1 Process for preparing a deperoxidation catalyst The present

invention relates to a process for preparing a deperoxidation

catal yst conprising 5 chromumas the main catalytic elenent. It

rel ates nore particularly to a process for preparing an organic

sol ution of a chrompyoreisd Rt Srepdrihg & elapéroxivaiish vaealag 2

catalyst in the step of geperdgﬁd%tio% of€§% al kyl peroxid

especially in the step of deperoxidation of cycl ohexyl hydroperoxide,

in the process for manufacturing 10 cycl ohexanol / cycl ohexanone by

oxi dation of cycl ohexane. The cycl ohexanol and/or cycl ohexanone are,
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oxi di zed compounds such as acids, diacids, alcohols and 15 ketones,

use peroxidi zed conpounds as raw nmaterials or as internediate
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f or med, cotrtpRufidsCnodiede\ep by eidoRe o dectenpcsed th desRifos@dinytder to obtain one or more
deperoxi dation to cycl ohexanone and cycl ohexanol, in the presence of

a cat aloxdizedonpdycss figh as alcphels.defones aciis wr pldebydefent , chroni um

preferably in the form of chrom um conpounds of 6+ val ency such as,

for exanple, a chromc acid ester. This step is described, in

parti cubm of the fajendidpaiabprocksdd Memnging to this group is the process for manufacturing

20  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
25  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 extract certain by-products formed, the cyclohexyl hydroperoxide is
30 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.



2 Generally, the catalyst used is in solution in an organic nediumin
order to be present in the reaction nedizmin dissolved form Thus,
di-tert-butyl chromate is the preferred chrom um conpound for the
deconposi tion of cycl ohexyl hydroperoxide. 5 Such a product is known
and can be synthesized via various met hods. However, no nanufacturing

process desc ossr e to manufactur such a, cat st )
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catal yst for the deperoxidation of an al kyl hydroperoxi de conprising
chromumin the 6+ oxidation state as the nmain catalytic 15el enent.
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of the Invention, the concentration of chromc anhydride 25 in the
aqueous solution is between 35 and 75% by weight, preferably between

45 and 70% and nore preferabl till bhetween 55 and 65%
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the chrom c”anhydride in an organic solution conprising a tertiary
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dissolving chromic anhy r1 ¢ in water,
» 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, in order to obtain an alkyl chromate, by putting
20 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
25  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
30 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.



an unstable m xture, especially in the event of an interruption in

the supply of the alcohol. 3 According 1o one feature of the

invention, the water is renoved fromthe reaction nmedi um by

distillation in the formof an azeotrope fornmed in particular with
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peroxide to be decomposed is derived. Thus, in the process for manufacturing cyclohexanol and/or
25  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

30 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 fer¢-butanol is the preferred alcohol.



anhydride to al kyl chromate. This is because the reaction is
performed under pressure conditions between 0.10 bar and 0. 30 bar
absolute and tenperature conditions that nmake it possible to renove
5 the water contained in the reaction nmediumand thus to shift the
equi libriumof the esterification reaction. Furthernore, the
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br ovent L4 R0 It aRvaions Sk SrPEREHY! HObHiomtG ParsioR R Te chromic
concent &iiRde aa‘ alﬁ?lr é?l{fbhhme' Thishi§ be€AGE KANrABRENUN RAErh & uAdR YWkss@e conditions
hydrocarbon sol ven 10 added are determned in order to obtain a

sol ut i obﬁtm‘:ert@rﬁ@)hiircands& & barpﬁbéﬁl@t%aﬂdyemf)erdium @n@tmyhatcmﬁl@n’amcgmble to remove
whi nd conp rise en 2 t ar 8@6b

of %r ot e w "%erpcrog Al éjbllny B4 %811 me a\r}\gl gl.}?t \ﬁﬁ% E}; ¥the esgerlﬁcatlon
expres Sﬁdctﬁﬁl Fuahefioat, mbrtaﬁpérmlmf\%@et&msw and he°<9 hp&f@rﬂ)lfﬂfbteﬁﬁeen 25 and
solution is stabilized by addition of a stabhilizer chosen from 15

est er s BY CopsypHs Hicoredpidationradtlg dwemivse ingxiisebsm ¢ aci d or

i sobut yl phosphoric acid. The addition of the stabilizer may be

carried out by adding it to the solution obtained or by feeding

st abi | i Bler coresipetioal dfychosiiting ho siehmeattioratiediun aitd tHehamseacifibydrocarbon solvent
colum, for distillation of the water, descrjbed previous

