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PROCESS FOR THE PREPARATI ON OF AN ALKYL BENZENE, Descri.jti.on The invention

relates to a process for the prepara- tion of ah al RAPLBEHZ R FEHRTSCat alSA | c

déhydrogenation of the correspondi ng al kenyl cylohexéne: i m-the.gaso phadef.....

in the presence of a diluent. Such a process i s Knowmnfy omER:B-22 2paged ..x.....

whi ch descri bessbavwwan al kenyl cycl ohexene is passed:Qve a-dehydr.egeanati.on...

catal yst and the gaseous reaction productqis coqyed @nd cong@n§ed 15Qkged ..o.....

nunber of ap- plications it has been founé that | the, pﬁesencequ byproJ’ '
5

[AY W a¥a FEFa hat 1

ucts may interfere with further use of the condkis Tl - e tttaeeitte

obtai ned. This can bppe¥eE8OFBRDYHRUPREPARBRTONNOPf ANWRLKERCBENZENEOdUCt by
means of distillation, yrelding a purified al kyl benzene as bottom stream

and an al kyl cycl ohexane (being the nost inportant byprod- uct besides the
hydrogen) as top stream To restrict |oss-

The invention relates to a process for the
preparation of an alkyl benzene by catalytic
-dehydrogenation of the corresponding alkenyl cyclohexene

10 in the gas phase in the presence of a diluent.
Such a process is known from EP-B-22,297, which
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describes how an alkenyl cyclohexene is passed over a
dehydrogenation catalyst and the gaseous reaction product
is cooled and condensed. For a number of applications it
15 has been found that the presence of byproducts may
interfere with further use of the condensed product that
is obtained. This can be overcome by purification of the
reaction product by means of distillation, yielding a
purified alkyl benzene as bottom stream and an alkyl
20 cyclohexane (being the most important byproduct besides
the hydrogen) as top stream. To restrict losses, the
distillation conditions are to be set so that the top
product obtained is (virtually) free of the alkyl benzene
main product. '
25 Another drawback of the above—mentioned process
is the fact that, when an inert gas is used as diluent
(which has a favourable effect on the reaction equilibrium
and thus on process economy), the H, gas released during
the reaction is contaminated with this inert dilution gas,
30 so that the H, gas released is of a low quality.

The invention provides a process which does not
have these drawbacks and in which the alkenyl cyclohexene
is converted to the corresponding alkyl benzene in an
economically'attractive manner.

35 According to the invention this is achieved in
that at least a part of the alkyl cyclohexane in the
reaction product is used as diluent. This is understood to
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es,- the distillation conditions are to be set so that the top product
obtained is (virtually) free of the alkyl benzene nmain product. Another
d[amback of the above-nentioned process is the fact that, when an inert gas
is used as diluent (which has a favourable effect on the reaction
equilibri- umand thus on process econony$, “the H2 gas rel eased during the
reaction is contamnated with this inert dilu- tion gas, so that the H2 gas
rel eased is of a low quality. The invention provides a process which does

not have theseﬂgéﬁ“@ﬁﬁksa@ngehgtmﬁiPQrEthaEhenﬁthY'c?bpbﬁéﬁﬂﬁeiSn the
converted to the correspondlng al kyl ben- zene hg gn gggﬂonically
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diluent. This is ugderstood tg g%agoag%%sat | east a part of the alkyl
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a) Since the volume flow passing through the reactor is
larger in relation to the alkenyl cyclohexene to be
converted, a smaller temperature rise occurs (the
dehydrogenation is exothermic), which affects

10 temperature and temperature control as well as
reactor design. The reactor design can be changed
from a cooled ‘tubular reactor’ into an adiabatically
operated fixed-bed reactor.

b) Since no inert gas is used as diluent, the H, gas

15 that is released is purer, and thus of a higher
quality.

Additional thereto also at least a part of the
hydrogen present in the reaction product can be used as
diluent. It has been found that the presence of hydrogen

20 has a favourable effect on the service life and the

stability of the catalyst, possibly due to the effect on
carbon formation.

Accbrding to the invention at least a part of
the alkyl cyclohexane byproduct present in the reaction

25 product is used as diluent. This byproduct is preferably

separated from the reaction product by distillation, as
top stream. An added advantage is that the quality

requirements to be met by the top stream of such a

distillation can be less stringent, particularly because

30 of the recycle to the catalytic dehydrogenation. This also

has as a consequence that a part of the alkyl cyclohexane
that is returned is reconverted in the catalytic
dehydrogenation to the desired alkyl benzene end product,
so that this also has a positive effect on the selectivity

35 of the conversion.

The dehydrogenation according to the invention

is carried out in the presence of a noble metal catalyst.
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profduqihls turned to t he catal yti c dehydrogenation. This yields a nunber

ad acedn be de- scribed as follows: a) Since the volune
f1ou/ the reac- tor is larger in relation to the al kenyl
cycloh verted, a smaller tenperature rise occurs - 2- from

a cool ed tubular reactor' into an adiabali—cally operated fixed-bed
reactor. b) Since no inert gas is used as diluent, the H2 gas that is
rel eased is purer, and thus of a higher quality. Additional thereto also at

least a part ofg thG WO cHeDbPPsetrdh e dRactdOplatodiiat, can be used
as dilu- ent. It has been found that the presence of hydrogen
palladium, ruthenium or iridium.
Preferably, use is made of palladium as
5 catalytically active material, it having been found that
in contact with palladium the alkenyl cyclchexene is
converted to alkyl benzene with a very high Selectivity.
Preferably, the noble metal catalyst is used on
a non-acidic carrier. When an acidic carrier material is

10 used, for instance alumina, the catalyst does have a very
high initial activity, but this activity decreases very
rapidly. As non-acidic carrier material use can be made in
the first place of basic substances such as oxides,
hydroxides or carbonates of calcium and/or magnesium, or

15 barium sulphate, but use can also be made of neutral
carrier materials, such as carbon or neutral silicon
oxide. Preferably, magnesium oxide is used as carrier
material. Calcium oxide, too, is suitable as carrier
material.

