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benzene up to 900°F (480°C) at the reactor inlet. The
reactor bed temperature may be as much as 150° F (65°C)
above the reactor inlet temperature and typical
temperatures for the benzehe/ ethylene reaction vary from
- 600° to 900°F (315° to 480°C), but are usually maintained
above 700°F (370°C) in order to keep the content of the
more highly alkylated benzenes such as diethylbenzene at an
acceptably low level. Pressures typically vary from
atmospheric to 3000 psig (20785 kPa abs) with a molar ratio
of benzene to ethylene from 1:1 to 25:1, usually 5:1
(benzene:ethylene). Space velocity in the reaction is
high, usually in the range of 1 to 6, typically 2 to 5,
WHSV based on the ethylene flow, with the benzene space
velocity varying accordingly, in proportion to the ratio of
the reactants. The products of the reaction include
ethylbenzene which is obtained in increasing proportions'as
temperature increases together with various _ |
polyethylbenzenes, principally diethylbenzene (DIEB) which
also are produced in increasing amounts as reaction '
temperature increases. Under favorable operating
conditions on the industrial scale, an ethylene conversion
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article by Francis G. DwYer, eﬁtitled'“ubbii/Badger' |
Ethylbenzene Prbéess-dhemistry and Catalytic Implications",
appearing'on pages 39-50 of a book ehtitled Catalysis of
Q;gggig_gggg;igng, edited bf WiIIiam R. Moser, Marcel
Dekker, Inc., 1981. R

Ethylbenzene production processes are described in
 U.S. Patents Nos. 3,751,504; 4,547,605; and 4,016,218. The

process described in_U;S.'3;751,504 is of particular note
since it includes a separate'transalkylation'step in the
recycle loop which is effective fof converting a -
significant proportion of the more highly alkylated
products to the desired ethyibénzene product. Other
processes for the production of ethylbenzene are disclosed
in U. S. Patents Nos. 4,169,111 and 4,459,426, in both of
which a preference for large-pore size zeolites such as
zeolite Y is expressed, in distinction to the intermediate-
pore size zeolites used in the processes described in U.S.
Patent Nos 3,751,504; 4,547,605; and 4,016,218. U.S.
Patent No. 3,755;483'describes a process for the production
of ethylbenzene using zeolite ZSM-12 as the alkylation
catalyst. | |
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steps in the vapor phase or both steps in the liguid phase.
In the vapor phase commercial process, higher temperatures
are required to maintain vapor phase conditions. At the
temperatures employed in these vapor phase conditions,
considerable quantities of xylene impurities are formed.
Since the boiling point for xylenes is very close to the
boiling point for ethylbenzene, the ethylbenéene product
from such an all vapor phase process exceeds 700 ppm of
xylene impurities. Eariler versions of the previously
mentioned Mobil/Badger process may produce an ethylbenzene
product having 1200-1600 ppm of xylene impurities. These
xylene impurities, which coboil with ethylbenzene, may
contaninate downstream products derived from ethylbenzene,
such as styrene and polystyrene.

The lower operating temperature required for the all
liquid phase process produces less than 100 ppm xylene
byproducts, but it has now been discbvered that certain
feed impurities in the form of benzene coboilers, when
present in the benzene feed, will tend to accumulate in the
all liquid phase system over time. It has further been
discovered that certain alkylation byproducts, particularly
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benzene. |§2M3§£sent Afgogg er, %hese benzene coboilers may be
present in 500-700 ppm levels in benzene sources suitable
for use as fresh feeds to the present process. -

These benzene coboilers are largely inert under the
lower temperature liquiad phase conditions. Expensxve
separation proceddres are requiredvtd'satisfactorily remove
these coboilers from benzene. However, if these coboilers
are not removed, they will build up in the system, because
as benzene is reacted in the systemjit must be replaced by
fresh feed and each introduction of fresh feed introduces
more inert benzene coboilers to the all liquid phase
system. ' ' |

In addition to the pfoblem-Of'benzene coboiler build-
up caused by continuous introduction of these impurities
along with fresh benzene feed, a net production of such
coboilers can be realized in the all liquid phase process
as a result of ethYlene'oligomerization:reactions in the
liquid phase alkylation reactor. More particularly,
ethylene may trimerize to form hexene, which, in turn may
undergo cyclization reactions to form cyclohexane and/or
methylcyclopentane. EthYlene-oligomerization-reactions in
the alkylation reactor can also be the root cause of the
generation of other problematic impurities in the all
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from the system as heavies. These side reactions result in
a net consumption of ethylene and can reduce overall liquid
yields by up to 2%.

As a result of the build-up of impurities in the all
liquid phase system, these impurities tend to be carried
over into the recovered ethylbenzene product. More
particularly, in a typical all liquid phase system, the
ethylbenzene product obtained from the all liquid phase
system may contain 600 ppm of benzene coboilers and 800 ppm
of ¢, and C,, aromatics. _

All vapor phase processes, such as the Mobil/Badger
process, pfoduce an ethylbenzene product which contains
little or no (e.g., less than 50 ppm) benzene coboilers and
C, and C,, aromatics. Under the high temperature operating
conditions of the all vapor phase process, benzene _
coboilers and C, and C,, aromatics are cracked and rejected
as lights. However, as mentioned previously, the
ethylbenzene product from the all vapor phase system will
contain at least 700 ppm of xylene impurities. 1In summary,
a typical ethylbenzene product from an all vapor phase
sYstem will contain at least 700 ppm xXylene, no benzene
coboilers and no C, and C,, aromatics, whereas a typical
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(a) contacting benzene and ethylene with a solid oxide
catalyst in a liquid phase alkylation reaction zone under
sufficient liquid phase conditions to generate ethylbenzene
product and byproducts comptisihq diethylbenzene; and

(b) contacting said diethylbenzene byproduct from step
(a) and benzene with a solid oxide catalyst in a vapor
phase transalkylation reaction zone under sufficient vapor
phase conditions to generate an effluent comprising another
ethylbenzene product, . L

wherein benzene feed which is introduced into said
vapor phase transalkylation zone of step (b) comprises
nonbenzene hydrocarbons having from 5 to 7 carbon atoms,
and wherein said nonbenzene hydrocarbons having from 5 to 7
carbon atoms are cdnverted to hydrocarbons having a
different boiling point in said transalkylation zone, and
wherein unreacted benzene is recycled in said alkylation
zone and in said transalkylation zone.'

