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prisgci pally constituted by cycl ohexane in the liquid state. This step

is described in particular in patents GB 777087, 1112837, 964869,
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The first step for oxidizing cyclohexane is generally carried out in a biphase gas/liquid medium; the
oxidizing gas, namely oxygen or an oxygen-containing gas, is introduced into the liquid medium into
reactors constituted by one or more partitioned or non-partitioned bubble columns, mounted in series when
on¢ or more is used, functioning either in co-current or in counter-current mode with respect to the direction

30 of movement of the liquid phase principally constituted by cyclohexane in the liquid state, This step is
described in particular in patents GB 777087, 1112837, 964869, 1191573, US 3479394 and US 4877903.

The liquid reaction medium containing the oxidized products, principally alkyl hydroperoxide, is generally
recovered from the head of each reactor.
35

Each reactor also contains at least one gaseous phase forming the “overhead” of the reaction zone.
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25  operating conditions of the reactor or compartment in which said recycle takes place.

One of the aims of the present invention is to propose a process for oxidizing a saturated hydrocarbon
implemented in a device for carrying out oxidation in a plurality of successive steps such as, for example, a
plurality of reactors mounted in series or one or more partitioned bubble columns and comprising a process
30 for recovering and recycling gaseous phases forming the overhead of the reactors or compartments of the

column which has many advantages as regards the overall costs of the process.

To this end, the invention proposes a process for oxidizing a saturated hydrocarbon with oxygen in order to
produce an alkyl hydroperoxide. This process consists of bringing a hydrocarbon in the liquid phase into
35  contact with oxygen or an oxygen-containing gas, said reaction being carried out in a plurality of successive
steps. In such a process, the saturated hydrocarbon is supplied to at least the first step at a temperature in the

range 100°C to 250°C, preferably in the range 150°C to 200°C when the reaction is carried out in the
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Thus tdﬁﬁegn%eg ia %%&ﬁ% Sfét? {)lanﬁ?m ag_tocatalytlc effect on the reaction.

In known processes, this control of the temperature is generally achieved by supplying cold hydrocarbon to
said step. Sources of cold hydrocarbons which are available are constituted by distillates ensuring the
35  recycling of untransformed hydrocarbon downstream of the process. Thus, this cold hydrocarbon is a

product purified by distillation.
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15 reaction.

Thus, the process of the invention means that the quantity of recycled and purified hydrocarbon used to cool
the reaction media in certain steps of the reaction can be reduced. This purified hydrocarbon can thus be
directly supplied to the first step of the oxidation reaction, improving the selectivity of the reaction and the

20  process costing.

Furthermore, the gascous phases or condensates recycled to the first steps of the process contain little of the
products known as “heavy” products, which also means that the selectivity for hydroperoxide of the
oxidation reaction can be improved.

25
Since the overall selectivity is improved, the quantity of hydrocarbon consumed per tonne of cyclohexanol

and cyclohexanone is reduced.

In one implementation of the invention, it is advantageous to recover and mix the gaseous phases forming
30 the overhead from several steps of the oxidation reaction and to mix them before partially condensing them.
The recovered condensate is advantageously recycled to one of the steps wherein the concentration of
oxidized products in the supplied reaction mixture is greater than or equal to that in the condensate to be

recycled.

35  However, all possible combinations and associations of the recovered gaseous phases are encompassed

within the scope of the invention,
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advantageously recycled to the first oxidation step, advantageously after mixing with the recycled
hydrocarbon deriving from the various distillations downstream of oxidation, and an aqueous phase
constituted by the water formed during the oxidation containing the great majority of the formic acid. This

25  aqueous phase is advantageously destroyed by incineration, for example.

The term “oxidized products” means the compounds obtained by hydrocarbon oxidation and comprising
oxygen atoms. These products are alkyl hydroperoxides, alcohols, ketones, aldehydes, acids and the like in
particular.
30
The process of the invention can be used to produce an alkyl hydroperoxide, especially cyclohexyl
hydroperoxide, in a suitable yield, and with a consumption of cyclohexane per tonne of cyclohexanol and
cyclohexanone produced which is lower than that observed when the recycle of the condensates derived
from the gaseous phases forming the overhead from the various oxidation steps employed in accordance
35  with the process of the invention is replaced by a makeup of recycled and purified cold cyclohexane

downstream of the oxidation step.
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The temperature in the last reactor n of the cascade was 180°C. In order to maintain the temperature at that

value, “cold” cyclohexane, at 70°C, was supplied, as a complement to the reaction medium, to the last two
reactors, n and n-1, of the cascade. The stream of “cold” cyclohexane supplied to each reactor represented
8.3% by weight of the stream of “hot™ cyclohexane supplied to the first reactor of the cascade.
30

At the outlet from the last oxidation reactor, a portion of the unreacted cyclohexane was separated from the
reaction mixture for recycling to the oxidation step. The reaction mixture was then washed with water, and
treated with a catalyst in order to transform the cyclohexyl hydroperoxide to cyclohexanol and
cyclohexanone. The cyclohexane was then separated by distillation, and the impure cyclohexano] —

35  cyclohexanone was purified by distillation.



