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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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20 condensed phases or condensates to the various oxidation steps undergo a total, second condensation. The
condensate is then flashed to recover, in addition to non-condensables, an organic phase which is
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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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.



20cycl ohexanone. The oxidation reaction was carried out wthout a
catalyst. The liquid reaction nedium | eaV¥ing one reactor was supplied
to the next reactor in the cascade. The gaseous phases or oxidation

gas from each reactor were recovered and condensed, certain of them
after nid PRdaton easee WPRHRReh R nfepsehin 4 sppdenseryieainyr The biguid Hactioggespyered was

was 180fashéd) Te @?’ anit Phd¥B kddbadll dfEwhBNRSH-AIoH Was AlydIfiBih théaldlBhexareQbfblied to the
cyclohexane 0C, was sup £|Ied as a conplenent to the reaction

medi um “isbreT‘i‘Fé Of%][@tcasﬁ?/ﬁ? beRECheFElolgxanp Bearg Stetof  t he cascade. The
stream of "col d" cycl ohexane supplied to each reactor represented

8.3% by_wei ght of the stream of "hot" cycl ohexane supplied to the

first rg%%ﬁi%l4ﬂ—%ﬁﬁ¥¥%%ﬂ§¥¥§ﬂﬁggm%¥ the outlet fromthe |ast

oxi dation reactor, a portion of the unreacted cycl ohexane was

separ at ed fromthe reaction mxture for recycling to the_ oxidation

step. THE Hreesestaf Eramplx d dee capags Qup dyihewplam desciibadrin Wigtcamparaliig ckqrenle, aging the same
with a gaeakyst in order to transformthe cycl ohexyl hydroperoxide to

cycl ohexanol and cycl ohexanone. The cycl ohexane was then separated by
distillation, and the inpure cyclohexanol - 35cyclohexanone was

purigf i %\Weldlﬁ bkdotdhdeORith the hD&HOXI tﬁ@-tok@ﬂ]ogfg%&% ofeh&oM Hede ?é@gvered in the last
condensed in a condenser train. The liquid fraction recovered

f | ashedeaciHid@ of theFArcads,wers gondepssd éf‘rpélateéyf tlige CW@F@%N%@&&?C@W%WM 2 temperature of

recycl edis¢@ rbfiBsefinzl A8 6RRMR FHWOBH the ot @cbﬂ&aﬁé §u§f)l1é’dQ@Qﬁeoﬁrstoxfea$t$}emlxed with the
cascade before the cycl ohexane heating step gﬁ ITé i n accordance
P#H

Wi th t HEactipg &divgh S“PPH%d H &@eieE nol aE}'{‘a‘i?ﬁlP@nan&ba dreplgeemept fqsgthe “cold”
pl ant dgsehdxRtbupflich RemhEERAE At | ve exanpl e, using the same reagents.
10However, in accordance with the invention, the oxidation gases or
ga§éous phase recovered in the last reactor n of the cascade were

condensggd ﬁﬁ&%% bk ¥r gamﬁs FRRSERRAME ofhBUSadi @S YR nBLkd¥Ad céHdefbed. The least volatile
t enperat ure of 145C, resenting 4.5%of the flow of the hot

cycl ohdishien fipgse |°%‘Ef‘e{13(9 f&coveied @t ? Eawegiure of WS \iFRIpSeRtNg ]rlée(e of p flow of the

medi umigsUpRIdh8Ent Qupﬁaﬁ@epﬁ)Qﬁe firstlre@Sordwi OB cRAR the rO cBRIM BB lefdering the reactor n-2.
repl acenent for the "col d" cycl ohexane supplied to this reactor. 15

The ox|Td‘&trF‘Bﬁn‘Efé§’ééheo?onﬁ%@%g’aspﬁ%?é‘“éismf3( S lRganseh i thatedgserihed ingeecomparative

m %ed aRgnse IRBSTRL orgfhﬁ“c PHRSSThiMOk AL fidaBy feb@Rted s BfixddREBE clohexane resultmg from
condensat es, recovered at a t enperat ure of 125C, rep resenty

n
of the thg WFoss mFH‘é“HB’ﬂ”“&‘F@P’o‘Pfék%ﬁ@d@ﬁﬁp‘lef%ﬁ heaging gaid FV‘PI@FX%D@afgIt wplywaéhe first
recycl eehct@ ot fi€cds@mel i on medi um entering the reactor n-2. The ,
remai nder of the condensates was treated in a simlar manner to that
described in the conparative 20 exanpl e above. The organic phase

