i« Method for the preparation of cyclohexanone The present invention relates
to a nmethod for preparing cyclohexanone from cycl ohexane. It relates nore
particularly to a method for preparing cyclohexanone having an. inpurity
content that allows the use of the cycl ohexanone as a raw naterial for
produci ng s-caprolactam The nethod of the invention conprises in
particular a treatnent of the cycl ohexanol/cycl ohexanone m xture produced

| by the oxidation Bethodefronfthdoryrdoiteiemect | sval eledwaterenat i on step to
convert the cycl ohexanol to cyclohexanone and the inpurities present such
as cyclopentenal. The nmethod of the invention is suitable for obtaining
cycl ohexanoA&ESWRIESE GRVHEHTIEE dfelahrs t§0 XoRPaRPBI ECHi PREPEE1TUEe as a
raw nmat eri aleyfcQloheSHERIRRS If2I0A0 Saaie@laaet.am ~1J~I1 11 111 VI ~~~~~ VI
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Met hod for the preparation of cycl ohexanone The present invention relates
to a net hod mfrorrgirseay imgre cyatohexaaohe ftoom ayetlolhiexfoe. pbepbriebat es

nore particulanly to thod. f or e i cy n ayi n
i mpurity corICP’ecrllt eﬁ{aatn%argleoiv%\gm?ﬁe é&geeg]% ?%etycy%{)%ﬁgégnger%%é;sg%ﬂrgg%
mat eri al fortheprodacioly cheaprothchananage| s aet , rayl oterygdl yaarde- 6) or

pol ycapr ol a‘ﬂr%@\%csir% ¢MBLRrotherappl astic material for producing wires,
fibres and m scel | aneous noul ded parts. This pol ynmer
The method of the invention comprises in particular a
treatment of the cyclohexanol/cyclohexanone mixture
produced by the oxidation by oxygen of the cyclohexane
in a dehydrogenation step to convert the cyclohexanol
to cyclohexanone and the impurities present such as
cyclopentenal. The method of the invention is suitable
for obtaining cyclohexanone with a high degree of
purity, compatible with its use as a raw material for

synthesizing e-caprolactam.
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| - 1s obtained by the polynerization of & caprolactam 15 This conpound can be
'obt ai ned by various nethods. One of the npbst wdely used. nethods consists
in producing cyclohexanone oxinme from cycl ohexanone. 20 In this nethod,
t he cycl ohexanone nmust have a high degree of purity to avoid introducing
inpurities that could be disturbing, particularly in the caprol actam
pol yneri zati on step, and which could also alter the properties of the
pol yam de obt ai nedMeiard ifmn dilly ndepRBmitGigoreds iave logfhadangnsd yani de and its
agei ng resi stance. Cycl ohexanone is generally obtained by the oxidation of
| i qui d cycl ohexane by a gas containing oxygen to produce a
cycl ohexanofhey BIr6HExan GHe SHLHATY & e liedigovied, 2 I EFYerf purP¥¢Rat 8% and

separation ef,ctbecsrebobexanal cybnemekhacscycl ohexanone, by dehydrogenation
of the cyclohexanol to cycl ohexanone. This oxidation of cyclohexane to 35

cyclohe%%none/cyclohexanol can be carried out in a single step, in the
presence of 1an rXiadaid awcatphiysicularlynta b msttistepfof pxédatiog of

cycl ohexane cl yl per.oxi Lt,ho I f d by 2
catal ytic dg_%%géﬁﬁﬁggﬁéofh$%?é3hgir-%%ﬁ?g?%%e %%Fg%%€1§%%§aﬁg*i§n
cycl ohexanorée Dusengft hebe oxveleherarereds asmay Jawpumatiessadr efos

produced, suchasasialdebydsso186tds. alcohols and ketones. It is generally
i npossi bl e Subsequently to convert these inpurities to upgradeable

products®such as adipic acid and E-caprol actam These inpurities nust
t heref ore bernr esanted myhrsepanpbedahi a6 he o0 pysicaicaretammnd oa
CyC|Ohexanohéj%?ﬁiéﬁ%fﬁéﬁ&éégicprggggggglCy%%%heﬁ%ﬂgﬂ&ﬁng wires,

fibres and miscellaneous moulded parts. This polymer

is obtained by the polymerization of e-caprolactam.