In particular, this process may be a continuous
process for preparing ethylbenzene, said process comprising
the steps of: ' :

(a) introducing benzene, benzene coboilers, and
ethylene into a liquid phase alkylation reaction zone,
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(c) passing said heavy stream (iii) from step (b)
along with benzene and benzene coboilers to a vapor phase
transalkylation reaction zone, wherein said benzene and
diethylbenzene are reacted in the presence of a
transalkylation catalyst under sufficient vapor phase
conditions to generate an effluent comprising another
ethylbenzene product and unreacted benzene, said
transalkylation catalyst comprising a medium-pore size
zeolite;

(d) passing the effluent from said vapor phase .
transalkylation reaction zone to the separation zone of
step (b), wherein said effluent is separated into separate
streams comprising (i) a light stream comprising unreacted
benzene, (ii) an intermediate product stream, and (iii) a
heavy stream comprising unreacted diethylbenzene;

(e) recycling unreacted benzene along with benzene
coboilers recovered in separation steps (b) and (d) in a
closed recycle loop to said alkylation reactor of step (a)
and to said transalkylation reactor of step (c):

(£) introducing fresh benzene feed into said benzene
recycle loop at a rate sufficient to make up for benzene
converted in said alkylation zone and in said
transalkylation zone, wherein said fresh benzene comprises
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benzene coboi | iHYy theRFeseat liquid-vapor phase process, alkylation

takes place at low temperatures in the liquid phase,
thereby generating little or no xylene. 1In the Vapbr phase
transalkylation reaction, propylbenzene, butylbenzene and
benzene coboilers are converted to hydrocarbons having
different boiling points by a variety of reactions,
including cracking, dealkylation, alkylation. (e.g., with
cracked fragments), and transalkylation;' Benzene:generated.
by these reactions is recycied, whereas other conversion
products are rejected from the system'as lights or heavies.
Only a small amount of xylene is produced in the
transalkylation reaction.- _

The recovered ethylbenzene product from the present
system may have less than 200 ppm xylene, less than 100 ppm
of hydrocarbdnS'having'7_or lesszdarbon'atoms and less than
100 ppm of hydrocarbons-having 9 or more'carbon atoms.

The fresh benzene'feed~fqr the present system may
contain considerable amounts of impurities in the form of
benzene coboilers. More particularly, elemental ahalysis
of the benzene feed may reveal the presence of at least 500
ppm of nonbenzene hydrocarbons havihg from 5 to 7 carbon
atonms. ' R '

The present alkyiation and transalkylation reaction
take place in sepérate zones. Each*Of these zones may
comprise a single reactor or more than one reactor
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Particular examples of acidic solid oxides which may be use

to catalyze the alkylation reaction include MCM-22, MCM-36,
MCM-49, MCM-56, 2zeolite Beta, zeolite X, zeolite Y, and
mordenite. Of these crystalline materials, MCM-22, MCM-49
and MCM-56 are particularly preferred.

The catalyst for the present vapor phase
transalkylation reaction may comprise a medium- or large-
pore size zeolite. Particular examples of acidic solid
oxides which may be use to catalyze the transalkylation
reaction include MCM~22, ZSM-5, ZSM-11, 2SM-12, ZSM-22,
ZSM-23, ZSM-35, 2ZSM-48 and 2SM-50. Of these crystalllne
materials, ZSM-5 is particularly preferred

A convenient measure of the extent to which a zeolite
provides control of access to molecules of varying sizes to
its internal structure is the Constraint Index of the
zeolite. Zeolites which provide a highly restricted access
to and egress from its internal structure have a high value
for the Constraint Index, and zeolites of this kind usually

“have pores of small size, e.g., less than 5 Angstroms. On
the other hand, zeolites which provide relatively free
access to the internal zeolite structure have a low value
for the Constraint Index, and usually pores of large size,
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3,832,449. 2SM-22 is described in U.S. Patent No.

4,556,477. 2SM-23 is described in U.S. Patent No.
4,076,842. 2ZSM-35 is described in U.S. Patent No.
4,016,245. 2SM-38 is described in U.s. Patent No.
4,406,859. 2ZSM-48 is described in U.S. Patent No.
4,234,231, ' .

_ - The large-pore zeolites, including those zeolites
having a Constraint Index less than 2, are well known to
the art and have a pore size sufficiently large to admit
the vast majority of components normally-foﬁnd in a feed
chargestock. The zeolites are generally stated to have a
pore size in excess of 7 Angstroms and are represented by
zeolites having the structure of, e.g., Zeolite Beta,
Zeolite Y, Ultrastable Y (USY), Dealuminized Y (Deal Y),
Mordenite, ZSM~3, ZSM~-4, 2ZSM-18, and 2ZSM-20. A crystalline
silicate zeolite well known in the art and useful in the
present invention is faujasite. ‘The 2ZSM-20 zeolite
resembles faujasite in certain aspects of structure, but
has a notably higher silica/alumina ratio than faujasite,
as does Deal Y.



WD 96/ 20148 PCT/U895/15660

- 10- .e.glg” ﬂreater than 8 Angstroms ‘The nmet'’hod by whi ch Const r% nt

| ndex is Hed is described fully in U S. Pat ent No.

A zeolite which may be used in the presenjjLeaction may be a madl um or
| arge-pore size zeolite. This zeolite may have a Constraint Index of 12
or less. Zeolitepdslitg z2sM-{anikr destriibdax inf UZSJ.Z mrtsmgerm.al |y

5100 10 g JE06 T E4 P AHE L neRBRURC 410010 BB "

zeolites. Zenl912983wi nZeal LbasBetanisl deecrdbed 112 Uvgy. [Ravergarksl. as

ei ther nedi SwZe z ite ‘{?Bfﬁ?}l%ﬂ gplites
havi ng a CO#SI’G.I n‘%éégﬁéx 0 f*r‘ém 28 325, il|°nc ude ZSM ][ ZSM 12,

ZSM 22, ZSvmoleaiar sieve 7Py 1§n§e§smhsd in U.S.z®atent NRscribed i n

U 'S. Patent N3 3199 2%aRE63 ﬁgs ,070. 2Pefli8mindoWal ¥y Iz%diq&salmhl ngyJ. S.
Pat ent No. 3 709 979. S descrl bed in Y. S_ Patent

3. 832, 449, BENbS %ea%ge ﬁ meth °§aF8HPdN&“ U 5-5&’@‘2??‘7‘: Nors\ 23 i s
descri bed i 8 442, 'F%Bntzéblite4uﬂi56¥84§ dedtMided dnen®. [PELtent W&