whi ch Wash fhe Rl of RGQAVET RN tHY c688bnWtdshis QUEHIRRRXAREHE Rttt Lclliedh®Mpplied
the various recycles downstream of the oxidation, before heating said

cy@Pohdxathe sk f%aﬁ'i@bl spuagef @ 1% By Weaighit o cyfloteny dudrepearxideyyqyplohgyanol and

recycl yQbhcRinon&athe @Bmp&hiiiean 1RffirkiNEackP R ARAL B9 888 ; HRIEHHPRGe BPONK Bast reactor

the "hot" cycl ohexane supplied
remainéd at 180°C.

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.



25 to the first reactor contained 0.19% by wei ght of cycl ohexyl

hydr oper oxi de, cycl ohexanol and cycl ohexfinone. The tenperature in the
first reactor was equal to 185C, the tenperature of the | ast reactor
renaineg at 180&. !he flows of "cold" cycl ohexane supplied to
the | ashOERASLY, Nge: t he cascade respectively represented 306.5%
and 5.5% of the f|OM/Of t he hot cycl ohexane supplied to the first

react or Iectl .of t cl ohexanol and cycl ohexanone,
pr oduct%ﬂﬁlofg%@@géo ifation ¢ aFﬁ X0 SYRHFD MYFORTIRFIGT FRIRATSIRE greascade of n

t he CyClbwblﬂkﬁlunﬁy@*b@%ﬁt@?ﬁl Wigh h I&S-:’c@lﬁé@@uﬂﬂ/y oxidi ﬂgg g@dd@%ﬂ byd ]I:eﬁctlondmedmm to be
represents the perc cycl ohexane consunmed and_transforne

into cy®t ﬁéxﬁﬁgqama?fgwegw @eaﬂ@ﬁéum% o l&a?rﬁt FEACIEBPRIE oy a8 sfigpperature of
cycl ohexarol and sexal ehexanrgfehaas esseRti @by BbhLRIMEdr RycIHRIYC hiFoperoxide,
t he conce Eratlon of %XIdIZEd products in the hot cycl ohexane

supplléﬁmg exapl apq pyclohexgaeneor of the cascade. 8 Conparative Exanple

No 2: In another plant for the oxidation of cyclohexane to cycl ohexyl
hydr opey oxi de conyr|5|n a cascade of n bubble colum type reactors

Wi th a cb-BiRHRFeackion pRs cafiedyt ditpHg gRYsY ab he)hqaﬁdeqcegrbmﬁ@ﬁmd@dmrﬁne reactor

to e Hasupplied @flthe el eRBMNiOtheh@icadsy CHRNAXANEP MBS oF WRRhiADall ﬁtohﬁeach reactor
first reactor of the colum at a tenperature o? 185C. The stream of

hot cyctORERarEd s ERdmsad 6ompohBsm Misr §Hinsf cycl ohexyl
hydr oper oxi de, cycl ohexanol and cycl ohexanone. The oxi dation

reacti mas carrie ut without a catalyst. The liquid reaction
medi um é?}?ﬂ?@af‘&fﬁél &Eg’é& f6?°t°f6w§§hesﬁaifa1iq W3k 178°G-hia ordex o mainiainghe fepperpare at this

cascadeualufeodasRMIsx438a8 86°0) va®Xipfidd, &b @AHREchi MBS0k HRGHA! toWRY 185t three
rec vered and condensed,. some of them after m xi ng. The tenperature

he TPRES fidadk bt Nt {PREAEAL: ade S PHECOI  CHsiclErane GUpRicR ey cach reactor

t he t erfB;&és’%htB«ﬂ g. 79@; 3 tlim &d\2atAIBy weigRt ot theCGar® BENRMQyclohexfiupMRE to the first reactor

nt to the reaction nmediu to the last three
suppl | e(%the cascade 1, emé 5%\0 in total. m