ly. )
Pardi cladded FreaHeIsHRREES &y Srder tppbtaip FoPqIney of ghrgppe gsten, Péﬁ%/‘éﬁl?liu R di-fert-butyl
such t / 0 3 :
0. 05,  preyare, PR R NS 7 GORpHEP e B0l Akl 7} BT S g B chromiu,
nol ar r[a‘efembdj;ubetwgen B tgoeeightoamdd® b ewegha,baxpresmd avekamsenitd]l chamsil e
to prevent the precipitation of chrom um oxide during the storage of
the chrom c ester solutions, w thout deactivating the catalyst. The

Manuf acA @fanBigeMisBf; QRS cRfontiB@sieP OIS T SRKESed by raaaﬁﬂoal oF 4 Qabilba ého@en from
stable chromc ester 25 solution with a very good productivity and a

hi gl vi e@tens ofntwspledici mlqa@rqul@blya)ctsﬂphqspbommd pusolsutylphosphibrie pcitthEhe addition
wat er . the nor e raduc. n flue dis

wat er %ﬁta Lizgy %‘33’2’ f%ypad%mg “ﬁ ﬁ% ‘%“%‘n q{t?%“ d SBt’)éuf e gpilizer,
be used:s?edieﬂgt bitylpRosphedt al:ms intb Mhérdienas eolusial fRNIiNNRESs Hf the WAL described
30risk o recipitation of chromiumsince it does not, in partlcular

cont ai PrEPHIY. Fligylarpnaan@esaybh dh@xsémmerbly #idedami g @pount such that the
| oh
cyc' 0 gfh%g&g ot plh?:orglm d}(ﬁg:pg gl § {oefé 'ti}h A §.b5C I%‘Pérﬁ‘olybe%ge%rotoﬁ and 0.05.

synt hesi Z I'S pro €SS
cy dbohdkapecting thiseP/Cr grolat ratiatdering tlmmjdacme@f the sebilizet dakeoin poysible to prevent

oxygen or an,Qxygen-cont aj ni ng, ga rder to faorm cycl ohexyl
hydropéhwménaﬁan WArGhERIBIIE: R&ide r’éi’ﬁztgﬁ Sfﬂr%%fui%{ fhe glppgic §%5‘"a?°&t“il%’ﬁs without
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25  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

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

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

catalyst in the step of deperoxidation of cyclohexyl hydroperoxide in order to produce a mixture of



10and/ or cycl ohexanol. This deperoxidation step is carried out in the
presence of a catalyst based on chromunsin the 6+ oxidation state.
According to one of the subjects of the invention, the catal yst

supplied to this deperoxidation step is a solution of alkyl chromate,

pr ef er atpcjolekandil/cyelphexanond bycowidatamenf cyblivhéxwad. Hus orixturegs bridized with nitric acid
15product|ﬁ Progcess tQ@% coﬁforns to the present invention. The use

of an ofdHRFdC S¥HBFYAT29USF 8t 'on prepared according to the process of

the invention nmakes it possible to control the concentration of

active catalyst (concentration of chromumin the 6+ oxidation state)
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Thi s aqueous solution of chromc acidis fed, with a flowrate of 13
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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
20 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.

25
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-ferf-butyl chromate according to the invention

30

Chromic anhydride CrO; 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.



As indicated previously, this conpound nay be added to the chromc

ester solution recovered at 5 the bottongof the colum. The col um
operates under a pressure of 130 mmHg (0.17 bar) with a tenperature

at the bottom of the columm of 30C. At the top of the distillation
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fraction containing the water/tert-butanol/cycl ohexane azeotrope is
recovered. After decant ation, the organic phase containing the
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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.

20  The tert-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.

Octyiphosphoric 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.

25 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-terz-butyl chromate is recovered.

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

30
Example 3: Preparation of a solution of di-fert-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.



Exanpl e 3: Preparation of a solution of di-tert-butyl chromate

according to the invention 7 The col umy operates under the sane
conditions as those described in Exanple 2. At the top of the
distillation colum, a fraction containing the
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then is left to settle for separation of the aqueous |ayer. The
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l . o : . .
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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
15  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.



