0050/ 47420 Preparati on of oxidation products of cycl ohexane in

count er culOOS®/47420The present invention relates to a continuous process
for prepari ng oxi dation products of cycl ohexane by catalytic oxi dati on
W th oxygen-containing gases in the |iquid phase, where the gases are
brought into contact essentially uniformy with 10 Iiquid cycl ohexane in at
| east one reaction zone. Processes for oxidizing hydrocarbons using

nol ecul ar oxygen and in particular the oxidation of cyclohexane to give
cycl ohexa®skeparapiPre pé| onedatiome Papdutiowf Frokoharangriibr art. Thus,

DE- A- 21 3@obbtedchmaethtUS- A- 3, 957, 876 descri be a process for preparing

sol utions cont ai ni ng cycl ohexyl hydroperoxi de by zonew se oxi dati on of
cycl ohexsane, in which process a_m xture of cy¢l ohexane and a sol ubl e
cobal t caffRPyBYes&nt, I INERBEID HELGHEF r tind FOPESPURAWRREFESS 19 ough a tray
col urm an®rapadiygaxidenion renesiugss ¢£ ciidleherare 0 cpLal ¥ count er current
fromthe bctittetiopwertd dbRygemgironheisbdhgirgases Thetloollingmiigshase , owhgea
consunpt i @hezgafesttarchdroppel 9td adftactidsadendiallienaligoifly wiewnward

di rection ﬁ\)(/&mhtgﬁtém ARRGHe M L 1LBE Al LRACLAGD RflNg able to be fed

separ at¥y er ent anounts of oxygen. The process is ained

exclusively at the 25 preparation of cycl ohexyl hydroperoxide which is

obt ai ned iProaasses afmupkidizilly YHydyowwrlgits, ubdsgdnaddrecuiert atydenamndnt of

oxi dation in pREOfMOlat the oxidrtAof, 67 SoyidndRass | LY iveDEPERSRaADL

Prepar | N9 GUCLODExadBnbY BEORGIANI B0k tRd BE1bP L ArRds G dha1Whih Lhe

cycl ohexang, an@XVS3LLOBheINd LaLLLEd UL N L NE.PTER8NcE, of s 3obhb! @
cat af‘ys an&’alssb it 5 ) PIBPAAT9 75

cobal t 15 , aﬂp OSphori ¢ ester )

descri bes SRRHROEERS WELOPREY b HYFXPPEROGIAS PYuPARSE 58 CFOARRX L 9 a

pl ural i ty coFlahexaneg .,y iguwkeehinkeceRb datigiture of agesdohgxane and a

oxygen- corsodubhilagagss tbeahglystt risdatbaveditte €doh fromxhdatomrdasinaged Thi s

i ntroduct itholugh C@rddagd cOUtmn Ner@R Sxy@ah-conthshiddIgakalie &lloMelacooxygen
is fed #Qtﬂoﬁaﬂ? SRR rEAFEETP FIDR the SSHEVn Abbdrd AnrBEgh LK do1WRheh

oXygen &8P gy pat ot Derde 0 gas, Del o Jaddi L qnal 'uﬁ Lptgoduged into
the | ast d ON st{zf e. . L TS n%v%frcfa I’y resplts i PS nonuni tTorm
oxygen fe@fIRSPBRE ARETETONLY o FPMYRF AT PR PHECTEREE FOREH XHife, which
| eads to &he lptteictdash PAlyg dkle Thebe ckrd seRardRLY ¥ighvidernento
chanber s mountsetfiloxgigest sThhimpiocase berdimgdwanalubimedydet mdte cover t he
entire 4o pie@asatbsd idi cyddénh@iaa hydtegetdkildel onidheise obehdhedieetaa i nto

the descengig:9as ﬁﬂ%sg?o&em&,swgsawttwkeaai Qhotn@U8f didaion Can,
in a reactﬁrggugggpedure or using "flooded trays” which is

US-A-4,675,450 describes a process for preparing cyclohexyl

30 hydroperoxide similar to DE-A-21 36 744, with the cyclohexane
oxidation being carried out in the presence of a soluble cobalt
catalyst and also a phosphoric ester.