20 In the process according to the invention the
amount of catalysf per amount of alkenyl cyclohexene to be
converted can be varied within broad limits, for instance
such amounts that the space velocity, expressed as litre
of liquid alkenyl cyclohexene per litre of catalyst per

25 hour (LHSV), is 0.01 to 500. Preferably, space velocities
between 0.5 and 50 are chosen. Likewise, the amount of
catalytically active noble metal in the catalyst can be
varied within broad limits, for instance from 0.01-10 wt.%
noble metal, calculated on the total weight of the

30 catalyst. The amount of noble metal in the catalyst
preferably amounts to 0.4-4 wt.%, calculated relative to
the total weight of the catalyst. Catalyst compositions of
0.5-3 wt.% palladium on magnesium oxide as carrier
material have been found to be particularly suitable.

35 . Applicant has found that when the activity
decreases the catalyst can in a simple manner be
regenerated, and its original activity restored, by
passing over air or other oxygen-containing gases.



has a“favourabTe effect on the service life and the sta- bility of the
cat aIVEstShee&)Ha%Sgepl due to the effect on carbon formation. According to the

|nvent eP%f,zsart of the al kyl cycl ohexane byproduct present in the
react| used as diluent. This byproduct is preferably separat-
ed from product by distillat4on as top stream An added

advantage is that the quality require- nents to be net by the top stream of
such a distillation can be | ess stringent, particularly because of the

recycle to the catalyting@ géggggagééﬁkdﬂK@St@JﬁﬁbfEﬂwéﬁtfbﬁoms sequence
that a part of the alkél ohexane that is is re nve&%

the catal ytic af Bﬁl?‘?) e %I%s??%?is%li’?(ﬁl’rc b%ﬁ%%ﬂe Ehd P OC
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adversely affected by the use of higher pressures.

The process temperature lies in general between
200-375°C. Higher temperatures are possible, but catalyst
deactivation and decomposition reactions start to

10 predominate. At lower temperatures the formation of the
byproduct alkylcyclohexane become more predominante. The
temperature preferably lies between 250-350°C.

As starting materials in the process according
to the invention use may be made of various alkenyl

15 cyclohexenes, for instance vinyl cyclohexene, isopropenyl
cyclohexene and alkyl—-substituted derivatives thereof.
These substances can be obtained in a known manner by
dimerization and codimerization of conjugated diolefins.
Thus, for instance, vinyl cyclohexene can be obtained by

20 dimerization of butadiene, isopropenyl cyclohexene by
codimerization of butadiene and isoprene, and methyl
1sopropeny1 cyclohexene by dlmerlzatlon of isoprene. The
invention preferably relates to a process for the
preparation of ethyl benzene starting from vinyl

25 cyclohexene,.

Applicant has found that the presence of
peroxides, in particular hydroperoxides, in the alkenyl
cyclohexene to be converted has a negative effect on the
service life of the catalyst. Preferably, therefore, use

30 is made of an alkenyl cyclohexene containing less than 5
ppm peroxides. Such an alkenyl cyclohexene which contains
practically no peroxides can be prepared by purifying
technical-grade alkenyl cyclohexene to remove the
peroxides and keeping it under conditions in which oxygen

35 is excluded virtually completely. Peroxides can be removed
from alkenyl cyclohexene in a known manner, for instance
by selective hydrogenation, thermal decomposition, or
distillation over a reducing substance, such as triphenyl



carried out I n the resgnce of a noble nmetal catalyst. As such use can be
made f dhisiS tinum palladi- um rutheniumor iridium
PneferabLu of palladiumas catalytically active material, it
having b in contact with palladiumthe al kenyl cycl ohexene is
converted to aIkyI benzene wth a very ki gh—selectivity. Preferably, the

nobl e metal catalyst is used on a non-acidic carrier. \Wen an acidic
carrier material is used, for instance alum na, the catalyst does have a

very high i tigh st Ol ddl e Wi s1RGHTSego1ohE A, dby. A

non- aci di ¢ car ®i t'eri al” use can irst place_of basic
subst ances suclpazs imd dds Ommmmmﬂ%néﬁé’s adfs%z?lecP@Mléﬁﬁll “or

magnesi - um on bari um suylphaie, Mew%&@wﬂ@o the trmdamfenrtaw ahe
carrier materials, such as carbon or neutral si Xl Preferably,

n
nagne5|unld§|dél$§nB§e&K£QQﬂﬁxene feed is (v1rtually% comp
converted into a product consisting predomlnantly of alkyl

benzene. This product can be separated off from the
reaction mixture, which contains diluent besides reaction
product, in a known manner, for instance by purification

10 by means of distillation. In many cases the isolated main
product can be used directly, without further processing,
for further conversions. The dehydrogenation product of
vinyl cyclohexene, for instance, which consists
practically entirely of ethyl benzene, can be converted

15 directly to styrene. The dehydrogenation product of
isopropenyl cyclohexene, i.e. isopropyl benzene, can be
used as starting material for the preparation of a-methyl
styrene,'or be converted to phenol by oxidation. In the
same way methyl isopropyl benzene, obtained from methyl

20 isopropenyl cyclohexene, can be used for the preparation
of methyl phenol, among other things.