15
This compound can be obtained by wvarious methods. One
of the most widely used methods consists in producing

cyclohexanone oxime from cyclohexanone.

20 In this method, the c¢yclohexanone must have a high
degree of purity to avoid introducing impurities that
could be disturbing, particularly in the caprolactam
polymerization step, and which could also alter the
properties of the polyamide obtained, particularly the

25 coloration of the polyamide and its ageing resistance.

Cyclohexanone is generally obtained by the oxidation of
liquid cyclohexane by a gas containing oxygen to
produce a cyclohexanol/cyclohexanone mixture, followed,
30 after purification and separation of the cyclohexanol
from the c¢yclohexanone, by dehydrogenation of the

cyclohexanol to cyclohexanone.

This oxidation of cyclohexane to
35 cyclohexanone/cyclohexanol can be carried out in a
single step, in the presence of an oxidation catalyst,
or 1n a first step of oxidation of cyclohexane to

cyclohexyl hydroperoxide, without catalyst, followed by



- Methods for oxidizing cyclohexane in the presence of a catalyst conprise a
step of purification'of the 15 cycl ohexanone/cycl ohexanol m xture by a
basic treatment "or distillation in basic medium Such a basic treatnent
renoves the inpurities. However, such a nethod requires supplenentary
treatment 20 with the use of a new reagent, a basic conpound such as a
metal hydroxide. It is therefore also necessary to provide for the

| separation ardaisgcdver ydotomhdsibasiic ofonpobnd i mydmedaraniafe ef £buent s
t hat general |y -need _ treatpent (iincineration or other treatnent). In the 25
case of oxiéﬁ%?ﬁ%mb “b%cF@ﬁéi%ﬁ%09§3%§%?6hexy| hydr oper oxi de, ?t is also
possible to inplement a treatnment with a basic conmpound, with the sane

advant ages apd idrawhacks as,those desciibed abgye, 30nne; efetheagaal s of
the present invention is to remedy. _ these drawbacks g%%@éﬁ 03|n%83tnethod

for prepari BFOFEDbhexsiifohe B§ t ReGkivESE on B Eycl i t t he

need for a patdregati ot r eat npietislilng ampaskebl eonpmsubuat Iior tbhi s
pur pose, the invention groposes.g.n&thod for roggcin C clghexan ne
char act eri zE@F T hat"Fte COMPFitSES St hie® f BPESRIFTG sFeﬁgQD “Soxt

oxrdati on of
cvcl ohexane aso edébohexytid hydrdper oapdel bytarygen Thresan oxpyehAtéent ai ni ng

gas in the apsenceof, £ahal ySlo PULILYER! | RqOf sLbe.Leagti ehofi Xtuge by

washing 5 wth water econposi tion of the cyc exyl hydroperoxide to
cycl ohek@nolcyai®heyainshex aridi 9 thec pelesemeel of Parehfalysty for

producing cyclohexanone.

Methods for oxidizing cyclohexane in the presence of a
catalyst comprise a step of purification of the
15 cyclohexanone/cyclohexanol mixture by a basic treatment
or distillation in Dbasic medium. Such a basic

treatment removes the impurities.

However, such a method requires supplementary treatment
20 with the use of a new reagent, a basic compound such as
a metal hydroxide. It is therefore also necessary to
provide for the separation and recovery of this basic
compound in the form of effluents that generally need
treatment (incineration or other treatment). In the
25 case of oxidation of cyclohexane to cyclohexyl
hydroperoxide, it is also possible to implement a
treatment with a Dbasic compound, with the same

advantages and drawbacks as those described above.

30 One of the goals of the present invention is to remedy
these drawbacks by proposing a method for preparing
cyclohexanone by the oxidation of cyclohexane without
the need for a purification treatment using a basic
compound.