DE-A-12 87 575 describes a process for the oxidation of liquid
cyclohexane in a plurality of directly successive oxidation
stages, with oxygen-containing gas being introduced into each
oxidation stage. This introduction is carried out in such a way
that the rate at which oxygen is fed into each stage corresponds
essentially to the rate at which oxygen is consumed, with inert
gas being additionally introduced into the last oxidation stage.
This unavoidably results in a nonuniform oxygen feed rate and
oxygen distribution in the reaction mixture, which leads to a
reduction in yield. The reaction zone is divided into chambers by
metal sheets which are bent downward and do not cover the entire
cross section. The gas is fed in below these metal sheets into
the descending gas phase of the subsequent oxidation stage, which
can, in a reaction procedure for using “flooded trays” which is
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0050/ 47420 2 descri bed as suitable,

| i.kewi se 0@ad/4943a0nonuni form feedi ng-in of oxygen, to a nonuniformfl ow
of the reaction mxture and, in t he nost unfavorable case, to formation
of oxygen-contai ni ng gas spaces under the trays, which increases the
danger of an 5 ignitable m xture beipgg formed and of an expl osi on.

DE- C-25 134 e‘&%&%&?%dﬂég Eﬁ?kv#%s% %egg £ 0D, Jxo‘i’x%ﬁ%bﬂr?sfe%dlflgi?x?ess for
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oxygen- cont ai ni ng gas can rise and the descendi ng cycl ohexane can fl ow.
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addi t i onaPEyCT4R riGddédd RRTESEoREiRG ‘%5:1 US5A~3 P10 EeFFHPeRe®  excepti on
of an oxygeaceshfPrpPrepainite cicleorxangyeohnd ey A@heshueh )by Pridation

I nt roduct béncyslaigxiane cat rd atagutolums wperate#dyin couhaérmindenal by ehd t he
oxygen 1|°nb£~8§é&§éj ofNaeasulled 981 hsrl @ alys e oapdtimRd cbhtd NingS tedgR- 0 I NCe,

in additig épmlfn@ss ALY LR o oSl eo°§té§h?o*%°£ﬁ? Al NEnPERL o7 A e

nmet al sheets [ ottomt e reactor and
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oxygen, aPer P8ERT SSRGS BPE‘?‘H%[&’[‘"‘#SH Be (97 IPBAEPRIR IM@TaIABNUNI f or m
fl ow of thenrebas iaod khetdessendsnagl sieddpedeserdqredlawove for the case of
DE- A- 14587 575, occur in this process. Since, in addi ti on the free tray

area is vgﬁ | ow %P{ %boﬂé-—z}—%é % 30 format i on of gas_ s S under the
trays togél é"goust Re JRETE DEERY a}‘m&f’geﬁ?ﬁ os"‘\n ®can result
in this ppgdetionallyintroduced,Rrtefsqngs oxpddh i tihenta2 R et Eh®escri bes
a processekreepBBmpodpani payIen ganswretiosdacne af theckobexfrtdiei n whi ch the
oxygen&r?gnbaumng This Lstroducaduneis dgadat byrridd dulkeihi spotd a waphase and
forns Rhee +HarRAIINySe11 Nafe bREHEN I tIR3LEBEEIn AL st&ANtisNHRYS gas
phase in LBRSLARACLY ¢ gg g4k '§§néé"e re% 9£'on, tHeX hihSerd Sin@yBOSHL Very

unlforn1y to O&yq%e es a COﬂtIﬂUOU% grocess

for the O)%I 48t Por e Ngfen it & @Sr%ﬂg”aﬁ;et hre“e?‘T1 UI c‘i" SRade AN Sp&ETTi cal ly
for the 8x]i"afathnb|’i°o’Fh%y"cHH)l‘?§x’éh"é TeRGEPE apd o&’fﬁ@ PRORFEASH G 58S i

i nt rodlﬁednmtwq PR bt 2y % e &c pPown Hormu feedingr il @faP¥YIROf 845 poi nt S

al ong a r eactnbfezoeyhyn bty ibht downwarttedreactosd andza | monunidpikhi ces. The

reacti on zoge o5 iRy eedividiechikihoe p 4 Wizkhly @¥scribelasiidrss fon the NO
conti nuoug,gascPRsR-Rei 88 P e touPe Q%'Igdprocess. Since, in

addition, the free tray area is very low at about 1.2 %, the
formation of gas spaces under the trays together with the
above-described danger of explosion can result in this process
too.

