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Method for preparing a deperoxidation catalyst

The present invention relates to a process for preparing a deperoxidation catalyst comprising

chromium as the main catalytic element.

It relates more particularly to a process for preparing an organic solution of a chromic acid ester,
this solution being used as a catalyst in the step of deperoxidation of an alkyl peroxide, especially
in the step of deperoxidation of eyclohexyl hydroperoxide, in the process for manufacturing
cyclohexanol/cyclohexanone by oxidation of cyclohexane. The cyclohexanol and/or cyclohexanone
are, in particular, intermediate products used in the manufacture of adipic acid or of epsilon-

caprolactam, which are monomers for the production de polyamides.

Certain processes for the synthesis of oxidized compounds such as acids, diacids, alcohols and
ketones, use peroxidized compounds as raw materials or as intermediate compounds. These
compounds must be deperoxidized or decomposed in a specific step in order to obtain one or more

oxidized products such as alcohols, ketones, acids or aldehydes.

One of the major industrial processes belonging to this group is the process for manufacturing
diacids, more particularly adipic acid, by oxidation of cyclohexane to cyclohexyl hydroperoxide
then decomposition, by deperoxidation, of this peroxide to alcohol and/or ketone. The latter

oxidized compounds are then converted to diacids, mainly adipic acid, via oxidation by nitric acid.

The oxidation of cyclohexane to cyclohexyl hydroperoxide is carried out in a liquid medium by an
oxygen-containing gas and in the absence of catalyst. This step is described, in particular, in
patents GB 777087, GB 1112837, GB 964869, GB 1191573, US 3479394 and US 4877903.

After optionally removing the unreacted cyclohexane and washing the reaction medium with water
in order to recover and exfract certain by-products formed, the cyclohexyl hydroperoxide is
decomposed by deperoxidation to cyclohexanone and cyclohexanol, in the presence of a catalyst
comprising, as the main catalytic element, chromium, preferably in the form of chromium
compounds of 6+ valency such as, for example, a chromic acid ester. This step is described, in

particular, in French patent 1580206.
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Generally, the catalyst used is in solution in an organic medium in order to be present in the
reaction medium in dissolved form. Thus, di-ferf-butyl chromate is the preferred chromium

compound for the decomposition of cyclohexyl hydroperoxide.

Such a product is known and can be synthesized via various methods.

However, no manufacturing process described makes it possible to manufacture such a catalyst
productively, in a form suitable for being introduced into a process for decomposition of an alkyl
hydroperoxide and without producing chromium-containing effluents, which are harmful to the

environment.

For this purpose, the invention proposes a process for preparing a catalyst for the deperoxidation of

an alkyl hydroperoxide comprising chromium in the 6+ oxidation state as the main catalytic

element. This process comprises the following steps:

e dissolving chromic anhydride in water,

e adding to the aqueous solution of chromic anhydride, a tertiary alcohol comprising at least 4
carbon atoms and a hydrocarbon solvent,

¢ reacting the alcohol and the chromic anhydride, in order to obtain an alkyl chromate, by putting
the reaction medium under reduced pressure at a temperature between 20 and 40°C, and
distilling the water contained in the reaction medium,

* recovering the catalyst in the form of a chromic acid ester in solution in the hydrocarbon.

According to one preferred embodiment of the invention, the concentration of chromic anhydride
in the aqueous solution is between 35 and 75% by weight, preferably between 45 and 70% by
weight and more preferably still between 55 and 65% by weight.

Putting the chromic acid into aqueous solution is advantageous for safety reasons. This is because
the direct use of the chromic anhydride in an organic solution comprising a tertiary alcohol and a
hydrocarbon solvent is not easily controllable on an industrial scale and runs the risk of generating

an unstable mixture, especially in the event of an interruption in the supply of the alcohol.



10

15

20

25

30

According to one feature of the invention, the water is removed from the reaction medium by
distillation in the form of an azeotrope formed in particular with the hydrocarbon solvent and/or
optionally the alcohol. The removal of the water at this stage of the process makes it possible to

avoid the formation of solid deposits during storage of the chromic ester solution.

