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PROCESS FOR THE PRODUCTION OF AN ALKYL HYDROPEROXIDE

The present invention relates to a process for preparing an alkyl hydroperoxide obtained by

oxidation, with oxygen, of a saturated hydrocarbon, preferably of a saturated cyclic hydrocarbon.

It relates more particularly to the production of cyclohexyl hydroperoxide obtained by oxidation of
cyclohexane with molecular oxygen or a gas containing molecular oxygen, preferably in the

absence of catalyst.

The production of cyclohexyl hydroperoxide is generally the first step in the process for producing

cyclohexanone and/or cyclohexanol.

These cyclohexanone and cyclohexanol compounds, alone or as mixtures, are important starting
materials for the production of adipic acid and of epsilon-caprolactam, which are monomers for the
production of polyamide thermoplastics, or in the synthesis of polyurethane materials, polyester

materials or analogues.

Specifically, the main process for producing adipic acid which is used on the industrial scale
consists in oxidizing cyclohexane, using molecular oxygen, to give an alcohol and/or ketone. The

mixture of ketone and alcohol is then oxidized to give adipic acid using nitric acid.

In one of the embodiments of the process for oxidizing cyclohexane to give an alcohol/ketone, the
cyclohexane is oxidized in a first step, in the presence or absence of catalyst, to give mainly
cyclohexyl hydroperoxide, this hydroperoxide being converted to an alcohol/ketone in a second
step. This first step for oxidizing cyclohexane is generally carried out in a two-phase gas/liquid
medium, the oxidizing gas, namely oxygen or a gas containing oxygen, being introduced into the
liquid medium in reactors consisting of one or more partitioned or nonpartitioned bubble columns,
mounted in series when there is more than one of them, operating either in co-current mode or in
counter-current mode with respect to the direction of movement of the liquid phase constituted
mainly of cyclohexane in the liquid state, This step is in particular described in patents GB 777087,
1112837, 964869 and 1191573, US 3 479 394 and US 4 877 903.
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The reaction medium recovered on exiting the oxidation step contains cyclohexane which has not
reacted and the products formed during the oxidation.
These oxidized products can be classified into two categories:

- a first category consisting of the compounds which are or can be converted to a cyclic
alcohol/ketone downstream in the process. In the case of cyclohexane oxidation, these
“olonogenic” products are cyclohexanol, cyclohexanone and cyclohexyl hydroperoxide,
and

- asecond category which comprises the oxidized products which cannot be converted to a
cyclic alcohol or ketone, said products resulting from opening of the hydrocarbon-based
ring during the oxidation process, such as monocarboxlic or dicarboxylic acids. For
e:lcample, still in the case of cyclohexane oxidation, these “non-olonogenic” oxidized
products are adipic acid, hydroxy acids such as 6-hydroxyhexanoic acid, hydroperoxy
acids such as 6-hydroperoxyhexanoic acid, or cyclic products bearing two oxygenated
functions, such as hydroxycyclohexanols or hydroxycyclohexanones.

The products of the first category are not very water-soluble. Conversely, the products of the

second category are water-soluble and can be extracted by washing with water.

In the processes used, a part of the cyclohexane which has not reacted in the oxidation step is

separated from the reaction medium and recycled to the oxidation reactors.

The resulting reaction medium is then subjected to washing or extraction with water in order to
separate the water-soluble products generally belonging to the second category of oxidized

products.

The reaction medium thus recovered contains mainly cyclohexyl hydroperoxide in solution in

cyclohexane, with other oxidized products, belonging mainly to the first category described above.

This solution of cyclohexyl hydroperoxide is advantageously introduced into a decomposition or
deperoxidation step in the presence of catalyst, in order to convert the hydroperoxide to ketone and

alcohol.

The process of extracting with water the oxidized products belonging to the second category has

certain drawbacks; in particular, the extraction is not completely selective. Thus, “clonogenic”
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oxidized products, said products belonging to the first category, are partially extracted by the

aqueous phase, thereby reducing the yicld and the cost-effectiveness of the process.

One of the aims of the present invention is to remedy these drawbacks by proposing a solution
which makes it possible in particular to greatly reduce the amount of oxidized products of the first

category in the aqueous phase and therefore to improve the cost-effectiveness of the process.

To this effect, the invention proposes a process for the manufacture of alkyl hydroperoxide by
oxidation of a saturated hydrocarbon using molecular oxygen, comprising the following successive
steps:

++ oxidation cl>f the hydrocarbon using oxygen,

%+ separation of at least a part of the nonoxidized hydrocarbon from the oxidation reaction
medium and recycling of said nonoxidized hydrocarbon to the oxidation step,

% washing, with water, of the oxidation reaction medium recovered after the separation of at least
a part of the nonoxidized hydrocarbon, in order to extract the water-soluble oxidized products
formed during the oxidation (“non-olonogenic” products when the hydrocarbon is
cyclohexane), and to recover an organic phase comprising the nonoxidized hydrocarbon, the
alkyl hydroperoxide and water-insoluble oxidized products (“olonogenic” products when the

hydrocarbon is cyclohexane).