The amount of diluent to be used depends on the
type of diluent used. The alkenyl cyclohexene/alkyl
cyclohexane ratio is normally 10:1 to 1:10, preferably 5:1

25 to 1:5. If additional hydrogen is used, in general a molar
ratio of alkenyl cyclohexene/hydrogen of 2:1 to 1:100,
preferably a ratio of 2:1 to 1:10, is used.

During the start—up of the catalytic
dehydrogenation it may be advantageous that the diluent

30 also contains an inert gas. As the process proceeds, the
inert gas may be replaced by the diluent according to the
invention, allowing to take full advantage of the
invention.

Preferably, in the diluent also the alkyl

35 benzene formed is present. As a result, the above-
mentioned alkenyl cyclohexene/diluent gas ratio can simply
be set. Another result is that the adiabatic temperature
rise due to the reaction can simply be kept low



rier material. Calciumoxide, too, is suitable as carrier material. In the
process mﬁcsmedn{a?.@eérme ledi nvention the anmount of catal yst per anmpunt of
al kenyl cﬁ -3- to be converted can be varied within broad

limts, f m m! lsuch anounts that the space velocity, expressed as
litre of 1Tquid al’kenyl" cycl ohexene per—létre of catalyst per hour (LHSV),
Is 0.01 to 500. Preferably, space ve- locities between 0.5 and 50 are
chosen. Likew se, the anount of catalytically active noble nmetal in the

catal yst can bggrf’@;‘féféibdf‘&tﬁiﬁ‘sbé?ad él@h&é an{mﬂF' 16t Baset dif Qe di gr -ddn wt . %
nobl e netal, ated on the total ght of the catalggt. Jﬁguﬁgpunt of
nobl e netalerQrﬂﬁ%éidWQ%Ee the state of the art requir a tu
reactor (a reactor comprising a plurality of thin tubes
5 (catalyst filled) and external cooling), now the reactor
can be an adiabatic bed reactor. This makes for a vastly
simplified reactor design, which greatly offsets the
additional cbsts of the recycle of such a diluent.
Moreover, upgrading of the reaction product may be
10 simpler, for the top stream leaving the section where
purification by distillation takes place, no longer has to
meet high purity requirements. Indeed, the top stream
still contains, according to the embodiment as sketched, a
substantial portion of the alkyl benzene present in the
15 distillation feed. Since this procedure can be applied
also during starting up, the use of an inert gas has
become absolutely superfluous in this preferred
embodiment.
The invention will be elucidated in the

20 following comparative experiment and in the examples.

Comparative experiment A
A fixed-bed reactor with a diameter of 5.2 cm,

cooled by means of an oil bath and charged with 250 ml of

25 2.5% Pd/Mg0O catalyst, was fed with 250 ml/hr of 4-vinyl
cyclohexene (VCH) at a reactor temperature of 240°C. The
VCH was diluted with nitrogen (molar ratio 3:1). Under
these conditions all vinyl cyclohexene was converted. The
selectivity to ethyl benzene was 96 mol%.

30 The H, formed in dehydrogenation could not simply be.
isolated in pure form by means of a gas/liquid separation
due to the nitrogen inert dilution. After cooling, the
liquid reactor product contained 4 mol% ethyl cyclohexane.
The reaction product obtained was fed to a packed

35 distillation column having a diameter of 7 cm and a length
of 1 m.

To ensure that not more than 100 ppm of ethyl
cyclohexane was present in the ethyl benzene during



preTeraQL 4 4 wt.% calcul ated relative to the total wei ght
of the c conpositions of 0.5-3 w. % pall adi um on nmagnesi um
oxi de as have been found to be particularly suitable.

t

Appl i cant mhen the activity decreas- es the catalyst can in
a sinple nanner.be regenerated, and its-offiginal activity restored, by
passi ng over air or other oxygen-containing gases. The process according to
the invention is preferably carried out at atnospheric pressure. The use of

el evat- ed pregﬁg&glbéteeﬁSbgl usQH&1QQ%%nnahdgtnstaaﬁtaﬂaea CEVERLT NS
Mor eover, the rogenation equilibri- umis a verselﬁrgffecésd by the

use of hi gher ﬁhés?ﬁh&% b?ﬁéeﬁPoUé§slpéﬁp@ﬂéquéel tep phr§eRer 3P bet ween

200- 375[ err] C. sbbabat ibanRehded @erel ackesshlklyeasbweltans al ysflux ratio
deactivatian ang g conp05|t|on reactlo%& i%a%b to predonm nate. At | ower
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When the reactor cooling was not used, an
adiabatic temperature rise of about 120°C took place,
which very rapidly resulted in catalyst deactivation as
well as carbonization on the catalyst.

10
Example I

The set-up of comparative experiment A was fed
with 250 ml/hr of 4-vinyl cyclohexene. The reactor cooling’
had been switched off and the reactor was operated

15 adiabatically. The inlet temperature was 240°C. Since (a
portion of) the top stream leaving the distillation
column, containing about 12.5 wt.% ethyl cyclohexane and
87.5 wt.% ethyl benzene, was recycled to the reactor, the
temperature rise could be restricted. Depending on the

20 recycle ratio, the adiabatic temperature rise was 60°C (at
R = 1.5), 40°C (at R = 3) and 15°C (at R = 10), R being
defined as the amount of recycle per amount of VCH fed to
the dehydrogenation reactor. In all cases conversion was
complete; the selectivity was 96 mol%.

