O Z. 0050053310050k ati on of cycl ohexanol from benzene The present
invention relates to a process for preparing 5 cycl ohexanol from benzene
by a) preparing cycl ohexene by hydrogenati ng benzene in the presence of a
" catalyst and 10 b) preparing cyclohe;pnol by hydrating the cycl ohexene in
the presence of a catalyst, which cohprises 15 carrying out steps a) and
b) in a reaction facility which has a bottomreaction at the |ower end, a
top react FERPAFAtIRN (fpelcipexandl2@ramrleerctenen zone bet ween the top
reaction and the bottom reaction which contains the catalyst according to

steps a aad o i8N i ofkLi e qﬁgﬂ i.ng the heat
of IOrea)q-,t i:?glgﬁz%%lrlﬁgaﬁgﬁéﬁgtsgo%%eﬁ%%e%? Fﬁﬁt e ft%lf):gﬁlgreacti on and
e

returning it tot reaction zone,“and 30 withdrawi ng a reaction m xture
contai ni ng cycl ohexanol in the bottomreaction. According to Ul nmann's
Encycl opeéila BFePAELRY dysilothsene thyy hyBroge 38 iFgi beorend/ciruraheAB, VCH

Ver | agsgesel | prhaéncerlidf a\\éabhkydn amar nany, 1987, page 222, 6th paragraph,
cycl ohexanol is an inportant internediate in preparing adipic acid and

| gt i f i i t ant, | )
st add 87 prEBhEihg B eiBhORIDTY ybfte MR Mol RSHAE 1a B0 ven
40 and cl eani RECEGH Und FAt®I¥Jari ng pl astici zers, insecticides and

fragrances. Various continuous processes are known for preparing
cycl ohexanol . whbch comprises

15 carrying out steps a)} and b) in a reaction facility which has
a bottom reaction at the lower end,

a top reaction at the upper end and

20
a reaction zone between the top reaction and the bottom
reaction which contains the catalyst according to steps a)
and b),

25 evaporating a portion of the benzene using the heat of
reaction in the reaction zone, condensing it in the top
reaction and returning it to the reaction zone,
and

30

withdrawing a reaction mixture containing cyclohexanol in the
bottom reaction.

According to Ullmann’s Encyclopedia of Industrial Chemistry, 5th

35 Edition, Volume A8, VCH Verlagsgesellschaft mbH, Weinheim,
Germany, 1987, page 222, 6th paragraph, cyclochexanol is an
important intermediate in preparing adipic acid and caprolactam
which are both monomers for preparing important polymers, such as
nylon 6 and 66. In addition, cyclohexanol finds use as a solvent

40 and cleaning agent and in preparing plasticizers, insecticides
and fragrances.

Various continuous processes are known for preparing
cyclohexancl.
45



O Z. 0050/ b33170d50%62andi ng to U |l mann's Encycl opedi a of Industrial
Chem stry, loc cit., p. 221, paragraph 2.4., one of these conprises the
hydr ogenati on of benzene to cycl ohexene in the presence of a catalyst and
" the hydration of the cycl ohexene in the presence of 5 a catalyst to
cycl ohexanol . As is well known, there®are two main problens in this
process: ARETHRABSTS dHLpappgh Eavsderetizyed dinduaheidbrdhemishry s oked he
hydr ogenatdign , of - bahizepartgrayic| DHexanee anfl tHesesubmpxritsy the difficul t
removal ofhyeyegehexiie Jfr BEhidte RRNZQBELhe £ QREXRBEH LIS RREENg M xture.