According to another preferred feature of the invention, the chemical reaction of the alcohol and
the chromic anhydride in aqueous solution and the removal of the water (water formed during the
reaction and water used to dissolve the chromic anhydride) are carried out at the same time, in
continuous mode in one and the same apparatus, advantageously a reactive distillation column.
Thus, the aqueous solution of chromic anhydride is fed into the upper part of the column, the
alcohol and the hydrocarbon being introduced at the top of the column. The solution of alkyl
chromate is drawn off as a fraction from the bottom of the column. The alcohol and/or the
hydrocarbon distilled together with the water is separated, for example, by decantation and
recycled into the column. Besides the advantage of separating any heterogeneous aqueous phase
from the chromic ester solution, thus preventing the formation of precipitates of chromium
compounds, the confinuous removal of water from the reaction medium by distillation under
reduced pressure enables a quantitative esterification of the chromic anhydride used, and therefore

a cleaner and more productive process.

The hydrocarbon solvents suitable for the invention are linear or cyclic saturated hydrocarbons

such as cyclohexane, cyclooctane, cyclododecane, decalin or the like.

Preferably, the hydrocarbon solvent is the hydrocarbon corresponding to the one from which the
peroxide to be decomposed is derived. Thus, in the process for manufacturing cyclohexanol and/or
cyclohexanone, the compound to be deperoxidized is the cyclohexyl hydroperoxide obtained via

oxidation of cyclohexane by oxygen. The solvent used is advantageously cyclohexane.

As alkyl hydroperoxides that are suitable for the invention, mention may be made of the
hydroperoxides obtained via oxidation, by oxygen, of cyclic saturated hydrocarbons such as

cyclohexane, cyclooctane, cyclododecane or decalin.

According to another preferred feature of the invention, the alcohols that are suitable for the
invention are branched or unbranched, aliphatic tertiary saturated alcohols comprising at least 4

carbon atoms. The alcohol ters-butanol is the preferred alcohol.
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The process of the invention allows a practically stoichiometric conversion of the chromic
anhydride to alkyl chromate. This is because the reaction is performed under pressure conditions
between 0.10 bar and 0.30 bar absolute and temperature conditions that make it possible to remove
the water contained in the reaction medium and thus to shift the equilibrium of the esterification
reaction. Furthermore, the temperature range between 20 and 40°C, preferably between 25 and

35°C, prevents the precipitation of the chromium in oxidized form.

The concentration of chromium in the reaction medium and the amount of hydrocarbon solvent
added are determined in order to obtain a solution of chromic ester, preferably of di-fert-butyl
chromate, which is stable and comprises between 2.5% by weight and 8% by weight of chromium,

preferably between 3% by weight and 5% by weight, expressed as elemental chromium.

Advantageously, the chromic ester solution is stabilized by addition of a stabilizer chosen from
esters of phosphoric acid, preferably octylphosphoric acid or isobutylphosphoric acid. The addition
of the stabilizer may be carried out by adding it to the solution obtained or by feeding stabilizer,
especially octylphosphoric acid, into the reactive column, for distillation of the water, described
previously. Particularly advantageously, the stabilizer is added in an amount such that the
phosphorus/chromium (P/Cr) molar ratio is less than 0.05, preferably between 0.02 and 0.05.
Respecting this P/Cr molar ratio during the addition of the stabilizer makes it possible to prevent
the precipitation of chromium oxide during the storage of the chromic ester solutions, without

deactivating the catalyst.

The manufacturing process of the invention makes it possible to obtain a stable chromic ester
solution with a very good productivity and a high yield obtained in particular by the continuous
removal of the water. Furthermore, this process produces an effluent, distilled water, which is free

of chromium.

The solution thus obtained can be used directly as a catalyst in a deperoxidation process, without

risk of precipitation of chromium since it does not, in particular, contain water.