30

None of the abovementioned documents describes a process for

35 preparing oxidation products of cyclohexane in which the
oxXydgen—-containing gas is introduced directly into the liquid
phase and forms bubbles therein so that there is no longer any
continuous gas phase in the reactor and in which the reaction
mixture is exposed very uniformly to oxygen.

40
Ep-p-0 135 718 describes a continuous process for the oxidation
cf hydrocarbons in the liquid phase and specifically for the
oxidation of cyclohexane, where an oxygen-containing gas is
introduced into the liquid reaction mixture at a plurality of

45 points along a reaction zone by means of downward-directed nozzle
orifices. The reaction zone is here divided into a plurality of
chambers, with no continuous gas phase being able to be formed.



0050/ 47420 3 This is achieved in
practice, 0p60/&%488l e, by nmeans of an upri ght bubbl e col umm divided into
chanbers. by perforated netal sheets and by passi ng cycl ohexane toget her
with a cobalt catalyst di ssol ved therein through the bubble colum from
the bottom 5 upward. The oxygen-contgining gas is fed in above the

perforat eghls nEd @chi%@@& Slrmbr 241G Offo'}o%§$.1?]% e Wl NpBLRD! 55 Aqf P%rﬂ?{/' ned

si ze for of .an exact as exlt v and
anount . heglfl G uf“@ac onedm 2EQr a"% ﬁubybgf r}eoﬁf_:\g at eral esggn fall y

uni f orm cﬁﬁ?a@f Rﬁsﬁl‘rnﬂn‘F%&ﬂh&P‘aB% ’b%gr?tc?%rw%m a\/GPBﬁ%t 1R YPhe reaction
zone and fheseiveddvharatedhabupe-the budpblg7epymn framothredotiamt hi s
process s upeatd.quhe bypgacaoheasnimg daseis Ded/ genaboné atid pergasesedr e
passed t hnevgh dleetEeBftMiansNof £OFANIENWith o188 8f 4 e fingh §y4d ohexane
content obelfie #A%kA py Ui ANd:l b é&lcgqg 4t eegifa sgee,%%%tlbeat%rhz{despect

of the 15_f ornat lLon ? J?:fg ohexanol one proc SS IS
still in ABRHGr T OYEHEACACTHPR '%t‘ﬁ%lufrgslf)a? reduction in
t he am)unF§5%‘?tJtaﬁéYaBPHf%ht°8PﬁPﬁ@ HER g etk r(@xggen %‘éﬁﬁ &.he ¥ehHe whi ch
have t d%efrtimwusactiom zdne eadcthodisadvantagesHpfcbEtAyl2vB8IhPAY avie h wat er
and sodi uavbydbdxittetBds Ydoaess20tigh \liikg idasiduiaebohavamy thehi gh sal t

| oadi ngbaBQyééthEﬁlrtﬁi‘ﬁfl‘ijg B%es a£% YPAlse@l SRPOEGH HBOYASSoCQRt eNnt . ][t
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w th 30 ogygkh-igomeatndhginprovement ¢ [Rhisi gppligheseticulamy ¢ocgcl ohexane
and the oxgdeseicantiai thearganes af ecipassed-conawingr ByFgiducts térpugh a
reaction éegﬁofé\cacadwnwﬁwmﬁ&eowr@e qfembbedrﬁ%t ItBB read®YnUR kOuXYOEN |5

et by d%{ﬁ( RGBSR EN ﬁvfl ‘AGPBLQP aqh%c% !uﬁkg }degr09¥li€e§of{1t&r geess for

pr epar |2rc&g 1"on gr od ‘ﬁ‘ ex ne oxi dat i on W th
oxygen ot 5t MfSFEYaEeT PavHe9) ? pras and t PR HPeFEESE? Tt ought
into contéEPt%%§§WPP&FI9°WRﬂWﬂ§Fh19°QWQH¥ the | i qui d cycl ohexane in at

| east one reaction zone, wherein |iquid 40 cycl ohexane and t he

oxygen- cop aié“ %f o%?é@i? & etl-{é""??@%eﬁ{‘ mv%m:’{‘&? g?” rrSUEdé erP‘iQnBrgpgd reaction
zone. ent inve n are
Feacti o AERTY %avpﬁ RS, SRS i sf@?g‘fs%| GIPLERTR s TEh 92 Sones.
AccordlngaPBV%F pE A AAYANRRRES ReidgeayRii8don zones are divi ded

i nto chanbers or sectlons in order to prevent adm xing. In the case of
hori zont aler RRKd | 1RRANAOLESE IWHiS 6B5ede is achieved by a process for

preparing oxidation products of cyclohexane by oxidation with
oxygen—containing gases in the liquid phase if liquid cyclohexane

and the oxygen-containing gases are passed in countercurrent

through a reaction zone and a uniform exposure of the reaction

medium to oxygen is ensured.