Pat ent No. ﬁﬁ%% ZSM-38 is described in U S. Patent No.
4. 406, 859. % described in U S. Patent No. 4. 234, 231. The
| ar ge- pore zeol i tespartitoliangachdic sodlid exidehawhigha mayndie alse tadex

| ess than 2, fﬂﬂg’%lefﬂ?&? $fe F}Qg?ﬁr&t 13 iﬁa ﬁa%eoglﬁ‘f“} ffi ciently

| arge to adm vast maj ori nentsS norma in a feed
char gest ock. rqaﬁfétlz%l‘Pt’eﬁhﬁrﬁrgﬁﬁEFaVF?"!’ft phase Fraasaliylafqn sj ze in

excess of 7fﬂw&i famgn83seprsenn§|edibya paqulah:tefas bl hapdrell tliterial
SUTICI I IR W G R E-TE R N,
crystal li ne disclosure, MCM-36 shall be considered to be a zeolite.
MCM~36 is described in U.S. Patent Nos. 5,250,277 and
5,292,698. U.S. Patent No. 5,258,565 describes the
synthesis of alkylaromatics, including ethylbenzene, using
a catalyst comprising MCM-36. _

As mentioned hereinabove, MCM~22, MCM-49 and MCM-56
are particularly preferred acidic solid oxides for
catalyzlng the present liquid phase alkylation reactlon.
These crystalline oxides may also be used to catalyze the
present vapor phase transalkylation reaction. MCM-22 and
its use to catalyze the synthesis of aikylaromatics,
including ethylbenzene, is described in U.S. Patent Nos.
4,992,606; 5,077,445; and 5,334,795. MCM-49 is described
in U.S. Patent No. 5,236,575. The use of MCM~-49 to
catalyze the synthesis of alkylarocmatics, including
ethylbenzene, is described in U.S. Patent No. 5,371,310.
MCM-56 is described in U.S. Patent No. 5,362,697. The use
of MCM-56 to catalyze the synthesis of alkylaromatics,
including ethylbenzene, is described in U.S. Patent No.
5,453,554, MCM-56 is believed to be a layered material
with zeolitic layers. For the purposes of the present

| disclosure, MCM-56 shall be considered to be a zeolite.

The acidic solid oxide crystals can be shaped into a

wide variety of particle sizes. Generally speaking, the



silicate zeolite well known in the art and useful in the pr esent

I nvention is faujasite. The ZSM 20 zeolite resenbles faujasite in
cert ai nwp620148 of structure, but has a notably higher spdrOSYsalEsH Na
ratio than faujasite, as does Deal WO 96/ 20148
PCT/U895/15660 Zeolite ZSN¢14’*§ descrlbed in U S Patent No.

3,923, 636 c d_izn u Pat ent" No. 3,972,983.
Zeolite Bg[ als d;escc:aﬁltl\)ﬂl(gjg Jé@é gb?ﬁ PfNSS derOé? @@%'Reo

28, 341. Lawlsied mqglwtassmeas annektrudateshavéngUﬁYpars:idﬂ&rsim in

U S Pate 7 z Deal
may be pregng?g%ien?h%gﬁ%%%%dﬂ?gﬂﬁ %@FSB: ?ﬁﬂbﬁg %l?ejﬁ%’%?é Zeol i te
UHP-Y is E@&m%ivj 9 3y 400 mesht ('Riﬁler) 4sgyeenss. In caseshuhene &heyr

aci di ¢ soldatadyste, isvsiaeady Q@cuSSsta eﬁﬁ&ﬁbléﬂ , Ciche orivat NI i

transal ky PR (T EOded dre et S ey e 8 - bR ' g13RY P
gate{ggtrSXRQHGQQJeolitic | ayers. For Ehe gurposes of the presgn}s
dla:grl bed in U E ﬁatletlf #@ﬁ@%@g{-g&] ﬂag b8 égglbo%ggedu%atent No.
5, 258, 565agethemaatenial whicksis msaskgntrtnathestemmmws and

et hyl benzauerusddmnﬁzf@té& I Molde
her ei nabove, ﬁf&%ﬁffpﬁ éhﬁ?g par??cﬁfatP preferreJQQC|d|c

solid OX|§@§hf&Pte§i££§A 9&P$%635F§¥Qn?nﬂlQHPGtﬁﬂﬁsEaSFE9P&ﬁ<§9 4 eacti on.
These cryswméiﬂ.wbxd%mmyoob&mﬁﬁﬂgt febitkEZast hell rarsesent vapor

h t | t t th
Bt hesi o 10priarld Hheeial S Ludf & c e anilar hxidet shch 3o n U s
Pat ent Noslumimp99$n&ﬁna£5Sﬁﬁldﬂﬁalwmﬁns,Szﬂr&eﬁia MElixd&fias descri bed

In US Pahghleshd or Wiktires dfeehisfe Chnd VkAr! Bxides. The 1latter
may be either naturally occurring or in the form of
gelatinous precipitates or gels including mixtures of
silica and metal oxides. - Clays may also be included with
the oxide type binders to modify the mechanical properties
of the catalyst or to assist in its manufacture. Use of a
material in conjunction with the solid crystal, i.e.,
combined therewith or present during its synthesis, which
itself is catalytically active may change the conversion
and/or selectivity of the catalyst. Inactive materials
suitably serve as diluents to control the amount of
conversion so that products can be cbtained economically
and orderly without employing other means for controlling
the rate of reaction. These' materlals may be incorporated
into naturally occurring clays, e.g., bentonite and kaolin,
to improve the crush strength of_the.catalyst under
commercial operating conditions and function as binders or
matrices for the catalyst. The relative proportions of
finely divided crystalline material and inorganic oxide
matrix vary widely, with the crystal content ranging from 1
to 90 percent by weight and more usually, particularly when
the composite is prepared in the form of beads, in the
range of 2 to 80 welght percent of the composite.
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from 300° to 552° F (149°C to 289°C) with the pressure in
the range of 2800 to 5600 kPa (400 to 800 psig). The space
velocity may be from 0.1 to 20 WHSV, based on the ethylene
feed, although lower space velocities are preferred for the
liquid phase reaction, for example, from 0.5 to 3 WHSV,
e.g., from 0.75 to 2.0 WHSV (ethylene). The ratio of the
- benzene to the ethylene in the alkylation reactor may be
from 1:1 to 30:1 molar, normally 5:1 to 20:1 and in most
cases from 5:1 to 10:1 molar. '

The alkylation process can be carried out as a
continuous operation utilizing a fixed, fluidized or moving
bed catalyst systemn.

