PF 53889 prOg3dg on process The present invention relates to a process for
oxidizing a 5 starting material with an oxidi zing agent to obtain a product,
whi ch conprises carrying out the oxi dat{lon in a reaction apparatus which has
- 10 a bottomregion at the lower end, a top region at the upper end and a
reaction zone between the top region and the bottomregi on, naintaining the
reaction mxture in the boiling state in the 15 reaction zone, and
i nt roduci Mxidatdozipmwpcagent into the reaction zone in at least two
substreans. 20 Nunerous processes for oxidizing a starting material, in
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in: 45 WitsecsobbtXegmes. | ndustriell e Organische Chemi e, 4th edition, VCH,
Wi nheim 1994, pages 260 ff and is the oxidation of - cyclohexane to a
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particular an organic starting material, with a molecular
oxygen-containing gas to obtain a product are known.

For example, saturated compounds may be converted to unsaturated

25 compounds, such as methylcyclohexane to toluene or propane to
propene, alcohols to aldehydes or ketones, such as isopropanol to
acetone, s-butanol to methyl ethyl ketone or methanol to
formaldehyde, hydrocarbons to hydroperoxides, such as cumene to
cumene hydroperoxide, tetralin to tetralin hydroperoxide or

30 cyclohexane to cyclohexane hydroperoxide, olefins to epoxides,
such as ethene to ethylene oxide, or hydrocarbons to alcohols,
aldehydes, ketones or carboxylic acids, such as cyclohexane to
cyclohexanol or cyclohexanone, toluene to benzaldehyde or benzoic
acid, o-, m- or p-xylene to the corresponding aromatic

35 dicarboxylic acids or their anhydrides, butane to maleic
anhydride or propene to acrolein or acrylic acid.

One of the problems of such oxidation reactions is that the
desired products of value may themselves likewise be oxidized to

40 obtain undesired by-products or ultimately carbon dioxide and
water. This disadvantageously leads to a reduction in the
selectivity of the oxidation reaction.

An industrially significant oxidation is described in:

45 Weissermel/Arpe, Industrielle Organische Chemie, 4th edition,
VCH, Weinheim, 1994, pages 260 ff and is the oxidation of
cyclohexane to a mixture comprising cyclohexanol and



PF 53889 2 cycl ohexanone in the liquid phase using air in the presence of
manganese Qfr gg?g t salts as catalyst at 125-165C and a pressure in the
range frontB bar (absolute). 5 In this oxidation, the cycl ohexane
conversion is limted in order to achieve an industrially viable
selectivity. According to Arpentier & al., The Technol ogy of Catalytic
Oxi dations, Editions Technip 2001, pages 226 ff, the selectivity in
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DE 19811517 describes the uncatalyzed, selective oxidation of
cyclohexane with ozone to cyclohexanone in a reactor inertized
toward ozone by metering the ozone in via the top of the column,
while at the same time continuously removing the cyclohexanone
25 formed at the bottom of the column as the product.

A disadvantage of this process is the insufficient contact of the
oxidizing agent with the starting material and the poor
utilization of the oxidizing agent: at industrially relevant

30 pressures, ozone is gaseous and therefore leaves the reactor
again without sufficient contact with the hydrocarbon to be
oxidized.

Furthermore, the process is intended to be carried out at

35 temperatures less than or equal to the boiling temperature of the
cyclohexane to be oxidized. However, since the reaction products
boil approx. 75°C higher than the starting material and the
boiling temperature of the reaction mixture is therefore above
the boiling temperature of the cyclohexane, this process is a

40 pure liquid phase reaction without distillation. This process
therefore has the disadvantages already mentioned above with
regard to the separation of the reaction mixture and recycling of
the cyclohexane.

45 1t is an object of the present invention to provide a process
which facilitates the oxidation of a starting material, in
particular an organic starting material, with an oxidizing agent



"regard to the_separation of the reaction m xture and recycling of the

cycl ohexanBF 238 g I's an object of the present invention to provide a
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.particular an organic starting materi &, with an oxidizing agent PF 53889 3
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20 replaced by such heterocatoms. For the purposes of the present

invention, the hydrocarbons both with and without such
heteroatoms are referred to in summary as hydrocarbons.