51. Process for preparing a catalyst for the deperoxidation of an

al kyl hydroperoxi de conprising chromumgn the 6+ oxidation state as
the main catalytic elenent, characterized in that it conprises the
foll owi ng steps: dissolving chrom c anhydride in water,

addi ng to the aqueous solution of chrom c anhydride, a tertiary

al cohol conprising at 10l east 4 carbon atons and a hydrocarbon
solvent, reacting the alcohol and ti{€]lqabnegi ¢ anhydride by putting
t he nedi um under reduced pressure in order to distil the water, at a
tenperature between 20 and 40C, recovering the catalyst in the form
of a chromc acid ester in solution in the hydrocarbon solvent. 15 2.
Process according to Claiml, characterized in that the water is

remgved, in the form of. an azeotr formed.wi.th the rocar bon. .
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chrom ¢ anhydride in. aqueous solution and the renoval of the water

are carri eempusesahe foHewsgn®ensi ne, in continuous node in one and the

sanme apparatus.. 4., Process. according to Claim3, characterized in

that the appar g{sat_g\qng 0}%_5@{?5}(;{51%&1@{\1&?%“ on colum, the aqueous

sol ution of £hpguhe i@ 88 {hish @c)ieglrbﬂﬁcoaﬁﬂiﬁriki@Q@ferﬁ%ﬁf?talc%hoﬁédl?prising at

25col um, the al cohol and the hydrocarbon being fed into the top o
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a fraction fromthe hotto f e colum. .5.. .Process. accordi t o .one
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e recovering the catalyst in the form of a chromic acid ester in solution in the hydrocarbon

solvent.

15

2. 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.

3. Process according to either of Claims 1 or 2, characterized in that the reaction of the alcohol
20 with the chromic anhydride in agqueous solution and the removal of the water are carried out at

the same time, in continuous mode in one and the same apparatus.

4. 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
25 column, the alcohol and the hydrocarbon being fed into the top of the column, the solution of

di-tert-butyl chromate being drawn off as a fraction from the bottom of the column.

5. Process according to one of the preceding claims, characterized in that the hydrocarbon solvent
is selected from the group consisting of saturated hydrocarbons.
30
6. Process according to Claim 5, characterized in that the hydrocarbon is selected from the group

consisting of cyclohexane, cyclooctane, cyclododecane and decalin.



9 7. Process according to one of the preceding clains, characterized

in that the al cohol is tenbutanol. 8?2 Process according to one of

the preceding clainms, characterized in that the pressure at which the
S5esterification step is carried out is between 0.10 bar and 0. 30 bar

absol ut'é. Peocers eeewsdingde omgi ofgthe oresedingsf claimes, pheraeigtingd ol diatghe alcohol is ters-
character%z%% fn that the organic chrom c ester solution contains

bet ween 2.°5%8'8nd 8% by wei ght of chrom um expressed as wei ght of

el enental chromium 10 10. Process according to one of the preceding
clains, characterized in that the organic chrom c _ester solutionis

st abi | | $edrespsuePidingtogmepf Shegppeading claipys eipracisized &t atthgpressure at which the
phosphori Ed.. pr . I] hzen ic acid or
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characterized in that the stabilizer is added in an anmount such that

the PFICr nmolar ratio is less than 0.05. 12. Process,acqording to . .
O aim 19 &Focess agREHag t@ons &f the, praseding ickaiws aeharaciesized dn fthay the opgapjfechromic

top of the b esihd ' | 9 L Be ;
ol ut on ShrarnesBo b BuSKLRD. 2R uhies BD ikt 7 SpRpLC oG i weisht of
f or manuf aEmentahghrahoahol and/ or ket one by deconposition of an al kyl
hydr oper oxi de. 14. Use according to Caim13, characterized in

t hai© the al kyl hydroperoxide is cyclohexyl 25hydroperoxide or
cycl odogeeydcebly SUBRBASX @fe 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.

15  11. 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.

12. Process according to Claim 10 or 11, characterized in that the stabilizer is fed into the top of the
reactive distillation column.
20
13. Use of the catalyst solution obtained by the process according to one of Claims 1 to 12 for

manufacturing alcohol and/or ketone by decomposition of an alkyl hydroperoxide.

14. Use according to Claim 13, characterized in that the alkyl hydroperoxide is cyclohexyl

25 hydroperoxide or cyclododecyl hydroperoxide.



