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placing a hydrogenation catalyst bed, for example, a rholybdenum-on-
15 alumina (Mo/alumina) catalyst bed, between ethylbenzene conversion and
xylene isomerization catalyst components to provide an improved catalyst
system in which deactivation of the xylene isdmerization catalyst component

occurs less rapidly.

BACKGROUND OF THE INVENTION

20 As commercial use of xylenes has increased, there has been continuing
interest in methods to isomerize the xylene isomers obtained from processing
aromatic naphthas toward an equilibrium mix to increase yields of the more
desirable para-xylene. Para-xylene is useful in the manufacture of
terephthalic acid which is an intermediate in the manufaocture of polyesters.

25 Typically para-xylene is derived from mixtures of C, aromatics separated from
such raw materials as petroleum naphthas, particuiarly reformates, usually by
distillation. The Cg aromatics in such mixtures are ethylbenzene, para-

xylene, meta-xylene, and ortho-xylene.
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m xed et hyl benzene xyl ene containing feedts, while sinultaneously converting
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the EB conversion catalyst, we found that the C, component in the gaseous

component of the product consists of more than 80% ethylene.

We solved this deactivation problem by placing a hydrogenation catalyst bed
between the EB conversion catalyst component and the xylene isomerization
20 catalyst, referred to herein as a "sandwich” bed. In an experiment with the
EB conversion catalyst and a hydrogenation catalyst bed in the form of a
Mofalumina catalyst bed below it, we demonstrated that the ethylene
produced over the EB conversion catalyst was quantitatively hydrogenated to
ethane without any detrimental effect to the other components in the product.

25 DRESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing a comparison of the performance of a dual bed
catalyst system (650°F, 200 PSIG) and the sandwich bed catalyst system
(655-658°F, 260 PSIG) of the present invention (both H2/HC:2.0, WHSV:6.0).
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AMENDED SHEEZmount of para-xylene, which method comprises conbicirigthe feed mixture

at conversion conditions with a first catalyst having activity for the conversion

15  of ethylbenzene, with a second catalyst having hydrogenation activity, and

with a third catalyst having activity for the isomerization of a xylene, wherein

the second catalyst is positioned between the first and third catalysts relative

to the flow of the feed mixture through the catalysts.

The present invention provides a three component catalyst system for

20 isomerizing a feed containing an aromatic C; mixture of ethylbenzene and
xylene in which the para-xylene is less than at thermal equilibrium which
comprises a first catalyst having activity for the conversion of ethylbenzene, a
second catalyst having hydrogenation activity and a third catalyst having
activity for the isomerization of a xylene and wherein the second catalyst is

25 located in the system between the first and third catalysts relative to a flow of
the ethylbenzene/xylene feed through the catalyst system.

The present invention includes a process for isomerizing a feed containing an

aromatic Cg mixture of ethylbenzene and xylene in which the para-xylene is
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SUMVARY OF THE | NVENTI ON The present invention relates to a catal yst
system suitable for the i someri zati oft of xyl ene and conversi on of

et hyl benzene in a feed containing xyl ene and et hyl benzene conprising a

first catalyst having activity for the 5 conversion of ethyl benzene, a

second cat degstthan\atnthemnadt egeiibrivom which \Comprises cemtdcting lthe deedturidest
havi ng activity for the ri@omari zation of xylene where the second
catal yst i JspBazationnCeMEtians ith Rethieencemponent catalyst: systam: includisg s

lative t fl f.f i &, th h th | yst .syst Th
b ecent 1 naTPRREAF §b). MBI, ). #BH-EaRpaReRs R owBte CorBBenentytir o 10

nt. ot t _ | S
Cher ! "o ComBiogE & Coctiet IndUina SRY 1OF, B ReRErToflon SiBEnadhel” 11,
equi | i brg ungomponént NRYdesmprises oduchtalystt Haging! hiyafbgeedtiohhuchenz cBAd

content and a greater amount of para-xyl ene, "which nethod conprises
cont act i ng cerapereant @xeamprises a eatalyshhavinigoactivitydor tlm ésathetizatidn ofba

