WO 01/62692 PCT/ EPQL/ 01797 1 PROCESS FOR PREPARI NG CUMENE WHICH | S USED I N
THE PREPNAAELON OF PHENOL The present invention relat esPCtIgEI@mBE.{;gess for

preparing phenols. 5 Phenol is an inportant industrial chemcal which is
required for the preparation of phenol resins, E-caprolactam bisphenol
A, adipic acid, alkylphenols, aniline, €hlorophenols, picric acid,

pl asticizers, antioxidants and simlar conpounds. Phenol 10 is usually
preparegRg§0n1cunene %gé;he Hock process. In the preparation of phenol from
cunene by THE EORICRFRAAOL CRENENEEICH, In@etD e TuE fPaEmmdTeey arcapRBduct .
Since the comercial demand for phenol is frequently very different from
15 that of acetone, attenpts have been nade for a long tine to find ways
of generdd ng VRSt r ey Priothrct sréroreacetones abtadeesd sboms poepypidg
dependengg. oy 4 he acetone narket alone. A possible downstream product of
acetone’i s isopropanol which 20 can be processed to give ethers such as
dii sopropyl ether and tert-butyl isopropyl ether. The conversion of

acetone d i Ssopr apan i er, chi e at al ytic .hydr at i, on.
o the b s P <R Py dCnanags IRl

i nvol vi mprhythi®gerabbenatand eiheshéhsnt reriake légléﬁyr)bl%@%'awe%iér@h@mol EP
0 694 518, EP 0 665 207, EP 0 652 200 and EP O 661 257 teach processes for
the prefaratfldRi6f $atfoustlilcopremdlset hardling, tpeserpahenelapplptations,

two progessi, stepssiearent!y pr9ceed 3Q %rﬂdfg%ﬁgggg? %%indéamﬂay?@éf

catal yti c hydrogenation of an acetone-contal ning, phase an
et hédi f ilGatiseip lofy tteePd Bspropanot uoitai medt e fdéls wagcever aci d cat al yst
systens. The isopropanol mxture is not worked up after the catalytic

hydr ogenati on. WD 01/ 62692 PCT/ EPO1/ 01797
In the preparation of phenol from cumene by the Hock phenol

synthesis, acetone 1s formed as a coproduct. Since the
commercial demand for phenol is frequently very different from
15 that of acetone, attempts have been made for a long time to
find ways of generating downstream products from acetone

obtained so as to avoid dependence on the acetone market alone.

A possible downstream product of acetone is isopropanol which
20 can be processed to give ethers such as diisopropyl ether and

tert-butyl isopropyl ether.

The conversion of acetone into isopropanol 1s generally
achieved by catalytic hydrogenation. For the production of
25 1isopropanol ethers, combination processes involving
hydrogenation and etherification are wusually employed. Thus,
EP 0 694 518, EP 0 665 207, EP 0 652 200 and EP 0 661 257 teach
processes for the preparation of various isopropyl ethers. In
these patent applications, two process steps frequently proceed
30 in direct succession: namely the catalytic hydrogenation of an
acetone-containing, liguid phase and the etherification of the
isopropanol obtained in this way over acid catalyst systems.
The isopropanol mixture is not worked up after the catalytic

hydrogenation.



2 In addition, EP 0 665 207 teaches a single-stage process in which the
hydr ogehai iRy, and etherification occur in one reactor. se
i"é‘gr @6{9?7%%

processes, Ich are designed for the preparation of t hers,

i sol ation of the isopropanol after hydrogenation of the acetone is very
costly because of by- product formatiord 10 Although the preparation of
downst ream products from acetone enables direct dependence on the acetone

mar ket to be avoi.ded, her ontinues to be a dependence on the market
situati gi f 8?gll9ﬁ8“dom§%§t Segﬁgp?‘ Bduct®ches wsul 81 hHérEFEREhePHRSRFADIE t 0

find a waycof priesluchpgrphenatibn Waingh noccoproductids forprd. 15 ER D
371 738 describes a process for preparing phenol in which the acetone
f or med Fﬁafﬁgrbleavage of cumene hydroperoxide is hydrogenated to give
i sopropanol, this isopropanol is used for the alkylation of benzene to
gi ve .cunene _and the cumene is 20 reoxidized to cunene hydroperoxi de by
means of Coxyeit FhOSCSSEAT s Whisdesar¢ ndpriiaerpl €3t odue eprphensltibnom

benzene iabgroppigen e thara ,prefierned seppodigrent discl ased, iy FR 0 371,738 a
proton-%xchanged Y type skeleton zeolite having a ratio of ~ silica to

al uni na"EFTPEGRRALPT 00 fes's¢ haf ef®RE | $Suserlt ¥ n aded L y25bakkysat i oh step.

I n thi spRhEEeSS rolri@taldeyl ation of benzene is carried out using

i sopropanol and/or propene as al kylating reagent in the liquid phase. It
has been observed that the yield of alkylation 30 products is decreased by

Rddi ] on TR Bt For 5 Thaveohser vad & (i S o R By eri by i tBied
pr openecaABesn dities thasireiertdrei onobber vatitome ord ket veoybkowvyiieled, of
i Tene ShBRSReCRNLRIE T useBheR LS8 LN, PERLEL 1S LLMLED 23 he
the downstream products. It would therefore be desirable to
find a way of producing phenol in which no coproduct is formed.
15
EP O 371 738 describes a process for preparing phenol in which
the acetone formed in the cleavage of cumene hydroperoxide 1is
hydrogenated to give isopropanol, this isopropanol 1is used for
the alkylation of benzene to give cumene and the cumene is
20 reoxidized to cumene hydroperoxide by means of oxygen. Thus,
this process in principle produces phenol from benzene and
oxygen. In a preferred embodiment disclosed in EP 0 371 738 a
proton-exchanged Y type skeleton =zeolite having a ratio of
silica to alumina of from 4:1 to less than 10:1 is used in the

25 alkylation step.

In this process, the alkylation of benzene is carried out using
isopropanol and/or propene as alkylating reagent in the liquid
phase. It has Dbeen observed that the yield of alkylation
30 products is decreased by a dehydration reaction of isopropanol
which proceeds simultaneously. In addition, the authors have
observed an alkylation of benzene by dissolved propene and, on
the basis of their observation, only a very low yield of cumene
can be achieved. The use of a circulation apparatus in which

35 the olefin-containing stream is continually recycled allows the



WO 01/ 62692 PCT/ EPOL/ 01797 3 authors to achi eve sel ective consunption of
the i ol feed for the al kylation of benzene. Tjhj ure
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m nim zes e proportion of isopropanol which is dehyd the olefin
and thus is no |longer available for the actual alkylation. 5 The al kyl ation
of benzene to cunmene has been examined in nore detail in the two Japanese
publ i shed specifications JP 11-035497 and JP 11-035498. Thus, JP 11-035498

is concernﬁd with the problemof the al kylation of benzene by nmeans of 10
i sopr opaH6PCpFodbigi i Wat &t Wi IET HidiSrs CRRSEFRSEPEpeCW tHC beFPeeran® L

i sopropaeel afwhk t hus nBkesliheosepar atdon-0f  t he i & egsb b8y PEOYUGTiS i zes
difficult. As a solution, it is proposed that the water fornmed be renoved
from t héRPeREOPOR tHioR e IIIORIC S epat @t i b SEhUfAFehetedohéheend Sfilom

the reaghhORLELXLYr 6o 15nHR 11035497 d S 5ORGAr NRd Wit h 1hg prabl em of the

al kyl ati on of benzene by nmeans of isopropanol form ng diisopropyl ether
whi ch  makes the work-up and separation of the reaction products

difficurhe AS:3190!Hd 08 benkEnRroposedndhat nhhe Jeactd on, of .4 benzeng -and
i sopropanol be carried out in the presence of water 20 and a zeolite. US
5, 160, 49¢tdiidcl 0d8s a Pifenoltyn odugcw@rhew oceBsbwhehedn Iserrede dadioegct ed

wth a feegst MY P prop nd pih,S0pr | nt ac
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70. CunghEhobtlé n@rdien hicd step iaslloxiali ren taf ybehdeoenyby hywrasper ofi de,
sai dg h%@&g?@%%b?e b ah%%gd ggtgﬁlt al B2 xbyre of, phenal .gand a%%kgne
acet yd te d to

and sai ne Is rogen to yie i sopropanol” that I's recycle
t he al kykntena strep. 1pbphonghot herekanplies r@lkeshobh¢ hateptshe tdatnal 9§t the
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the water formed be removed from the reaction mixture prior to
separation of unreacted benzene from the reaction mixture.

15 JP 11-035497 is concerned with the problem of the alkylation of
benzene by means of isopropanol forming diisopropyl ether which

makes the work-up and separation of the reaction products
difficult. As a solution, it is proposed that the reaction of
benzene and isopropanol be carried out in the presence of water

20 and a zeolite.

US 5,160,497 discloses a phenol production process wherein
benzene 1s reacted with a feedstock comprising propene and
isopropanol by contacting a dealuminized Y =zeolite with an
25 S10;/Al1,03 molar ratio ranging from 8 to 70. Cumene obtained in
this step 1s oxidized to vyield cumyl hydroperoxide, said
hydroperoxide 1s cleaved to obtain a mixture of phenol and
acetone and said acetone 1s hydrogenated to yield isopropanol
that is recycled to the alkylation step. Although the examples
30 show that the catalyst 1is wuseful for alkylation there 1is
nevertheless the desire to increase conversion and selectivity
in respect to cumene in the alkylation step.
In view of the known prior art, it is an object of the present
invention to ©provide a ©process for preparing cumene by

35 alkylation of benzene with isopropanol, in which, despite



In view of the known prior art, it is an object of the present invention

to prQyd rocess for preparing cunene by 35 al kyl at,i nzene wth
i sopropaﬁgfz,%g?n whi ch, despite WD 01/ 62692 PCT/ EPO1/ 01$%fq&éﬁ§drati on of

i sopropanol to propene, a nore conplete conversion of isopropanol, a

hi gher conversion and a higher selecti4ity in respect of cumene and | ower
n- propyl benzene formation in the al kylation step, conpared to conventi onal
5 processes, are achieved and which can be easily integrated in a process
for prefERYsy aHervl ebnprissivdgramne st eps | PrpPeparat idn BPIEuNerEublete

react i orcRfvd SORIOP8ROl i Y Aop Xt Ur & of 5 HRAPT oRanAl r &1 propeng Wiidher
benzene, I1. oxidation of cunene to cunené hydroperoxide, 10 I1I]

aci d- cats@ypAdd Witeavage &eseemEnechydrwperoxiaiedt olqjise rphermy rrhzeet one
and I'V. dydregenat i;on %BeaC§§9g?a£9o£0FQ%éﬁ?pr8$a§££ed1' S b SRl h1as, been
attai ned by a process for the preparation 15 of ‘cunene by reacting

i sopropRF6Icesrs &6 miadtauraclofe vedpropanbl chandnpbepens iwivt A it@wrerted nn a

presenc%rgfce%sl%—ozfeysrip Ctrcigiga{}%éénolhaeg&gﬂasﬁ(?%ﬁg ?52@%5% ar ratio greater

than 10:1. Anot her . present 1 nven rocess for 20
prepari dg phe&rsiparadraidyenzénesumbneh lwonpreasds arheodt epsobropreepar abi ore of

cunene by reagGtji of ds or ] e of 1so nol and propene
W th benzene?ﬁ1tgﬂg&f)a?%%%ggﬁﬂgkﬁbﬁgﬂ%éﬁé ﬁ%%%‘ﬁ?ﬁ??ﬁ%ﬁ%%ﬁ%@, 1]

aci d- catldl-yz e icdegdvay e fofcumaren e chydmoper dxidipgargidde, 25 phenol and
acetgne d LV.. hydr, tjon,aof toneg to._formisqpropanol.,, wherein,
cum%ge i@&ﬁrggérdéﬁ%t%q c%éirdgrllggv\%ggh ?ﬁe “a oe\%léa hg%@w%ga%%cegg_ H0'A
further aspeptieoPlt kedreesdning rarehtion is a process for the hydrogenation

of acetgq@ t%yﬁ%%%%%%%Q%h 'JE %%éé%ﬁg égw%5¥ﬁx¥§g%ropanol.