30

35 The present invention accordingly provides a process for
preparing oxidation products of cyclohexane by catalytic
oxidation with oxygen-containing gases in the liquid phase, where
the gases are brought into contact essentially uniformly with the
liquid cyclohexane in at least one reaction zone, wherein liquid

40 cyclohexane and the oxygen-containing gases are passed in
countercurrent through the reaction zone.

Suitable reactors for the process of the present invention are
reaction vessels having horizontal or preferably upright reaction
45 zones. According to a preferred embodiment, these reaction zones
are divided into chambers or sections in order to prevent
admixing. In the case of horizontal reaction zones this can be



0050/ 47420 4 achi eved, for exanple, by
means of @0BPYR342%or dividing walls having openings; in the case of
upright reaction zones this can be effected, for exanple, by neans of
perforated netal sheets installed at regular intervals. 5

Advant ageously, these neasures resul@ in a continuous gas phase no | onger

bei ng for %Hlé\ﬂe& h%o%éﬁ&hfb Z‘Baemeansl%fl BvbPE1 WL EeS8iPlaidie v gsent
r
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prefera®y in a range from5 to 30 % by vol une. The oxygen- cont ai ni ng
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plurality o % e reac

nozzl e or PPi LRAIeHPEIPLg ?ﬁﬂﬁdblﬂth? 5&?9§&ﬂﬁ PRE - Accordlng to a
preferred enbodlnent of the process of the present i nvention, the exit
vel ocity @h {RE (rore88- 68NiH @regeH@Sﬁﬁre@&mn,eﬁcfbom%aé@ wlpfpl-ﬁem s from

0.01 td% %57125” etfh%r %9 Q{lé 19h9§a1?e5 a%% QPQ &fg‘en—cogt , the

amount of “0Xygen- cont a h nozz e or| ice is
pr ef er abl ﬁr?r ?doi'nt 80‘113)% rentp‘? iﬁg bWef??ﬁ‘ﬁt(}oT f3"q-0 1/s. 30

The nozzle orifices are dlstrlbuted essentially uniformy over t he
vol ume of rhBeok ffflilodn g 0bGeriEAl Sut SudGlY %9 eniéﬁhﬂﬁﬁﬂﬂﬁiehases By arranging
nozzl e 0%&&8&%@%&1&&“&%4@ f PQééHtS %E Oge?.e%hé jkntervals

al t t t but ed
TR i M e A oxff

The spaci ngs
al ong t he OFBIBRTHPLAGREPYr EISSSaBES E%ﬁﬁﬁ?@ﬁéﬁdlﬁEfqﬁycﬁﬂohﬁtP:Fhﬁolqu+ s the
di anet er elclokerxangciaton ponmling af epoints alpag tiheulreact i@l esnedbyuch t hat
the nol eculeans ox§ grizzilast Nehd indzRle or PHteBUbbY A dgeosLepqimyi ous feed
poi nt dBahwi£d. been conpl etely consunmed but is, for exanple, from 60
to 90 % of the original content. As a result of thls process neasure,
the 45 cycl ohexane to be oxidized is exposed spatially essentially
uni f or m y Acgorénddpgenpreferyiad pgbodimengs oénthelldrpcere efirthe prageunt of
gas i s fednvantisugheecarit nadoicetprof itte ofggm-+amtaining gases0850/ 47420
each nozzle orifice is from 0.01 to 1 m/s, preferably from 0.03

25 to 0.3 m/s.

