
PROCESS FOR THE OXIDATION OF HYDROCARBONS The present invention
relates to a process for the oxidation of hydrocarbons, in particular
of saturated 5 hydrocarbons,forthe production of peroxides, alcohols,
ketones, aldehydes and/or diacids. It relates more particularly to a
process for the oxidation, via molecular oxygen, of a cycloaliphatic
10 saturated hydrocarbon for the production of ketones/alcohols and
more particularly still to the oxidation of cyclohexane via molecular
oxygen to cyclohexanol and cyclohexanone. 15 The mixture of
cyclohexanol and cyclohexanone or one of these products are used for
the synthesis of adipic acid or of c-caprolactam. The processfor
manufacturing cyclohexanol and 20 cyclohexanone by oxidation of
cyclohexane via molecular oxygen or a gas containing molecular oxygen
in the presence or absence of catalyst is described in many patents
and many publications such as, for example, patents GB 777087, GB
1112837, GB 964896, GB 1191573, 25 US 3479394 and US 4877903.
Generally, in such an oxidation process via molecular oxygen, the
degree of conversion of the saturated hydrocarbon, such as
cyclohexane, is deliberately kept 30 at a low value in order to
improve the selectivity of the reaction for upgradeable oxidized
products, in particular that can be converted to cyclohexanol and
cyclohexanone. 35 Furthermore, this selectivity is better and can
only be maintained at an acceptable value if the concentration of
oxidized products in the reaction medium is kept at a low value. 



- 2 - Consequently, the oxidation reaction is carried out by using a
reaction medium that has a high concentration of hydrocarbon, this
hydrocarbon acting as solvent. For the economy of the process, it is
necessary to recover 5 this non-oxidized hydrocarbon at the end of
the reaction, in order to recycle it into the oxidation step and
therefore to constitute a hydrocarbon circulation loop. 10 Moreover,
the process for the oxidation of the hydrocarbon to peroxide and/or
alcohol or ketone comprises steps of reacting and of separating the
products contained in the reaction medium with removal of the
fractions known as "light products", that is to 15 say the products
that have a boiling point below that of the hydrocarbon. These
various fractions of low boiling point products are often referred to
in such processes as off-gases 20 and are intended to be destroyed by
incineration or burnt in a flare. However, although the efficiency of
the separation steps is high, the off-gases recovered still contain a
25 small amount of non-oxidized hydrocarbon which it is highly
advantageous to recover both from an environmental protection view
point and from the view point of the economy of the process. 30 There
is therefore a need for a process that makes it possible to
economically and selectively recover the saturated hydrocarbon
present in these off-gases in order to be able to recycle it into the
oxidation process. 35 One of the objectives of the present invention
is, in particular, to propose a process that makes it possible to
treat the off-gases of a process for the oxidation of saturated
hydrocarbons such as the oxidation of  - 3 - 



cyclohexane to cyclohexanol/cyclohexanone in order to recover the
saturated hydrocarbon present in these off-gases and recycle it into
the oxidation process. 5 For this purpose, the invention proposes a
process for the oxidation of a saturated hydrocarbon via molecular
oxygen comprising a process for treating gaseous effluents produced
by said oxidation process, said treatment process comprises a step of
bringing the 10 gaseous effluents to be treated into contact with an
oil in the liquid state, in order to absorb the saturated hydrocarbon
contained in the effluents and a second step of treating the
hydrocarbon-loaded oil by water steam stripping (steam distillation)
in order to  15 extract the hydrocarbon, condensing the vapour
recovered and separating the hydrocarbon by settling. The process of
the invention is a process for the oxidation of a saturated
hydrocarbon comprising a 20 process for treating the off-gases
produced by the oxidation process and the steps of separating the
various products, consisting in recovering the hydrocarbon present in
these off-gases by absorption into a paraffinic and/or naphthenic
oil, then in 25 treating this oil containing the hydrocarbon via
water steam stripping (steam distillation) in order to extract and
recover the absorbed hydrocarbon and after separation, for example by
condensation and settling, to recycle said hydrocarbon into the
oxidation step. 30 According to one feature of the invention, the
hydrocarbon is preferably a saturated hydrocarbon, advantageously a
saturated cycloaliphatic hydrocarbon selected from the group
consisting of cyclohexane, 35 cyclooctane, cyclododecane and decalin.
The oxidation process may be a process for the oxidation of a
hydrocarbon to an alkyl hydroperoxide, in the presence or absence of
catalyst, then conversion  - 4 - of this alkyl hydroperoxide to
ketone and/or alcohol. The oxidation process of the invention may
also be a process for the oxidation, in the presence of a catalyst,
via oxygen, of the hydrocarbon to alcohol and 5 ketone in a single
step. The process of the invention also applies to the treatments of
the off-gases recovered in a process for the oxidation, via molecular
oxygen, of a saturated hydrocarbon to diacid, such as the direct
oxidation of cyclohexane to adipic acid. 10 