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



15 reactors n-2, n-1 and n of the cascade. The stream of "col d"

cycl ohexane supplied to each reactor repYesented 2.7% 3.1%and 2. 7%

by weight of the streamof "hot" cycl ohexane supplied to the first

reactor of the cascade, i,e. 8.5%in total. At the outlet fromthe

oo OXPHPIeOToTE b Ereasic it DAL rotcHe ot 8 dEt et e Y OB be from the
separ at efliohs @8yddidowrdresit aLtht OXidatioN [HeFoRe hddlind @&V & cloR&ahdfol ABply to the first reactor
oxi dati on, step.. The reaction m xture was then washed with water and

treat ed® W' %% at al yst in order to transformthe cycl ohexyl

hydr oper oxi de i nto cycl ohexanol and cycl ohexanone. The cycl ohexane

was I hep.separated by distillation, and the jnpure cyclohexanol - _
oyl %ohel iR ererte B e PRI 74 BTN ER P4 PO ik g PRt supplied
gases Wer enelmifixedreadtdl eQitdmias ed6ton b *OIREERS EdyclohdyN hydfdBerbti@d)i Eyclohexanol and
fraction %ﬁcovere maﬁgglashgd. The organic phagg recovered after

vat er sEFRPEENSH- WA SPEEYTINdaC 5t FRECTYR SHEANES 3iip Hie teapara e e the last reactor
first reasiedaqQffodthe cascade before the cycl ohexane heating step.

Exanple 2, in accordance with the invention: 30 The process of

Exanple 2 was carried out in the plant described in conparative

Exampl eChid ustIoRxhitew saBplict ag 8 trSactof e 3 O D Gl lafdin @R BR TaRhdIATEPYSive flows of

phases fra e first n-1 reactqrs. were m xed and _condensed. The _

oaat - SUe bl 1760t LEbobe B oh 6 b0 CaaREa WEror oy Gredecien 5. 58% i total.
tenperature of 125C, representing 8.1% of the flow of the hot

cycl ohexane supplied to the first reactor, was recycled to the

reactio lené?ﬁ?cﬂﬁﬁ%e ﬁ’? PF rRjotERe fre sYe{bipxanol andrigyclpheyaione e palgyiatedy glter the step for
condensaneBrisn tof @@t §dlohtkyR hjimowterxide] Wad afcrdagedtyyad.6 e Sl RREtVi® rtfiBsents the
conparative 9 _ e | e above. The organic phase finally recovered . . .
was'~mi xpé’EFeW$eh°fc°9’§S%§%a"ﬁ85‘ﬁm§§ Gre frﬁ‘&fof‘?‘&‘?ﬁnf%@’c&g?’iaaﬂsanﬁi g¥qRhegagione.  This gain in
downst rsereivaly fbing cRkEARS 08 cyddefeRimdndI®ad tRehtiaiR} btsiNed BhRI@Ne the Concentration of
supply to.the first reactor of the cascade, 5Wth the recycle of at

| east ~ £PEL POAGT iR LB LRt BoPie 1o Bediy BRBORYSHES PG  hot

cycl ohexane supplied to the first reactor contained 0.16% by wei ght

of cycl ohexyl hydroperoxi de, cyclohexanol and cycl ohexanone. The

ethylene in the first reactor was equal to 186.5C, the tenperature in

the | ast reactor remained at 179C. 10" Col d" cycl ohexane was supplied

to the reactors n-3, n-2, n-1 and n of the cascade at respective

flows of 1% 0.5% 2.7% and 1.6% of the flow of the hot cycl ohexane
supplied to the first reactor, i.e. 5.8%in total. The selectivity of

the process for cycl ohexanol and cycl ohexanone, cal cul ated after the

step for



transformation of the cycl ohexyl hydroperoxide, was increased by
0.6% The selectivity represents the 150percentage of cycl ohexane
consuned and transforned i nto cycl ohexanol and cycl ohexanone. This
gain in selectivity for cyclohexanol and cycl ohexanone was
essentially obtained by reducing the Cdagangrati on of oxidi zed
products in the hot cycl ohexane supplied to the first reactor of the
cascade. 10 Clains 1. Process for producing al kyl hydroperoxide by