Furthermore, the amount of oxygen—containing gases coming out of
each nozzle orifice is preferably from 0.01 to 10 1/s,

preferably from 0.1 to 1.0 1/s.
30

The nozzle orifices are distributed essentially uniformly over
the volume of the reaction zone. This is achieved, for example,
by arranging nozzle orifices at a plurality of points at
essentially equal intervals along the reaction zone, with these
nozzle openings being distributed uniformly over the cross
section of the reaction zone.

35

The spacings along the reaction zone preferably correspond to

40 from 0.1 to 3 times the diameter of the reaction zone and are, in
particular, selected such that the molecular oxygen in the rising
gas bubbles from the previous feed point has not yet been
completely consumed but is, for example, from 60 to 90 % of the
original content. As a result of this process measure, the

g5 cyclohexane to be oxidized is exposed spatially essentially
uniformly to the oxygen—containing gas. Essentially the same
amount of gas is fed in through each nozzle orifice. Combination



5 of the two neasures just described, namely feeding in essentially
equal amwoBo/daf74g@s and carrying this out at points along the reaction
zone at which the oxygen froma previous feed point has not yet reacted
conpletely, leads to a uniformoxygen 5 concentration in the reactor. This
di stingui shes the process of the present invention from processes
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trunpet - shaped or bell-shaped, with the bottom edge of t he wi dened
secti orfbeing ahleat @ RELSELFHES Ohn bR ukl for ARUiIHGin KR gEONELTi C
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gas- exit v nozz e .and can
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6 The reffihald! SIRRFALHT 8nd dsh8ihEREIdY saeReLha: fthem 120 to
above-described preferred gas exit amounts and velocities into

the liquid reaction medium are achieved. For this purpose, it is
possible, for example, to introduce the oxygen-containing gases
through a narrow drilled hole into a widened section which is

open in a downward direction and, with the exception of the

narrow drilled hole, is closed at the top. The configquration of
this widened section can be cylindrical, conical, rectangular,
square, trumpet-shaped or bell-shaped, with the bottom edge of

the widened section being able to be serrated or oblique if
desired. The geometric dimensions of this widened section depend
on the above-described gas—exit velocities and gas exit amounts

at the nozzle orifice and can easily be calculated by a person
skilled in the art using the data indicated.
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A soluble catalyst, preferably based on cobalt, is added to the
cyclohexane to be oxidized. Suitable catalysts are described, for
example, in DE-C-25 15 419,

45



180[err]C, preferably from 130 to 160[err]C, and the reaction pressure is
from5 to QUBGM4T4P eferably from 10 to 20 bar. Pressure and tenperature
are matched to one another so that the reaction 5 occurs in the liquid
phase-at every point in tine. According to a specific enbodi nent of the
process of the present I nvention fog preparing oxidation products of
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mai n I’OdUC C Cl onexan
P 30 BQas eaving the reaction zone has a molecular oxygen

content of not more than 2.5 % by volume, eg. from 0.1 to 1.5 %
by volume.

Furthermore, the waste gas separated off at the top still has a

35 cyclohexane content of at most 45 % by volume, preferably at most
40 % by volume, and this cyclohexane can be returned to the
reactor after condensation. In this way, the process of the
present invention advantageously makes it possible to lower the
cyclohexane content of the waste gag which, in the case of the

40 waste gas-limited reactors used, allows an increase in the
capacity, ie. the maximum cyclohexane conversion able to be
achieved. The temperature of the waste gas is preferably lower
than the lowest reaction temperature in the reaction zone.

45 The crude oxidation mixture is worked up by the customary
methods. These include, for example, scrubbing with water and/or
agueous alkali such as NaOH, with acid-containing and/or



and cycl ohexanone and al so the renoval of unreacted cycl ohexane and of
further ox0050/4MP0®oducts fornmed in subordinate anbunts 5 is carried out
in a customary manner, eg. by fractional distillation. The process of
the present invention advantageously nakes possi ble a uniform

di stribution of the nDIecuIar oxygen §n the 10 cycl ohexane to be oxidi zed,
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gecégogn)Eg%{Féulqg %ge crude ox1d6 rov&?fgﬁwgthéi Q%Q}VQAHJJQdQSuQL 60 mm

8 vel oci %]n’d'er operat| ng conditions is 0.25 nis. The reactor system
(pressurﬁ at the top: about 13 bar) is fed frombelowwth 80 netric t/h
e

of cycl ohe¥gpoepiceldOfier{l1Gsardrés WPt 8d11dWwing non-limiting

examples.