The oxidation reaction was carried out without a catalyst. The liquid
reaction medi um | eaving one reactor was %upplied to the next reactor
in the cascade. The gaseous phases or oxidation gas from each reactor

wer e recovered and condensed, certaln of them after m xing. 25 The
t enper al i FigaHon Bsey ¥EF Tpixegh pngh cqpdeEed e eondenserelraihs Th%b@nd figctipngegovered was
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cycl ohexane was then separated by distillation, and the inpure

cycl ohexanol - 35cycl ohexanone was purified by distillation. 7 The
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af ter VHHAT N s AT e THa SOTdsRsyE prparaichy- e Pgifeiriecoyeph A atgnperature of
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S5Exanpl e 1 in accordance with the invention: The process of Exanp 1
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par ti alnot 8RIGRERRAE Bippliéd totthefirsC@hdor, ﬁh(sclle%l%&ﬁ‘@ﬁlesréﬂaﬂ&ﬂ ﬁghﬁrﬁ eﬁt@h@ the reactor n-2.
reactor. 15 The oxidation gases or gaseous phases from the ot her

r eact or'deiEraindar 0é dheatrad %ﬁﬁ%ﬂ%ﬂemﬁh’é 3 gmiler PaIngt [ bat deseriticdin e comparative
t hege CéQEkQ%@ SI8vE SThd REAESHRSE WliclPwiSTHRBY AEMWeRdas ;r%ﬁegwﬁh%?&@@&ﬁﬁe' B8 lting from
11. 596of e flow of the hot cycl ohexane supplied to the first

r eact orthe WHOU ECYselp Vs r@pecty tﬁ%epiﬂ%lﬁn st ﬁ?aélﬁs &4ifl yclelsanedarcsupply to the first
n-2. TheacteBRihpeREadefl the condensates was treated in a simlar manner

to that described in the conparative 20 exanpl e above. The organic

phase which was finally recovered was m xed with cycl ohexane

resul tivagh f aByE10 8 M AaEQUSOriiRCH LD AR5 BRI abBR, @ ARt ERIbhexane supplied
before heating said cycl ohexane for supply to the first reactor of

t hé’cadeade. ﬁ tf??C‘tOﬁecqn@Hg?él L1 By weelit of cpeleheryn hygropgsexide, cyclohexanol and
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the first reactor contained 0.19% by wei ght of cycl ohexyl

hydr op&fBRdet 13€1 ohexanol and cyci ohexanone. The tenperature in the
first reactor was equal to 185C, the tenperature of the |ast reactor

remai ned at 180C.
The flows of “cold” cyclohexane supplied to the last two reactors of the cascade respectively represented

30  6.5% and 5.5% of the flow of the hot cyclohexane supplied to the first reactor.

The selectivity of the cyclohexanol and cyclohexanone production process calculated after the step for
transformation of the cyclohexyl hydroperoxide increased by 1%. The selectivity represents the percentage
of cyclohexane consumed and transformed into cyclohexanol and cyclohexanone. This gain in selectivity
35  for cyclohexanol and cyclohexanone was essentially obtained by reducing the concentration of oxidized

products in the hot cyclohexane supplied to the first reactor of the cascade.
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t he cascade respectively represented 306%5% and 5.5% of the flow of
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At the outlet from the last oxidation reactor, a portion of the unreacted cyclohexane was separated from the
20  reaction mixture for recycling to the oxidation step. The reaction mixfure was then washed with water and
treated with a catalyst in order to transform the cyclohexyl hydroperoxide into cyclohexanol and
cyclohexanone. The cyclohexane was then separated by distillation, and the impure cyclohexanol —

cyclohexanone mixture was purified by distillation.
25  The oxidation gases were mixed and condensed in a condenser train. The liquid fraction recovered was
flashed. The organic phase recovered after water separation was recycled to the cyclohexane supplied to the

first reactor of the cascade before the cyclohexane heating step.

Example 2, in accordance with the invention:

30
The process of Example 2 was carried out in the plant described in comparative Example 2, using the same

reagents.