35
For this purpose, the invention proposes a method for
producing cyclohexanone characterized in that it

comprises the following steps:



| - recovery of the. cycl ohexanol/cycl ohexanone m xture 10 by the separation of
‘unreacted cycl ohexané and the separation of products with higher boiling
points than cycl ohexanol /cycl ohexanone dehydrogenation of the
cycl ohexanol present in the cyclohexanpl/cycl ohexanone mixture in the
presence 15 of a dehydrogenation catalyst distillation of the mixture
obtained in a first distillation step in order to obtain a top fraction

| (F1) conprising bhkedeeapaunds ofi t h lowerohdird ng pod nt's ¢hahohexyl
cycl ohexanone, and .a bottom 20 fraction [ stil i : bottom
fraction (Ql) in a ﬁ“‘é%c%%ol‘ls?‘ll?\ét %’8%98%%)% oaq%b(%;éY%&g ?6;%9%?%%? on (F2)
consi sting of cycl odexarong;e aesendtebratalaction (@) 25 The preparation

of the cycl oheyapgl/eycLohexangpe g xtUEecasndascrdbed by theshingt steps
does not_permt “the renoval of all the undesirable inpurities, and

particularly the cavizh Y&t ¥pent ene- cycl opent ane-1 30 car boxal dehyde
(cycl opent enal » eabmpssaksenf andthe &hel syekphexgdricbeyrekakdexapene

m xture. This conpound, which_has a hoilin oint_ close to that o
cycl ohexanone, i g&@?@%ﬁf@c&f“{& tocyscgpog}eé{tagmﬁeoﬁﬁ By PHFETTTTalton. In
fact, this conpoandatedgends to 35 certain qualification tests commonly

performed to. Qualify cyclohexanons. pacticul Arl Soscsyibesiziage
caprol actam 1|iké the test carried out wth aTlight ray at_a certain
wavel ensl h or anbuxitéat isewparaesiion wl unreareemtfigdl Jrexane | avénthen, this

conpound, cycl opepkedakonl SCherdbGadty GoRMEMi@theduUrddid e points
than cyclohexanol/cyclohexanone
e dehydrogenation of the cyclohexanocl present in the
cyclohexanol/cyclohexanone mixture in the presence
15 of a dehydrogenation catalyst
o distillation of the mixture obtained in a first
distillation step in order to obtain a top
fraction (F;) comprising the compounds with lower
boiling points than c¢yclohexanone, and a Dbottom
20 fraction (Q,)
e distillation of the bottom fraction (Q;) in a
second distillation step to obtain a top fraction
(F,) consisting of c¢yclohexanone, and a bottom
fraction (Q)
25
The preparation of the cyclohexanol/cyclohexanone
mixture as described in the first steps does not permit
the removal of all the undesirable impurities, and
particularly the «, B-cyclopentene-cyclopentane-1-
30 carboxaldehyde (cyclopentenal) that is also found in
the cyclohexanol/cyclohexanone mixture. This compound,
which has a boiling point close to that of
cyclohexanone, is very difficult to separate from it by
distillation. In fact, this compound responds to
35 certain qualification tests <commonly performed to
qualify cyclohexanone, particularly for synthesizing
caprolactam, like the UV test carried out with a light
ray at a certain wavelength or an oxidation test. In



. dehydrogenation step to products separable from cycl ohexanone by, for
‘exanpl e, a conventional 5 distillation operation |ike the one nentioned in
the sequence of operations described above. The step of dehydrogenati on of
t he cycl ohexanol present in the cycl ohgxanol/cycl ohexanone nixture is
carried 10 out in the presence of a dehydrogenation catalyst and under the
usual tenperature and pressure conditions described in the literature,
such as, forhexanplegshal tenperatiw e ofnbebween, 2000€iand 468Ccand, an

absolute  pressy %n%ferrﬁt%%}"’ge{d‘se ﬁygﬂgmﬁ?ch‘ignpactsoﬁgv;ertél%dAf 98- 739 lengffers a

descriptive exanple of T rogenati n one enbodi ment of the
i nvention, tAshydr@sifpditdgenat S68Pst epCi s REAFIEF outsSPrrElRd epr e§8ABe of 20

a catal yst RasadHALRRREN, WRINeSiUM zipgnoxdt des gandighvBhXiHRES
t hereof . Thus, the nethod of the invention is suitable for _ producing

cycl ohexanoe Steetiatd TheCBaFREYOn 25 IrgquiRensitSs, "parFt PRGRarty FBR
produci ng Eseapiedlaeicamoeaiddiamsardas dfieddV dirste .f or determ ning the
transm ssion of a light ray with a wavel ength of 230 nm through a vol une
of cycl ohexanone. This transm ssion nust be higher than 86% 30 According
t o anot her flat rteemfof hdehydmergémnt iemheof bohéoayEtabekanoPpiresdinstil | ed