In these processes, the oxidation is carried out with a large amount
of hydrocarbon which acts as reactant and as solvent in order to
prevent the concentration of oxidized products from being very high
in the reaction 15 medium. These processes comprise several steps of
reacting and of separating the products, especially of distilling the
excess cyclohexane in order to recycle it to the 20 oxidation step.
During these steps, it is common to recover a gaseous fraction
comprising, in particular, the products having a low boiling point
compared to the boiling point of 25 the saturated hydrocarbon which
cannot be upgraded. These gaseous fractions form most of the gaseous
effluents of these oxidation processes and are often denoted by the
expression off-gases. These off-gases are generally burnt, for
example via a flare. 30 According to the process of the invention,
the gaseous effluents or off-gases are treated in order to extract
and recover the small amount of saturated hydrocarbon present and
thus to be able to recycle it into the 35 process. Furthermore, this
recovery of the hydrocarbon reduces the amounts of waste and
therefore is favourable to the protection of the environment.  - 5 -
passing the off-gases or effluents into an oil in the liquid state,
for example in a gas/liquid exchange or scrubber column. 5 When the
oil is saturated with hydrocarbon or reaches a defined concentration
level, the absorbed hydrocarbon is recovered via extraction with
water steam. Thus, the oil is stripped (distilled) by steam, the
hydrocarbon/steam mixture is condensed. The hydrocarbon 



10 is recovered by settling. The oil suitable for the process of the
invention should be chosen for some of these properties listed below:
15- having a boiling point higher than that of the saturated
hydrocarbon, being difficult to oxidize via oxygen in order to
prevent and limit oil degradation phenomena, being a solvent for the
saturated hydrocarbon, 20  - having a low vapour pressure at the
steam stripping temperature,  having a demixing property, via
settling in the presence of water, which is sufficient to allow a
water/oil separation compatible with an 25industrial exploitation.
Among the various oils available, paraffinic oils, naphthenic oils
and mixtures thereof are particularly suitable for carrying out the
process of the invention. 30 The process of the invention thus makes
it possible to recover a considerable amount of hydrocarbon which may
be evaluated from a few tenths of a per cent to a few per cent of the
hydrocarbon involved in the oxidation 35 process. The scrubbing of
the gaseous effluents by the oil and the steam stripping of the oil
may be carried out in any suitable device known to a person skilled
in the  -6- 