This object has been attained by a process for the preparation
15 of cumene by reacting isopropanol or a mixture of isopropanol
and propene with benzene in presence of a B-zeolite catalyst

having a S5i0,/Al,0; molar ratio greater than 10:1.

Another aspect of the present invention is a process for
20 preparing phenol from benzene, which comprises the steps

I. preparation of cumene by reaction of isopropanol or a

mixture of isopropanol and propene with benzene,

IT. oxidation of cumene to cumene hydroperoxide,

III. acid-catalyzed cleavage of cumene hydroperoxide to give
25 phenol and acetone and

IV. hydrogenation of acetone to form isopropanol,

wherein, cumene 1s prepared in accordance with the above

described process.

30 A further aspect of the present invention 1is a process for the
hydrogenation of acetone to isopropanol in at least two process

steps, wherein the acetone used is crude acetone.

Sill a further aspect of the present invention is the use of a

35 DB-zeolite catalyst having a S10,/Al,0; molar ratio greater than



steps, wherein the acetone used is crude acetone. Sill a further aspect of
the p invention is the use of a 35 5-zeolite catalyst having a

Si 02/ ﬁg’g&ﬁ%ar ratio greater than WD 01/62692 PCT/ Epd%%"i"f’é‘?m% 10:1 in
the al kyl ati on of benzene with isopropanol or a m xture of isopropanol and
propene. It has surprisingly been foundSthat a process for preparing 5
phenol in which cunene is prepared by reaction of isopropanol wth benzene
over a 13-zeolite catal yst having a Si 02/ A 203 nolar ratio greater than
10: 1, pridpenen sth%r%%wb@ta%yaga??@ﬁeaﬁ Wil&Sp LEERAGIP 31| Frarfe GUSE YUK t h

t he al kyratii o ez eng to-oginene by nmeans of isopropanol and the
propene fornmed is 10 |li kewi se used for the al kylation of benzene to cunene

makes the preparation of cunene sinpler and nmakes it possible to achieve

a more aenphgle GOpersiam ©f Lksapr apang! t%gct a; higher. s selgoti Il'bée@/apfng; he
reaction in respect of cunmene and reduced ormation of n-prop nzene, soO
t hat Sa Bihgherl set erhii¢ht ywugmane 15s berachireded v nreaet peeparfatisrprwdpaienol .

The progess @eﬁﬂ@l@r&wtai@yQQS%QQenEE@g%&Etp?%%iitﬂg}e L& PyaRabe Rhene!
w t hout the coproduct acetone or downstrea products of acetone which do
not | eadaftd ocumedeter itd@pr opanbl PROobeineg for fledmeThe ecdrbriics tobnt hef

prepar atjison o Jpanok ; h§ Béﬂaéugﬂ y Jependent ?Pk%f&t%@i %Vf'ibiagnﬁg{'xgs to
prices for phenol. 1In addition, the process of the Invention has e
advant agemenigat biyhemdehydr ati ohsoprosapebdpaant toher aperesne hef @ttked ation

25 qf; benzene Jto u%léfaebf@mbyuv@ayfkﬁaws%%9%@%228@% and the . al kylatl on

of benzene to cunene nmeans o SOpr opanol “can ~ "occur sinmultaneously over
8 zeol i pespharitngnSiOR: AR@Be r ai mp$eonf angr estlers t hanpdBsibilp doe symnitchesi s

step. The | t-rmgﬁﬁg reactions.lead to the desired cunene in 2{ er

convers?onggg‘ an %%Hg h?éﬁg?rgéchtf)ityl%%ﬁﬁﬁﬁ%ﬂp%o plocesse <h

have beedecustvamgr yohi thertmeadk fant her aduanitage fofcunteenr aaess «afuced
formation of n-propylbenzene, so that a higher selectivity can

15 be achieved in the preparation of phenol.

The process of the present invention makes it possible to
prepare phenol without the coproduct acetone or downstream
products of acetone which do not lead to cumene or isopropanol
20 Dbeing formed. The economics of the preparation of phenol is

thus only dependent on the achievable sales prices for phenol.

In addition, the process of the invention has the advantage
that the dehydration of isopropanol to propene, the alkylation
25 of benzene to cumene by means of the propene formed and the
alkylation of benzene to cumene by means of isopropanol can
occur simultaneously over B zeolites having Si0,:Al,0; ratios of
greater than 10:1 in one synthesis step. The last-named
subreactions lead to the desired cumene in higher conversions
30 and with a higher selectivity compared to processes which have
been customary hitherto. A further advantage of the process of
the invention 1is that when the reaction is carried out at the
same temperature, significantly less n-propylbenzene 1s formed
than in conventional processes. Since n-propylbenzene cannot be

35 wused further in an economically feasible way, the avoidance of



the invention is that when the reaction is carried out at the same

t enpe r ignificantly | ess n-propyl benzene is for than in
conve@%ﬁﬁ%fwérocesses. Si nce n-propyl benzene cannot b FRRBYf urther in

an econom cal ly feasible way, the avoidance of WD 01/ 62692 PCT/ EPO1/ 01797

6 relatively |arge anounts of n-propyl benzene all ows considerable costs

for the reprocessing of this nmaterial to be saved. Furthernore, the

suppressi on, of the formation of n-_propyl benzene increases the selectivity
32 ﬁenbgé

of the rEactidf ith t% $esPEdinivt ¢ BRYAPFBACBE adres. RILirdaierble

advant agesafs t ferpr ohessreprbbesknMgnt ben isithahatdsopr opanol,whigh,gan be
used fo th%FaIkyIation can be prepared by hydrogenati on of crude acetone.
The abi FPEYEG™P0 Sy dr 6§€nat URPHEESAE8t oneLdi r BRe| y Frkeatien poset bl 611t o

onmt cempbiytaledoner kiuprenspyr i theat soncetigrude aeetone ahtained, {for
exanple, in the C|%?%P%F of cunmene hydroperoxide. The outlay in terns of
apparat 0§SRAG t Ris e PESEPE 3t Ah@ Tovduanie - process for preparing phenol
can be further reduced in this 15 way. The process of the invention for
prepari from benzene _conprises the four process steps 20 |

g phenol . ;
preparagi Qﬁh%ﬁnﬁﬂgaﬁ§aﬁgad?¢oﬁmﬁ PEOPPDPandl e alnyientuos ofs that

I sopr opasebrapdnpnopene cw t kapengene yaver anr agihgd catighyistoidd - oy daid on
of cunene to cunene hydroperoxide, Ill. acid-catalyzed cl eavage of cunene
hydr opePb%Pa&ctlo Y vélYPB givholcran® facetvne apdefnehydflogersti bt of to

acelOnehp@rB@éﬂbk%OQﬁgﬂﬁﬂoEpeIBﬁepQ9ﬁ§§§tP& E@%e%nvfptkﬁgsggl%ﬁsg iQﬁQﬁéo A

bel ow by ma¥_of exanpl e, without being restricted to scri ption.
descri ptPBRL6FatRE Meditvildualr ppotesestand wfocusyistepstone obtained,

for example, 1in the cleavage of cumene hydroperoxide. The
outlay in terms of apparatus and thus the costs in the overall
process for preparing phenol can be further reduced in this

15 way.

The process of the invention for preparing phenol from benzene

comprises the four process steps

20 I. preparation of cumene by reaction of isopropanol or a
mixture of isopropanol and propene with benzene over an
acid catalyst,

II. oxidation of cumene to cumene hydroperoxide,
III. acid-catalyzed cleavage of cumene hydroperoxide to give

25 phenol and acetone and

IV. hydrogenation of acetone to form isopropanol.

The process of the invention is described below by way of
example, without being restricted to the description.

30
A description of the individual processes and process steps

which are substeps of the process of the invention will firstly

be given.

35 Step I: Alkylation of benzene to cumene by means of isopropanol



whi ch are substeps of the process of the invention wll firstly be given.
35 St & bi/e2bd XYl ation of benzene to cumene by neans of j o @f_@gl WO
01/62692 PCT/EP01/01797 7 In this first step, cunene is'p eg by
reacting isopropanol or a mxture of isopropanol and propene with benzene.
The conversion of benzene into cunene I's based on an al kyl ation of

benzene by neans of an al kylating reagent. Both isopropanol, 5 which is fed
into th re@gtor propene, which can be included into the feed stream

. an
and/or ¢ l?oﬁrﬁ&gi F SEP dEHYHERR | OF PESEETBA R dfFstioidedssopropanol

si mul t aneousl ymiseuve ast al kybabpago! eagrit $roarhewRiacessn@bnthe rhe
i nvention for prepari g%acumene by reaction of isopropanol wth benzene 10

cont act i WY & 8 I PLePRBGERG 4 S0 UmEns hol BRSeat PH Gredtdfylathion 10f 1

as cat alystzdife t Be PEQOESS oSt &fh aGERKALRANEO AdiR el NVERLILAN, 1 PEOPENS,L B,
i sopropanol = simultaneously with the al kyl ati on of

for by dehydrati_on of
benzmt-i'ge"%i’dL meife By mdRAS offsomrapaiol aid t REOpeFenewhaéckedCand loe

i ncl uded rigl tfed ha feed wid eamds lsickewnse Haed f orahheyal kylafign. ; Thus,
in principle, three subreactions proceed, preferably sinmul taneousjfy, I n
the pro B | AFENTLOR. CheCheAGRAS s SERe Lakmpoasilon ofebeazere to

cunene by wigans of isQRfapanol .1n The,seqongd-deactdon %}f?ethlin dr.ati gn. of
i sopropanol to 20 propene and the third reaction is the al kylation of
benzene X'&Paddehe B eRfansPBf Fhecpiopenel Adcopdiorgned t héltimvemizame 13
zeollit esohavidd rian S BRI AAGR « rati fy fagrs‘%.%z?hlg an, 10,1 ang used as..,
catalyst in the 25 aikylation step. Very particular preference isS givéen to
usi ng 137280l { Pelcasal yotaladi ngr arkhsi 0Pracees retéw efcdoroinz0: tot adhe

200: 1, preterably greaternthan 70 : . _hydrophobi city of the
catal ysts reesul ti ngbf rtgm teheaﬁi gﬁo}lrt%gulzgug, ]tlie.@l&f#;l% gho% oA rll'oalti o,
t he aci §1l@gntteneocarsdy with the alkylation of benzene to

cumene by
means of isopropanol and the propene formed and or included in
15 the feed stream is likewise used for the alkylation. Thus, in
principle, three subreactions proceed, preferably
simultaneously, in the process of the invention. One reaction
is the alkylation of benzene to cumene by means of isopropanocl.
The second reaction is the dehydration of isopropanol to
20 propene and the third reaction is the alkylation of benzene to

cumene by means of the propene.

