger amount

of C8 component does not have any adverse influence

on the overall selectivity as compared with Example Ii.

Example V

The first reactor of a cascade of 4 reactors in series
(25 | each) was charged with 141.6 kg/hr of cyciohex-
ane. Besides cyclchexane this flow contained 0.12 wt,
% of cyclohexyl hydroperoxide, 0.32 wt.% of cyclo-hex-
anol, 0.18 wt.% of cyclochexanone and 0.34 wt.% of
C,.Cg component. The reactors were continuously op-
erated at a pressure of 9.7 bar and a temperature of
1689-170°C. The overhead discharge flows from the re-
actors contained, besides nitrogen, 54 kg/hr of cy-
. Clohexane vapour with small amounts of C;.C4 compo-
" nents was discharged. The oxidic products consisted
mainly of butanal, 2-pentanone, pentanol, pentanal and -
cyclopentanol, i.e. mainly_of C4.Cg components, and



2.6 wt. % of cycl ohexyl hydroperoxide, 0.47 wt.% of cy- cl BEELAG%MENJ SHEET
wt. % of cycl ohexanone, 0.41 wt.% of acids and 0.62 ol % ¢f |[Cerr] (err]
conponent s. The exanples prove that there are several ’OQHZSAUG'V'\I?]Q?
process for the preparation of cyclohexanone and cy- clohexanol at |
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hexanal and epoxy cyclchexane as Cz component. This
vapour was absaorbed in 87.6 kg/hr of cold cyciohexane,
and this mixture was used as feed for the first reactor.
By recycling in this way the amount of oxidic products
in the cyclohexane to be oxidized could be kept roughly
constant, this amount being such that a uniform and
smooth continuous reaction took place. To each of the
reactors 1.6 kg/hr of air was supplied. The reaction, and
in particular the residence time, was controlled such (by
adjusting the cyclohekane feed flow) that slightly more
than 2% cyclohexyl hydroperoxide was present in the
reaction mixture discharged. Under these conditions the
residence time was about 0.7 hours, and the_flow leav-
ing the 4th oxidation reactor 88.6 kg/hr. This flow con-
tained 2.2 wt.% of cyclohexyl hydroperoxide, 1.6 wt.%
of cyclohexanol, 0.76 wt.% of cycichexanone, 0.4 wt. %
of acid and 0.27 wt.% of C4.C5 components. The effi-
ciency in terms of the target product (cyclohexyl hy-
droperoxide, cyclchexanone and cyclohexanol) was 87
wt.%. Through expansion {evapocration, mainly of cy-
clohexane) the reaction mixture was cooled down to
110°C. The cyclohexyl hydroperoxide concentration m
the mixture after cooling was 3.1 wt.%.

Examol-e \4

The first reactor of a set-up as described in Example



-Clains 1. Process for the preparation of cycl ohexyl hydro- : )
converting cycl hexane into a m xture consi sting substant Bgf’mﬁgﬂf ?ES ET

wt . % of cycl ohexyl hydr aper oxi de and 0.1-4 wt. % of cycl@h xanol and
cycl ohexanone in cycl ohexane, this being effected usingjap 22 AUG 1997

oxygen-contai ning gas at a tenperature bet ween 130 and RO9[err] C and &
pressure between 4 and 50 bar during 0.05 to 14 hours i € apsence
of catalysts, and optionally subjectingiBhe mixture af t the reaction
to partial expansion, this process bei ng characterized in that 0.1 to 3
Wt . % of oxidic products with linear or cyclic alkyl chains with 1-6
carbon atons are present in the cycl ohexane at the start of the _
oxidation reaction. 2. Process according to claim1, characterized in that
the oxidation is performed continuously in a serie of at least two

reactor parts lVWasbhaﬁgedamtmﬂahkg/hrcsfmybtohemet iTéve cadres pl ace

in the first reaglOfion ofthis Yol Was G492 'wPe! BreRdiBraky R,
droperoxide, 0.27 wt.% of cyciochexanol, 0.16 wt.% of
cyclohexanone and 0.63 wt.% of C,.Cs components.
The oxidation reactors were operated as in Example V
at 9.7 bar and 169-170°C. Besides nitrogen, the over-
head flows from the reactors contained 66.5 kg/hr of cy-
clohexane vapour with small amounts of C,.Cq compo-
nents. This vapour was absorbed in 114.5 kg/hrof cold
cyclohexane, and this mixture was used as feed for the