Particular conditions for carrying out the liquid
phase alkylation step may include a temperature of from
150°C to 260°C, a pressure of 7000 kPa or'less, a WHSV
based on ethylene of from 0.5 to 2.0 hr™!, and a mole ratio
of benzene to ethylene of from 1:1 to 30:1.

The vapor phase transalkylation step may be carried
out at a temperature of from 260°C to 482°C, a pressure of
from 450 to 3500 kPa (50 to 500 psig), a WHSV based on the
weight of the total vapor feed to the reaction zone of from
1 to 50 hr?, and a mole ratio of benzene to diethylbenzene
of from 1 to 50. '
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and interstage cooling. .Interstage ethylene addition and -

more nearly isothermal operation.enhanqg;pro¢uct quality

and catalyst life. A moving-bed reactor makes possible the

continuous removal of spent catalyst for regeneration and

replacement by fresh or regenerated catalysts..

In a particular embodiment of the present 1nvention,

the alkylation process is carrled;out with addition of

ethylene in at least two stages. Preferably, there will be

two or more catalyst beds or reactors in series, wherein at

least a portion of the ethylene is added between the

catalyst beds or reactors. Interétage cooling can be

accomplished by the use'of_a cooling.coii or heat

exchanger. Alternatively, interstage cooling can be

effected by staged addition of the benzene feedstock in at

least two stages. In this instance,;aﬁ_}east a portion of

the benzene feedstock_is-addedfbetweén the_catalyst beds or

reactors, in similar fashion to the_stagéd addition of

ethylene described above. The staged addition of benzene

feedstock provides additional cooling to compensate for the

heat of reaction.
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and transalkylation reactors. A small bleed may be taken
from the recycle stream if needed to eliminate unreactive
impurities from the loop. However, since benzene coboilers
are eliminated via the present vapor phase transalkylation
step, this bleeding process is substantially less needed
than in an all liquid phase alkylation/transalkylation
process. Since little or no benzene needs to be bled out
of the present benzene recycle loop, benzene can be.
essentially-recycled to extinction in the present process.

The percentage of ethylene converted in the liquid
phase alkylation step may be at least 95%, e.g., at least
97%. The weight ratio of ethylbenzene to diethylbenzene
produced in the liquid phase alkylation'step'may be from 2
to 30.

When MCM-22, MCM=-49 or MCM-56 is chosen as the acidic
solid oxide to catalyze the present liquid phase alkylation
reaction, the reaction is highly selective for the
production of ethylbenzene. More particularly, this
alkylation product may comprise at least 92 wt% of
ethylbenzene, with less than 7 wt% of diethylbenzene and
less than 1 wt%, e.g., less than 0.5 wt%¥, of |
triethylbenzene. In the present liquid phase alkylation
step, MCM-22, MCM-49 and MCM-56 are believed to be -
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eneral |l y achi eved. Thus transal ion I pcreases the vyield o
%DnoalkyYaFé& yzed by medium-pore gaze zeol Etes, produceé less

heavies (e.g.,; C;,+ hydrocarbons) than liquid phase
transalkylations catalyzed with large-pore size zeolites.
The present liquid-vapor phase reaction system may.

comprise one or more. separation zones situated downstream
from the reaction zones. Preferably, the products from
both the liquid phase alkylation zone_énd the vapor phase

. transalkylation zone are passed into a'single separation
zone. This separation zone may comprise a series of three
distillation columns. In a first distillation column, the
products from the alkylatiqn,zone and the transalkylation
zone are introduced as a feed and benzene is recovered as
an overhead stream. The recovered benzene overhead stream
is recycled as a reactant to both the liquid phase '
alkylation zone and the vapor phase transalkylation zone.
The bottoms from the first distillation column are passed
as a feed to a second distillation column. Ethylbenzene
product is recovered as an overhead stream, and the bottoms
from the second distillation column are passed as a feed
stream to a third distillation column. Diethylbenzenes and
triethylbenzenes are recovered as an overhead stream from
the third distillation column, and this stream comprising
diethylbenzene may be passed as a reactant stream to the

L



product by reacting the polyal kyl ated products with addi ti onal benzene.
The al kyl ati on reactor effluent contai'ns the excess benzene feed,
nonoal ky| WMQe6/291481uct , pol yal kyl at ed products, and vari ousPGIASNS/15660s .
The benzene feed is recover.ed by di st i__I_i.;\li on and recycled to the

al kyl ation and transal kyl ation reactors.” A smal |- bl eed may be taken

from the-r cetalaauy/iUBidn NEGHET |ne! bBLEBRE YRERAEHE!EniddmPuri ties from
the | oop. However, Since benzene coborlers are elimnated via the present
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| ess neededpeaifids.in an all liquid phase al kyl ation/transal kylation -
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phase al kyl ation reactTon, the reaction is’high y.ée ective for_the
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MCM 49 and kiatalytdice Iwpl icxtions®e appearifiyo6h2pagés 39-50 of a book
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reacti on refui MosemsMareel DekkerndIncspalP8l.al kyl ati on reactor for a

given |evel of st Huhend Hfada 288! presdraBig! 1attoltdeld IMto the

| ~ present system directly into the separation zone or at a

.point immediately upstream from the separation zone. When
fresh benzene is introduced into the system in this manner,
the benzene, which is introduced into both the liquid phase
alkylation zone and the vapor phase transalkylation zone,
is essentially a mixture of recycled benzene and fresh fed
benzene.

Figure 1 is a graph showing a comparison of the
activity of MCM~22, MCM-49, MCM-56 and zeolite Beta for
catalyzing the liquid phase synthesis of ethylbenzene.

Figure 2 is a graph showing a comparison of the
selectivity of MCM-22, MCM-49, MCM-56 and zeolite Beta for
catalyzing the liquid phase synthesis of ethylbenzene.

Example 1 ' ' _

2.0 g of an MCM-22 catalyst (~4 cc 1/16" extrudate,
sized to 1/16" length, 35% alumina binder, 620 alpha value,
25 8i0,/A1,0,) was mixed with ~20 cc of 20-40 mesh quartz
chips, and then charged to an isothermal, down-flow, fixed-
bed reactor. The catalyst was dried at 125°C and 1 atm
with 50 cc/min of flowing N, for 2 hours. N, was turned
off. Benzene was fed into the reactor at 16.7 WHSV for 1
hour and then at 8.35 WHSV while the reactor temperature
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di et hyl beMEMnS6na s Zeolite Beta rincExampler2am AS the end of\whes/ 20148
PCT/ US95/ +af@0no activity loss was obsdrved.