According to the invention, B =zeolites having an Si0,:Al,0;
ratio of greater than 10:1 are wused as catalyst in the
25 alkylation step. Very particular preference is given to using B
zeolite catalysts having an $i0.:Al,0; ratio of from 20:1 to
200:1, preferably greater than 70:1 to 200:1. Due to
hydrophobicity of the catalysts resulting from the Thigh
modulus, i.e. the high Si0,:Al1,0; ratio, the acid centers are
30 not fully occupied by the water formed in the reactions. The
actual alkylation reaction, which proceeds simultaneously with
the dehydration, 1is thus not brought to a halt. However,
partial occupation of the zeolite surface by the water formed
in the reaction achieves a acidity-modifying effect explained

35 in more detail below.



30 not fully occupied by the water fornmed in the reactions. The actual

aikyugb%gg?ﬁgaction, whi ch proceeds simultaneously mﬁtggpﬁﬁg%ﬁg dration,

is thus no rought to a halt. However, partial occup he zeolite
surface by the water formed in the reaction achieves a acidity-nodifying
effect explained 35 in nore detail bel®w. WO 01/62692 PCT/ EPOL/ 01797 8
The al kyl ati on reactions and the sinultaneous dehydration reaction can be
carried out in one or nore reactors. The alkylation reactions and the

si mul t af®6us addhiidtation Feactions aredpr eher alliyuddemiesdsoutdgiydr atian ed

tank reagkofioh fised BebedaFpachoro of & rigell eshednfeact of, - MovENg,the
suspended or fixed catalysts can be used in the reactor or reactors.

Pref er eAc& Vil tdivent taF ukihy RBEcttées hbWthgeRe PR edebadapydon bep chdyed
wi th suist-able shapgd podies; o Gt anpr oprg 'I,Erec?XI:éHQaF@%ﬁ&gfr,tge a~%fé;dyst

used. 10 Thé starting materials benzene and | sopropano option
propenebg&fe ragfddicedri rit o trthekleadest raakitqui-d Hadiog, gasspesdédr mr

preferably i quid f1o/ds The,f eed strgam ti‘?} thge rezae(gcﬁforpr%rerqhgax:tr}ﬂfs a
nmol ar ratio of benzene to isopropanol 15 of greater than 1:1, particularly
pref er aBrg feremcs: 113 ogiven. toAsusig t FAgChater irdwifedai dixied icatpdssithl e

to use BeL ofhyrgBU & PLRAMLIBg;compaunda,BUly alsg; comPounds comtalling .
inpurities. The Psopropanol used as starting material prefer y ‘has a
wat er centerndases,esod tthen cBO®ls tweisgit, 20 preferably less than 50. In
t he ;peactor, the reaction of isopropanol wth benzene to formcunene, the
dehydration reaction which proceeds sinultaneously and the reaction of the
propeneTher reth wriregidedt25iwil sh Heervzere todgilemuopenel | aed tdpeiadnigdllat i on
;ﬁgCtIOB§bp%BE %%%rl%gtgggu%%da H%%%tl%%ete e%E:EHIe:ﬁq fffgﬂf%ﬂ)éé&}%%Kl
gaseous form, preferably liquid form. The feed stream to the
reactor preferably has a molar ratio of benzene to isopropanol
15 of greater than 1:1, particularly preferably from 3:1 to 10:1.
As starting materials fed in, it is possible to use not only
pure starting compounds but also compounds containing
impurities. The isopropanol used as starting material
preferably has a water content of less than 10% by weight,

20 preferably less than 5%.

In the reactor, the reaction of isopropanol with benzene to
form cumene, the dehydration reaction which proceeds
simultaneously and the reaction of the propene formed or added
25 with benzene to give cumene, i.e. the alkylation reactions, are
carried out at a reaction temperature of from 100 to 300°C. The
reactor preferably has a temperature gradient which is set so
that the reaction mixture in the vicinity of the reactor inlet
has a temperature of from 150 to 200°C and that in the vicinity
30 of the reactor outlet has a temperature of from 250 to 300°C.
The reactions are preferably carried out at a pressure of from
10 to 100 bar abs, preferably from 20 to 60 bar abs. Propene 1is
generated 1in the reactor by the simultaneous isopropanol
dehydration. The liquid phase has to be brought into intimate

35 contact with the catalyst so that the alkylation reactions can
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preparlngtcu ne §YP§fa€£og reactor is maintained to be 5 wt-% at the
15 most. Preferred water contents range from 0.1 to 5 wt—-%, more
preferred from 0.5 to 4.5 wt-%. This novel measure, which
results in an acidity-modified catalyst, makes it possible to
minimize the formation of n-propylbenzene, a product of a
secondary reaction in the alkylation. The n-propylbenzene

20 content of the reaction mixture or reactor output is usually
less than 300 wppm, preferably less than 150 wppm, when

carrying out the process of the invention.

The process of the invention for preparing cumene by reaction
25 of isopropanol with benzene in presence of the catalyst of the
present invention makes it possible to prepare cumene in one
synthesis step. According to the invention, isopropanol 1is
dehydrated to propene in the liquid phase in the presence of
the catalyst of the present invention and at the same time
30 benzene 1is alkylated by means of isopropanol to form cumene.
Likewise, the propene formed as an intermediate or that 1is
present 1in the feed, which can be partly present in a gas
phase, reacts simultaneously with the benzene present in the
reaction mixture to give the desired cumene. All subreactions

35 are favored or accelerated by the presence of the B zeolite



25 of isopropanol with benzene in presence of the catalyst of the present

i nvenyi®pyRELs 1t possible to prepare cumene in one %xﬂ&gﬁﬁbzﬁ tep

According to the invention, isopropanol is dehydrated to in the
liquid phase in the presence of the catalyst of the present invention and
at the sane time 30 benzene is al kyl ated%y neans of isopropanol to form
cunene. Likew se, the propene forned as an internediate or that is
present in the feed, which can be partly present in a gas phase, reacts
si mul t anéG0EYSSith the benzene present in the reaction mxture to give
the desired cunmene. All subreactions 35 are favored or accel erated by the
presence of the 3 zeolite WO 01/62692 PCT/ EP01/01797 10 catalyst. The
process Of'% K& GTREhtTontR? SUBSEEPSt REr 68PSESR Shé heaeafedarpdie carried
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dehydrathﬁn are preferab i

carried out contlnuouslé. When the process o
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react i on ceinxtitiRusaht aimesh f oM b?scégé%ifoﬂirpé bepzepeoMi %E‘ ic%%ri%%ancgﬁtrt 0
form cumene has a propene concentration of less than 110 by weight. 1 he
cunene pPép&ted S5y the précessroffetrdi iteft itdre chhabéed usedctdionecti st dior

the prepabahiiorOfr RIENOle by Lhe; FRCk PRAGESS o &P@ﬁvggo L5 gﬁglal%p %5%
advant ageous to work up the reaction m xture obtal ne Ph the reaction o
benzene ®ENEs HigoFamdlorsnel B ans ardoyed] iomtof elasis pran of 2 ilby tweet et .
reacter. The reaction m xture obtained can be worked up by, for exanple,
separatin the reaction mxture into organi c and aqueous phases, e.g. in a
phase sepafat8menEhé rEpeecus phades anddoes $ hef otjaniiovphasencaman eachidmed

further gubiected (9o, an,ext I . However .  t he.phases.20 obtained can
al so be passeg ?b a %igﬁglﬂg %%%9?%1 ic:Ftﬁgeneérpgﬁs%ggnp ﬂﬁg59£9§ess'
renoved fpoavehe plhtasesn BHedils¢i bdatindmgeous to work up the reaction

mixXture obtained in the reaction of benzene with isopropanocl or
15 to recycle at least part of it to the reactor. The reaction
mixture obtained can be worked up by, for example, separating
the reaction mixture into organic and agueous phases, e.g. 1n a
phase separator. The aqueous phase and/or the organic phase can
each be further subjected to an extraction. However, the phases
20 obtained can also be passed to a distillation in which the
various compounds are removed from the phases. The distillation
can be carried out directly using the phases as they are
obtained from the reactor or have previously been treated by
extraction and/or phase separation.
25
Preference 1is given to separating the reaction mixture obtained
from the reactor into an organic phase and an agqueous phase in
a liquid/liquid phase separator like a decanter prior to
distillation, in which case it can be advantageous to remove
30 part of the heat energy from the reaction mixture before it
enters the phase separator, e.g. by means of a heat exchanger.
This embodiment is advantageous in that water is removed from
the reactor effluent prior to distillation thereby reducing
energy consumption. Additionally by applying this measure the

35 water content of the recirculated portion of the reactor



can be carried out directly using the phases as they are obtained fromthe

react Qo Als2d3ve previously been treated by extraction &{ se
separation. 25 Preference is given to separating the rggg P@ﬁo ture

obtained fromthe reactor into an organi c phase and an aqueous phase in a
liquid/liquid phase separator |ike a delcanter prior to distillation, in
whi ch case it can be advantageous to renove 30 part of the heat energy from
t he reac%%g; m xture before it enters the phase separator, . by neans
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renovedo f reme tdiea epsé@rsetéhuenheprtpe Lokgistibhatieartbher eby reducing
energy consunption. Additionally by applying this neasure the 35 water
content of the recirculated portion of the reactor WO 01/ 62692

PCT/ EPOIH & 17@1eodd phhkuentncar beseasd | ypcont Kalsed d0 adj ustet herwatgr
content _of the total feed streaminto the al kylation reactor. The aqueous
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can conpid sequieQuexample. thanst errdng 14he2qugpus phase 40 @hich  an
distillation apparatus in which an |PA-water azeotrope is separated from
t he rendiHiYRf HquedES tsEs e 1 sTheehat ek e PA zfe otthspe reaA Lbé Ndet afineduso

the aldydad i onTpgactpie 1O pie 95 @3pL6pRhase s fed ta g, digtildatippe
colum in which cunmene, by-products and starting naterlafs are separated
from oheardtier . remetefarting materials which have been separated off
cam e returned to the reactor. It can be advantageous to 15 return part of
the organi c phase and/or part of the aqueous phase of the reaction m xture
wi t houtThgor Rrdpnee tiaseadtsor fedTheo orgadi et phaseiofh tdelumactinonwhighur e

s prefenahly, £eLProgdcte thf reagtelnln e AN ATRRY JNAl 1N TRELR OF
one another. The starting materials which have been separated
off can be returned to the reactor. It can be advantageous to

15 return part of the organic phase and/or part of the aqueous
phase of the reaction mixture without work-up to the reactor.
The organic phase of the reaction mixture 1s preferably
returned to the reactor in such an amount that the ratio of the
recycled organic part of the reaction mixture to starting
20 materials 1is from 1:1 to 100:1. It may be advantageous to
remove part of the heat energy from the organic part of the
reaction mixture which is recycled to the reactor by means of a
heat exchanger. The recycle of the organic part of the reaction
mixture can be achieved, for example, by means of a circulation
25 line 1in which a pump is installed. The circulation 1line 1is
preferably provided with a heat exchanger by means of which it
is possible to influence the temperature of the organic part of
the reaction mixture. The temperature of the recycled, organic
part of the reaction mixture is preferably set so that the
30 temperature of the mixture of recycled reaction mixture and

starting materials corresponds approximately to the temperature

at the reactor inlet.