According to the invention, the washing step is characterized in that it is carried out in a counter-
current liquid/liquid extraction column, with the washing water being fed at the top of the column
and the reaction medium to be treated/washed being fed at an intermediate position of the column,
and in that the saturated hydrocarbon to be oxidized is fed into the washing column at a position
located downstream of the position for feeding the medium fo be treated/washed, with respect to
the direction of movement of the water, i.e. the saturated hydrocarbon to be oxidized is fed into the

washing column at a level below that at which the medium to be washed is fed.

According to one preferred characteristic of the invention, the hydrocarbon to be oxidized is
selected from the group consisting of cyclohexane, cyclooctane, cyclodedecane, decalin or the like.
Cyclohexane is the preferred hydrocarbon. The hydrocarbon fed in the washing operation is
preferably a hydrocarbon which does not originate from a recycling loop of the oxidation process,
but which is a hydrocarbon referred to as “new” since it does not contain oxidized products and

originates from the hydrocarbon supplied for the process.
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According to another characteristic of the invention, the oxidation process can be carried out in the

absernce of catalyst or in the presence of catalyst.

The feeding of hydrocarbon such as cyclohexane into the downstream (lower) part of the column
for extraction or washing with water, with respect to the direction of movement of the water, makes
it possible to extract, from the aqueous phase, in this downstream part of the column, the oxidized
products which are water-insoluble or which have low water solubility. These products are in
particular the “olonogenic” oxidized compounds such as cyclohexanol, cyclohexanone and

cyclohexyl hydroperoxide.
i

Thus, the feeding of hydrocarbon such as cyclohexane makes it possible in particular to very
substantially reduce the concentrations of cyclohexanol, cyclohexanone and cyclohexyl

hydroperoxide in the effluent aqueous phase.

By way of indication, this concentration of cyclohexyl hydroperoxide, cyclohexanol or
cyclohexanone in the aqueous phase exiting the extraction column is of the order of several per
cent by weight for each of the compounds without feeding of hydrocarbon into the washing
column. The process of the invention makes it possible to reduce this concentration to a few

hundred ppm.

Another advantage of the invention is that of treating, by aqueous washing, at least a part of the
new hydrocarbon to be oxidized before it is fed into the oxidation step. This is because
hydrocarbons transported and stored in metallic containers can contain metallic impurities such as
oxides or the like. These metallic compounds impair the cyclohexane oxidation process, in
particular when it is implemented without catalyst in order to produce cyclohexyl hydroperoxide.
This is because the decomposition of cyclohexyl hydroperoxide is catalysed by metals and metallic

compounds.

Consequently, the process for producing cyclohexyl hydroperoxide advantageously comprises a
step of aqueous washing of the new cyclohexane in order to eliminate these metallic compounds

before feeding of the cyclohexane in the oxidation step.
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In the process of the invention, the new hydrocarbon, such as cyclohexane, fed into the extraction
column, on the one hand, makes it possible to exfract, from the aqueous phase, the “olonogenic”
oxidized compounds with low water solubility and, on the other hand, undergoes washing with

water, with extraction of the metallic compounds that may be contained in the hydrocarbon.

The new hydrocarbon thus washed is introduced into the oxidation step, preferably with the

hydrocarbon recycled via the various recycling steps of the process.

The process of the invention therefore makes it possible to reduce the losses of exploitable oxidized

products by decreasing the concentration present in the aqueous phase exiting the washing step,
1

and also to decrease the aqueous washing capacity to be provided for in order to wash the

hydrocarbon before feeding into the oxidation step.

The washing step of the process of the invention can be carried out in any suitable device and is

preferably carried out continuously.

When the hydrocarbon under consideration is cyclohexane, the washing is carried out at a

temperature of from 80 to 100°C.

Other details and advantages of the invention become clearly apparent in view of the examples

given below, only by way of illustration.