Examglg 2 . . . . .
4.0 g of the same MCM-22 catalyst (~8 cc, mlxed with

~16 cc of 20-40 mesh quartz chips) was used for this run
also at 3550 kPa (500 psig). The reaction was brought on
stream similarly to what was described in Example 1. The
initial conditions were 182°C, 0.55 ethylene WHSV, and 5.5
benzene/ethylene molar ratio. Ethylene conversion
decreased from 94 to 82% over 5 days at 182°C. Increasing
reactor temperature did not yield stab1e ethy1ene
conversion until ~210°C. ' At 220°C, ‘the ethylene conversion
stabilized at 97-98% for 18 days without aging. Liguid
products obtained at 220°C and 97-98% ethylene conversion
were nearly identical to what was observed from Example 1
at similar conditions.’ '

Example 3 .
Although no aging was observed at 220°C in Example 2,
the catalyst was subjected to a regeneration procedure at
the end of the stability study to assess its robustness.
The catalyst was regenerated in situ at 100 kPa (1 atm) in
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Exanple 1 2.0 g of an MCM 22 catal yst (-4 cc 1/ 16" extrudate,

sized to 1/ adigh, 35% al um na bi nder, 620 al pha val ue, 25

Si 2/ A1203) was m xed wi.th -20 cc of 20- 40 mesh quart z chips, .and then
charged to an isérRefn@f adb\MF}ﬁ"tRN catalyst ( BT eblLBT . ’Fﬁghgépgl'yst was
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was tested similarly to what was described for MCM~-22 in
Example 1. Benzene was fed into the reactor at 30 WHSV for
1 hour and then at 16.7 WHSV while the reactor temperature
and pressure were increased to 220°C and 3550 kPa (500
psig), respectively. After reaching 220°C and 3550 kPa
(500 psig), ethylene was introduced at 1.1 WHSV (5.5
benzene/ethylene molar ratio). During the 25 day
experiment, the effects of temperature (200-320°C),
ethylene WHSV (1.1 to 2.2 h!) and benzene/ethylene molar
ratio (4.5-6.5) were studied all at 3550 kPa (500 psig).
The catalyst activity and selectivity for liquid phase
_ethylbenzene synthesis are compared with those of MCM-22,
MCM-56, and zeolite Beta in Example 7. At the end of the
run, the catalyst was tested again at conditions identical
to those used at the beginning of the run. No activity
loss was observed. '

Example 5

1.0 g of an MCM-56 catalyst (2 cc 1/16" extrudate,
sized to 1/16", 35% alumina binder, 400 alpha value, 18
Sioz/Al;o,, mixed with ~10 cc of 20-40 mesh quartz chips)
was tested similarly to what was described for MCM-22 in
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Example 6 :
2.0 g of a zeolite-Beta catalyst (~4 cc 1/16"

extrudate, sized to 1/16" length, 35% alumina binder, 690
alpha value, 43 Si0,/Al,0,, mixed with 20 cc of 20~40 mesh
quartz chips) was tested similarly to whatLWas_deécfibed,
for MCM-22 in Exampie 1. Benzene was fed-intp the reactor
at 30 WHSV for 1 hour and then at 25 WHSV while the reactor
temperature and pressure were increased to 160°C and 3550
(500 psig), respectively. After reaching 160°C and

3550 kPa (500 psig)) ethylene was introduced at 1.65 WHSV
(5.5 benzene/ethylene molar ratio). At 160°C; ethylene
conversion declined from 97 to 74% in 4 days and continued
to decline thereafter. Increasing temperature to 180°C did
not recover catalyst activity. The catalyst was air
regenerated using procedures described-in Example 3 and was
brought on stream again at 220°C, 3550 kPa (500 psig), 1.65
ethylene WHSV, and 5.5 benzene/ethylene molar ratioc. The
catalyst was then tested under various conditions to study
the effects of temperature (180-320°C), ethylene WHSV (1.1
to 3.3 h?'), and benzene/ethylene molar ratio (4.5-6.5) at
3550 kPa (500 psig). ' Stable and 97+% ethylene conversion
was achieved at 180°C, 1.1 ethylene WHSV, and 5.5
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and polyethylbenzene (99.9 mol%) are all higher than that
of zeolite Beta. The EB selectivities of MCM~-22, MCM-49,
and MCM-56 (93-95 mol%) are 5-7 mol% higher than zeolite

‘Beta. MCM-22, MCM-49, and MCM-56 made less :
polyethylbenzene and less non-EB by-products than zeolite
Beta.
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220°C, 3550 kPa, and 5.5 benzene/C,= molar ratio

Catalyst selectivities (further represented as DEB/EB
molar ratio) at other temperatures are compared in Figure
2. In the liquid phase (<260°C at 3550 kPa), MCM-22, MCM-
49, and MCM-56 catalysts made less DEB than zeolite Beta.
At 220°C, MCM=-22, MCM-49, and MCM-56 made ~50% less DEB
than zeolite Beta. |

Example 8 |
After distillation, the polyethylbenzene (PEB) rich

bottoms product is mixed with benzene (recovered by a prior
distillation step) and processed in the transalkylation
reactor in the vapor phase over a medium pore zeolite such
as ZSM-5. Transalkylation conditions are typically 335-
350°C (635-662°F), 930 kPa (120 psig), 40 total WHSV

(benzene and PEB), and 3:1 benzene/PEB weight. ratio._ Under



quartz chips) was tested simlarly to what was described for MCM 22 in
Exanple 1. Benzene was fed into the reactor at 30 WHSV for 1 hour and
then at 25VOPEROMBIi | e t he reactor tenperature and pressure REFESISHS6EMsed
to.160[err] C and 3550 (500 psig), respeg _j,.\_/ely. After reaching 160[err]C
and 3550 kPa (500 psig), ethylene was intfToduced at 1.65 WHSV (5.5

benzene/ et h t € rsi

declined from to 415/15?‘?th.. DE? gﬂ’ﬁ%%%#ﬁuggg ?’us%neg I ne Eere ter.

| ncr easi ng m%r%‘-’? OSEBQ[BPr Fhegddstiddation, sectdion yféﬂr RENZ/RSG . The
catal yst wasard rindeaseastal eﬂswéeaevawie%ae@ﬂteie 'iﬁdl’htﬁﬁﬂ%& 3 and