Useful unsaturated hydrocarbons include those having one or more

25 triple bonds, one or more olefinic double bonds or aromatic
systems, or those which have a combination of such features, such
as ethene, propene, l-butene, 2-butene, 1,3-butadiene, benzene,
toluene, o-xylene, m-xylene, p-xylene, fluorene,
2-methylpyridine, 3-methylpyridine, 4-methylpyridine, and

30 tetralin. Useful unsaturated hydrocarbons may be linear or
cyclic.

Useful saturated hydrocarbons may be linear or preferably cyclic
alkanes, in particular those having from 2 to 12 carbon atoms.

35
Advantageous linear alkanes are ethane, propane, n-butane,
i-butane, n-pentane, n-hexane, n-heptane, n-octane, n-nonane, and
n-decane.

40 Useful cyclic alkanes may be cyclohexane and decalin.

The hydrocarbons may be unsubstituted or substituted, for example
by aliphatic groups, preferably C;-Cg-alkyl groups, such as
methyl, ethyl, i-propyl, n-propyl, n-butyl, i-butyl, s-butyl,

45 n-pentyl, n-hexyl, n-heptyl, n-octyl, 2-ethylhexyl, OH, =0,
C1-Cg-alkoxy, COOH, C;-Cg-carbalkoxy, C;-Cjp—-acyloxy or
Ci;-Cg-alkylamino, sulfonic acid or their salts, such as alkali



- 40 Usef ul clic al kanes may be cycl ohexane and decalin. The hydrocarbons
may be unsB%s???ﬁ?ed or substituted, for exanple by aliphatic groups,
preferably Cl-CB-al kyl groups, such as nethyl, ethyl, i-propyl, n-propyl,
n-butyl, i-butyl, s-butyl, 45 n-pentyl, n-hexyl, n-heptyl, n-octyl,
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In a further advantageous embodiment, the process according to

25 the invention may be applied to the oxidation of hydrocarbons or
aldehydes to ketones, alcohols or quinones, such as fluorene to
fluorenone, trimethylphenol to trimethylquinone, acetaldehyde to
acetic anhydride, naphthalene to naphthoquinone, anthracene to
anthraquinone, p-diisopropylbenzene to hydroquinone,

30 p-methylisopropylbenzene to cresol, or paraffins to alcohols.
In a further advantageous embodiment, the process according to
the invention may be applied to the oxidation of alcohols to
aldehydes or ketones, such as isopropanol to acetone, s-butanol
to methyl ethyl ketone, or methanol to formaldehyde.

35
In a further advantageous embodiment, the process according to
the invention may be applied to the oxidation of C-C single bonds
to C-C multiple bonds, such as butene to butadiene, ethylbenzene
to styrene, methylcyclohexane to toluene, or propane to propene.

40
In a further advantageous embodiment, the process according to
the invention may be applied to the oxidation of hydrocarbons to
nitriles, such as the oxidation of toluene with N;0 to
benzonitrile.

45



to met hyI tgé tone, or nethanol to formal dehyde. 35 In a further

advant ageous r%o di ment, the process according to the invention may be
applied to the oxidation of C-C single bonds to CC multiple bonds, such as
_ butene to butadi ene, ethylbenzene t @ styrene, nethyl cycl ohexane to tol uene,
or propane to propene. 40 In a further advantageous enbodi nent, the process
accordi ng Iinoa fhethew prefernrerhembedigpeEht o dheo prbeesxiaaiordingftddreocar bons
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cycl ohexanol, cycl ohexanone or their mxtures. 20 According to the
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20 According to the invention, a starting material is oxidized using
an oxidizing agent.

In an advantageous embodiment, the oxidizing agent used may be a

molecular oxygen-containing gas, in particular molecular oxygen.
25

The molecular oxygen used may be dioxygen in the triplet or

singlet state or trioxygen, i.e. ozone, preferably dioxygen, in

particular in the triplet state, or mixtures of such molecular

forms of oxygen. The gas comprising such molecular oxygen may be
30 free of further components.

The gas containing such molecular oxygen may comprise further,
different components.

35 Useful further, different components include oxidizing gases,
such as nitrogen oxides.

In the case of further, different components, it may be
preferable to use inert gases, i.e. those which do not enter

40 substantially into the oxidation reaction, if at all, in the
process according to the invention, such as nitrogen, for example
in the form of air, or noble gases, for example argon, or their
mixtures.