-~ first reactor. To each of the reactors 1.8 kg/hr of air was
supplied. The reaction, and in particular the residence
time, was controlied such (by adjusting the cyclohexane
feed flow) that slightly more than 2% cyclohexyl hy-
droperoxide was present in the outflowing reaction mix-
ture. Under these conditions the residence time was
0.55 hours, and the flow leaving the 4th reactor 115.5
kg/hr. This flow contained 2.3 wt.% of cyciohexyl hy-
droperoxide, 1.3 wt.% of cyclohexanaol, 0.6 wt.% of cy-
clohexancne, 0.31 wt.% of acid and 0.28 wt.% of C3.Cg
compounds. The efficiency in tarms of the target product
(cyclohexy!l hydroperoxide, cyc!ohexanone and cy- -
clohexanol) was 88 wt.%. -

This example proves that there is a clear increase

- in the reaction veiocity upon an increase in the amount
of C,.Cg components from ~ 0.3 to ~ 0.6 wt.%, while
the selectivity towards the target compounds is even en-
hanced somewhat.

| ”r= e g~




. of .cycl ohexyl

In every reactor part. 3. Process according to claim 2,

t hat the oxidic products are fed to the reactor part ji p
start of the oxidation takes pl ace. 22 AUG 1997 22
4. Process according to either of clainms 1-3, charac- tieri zed in that

as oxidic products use is nmade of for- mc acid, acetfic acid, ethanol,

acet al dehyde,

hydr oper oxi de, cycl ohexanol and cy- - cl dhg

1-pro-

In this example, too, it proved to be possible ta carry
out a smooth, uniform, continuous, uncatalyzed cy-
clohexane oxidation.

Examole Vil

In the same way as in Example VI, 181 KG/HR of
cyclohexane was supplied, which consisted of 90 kg/hr
of clean cyclohexane, 65.5 kg/hr of vapour from the re-
actors, and 24.5 kg of vapour obtained upon expansion
of the outflowing reaction mixture (which resulted in
cooling of the mixture from 180°C to 110°C). The com-
position of the cyclohexane fed to the first reactor was:
0.19 wt. % of cyclohexyl hydroperoxide, 0.35 wt.% of cy-
clohexanaol, 0.21 wt.% of cyclohexancne and 0.72 wt.%
of C4.Cg components. The flow leaving the fourth reac-
tor amounted to 115 kg/hr. This flow contained 2.4 wt.%
of cyclohexy! hydroperoxide, 1.5 wt.% of cyclohexanol,
0.8 wt.% of cyclohexanone, 0.42 wt.% of acid and 0.30

wt. % of C5.C5 components.

This experiment shows that recycle flows from the

process are very suitable for the supply of C;.Cs com-

ponents to cyclohexane.

Example Vil

The cyclohexyl hydroperoxide containing flow ob-
tained in Example V! was subjected to a peroxide de-

composition step as described in Example | of EP-A-

92867. The resulting mixture, mainly comprising cy-



panol’. 2-propanol, propanal, propanone, butanal, but anone, 1-but anol ,

2- but anol . 2-pentanone, pen- tanal, pentanol, cyclo-pé¢
cycl ohexanol , cy- cl ohexanone, 6-hydroxy hexanone, 6-1B
anal . 1. 2-di hydroxy cycl o- hexane. cycl ohexyl hy- dr oper
cycl ohexene oxi de or nixtures of these. 5. Process a:CJrﬂlbgAHﬁ)ﬁer1r
of claims 1-4, charac- terized in that nore than 0.25!wW.% of oxidic

pr od- ucts is present in the cyclohéfane to be oxidizgd. 6. Process
according to any one of clainms 1-5, char- acterized iothat the oxidic

products originate from recyclable flows of a cycl ohexane oxidation
proc- ess. - 7. Process according to any one of clainms 1-6, char-
acterized in that the mxture after the reaction con- tains nore

cyclohexyl hydr oper oxi de than cyc| o-. hexanol pl cycl exanone (in
e ¥ ‘loh&xanol and cyclohexanone, was gu% eSS

aration by distillation. In a first column the components
lighter than cyciohexanone were separated off. These
consisted of hexanal, 1,2-dihydroxy cyclohexane,
epoxy cyclohexane and some cyclohexanone.