\é\?ﬁyl gggu%%\f)r}éﬁs%i%yagg%%ﬁzen Etzﬁgkﬁﬁr RFI %%50 kl:is'tgll' zﬁ;ﬁ ﬁ‘fe’r'/%Jslt hen

t est ed underprovessisisoexicél beatt (<200dppm ikylehies;t noofbarezgyes at ur e

ol ar ratt o (et fea, G ABocy ka0 BeoRftIEBYYi o "ang 5716 ot hyl ene

conversion was achieved at 180[err]C, 1.1 ethylene WHSV, and 5.5 WO
96/ 20148 PCT/ US95/ 15660
-21- benzene/ et hyl ene nolar ratio. The catal yst activity and

selectivity for |liquid phase ethyl benzene synthesis are conpared with

t hose of MCM 22, MCM 49, and MCM 56 in Exanple 7. At the end of the run,
the catal yst was tested again at conditions identical to those used at

t he begi nning of the run. No activity |oss was observed. Exampl e 7
Figure 1 conpares catalyst activity at 220[err]C, 3550 kPa - (500 psig),
and 5.5 benzene/ethylene nolar ratio. At const ant et hyl ene conversion
(e.g., 95%, the relative catalyst activity is: MCM 22: MCM 49: MCM 56:
zeolite Beta = 1.0: 1.2: 1.6: 2.2 Table 1 indicates that at 96+% C2=
conversi on, MM 22, '



MCM 49, and MCM 56' s overal | aIkyIation selectivities to EB and
pol yet hyl benzene . hi gher than that of zeolite Beta. The
EB sel eW0i96/0i48s of MCM 22,1 MCM 49, and MCM 56 (93-95 nplctrjusesesése / nol t

hi gher than zeollt u ﬂm’mmﬂ MCM 49, and MCM 56 made | ess

pol yet hyl benzene a ” praducts than zeolite Beta. WO
96/ 20148 s: ~PCT/ US95/ | 5660

-22- q%%?%‘l Et hyl benzene Synthesis - Selectivity Conparison

Cat al yst/ 1. A PZNGRB§2fOWCDEﬁDanﬂngwﬁthj&hﬂnzene;3§&iddﬁfﬁcess
Conver si on, % g 96, s egs pL* 96. 2 97. 0 Product distr. (sol
% EB (a) contactlngggegzeneggng ethylene with ganacidiegp

5.7 _ dobid ox$d@ catal¥Bt6in a IE&tld phase alk 1at£bﬁ-reaction9

2 2 -
gylenes zdné under sufficignt liqydd pngﬁ)°°“éat¥PQﬁ)t° QPQSFiﬁﬁcunene
0. 00 Gtitylbenzéle produétO8nd byprodtchs comprising 0. 07 0. 06

0.04 aromatics 02 0.02 0.02
0. 14 v?’béué?ibengéfg and "9 0.09  0.06 0. 27
(b) contacting said diethylbenzene byproduct from step
(a) and benzene with an acidic solid oxide catalyst in a

10 vapor phase transalkylation reaction zone under sufficient
vapor phase conditions to generate an effluent comprising
another ethylbenzene product, ‘

wherein benzene feed which is introduced into said
vapor phase transalkylation zone of step (b) comprises
15 nonbenzene hydrocarbons having from 5 to 7 carbon atoms,
and wherein nonbenzene hydrocarbons having from 5 to 7
carbon atoms are converted to hydrocarbons having a
different boiling point in said transalkylation zone, and -
wherein unreacted benzene is recycled in said alkylation
20 zone and in said transalkylation zone. |

2. A process according to claim 1, wherein said
benzene feed to said vapor phase transalkylation zone
comprises at least 100 ppm of said nonbenzene hydrocarbons
having from 5 to 7 carbon atoms, and wherein the

5 temperature in said liquid phase alkylation zone of step
(a) is lower than the temperature of said vapor phase
transalkylation zone of step (b).

3. A process according to claim 1 or 2, wherein the
alkylation step (a) comprises contacting said benzene and
ethylene with a catalyst comprising a solid crystalline
aluminosilicate selected from the group consisting of

5 MCM-22, MCM-36, MCM-49, MCM-56, zeolite Beta, zeolite X,
zeolite Y and .mordenite.



2200C, 3550 kPa, : C2= nolar ratio Cat al yst
sel ectivities ;f-urt her represent ed as DEB/ EB nolar ratio) at other

t enper at WO$/20148 In the |iquid phaPET{USIHI660 r | C at
3550 kPa), Qtalysts made | ess DEB t han
zeolite Beta. At ZZD[err]C "M\ 22, 49 and MCM 56 made -50% | ess DEB

than zeolite Bega. a E&é@&lse a%cordind\fﬂc?rcﬂfﬁ i{ '@f'é’n ‘ﬂﬁ%fein the
pol yet hyl b ge iPEB ric bot t ons, pr oduct |s m xed enzene
(recoveredaﬂéy abieBr taps (A %Agﬁnc g%%%d bengene and

trans:t/l+ Eylethymeneewithr ai &aﬂﬂgﬁly&tptvo %l ls'bl?,lfdi%l&i‘%ggéﬂii]&e' ite such
as ZS n condi are ica - er

(635- 662[er#'%£¥‘%é¥{l)§§b§e ?Fg]sf t"&@ conzisti a‘aﬁ PEB), and
351 benzedﬂH9532mqunt49atand MOM=156 . WO 96/20148

PCT/ US95/ 15660 -23- t hese conditi ons, DEB

conver si on perngass Is [err]45% The products are sent to the dlstlllatlon
section for enc®A BEOCPSES mﬁlmt@mme ok ¢lmins rekgcled to

the tr a”%ét‘éﬁhothe'rhﬁahﬁﬁlkﬁ&tn%% St Lob) réHﬂﬁf!Fséy eé@ﬁéac’@i@qess s

excel l ent (<200 no_benzene ob0|Iers and no
aromati cs) afg bggzené aodé thyibsenzene with a catalyst comprising

PCT/USQS/kSGﬁ@lid crystalline aluminosilicate selected from the group
5 consisting of MCM-22, ZSM-5, 2ZSM-11, 2ZSM-12, ZSM-22,
ZSM~-23, ZSM-35, ZSM-48 and ZSM-50. '

6. A process according to any one of claims 1 to 3,
- wherein the transalkylation step (b) comprises contacting
said benzene and diethylbenzene with a catalyst comprising
ZSM-S.