45



- 30 free of furéhgr conmponents. The gas containing such nol ecul ar oxygen may
conpri se fBFt R p,g di fferent conponents. 35 Useful further, different
conponent s i nclude oxidi zi ng gases, such as nitrogen oxides. In the case of
further, different conponents, it nay6be preferable to use inert gases,
"i.e. those which do not enter 40 substantially into the oxidation reaction,
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gases, i10eThehgas agmpehsied e ot sere ubthanikapggn axidest hay oxandatinon
reaction, ithrahen/ ldiffaréme qumpoasataccording to the invention, such as
nitrogen, for exanple in the formof 20 air, or noble gases, for exanple

argon, or | ' S. r fer | JTBE oxi di zin
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such as aSPEPoX§ &Y9Br exanpl e an inorgani c peroxide, such as 25 hydrogen
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I sobutyl hydroherassedef feoylent,yldifiyerapercmnpdaentgphdnylist agvainedyeopsr oxi de,
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to the invention, such as nitrogen, for example in the form of
20 air, or noble gases, for example argon, or their mixtures.

In a further preferred embodiment, the oxidizing agent used may
be a compound which is liquid under the reaction conditions, such
as a peroxide, for example an inorganic peroxide, such as

25 hydrogen peroxide, or an organic peroxide, such as cyclohexane
hydroperoxide, isobutyl hydroperoxide, isopentyl hydroperoxide,
phenylethyl hydroperoxide, cumene hydroperoxide, tetralin
hydroperoxide, or a peracid, such as peracetic acid.

30 The mixing ratios between starting material used and the
molecular oxygen in the molecular oxygen-containing gas depends
on the desired degree of conversion of the starting material to
the product from a chemical point of view, for example the
conversion of an alkane to an alcohol or a ketone, and from a

35 process engineering point of view, i.e. the desired conversion,
and may be easily optimized by a few simple preliminary
experiments.

Oxidizing agent and starting material may be added separately to
40 the reaction apparatus.

Oxidizing agent and starting material can be partially mixed
before addition to the reaction apparatus and added to the
reaction apparatus.
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nol ecul ar oxygen in the nol ecul ar oxygen-contai ni ng gas depends on the
“desired degFe$38P9conversion of the starting material to the product froma
chem cal view, for exanple the conversion of an al kane to an
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and added a${3 ﬁggggg appar at us. F 53889 7 Oxidizing agent and
starting na eri e conpletely n1xed before addition to the reaction
apparatus and added to the reaction apparatus. 5 According to the
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Wiey & SofstOREFHE ka I@fEqugr n70-881, such as tray col umms, for
exanpl e 19 avEeagtgpn @6Pﬁnhﬁ¢Wﬂenbﬁ BI%9Rxﬂ?9993y3%®lEhﬁu?Otépmcﬁﬂgﬂﬁﬂs havi ng
structured packings or random packings. In a preferred enbodi nent, useful
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In a preferred embodiment, useful trays are those which

20 facilitate a long residence time of the reaction mixture in the
column, such as valve trays, preferably bubble-cap trays or
tunnel-cap trays.

In a further preferred embodiment, structured packings, such as
25 woven metal packings or sheet metal packings, advantageously
having an ordered structure, or random packings are contemplated.

In a further preferred embodiment, hold-up packings are

considered. Such hold-up packings allow the residence time in the
30 reaction zone to be adjusted with the aid of the pressure drop

and, even at high load, ensure a good separation performance.

In a particularly preferred embodiment, it is possible to use
internals having a high number of plates, such as woven metal

35 packings or sheet metal packings, advantageously having an
ordered structure, below the lowermost feedpoint for the
oxidizing agent into the reaction apparatus.

Advantageously, the rectification column should have a separation
40 performance of from 10 to 100, preferably from 20 to 40,
theoretical plates.

Advantageously, the higher-boiling reactant of the two reactants
starting material and oxidizing agent may be fed to the reaction
45 apparatus predominantly or completely above the lower-boiling
reactant, and in particular, the higher-boiling reactant may be
fed into the upper section of the rectification column and the



and, even at high | oad, ensure a good separation performance. In a

particul arl rred enbodinent, it is possible to use internals having a
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f eedpoint for the oxidizing agent int® the reaction apparatus.
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react ant i rhe beer-awerlingctéadtaft imhg commiised taghen-lswllimg. réddetant.

hi gher-boi ling reactant may conprise Iomer-boiling reactant. 5 The
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col um. Y¥he reaction zone may be situated outside the rectification section
of the col Urnhag5piitnen gacticnmlaolye adagnbagenusudicednstia i dagromh@ to 50,
rectificat igtefee@bUymErdm 5t BbS3EAXeorBEiP4ESHStes] Int fige ippeli 88cEZide and
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zone may be situated within the rectification section of the
20 column.