In order (Q+3YPRECHT QK hyafwf&@to!foehgfﬁ&%%qsngOJ-b&Vt%'eOg%ggQSce dge

hydr ogenat_i Qn be carried out .using on partia enzen conver si on.
szevgr T}’at | gtrﬁrgzs% ﬁteo &P&Z@%’hﬁ’&’d@ that relatively large apparatus is
required for the hydrogenation and that in addition it is necessary to
renove unésniervell dowronetherse \eald twasméire prpbtlehsxamethifsi plhooessls S
despi tg th&eoﬁh&eﬁdﬂmﬂ Fig@wﬂtoafoty@mme Epemad ik lFfEBﬂUEﬁem xture.
Si nce benzgpe Yane J0 2Z60t r.ape nzene can
be hydlroo%gggggg;é oreépéggﬁegened tg%gms:gg%[sat é?’g?l%f t?%%bgs'a%gt}ﬂ?gﬁ products
in this procEsS VariAiyad| 8b Prevhsrene ohk T dMehPE 28 %bl ens. 25 It is an
obj ect of ¥REOPPEARGCYCAQOBAYS M MFtYEByi de a process which allows the
preparation of cycl ohexanol from benzene in a technically sinple and
econoni calinmander whisuppauss dvigHylgogahavasrenit sagges 330901 8868ane30 Ve
out st . pner By SESucnat TofChey bOCATIRE Ol olngreRsy der ARt Bede [ o
out set . Jon, X
benzene gﬁ%%@%%?%,d{ 'Ol?[% ?Hég’ rt}éfcst 88 Pg%i(ﬁjr%siv\ﬁﬁitéﬁe h%{ba%gegagbﬁ
reaction afTPRPPRATATISNYS redwidisdr 49t tiom atdrogenabit anddthall 4o a
reacti on RAdtbeR vider st ReCedRMEb 4ot Femowd dindravieoted bererne, oas well

as the cyclohexane which occurs despite the only partial

conversion of benzene, from the product mixture. Since benzene

20 and cyclohexane form an azeotrope, but only benzene can be
hydrogenated to cyclohexene, the separation of the reaction
products in this process variant also presents considerable
problems.

25 It is an object of the present invention to provide a process
which allows the preparation of cyclohexanol from benzene in a
technically simple and economical manner while avoiding the
abovementioned disadvantages.

30 We have found that this object is achieved by a process as
defined at the outset.

According to the invention, the preparation of cyclohexanol from
benzene is carried out in a reaction facility which has

35
a bottom reaction at the lower end,

a top reacticn at the upper end and

40 a reaction zone between the top reaction and the bottom reaction
which contains the catalyst according to steps a) and b).

Preferred reaction facilitys include distillation columns as
described, for example, in Kirk-Othmer, Encyclopedia of Chemical
45 Technology, 3rd Ed., Vol. 7, John Wiley & Sons, New York, 1979,
pages 870-881, such as tray columns, for example sieve tray
columns or bubble cap tray columns, columns with structured or



whi ch cont @.23 WosoyExYst according to steps a) and b). Preferred
reaction facilitys include distillation colums as described, for
exanmple, in Kirk-Qhmer, Encycl opedia of Chem cal 45 Technol ogy, 3rd Ed.,
" Vol. 7, John Wley & Sons, New York, 1979, pages 870-881, such as tray
columms, for exanple sieve tray col s or bubble cap tray colums,
col ums wikandem BREkREF -oPapk Zu by Prsdsionae isasduan prekdalgonsPaith cul ar
pr ef er encestirsicgyed parkioigsans with structured packings. The reaction
zone nmay be disposed within the distillation colum. 5 The reaction zone

may be di sppsed.euish %ntehﬁ.ag'ﬁé' i'sg:fo'sga wh M p-é@idﬁ e IS
pressure.in the reaction zone and the pressure in he ar st afT o tol um
may be identical or different. 10 In a preferred enbodi nent, the reaction
facility néf CBAERIPP FOoreuPEKePe AifPposedepttrsiidendheonbsyiPatioan t he
bot t om r exstlivon . akl thigachasen rumenesisahei sn fihee reficthbdal asies ahdoshst ep a)

and step lpresandehixs thd et elisalomeBdehn haylbat €8ehpidde Jrange from5 to
50, 15 prefigrabbyefrom20 to 40, in particular from15 to 25. An