7. A process according to any one of claims 1 to 6,
wherein the molar ratio of benzene to ethylene in the
liquid phase alkylation step (a) is greater than or equal
to 1 and wherein the percentage of ethylene converted in

5 step (a) is at least 95%; wherein the wéight ratio of
ethylbenzene to diethylbenzene produced in liquid phase
alkylation step (a) is from 2 to 30; wherein the liquid
phase alkylation step (a) is carried out at a temperature
of from 150°C to 260°C, a pressure of 7000 kPa or less, a

10 WHSV based on ethylene of from 0.5 to 2.0 hr™!, and a mole
ratio of benzene to ethylene of from 1:1 to 30:1; and
wherein the vapor phase transalkylation step (b) is carried
out at a temperature of from 260°C to 482°C, a pressure of
from 450 to 3550 kPa (50 to 500 psig), a WHSV based on the

15 total vapor feed to the reaction zone of from 1 to 50 hr™
and a mole ratio of benzene to diethylbenzene of from 1 to
50. '



- 24- C ai As—— 1. A process for preparing

et hyl benzene, said process conprising the steps of:

(a) cont auowgm&nzj MUI th an aci d| o PEDUS2S/156600 e
catalyst in a liqui "jm "ﬂm ? tion i zone under

sufficient liquid phase ‘condi f'i ohs to gefierate et hyl benzene

product and byprgduc cﬁﬁg}?g{léhgg rocess  adid %dd}%ite YW i ftzr

(b) contacting sai d di ef K enzen bypr oduct
benzene wi tPrepaRiNg| etBylbgngeng. said prodess "—‘Rﬁprlslnq/aﬁéﬁ %ﬁ%ﬁ%
transal kyl g4gon reaction zone under sufficecient = ‘vapor phase

conditions to ge ate_an.effl t th thyl b

or oduct O] *LReGRaRtinss Brashl e Bithans, sapa iR cn| 1o onr o

\r/]agor phgseethprmé kithaobi anliqudzdobgabepaﬂh:)ymﬁun sssadtiion zona@pnbenzene
rocar bo t

ngnbenzene%%?%iéng?% }{ﬁan%%}l&%az’f rgggniq %Qi% %’ﬁfylene ars r’gé#]c%\l?&n& arﬂée

convert ed tpresm@eaq:ﬁoaa alkyhgtion catalysd:i Wa;ntsuﬁid:x@@olmi@ sai d

transal kyl Z088a el qﬁfﬁ? é&ggﬂp’ recycl ed in
sai d al kyl ?ﬁ%\b 20 i@ﬂdggngoaﬁenlegﬁgg transa at1on zong.

2. A procehEtReRTLRG PEOARGEM UNTRAStEt) ben qgane. unreaging HRNFWY { o
sapd vapor d&lﬁ'&ﬂéf@nsﬂhﬂ%%i)reduétaecompr151n93@ﬂ§ aizéﬁséndoo ppm

f d b hyd ol
Ond ahar o TR LRE DO8R A B vaat on, SRty st Sinkrlaing AR AR ST o

step solid)oxidé oselethed firemt &hecgariowp: canssiEtingamt NMEM<22,
t ransal kyl n teR.(b). 3. A process according
to claim 161%(?9 45%&1%@3 ﬁ@ al kyl ation step (a)_ conprises ‘

contacting said t@hzpassing the effluengyifaem waid diguid phasenprising a
sgki d cr yStﬂ]&%’[@tzon Wt%ﬂ%&ﬂé' bfcéttifselhm‘iﬂ d 'Supdre 6P Usone,

consi sting of 56, zeéolite Beta, zeolite
X, whexgin said effipepk i# separated into. separate streams

comprlsing a light stream comprising (i) unreacted benzene
and benzene coboilers, (ii) an intermediate product strean,
and (iii) a heavy stream comprising diethylbenzene and

20 butylbenzene; -

(3) passing said heavy stream (iii) from step (2)
along with benzene and benzene coboilers to a vapor phase
transalkylation reaction zone, wherein said benzene and
diethylbenzene are reacted in the presence of a

25 transalkylation catalyst under sufficient vapor phase
conditions to generate an effluent comprising another
ethylbenzene product and unreacted benzene, said
transalkylation catalyst comprising a medium-pore size
zeolite; _ '

30 (4) passing the effluent from said vapor phase
transalkylation reaction zone to the separation zone of
step (2), wherein said effluent is separated into separate
streams CQmprising (i) a light stream comprising unreacted

- benzene, (ii) an intermediate product stream, and (iii) a

35 heavy stream comprising unreacted diethylbenzene;

(5) recycling unreacted benzene along with benzene
coboilers recovered in separation steps (2) and (4) in a
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WO 96/ 20148 PCT/ US95/ 15668 4. A
process accordi ng to“ - m L‘M,lﬂltherei n the al kyl ation step (a)
conpri ses W@A6/28MBng et hyl ene wi t hPET/USIHISFER

I

conprising a solid crystalline abypgi nosilicate selected fromthe
group consisting of 5 - MM 22, MCM 438, and MCM 56. _ 5.
A process a%%@%&@g&ﬂéoﬂaﬁpoiockﬁ'iﬁs alxkyd abion reacs'%?i(‘j"fff esfeb NE1)

transal kyl ati on ste ) rises cqntactin enzene and

nmp

di et hyl benz e @ hgaiéar-aﬁy&ﬁlm‘ﬁmgeacgcor of step i BLiystalline
o um ozl o o Sebpcimssbesgunte romousinne cogamomal SESRe

: : . \ B an :
6. A processrécl"'é%%i/l [ ﬁao s n? 5ﬁ§eo1suélf&|°r$f'§"% &8 é’,‘ake up %_r %%’F%ﬂ\et he
transal kyl atcaomverted( bih sadpr adkyladrioactzonpe and in sakxld benzene and
di et hyl benz | s aly 0 ISy :
7. A pr oces?g%%%%g{fgég?%agn?’g%é 0 eyeglg: e af.d[ of :ﬁé&s%e%zene WherR! h the
mol ar ratio WPwehtine compragingebenzeme coboiling inpnhensrRe al kylation
stgg (@) is WyePdbSArboAs Ravefgdtrom 5 to 7 Cakkif WL 'sdi® Bénsénéage

of ethyl ene caqn edin_ 5 ste a s at |east ,95'0/ wh t
oei oht rat SeROL1ing hyazprarnonscheiny BtedieAst BAAY LN GV ERE SRy d
pEase kvl to mydybearbonst haviny gs.d‘ilf(f@r&riﬁ) bHilsepoint hin | saidd

ase a | S Lri : at [ e om
I350[ err] Cyt gé %#??éé;c’%r 3§§ﬁr 8%015%03512% %E%é&yﬂbaeﬁﬁene 'bei'séls%ﬁ
based on et hieaste partialtiy. Sonvertedhtiecionle cancharedifferent rati o of
bengene to . r 21 at el &y L t

6 2?%] &9&:‘9&1% Qﬁ‘( %??n:l erafls lg@ﬁ%tion zone "8; éaaé%% Y 294

phase trans [ation step Is carrie erature of
from 260[ err] C t ol AB2FeFpPyeringpans ethylbenzene producim iEam the&s50 kPa

(50 to 500 pintermédVkéy paeatdcenstiteaidof stepsdi@) \eHr(4cckhe the
reaction zone of fro 1tf10 go hrLerr]r, . .
recovered ethylbenzene product comprising less than 200 ppm
xylene, less than 100 ppm of hydrocarbons having 7 or less
55 carbon atoms and less than 100 ppm of hydrocarbons having 9

or more carbon atoms.