25 As no N, was present, pure H, could be recovered by means
of a simple gas/liquid separation. Purification by
distillation could be simplified considerably. At an R of
1.5 and atmospheric pressure only 20 trays and a reflux
ratio of 4 were found to be needed to achieve the same

30 ethyl benzene purity as in comparative experiment A. The
top stream from the distillation column, containing ethyl
cyclohexane and ethyl benzene, was returned to the
dehydrogenation reaction. It was found that the ethyl
cyclohexane present in the reactor was in part

35 dehydrogenated to ethyl benzene. This has been studied in
greater detail, the results being described in example II.



bypr odyet al k fE;ETGHEYéﬁe beconme nore predom - nante. The tenperature
prefera WBMMWZSO-%O [err]C. As starting materials in the

i
pr ocess ji Eﬁ II he invention use may be nade of various al kenyl cy-
cl ohexe _ ce vinyl cyclohexene, isopropenyl cyclohexene and
al kyl -substituted derlvatives thereof. Fhgse substances can be obtained in

a known manner by dimerization and codimerization of conjugated diole-
fins. Thus, for instance, vinyl cyclohexene can be ob- tained by

di meri zation qé butgdiffe, | sopropenyl cy- cl ohexene by codinerization of

but adi ene and ,and net hyl isopropenyl cycl ohexene by dinerization
of isoprene. The inventibn preepaaaty SEPAE &BeRb: UpERGLhe 1Rt (PR OF

preparation of.ghbylaPepgcogpst Babhooaf r oA VenFecEyRaOhexantnedppt i cant has
found thatstherggesfnce o Eﬂoflgegé ne/ethyl cyclohexane stream to the
ycling an y enzene/ethy y
dehydrogenation reactor. At an LHSV (liquid hourly space
velocity) of 1 [hour™!] and a molar ratio of feed/nitrogen
of 1:3, a feed stream with 89.7 wt.% ethyl benzene and
10.3 wt.% ethyl cyclohexane was passed over the P4d/MgO
10 dehydrogenation catalyst. At an inlet temperature of 250°C
the reaction product was composed of 91.9 wt.% ethyl
benzene and 8.1 wt.% ethyl cyclohexane. At an inlet
temperature of 300°C the composition comprised 92.4 wt.%
ethyl benzene and 7.6 wt.% ethyl cyclohexane. Ethyl
15 cyclohexane was therefore found to be converted
selectively to ethyl benzene, the conversion amounting to

21% at 250°C and 26% at 300°C.



i n:particul ar hydroperoxides, in the al kenyl cycl ohexene to be converted
has a negative-effect_on the service life of the catalyst. Preferably,
therefore, use is made of an al kenyl cycl ohexene containing | ess than 5 ppm

per ox- - 4- iH Uﬁ“ﬂmﬂm l nyl cycl ohexene whi ch contains prac-
tically no pero lg, ared by-p@ri+fying tech- nical-grade al kenyl
cycl ohexene to renove ‘t h& péro%x- ides and keeping it under conditions in
whi ch oxygen is excluded virtually conpletely. Peroxides can be re- noved

from al kenyl cycl ohexene in a known negngr EOﬁ_$nstance by selective

hydr ogenati on, thermal decom position; | ation over a reducing
subst ance, such as triphenyl phosphine. Purification of the al kenyl cy-

1. Process for the preparation of an alkyl benzene by
5 catalytic dehydrogenation of the corresponding
alkenyl cyclohexene in the gas phase in the presence
of a diluent, characterized in that at least a part
of the alkyl cyclohexane in the reaction product is
used as diluent.

10 2. Process according to claim 1, characterized in that
also at least a part of the hydrogen present in the
reaction product is used as diluent.

3. Process according to anyone of claims 1-2,
characterized in that the alkyl cyclohexane is

15 obtained by a distillation from the reaction product.

4. Process according to anyone of claims 1-3,
characterized in that the alkenyl cyclohexene/alkyl
cyclohexane molar ratio in the feed to the catalytic
dehydrogenation has a value between 10:1 and 1:10.

20 5. Process according to claim 2, characterized in that
the alkenyl cyclohexene/hydrogen molar ratio in the
feed to the catalytic dehydrogenation has a value
between 2:1 and 1:100.

6. Process according to any one of claims 1-5,

25 characterized in that 4-vinyl cyclohexene is
dehydrogenated to ethyl benzene.

7. Process according to any one of claims 1-6,
characterized in that the reaction is carried out in
an adiabatically operated reactor.
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cl chexene, by passing it over a carbon colum, can also be applied. In the
process according to the invention the al kenyl cycl ohexene feed is
(virtually) conpletely converted into a product consisting predom nantly of
al kyl benzene. This product can be separated off fromthe reaction m x-
ture, which contains diluent besides reactfibon product, in a known manner,
for instance by purification by neans of distillation. In many cases the

i sol ated nmai n product can be used directly, w thout further processing, for
~fur- ther conversions. The dehydrogegagi gnppgoguget pof vinyl cycl ohexene,
for instance, which consists practicalTy en- tirely of ethyl benzene, can
be converted directly to sty- rene. The dehydrogenati on product of

i sopropenyl cy- clohexenghel i@vent@phopyllaheszebea pabcbesused ahestart -

o phenol By oRFERAFBALoRoEn8Ro ATk tayehaene by ShtaiIRacor be converted
dehydrogenation of the corresponding alkenyl cyclohexene
in the gas phase in the presence of a diluent. A
characteristic feature is that at least a part of the
alkyl cyclohexane in the reaction product is used as
10 diluent. Hydrogen can be used as an additional diluent