The reaction zone may be situated outside the rectification
section of the column.

25 The reaction zone may be situated outside the rectification
column.

In this case, the pressure in the reaction zone and the pressure
in the rectification column may be the same or different.

30
Figure 1 shows a schematic of an advantageous embodiment of a
reaction apparatus. In figure 1:

1l: reaction section
35 2: distillation section
3: feed for starting material
4: feed for catalyst
5: addition of oxidizing agent, in particular gaseous oxidizing

agent, such as air

40 6: evaporator
7: product stream
8: heat exchanger .
9: discharge of inerts

10: separator
45 11: water discharge
12: starting material recycling



30 Figure l].Tsé? a schematic of an advantageous enbodi nent of a reaction
appar at us. %are 1: 1. reaction section 35 2: distillation section 3:
feed for starting material 4: feed for catalyst 5: addition of oxidizing
agent, in particul ar gaseous oxidizin§ agent, such as air 40 6: evaporator
7: product stream 8: heat exchanger 9: discharge of inerts 10: separator
45 11: wat®iie dhaeclesasgacdakdisigatdi tige Naivehicabn ey Grietgr Bb1p 3B Ladribe
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The process according to the invention, in particular when
cyclohexane is used as the starting material, may preferably be
carried out at a pressure in the range from 0.1 to 3.5 MPa,

20 preferably from 0.5 to 2.5 MPa, measured in the bottom region of
the reaction apparatus.

The temperature is then considered with regard to the maintenance
in the boiling state of the reaction mixture in the reaction

25 zone. The temperature suitable for this purpose for the
particular reaction may be easily determined by a few simple
preliminary experiments.

When cyclohexane is used as the starting material, advantageous
30 temperatures in the reaction zone are in the range from 70 to
220°C, preferably from 120 to 190°C.

In a further preferred embodiment, the reaction apparatus may
have a means for withdrawing gases at the upper end of the upper
35 section.

Advantageously, the reaction is carried out in such a way that
reaction mixture present below the reaction zone is evaporated to
obtain a mixture of liquid and gaseous reaction mixture.

40
In an advantageous embodiment, the reaction apparatus is filled
with liquid reaction mixture in the bottom region and in the
region of the reaction zone.

45 Owing to its lower density compared to the liquid reaction
mixture, the gaseous reaction mixture obtained in this way then
rises in the direction of the top region of the reaction



particular reaction nmay be easily determned by a few sinple prelimnary

T experi rrent? g\ggg cycl ohexane is used as the starting material, advantageous
30 tenpera fir 8 the reaction zone are in the range from70 to 220C,
preferably from 120 to 190C. In a further preferred enbodi nent, the reaction
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reaction mxture 1n the bottomregion an regi on of the reaction
zone. 45 Oning to its lower density conpared to the liquid reactian,
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t he directionthd tdperegpon exfi dheofeadtsiareapppoat - i538899délsemmdatfad. Owi ng
to the intenasti®rrheereretidmeocgas cadifartadeblisly | ifjuind pRgeed przdensati on
and evaporation processes may result in changes in the conposition of the

gas phase. ,5 Accaqrding fhe invention, f.he gaseous .reaction m xture
arviving pReokaild, £ *éf%'? GHVEPEERE U oS 308 A SECRRBRAII D (e
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preferabl y,pr ogarstdr@ah®. such as 2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, substreans. 15 The oxi di zi ng agent may be

i nt rpducl;L d ;l]nto I he .reacti on_l‘%&pgr at us ﬁtrocess_ s known.per_ se, in
par ti cul*ar TPBrO¥HE 3 REr BERRY i f intrpgrce 6“5°I§’tﬁnr&ac?ﬁ D fRRFSLuS
accordi ng P¥ PFRCESRESNKNOWR REF B/ chR reaxd-isylai forothe 4ngaedugiion 26 The
process aceogds mpttoo at heéquidienti on nmay be carried out in the presence of a
honmbgeneousher prédedis0gessfding dbakét invention may be carried out without

a catalyst.