9. A process according to claim 8, wherein the feed
to the vapor phase transalkylation zone comprises at least
' 200 ppm of benzene coboilers based on the weight of benzene
in the feed.

10. A process according to claim 8 or 9, wherein said
medium-pore size zeolite in step (3) is 2SM-5.

11. A process according to any one of claims 8 to 10,
wherein at least 95% of said ethylene is converted in step
(1) ; wherein the alkylation product from step (1) comprises
at least 92 wt% of ethylbenzene, less than 7 wt% of
5 diethylbenzene and less than 1 wt% of triethylbenzene:;
wherein the liquid phase alkylation step (1) is carried out
at a temperature of from 150°C to 260°C, a pressure of 7000
kPa or less, a WHSV based on ethylene of from 0.5 to
2.0 hr?, and a mole ratio of benzene to ethylene of from
10 1:1 to 30:1; and wherein the vapor phase transalkylation



and a nole ratio of benzene to diethyl benzene of from1 to 50.

WO 96/ 20148 PCT/ US95/ 15660 : ' _ 8. A
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et hyl benzene, sai Blmm R“ﬂﬂ ing t st eps of :
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l'i quid ph al kxl atj i zone erel i e e and
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catal yst 4888C,saf Fingssure of i firom 450 topdsse kBadi(BOoto 5O @KdIt.e an .
ef fluent QORRIGNSiHaked on thefié#APeGigaf g&&ﬁu b tHB' 2aaktd i T
unreact ed benzene 10 coboi l ers, ‘and bypr,oducts conpri si ng

di et hyl beRfek&oid to 50 hr gut%‘ﬁeﬁzEﬁé? Fatdoaofy benzane £ yst

cHNPri si.ngiethydbénzene of frowlideexsde sel ected fromthe group

consi sting of 22, ~ MCM 49 and MCM 56; _ (2) passing
the effluent fromsaid |iquid phase 15 al kyl ati on reaction zone of .
step (1) to a 4@par A ipprocese, according tbeanynonei dfetllhimst 8 £osddar at ed
I nto Sepa&gkireiﬁ{ F&sh benzene PE8d ! £ ”%&#&QEL&R&@Q&&%@@R{? sing (i)

unr eact ed "benzene and benzene. coborlers, (i1) an inteérnediate
product supsi¥eam from said| sepayationasgonetefastepsp(2di Arddi(ddHy| benzene

and 20 apg QHEE&%H“%ﬁEﬁalkylation_?rédﬁéiqfféﬁiBﬁeﬁaki)héé riige®Am
(iii1) fromste ng wth benzene and benzene coboilers to a

2 al o h
Vpor phat@ss Rnsi 0.5 MI%I%‘E'E%FPY%%%?F%%O%, “wherein sai d benzene

and di et hyl benzene are reacted in the presence of a 25
transal kyl ati on catal yst under sufficient vapor phase . condi ti ons
to generate an effluent conprising another et hyl benzene product ‘
and unreacted benzene, said - transal kyl ati on catal yst conprising a
medi um pore size zeolite; 30 (4) passing the effl uent
from sai d vapor phase transal kyl ati on reaction zone to the

separation zone of



step (2), wherein said effluent is separated into separate streans

wherein the feed?’®

at | east
benzene

DEB/EB MOLAR RATIO

conpri si i light stream conprising unreacted benzene i)
an inter (?(43228?‘% oduct stream and (iii) a 35 heavy gp',l‘lélgﬁﬁll“ﬁé
conpri sing unreacted diethyl benzene; (5) .recycling unreacted
benzene al ong with benzene _ COP?I|€FS recovered in separation steps
(2) and {4) inlﬁg3 -27-

cl'osed recycl e W = cLeactor of step (1) and to
sai d transal kyl atipn reac:‘ o {0V ; A (6) introducing
fresh benzene feediinta sai e e loop at a rate
sufficient to m@®fup for benzent Im\sai d al kyl ati on
zone and in said 3 ok i 8j d fresh benzene
.conprises - i iti pri SN ili Qonbenzene 45
hydr ocar borg® hag¢ :

coboi | i ng hy&ro ons bei ng at Ieast o}rtlally conv“

hydr ocar bo;é having a different L@ M-r49a|MCM"56 BETA
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(2) and (4)g thPBo. recovered ethyl benzene product conprising |ess

t han 200 pmm xyl ene, less than 100 ppm of hydrocarbons having 7 or
| ess 55 W carbpn atons and | ess than 100 ppm of hydrocarbons having 9
or nore cardydn at offs. 9. A process according to claim 8,

to the vapor phase transal kyl ati on zone conpri ses
P00 ppm of benzene coboil ers based on the wei ght of

ip the feed. _
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10. A .process according to claim8 or 9, wherei %Cb mdi um pore

size zeolite in step (3) IS ZSM 5. 11. A proq :’ @ccording
to any one opCYRi Ms 8 O wbilLp NTELLECTUAL PRbREY dRoAtzARBST 95% ONgg d
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(54) Title: INTINUOUS PROCESS FOR PREPARING ETHYLBENZENB USING LIQUID PHASE ALKYLATION AND VAPOR
SE TRANSALKYLATION

(57) Abstract

The present invention relates to a process for preparing ethylbenzene using liquid phase alkylation and vapor phase transalkylation.
The liquid phase alkylation reaction may be catalyzed by an acidic solid oxide, such as MCM-22, MCM-49 and MCM-56. The vapor phase
transalkylation may be catalyzed by a medium-pore size zeolite such as ZSM-5. The process may be run continuously with the continuous
introduction of fresh benzene feed containing at least 500 ppm of nonbenzene hydrocarbon impurities. The combined ethylbenzene product
of these alkylation and transalkylation reactions has very low levels of impurities including xylene, hydrocarbons having 7 or less carbon
atoms and hydrocarbons having 9 or more carbon atoms. o