according to the invention.
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met hyl isopropyl benzene, obtained from nethyl isopro- penyl cycl ohexene,

can be used for the preparation of nethyl’-phenol, anong other things. The
amount of diluent to be used depends on the type of diluent used. The

al kenyl cycl ohexene/al kyl cy- clohexane ratio is nornmally 10:1 to 1:10,
preferably 5:1 to 1:5. If additional hydrggen is used, in general a nolar
rati o of al kenyl cycl ohexene/ hydrogen of 2:1 to 1:100, preferably a ratio
of 2:1 to 1:10, isproec#ssDFORNTHENPREPARATIPNOOF! AN REK¥LYBENZENE
dehydrogenation it may be advantageous that the diluent al so contains an
I nert gas. As the process proceeds, the inert gas may be replaced by the
di luent according to the invention, allowing to take full advantage of the -
i nvention. Preferably, in the diluent also the al kyl benzene forned is
present. As a result, the above-nenti onBdBaSkBnRIACEcTohexene/ di |l uent gas
rati o can sinply be set. -

The invention relates to a process for the
5. preparation of an alkyl benzene by catalytic

dehydrogenation of the corresponding alkenyl cyclohexene
in the gas phase in the presence of a diluent. A
characteristic feature is that at least a part of the
alkyl cyclohexane in the reaction product is used as

10 diluent. Hydrogen can be used as an additional diluent
according to the invention.
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Anot her result i's that the adiabatic tenperature ris@
can-sinmply be kept |ow (preferably 5-25[err]Q), so‘gy
desi gn can be used: where the state of the art reQU|re
(a reactor conprising a plurality of thin tubes (Qat GRS
and external cooling), now the reactor can be an adlabatlc bediaaﬂcwbﬁ)nrﬂ, -
This makes for a vastly sinplified reacterl design,j which greatly of fsets =
t he additional costs of the recycle of such a dil deRts7 MVarea upgqq@tng
of the reacti ®ROOESH FORNTHE) PRERARATION (OF tAN Amstnmm:awﬁgf'iﬁé ----------
section where purification by distillation takes place, no |onger has to
neet high purity require- nents. Indeed, the top streamstill contains.
accordi ng

Description

‘The invention relates 10 a process for the prepara-
tion of an alkyl benzene by calalytic dehydrogenation of
the corresponding alkenyl cyclohexene in the gas phase
in the presence of a diluent.

Such a process is known from EP-B-22,297, which
describes how an alkenyl cyclohexene is passed overa
dehydrogenation catalyst and the gaseous reaction
product is cooled and condensed. For 2 number of ap-
plications it has been found that the presence of byprod-
ucts may interfere with further use of the condensed
product that is obtained. This can be overcome by puri-
fication of the reaction product by means of distillation,
yielding a purified alky! benzene as bottom stream and
an alkyl cyclohexane (being the most important byprod-
uct besides the hydrogen) as top stream. To restrict loss-
es, the distillation conditions are to be set so that the top
product obtained is (virtually) free of the alkyl benzene
main product.

Another drawback of the above-mentioned process
is the fact that, when an inert gas is used as diluent
(which has a favourable effect on the reaction equilibri-
um and thus on process economy), the H, gas released
during the reaction is contaminated with this inert diiu-
tion gas, so that the H, gas released is of a low quality.

The invention provides-a process which does not
have these drawbacks and in which the alkenyl cy-
clohexene is converted to the corresponding alkyl ben-
Zene in an economically attractive manner.

According to the invention this is achieved in that at
least a part of the alkyl cyclohexane in the reaction prad-
uct is used as diluent. This is understood to mean that
at least a part of the alkyl cyclohexane in the reaction
product is returned to the catalytic dehydrogenation.
This yields a number of advantages. which can be de-
scribed as follows: :

a) Since the volume flow passing through the reac-
tor is larger in relation to the alkenyl cyclohexene to
be converted, a smaller temperature rise occurs
(the dehydrogenation is exothermic), which affects REPLACEMENT SHEET
temperature and temperature control as well as re-
actor design. The reactor design can be changed 1 1JUN 1998