20
The process according to the invention may be carried out in the
presence of a homogeneous or heterogeneous catalyst.

Wwhen a homogeneous catalyst is used, this may advantageously be

25 added to the reaction mixture in the top region of the reaction
apparatus and withdrawn with the reaction mixture in the bottom
region.

When a heterogeneous catalyst is used, this may advantageously be
30 immobilized in the reaction zone of the reaction apparatus by
processes known per se.

In general, catalysts known per se may be used for the particular
oxidation reactions, for example, in the case of the oxidation of

35 cyclohexane to cyclohexanol, cyclohexanone or its mixtures,
cobalt or manganese salts.

The amounts of catalyst may easily be determined in accordance
with the catalyst velocities known for these catalysts for the
40 particular reactions and the conversions selected in the process
according to the invention, and an optimization of the catalyst

amounts may easily be carried out by a few simple preliminary
experiments.

45 Advantageously, a reaction mixture comprising the product may be
withdrawn in the bottom region of the reaction apparatus, in
particular when the boiling point of the product is higher than
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Comparative example 1

In a bubble column reactor divided into eight chambers, the

25 cyclohexane stream which had been added at the upper end of the
reactor was adjusted in such a way that the residence time of the
liquid phase in the reactor was 31 minutes. By adding an
appropriate amount of air evenly distributed over the chambers of
the reactor, a cyclohexane conversion of 3.5% was set. The

30 reactor was operated at a pressure of 16 bar.

The total selectivity for cyclohexanol, cyclohexanone and
cyclohexane hydroperoxide was 83.9%. The space-time yield, based
on the liquid phase in the reactor, was 45.7 kg/(m3*h).

35
Example 1

2415 kg/(m**h) of cyclohexane, based on the liquid phase volume,
were fed above the reaction section to a reaction column having

40 10 trays in the reaction section (upper) and 10 trays in the
distillation section (lower). The column was operated at a
pressure of 11.9 bar. 0.15 m3 (STP) of air per kg of cyclohexane
was introduced uniformly distributed over the 10 trays of the
reaction section of the column. At an evaporator energy based on

45 the fresh cyclohexane stream of 200 Wh/kg, the cyclohexane
conversion was 10.1%.



-the oxidation fromthe reaction apparatus above the reaction 20 zone,

advant ageoBB| $388%r head. Conparative exanple 1 In a bubble col um reactor

di vided into eight chanmbers, the 25 cycl ohexane stream whi ch had been added
_at the upper end of the reactor was Hljusted in such a way that the
residence time of the |I|iquid phase in the reactor was 31 m nutes. By adding
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Exanpl e § Cdigarday/iveBéhampife @ycl ohexane, based on the |iquid phase vol une,
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in the rea 511265 ct.l rs) fr I i sthllatian ction
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conver si onTh@scydd.oh¥xalE &ifRYsidn Thgs tntsal, sel ectivity for cycl ohexanol,
cycl ohexanone and cycl ohexane hydroperoxi de was 88.0% The space-tine yield

based on e liquid phase in the reactor was 250 kg/(nB8*h)._5, Conparative
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space-tine yield, based 15 on the |liquid phase in the reactor, was 232
kg/ (nB*h). 20
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25 30 35 40 45 PF 53889 13 W claim 1. A process for oxidizing a starting

“material w%%h %gsgxidizing 5 agent to obtain a product, which conprises
carrying o ? xidation in a reaction apparatus which has 10 a bottom

region at the lower end, a top region ajsthe upper end and a reaction zone

bet ween the top region and t he botton1reg|on mai nt ai ni ng the reaction

m xture in the boiling state in the 15 reaction zone, and introducing

oxidizing agent into the reaction zone in at 20 |east two substreans. 2. A

process asy&laigigd in claim1l, wherein the unconverted starting nmaterial

| eaving the reaction zone is recycled into the reaction zone. 25 3. A

process as.clajnmed in claim1 wherein the startlnq material, ysed is a

linear or tycl® PEA9€SEReI0n. °§¥ﬁi?&885§ %E?ﬁﬂ%&ﬁn@ﬂt??ﬁﬁﬁ M¥ikR 4n(QrigizgRg e
t he oxi dﬁzl ng agntadenebtain 4 Pradueki di zi ng agent which is gaseous under
the reaction conditions. 5. A process as clainmed in claim4, wherein the
oxi di zi ng agenyhidis@dmpgiged0l ecul ar oxygen-containing gas. 35 6. A process
as claimed in clains 1 to 5, wherein the oxidation is carried out in the
presence of a catal progiis as, clainmed. in c erein