More particularly, this solution of alkyl chromate, preferably of di-fert-butyl chromate, is used as a

catalyst in the step of deperoxidation of cyclohexyl hydroperoxide in order to produce a mixture of
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cyclohexanol/cyclohexanone by oxidation of cyclohexane. This mixture is oxidized with nitric acid

in order to synthesize adipic acid.

Specifically, in this process, the cyclohexane in the liquid state is subjected to an oxidation by
oxygen or an oxygen-containing gas in order to form cyclohexyl hydroperoxide and various other
oxidized products. After separation of a portion of the cyclohexane that has not reacted and
optionally extraction by water of oxidized compounds such as acidic primary aliphatic
hydroperoxides, hydroxy acids and diacids, the cyclohexyl hydroperoxide in solution in
cyclohexane is introduced into a deperoxidation step in order to be converted to cyclohexanone
and/or cyclohexanol. This deperoxidation step is carried out in the presence of a catalyst based on

chromium in the 6+ oxidation state.

According to one of the subjects of the invention, the catalyst supplied to this deperoxidation step
is a solution of alkyl chromate, preferably of di-fert-butyl chromate, obtained according to a

production process that conforms to the present invention.

The use of an organic catalyst solution prepared according to the process of the invention makes it
possible to control the concentration of active catalyst (concentration of chromium in the 6+
oxidation state) in the reaction medium, and consequently the degree of conversion or
decomposition of the cyclohexyl hydroperoxide. The catalyst remains in dissolved form in the
reaction medium up to a very high degree of conversion of the cyclohexyl hydroperoxide (degree
of conversion greater than 90%). In the case of a use of a catalyst solution that contains water, a
precipitate of chromium oxide appears, which is a significant drawback for carrying out the process

and for the economics thereof.

Other advantages and details of the invention will appear in light of the examples given below

solely by way of illustration, with no limiting character.

Example 1: Preparation of a solution of di-fers-butyl chromate according to the invention

Chromic anhydride CrOs is dissolved in water to obtain a solution of chromic acid having a
concentration of 60% by weight.
This aqueous solution of chromic acid is fed, with a flow rate of 13 kg/h, into a ten-plate

distillation column, level with a plate located in the vicinity of the top of the column.
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The fert-butanol alcohol and the hydrocarbon solvent (cyclohexane) are fed into the top of the
column with respective flow rates of 16 and 90 kg/h.

Octylphosphoric acid is added as a stabilizer at the top of the column with a flow rate of 1 kg/h.

As indicated previously, this compound may be added to the chromic ester solution recovered at
the bottom of the column.

The column operates under a pressure of 130 mmHg (0.17 bar) with a temperature at the bottom of
the column of 30°C.

At the top of the distillation column, a fraction containing the water/fers-butanol/cyclohexane
azeotrope is recovered. After decantation, the organic phase containing the cyclohexane and
alcohol is recycled into the column, the aqueous phase, which is free of chromium, being removed.
At the bottom of the distillation column, the solution of di-fert-butyl chromate is recovered.

The solution thus prepared is fed into the reactor for decomposition of cyclohexyl hydroperoxide.
Example 2: Preparation of a solution of di-fers-butyl chromate according to the invention

Chromic anhydride CrQO; is dissolved in water to obtain a solution of chromic acid having a
concentration of 60% by weight.

This aqueous solution of chromic acid is fed, with a flow rate of 15 kg/h, into a ten-plate
distillation column, level with a plate located in the vicinity of the top of the column.

The fert-butanol alcohol and the hydrocarbon solvent (cyclohexane) are fed into the top of the
column with respective flow rates of 21 and 125 kg/h.

Octylphosphoric acid is added as a stabilizer at the top of the column with a flow rate of 1.3 kg/h.
The column operates under a pressure of 120 mmHg (0.16 bar) with a temperature at the bottom of
the column of 29.5°C.

At the top of the distillation column, a fraction containing the water/fert-butanol/cyclohexane
azeotrope is recovered. After decantation, the organic phase containing the cyclohexane and
alcohol is recycled into the column, the aqueous phase, which is free of chromium, being removed.
At the bottom of the distillation column, the solution of di-tert-butyl chromate is recovered.