advant ous further zone is the separating section of a distillation
colum, Wwhich is that section of a distillation colum that is disposed
bet ween t H&® BoPEBHFERRY iegRodiEeRthe thepreactian ifasidity rawscomsagn a
di still at ifowtberurene o< s¢pscatbeyl Zone”f obetwoeamphe: béitdm Qeae®ion and
Encycl opedieacefofhesfie alhiERc Dot @@y of3tdtaBbts ¥ebm drep AN WAl B¥e ONS,
New York, hd78asP208ReddeQi881 numbbed 02Spi il GO YHBS, 12%.[ ﬁéﬁ\ngl 'go S4gve
tray ngjggifgiagg)gb%r%m GaP. LT col ume co ugns wg%% t Jctured or °
r andom packi ngs: ™ 2Bak?i tin 2 YapFEFEtated T8RRI 2’2 t he reaction
facility is a pressure colum. The process according to the
i nvent i ondanadvantagremss fyrbeeBeagwr Asethe e asipgessatrion oft Ae range

distillation column, which is that section of a distillation

column that is disposed between the bottom section and the top

20 section of a customary distillation column, as described in, for

example: Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd

Ed., Vol. 7, John Wiley & Sons, New York, 1979, pages 870-881,

such as tray columns, for example sieve tray columns or bubble

cap tray columns, columns with structured or random packings.

25
In a particularly preferred embodiment, the reaction facility is
a pressure column.

The process according to the invention can advantageously be
30 carried out at a pressure in the range from 0.1 to 3.5 MPa,
preferably from 0.5 to 2.5 MPa.

This results in temperatures in the reaction zone in the range
from 70 to 220°C, preferably from 120 to 190°C.

35
In a further preferred embodiment, the reaction facility may have
a means of withdrawing gases at the upper end of the top section.

40 According to the invention, the reaction zone contains catalysts
suitable for carrying out the reactions in steps a) and b). In
principle, useful catalysts include those known per se for steps
a) and b).

45 In a preferred embodiment, catalysts can be used in step a) which
use at least one element of group VIII, preferably ruthenium, as
the catalytically active component or mixtures of these elements



fronD.1 tod.z2.Mosgs¥arably from0.5 to 2.5 MPa. This results in
tenperatures in the reaction zone in the range from 70 to 220C,
preferably from 120 to 190C. 35 In a further preferred enbodi nent, the
“reaction facility may have a nmeans of w thdrawi ng gases at the upper end
of the top section. 40 According to the invention, the reaction zone
cont ai ns féﬁaf’ﬁsF§edsﬁ‘ﬁ tCA5PeYFbr Hadefilrgd o RUAthEakabys iRy AOBLRIY a)
and b). |t gepati pre, fuddkyl transitionsmehal ke at hosep kerdher peanserfny
steps a) paredebhblybzint,aopr aietums erbediimamitaledt abystdorgaar.be used in
step a) which wuse at |east one element of group VIII, preferably

ol emont & &8P 66551 B A STV R, X SRR R oFAGHARRAR, coch

catal ysts may contain at least one further transition nmetal of a group
ot her thadnvpl furtherfraefigiryedierbodiment xt airestadyssuchn r alsed as step
dopant. 5bJuehichtedmstisear et dbsayt load, zEOTiwxampln, as Ed25A- 2848849. In a

further prghenooduedhndi MenLasp wcal-aly st SaR 1 iSed s Mmihthe bheplieh
conpri at | east one zeolite, such as ZSM5, ZSM 11, ZBM 10, 22,