bater s a0 byApRegcaut; 1% RRSGRETeR T idackian vastaterbe Wt 8 dur ng
the oxi &8tion #repktoMereeden iadn tAgpse¥emendy the reaction zone or in the
top region. 8.aAqpy oegsenast dile mpgernemd &nds 1 to 7, which is carried out

a reaction zone between the top region and the bottom region,

maintaining the reaction mixture in the boiling state in the
15 reaction zone,

and

introducing oxidizing agent into the reaction zone in at
20 least two substreams.

2. A process as claimed in claim 1, wherein the unconverted
starting material leaving the reaction zone is recycled into
the reaction zone.

25

3. A process as claimed in claim 1 or 2, wherein the starting

material used is a linear or cyclic alkane.

4. A process as claimed in claims 1 to 3, wherein the oxidizing
30 agent used is an oxidizing agent which is gaseous under the
reaction conditions.

5. A process as claimed in claim 4, wherein the oxidizing agent
used is a molecular oxygen-containing gas.
35
6. A process as claimed in claims 1 to 5, wherein the oxidation
is carried out in the presence of a catalyst.

7. A process as claimed in claims 1 to 6, wherein water is
40 by-produced in the oxidation and this water is withdrawn
during the oxidation from the reaction apparatus in the
reaction zone or in the top region.

8. A process as claimed in claims 1 to 7, which is carried out
45 at a temperature in the range from 10 to 300°C, measured in
the reaction zone.



- 45 at a tggg{;éure in the range from 10 to 300C, neasured in the reaction
zone. % 9. A process as clainmed in clains 1 to 8, wherein the
reaction apparatus used is a rectification colum. 10. A process as clained
inclains 1 to 9, wherein the starting 5 material is oxidized with cycle gas
which is enriched wwth an oxidizingladgent. 11. A process as clained in

clainse 1 tg, 10y pﬁ&kebnag cm%actinC@raﬁisnilngor9,«39&11&@_@ %hél_rﬁeaic&:i%t hdr awn
bel ow the 10 glgﬂac[gtgg ﬁQé’@-isl%- rBcPf ioﬁ%?hﬁhﬁmd inclains 1 to 11,
hi 1

wherein the er-boiling reactant selected fromthe group consisting of
oxi di zing agent and starting material is fed to the reaction 15 apparatus
above the 1®wed -BFOCEBAg2S HAigge 38| k3 idf flr §fh ? hevhefiedBpthenstanting of

oxi di zi n§ agermatardadt astoxigizedewith . cykde Aaprektys ixs eokdched Withchai ns 1
to 12, wherei nothEizdnhgragagr. material used i s cycl ohexane. 20 14. A process
as claimed in clainms 1 to 13, wherein cycl ohexane is oxidized with air,

reaction nha u&eriosce%ongis néjloaui%l iV\,it éjrmawl ig iQe t}]oet teorlp regi on of the
reacti on apparatius an unconv t &8 Eyc’[ cfhex&ne_ nd WAt et &r e conti nuousl y
removed in 25 RFREAUCEHCPREGF HYHNG FEREREQR W XiHgewht ofitdidr ayaphe e dhsy neans
of a phdfe sepegatdionapmdnehe resulting cycl ohexane is fed to the top region
of the reaction apparatus as ref lux. 30 35 40 45

12. A process as claimed in claims 1 to 11, wherein the
higher-boiling reactant selected from the group consisting of
oxidizing agent and starting material is fed to the reaction

15 apparatus above the lower-boiling reactant selected from the
group consisting of oxidizing agent and starting material.

13. A process as claimed in claims 1 to 12, wherein the starting
material used is cyclohexane.
20
14. A process as claimed in claims 1 to 13, wherein cyclohexane
is oxidized with air, reaction mixture is continuously
withdrawn in the bottom region of the reaction apparatus and
unconverted cyclohexane and water are continuously removed in
25 the top region, cyclohexane and water are separated by means
of a phase separator and the resulting cyclohexane is fed to
the top region of the reaction apparatus as reflux.
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