The cumene separated off in the distillation column can be

35 passed to work-up or further use in the Hock phenol process,



recycled organic part of the reaction mxture to starting 20 naterials IS
from O#l;ﬁ§%oo:1. It may be advantageous to renove part of the hea

enerd& 16t he organic part of the reaction m xture hhlERVYUTYTe cycled to
the reactor by neans of a heat exchanger. The recycle of the organic part
of the reaction mxture can be achievéd, for exanple, by neans of a
circulation 25 line in which a punp is installed. The circulation line is

preferably provided with a heat exchanger by means of which it is possible
to inflehcethRe Teifrrtur eThe hergiogaite parichf havke Fasict FORarRkedr €.
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distillation colum can be 35 passe urther use in the Hock
phenol Vﬁ?%@ssth%mrmtﬁCTﬁEmli@l?lWIQQZp@lq tiee oxhdatrited. Theo

by - prqugﬁén 'C@hgavﬁmﬁgﬁﬁisQQ@ra é Eg% e € transa kYtﬁtlon

pol yi sopr opyl benzene or ||sopropy can be passed to
utili zatgaont ovnswor K- kpowsuth mb®keupkléieQSloahhen@tude for exanpl e,
transal kylation reactions in 5 which the by-products can in |large part be
converted into cunene. The nethod of carrying out such transal kyl ati on
reacti ¢gitsep sl knownidat t bosef skithéed to theeaet hyStepekbxi@ki dati on of
cugﬁye to cunmene hydroperoxide 10 The oxidation of cumene to cunene
operoxi de can be carried out in a manner known to those skilled in the
art. Fdﬂmexampﬁ@tionhefoxﬂﬂamkonxnamumen@ahyﬁedpembxaaedeﬁnfHhedchanEdo

371 738, . Th dat f Ly t_at_at t
15 of {14 80 T0°900C, prerhr abl §"AE"h Corperany ¢ 101 Friom §0° {6ESB0C: The

oxi dat itdre ofx cdareneni sapr ekeraldni cardsuedadutiedlcrabed in EP 0 371 738.
The oxidation of cumene is usually carried out at a temperature

15 of from 60 to 150°C, preferably at a temperature of from 90 to
130°C. The oxidation of cumene is preferably carried out at a
pressure of from 1 to 10 kg/cm’. The oxidation is carried out

using molecular oxygen. This molecular oxygen can be supplied

in the form of oxygen gas, air or a mixture of oxygen gas or

20 air with an inert gas, e.g. nitrogen or a noble gas.

The gas comprising molecular oxygen 1s brought into contact
with the cumene 1in the form of a cumene-containing solution.
The contact between oxygen-containing gas and the cumene should
25 be very intimate. This can be achieved in a manner known to
those skilled in the art, e.g. by means of a bubble column

reactor.

The cumene-containing solution preferably has a pH of greater
30 than 2. The pH of the cumene-containing solution can be
adjusted by addition of alkaline compounds to this solution.
The pH of the cumene-containing solution can also be adjusted
by work-up of the cumene used, e.g. by extraction of acidic
constituents. As alkaline compounds, preference is given to

35 adding aqueous solutions of sodium or potassium carbonate or



pressure of from1 to 10 kg/cm The oxidation is carried out using

nol ecyl ar qéggen. Thi s nol ecul ar oxygen can be supplied_in the form of
oxygenPd¥8%%5r or a mixture of oxygen gas or 20 air WUEPYPIHert gas,
e.g. nitrogen or a noble gas. The gas conprising nol ecul ar oxygen is
brought into contact wth the cumeneldn the form of a cunene-contai ni ng
solution. The contact between oxygen-containing gas and the cunene should
25 be very intimate. This can be achieved in a manner known to those
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givén to 35 addi ng aqueous sol utions of sodium or potassium carbonate or WO
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hydr oper oxi de can al so, be advant ageousl.y added as . initiator to the
et B R e ST o R RS St oG A ho dth t FDRGE -8Rt e
cConNpounds s aises itHd oducedthgeéothhe nmeACid@nt 5ysd EMexPrahebercedrodgingn to
addi ng fronlo.O%-to 209. by weight of the initiator, based on .
are introduced into “the reaction system. Preference 1s given to
adding from 0.01 to 20% by weight of the initiator, based on
15 the total weight of the starting materials, to the reaction

system.

The oxidation of the cumene can be carried out continuously,
batchwise or semicontinuously. The oxidation of the cumene to

20 cumene hydroperoxide is preferably carried out continuously.

It can be advantageous for the reaction mixture obtained in the
oxidation to be subjected to an after-treatment. The reaction
mixture obtained in the oxidation is preferably concentrated so
25 as to give a solution containing from 40 to 90% by weight of
CHP, particularly preferably from 60 to 85% by weight of CHP.
Concentration 1s preferably carried out by distillation of

unreacted cumene from the reaction mixture.

30 Step III: Acid-catalyzed cleavage of cumene hydroperoxide into

phenol and acetone

The process step of acid-catalyzed <cleavage of cumene

hydroperoxide can be carried out in a manner known to those



15 the total weight of the starting materials, to the reaction system The
oxi dation of the cunene can be carried out continuously, batchw se or

seni cBMY%EEsI y. The oxidation of the cumene to 20 céﬁ@ﬁ@“%?&?bperoxide
is preferably carried out continuously. It can be advantageous for the
reaction m xture obtained in the oxidation to be subjected to an
after-treatnment. The reaction mxture obtained in the oxidation is
preferably concentrated so 25 as to give a solution containing from40 to
90% by w&ighedof inCHPhepagttecul Br¢y prisferatd yyfedmER4xm @510 hy ovaiegiet  of
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manner Known to those WO 01/62692 PCTI EPO1/ 01797 14 skilled in the art.
The aci d-catal yzed cl eavage of cunene hydroperoxide is described, for

exampl e, in EP 0 589 588 US 4 016 213, DP 1 443 329, US 4 35 , @B 930
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catalysts, e.g. acldic 1on exchange resins or acidic zeolites.

If liquid acids are used, they are added to the reaction

mixture comprising CHP. Preference is given to adding an acid

15 catalyst to the reaction mixture in such an amount that the

content of acid catalyst is from 0.002 to 5% by weight.

The reaction mixture usually comprises not only CHP but also a
solvent. Solvents which can be used are aromatic or aliphatic
20 hydrocarbons, e.g. cumene, benzene, hexane, heptane or
cyclohexane, alcohols such as ethanol, methanol, propanol or
isopropanol, or ketones or aldehydes, e.qg. acetaldehyde,
acetone, methyl isobutyl ketone. Preference is given to using
phenol, cumene and/or acetone as solvent. The solvent content
25 of the reaction mixture in the cleavage reactor is from 1 to

25 times the CHP content.

The actual cleavage 1s preferably carried out in one or more
30 reactors. The temperature in this reactor or these reactors is
preferably from 40 to 90°C. The reaction mixture which is taken
from the reactor or reactors can be recirculated at least
partly to the reactor inlet. Preference is given to
recirculating at least 25-95% of the reaction mixture taken

35 from the reactor outlet to the inlet of the cleavage reactor or



content of acid catalyst is fromO0.002 to 50 by weight. The reaction
m xture usually conprises not only CHP but also a solvent. Solvents which
can b&Q8EE6¥r e aromatic or aliphatic 20 hydrocar bons, PE/ERIIOLHENe,
benzene, hexane, heptane or cycl ohexane, al cohols such as ethanol,
met hanol , propanol or isopropanol, or iketones or al dehydes, e.g.
acet al dehyde, acetone, nethyl isobutyl ketone. Preference is given to
usi ng phenol, cunene and/ or acetone as solvent. The solvent content 25 of
t he reactda@tansxture in the cleavage reactor is from1l to 25 tinmes the CHP
content. The actual cleavage is preferably carried out in one or nore 30
reactors. The tenperature in this reactor or these reactors is preferably
f r om 40 Itto n@QC.belhed v aacs ¢ oo i t(b ucerwhi chti & tsaxhoe@:qufetrﬁmrtdwc reaed Qfie 10t
react orsu%an be reci rcult'?alt ed at ast inlet.
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t he reactor
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react or 01/ 692 PCTI EPOL/ 01797 1 reactors. It may be ad ant eous
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cl eavage is transferred to a tube reactor. The tube reactor is

eact or
pr ef eraﬁl“%se%ueéltt et af GPBTBENFr dift 860 t 6180BE. PPIE i THRentoRNof ashaiot
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in the cI eavage reactors and di cunyl peroxide 10 (DCP) which have been
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cl eavage 1pb@duct; nmoxcurg.e W an-eoie directly fromthe cleavage
reactor or else fromthe subsequent heat treatment, is 15 worked up by

distillation. This work-up produces, in a first separation step, crude
acet oneTywhi ¢h A ee hysegenat @dute, which can come directly from the

cleavage reactor or else from the subsequent heat treatment, 1is
15 worked up by distillation. This work-up produces, in a first
Separation step, crude acetone which can be hydrogenated to
give 1sopropanol. In further distillation steps, the desired
phenol is isolated from the cleavage product mixture and can be
passed to work-up or use. Unreacted cumene and compounds which
20 may have been formed by secondary reactions, e.g. AMS, can be
recycled to the overall process in a manner known to those

skilled in the art.

Step IV: Hydrogenation of acetone to isopropanol
25
The process of the invention or the process step according to
the invention makes 1t possible to prepare isopropanol from
acetone containing impurities, by hydrogenation of acetone. In
particular, the process of the invention makes it possible to
30 prepare 1isopropanol from crude acetone, e.g. crude acetone
which 1s obtained in the acid-catalyzed cleavage of cumene

hydroperoxide.

Typical impurities in crude acetone are, for example, water,

35 cumene and/or acetaldehyde. Crude acetone containing up to 15%



gi ve isopropanol. In further distillation steps, the desired phenol is
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used, these conpounds can be separate he | sopr a nanner
known téh@hd§@pﬂQHaQﬂﬂ|hreheradtaqﬂ@fﬁwnqwbeesﬁunflnhentmvenUunnt@rhmhe

g;g;g;sug{ﬁgp 2ReQLdiNG JQind e 4,0vER kP ¢an be canried oyt Ln gne or ,npre
.a manner known to those skilled in the art.

15 The process of the invention or the process step according to
the invention can be carried out in one or more stages. The
process of the invention is preferably carried out in at least
two stages. The process stages can be carried out individually,
in parallel and/or in a cascaded manner. The process stages are

20 preferably carried out in a circuit or tube reactor.

The hydrogenation of acetone is preferably carried out as a
liquid-phase hydrogenation. The liquid-phase hydrogenation 1is
preferably carried out at a temperature of from 60 to 140°C,
25 more preferably from 70 to 130°C, and a pressure of from 10 to
50 bar, more preferably from 20 to 35 bar. In the wvarious
process stages, different temperature and/or pressure

conditions can be employed.

30 The hydrogenation can be carried out using equimolar amounts of
hydrogen and acetone. The hydrogenation is preferably carried
out using an excess of hydrogen. The molar ratio of hydrogen to
acetone 1s preferably at least 1:1. The hydrogenation 1is
preferably carried out at a feed ratio of hydrogen to acetone

35 of from 1:1 to 5:1, particularly preferably from 1:1 to 1.5:1.



process of the invention is preferably carried out in at least two stages.