The oxidation gases or gaseous phases from the first n-1 reactors were mixed and condensed. The least
35  volatile fraction of these condensates, recovered at a temperature of 125°C, representing 8.1% of the flow of
the hot cyclohexane supplied to the first reactor, was recycled to the reaction medium entering the reactor

n-2. The remainder of the condensates was treated in a manner similar to that described in the comparative



At the outlet fromthe | ast oxidation reactor, a portion of the
unreact ed cycl ohexane was separated fronfthe 20 reaction mxture for
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15 percentage of cycl ohexane consuned and transformed into

cycl ohexanol and cycl ohexanone. This gail® in selectivity for

cycl ohexanol and cycl ohexanone was essentially obtained by reducing
the concentration of oxidized products in the hot cycl ohexane
supplied to the first reactor of the Cdsgpde. 10 dains 1. Process
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l'iquid phase a aseous r.m aseous overhead in said

step, sai Ee ﬁla‘é’ﬁd@és lgﬁéléaé‘ °F8 H’gthi'tlﬂ; ﬂl?\/tg'ts ol HERCifgZEhdn that £ Sé?ﬁd’f the reaction
evacuat ed cb@pies atlltheqﬂaﬁse[ihﬁﬂ tai @bdols pleRel eRsed 2 @Bbuk Bvdrhall in 42d §BE sa1d gaseous
condensat e, r ecovere fr S aseou phase of qQne step is . rec

to one of PhEFIPrENREd ff‘i"'ﬁ e%‘é‘? “ﬂei"’r?éatﬁ‘b'ﬁ’é’éﬁ{ eagt PHHaIBTCOB%néﬁdz@Him that

promuct s it doh&n%@fébcb\%ﬂ:dl’fﬁﬁﬂﬂlb Qibe RPN f Sndidte] € Asthclediidadne bPsdid\8xidation steps,
concentration. of oxidized oducés in the. condensate or g@ndensates

to be recydFEH the concenjration of PGP bt grpelied rrrction mdipmds at leask gaual to the

in that tbencenndensrdx@lieesiah@dintie BAGNSkER cofdeaitadiddeiyed 5M Xi ng
condensat es or gaseous phases deriving fromat |east two oxidation

steps. 3. Process according to Claim1 or Claim2, characterized in

that the pasesuscophas® ClgaoNehatctatzed hﬂhht&ﬁdc@fde&ﬁke réc§aled t0theSteBRs bi&ained by
partially candenaed and the c%nde sate obtalned is recycled to the

suppl y t o™PHRE HREESYFs Y sateays phagss denvise o %téB’Pai‘lﬁﬁl"Péte%e of

Claims 1 to 3, characterized in that the gaseous phase recovered at

the head gf the |ast ction step. i artially condensed and the
Condencht Bt artine @ Tty M avpe bt T e G ek 750 Gregi the head
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in that the saturated hydrocarbon is a cyclic hydrocarbon. 6. Process

accor di ngPFe%EsSh 5, characterized in that the saturated hydrocarbon
is el ected fromthe group consisting of cyclohexane cycl ooct ane,

cycl ododecane and decalin Q7. Pro S ac to dajmé6
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25 5. Process according to one of the preceding claims, characterized in that the saturated hydrocarbon is a

cyclic hydrocarbon.

6. Process according to Claim 5, characterized in that the saturated hydrocarbon is selected from the group

consisting of cyclohexane, cyclooctane, cyclododecane and decalin,

30
7. Process according to Claim 6, characterized in that the saturated hydrocarbon is cyclohexane.
8. Process according to one of the preceding claims, characterized in that after partial condensation of the
gaseous phases forming the overhead of each step, the uncondensed fraction is condensed completely,
35 then said condensate obtained is flashed in order to obtain an aqueous liquid fraction and an organic

fraction, said organic fraction being recycled to the first oxidation step.



35t hen said condensate obtained is flashed in order to obtain an
aqueous liquid fraction and an organic fldaction, said organic
fraction being recycled to the first oxidation step. 11 9. Process
according to one of the preceding clains, characterized in that the
oxidation is carried out in a plant conprising a plurality of

oxi dat | 9N PRas tabdoBdiADIoNIne &f tHe pSREAIRS clRiinsddhaRiceASAas ehat BBGRIJARAGS Qfiried out in a
form ng an, oxi datjon S]Eu??iﬁl?fgfé’éi[]ao' Process according to Claim?9,

char act er PHELCORWIIFIRGE P 108 regelorsgrounird IhiEET ¥ 28 8 PAfRier §ppikreactor forming
11. Processodggpheieng to one of Cainms 1 to 8, characterized in that

oxXi %tati onis carried out in a plant conprising as the oxidation

reactor a partitioned bubble colum, each conpartnent form ng an

100xi dat(, Procéss @bording to Claim 9, characterized in that the reactors are of the bubble column type.

11. Process according to one of Claims 1 to 8, characterized in that oxidation is carried out in a plant
comprising as the oxidation reactor a partitioned bubble column, each compartment forming an

10 oxidation step.