to the enbodi nent as sketched, a substantial portion of the al kyl benzene
present in the distillation feed. Since this procedure can be applied al so
during starting up, the use of an inert gas has becone absol utely superfl u-
ous in this preferred enbodi ment. The invention will be elucidated in the
foll owi ng conparative experinment and in the exanples. Conparative
experinment A A fixed-bed reactor with a dianeper of 5.2 cm cool ed by neans
of an oil bath and charged with 250 nml of 2.5% Pd/ MjO cat al yst, was fed
with 250 m/hr of 4-vi-fromla eopiddotubrian eedci@Hntaan adiabatically t enper at ure of
240[err] C. The VCH was ahdrateddixed-bld nedctergen (nol ar ratio 3:1). Under these
conditions all vinyl cyglgh@(wgen@as@ngﬁggguue‘ﬁhghs%%gi vity to et hyl
benzene was 96 nol % TheatR de4daB% puted8RY HRIFEAIGHRPqdA). d not sim ply be
isolated in pure formby nmeans of a gas/liquid
- Additional thereto also at least a part of the hydro-
gen present in the reaction product can be used as dilu-
ent. It has been found that the presence of hydrogen
has a favourable effect on the service life and the sta-
bility of the catalyst, possibly due to the effect on carbon
formation.
According to the invention at least a part of the alkyl
cyclohexane byproduct present in the reaction product
is used as diluent. This byproduct is preferably separat-
ed from the reaction praduct by distillation. as top
stream. An added advantage is that the quality require-
ments lo be met by the lop stream ol such a distillation
can be less stringent, particularly because of the recycle
to the catalytic dehydrogenation. This also has as a con-
sequence thal a pan of the alkyl cyciohexane that is re-
turned is reconverted in the catalytic dehydrogenaticn
to the desired alkyl benzene end product, sc that this
aiso has a positive effect cn the selectivity of the con-
version. .
The dehydrogenation according to the invention is
carried out in the presence of a noble metal catalyst. As
such use can be made for instance of piatinum, palladi-
um, ruthenium or iridium.
Preferably, use is made of palladium as catalytically
active material, it having been found that in contact with
palladium the alkenyl cyclohexene is converted to alkyl
benzene with a very high selectivity.
Pretferably, the noble metal catalyst is used on a
non-acidic carrier. When an acidic carrier material is
used, for instance alumina, the catalyst does have a
very high initial activity, but this activity decreases very
rapidly. As non-acidic carrier material use can be made
in the first place of basic substances such as oxides,
hydroxides or carbonates of calcium and/or magnesi-
um, on barium sulphate, but use can ailso be made of
neutral carrier materials, such as carbon or neutral sili-
con oxide. Preferably, magnesium oxide is used as car-
rier material, Caicium oxide, too, is suitable as carrier
material.

In the process according to the invention the |pypf Aoy ey SHEET!

amount of catalyst per amount of alkenyl cyclohexene o
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separation due to the nitrogen inert dilution. After cool- ing, the liquid
reactor product contained 4 nol % ethyl cycl ohexane. The reaction product
obtained was fed to a packed distillation colum having a dianmeter of 7 cm
and a length of 1 m To ensure that not nore than 100 ppm of ethyl cy-

in the ethyl benzene during pu- rification by

not more than 1% of the ethyl benzene was |ost with

cl ohexane was present
distillation and that

the top stream 50 separa- tion stag!es wer e necessary. as well

ratio of 30 at a top pPO&8sanertad can

as a refl ux

riegiyéthin yeaq bR &' Rool i ng was not

used, an adi abat- ic tsiansersychemounisdhthespace veirgieexgressedok pl ace, which
very rapidly resulted aslitreadf diqyistalicayictycichiexare per litvelof catalystar boni zat i on on
the catal yst. Exanpl e ger Hoar G94SWPistd.0T e1BO0. Prefeealsly Bpacarest A was fed

locities between 0.5 and 50 are chosen. Likewise, the
amount of catalytically active noble metal in the catalyst
can be varied within broad limits, for instance from
0.01-10 wt.% noble metal, calculated on the total weight
of the catalyst. The amount of noble metal in the catalyst
preferably amounts to 0.4-4 wt.%, calculated relative to
the total weight of the catalyst. Catalyst compositions of
0.5-3 wt.% palladium on magnesium oxide as carrier
material have been found to be particularly suitable.
Applicant has found that when the activity decreas-
es the catalyst can in a simple manner be regenerated,
and its original activity restored, by passing over air or
other oxygen-containing gases. _
The process according to the invention is preferably
carried out at atmospheric pressure. The use of elevat-
ed pressure is possible, but does not give any acded
advantages. Moreover, the dehydrogenaticn equilibri-
um is adversely affected by the use of higher pressures.
The process temperature lies in general between
200-375°C. Higher temperatures are possible, but cat-
alyst deactivation and decemposition reacticns start to

predominate. At lower temperatures the formation of the
byprcduct alkylcyciohexane become more predomi-

nante. The temperature prelaerably lies between
250-350°C.

As starting materials in the process according to the
invention use may be made of various alkeny! cy-
clohexenes, for instanca vinyl cyclohexene, isopropenyl
cyclohexene and alkyl-substituted derivatives thereof.
These substances can be obtained in a known manner
by dimerization and codimerization of conjugated diole-
fins. Thus, for instance, vinyl cycichexene can be ob-
tained by dimerization of butadiene, isopropenyl cy-
clohexene by codimerization of butadiene and isoprene,
and methyl isopropenyl cycichexene by dimerization of
isoprene. The invention preferably relates to a process
for the preparation of ethyl benzene starting from vinyi
cyclochexene.

Applicant has found that the presence of peroxides,
in particular hydroperoxides, in the alkenyi cyclohexene
to be converted has a negative effect on the service life
of the catalyst. Preferably, therefore, use is made of an
alkenyl! cyclohexene containing less than 5 ppm perox-
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with 250 m/hr of 4-vinyl cycl ohexene. The reactor cool -
been switched of f and the reactor was operated adiabatically. The inlet
tenperature was 240[err]C. Since (a portion of) the top stream | eaving the
cont ai ni ng about 12.5 w. % et hyl cycl ohexane and

distillation col -

87.5 wm.%ethyl benzene, was recycled to the reactor,

um,

-6-

I ng had

the tenperature rise

could be restricted. Depending on the reCyﬁI'e rati o, the adiabatic
tenperature rise was 6lfesr$ydh dredikdryteykidhexerdvivich tthtains pRe3) and 15[ err] C
(at R = 10), R being datdiges perokités cArDbd brephrdLby pltyiRghesirount of VCH fed
to the dehydrogenat|onnkggggé.algeﬁwa&c!dﬁ@gﬁe PrRNRve! 1RL .compl ete the

d

selectivity was 96 nol %’es

by

excluded virtually completely. Peroxides can be re-
moved from alkeny! cyclohexene in a known manner,
for instance by selective hydrogenation, thermal decom-
position, or distillation over a reducing substance, such
as triphenyl phosphine. Purification of the alkenyl cy-
clochexene, by passing it over a carbon column, can also
be applied.