MCM 36, 49 or PSH 3, or .or a mxture thereof. (10 Such catal ysts are
descri bed >UF8r CRRANAYE aTf PREQLIRRGS158p. SXRLSparthi REtBrl9P53r8Per r ed
enbodi ment, m xtures of the catalysts nentioned for step a) and step b)
may be usda. alpatrbiaileerly paeféxtddaelbpopimedrer,r edxenbesistenihe adatalysts

bi functi orahticnéal fisxt sray B¢ alspdoehi 5? hayld agequsl y catalyzes steps a)
and b);s 20 The quantities of catalyst for steps a) and b) may be easily

det erm ned _usi ng_t he catalyst space velocities known for these _catalysts
for each (rlélagt V%Iﬁy a%acf%tlﬁélléﬁ%\’/eé)rsel 8ﬁ§88h?)’§%‘ffgi“}?“f:hea 15’r%'5’€§§°38&0r ding to
t he invent;iat‘}ﬁ,lyéﬁd“"’%é’ecélﬁﬁf]y‘%‘i“ﬁhéﬁf“%?’-%@eousw catalyzes steps a) and

).

20 The quantities of catalyst for steps a) and b) may be easily
determined using the catalyst space velocities known for these
catalysts for each reaction and the conversions chosen in the
process according to the invention, and the catalyst quantities
may be easily optimized by a few simple preliminary experiments.

25
Benzene is advantageously added to the top region of the reaction
facility, in particular in the liquid phase.

Water is also advantageously added to the top region of the
30 reaction facility, in particular in the liquid phase.

In particular, benzene and water may be added as a liquid phase
mixture to the top reaction of the reaction facility.

35 The mixing ratioc of benzene to water is determined by the
stoichiometry of the reaction and also by the water quantity
withdrawn in the bottom reaction. A particularly useful mixing
ratio of benzene to water is in the range from 1:2 to 5:1 mol/
mol, preferably from 1:1 to 3:1 mol/mol.

40
The hydrogen required for the reaction may advantageously be
added to the reaction facility below the reaction facility. When
the reaction zone contains a separating zone, preference is given
to adding the hydrogen to the reaction facility between the

45 separating zone and the reaction zone.



may be easid.\g.o@050/83B1wy a few sinple prelimnary experinents. 25
Benzene i s advantageously added to the top region of the reaction
~facility, in particular in the liquid phase. Water is also advantageously

added to the top region of the 30 regction facility, in particular in the

liquid phasile?.r I_n,gartic,ul ar, benzene and water may be added as a liquid
phase mi xtifr EFEGPEER 1) OfeBERTHIE d° PHETPERR tifoNetaEningd by3shehe ni xi ng
rati o of FwAehdometintal the deaetinmeddbylshedy sthei ghaonity wfof t he
reacti on anglahsgaby withdwatear iguehd iboy tomi f&wliwwm.i n t he bottom reaction.
A particularly useful mxing ratio of benzene to water is in the range

froml: % tQ 5. L l.:Rr I roml:1.to 3:1 nol/nmol., 40, The
hydrogeﬁs rllgleuir?eag%é?st ekngaﬁ?%eﬁ%nr%ﬁlgd]\:/%ﬁ%@o&?F? BeS HPFEETRICt he
reaction fH rlai}ﬁy bef oWSREAF8 RT3 Ton ACEEF 1Y . AR LevRntidet tBA zone
cont ai ns FeREEaAPat Lhgratdied prefhy aisdedgi theiheat oforeddtiwn tdoe hydrogen to
t he react ieoapbaetéi 4 ypdretivaeas t tiee 4enzepa| atoiiprdang a0did e €agt i on

zone. O Zrdi33GbA3EH ferathengl 1 ng kbl e haNzeRE. L0 Nydrogenis
determyied by the stoichionetry of the reaction and al so by the quantity

of cyc ohexang.withdr% .n the bottomreaction. 5 The reactions taking
pl ace i n tFEOFELEY B SPEPRE Lt HeFRAETLQN dHiditure ig wijdkkpyheineat .