In the same way as in Example Il cyclohexane was
air-oxidized, 1.0 wt.% of the mixture from the above-de-
scribed first column having been added to the clean cy-
clohexane (so that the cyciohexane contained 0.3 wt. %
of Cgand 0.6 wt. % of Cg components). The composition

. of the liquid obtained after 25 minutes" oxidation was: '
2.6 wt.% of cyclohexyl hydroperoxide, 0.47 wt.% of cy-
clohexanol, 0.74 wt.% of cyclohexancne, 0.41 wt.% of

- acids and 0.62 moi% of C5.C5 components.

The examples prove that there are several points in
a process for the preparation of cyclohexanone and cy-
clohexanol at which oxidic products are formed that can
very advantageously be used in the process according
to the invention.
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process according to any one of clains 1-7 by adding O.
oxidic products with |in- ear or cyclic alkyl chains w
atons to cycl ohexane and subsequently passi ng an oxygen
gas t hr ough—the—eyetohexane—m xt ure, the m xture being
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e bet ween

Claims

1. Process for the preparation of cyclohexyl hydro-
peroxide by converting cyclohexane into a mixture
consisting substantially of 0.5-8 wt.% of cyclohexyl
hydroperoxide and Q.1-4 wt. % of cyclohexanol and
cyclohexanone in cyclohexane, this being effected
using an oxygen-containing gas at a temperature
between 130 and 200°C and a pressure between 4
and 5Q bar during 0.05 to 14 hours in the absence
of catalysts, and optionally subjecting the mixture
after the reaction to partial expansion, this process
being characterized in that 0.1 to 3 wt.% of oxidic
products with linear or cyclic alkyl chains with 1-8
carbon atoms are present in the cyclohexane at the

start of the oxidation reaction.

2. Process according to claim 1, characterized in that
the oxidation is performed continuously in a serie of
at least two reactor parts in which the.start of the
oxidation reaction takes place in the first reactor
part or first reactor parts and in which the amount
of cyclohexyl hydroperoxide, cyclohexanal and cy-

ciohexanone increases in every reactor part.

3. Process according to claim 2, characterized in that
the oxidic products are fed to the reactor part in

which the start of the oxidation takes place.



9. Process according to any one of clains 1-8, char- ac ﬁgé' Ihﬁﬁ
0. 1 -3 w. i near or cyclic oxidic products with 1 @E EAGEMEN ET

is present

in the cy- cIohexane to be oxidized. 10. Prpce

ny —omeof _Clal Nk 1ez8, ' C acterized in that nore|th
of OXId ﬂmmll 1 ‘l!lwthlScarbon atoms and 0.1-1 wt{9 f
product ons are present in the cy-

Wl

oxidi c

cl ohexane to be

oxi di zed.* 11. Process according to any Zhe of clains 1-8, khar
acterized in that 0.1-3 w.% of oxidic products with 6 carbon atons is
present in the cycl ohexane to be oxi di zed. .

4. Process according to either of claims 1-3, charac-

terized in that as oxidic products use is made of fur-
mic acid, acetic acid, ethanal, acetaldehyde, 1-pro-
panol. 2-propanol, propanal, propanone, butanal,
butanone, 1-butanol, 2-butanol. 2-pentanone, pen-
tanal, pentanol, cyclo-pentancl, cyclohexanal, cy-
clonexanone, 6-hydroxy hexanone. §-hydroxy hex-
anal. 1.2-dihydroxy cyclo-hexane. cyclohexy! hy-
droperoxice, cyclohexene oxide or mixtures of
these.