art such as gas/liquid exchange columns, plate or packed distillation
columns, for example.   Other details and advantages of the invention
will 5 appear more clearly in the examples given below by way of
indication. Example 1: 10  In a process for the oxidation of
cyclohexane to cyclohexanol and cyclohexanone, the gases to be
released or off-gases originating from the reactors and from the
various separation columns are brought together. The concentration of
cyclohexane in these 15 gases is between 8 and 12% by volume. These
gases are treated with a paraffinic oil such as the oil sold by BP
France under the trade name Enerthene(r) 2367, fed at a temperature
of 25C into a scrubber column comprising bubble trays. The gases 20
exiting the scrubber column contain no more than 0.3% by volume of
cyclohexane. The oil loaded with cyclohexane is fed, after preheating
to a temperature of 110C, into the top part of a bubble tray
distillation column operating at a 25 pressure of 1.2 bar. Water
steam is fed into the bottom of the column. The azeotrope between the
water and the cyclohexane is recovered at the top of the column and
condensed. The condensates are introduced into a settling tank. 30
The organic phase recovered is composed of cyclohexane and of light
impurities. This organic phase is distilled in order to remove the
light impurities. The cyclohexane recovered is recycled into the
oxidation process. 35 Example 2: 



- 7 - released or off-gases originating from the reactors and from
the various separation columns are brought together. The
concentration of cyclohexane in these gases is between 5 and 7% by
weight. 5 These gases are treated with a paraffinic and naphthenic
oil such as the oil sold by SHELL under the trade name SHELL Edelex
912, fed at a temperature of 20C into a scrubber column comprising
bubble trays. The gases exiting the scrubber column contain no more
10 than 0.12% by weight of cyclohexane. The oil loaded with
cyclohexane is fed, after preheating to a temperature of 110C, into
the top part of a bubble tray distillation column operating at a
pressure of 1.2 bar. 15 Water steam is fed into the bottom of the
column. The azeotrope between the water and the cyclohexane is
recovered at the top of the column and condensed. The condensates are
introduced into a settling tank. The organic phase recovered is
composed of cyclohexane 20 and of light impurities. This organic
phase is distilled in order to remove the light impurities. The
cyclohexane recovered is recycled into the oxidation process. 25
Example 3: In a process for the oxidation of cyclohexane to
cyclohexanol and cyclohexanone, the gases to be released or off-gases
originating from the reactors and 30 from the various separation
columns are brought together. The concentration of cyclohexane in
these gases is between 7 and 9% by weight. These gases are treated
with a paraffinic and naphthenic oil such as the oil sold by SHELL
under the 



35 trade name SHELL Edelex 912, fed at a temperature of 22C into a
scrubber column comprising bubble trays. The gases exiting the
scrubber column contain no more than 0.22% by weight of cyclohexane.
The oil loaded with cyclohexane is fed, after  - 8 - preheating to a
temperature of 110C, into the top part of a bubble tray distillation
column operating at a pressure of 1.2 bar. Water steam is fed into
the bottom of the column. 5 The azeotrope between the water and the
cyclohexane is recovered at the top of the column and condensed. The
condensates are introduced into a settling tank. The organic phase
recovered is composed of cyclohexane and of light impurities. This
organic phase is 10 distilled in order to remove the light
impurities. The cyclohexane recovered is recycled into the oxidation
process.  - 9 - CLAIMS 1. Processfor the oxidation of a saturated
hydrocarbon via molecular oxygen comprising a 5 process for treating
gaseous effluents produced by said oxidation process, characterized
in that said treatment process comprises a step of bringing the
gaseous effluents to be treated into contact with an oil in the
liquid state in order to absorb the 10 saturated hydrocarbon
contained in the effluents and a second step of treating the
hydrocarbon-loaded oil by water steam stripping (steam distillation)
in order to extract the hydrocarbon, condensing the vapour recovered
and separating the 15hydrocarbon by settling. 



2. Process according to Claim 1, characterized in that the
hydrocarbon is selected from the group consisting of cyclohexane,
cyclooctane, cyclo- 20dodecane and decalin. 3. Process according to
Claims 1 or 2, characterized in that the oil is selected from the
group consisting of paraffinic oils, naphthenic oils and 25mixtures
thereof. 4. Process according to one of the preceding claims,
characterized in that it is a process for the oxidation of a
saturated hydrocarbon to hydro- 30peroxide, alcohol and/or ketone. 5.
Process according to one of Claims 1 to 4, characterized in that it
is a process for the oxidation, via oxygen, of cyclohexane to adipic
35acid. 