The tages can be carried out individually, i and/or in
a ca2§§§ﬁ§§ﬁgnner The process stages are 20 preferab P@%€+%§%7out in a

circuit or tube reactor. The hydrogenati on of acetone is preferably carried
out as a |iquid-phase hydrogenation. THe I|iquid-phase hydrogenation is
preferably carried out at a tenperature of from60 to 140C, 25 nore
preferably from70 to 130C, and a pressure of from 10 to 50 bar, nore

pr ef er aBPPIfr 0AT 20 t 8NS5 BALO IR HE Y arkicdys 1 Process stagdosHipier et

t enper aturenand/ e HESHY € 1, 0oNeh 149NS,68RR8 eaRboYed. 130pWRanol  is
hydr ogenati on can be carried out using equinolar anmounts of ~ hydrogen and

acet one COTRETRFdricyeRafion ics Jpr efarabi3edabli éd Catrl S ngFan excdysl of

hydrogen; xihe -rmlan yald o Qidﬁyerﬂ%@éH%aéﬁﬁﬁongf'Sd€éﬂﬁ&ﬁb|¥aﬁt'ﬁ%%ﬂ
1:1. The hydrogenation is f(Bre erably carried out at a feed ratio of

hydr 8gefle6eae8€Corel 35 oF f PBM 1wb1{cél 5can  par thvdnegdna iref epablarylagm 1: 1
to 1.5:%; @@10%@369%1%{“@%@3&%7@7%@& ApaLH bmnbaeehg waegenatien o

reactions, it is possible for further reactions in which acetone and/or
i sopr opah6l T8s1evhstedia o HEKUr f@r@edcdtalﬁié@i@@taO@atéﬁyswat$@r‘Can

I I
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whi ch can rogenated to giv pent anol The
productdl@Sb?@pP@@aﬁ@h@@aﬁDﬂ@&dt further by elinination of water to form

di i sopropyl ether (PIPE). Since the occurrence of these secondary reactions
decreases the vyield of isopropanol based on the acetone used, the catal yst
15 usedSshoal dheobqouonehned hesereeact s@nsndéoy thastlieasongcacases the

yield of isopropanol based on the acetone used, the catalyst
15 wused should not promote these reactions. For this reason, a
catalyst should ideally be neutral, i.e. not alkaline and not

acidic.

Suitable catalysts for carrying out the process of the
20 invention are commercial hydrogenation catalysts comprising Cu,
Cr, Ru and/or Ni as active component on neutral support
materials such as Al-0;, TiO., S5i0,, activated carbon and/or
Z2ro,, or support materials comprising mixtures thereof.
Particular preference 1is given to using nickel-containing
25 catalysts comprising about 10% by weight of nickel on a neutral
support. Suitable neutral support materials are, in particular,

alpha-Al,0;, Ti0,, Zr0O- and mullite.

The process of the invention is preferably carried out in at
30 least two process stages, where the reactor of the 1lst process
stage 1s configured as a circulation reactor and the reactor of

the 2nd process stage is configured as a tube reactor.

A major part of the conversion of acetone occurs in the

35 circulation reactor. The circulation reactor is equipped with a



catal yst should ideally be neutral, i.e. not alkaline and not acidic.

Suitagkﬁnﬁﬁﬁﬁlysts for carrying out the process of thepﬁé%ghgyﬁp;ipn are

commer ci al hydrogenation catal ysts conprising Cu, Cr, Ni as
active conmponent on neutral support materials such as A12Q3, TiO, Si 2,
activated carbon and/or ZrQO, or suppdV% material s conprising mxtures
thereof. Particular preference is given to using nickel-containing 25

catal ysts ¢ i si.n bout 10% wei ght. of ni ckel a neutral support.
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at 30 | t two. process stages, where the reactor of the. 1 S
st age isce%icrﬁji%%ljlr ed 5§%éOCi ?%h af PO Cr et 6 TaMd AR rRERTRF Coft FHRE 2ha
process =taygmd sfednfirgut €dfasma d.uHxel reactor1,A pigg &¢rfael ¢ otkokhe:1 to

conversi.on .of acetone occurs in the 35 circulation reactor. The
circg{aﬁgg T eact 671 £ Wﬁ&&fQﬁqq?zﬁQMf®ﬁrGg%§2q@?ﬁﬁ%%ﬁJRﬂﬁ@HCt1§rom

product ttecyelieduieftiothe re@acioar. pref enabl yowerkscat ta high1 cesegnt @i on
| evel and,can therefore be operated usjng a small . circulation ratio. The
rati o of TRt e pﬁBﬁuE?a§ F@&mﬁ??d%éhnWﬁ%FﬁeﬂsiﬁeF§rFH&ﬁQ?QE@9tEhe
20: 1, preferad yaheom 253 tthd Hpktddarcannbenadyvantageous to cegk they
reaction product from the circulation reactor. It is possible to cool both
the subdEDR Gttadfe Feddtd orR otk EWhi ch is recirculated to the

reaqgtoor and al so the substream which is passed to the 2nd process stage or
the tube reactor. 10 The initial tenperature of the 1st process stage is
advant ag@Gus| yREFdmMI60 TYRVE TR t Ik t ofBF preSBur @LoSeSom stegeo 505

bar. Deperdinta bJde, i ftdh aboaghi vy, ofafderncat gL yst prlds B & £ron
advantaqeous to reduce the initial _

0 to 50 bar. Depending on the initial activity of the

catalyst, it may Dbe advantageous to reduce the initial

15 temperature or to increase the circulation ratio in order to

set the desired outlet temperature, which may correspond to the

inlet temperature of the tube reactor.

Since the hydrogenation 1s an exothermic reaction, the
20 temperature increases in the reactor, so that cooling may be

provided in and/or downstream of the circulation reactor. The

hydrogenation in the first process stage is preferably carried

out at a temperature of from 60 to 140°C, preferably from 70 to

130°C, and a pressure of from 10 to 50 bar, preferably from 20
25 to 35 bar.

To hydrogenate acetone which has not been reacted in the first
process stage, the reaction mixture from the circulation
30 reactor is passed to a tube reactor. Such a tube reactor can

be, for example, a shaft reactor operated as a tube reactor.

The 2nd process stage, which preferably has plug flow
characteristics, 1s preferably carried out at a temperature of

35 from 60 to 140°C, preferably from 70 to 130°C, and a pressure



15 tenperature or to increase the circulation ratio in order to set the

desir t tenperature, which may correspond to th enperat ure
of th@gtogg Jis)(rieactor. Si nce the hydrogenation is an exo?ﬁe}r}“ﬁﬁoﬁa]ﬂéaml on, the

20 tenperature increases in the reactor, so that cooling may be prOV|ded
in and/or downstream of the circul ati oh’reactor. The hydr ogenation in the
first process st age is preferably carried out at a tenperature of from 60
to 140C p% %rgg b70 to 130C, and a pressure of from10 to 50 bar,
preferaBI ron1 0 035 bar. To hydr ogenat e acet one whi ch has not been
reacted in the flrst process stage, the reaction m xture fromthe
C|rcula%h% abovée ctor passe to a tube reactor. Such a tube reactor

or

can exanpl e escrlg‘ﬁgft TR DTS oeér afBHRA¥SE tTHRLFBACIGIP RS- hd

processcstagestwhant pd:&tfﬂwty Naspgttig ddrowpechakagt efh sty igrocess
pref%rabl§ carrieg 3u a tenperature of 35 from60 to 140C, preferably
from70°t89%130C eée&ﬁ&sdrse W3 63} 62692 PEFPEPO# 0 DEFKE LIFONgR ifYigi 20

to 50 baataIbetabxm@-rd@&wg hathwcat abysby ok igatal ystn Syt ENMBnCaAMRdS N
catal yst_and atal s% ort can be used in both process 5 stages.

Pr ef er eREBPPE gﬁQeﬁ 5 & ﬁ&sé i-&&IScont ai ni ng catal yst conpri si ng about
101 by wei ght of nickel on a neutral support in both process stages.
Cowbinigg t he grocess st eps to IV of the process of the 10 invention
makes i t°PBsEiBPe ?%ﬁpf@ﬁ&ﬁ@sphéﬁépsfr%nﬂﬁeni@nel%n&heoxygeﬁeﬁﬁth@@tthe

obt abni pgvéheieaphadect aceioneipThuse Lebpa@%aMH&E o1 t s ABY B@n@gﬁ@n%ﬁ ous
for the acetone fornmed in the cleavage of CHP in process step
processC¥YI¢he Wihbenti opPtdlbéndsedhat Feaspdpatt | poemoseep Miuisn tﬁ@r15

hydr ogeaativone pf 1acalone-t 0aiaapKEQRRRGL %ét@ﬁ&' 09 MR 1 Al el DEE hude
acetone can be used directly as starting mate
cleavage of CHP 1in” process step III of the process of the
invention to be wused at least partly in step IV 1in the
15 hydrogenation of acetone to isopropanol as starting material.
Since crude acetone can be used directly as starting material
for the hydrogenation in process step IV of the process of the
invention, costly work-up of the crude acetone, as is required
in conventional processes, can be omitted. It is naturally also
20 possible to wuse purified and/or purchased acetone in the
hydrogenation. The isopropanol formed in the hydrogenation of
the acetone or crude acetone can be used directly for the
alkylation of ©benzene (process step I). However, it can
likewise be advantageous for the isopropanol from step IV to be
25 purified by suitable measures, e.g. a thermal work-up, before
use 1in the alkylation. The thermal work-up can, for example,
comprise purification of the isopropanol by distillation in two
distillation columns, with low boilers being separated off in
the first column and high boilers being separated off in the

30 second column.

A person skilled in the art of phenol production will be able
to see further possible combinations which are likewise subject
matter of the present invention. Thus, it 1is possible to

35 combine individual process steps according to the invention



for the hydrogenation in process step IV of the process of the invention,

cost | woWidsggap of the crude acetone, as is required i@xﬁﬁg%ﬁgbgpna

processes, can be omtted. It is naturally also 20 possib 0 ‘use purified
and/ or purchased acetone in the hydrogenation. The isopropanol forned in
t he hydrogenation of the acetone or crd¥de acetone can be used directly for
the alkylation of benzene (process step I). However, it can |ikew se be
advant ageous for the isopropanol fromstep IV to be 25 purified by suitable
measur e¥1 & gOtRernA TN IRIRQYD, TFECHSS BEEPFR tIWChal RpRiRe#ioTise are

ther mal aweyok-up Gt dFt &Xaipl ene SPOPELSEI PWELELSALI On of the isopropanol
by distillation in tw distillation colums, with | ow boil ers being

separ at €d %f f1 | %At e F+i st SRV ufivoarRitn GBI eP§ Béiengseeparnt ed ofifein
the 30 psecend Cof UFRe ﬁnﬂ%h%@@ns@ﬂlﬁﬁhdﬂlEQ@pP&ﬁaQélpE%n%rﬁﬂ UE POy

wll be able to see further possible conbinations which are I'i kew se
subj ect CIvget eRCEEONe BYedeydroneontion: ThHus, Jt angl pbégi-ble £boB5 two

conbi ne dpp@diMirdiials Ry OCEes c i tQ, the; Lpventi 0
ST EPOL O 1507 50 e ather aavantagscus procoes ot SpeBuch oonbt rart ons
are al $6°3uBjcedonfatanet ksfnadiee present invention. Fig. 1 and Fig. 2 show

two enbodi nents of the substep of the process of the invention in which

i sopropanol is prepared from 5 crude acetone by hydrogenation. Fig. 3 and
Fig. 4 Shéw tlwoskabsdi veat srdfodimerdverdl | tipe ogessdas weitelr cuffernecétsone

obt aipned ,, 4 -L@M-a¢8tQne ;gnd wedl 0.5/ $haws; ope embodi nenty of  th

}Q n n
process Step of acetone 16 ﬁyér ogenation in the process o6f Y he ?Lrl]\t/enth%n,

Wi t hout Prleespr bedsy beisiy iradstd itot ethito dnficsdiendodi ment. The feed F can be
pl aced in the separation vessel A by neans of the punp FP or can be fed in
continuously in the case of 15 continuous operation. Fromthe separation
vessel , Thke feedctl @an be placed in the separation vessel A by means of

the pump FP or can be fed in continuously in the case of

15 continuous operation. From the separation vessel, the reaction
mixture can be circulated by means of the circulation pump ZP
either via the bypass bp or the reactor R in which the catalyst
bed KB is located. The reaction mixture can be heated to the
desired temperature by means of the heat exchanger Kl. Hydrogen

20 1s introduced into the system via H. The reactor R is followed
by a cooler K2 in which the reaction mixture can be cooled.
After cooling, the reaction mixture goes to the phase
separation vessel A. Product can be taken from the reaction
system via P.