Process according to either of claims 1-4, charac-
terized in that more than 0.25 wt.% of oxidic prod-
ucts is presant in the cyclonexane to be oxidized.

Prccess according to any one of claims 1-3, char-
acterizad in that the oxidic prcducts originate from
recyclable flows of a cycichexane oxidation proc-
ess.

Process according to any one of claims 1-6, char-

“acterized in that the mixture after the reaction con-
tains more cyclohexy! hydroperoxide than cyclo-

hexanol plus cyclohexanone (in wt.%).
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to 1l wt.%oxidic products with |inear or cyclic: al kyl R‘EPM\ EMENThSﬁEET

carbon atons are present in the cycl ohexane at the stla

oxidatio 13, Process according to claim1l Chcll’chterI zed in
t hat mmj mﬂ“gl\tﬂ oxidic products with linear or cydliic2 2 AUG 1997
[

al kyl ch bon atons are present in th¢ ¢ycl ohexane at
the start of the ox tion reac- i on. 14. Proce$s according to
either of clainms 12-13, char- acterzed in that the 0144a14nn
reaction is perforned continuously in a serie of at |east two
reactor parts I n which the start of the oxidation reaction takes

8. Process for starting the uncatalyzed cyclohexrne
oxidation process according to any one of claims
1-7 by adding Q.1-3 wt.% of oxidic products with lin-
ear or cyclic alkyl chains with 1-8 carbon atoms to -
cyclohexane and subsequently passing an oxygen-
containing gas through the cycichexane mixture,
the mixture being kept at a temperature between
130°C and 200°C and a pressure between 4 and
50 bar.

. 9. Process according to any one of claims 1-5, char-
acterized in that 0.1-3 wt.% of linear or cyclic oxidic
products with 1-3 carbon atoms is present in the cy-
clohexane 1o be oxidized.

10. Process according to any one of claims 1-5, char-
acterized in that more than 0.1 wt.% of oxidic prod-
ucts with 1-5 carbon atoms and 0.1-1 wt. % of oxidic
‘products with § carbon atoms are present in the cy-
clohexane to be oxidized. "

11. Process according to any one of claims 1-8, char-
acterized in that 0.1-3 wt.% of oxidic products with
6 carbon atoms is present in the cyclohexane.to be
oxidized. |
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cycl ohexanone increases in .every reactor part.
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12. Process according to claim 1 characterized in that
0.1 to 1 wi.% oxidic products with linear or cyclic
alkyl chains with § carbon atoms are prasent in the
cyclohexane at the start of the axidation reaction.

13. Process according to claim 1 characterized in that
0.1 to 1 wt.% oxidic products with linear or cyclic
alkyl chains with 1-5 carbon atoms are present in

the cyclohexane at the start of the oxidation reac-
tion.

14. Process according to either of claims 12-13, char-
acterized in that the oxidation reaction is performed
continuously in a serie of at least two reactor parts
in which the start of the oxidation reaction takes
place in the first reactor part or first reactor parts -
and in which the amount of cyclo-hexyl hydroperox-
ide, cyclonexancl and cyclohexanone increases in
every reactor part. a
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STRACT

PROCESS FOR THE PREPARATION OF
CYCLOHEXYT, HYDROPEROXIDE

The invention relates to a process for the
preparation of cyclohexyl hydroperoxide by converting
cyclohexane into a mixture consisting substantially of
0.5-8 wt.% of cyclohexYl hydroperoxide and 0.1-4 wt.% of
cyclohexanol, and cyclohexanone in cyclohexane, this being N
effected using an oxygen—-containing gas at a temperaturé
between 130 and 200*C and a pressure between 4 and 50 bar
during 0.05 to 14 hours in the absence of catalysts, and |
optionally subjecting the mixture after the reaction to
partial expansion, this process being characterized in
that 0.1 to 3 wt.% of oxidic products with linear or
cyclic alkyl chains with 1-6 carbon atoms are present in
the cyclochexane at the start of the oxidation reaction.