LS AR A SR 271 e S e
he- second ST BPYEt (17,8, REFRAPRL 181 o rfptfe ata "t ANEL B/ e

relative ethylerizénelkyenefedd throagh tﬁé’éhkﬂl?sttﬂ%ﬁéfﬁh the catalysts.
The present invention provides a three conpohent” catal yst systemfor 20

i sonerizing a feed containing an aromatic Clerr] mxture of ethyl benzene
and 10 xyPeaferably vitiechirst patatest havingactivity foedhe chaversion otethylbenzene
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et hyl benzene/ xyl ene feed through the catal yst system The present
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aromatic err] mxture of. et hyl benzene and xyl ene in_which the para-xyl ene
i s 15 qcatalyst may contain a r?'K;dtlgogenar}mn meta selectedn from metals o groupsy

VI and VIl of the Periodic Table of Elements.

Preferably the second catalyst having hydrogenation activity comprises a

hydrogenation metal dispersed on a suitable matrix such as alumina or silica.

A preferred catalyst is molybdenum-on alumina.

20 The third catalyst having activity for the isomerization of xylene is preferably,
an acidic molecular sieve which is characterized by a constraint index in the
approximate range of about 1 to about 12. Preferred molecular sieves are
borosilicate molecular sieves or ZSM-type zeolite molecular sieves. The
molecular sieve used is preferably dispersed on alumina, silica or another

25 suitable matrix. In one embodiment of the invention, the xylene isomerization
catalyst may contain a hydrogenation metal selected from metals of groups
VI and VIl of the Periodic Table of Elements.
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WD 98/ 05613 bed system provides an improvement over the dual bed systepr/withoritdbgo1

"> sandwich layer and may cut down on down time of a system by iengthening
15 the time between catalyst regenerations. We believe the hydrogenation bed
catalyzes the hydrogenation of olefinic compounds, such as ethylene that is
generated over the EB conversion catalyst, thereby inhibiting the coking and
subsequent rapid deactivation of the xylene isomerization catalyst
component. By controlling the loading of hydrogenation metal, and the
20 relative amount of the hydrogenation catalyst, the ethyiene can be
quantitatively reduced to ethane without any detrimental effect to the overall
performance of the dual bed catalyst. For example, this invention imparts
sufficient stability to a transalkylation-type dual bed xylene isomerization
catalyst to allow it to operate at greater than one (1) year before catalyst

25  regeneration is necessary.

The ethylbenzene conversion. catalyst is a catalyst that selectively catalyzes
the conversion of ethylbenzene in the feed mixture to another compound or
compounds that can easily be removed from the product mixture. For
example, within the scope of the invention, ethylbenzene conversion can

30 occur by, but is not limited to, a transalkylation or disproportionation reaction
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15  If the ethylbenzene is not removed, it accumulates in the process stream to

unacceptable levels. Rather than separate ethylbenzene, most processes for
preparing pure para-xylene employ a means to convert ethylbenzene to
compounds that can be removed by ordinary separation processes, such as,
for example, distillation. The ethylbenzene conversion catalysts described

20 herein serve to affect such conversion reactions.

The xylene isomerization catalyst is a catalyst that will catalyze the
conversion of one xylene, such as meta-xylene or ortho-xylene, to another
xylene, such as para-xylene. In particular, effective xylene isomerization
catalysts will isomerize a mixture of xylenes where the xylenes are present in
25 non-equilibrium amounts to a mixture containing, or very nearly containing,
the xylenes-in equilibrium amounts at the temperature used for the
isomerization reaction. For example, a mixture of xylenes containing ortho-
xylene, meta-xylene and para-xylene, where the para-xylene is present in
less than the equilibrium amount, can be converted by an effective xylene
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para-xylene, which method comprises contacting the feed mixture at
15 conversion conditions with a first catalyst having activity for the conversion of
ethylbenzene, with a second catalyst having hydrogenation activity, and with
a third catalyst having activity for the isomerization of a xylene, wherein the
second catalyst is positioned between the first and third catalysts relative to

the flow of the feed mixture through the catalysts.