25
Fig. 2 shows a further embodiment of the process step of
acetone hydrogenation in the process of the invention, without

the process being restricted to this embodiment.

30 In this embodiment, a crude acetone stream a together with a
hydrogen stream bl is fed into a circulation reactor Rl. The
reaction mixture is conveyed from the circulation reactor via
line ¢ to a phase separation apparatus PTl1. Unconsumed hydrogen

is separated from the reaction mixture formed in the



m xture can be circul ated by neans of the circulation punp ZP either via

t he tWB%?/%z(QQ or the reactor R in which the catal yst pggmgﬁ/(;ls,%j ocat ed.

The reaction™m xture can be heated to the desired tenpérature by neans of
t he heat exchanger Ki. Hydrogen 20 is introduced into the systemvia H The
reactor Ris followed by a cooler K2 EhA which the reaction mixture can be
cooled. After cooling, the reaction m xture goes to the phase separation
vessel A, Product can be taken fromthe reaction  systemvia P. 25 Fig. 2
shows aCtGfFtherlemhdfiafeits oty t RB2pRoEEPS ISttePTof1 T akle? oRE2RFIISEHRATRATBN in

the progess ohikhe Jdivedd ohn WMd hasld L58R PhoSesscbelRgunastbnChed didyd hi's
enbodi nent. 30 In this enbodinent, a crude acetone streama together with a
hydr ogeWiist rebme birdk. f ddei nidguidi reattat icdn thagct bea® 1oThanixlaaes i oran

m xturei ey, f - irculati act fag i c i

separ at%%%egg%\ér at?%s J&i%?g%ﬁ‘ca?réﬁnég h@%?%ge%a(}irtswseggra ed fclrl(?frrcﬁlltlt%{é]\éjisbq1
reacbi oneacxbur evfaor dedei nrd he HAOL01¢ 62692 POTY EROI¢OAd 797t 21oci newlcatddon
react or b§ phase separat i on idn t he ghase sj\e}{qcar at Oé PT1. Thi h%gro%en Lcan
be fed PACR iMtD £REETEH G ohCPehtrdr MWIA ST n8Yr §ic%Fhe i qufd part- of
the reaekthanfext Wile chart| bkewhse bequedi pauvkatogd @ie | easttpant i dtmrtdhe
circulation 5 reactor via |line ra. Heat can be introduced into or renoved

from t he2Redi¥ c GPAVEY SFeatt? ot MMiskt Hr &8 Dy 3meaiee off 43 Heal2/ exthihgemanL.

Part of rthethbAuind xRaite ®feitRe YreALdHON N Xt PELL i 68NabereppYeyed ¥ arl izne d
to a tube reactor R2, with the reaction m xture being brought to a
partPcuhaatt egdradtdfe FR-a TR hegeceionanyertyipe The FRREEYSA rmogaihen s

Conveyeﬂi’tﬂgﬁpﬂ%ge‘{){' tfr}o;%'qri%[%e%zf rom ‘{kﬁ@etg}get 9e59€o£”?§ S %ﬁ%t %ea%?t'iﬁ)-ghe
reaction mxture’leaves the tube reactor via liné e. After [eaving the
tube reackourei ddaves ethdiydubgenrgaeasentvia iheer @ctAfirer leaving the
tube reactor via line e, hydrogen present 1n the reaction
mixture is agaln separated from the liquid part of the reaction
15 mixture by phase separation (e.g. by flashing off) in the phase
separation apparatus PT2 and can be fed back into the tube

reactor via line rg2. Via line f, the isopropanol formed by the

hydrogenation of crude acetone is passed to further use.

20 Fig. 3 shows one embodiment of the process of the invention,

without the process being restricted thereto.

In this embodiment of the process of the invention, a crude
acetone stream a obtained 1in the <cleavage of CHP 1is
25 hydrogenated in a process step as described for Fig. 2 to form
isopropanol which is obtained via line £. This is used for the

alkylation of benzene to cumene.

For this purpose, the ligquid phase from line £ 1is fed into the
30 reactor R3. Benzene 1s also fed into this reactor via line be.
The alkylation takes place in this reactor. The reaction
mixture from reactor R3 is transferred via line g and the heat
exchanger W5 to the phase separation apparatus PT3. From this,

an aqueous phase can be conveyed via line j to a work-up step



m xture is again separated fromthe liquid part of the reaction 15 m xture

by phﬁ %L%%#gration (e.g. by flashing off) in the phasg?n&§a>lﬁﬁgon

appar atus and can be fed back into the tube reactor via rg2. Via
line f, the isopropanol formed by the hydrogenation of crude acetone is
passed to further use. 20 Fig. 3 showsZdne enbodi nent of the process of the
invention, wthout the process being restricted thereto. In this

enbodi ment of the process of the invention, a crude acetone stream a
obt ai ned°Ffn the cl'&RAUFFBf €HP PEOdP5tRydPdgetdt et i n @- Pr ocE88C8Eep Os

descri bedobobpEhg1 Zitosdordmi sapropanol which, i g; gbtahned wia Line frp, This
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fed int 9e#2£§ui§@8hort5’i fnbi N&. be - Thg alkylatign t@é(eﬁemo & !f‘rﬁgrt?i Sr
reactor. e reaction mxture fromreactor is transferred via line g
and bheiheatduerdhanmger Wbisorehecpkdseseparat itbe apperatas RIZLuFEeoiny

this, an_aqueaus,_phase_can be convey via line.j . to a work-up_ste
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part of the organic phase of the reaction m xture can be recirculated to

the rea€PormR3. Klheatilcanlfe Feowed HR6m 6P L1BMPnt rddiE&H 4Gt o CORPS 1Sédel ed

part of ;EB8cheAShER) Mot Diha/Banssebrbhenbeat sexehanges s ¥8. pRakt of
t he organi c phase of the reaction mxture is conveyed via |line h to the
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taken off and can be fed via line k 1into the side of the
15 distillation column K2. At the top of the column K2, a cumene-
containing fraction is taken off and this can be conveyed via
line cu to further work-up or use, e.g. the oxidation. A
fraction having a boiling point higher than that of cumene 1is
obtained at the bottom of this column K2. This fraction can be
20 fed via line 1 to the distillation column K3. In the column K3,
polyisopropylbenzenes and/or diisopropylbenzenes are separated
from high boilers. The multiply alkylated benzenes are taken
off at the top of the column and conveyed via line dib to the
reactor R4. High boilers are obtained at the bottom of the
25 column K3 and can be passed via line hs to work-up or use. In
addition to the multiply alkylated benzenes, benzene 1is
introduced via line be2 into the reactor R4 1in which the
transalkylation takes place. The reaction mixture leaving the
reactor is fed via line re, in which the heat exchanger W4 by

30 means cof which heat can be removed from or introduced into the

reaction mixture is located, 1into the distillation column Kl.

Fig. 4 shows a further embodiment of the process of the

invention, without the process being restricted thereto.



taken off and can be fed via line k into the side of the 15 distillation
col uny K2, At the top of the colum K2, a cunene- containing fraction is

t aken 3%/6%4 this can be conveyed via line cuto f ur PhEEP Orlﬂ‘”up or use,
e.g. the oxidation. A fraction having a boiling point higher than that of
cunmene is obtained at the bottomof thds columm K2. This fraction can be
20 fed vialine 1 to the distillation colum K3. In the colum K3,

pol yi sopropyl benzenes and/ or dii sopropyl benzenes are separated from high
boi | er sInThehhsal t pbydainepltat ed beheenesoarest akén toef anvehéivtop ofthiehe

col um dwvia line dib he _r tor R i gh ilers,ar
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of the panventfi orhe wirehatti ohhenjpriocessibeinng restvegéed dilveretl. WD the

01/ 62692 PCT/ EPQ é01797 23 In this enbodi nent of the Er.oces% of the

i nvent i BTECtRE  R2oprBPhnofSi siRdFeads SABYAYPA F4e 311P&d &frelPly 6 the
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and subsequently fed to the alkylation reactor. 5 Unlike the enbodi nent
shotWh i ¥R gloy haklekact ToesH xtU eLodbeasned it t RECHRASe sEffar 4BKER

appar atyise PT2 pfot epl baui Nn@f LiRe reAct) Al X Ur g, | of ,cpygyed
directly to the “r eagt or Rge %%tl |gl ivtnlrs%t ea conveyed v(?as?%%%af %Otoet¥%e
di stil @i ohfcothamiopl.bdinldrhd sare¢ heaisdbpr npdrolip o fsepeetated, 10hisomehow

boi | ers,, TP%&%E%Y}’ ROl ersy o et acetone, rare Laken ,off, a0, the-top ef.the
colum via I'ifné mand are passe 0 wor k-
bottom of the column can be conveyed via line n to a further
15 distillation column D2. In this distillation column,
isopropanol 1s separated from high boilers. The isopropanol
taken off at the top of the column can be passed via line ri to
the reactor R3 in which the alkylation reaction takes place as
in Fig. 3. The high boilers separated off from the isopropanol

20 and obtained at the bottom of the column can be passed via line

o to work-up or use.
Example 1: Hydrogenation of acetone (batchwise procedure)

25 1In an experimental plant as shown in Fig. 1, the circulation
reactor was charged with about 65 g of catalyst (10% nickel on
a-aluminium oxide). The feed F 1is placed 1in the separation
vessel A and circulated by pumping via the bypass bp. The
apparatus 1s subsequently brought to the desired temperature.