Accor di ng e bRELPRVESRAtdAN Vhich oadeioa ¢tyclkahexaadlout by using the heat
of reaction to evaporate a portion of the benzene, condensing it in the
top reactianaBdvigtdyddudlenbodindits ERACEL UL 2N x 1 ACHRALRY 184 he
Lovent | £ el §081 b Nidight)! Brdforlti(AnaUD Libn LRCRROLLOMY SR 1 On Wi oF
cont ai ns %%Iz%gexano%.i I"n %g.g van'fﬁl eous. efpbodi.ment, T he. r'edcti on m xture
contai ns 1 68€°0T5 a9 by ety it™® prPEFetAb4tBEE thaiFefPby wei ght,

of benzen®€NZfB€rn particular the reaction mxture is free of

The selectivity for cyclohexanol in steps a} and b), based on

20 benzene, and the benzene content of the reaction mixture
withdrawn in the bottom reaction may advantageously be controlled
by means of the energy input into the reaction facility, in
particular in the bottom reaction.

25 Advantageously, the conversion is controlled in such a manner
that the reaction mixture, based on the total weight of the
reaction mixture, consists of

from 20 to 40% by weight, in particular from 25 to 30% by weight,
30 of cyclohexanol,

from 40 to 70% by weight, in particular from 50 to 70% by weight,
of cyclohexane,

35 from 1 to 10% by weight, in particular from 2 to 10% by weight,
of water,

and any remainder of benzene, although preferably none.

40 The achievement of the underlying object of the present invention
by the process according to the invention is surprising, since,
as is well known, the hydrogenation of cyclohexene to cyclchexane
is rapid, but the hydration of cyclohexene to cyclohexanol is
slow and, in addition, said hydration is an equilibrium reaction

45 which lies on the side of cyclohexene.



benzene. TheZselbO&OI/BI3BW7f or cycl ohexanol in steps a) and b), based on 20
benzene, and the benzene content of the reaction m xture withdrawn in the
bottom reacti on nay advantageously be controlled by neans of the energy
“input into the reaction facility, in particular in the bottomreaction.
25 Advant ggeously., the conversion is controlled in such a manner that the
reaction )‘?f"ﬁi% lhased on the total weight of the reaction mixture,
consists of from20 to 40% by weight, in particular from25 to 30% by
wei ght, 30poéssyd atvdwanobf 70 om 4QatmetdD%dNingeagbbttdnd eghibheus ar from

50 to 70%skpavetghy zonef hayshehRXa8p185:4p %a&st,oalPé’écq}’io\P{eEggé’ Ol-#:ﬂ:h

parti culgr 00 |.ght o) .er., “apd rema
benzene,saglogﬁgghﬁ ’{)E%bec;%%r 35? X\ﬁdg%tea.lyib éf%ﬁ_é@rta%ﬁi,rlgvgh%ﬁ[gyofwetlﬁbgu%%erI yi ng
obj ect of "tHé® gé'ge"ﬂ't N1 n¥Yo"fF195'5F PheZ D8 EBYc LB et tgidaseBnel i hvent i on
i s surpri StAGeteY hcdld Moaszi Bavanak. kapdna tdmw regdoogeamtdihargefl with chexene
to cycl ohéigniéd mixtnae of b0 d/ite dfydeatémn afd GgchphexerRatee &y cdsHrexanol
whi ch Liparons P Lediof. abd fLAY 3155/ D101 $yRRoBa beiadi hpeabt LO) 40
ich Iy e ne. Q2. anpl e

pressud Sefen B A AR Rt e sl Sre M P Byt g
zone havi ng ; di'¢ E3p) tPeired FBathe RPFORe TR 5 6nt ai ns 750 cnB
of a cat aFfEPCEHRIS ditnghe. hobtnm wegghr wis 180 Henthemensd 9. i8pwy imei ght
of zi nc omnhZBrtiidorextegidat s6 (KW.5 nm di aneter) in Montz Katapak, and a

top region was charged with a liquid mxture of 500 g/h of benzene and 38
g/h of 1ahge AladBen Mixthee tmr{d@qwnié%ewbsptgﬁcg%&t%nwggQg@ﬂlo%bet ween

Eh%é%?ﬁ‘%o% P TERRE T AR BfTRfH Gt ine BB tH | n t he
bot t om r e§PLH® FETECSLhtO%her gy i nput in