20 As stated previously, a dual bed xylene isomerization catalyst consisting of
an EB conversion catalyst component and a xylene isomerization component
has been found to have unacceptably high deactivation rates for the xylene
isomerization catalyst component. The rapid deactivation of the xyiene
isomerization catalyst component is believed to be caused by the ethylene

25 that is generated over the EB conversion catalyst. In experiments using only
the EB conversion catalyst, we found that the C, companent in the gaseous

component of the product consists of more than 80% ethylene.

This rapid deactivation problem was solved in the present invention _by
placing a hydrogenation catalyst bed between the EB conversion catalyst

30 component and the xylene isomerization catalyst, referred to herein as a
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for theoxylRAEE is definash@si zati on catal yst conmponent. The rapid

deactivation of the xylene | somerization catal yst conponent is

believed to be ¢ he , et . i ted over the EB
conversi on cat al %ﬁd?%é{%%? i-ﬁ@ﬁ%é&ﬁ@ﬁ@%ﬂﬁé}(‘fe@dﬂ?ﬁgeEB conver si on
catal yst, we found that the C2 conmponent in the gaseous conponent of

the pr OdUGtwﬁabe'ggg?o&is 1A Sondettratfn 6f pX!iRNGlenes in t_h"éﬁbl%dmiﬁxfeed is

deactivation pro mwas solved in the present invention by placing a
hydr ogenat ithe ssHcentsitionest pi imeylerdscinthecferde and pXequikisythe enm&nrmnent
and the xylene isonerization catalyst, referred to herein as a VO
08/ 05613 ~ concentration in mole percent of para-xylene among the Xylppe/isemers#io:1
"8 15 the reaction temperature as determined using values reported in the open
literature. The quantities pXprod and pXfeed refer to the molar percent of
para-xylene among the xylene isomers for the reactor effluent and reactor

feeds, respectively.

Those. skilled in the art will recognize that PATE is the definition of the molar
20 conversion for a first order reversible reaction. Therefore, it is contrary to the
art that PATE can exceed 100%. We have determined that pXequil values
as reported and used in the open literature are inconsistent with our
experimental results. Thus, in our work and for the teaching of this invention,
we have replaced "pXequil" with proper values as determined from our
25 laboratory work. When the pXequil term is replaced with our laboratory
determined values, which we have denoted as the “proper pXequil”, the new
quantity is defined as PPATE, so as to differentiate it from the PATE values
commonly reported in the open literature. Open literature values of pXequil

for operation at temperatures of commercial interest were described by fitting



"sandw ch" bed. In an experinment wth the EB conversion catalyst and a

hydr ogenat a5 oges s ygblj}ﬁﬁmﬁ Been Belasedn of a Mo/ al umi na cat al 3891 ow
it, we dem)nstratei ﬂrhﬂﬁ yl ene produced over the EB conversion
cat al yst was quantli ogenaed to ethane wi thout any
detrimental effect to 5 the other conponents in the product. For this
I nvention, the nethod used to neasure the ability of catalyst

conponents to, ] ' M{?‘ e i ReheratureXh degrees a-
xyl ene (pX) 'fgd M‘%ﬂ . ewgbgﬁ%riégﬁﬁmeg{n%om patents haevge
reported pargsprghBeR approaches to equilibrium (PATE) which exceed 100% 10
PATE i s defined as PATE = [ (pXprod - pXfeed)/(pXequil -