Examples
30

Example 1 (Comparison)

Cyclohexane is oxidized in an oxidation system comprising three
reactors connected in series (volume of each: 40 m3, height: 16 m,
diameter: 1.8 m), a work-up section (removal of the acids by
means of water scrub and also extraction and neutralization with
sodium hydroxide solution) and a distillation section. The
reactors are provided with a gas distributor which distributes
the air uniformly over the reactor cross section and the reactor
height. The liquid contents are treated with gas at 7 levels at
intervals of 2 m. To reduce admixing, perforated metal sheets,
(holes diameter: 40 mm, free area based on the reactor cross
section: 4 %) are installed in the reactor 30 cm below each gas
distributor. The gas distributor of each level is configured such
that the air exits at the underside of the gas—introduction tubes
(NW 32) through 33 drilled holes (& 3 mm), which are distributed
uniformly over the reactor cross section. Each drilled hole is
provided with a sheathing tube (L: 60 mm, &: 25 mm). The gas exit
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cocurrent. Before entry into the first reactor, the cyclohexane 5 is
adm xed wie0B®/ 4743 of Co in the form of the ethyl hexenoic salt.

Exanple 2 (according to the present invention) The oxi dation systemis
operated in a simlar way to Exanple 1, but in countercurrent with the
cycl ohexane bei ng added fromthe top. 15 The results of the experinents

are Sunﬂar&éfﬂ%ftQ Iﬁggfadberatlna}ggﬁal%lonsffg 0.25 m/s. The reactor

| .
El\/girprrum Cy%Y fhegl éﬁgessurnéoﬁ% %he té n bar) &s Hg&etrcuréeflct,v} with

5.6 (1799 eFraf EAR asye! ohex; ?Fdé?mf%a@ch6H§%§ﬁ§e€oh9erS|on [ %
4.9 cocurrent. Befpre egtrecintd tiej fi¥wls feactor, gfhe cyclohexane

cycl ohexanbd /aidixed with 0.1 ppm of Th 5n the form of thd&thylGekenaitone [ %
Wast e gas ggpperature [[err]C 153

141 35 As Table 1 shows, the cycl ohexane oxidation is significantly

| nproved by the countercurrent process, with reserves in respect of a
further caopanple ?né@@%ﬂﬁ?#?ﬁak?ntﬁﬁ(PF@F@héx%ﬂﬁ?ﬂﬁéﬁvérS|on limted on the
waste gas side) still being avail abl e. 40 183/ Hg

0050/47490The oxidation system is operated in a é%mllar way to Example 1,

but in countercurrent with the cyclohexane being added from the
top.

15 The results of the experiments are summarized in Table 1.

Table 1
20 Example 1 Example 2
{Cocurrent) {Countercurrent)
Maximum cyclohexane
conversion [%] 4.9 5.6
(limited on the waste
gas side)
25 Cyclohexane conversion
[%] 4.9 5.0
Selectivity in respect
of
cyclohexanol/cyclo- 77.5 78.3
30 |hexanone (%]
Waste gas temperature
[eC1 153 141

As Table 1 shows, the cyclohexane oxidation is significantly
improved by the countercurrent process, with reserves in respect
of a further capacity increase {(maximum cyclohexane conversion
limited on the waste gas side) still being available.
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W claim 51. A process for preparing oxidation products of
cycl ohexamppsyaza2p catalytic oxidation with OXygef;&Qnt ai ning gases in

t he - - liquid phase at el evated tenperature, wher YAt Bla&d
brought into contact essentially uniformly with the Iﬁ
cycl ohexane in countercurrent in at lgeast one upright on zone,

wherein the gases are introduced into the reaction zone through a
plurality of nozzles and the reaction zone is divided into a
plurality Wef céhdmbers by neans of perforated netal sheets so that no
conti nuous gas phase is formed in the reaction zone. 15 2. A

process as clained in claiml, wherein.the te rat ure. of t he waste
e Te  Imdkr ChIROPRES siteSFepabit S raRiet dRgRRcts Sf Lyctopprane B 100
zone. 20 3. Caxabyptesyigdationvwdd PRYEPRTFANEAINIDY IRESeilR e exit