The solution thus prepared is fed into the reactor for decomposition of cyclohexyl hydroperoxide.
Example 3: Preparation of a solution of di-fers-butyl chromate according to the invention

Example 2 above is reproduced, except that isobutylphosphoric acid (instead of octylphosphoric

acid) is added as stabilizer at the top of the column with a flow rate of 0.75 kg/h.
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The column operates under the same conditions as those described in Example 2.

At the top of the distillation column, a fraction containing the water/tert-butanol/cyclohexane
azeotrope is recovered. After decantation, the organic phase containing the cyclohexane and
alcohol is recycled into the column, the aqueous phase, which is free of chromium, being removed.
At the bottom of the distillation column, the solution of di-tert-butyl chromate is recovered.

The solution thus prepared is fed into the reactor for decomposition of cyclohexyl hydroperoxide.

Comparative example: Preparation of a solution of di-ters-butyl chromate without continuous
removal of water

Chromic anhydride CrOs is dissolved in water to obtain a solution of chromic acid having a
concentration of 70% by weight.

This aqueous solution of chromic acid is fed, with stirring at 20°C (over 1 hour), with a flow rate of
85 kg/h, into a batch reactor comprising 78 kg of fert-butanol and 583 kg of cyclohexane.

After the end of the addition, the mixture continues to be stirred for a further 1 hour, then is left to
settle for separation of the aqueous layer.

The amount of chromium present in the aqueous layer is assayed. The aqueous layer contains 17%

(by weight) of the chromium supplied.



Claims

Process for preparing a catalyst for the deperoxidation of an alkyl hydroperoxide
comprising chromium in the 6+ oxidation state as the main catalytic element,
characterized in that it comprises the following steps:

e dissolving chromic anhydride in water,

e adding to the aqueous solution of chromic anhydride, a tertiary alcohol comprising
at least 4 carbon atoms and a hydrocarbon solvent,

e reacting the alcohol and the chromic anhydride by putting the medium under
reduced pressure in order to distil the water, at a temperature between 20 and
40°C,

e recovering the catalyst in the form of a chromic acid ester in solution in the

hydrocarbon solvent.

Process according to Claim 1, characterized in that the water is removed in the form of an

azeotrope formed with the hydrocarbon solvent and/or the alcohol.

. Process according to either of Claims 1 or 2, characterized in that the reaction of the
alcohol with the chromic anhydride in aqueous solution and the removal of the water are

carried out at the same time, in continuous mode in one and the same apparatus.

. Process according to Claim 3, characterized in that the apparatus is a reactive distillation
column, the aqueous solution of chromic anhydride being fed into the upper part of said
column, the alcohol and the hydrocarbon being fed into the top of the column, the
solution of the chromic acid ester being drawn off as a fraction from the bottom of the

column.

Process according to one of the preceding claims, characterized in that the hydrocarbon

solvent is selected from the group consisting of saturated hydrocarbons.

Process according to Claim 5, characterized in that the hydrocarbon is selected from the

group consisting of cyclohexane, cyclooctane, cyclododecane and decalin.
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Process according to one of the preceding claims, characterized in that the alcohol is fert-

butanol.

Process according to one of the preceding claims, characterized in that the pressure at

which the esterification step is carried out is between 0.10 bar and 0.30 bar absolute.

Process according to one of the preceding claims, characterized in that the organic
chromic ester solution contains between 2.5% and 8% by weight of chromium expressed

as weight of elemental chromium.

Process according to one of the preceding claims, characterized in that the organic
chromic ester solution is stabilized by addition of a stabilizer chosen from esters of
phosphoric acid, preferably the stabilizer is octylphosphoric acid or isobutylphosphoric

acid,

Process according to Claim 10, characterized in that the stabilizer is added in an amount

such that the P/Cr molar ratio is less than 0.05.

Process according to Claim 10 or 11, characterized in that the stabilizer is fed into the top

of the reactive distillation column.