(nphird distilal &ggloﬁéﬁgla&?/gp&%ﬂeﬁaﬁgﬂefrn?i%@tﬂ%%“i%) egQosi ghi ng of
cycl ohexanol / cycl ohexanone and a bottom fraction (3 35 consi sting of
hi gh bo#Pi n@Woi Ht EBRPEHRFSENE Thedt GFIMBECIBRIS) FatHdXENt &F€ous| y
recycl ed i nt@adrhe tar eagnual cyshpbexansd / o obexarere ntyhdieions
described in the literature, such as, for example, a
temperature of between 200°C and 450°C and an absolute
pressure of between 1 and 3 bar. Patent US 4 918 239
15 offers a descriptive example of this dehydrogenation

step.

In one embodiment of the invention, this
dehydrogenation step is carried out in the presence of
20 a catalyst based on copper, magnesium, zinc oxides

and/or mixtures thereof.

Thus, the method of the invention 1is suitable for
producing cyclohexanone meeting the purity
25 requirements, particularly for producing e-caprolactam,
particularly the uv test for determining the
transmission of a light ray with a wavelength of 230 nm
through a volume of cyclohexanone. This transmission
must be higher than 86%.
30
According to another feature of the invention, the
bottom fraction Q, is distilled in a third distillation
step to obtain a top fraction (F3) consisting of
cyclohexanol/cyclohexanone and a bottom fraction (Qs)

35 consisting of high boiling point compounds.



, -introduced in the cyclohexanol dehydrogenation step. 5 According to another
feature of the nethod of the invention, the top fraction (Fl1) is distilled
in order to obtain a newtop fraction (F4) consisting of |ow boiling
poi nt conpounds, and a new bottom fraction (Q4) essentially consisting of
cycl ohexanone. This bottom 10 fraction {4) is advantageously recycled into
the cycl ohexanol / cycl ohexanone m xture introduced in the hydrogenation
step. The netkodr@b thecinwvent{n iss saivvabkegbonsigcoveniqigd 15na0
cycl ohexanone, as_tq ract.i-on ) i i i Cri L nd

e SL;Q?$1965F ggglOngﬁghggﬁgggggsgﬁékh¥a ﬁ?_ gra

particularly a UV teés ransm ssion a 11 gher an the
required spedirtidegeidony. thse coyrdiobifermedn clohredeeedasy ofhé tSRet hod of t he
invention is therefore advantageously 20 used for nanufacturing

E- - caprol actam by oxi mation. O her advant ages agﬁldetai s of the_jnvention
will  appeaPcor&idCealPy #RBRIERe g?%ﬁ%¥%s i vertheMGwRO8k c P si%%?y f or

i nf or mat i on,inake tficem tdree dessr fphtanods (@f ) ad serdiediindrid ofn t bedeet hod of
t he i nventiqn . W th reference_t he_single f] e d reto,
whi ch represéh?%ggab?oék H?ngﬁﬁ%oFlgﬁ%%ggnb dﬁne%%ggig&gﬁglggﬁ:lgﬁ_A

m xture of bpdlléhmex awolntc orradimis 600ngdpan péw bpckopedresaionad Ked at 1
into a col umRJeAqLan 2. cAh Al @l Y§t Jtascplageddbide f i xedhhedpbacbhe col um
2. 35 The catéiyst was %ased on copper ‘oxide. The tenperature in the

col um POwadresgdorThelUegr 6 ofd AEIHASEA W Yof %%Yﬂfgipaanlt‘?o the

cycl ohexanorg e e33%ol /e 1eoHe:epRMe Nali xgareent hatbaickd the renetion

mxture 6 issuing framthe r im
hydro&%naé%on Stel:)e-actor 2 was below the limt

The method of the invention is suitable for recovering

15 a cyclohexanone, as top fraction (F;), having high
purity criteria and ©particularly a UV test (%
transmission at 1A = 230 nm higher than the required
specification) . The cyclohexanone produced by the

method of the invention 1is therefore advantageously

20 used for manufacturing e-caprolactam by oximation.