29% by weight of cyclohexanocl
20

61% by weight of cyclohexane
10% by weight of water

25 no benzene.
30
35
40

45



t he bottompogRryxIP; 6 KW 15 The reaction m xture withdrawn in the bottom
reaction resulting fromthe benzene, water and hydrogen quantities added
had the follow ng conmposition: 29% by wei ght of cycl ohexanol 20 61% by
" wei ght of cycl ohexane 10% by wei ght of water 40 45 0050/53317 7 5 we
claim 1. A process for preparing cyc? ohexanol from benzene by a)
preparing cycl ohexene by hydrogenati ng benzene in the presence of a
cat al yst &mdchpipeepari ng cycl ohexanol by hydrating the cycl ohexene in 10
the presence of a catal yst, which conprises carrying out steps a) and b)
in a react)on 4f . QN he .| ower end, a
top regi nlat t%gbllj%%%rm eﬁééﬁlg?}y%égg%%gﬁgizg%ggbb?\%’\%%n c e top region
and the *pottom region which contains the catal yst according to steps a)
and b), 25 evador ATERGTAHoINGlchesene iy Bedreaenaising bepaeneain ghe
reaction in the rgaeseooe zahe cebatipsisiargl it in the top region and
returning it to the reaction zone, and 30 withdrawing a reaction m xture

cont ai ni ng Cy@hOh%ﬁ%BQEiﬁﬁlcﬂEﬁ%hQQSﬁQﬂhﬁﬁ%&ﬁ?ating the cyclohexene in

10 the presence of a catalyst,
which comprises

carrying out steps a) and b) in a reaction facility which
15 has

a bottom region at the lower end,

a top region at the upper end and

20
a reaction zone between the top region and the bottom
region which contains the catalyst according to steps a)
and b),

25 evaporating a portion of the benzene using the heat of
reaction in the reaction zone, condensing it in the top
region and returning it to the reaction zone,
and

30
withdrawing a reaction mixture containing cyclohexanol in
the bottom region.

2. A process as claimed in claim 1, wherein the benzene is

35 introduced into the top region.

3. A process as claimed in claim 1 or 2, wherein the selectivity
for cyclohexanol from steps a) and b), based on benzene, is
controlled by means of the energy input into the bottom

40 region.

4, A process as claimed in any of claims 1 to 3, wherein the
reaction mixture withdrawn from the bottom region is free of
benzene and cyclohexene.

45



v

2. A proca35@5533BIned in claim1, wherein the benzene is 35 introduced
into the top region. 3. A process as clainmed in claiml1l or 2, wherein the
Selectivity for cyclohexanol fromsteps a) and b), based on benzene, is

“controlled by nmeans of the energy inpgt into the bottom40 region. 4. A

process assfclai nmed in an¥n of clains 1°to 3, wherein the reaction mxture
wi t hdr awn Tt orft HH€°BEEEt D TEGMEH 18 e lorlapBhizeri® dndvRsEsBhexene. 45

0050/ 53317 4 gurhex pere css ddspebed nerkveenahie dfottioni megion cartl thleerein a
further zone ireagitsiposechdethieanitherdotdfofheegatdl ywitd them $@a%d lagn zone

which is free £fd theas@tdy o £hbboBt SELPhuRber 39E PMardld;has,a liapl aretical
nunber qf pl at{sn 8§ thesgange S froms to 50. 6. "A process as cldined in
C 1to 5,

any of ai s erein the process is carried out at a pressure in
the range from0.1 to 3.5 MPa, neasured in the bottomregion of the
reacti on o fdciPEPEgss 725 Klgigedssn aanlofi edaing arhp 6f whetrern kheo 6,
wherein the meacesenis amadriiiey vsedat & présstié | i ite eahgantrdkd 02Q 26 30
35 40 45 3.5 MPa, measured in the bottom region of the reaction

10 facility.

7. A process as claimed in any of claims 1 to 6, wherein the
reaction facility used is a distillation column.

15
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