Example 1:

In a washing column comprising forty actual plates and operating at a pressure of 2 bar, a reaction
mixture originating from the oxidation of cyclohexane using oxygen, carried out in the absence of
catalyst, is fed at the middie of the column. The washing water is fed at the top of the column with
a flow rate corresponding to 5.5% by weight of the stream of reaction mixture introduced into the
column. The new cyciohexane (not originating from a recycling) is fed at the bottom of the column
with a flow rate corresponding to 75% by weight of the flow rate of washing water introduced at
the top of the column. The aqueous effluent containing 22% by weight of organic compounds is
recovered at the base of the column. The concentration of “olonogenic” products in the aqueous
effluent is less than 500 ppm (concentration of cyclohexanol/cyclohexanone about 40 ppm,

concentration of cyclohexyl hydroperoxide about 350 ppm).
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The washing of the reaction medium is, according to the process of the invention, carried out with a

very small loss of “olonogenic” products.
o

Example 2:

In a washing coluinn comprising eighty actual plates and operating at a pressure of 2 bar, a reaction
mixture originating from the oxidation of cyclohexane using oxygen, carried out in the absence of
catalyst, is fed at the middle of the column. The washing water is fed at the top of the column with
a flow rate corresponding to 5.1% by weight of that of the reaction mixture to be washed, still fed
at the middle of the column. The new cyclohexane (not originating from a recycling) is fed at the
bottom of the column with 'a flow rate corresponding to 70% by weight of the flow rate of washing
water introduced at the top of the column. The aqueous effluent containing 23% by weight of
organic compounds is recovered at the base of the column. The concentration of “olonogenic”
products in the aqueous effluent is less than 1400 ppm (concentration of cyclohexanol/-
cyclohexanone less than 50 ppimn, concentration of cyclohexyl hydroperoxide about 1350 ppm). The
washing of the reaction medium is, according to the process of the invention, carried out with 2

very small [oss of “olonogenic” products.

Example 3:

In a washing column comprising eighty actual plates and operating at a pressure of 2 bar, a reaction
medium originating from the oxidation of cyclohexane using oxygen, carried out in the absence of
catalyst, is fed at the middle of the column. The washing water is fed at the top of the column with
a flow rate corresponding to 4.3% by weight of that of the reaction mixture to be washed, still fed
at the middle of the column. The new cyclohexane (not originating from a recycling) is fed at the
bottom of the column with a flow rate corresponding to §3% by weight of the flow rate of washing
water introduced at the top of the column. The aqueous effluent containing 19% by weight of
organic compounds is recovered at the base of the column. The concentration of “olonogenic”
products in the aqueous effluent is less than 1600 ppm (concentration of cyclohexanol/-
cyclohexanone less than 50 ppm, concentration of cyclohexyl hydroperoxide about 1500 ppm). The
washing of the reaction medium is, according to the process of the invention, carried out with a

very small loss of “olonogenic” products.
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Example 4:

In a washing column comprising eighty actual plates and operating at a pressure of 2 bar, a reaction
medium originating from the oxidation of cyclohexane using oxygen, carried out in the absence of
catalyst, is fed at the middle of the column. The washing water is fed at the top of the column with
a flow rate corresponding to 4.7% by weight of that of the reaction mixture to be washed, still fed
at the middle of the column. The new cyclohexane (not originating from a recycling) is fed at the
bottom of the column with a flow rate corresponding to 82% by weight of the flow rate of washing
water introduced at the top ofithe column. The aqueous effluent containing 20% by weight of
organic compounds is recovered at the base of the column. The concentration of “oclonogenic”
products in the aqueous effluent is less than 1600 ppm (concentration of cyclohexanol/-
cyclohexanone less than 50 ppm, concentration of cyclohexyl hydroperoxide about 1470 ppm). The
washing of the reaction medium is, according to the process of the invention, carried out with a

very small loss of “olonogenic” products.



Claims

1. Process for the production of alkyl hydroperoxide by oxidation of a saturated
hydrocarbon using molecular oxygen, comprising the following successive steps:

- oxidation of the hydrocarbon using oxygen,

- separation of at least a part of the nonoxidized hydrocarbon from the reaction
medium and recycling of said nonoxidized hydrocarbon to the oxidation step,

- washing, with water, of the oxidation reaction medium recovered after the
separation of at least a part of the nonoxidized saturated hydrocarbon, in order to
extract the water-soluble oxidized by-products and to recover an organic phase
comprising the alkyl hydroperoxide, the nonoxidized hydrocarbon and water-
insoluble oxidized products, characterized in that the washing step is carried out in
a counter-current liquid/liquid extraction column, with the washing water being
fed at the top of the column and the reaction medium to be washed, containing the
alkyl hydroperoxide, being fed at an intermediate position of the column, and in
that the saturated hydrocarbon to be oxidized is fed into the washing column at a
level below that at which the medium to be washed is fed,
the process being further characterized in that the hydrocarbon is cyclohexane and
in that the hydrocarbon fed in the washing operation is a hydrocarbon which does

not originate from a recycling loop of the oxidation process.

2. Process according to Claim 1, characterized in that the washing is carried out at a

temperature of from 80 to 100°C.