Other advantages and details of the invention will
appear more clearly from the examples given Dbelow
exclusively for information, and from the description
25 of an embodiment of the method of the invention made
with reference to the single figure appended hereto,

which represents a block diagram of this embodiment.

Example 1:
30
A mixture of cyclohexanol containing 600 ppm of
cyclopentenal was fed at 1 into a column reactor 2.
A catalyst was placed in a fixed bed in the column 2.
35 The catalyst was based on copper oxide. The

temperature in the column 2 was 230°C. The degree of
conversion of cyclohexanol to cyclohexanone was 30%.

The cyclopentenal concentration in the reaction mixture



- detectabl e by known neasurenent nethods, that is, less than 30 ppm 5
‘Exanple 2: A mixture'containing 59% by wei ght of cycl ohexanone, 39% by
wei ght of cycl ohexanol, 0.5% by wei ght of water and 1.5% by wei ght of
heavy or |ight products such as 10 inpurities to be renoved, is fed into
the reactor 2. Particular inpurities included cyclopentenal that was
present in a concentration of 2950 ppm The feed rate of this mxture into
| the reactor i2swasig 1526 gfte Theaceact ot t erper aalrev wash310CimThe
reaction mxture. i ssui fromthe rea contai 8Q. 6% Lght of
cycl ohexanor?e,te%éégﬁz)eb;/}%'v\e}?rgﬁat&o egiﬁ?%%ﬁ%@kaﬁ%ﬁf@g%d h%aav’y 12%’ \IN%%?
i mpurities. tTha 3fyelopent enal concentration in this nmediumwas | ower 20
than the detection threshold, that is to say less than 30 ppm The degree
of conversion of _cycl ohexanol to cyclohexanone was 55% The reaction
m xture ?ssEXAFPLEam’t he reactor 2 was fed 25 into a heat exchanger 3,
then via the line 4 into a first distillation colum 5. This colum
conprised 2 t heoretical stages and operated under_the usual _tenperature
and pressur co‘ﬁiﬁ‘hﬁﬁs Cl?ﬁ%\ﬁlr%tlélgar%eg?s ¥ SRt ncﬁ’%gog 21" the field
of cycl ohex@dé@néoBOvatigtt | bat cgnlolkeahotlt oM. Biadty orei@htwest i wateduced
into a seco istdd l-ati : u LS kn i C trays.
The fracti or%gllgg lr_'eéq‘bv%eﬁgét&ﬁ'ltthe@%t (%Q%sggngﬁgﬁgx%ﬁgﬁi@%#fﬁg%%eg%ee of
purity h9 ghédmourarie®o. 8% RAd HRMAYRA a tParfad ssheh 6PC8EFBEIT t he UV test

35 at a wavelgngidhuiehk 238-0Mm t18st e canbRrd Nept1 speMhenthe thotd ogrkraction
Q@ can be fed into.a third distillati o% ?%L@t%n%p?n for. separating she heavy

products (WPERSAGher Boidoghdiont Th&

The feed rate of this mixture into the reactor 2 was
15 215 g/h. The reactor temperature was 310°C. The
reaction mixture issuing from the reactor contained
80.6% by weight of cyclohexanone, 16.5% by weight of
cyclohexanol, and heavy or 1light impurities. The
cyclopentenal concentration in this medium was lower
20 than the detection threshold, that is to say less than
30 ppm. The degree of conversion of cyclohexanol to

cyclohexanone was 55%.

The reaction mixture issuing from the reactor 2 was fed
25 into a heat exchanger 3, then via the line 4 into a
first distillation column 5. This column comprised 22
theoretical stages and operated under the usual
temperature and pressure conditions Xknown to a person
skilled in the art in the field of cyclohexanone
30 distillation. The bottom fraction @Q; was introduced
into a second distillation column 6 also comprising 22
theoretical trays. The fraction F, recovered at the top
was cyclohexanone with a degree of purity higher than
99.8% and having a transmission of 88.5% in the UV test

35 at a wavelength of 230 nm.