vel ocity of tHdaukgoetassortakhevREagasenpetatuyeh Whepe cthe gasesoaidice i s
fromO0.0l to brobght pirefeicabtyct ramefdt311p uniformlP.WBith sheahikpiide anount
com ng out of §aeBheRs?d Gnobtfi&sst Dne react fdmFolle POindr@ik01k48id

preferably fr Q:ryv?gol]re%&hel'a%dl éﬁe @,@ en—éontﬁﬂn%%ﬁ%@sazcé ?Jiaggg? g%b any of

clainms I0to 3 ﬁreln th% gen-cont aI’ni,ng gases are I n at
interval s al offQUPRETCUrrent Laroygh, The peaghidh 298Fr espond to from 0.1 to 3

tines t he dianeter of the reaction zone, mﬁth the nozzle orifices

which 30 2. feedobdsd e ¢asesedeimn@idint 1] BiHe@diHNEAOHENpPeRYLErd I CrOSS

section of theth'éeéﬁété”l{iﬁori%- lower than FnO'AKRSE Qéa&ﬂiﬁQmangeOf
reLn e 35 ed |

clains 1 to 4, mhg reaction zone i s divi nto a plurality
of charlers wHPch™® Fe2CtiOP- 2% nected to one anot her. 6. A process
as claimed in any of clains 1 to 5, wherein the oxygen-cont ai ni ng
gas is fed.i ntpprBeeseatd icQaikedeimic189inNt So¥Q, whedéimhtinehghbes amgegen from
a previous fegdpBhRteddhtdOtn¥Sleaction 26U OuGANR! Shilatity of 7- A

process as cl%kgggegn any of clainms 1 to 6, wherein the reaction
tenpera#%;e is from2120 to 180[err]C, preferably from 45 130 to
160[ errfC. 0050/ 47420 10 8. A

process astCl ai pedcess ady Qbifédi irs ahyt 6f /c1ai@r @i Bot He whereinremet i on
pressure is frQmSvh0o3 P tRE d:8/RARLYAELMRHY bAses at each nozzle
orifice is from 0.01 to 1 m/s, preferably from 0.03 to
0.3 m/s, and the amount coming out of each nozzle orifice is
25 from 0.001 to 10 1/s, preferably from 0.1 to 1.0 1l/s.

5. A process as claimed in any of claims 1 to 4, wherein the
oxygen—-containing gases are fed in at intervals along the
reaction zone which correspond to from 0.1 to 3 times the
diameter of the reaction zone, with the nozzle orifices which
feed in the gases being distributed uniformly over the cross
section of the reaction zone.

30

35 6. A process as claimed in any of claims 1 to 5, wherein the
reaction zone is divided into a plurality of chambers which
are connected to one another.

7. A process as claimed in claim 6, wherein use is made of a
40 horizontal reaction zone which is divided into a plurality of
chambers by means of overflows or permeable dividing walls.

8. A process as claimed in claim 6, wherein use is made of an
upright reaction zone which is divided into a plurality of
chambers by means of perforated metal sheets.
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20 bar.

by vol une.
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cycl ohexane content of the waste gas is at rfosf 45 98 by’
vol une, preferably at nost 40 % by vbdune. 15 20 25
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10.

11.

12.

13.

14.

A pﬂ§Cess as claimed in any of claims ﬁNﬁN@ﬁDwﬁbggﬂh no

continucus gas phase

is formed in the reaction zone.

A process as claimed in any of claims 1 to 9, wherein the
oxygen-containing gas is fed into the reaction zone at points
at which the oxygen from a previous feed point has not yet

reacted completely.

A process as claimed
reaction temperature
130 to 16Q°C.

A process as claimed
reaction pressure is
20 bar.

A process as claimed
oxygen concentration
to 30 % by volume.

in any of claims 1 to 10, wherein

the

is from 120 to 180°C, preferably from

in any of claims 1 to 11, wherein
from 5 to 30 bar, preferably from

in any of claims 1 to 12, wherein
of the oxygen—containing gases is

the
10 to

the
from 5

A process as claimed in any of claims 1 to 13, wherein the
cyclohexane content of the waste gas is at most 45 % by
volume, preferably at most 40 % by volume.
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A process as clained in any of clains 1 to 8, wherein the
oxygen co@O&sQ'aalizOn of the oxygen-contai ni ng gases
10 10. A process as clained in any of cl
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