oxi di zi pg.a saturated hydrocarbon in the |liquid phase with an _
oy gen. LoRtaten g gcing iy PERBPPOHE BEPRURat 14 uhogBriryooan Bty lipyid phase with
of successihVexygéreataididde gasp tity eabar Baiy batied osURPLI @tkandy beaftesti®e steps, the
the‘{irst ségg at a.ten&@ratu[e in the range 100C to 250C, at |east .
the I ast SYUE-HFON FrEe VBRI Gh'Bh §iedB¥I 58 o & [rpcratar i BRdnes PP 6] to 250°C, at
t he th enpe ?ﬁ&ﬂlh@{f@;ﬂ’ht@&iﬂﬂhﬁ&’éﬁjﬁﬁﬁbeiﬁg t@vdlto \ﬁl_@h@ﬁ;‘ busd doﬁﬁr(ﬁ[ tﬁmﬂlpa?tuﬁﬁuahid step at a
to that of the first step, characterized in that each step of the _
reaction (OFpFRHERE less thag pr qaush ipstBatgh (fiheat%@tasé"é’o&l?raﬁﬁéé@ ip fhatrarg sigp of the reaction
gaseous o0vempeas ailiguid PhekeShe R, gasdh dpiges epmmeRNas@ut ovdthdad it B8d step, said gaseous
over head bein extrﬁctequpd_evacuated to be %t | east pantiallé§ .
condensed Phasfidormipgthgeverared beine fadetadcracraadipdestiorst gifitlerogdraeguyand in that
phame of @iobddRpatd Scsvefed Foatiht Qasefs phscHAbhk QY HdcyOIBd BLRP ST salheNi@itibn steps,
t he concentration of oxi.dized products |n the %PpILed reaction

medii um i s “HEdAS fonsgftiation o iireg aredudt b el 63ctign 78 U3 Atietss cqual to the
t he condens@tfrafibn 60xdRRE iodsetd i@ thoh@EYEd @Qondensates L bIESCRES

according to Caiml, characterized in that the condensate recycl ed

to one step is obtained by 15m xi ng condensates or gaseous phases

derivi ng Prooess atcokd@@Sto Clvr DQxhatadérond st BRSthe SondBHsae @&Fc1o€ @08 stg it Bbtained by
Clﬁbnll or .Claim 2, characterized in.that the gasequs,phase recovered

at 'the heZtFs CHADSHELT EREANSBYS AL ViSSP AYA QLA S8R t he

condensate obtained is recycled to the supply to the precedi ng step.

20 4. Progess according.to one of Clains 1 to 3, characterized in

Chat t e B25e0 ASOPHME SaBdvisr i chHEr Hating P (Hussorss DRSGECTSHFd at the head
step is paf édeatdcyior agsrnaedipeshdtdied sonfdeamatRaebb@inded ke clk@ey Gk 8shply to the
to the sugfl .to the preceding step. 255. Process according to one of

t he prece eﬁé“@ﬁ&?ns, characterized in that the saturated hydrocarbon
is2® cyclic hydrocarbon. 6. Process according to Caimb5,

characterjzed in that the turated hydrocarbon is selected fromthe
group conBioSEs AtFomedy ETo i %h%raet?%@ n @%ﬁ%&e@a@e Bhpse mpvered af the head
decal i n. 30the lasPeation Step GG Gotdenscl ahdWhb coriBdaRbRided @frebyrlciN@the supply to

t he saturgted hydrocarbon is cycl ohexane.
the preceding step.

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.



8. Process according to one of the preceding clains, characterized in
that after partial condensation of the daseous phases formng the
over head of each step, the uncondensed fraction is condensed

conpl etely, 35then said condensate obtained is flashed in order to
obtain an aqueous liquid fraction and an organic fraction, said

or gani c9.f Pagtds@BcddBhd@ dne @Y Gle§ilectding Aginds] dlSfacXiddat &Iﬁﬂth%fo%'ﬁanonlslcagned out in a
Process ac ordln% to OQF of the preceding clains, characterjzed

that the & PERing & PRlity f @xigetion; rﬁcafw%fede%%?&ﬁ 38 § cascasie sagh 1etﬂgror forming
of oxi dat i@6xilgREkE@p.S nounted in series or as a cascade, each reactor
forggng an oxidation step. 5 10. Process according to Claim9,
characterized in that the reactors are of the bubble colum type.

11. Promegfocess aolinto ki 0ecafaceliald 1% thdt théreButors BRIAMe BUBAES I dhat
oxidation is carried out in a plant conprising as the oxidation

reactor a partitioned bubble colum, each conpartnent form ng an

100xi dat1i. Pfocésk ®Beording 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.