In the embodiment shown, the bottom fraction Q. can be

fed into a third distillation column 7 for separating



. of cycl ohexanone) in the formof a fraction Q The top fraction F3
‘cont ai ni ng cycl ohexanhone and cycl ohexanol can be recycled into the
dehydrogenation reactor 2. 5 According to the enbodi nent shown in the
appended figure, the top fraction F1 cpllected fromthe distillation
colum 5 can be fed into a settler 87in “order to separate the aqueous
phase and then to a distillation colum 9. The bottomfraction (4 10
col | ect ed, @Qatabakgg;&yﬁh@h@xandn&,nmyhdxawdﬂgﬂﬂdﬁboﬂnﬁctﬁﬁe rleact or 2
The top frac |on

T aaeon! ht. e Lh ol h £l
b1 11 ng | pabht SvegaeiPPeRray e ShoerPrhont. BrE Eraises’ Elerr s was

as an effrient Qa: Exanpl & 2 was
r epeat ed buﬁ*bytﬁeadﬂﬁg cnm@anngﬁgeaCYQ1oﬂ%Xﬂmqmﬁr@ﬂ@on@%@h@@@x%@@@by

wei ght of ngko clﬁwaﬁxomm@t I Rhexang] . rQa8% by xei ght of
wat er 20 an 5@6of eavy and mg impurities including 360 gglof
pgdi d 135

cycl opent endFCOTR&NPeedOr atBSof © REREur 8PPHRO the FRACtIPSD
g/ h. The re@(.itgqs:et enpatat UE@pV\ﬂSfr%H}.QonTheFl 25c@@ma@5eal OrfJ:@fm t heneeact i on

m xture |ss om.t he reacto %.b melght ohexanone
02354 by werREIORaCig Gt 5 £ad Mo RGPt EFs
cyclopentenakdeanceotrsépawatm Uﬂus aaﬁeousmaﬁhasaeﬁnﬁﬂ th&m.the detection

threshol d. LBak:h3aciBier 4030 obpm Iifcdegite of canyelsion of

cyclohexano cyc exanone was 44% e cyclohexanone recovered as
fracti ok0 F2 cnédes;t@gﬂcl op@m@hmn@orme@ﬂtofmmwse t h&sn 3pengf kgy aheda

transm ssi onehb 89e%ddathe Wtestrat @ 2830aBion8-r 0 @bfBaining
light products, that is to say those of low boiling

points, was treated as an effluent.
15 Example 3:

Example 2 was repeated but by feeding into the reactor
a mixture containing 59% by weight of cyclohexanone,
39% by weight of cyclohexanol, 0.5% by weight of water

20 and 1.5% of heavy and light impurities including 360
ppm of cyclopentenal.

The feed rate of this mixture into the reactor 2 was
135 g/h. The reactor temperature was 270°C. The
25 composition of the reaction mixture issuing from the
reactor 2 was:
75.2% by weight of cyclohexanone, 22.3% by weight of
cyclohexanol, and heavy or light impurities. The
cyclopentenal concentration in this medium was lower
30 than the detection threshold, that is, lower than 30
ppm. The degree of conversion of cyclohexanol to
cyclohexanone was 44%. The cyclohexanone recovered as
fraction F,; had a cyclopentenal content of less than
30 mg/kg and a transmission of 89.5% in the UV test at
35 230 nm.