30 At the beginning of the reaction, the reactor R is switched to
the circuit. After about 5 minutes, a constant temperature and
a constant pressure have been established, and the first
product samples are taken. The temperature was about 130°C and

the pressure was 25 bar abs (partial pressure of H,: about



up. If the low boilers are mainly made up of acetone, this can be fed back
into e r tor RL. The fraction taken off at the bo f the colum
can bgbc%ﬁ‘s\?g({;ed vialine nto a further 15 distillati o%tcg.@l)?}”ﬂlt"&. In this
distillation colum, isopropanol is separated from high boilers. The

i sopropanol taken off at the top of tBé columm can be passed via line ri
to the reactor R3 in which the alkylation reaction takes place as in Fig.
3. The high boilers separated off fromthe isopropanol 20 and obtained at

t he bot £0mPefr B9& ) col Hirehr @@ be'agasseer adierdd nelao ltimanoi k- Bydgpgese.was
Exanpl e by 4088kt 0206 aegL,one, ( RAL Chy e Pr a6eAULELA AN 80 that

experinental plant as shown In g. 1, e circulation "reactor was charged
W t h abegnseBeg dfy chral pgdroyepanickel fon ferdl uatataneoxioddr inifige fleed F
is placed,ip;ithe serRarakion, v . A.an jr .at. ' via t
bypass bp.p Tﬁtet %asppar act)t us isn sﬁc%?gfue&tlgqaggr o&gg{%tactlte%]tthe&gl;gs)#%%d i e

t enpér asgperaldoft vessdledi nrifalgl of 1t hekeeasei ondithéeseddteorcdripcss iswidrched
to the ci it. After 5 mnute a.constant_ tenperature and a
constantocl%pgtg%stt‘]ﬂreea%ﬁ(';iL\E/éé1 %‘gg(lr{ftl‘lers a ies]:r1zt&e ah li%el%?tijs?@' product sanples are
taken. The tenperature was about 130C and the pressure was 25 bar abs
(partia ressure of H2: about 1/ 62692 PCT/ EPOL/ 01797. 24 20 bar ahs) .
L ar 00eRaRAE. Tt r SHBEE RN | Ab K1ty APB6ERHad ¥ WY o ced aGkoRaLP ool |y
in an anount corresgondi RGd & ftat hyennsiarRe iy t 8L hy dogerat bonl idst f eed,
aceﬁéne containing the inpurities shown in table 1 was initially placed in

t he separation vessel A Table 1 |ikew se indicates the conposition of
the refghb@Rcd X W &yalhk8E [ he NydEegedari on. Taphfcdy conmposition of the
reacti pn m xture fromexanple 1 |before and after hydrogenation|(DL =
detect{on linmt) 10 Amounts in VBT ABE BT or | RYEEPgenation

Water 3.9 3.8

Acetone 94.3 0.08

Methanol 0.019 0.011

Isopropanol < DL 95.0

Diacetone alcohol < DL 0.023

2-Methyl-2, 4-pentanediol < DL 0.039

Acetaldehyde 0.09 < DL

Dimethoxymethane < DL 0.001

Cumene 1.6 0.013

Hydrocumene 0.002 0.9

As can be seen from the table, the process step according to
the invention 1is very suitable for preparing isopropanol from
crude acetone.
15
Example 2: Hydrogenation of acetone to isopropanol which is
subsequently used for the alkylation of benzene

to cumene

20 In a plant as described in Fig. 4, crude acetone comprising 94%
by weight of acetone together with water (about 4% by weight)
and cumene (about 1.2% by weight) and also, at least, methanol,

acetaldehyde, dimethoxymethane, hydrocumene, diacetone alcohol



hydr ogenati on hydrogenation Water 3.9 3.8 Acetone 94.3 0.08 Mt hanol

0.019“8?8%éﬁ9%50pr0panol < DL 95.0 Diacetone al cohol 3393@3“%%%7

2- Meth entanedi ol < DL 0.039 Acetal dehyde 0.09

D net hoxynet hane < DL 0.001 Cunene 1.6 0.013 Hydrocunene 0.002 0.9 As can
be seen fromthe table, the process step>according to the invention is
very suitable for preparing isopropanol from crude acetone. 15 Exanple 2:
Hydr ogenation of acetone to isopropanol which is subsequently used for the

al kyl at i ®dof Bérfene 2 to Raifeie PP nia prasbtas cfessidwedlPA BPEm gach

crude acetoneLOMPELSItAG 940r by Wb ghtcatracetpne-ff oget haro widdy waten 4
(about 4% by wei ght) and cunene (about 1.2% by wei ght) ané)also, at | east,

met hanol redacetial debydetadifrethdxynethkane, chydrigeunerne,02di adetene alncolho

WO 01/ 62692 PCTI EPOL/.Q1797 _ 25 2-met hyl - 2, 4- pent anedi ol in anounts of
about 106?ﬂﬁbﬁ%ggcﬁXlF§Zfe&qlﬁéﬁﬁaﬁ?Qﬁr%nﬁgﬁ?%Wl?EaﬁY%FoﬂﬁPcﬁsi§eﬁrdﬁﬁﬂbd
with 8 tedueddcanad tsiabitézedoni ck*aelle C@Iﬁiﬂﬁ%t{j&@‘ﬁ:@t%Beh\zﬁl £>.<5|:al.umhra um
oxide). In.addition, a streamof hydrogen is fed into 5 the circul ation
reactér.hXﬂﬁog?PégFapi6H¥r5¥?ocﬁ& ) a-9LOTf el Dhy Yo dehEt bRt 6P t K&t ode

acetone i thewiddubati oit reactenpetstGaeried ewbmate@ tepenarurea@f forom
60 to 140C and a ﬁEressure of from20 to 40 bar abs. 10 The reaction
m xt ure PEREAUFFoRTt AECR FRUIFSt FOnPrEadPsr was

10 The reaction mixture taken from the circulation reactor was
depressurized to separate off the hydrogen and was subsequently
conveyed to a tube reactor into which hydrogen gas was likewise
fed and which was likewise provided with a reduced and
stabilized nickel catalyst. The after-hydrogenation of crude

15 acetone which had not been hydrogenated in the circulation
reactor occurred in this tube reactor which had a temperature
profile of from 90 to 132°C and a pressure of from 20 to
40 bar abs. After separating off the hydrogen, the reaction
mixture had the following composition: about 94% by weight of

20 1isopropanol, 0.5% by weight of acetone, 4% by weight of water,
about 1.2% by welght of hydrocumene together with
dimethoxymethane, methyl isobutyl ketone, diacetone alcohol,
hexylene glycol, 4-methyl-2-pentanol and 2-methyl-2, 4-
pentanediol 1in the low wppm range. Cumene and acetaldehyde

25 could no longer be detected in this mixture.

This reaction mixture was worked up by introducing it into a
first distillation column in which the low boilers, e.g.
acetone, methanol and dimethoxymethane, were separated from the

30 reaction mixture at the top. The remaining reaction mixture was
taken from the bottom of this column and fed into a further
distillation column. In this distillation column, the
isopropanol was separated from the reaction mixture and taken
off at the top of the distillation column.



depressurized to separate off the hydrogen and was subsequently conveyed

to a {R ctor into which hydrogen gas was |ikew se i ch was
| i kew se gggéided with a reduced and stabilized nickercﬁgggﬁgg?fmThe
after-hydrogenati on of crude 15 acetone whi ch had not been hydrogenated in
the circulation reactor occurred in tRPs tube reactor which had a
tenperature profile of from90 to 132C and a pressure of from20 to 40

bar abs., After separatin ff the hydrogen, the reaction,  m xture had the
F ol I owi MG conRet 17 BRoL aBGUE-956 by wehgRt "GIY 265 F SaEFophiore - oY Sihy =
wei ght  efi racatzanen 4%da-twi ghintef walielh WRholdnd. 2%Ady amightted. The
hydr ocunene _t ethezﬁﬁath dinethoxynethane net hyl 1 sobutyl ketone,

i acet offd HGGHER. © VR gt §coRls 4C hEERYRE29BeReaRGP Tand 2t it HyTIER 4-
pent anedifolagdutt hes | oy waps) r ange theuene:- @ 1eeet al dehyde a 25 € il ¢l e
Ionggr b% detected in this mxture. This reaction m xture was worked up by

i ntr oduCitng G40 iv8G 8O £RPst - dildt id | SRYHRC e UARRASWRCER Ted Fow Boi¢er s,
e.g. agekoneadmidianglxand diiet hoxyretbanentyers sepandtedHademdhe 30
reaction mxture at the top. The remaining reaction mxture was taken from
the bot BIHEGMSt hPEAEEI-unhl&nd2 FIBECHAL oPBAFEIr t hER1CH stF | TR e umi thn

this di gklghhald 0o 6ot Uient HE  WaSO0PY OPANOL eSS REPER AL 86k dd:0Mdhe-dieacdi on
m xture and taken off at the top of the distillation colum. 01/ 62692

PCT/ EPOREELTIPPE26 WTRED] supFopdhelribbedi nelfi mahi sramyrvidbated die ecths
intgoa -Ghkeul@tien rPé&&Qér[ntﬂnﬂp'CBIBQH%Qne;ﬂ%§ﬁ§|SQr%%g- fhe phase

al kylation took place in this circulation reactor at a pressure of about
45 bar 8B®2randcfheveeaet omasadrartéiperetiir@lrtiofd | ¢05 bhef radm QO tion

cepar at ed T HLe ar orpale Shase and an *adicond pRace The’aqitats ‘Thacs
whi ch i 9fsathue atehadiitdn oviganire cbaststamrhtsy wadadiistlid | d¢dandnthe the
mater_i§88598?n%eing 5:1. The other part of the organic phase of the
15 reaction mixture was passed to three distillation columns
connected 1in series. In the first distillation column, low
boilers such as propene, benzene and unreacted isopropanol were
separated off from the organic phase. These low boilers were

fed back into the circulation reactor as alkylation reagent.

20 The bottoms from this column were passed to the next column in
which cumene was separated from the remaining organic phase.

This cumene was fed directly to the oxidation for preparing

cumene hydroperoxide (CHP). The bottoms from the distillation

column were fed into the third distillation column in which

25 diisopropylbenzene and/or polyisopropylbenzenes were separated
from the remaining organic, high-boiling compounds. The bottoms

were passed to thermal wutilization. The multiply alkylated
benzenes were conveyed to a tube reactor into which benzene was

also fed. A transalkylation reaction was carried out at a

30 temperature of about 220°C and a pressure of 40 bar abs in the
presence of zeolites as catalyst to form cumene from benzene

and multiply alkylated benzenes. The reaction mixture from this
reactor was conveyed back to the first distillation column

after the alkylation reactor so as to be able to separate

35 unreacted benzene from the reaction mixture once again, then to



azeotrope which was distilled off was recirculated to the 10 circul ation
react@p.01/55@2 0r gani ¢ phase fromthe phase separation ¥€f@§buM@® partly
recirculated to the circulation reactor, with the circulation ratio of
recycled organic parts of the reaction_m xture to starting materials fed
into the reactor being 5:1. The other26art of the organic phase of the 15
reaction mxture was passed to three distillation colums connected in
series. In tgﬁéfirﬁt distillation colum, |ow. boiler% such, as €$opene ‘
benzene S&RGTiFealPEd FEBBFEpanot™ were <EFLACEd BEFHE6m tHe brgart

phase. These 1lewikei l@smerand fted haok it thige chxCabatonn reactor as

al kyl ati on reagent. 20 The bottons fromthis columm were passed to the next
colum in which cunene was separated fromthe renai ni ng organi c phase.
This cumsagpies 3:ed di r aakhi altQ dnN@ FOXGRIdHAN Witlh B ifFdgthoX UNENE

hydr operoxi de (CHP). The bottons fromthe distillation colum were fed
intoSthe third distill at(déscesitdmyous i ch 25 dii sopropyl benzene and/ or

pol yi sopropyl benzenes were separated fromthe renaining organic,

hi gh-boi I i ng conmpounds. The bottons were passed to thermal utilization.
The mul tinplay st kyt ad edanbenzemg et &l conUéypediit-ok Ja beheeneactker neraradhi ch
benzene was _al so fed,. transal tion reaction_wa rrie t 0
Conper atire B 108t 0 S G breathie of 66- BaP s T e e ath i o
zeol i tesfagsheatadtystydn $ioown ciunenebfleord kenzeneempadatukei pify 280Ky atred
benzenes. The reactio i xture fromthis reactor. ,was conveyed back .t.o the
a0 arst FRarion cof uml BPfershe. iy BTG dattr oo Mot c tirb o
separ at @r3buanr eact ethdlenzehe f roas t ber oracd o aphiyx adite ronee ragaitn,ort hefh t o
WO 01/6%392 PCT/ EPO1/ Q1797 27 separate the cum?qg fr?n1the reaction

m xture TH CRESTERC " dinst i19%3tiSh 8l Fin Fhd- T o-#2E8 7t to the oxidation.