In the process according to the invention the alkenyl
cyclchexene feed is (virtually) completely converted into
a product consisting predominantly of alkyl benzene.
This product can be separated off from the reaction mix-
ture, which contains diluent besides reaction product, in
a known manner, for instance by purification by means
of distillation. In many cases the isolated main product
can be used directly, without further processing, for fur-
ther conversions. The dehydrogenation product of vinyl
cyclohexene, for instance, which consists practically en-
tirely of ethyl benzene, can be converted directly to sty-
rene. The dehydrogenaticn product of iscpropenyl cy-
clohexene, i.e. isopropyl benzene, can be usad as start-
ing material for the preparation of a-methy! styrene, or
be converted to phenol by cxidaticn. In the same way
methyl isopropyl benzene, obtained from methyl iscpro-
penyl cyclohexene, can be used for the preparation of
methyl phenal, among other things.

The amount of diluent to be used depends on the
type of diluent used. The alkeny! cyclohexene/alkyl cy-
clchexane ratio is normally 10:1 to 1:10, preferably 5:1
to 1:5. If additional hydrogen is used, in general a molar
ratio of alkeny! cyclohexene/hydrogen of 2:1 to 1:100,
preferably a ratio of 2:1 to 1:10, is used.

During the start-up of the catalytic dehydrogenation

it may be advantageous that the diluent also contains
an inert gas. As the procass proceeds, the inert gas may

be replaced by the diluent according to the invention,
allowing to take full advantage of the invention.
Preferably, in the diluent aiso the alky! benzene
formed is prasent. As a result, the above-mentioned
alkenyl cyclohexene/diluent gas ratio can simply be set.
Another result is that the adiabatic temperature rise due
to the reaction can simply be kept low (preferably
5-25°C), so that a simple reactor design can be used:
where the state of the art required a tubular reactor (a
reactor comprising a plurality of thin tubes (catalyst

Qgeygg WoRaB! Ep&itions M ifichd é’ew id be recovered
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means, of a sinpl'e gas/liquid separation.

Purification by distillation could

be sinplified considerably. At an Rof 1.5 and atnospheric pressure only 20
ttays and a reflux ratio of 4 were found to be needed to achi eve the sane
et hyl benzene purity as in conparative experinent A The top stream from

the distillation colum, containing ethyl cycl ohexane and et hyl

benzene,

was returned to the dehydrogenation reaction5 t+t was found that the ethyl

cycl ohexane present

binzenc Thi S has beedldlaEEerRa ERlpar B s (SEH 90

described in exanpl e PAROEUGRAF eeacior, Hhismakes losayaslysmp
up of com parative eXgRatPrAssignawhichgreatly offsetathe adellionak®st re- cycling an
c pé thelteryate obsuchailuent. MorelaMey.dipgrasdieg ffon reactor. At
an LHSV (liquid hourl yhespagtcy plodactiidy 0é simdiéotar thes ch]streash a nol ar ratio

et hyl benzene/ et hyl
of feed/

leaving the section where purification by distillation
takes place, no longer has to meet high purity require-
ments. Indeed, the top stream still contains, according
to the embodiment as sketched, a substantial portion of
the alkyl benzene present in the distillation feed. Since
this procedure can be applied alsc during starting up,
the use of an inert gas has become absolutely superfiu-
ous in this preferred embcdiment. :

The invention will be elucidated in the following
comparative experiment and in the examples.

Comparative experiment A

A fixed-bed reactcr with a diameter of 5.2 cm,
cooled by means of an cil bath and charged with 250 ml
of 2.5% Pd/MgO catalyst, was fed with 250 mihr of 4-vi-
nyl cyclohexene (VCH) at a reactor temperature of
240°C. The VCH was diluted with nitrogen (moiar ratio
3:1). Under these conditions all vinyl cyclohexene was
converted. The selectivity to sthyl benzene was S6
moi%. The H, formed in dehydrogenation could not sim-
ply be isclated in pure form by means of a gas/liquid
separation due to the nitrogen inert dilution. After cooi-
ing, the liquid reactor product contained 4 moi% ethyl
cyclohexane. The reaction product obtained was fed to
a packed distillation column having a diameter of 7 cm
and alengthof 1 m.

To ensure that not more than 100 ppm of ethyl cy-
clohexane was present in the ethyl benzene during pu-
rification by distillation and that not more than 1% of the
ethyl benzene was lost with the top stream, 50 separa-
tion stages were necessary as well as a reflux ratio of
30 at a top pressure of 10 KPa.

When the reactor cooling was not used, an adiabat-
ic temperature rise of about 120°C took place, which
very rapidly resulted in catalyst deactivation as well as
carbonization on the catalyst.