- 1. Method for producing cycl ohexanone characterized in that it conprises
‘the following steps: 5 oxidation of cycl ohexane to cycl ohexyl
hydr oper oxi de by oxygen in the absence of catal yst purification of the
reaction mixture by washing wth water, deconposition of the cycl ohexyl
hydr operoxi de to 10 cycl ohexanol and cycl ohexanone in the presence of a
catal yst recovery of the cycl ohexanol/cycl ohexanone m xture by the
’ separation of unreacted cycl ohexane @hdifmhe separation of products with
hi gher boiling points 15 than cycl ohexanol /cycl ohexanone dehydrogenation
of the cycl ohexanol present in the cyclohexanol/cyclohexanone m xture in
t he presencé - ¥gtkodehpdr dyjertitG B cayal gsexagpsei [qhatiasit 6t a88e Hitxt ure
obtained in a fhgst;c 2hwhsiddd a@lﬂ@“f@iﬁd%ir&f os€essto obtain a top
fraction (F1) conprising the compounds wiith ITower boilin gfints ihan
cyclohe%%none,'aﬁ’lgaﬁngon1 act i 6¥ COBE=Sti 1 1S on %¥ AREHBL t om
fraction (Ql) i nhgdrdpesesdde wysbidylgehi dn tikepbkenakt aifncatkhapskracti on
(F2) consisting of c¢ycl.ohexanong, d . y ion . Vet hod
according to arm- %lg%gﬁégte$fzégﬁﬁng?gg%g8gbIﬁﬁgg%%gtgﬁfg%%% () @ is
distilled in a thiitd wditeti ||l ation step to obtain a top fraction (F3)
consi sting of gygl Leycl ope on t I5 (B
consi sting of higﬁgggpﬁgggl%%iﬁgb ?%%boﬁ%ggshggpg,qﬁg%ﬁ%%ég%%gghiﬁg to
ClainlZ%Ocharactéwpi@@eﬁﬁnpﬁa@nd cyclohexanone in the presence o

a catalyst

e recovery of the cyclohexanol/cyclohexanone mixture
by the separation of unreacted cyclohexane and the
separation of products with higher boiling points

15 than cyclohexanol/cyclohexanone

e dehydrogenation of the cyclohexanol present in the
cyclohexanol/cyclohexanone mixture in the presence
of a dehydrogenation catalyst

e distillation of the mixture obtained in a first

20 distillation step in order to obtain a top
fraction (F;) comprising the compounds with lower
boiling points than cyclohexanone, and a bottom
fraction (Qj)

e distillation of the bottom fraction (Qi) in a

25 second distillation step to obtain a top fraction
(F,) consisting of cyclohexanone, and a bottom

fraction (Q3)

2. Method according to Claim 1, characterized in that
30 the bottom fraction Q, is distilled in a third
distillation step to obtain a top fraction (F3)
consisting of cyclohexanol/cyclohexanone and a bottom
fraction (Qj) consisting of high boiling point
compounds .
35
3. Method according to Claim 2, characterized in that

the top fraction (F3) is mixed with the



+the top fraction (F3) is mxed with the -9- cvcl ohexanol /cvc-ohexanone

‘m xture introduced in the dehydrogenation step. 4. Method according to one
of the preceding clains, 5 characterized in that the top fraction (F1) is
distilled, in a fourth distillation step, in order to obtain a top
fraction. (F4) consisting of low boiling point conpounds, and a bottom
fraction (@4) consisting of cycl ohexanone. 10 5. Method according to Claim
4, characteri zedciohthatcltbecbohetpandnactiienufe): it cadded tint hiae

cycl ohexanol / c s e. mxtu introduced in the dehydrogenation step.
15 6. Met hod a%%%$§?§§g$%“%§% %fé§he preceding clains, characterized in
that the dehydrogenation step is carried out in the presence of a catal yst
sel ected fromitPgogr MR- SR Sild0 eaRPESs MBgNesI WRRANGZi BEa1AQ, OXi des
and m xtures thereof. 7, Method accordln% to one aof the preceding,clains,
characte?i zed FRe¥aatertRedcytPohERahonEl6bt &PRed FFRCHRE t dp1tradfion (F2)
is used as a ranspateedpl ihoa f@brprodustnylErcaprotapt aim order to

obtain a top fraction (F;) consisting of low boiling
point compounds, and a bottom fraction (Q4)

consisting of cyclohexanone.

10
5. Method according to Claim 4, characterized in that
the bottom fraction (Qq) is added to the
cyclohexanol/cyclohexanone mixture introduced in the
dehydrogenation step.
15
6. Method according to one of the preceding claims,
characterized in that the dehydrogenation step is
carried out in the rresence of a catalyst selected
from the group comprising copper, magnesium and zinc
20 oxides and mixtures thereof.

7. Method according to one of the preceding claims,
characterized in that the c¢yclohexanone obtained in
the top fraction (F;) is used as a raw material for

25 producing e-caprolactam.