Exanpl e 3: Al kyl ation of benzene with isopropanol 5 (discontinuously)

Table 2: Composition of the reaction product of example 3

Catalyst
H-B-150 (B- H-DAY-55 (Y-

Zeolith) Zeolith)*
cumene 22.6 Wwt.-% 13.6 wt.-%
diisopropylbenzene 2.3 wt.-% 1,8 wt.-%
triisopropylbenzene 0.0 wt.-% 0.1 wt.-%
diisopropylether 0.06 wt.-% 0.06 wt.-%
cumene selectivity 1in 93.1 % 90.6 %
respect of benzene
cumene selectivity 1in 71.2 % 42 .4 %
respect of isopropanol
benzene conversion 17.4 % 9.9 %

15 * prior art catalyst

Example 3 demonstrates, that by using the catalyst according to
the present invention in the alkylation step an improved cumene
selectivity as well as an increased benzene conversion compared

20 with the prior art catalyst could be achieved.



In a stirred tank reactor 881 g (85 w-0) benzene was reacted for one hour

W th 88,:8240345 W -% isopropanol in presence of 89 ofp¢tPRpeAfifdyst shown
in tab?e@ at a tenperature of 230C and 10 a pressure o‘? SO&Ibar abs. The

conposition of the reaction product was anal yzed by gas chromat ography
after termnation of the reaction. Thé®results are given in table 2. Table
2: Conposition of the reaction product of exanple 3 Catalyst H 3-150 (E-
H DAY-55 (Y Zeolith) Zeolith)* cunmene 22.6 w.-%13.6 w.-%

di i sopr 6p#rBErizene 2.3 w.-% 1,8 wt.-% triisopropyl benzene 0.0 wt.-% 0.1
W.-% diisopropylether 0.06 wt.-%0.06 w. cunene selectivity in 93.1/
90.6 0 _respect of benzene cunene selectivity in 71.2 / 42.4 0 respect of

i sopropanol BenPERESSEnvErS ot E7. PTePagadoons oL pGUHeng t Rat AISRTEINY

Exanpl e 3 denppsirigiLesl that abyniusinik tbe Gabahpplanaacodish ngrbgentheavith
present invention in the alkylation step an inproved cunene selectivity as
wel | Sas an | REFEE3Ed BénzBRESEBRGer 8fon cotpafet t20 TR EH YHe pPr3oinartd

catal yst coulsd penachi evadr VWRHQY 63693 RCHHEROL/OL797 28 Cdaims: 1. A

process for the preparation of cunene by reacting isopropanol or a m xture
of i1sopropanol and propene with 5 benzene in presence of a 13-zeolite

catal ysp .haViT\'%% %J:o%ie%%j ARQ3 ol ar T %ﬁ@r@fﬁagﬁé EQ%BI%%:‘Cl;uS%-d The process

of claiml , erein the catalyst used is a 13- zeolite having an

Si 2: Al 203 r 403 idfe freoHrR0:an 55 20H110; ratio of from 20:1 to 200:1.
10
3. The process of any of the preceding claims, wherein the
acidity of the catalyst is modified by surface addition of

water.

15 4. The process of any of the preceding claims, wherein the
water content of the total feed stream to the reactor does
not exceed 5 wt.-% based on the weight of the total feed

stream.

20 5. The process of claim 4, wherein the water content ranges

from 0.1 to 5 wt.-%, preferably from 0.5 to 4.5 wt.-%.

6. The process of any of the preceding claims, wherein the
molar ratio of benzene to isopropanol in the feed stream

25 to the reactor is greater than 1:1.

7. The process of claim 6, wherein the molar ratio of benzene
to isopropanol in the feed stream to the reactor for the
reaction of benzene with isopropancol is from 3:1 to 10:1.
30
8. The process of any of the preceding claims, wherein the
reaction is carried out at a temperature of from 100 to

300°cC.

35 9. The process of any of the preceding claims, wherein the



10 3. The process of any of the preceding clains, wherein the acidity of
the c@bahXsdezi s nodified by surface addition of waterpctfpthoriee Process
of any of the preceding clainms, wherein the water content of the total
feed streamto the reactor does not exceed 5 w.-% based on the wei ght of
the total feed stream 20 S. The procéSs of claim4, wherein the water
content ranges fromO.1 to 5 w.-, preferably from0.5to 4.5 w.-0. 6.
The process of any of the preceding clains, wherein the nolar ratjo of
benzene to i $6p | *©n Eﬁ@rFégd tredth F5 PEERELEealtor TFeMgr£at €r°
than 1:1. 7. 1Dle garrocess of claim6, wherein the nolar ratio of benzene to
i sopropanol in the feed streamto the reactor for the reaction of benzene
with isopropanol is from3:1 to 10:1. 30 8. The process of any of the
precedi ng.cl ahes, pMhes et Notrtheany eagt itQfk | sreacai g QUtaiais,a /BBRekat uWre of
from.100 to 300C. 35 9. The process of any of the preceding clains,

wher €i n the WOAGH6P692SPCTREPERF 01747 9 Pealtibhcfs EARFi etPdTtORt &
pressure of #raEKIQ-tRq R r ahs.a K0.xctha i ocess.of . any of the
preceding clains, wherein the 5 reaction is carried out in a stirred tank
reactor, a trickle-bed reactor or a fixed-bed reactor. 11. The process of
any of the preeceding-&tal B8, wherskn e preachifng Mrdiwe | shedblfl the

| eaving the reactor, separated 10 into an aqueouS phase and an organic
phase by |i §8PELLCGuITH HESe SBparatesn.leRY 1hel e 0E83STOE / clSARALRL ed
whergin part gk ot NeaAr gaGeH@E! phase and an organic phase by

liquid/liquid phase separation.

12. The process of claim 11, wherein part of the organic part

of the reaction mixture is returned to the reactor.

15
13. The process of claim 12, wherein the ratio of the recycled
organic part of the reaction mixture to starting materials
is from 2:1 to 100:1.

20 14. The process of any of the preceding claims, wherein the
reaction mixture has an n-propylbenzene concentration of
less than 300 wppm, preferably less than 150 wppm.

15. A process for preparing phenol from benzene, which

25 comprises the steps
I. preparation of cumene according to a process of any

of claims 1-14,
II. oxidation of cumene to cumene hydroperoxide,
ITI. acid-catalyzed cleavage of cumene hydroperoxide to

30 give phenol and acetone and

IV. hydrogenation of acetone to form isopropanol,

l16. The process of claim 15, wherein the isopropanol used is
obtained by hydrogenation of acetone in at least two

35 process stages.



of the reaction mxture is returned to the reactor. 15 13. The process of
cl ai nwbady/e2éyerein the ratio of the recycled organic pact/rpbi/éer reaction

m xture to starting materials is from2:1 to 100:1. 20 14. The process of
any of the preceding clains, wherein tt}’% reaction m xture has an

n- propyl benzene concentration of |essthan 300 wopm preferably | ess than
150 wpopm 15. A process for preparing phenol from benzene, which 25

conpri s th repa i on. of > a rdi to cess _of .any
o ol ai e L T TG e one bt ctient e fatmong yarinay o do 111 poua
aci d- cat al yzexrlawavage of cunene hydroperoxide to 30 give phenol and
acetone and |V. hydrogenation of acetone to formi sopropanol, 16. The
process of claim 15, wherein the isopropanol used is obtained by

hydr ogend.i o adfrecesonéointae Iheabtodamnt BH prdcesstonagesn WDHO1H 62682
PCT/ EP01/ 017 h o] l.ai m_16, ejin e ac ne i's
crudeL:5P acet osr:i}a]. %g %iabs-rgogcé“g{s 5?%?8?%% %}Fgrgjggséna"{}?\%ﬁé% gégt c%%eeq{ogle tzed

i sopropanol 1% igrue |lassttortamo process stages, wherein the acetone used is
crude acetone. 19. The process of any of clains 16 to 18, wherein the
hydrogenation is carried out as a |liquid-phase 10 hydrogenation at a

t enper atli¥r.e dthd r pmaBEstso D400€ngndod phessdareléf fooni20 twhd&Debar . t28.
The process of any of .claims 16 to 19, wherein the crude acel one, cont ai ns
up to 150b by %GO Fhpurtii esS315te ou as a4 tquid-phase

10 hydrogenation at a temperature of from 60 to 140°C and a

pressure of from 20 to 50 bar.

20. The process of any of claims 16 to 19, wherein the crude

acetone contains up to 15% by weight of impurities.

15
21. The process of <claim 20, wherein the crude acetone
contains from 2.5 to 13% by weight of impurities.
22. The process of claim 20 or 21, wherein the crude acetone
20 contains up to 5% by weight of water.

23. The process of any of claims 20 to 22, wherein the crude

acetone contains up to 7.5% by weight of cumene.

25 24. The process of any of claims 20 to 23, wherein the crude

acetone contains up to 3000 wppm of acetaldehyde.

25. The process of any of claims 16 to 24, wherein the acetone
conversion in the hydrogenation is at least 99%.
30
26. The process of any of claims 16 to 25, wherein a catalyst
comprising Ni, Cu, Ru and/or Cr on a neutral support is

used for the hydrogenation.

35 27. The process of claim 26, wherein a nickel-containing



21. The process of claim 20, wherein the crude acetone contains from2.5
to 13%obyexwr ght of inpurities. 22. The process of cl apai/EPoi@iredl, wherein
the crude acetone 20 contains up to 51. by weight of water. 23. The
process of any of clains 20 to 22, wherein the crude acetone contains up
to 7.510 by weight of cunene. 25 24. Tﬁg process of any of clains 20 to 23,
wherein the crude acetone contains up to 3000 wopm of acet al dehyde. 25.
The process of any of clains 16 to 24, wherein the acetone conversion in
the hydrogen&td G Y&t 40 | Fat D954 88PPRICThE PFBeess of any of clains 16
to 25, wherein a catalyst conprising NN, Cu, Ru and/or Cr on a neutral
support is wused for the hydrogenation. 35 27. The process of claim 26,

wher ei n %8 -ni 8&8 o af 17 AQL WEF 03262699 PLFVEPO1£0 £767/ A3 10c &t 355t T dRL @n

a- AL203 suppfledieSathar?8.1d4€ Ofn @ the zeolih&Calial Vot Nl feh@ with
Si 02/ A1203 nol ar ratio greater than 10:1 in the al kylation of benzene with
5 i sopr opanoll SEPTPRABG IR of Tisepiiohaniol L Rk grapeheand propene.