Example |

The set-up of comparative experiment A was fed
with 250 mi/hr of 4-vinyl cyclohexene. The reactor cool-

ed to ethyl

bei ng

usi ng the set
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nitrogen of 1:3," a feed

91.9 wt. % et hyl benzene

tenperature of 300[err]C the conposition conprised 92.4 wt.

and 7.6 w.%ethyl cyclo
converted selectively to
at 250[err]C and 26% at
preparation of an al kyl
correspondi ng

streamwth 89.7 w.%ethyl ben- zene and 10.3 wm. %
et hyl cycl ohexane was passed over the Pd/ MgO dehydrogenation catal yst. At
an inlet tem perature of 250[err]C the reacti on product was conposed of
and 8.1 wt.%ethyl cyclohex- ane. At an inlet

% et hyl benzene

hexane. Ethyl cycl ochéxane was therefore found to be
ti ng to 21%

'ggéi%rbﬁbenz chéd7r:>|‘rI ﬂtﬁﬁ%g%tor %n ga era
BERbaliRalRy Theplal jaTRergs maagé

(a portion of) lhe top stream leaving the distillation col-
umn, conlaining about 12.5 wt.% ethyl cyclohexane and
B7.5 wt.% ethyl benzene, was recycled to the reactor,
the temperature rise could be rastricted. Depending on
the recycle ratio, the adiabatic temperature rise was
60°C (at R = 1.5), 40°C (at A= 3) and 15°C (at R = 10),
R being defined as the amount of recycle per amount of
VCH fed to the dehydrogenation reactor. In all cases
conversion was complete; the selectivity was 96 mol%.
As no N, was present, pure H, could be recovered by
means of a simple gas/liquid separation. Purification by
distillation could be simpiified considerably. At an R of
1.5 and atmospheric pressure only 20 trays and a reflux
ratio of 4 were found to be needed to achieve the same
ethyl benzene purity as in comparative experiment A.
The top stream from the distillation column, containing
ethyl cyclohexane and ethyl benzene, was returned to
the dehydrogenaticn reaction. it was found that the ethy!
cyclohexane present in the reactor was in part dehydro-
genated to ethyl benzene. This has been stucied in
greater detail, the results being described in examgie .

Exampie il

In a separate experiment, using the set up of com-
parative experiment A, the effect was examined of re-
cycling an ethyl benzene/ethy! cyclohexane stream to
the dehydrogenation reactor. At an LHSV (liquid hourly
space velocity) of 1 fhour?] and a molar ratio of feed/
nitrogen of 1:3, a feed stream with 89.7 wt.% ethyl ben-
Zene and 10.3 wt.% ethyl cyclochexane was passed over
the Pd/MgO dehydrogenation catalyst. At an inlet tem-
perature of 250°C the reaction product was composed
of 91.9 wt.% ethyl benzene and 8.1 wt.% ethyl cyciohex-
ane. At an inlet temperature of 300°C the composition
comprised 92.4 wt.% ethyl benzene and 7.6 wt.% ethyl
cyclohexane. Ethyl cyclohexane was therefore found to
be converted selectively to ethyl benzene, the conver-
sion amounting to 21% at 2580°C and 26% at 300°C.
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al kenyt—eyel-ohexene in the gas phase in the pres- ence of a diluent,

wccoro WMIHIZHF
hydr ogen presént i st he

the feed to the catalytic de-

char act ml zed in that at least a part of the alkyl

aracterized in that also at
reaction product
drogenation. 3. Process according to anygnhe of clainms 1-2,
in that the al kyl cycl ohexane is obtaine
reaction product. 4. Process according to anyone of clainms 1-3,
terized in that the al kGisimscycl ohexene/ al kyl cy- cl ohexane nol ar
hydr ogenati on has a val ue between 10:1 and

rned to the catal yti c dehydrogenati on.
| east a part of the

is returned to the catal ytic dehy-
charac- terized
by a distillation fromthe

char ac-

cycl ohexane in the
2. Process

ratio in

1:10. 5. Process accor dithgpidtess firthe’ prepBaitiof lof bh atig! benZehatbyt he al kenyl
cycl ohexene/ hydrogen mol ar c&i@iti@ ddhybiigenation of the corresponding

alkenyl cyclohexene in the gas phase in the pres-
ence of a diluent, characterized in that at least a part
of the alkyl cyclohexane in the reaction product is
retumned to the catalytic dehydrogenation.

Process according to claim 1, characterized in that
also at least a part of the hydrogen present in the
reaction product is returned to the catalytic dehy-
drogenation.

Process according to anyone of claims 1-2, charac-
terized in that the alky! cyclohexane is obtained by
a distillation from the reaction product.

Process according to anyone of claims 1-3, charac-

" terized in that the alkenyl cyclohexene/alkyl cy-

clohexane molar ratio in the feed o the catalytic de-
hydrogenation has a value between 10:1 and 1:10.

Process according to claim 2, characterized in that
the alkenyl cyclohexene/hydrogen molar ratio in the
feed to the catalytic dehydrogenation has a value
between 2:1 and 1:100.

Process according to any one of claims 1-5, char-
acterized in that 4-viny! cyclohexene is dehydro-
genated to ethyl benzene.

Process according to ahy one of claims 1-6, char-
acterized in that the reaction is carried out in an ad-
iabatically operated reactor.
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feed .to the cat@al ytic dehydrogenati on has a val ue between 2:1 and 1:100. 6.
Process according to any one of claims 1-5,  char- acterized in that 4-vinyl
cycl ohexene is dehydro- genated to ethyl benzene. 7. Process according to

any one of clains 1-6, char- acterized in that the reaction is carried out

In an ad- iabatically operated reactor. g

PROCESS FOR THE PREPARATION OF AN ALKYL BENZENE

ABSTRACT

The invention relates to a process for the
preparation of an alkyl benzene by catalytic
dehydrogenation of the corresponding alkenyl cyclohexene
in the gas phase in the presence of a diluent. A
characteristic feature is that at least a part of the
alkyl cyclohexane in the reaction product is used as

‘ diluent. Hydrogen can be used as an additional diluent
according to the invention.
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