Xfeed)] x 100, where pXprod is ih tration of pX i i

Phe. prbluct . piKesi) <= (1-(0 RBS0RCuNE2 TR aR0or4 BAT7 8- T Sha OBRBUREDY cca
d pXequil is th i11bLi | ' I t of

par oty ene. anBeip GG 19he TR0 STFE Y ARBBP0R D, Brper at ure as

determ ned using values reported in the open literature. The
guantities [ f fu I WY i r | ene
anong the x?ﬁgﬁgg\l@g%&%@grﬂq eﬁ‘r:o aéc}t%ﬁ‘?‘?l ﬁ{eenf{&ﬂgnd rcégrfé?%t;on wes l%gggs,
respectively. Those skilled in the art wll recognize that PATE is.
the definiti Or'(FQBpéhQXEQUH)f=ZQ.O1(824&@&@0@?4‘(’6F-650M1I0@0'(pxequﬂ). eversible
reaction. Therefore, it is contrary to the art that PATE can exceed
100% We have determ ned that gXe ui I val ues as regorted an us;?d. I n
the open |itEomtexampiee atnZBRSr strtrAU i H@B634, and:ibe; REqRel PRegylit's.
Thus, in our work and for the teaching of this invention, we have

repl aced "pX2@diif4. wi th proper val ues as determined fromour 25
| aboratory work. Wien the pXequil termis replaced with our |aboratory

determ ned val ues.. i n henn rar=\g @@P " w
guantity is ﬁﬂﬁ [ ﬁ‘%’&‘%& qgﬁw\é‘g tgg te%t%g{s??aerrgeﬁ?ﬁlgrgﬁﬁt ofr 0 ?%re‘z%i@r%dae
values 44  isBR{ERZ3tBN! SRGIERESs ito droduce parkixyler. uThe pareent ethylbenzene
val ues of pXequi | for operation at tenperatures of commerci al

i nterest wer eonkersionBEEBE )fis defingd as: WD 98/ 05613

PCT/ US97/ 08501 %EBC = [(Feed_EB - Effluent_EB)/(Feed_EB)] x 100

where Feed_EB is the weight percent ethylbenzene in the hydrocarbons fed
to the reactor, and Effluent_EB is the weight percent ethylbenzene in the

15  hydrocarbons exiting the reactor.

In the present invention most of the ethylbenzene conversion (EBC) takes
place on one catalyst component and most of the xylene isomerization takes
place on a different catalyst component while a third hydrogenation catalyst
component is inserted between the ethylbenzene conversion catalyst
20 component and the xylene isomerization component. The use of this third
catalyst "sandwich" component is highly effective in preventing a relatively
rapid decline in catalyst activity. For many commercial catalysts,
ethylbenzene conversion in reactors typically ranges between 10% and 60%,
and the conversion of meta- and ortho-xyiene to para-xylene as measured by
25 the corrected para-xylene approach to equilibrium (PPATE) typically rangés
between 90% and 100%. Because PPATE is typically well in excess of

ethylbenzene conversion, a more convenient method to compare relative
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et hyl benzene ‘conversion in reactors typically ranges between 10% and 60%

and t heo cobyestandardometkeds usedi by those skilleddn the plr a- xyl ene as neasured by

25 the corrected para-xyl ene approach to equilibrium (PPATE) typ| cally

ranges ween 90%.and,.100% Becausge. PPATE wel | n excess
of g Xy?ene lsomenzatlon fee s,oprocesse in accor ancey\ﬁlth ?he mventlon are

It tothefollowing ﬁlt e(;l'Flsthe catal yst tenperature in
degrees WO 9%861%nH i@ﬁm ﬂfmj ﬁ =1 - [o 595909 - 0. 1FPSTSITO%50!

any aromatic Cg mixture containing ethylbenzene and xylene(s). Generally,
éuch a mixture will have an ethylbenzene content in the approximate range of
about 5 to about 60 weight %, an ortho-xylene content in the approximate

15 range of about 0 to about 35 weight %, a meta-xylene content in the
approximate range of about 20 to about 95 weight %, and a para-xylene
content in the approximate range of about 0 to about 15 weight %. The feed
in addition to the above aromatic Cg mixture can contain non-aromatic
hydrocarbons, such as paraffins and naphthenes. The paraffins and

20 naphthenes will generally comprise about 0 to about 20 weight % of the feed;
generally, the paraffins and naphthenes will comprise Cg-C,q paraffins and
naphthenes.

The catalyst system used in accordance with the invention is
mdtticomponent. The function of the first catalyst component is to effect
25 conversion of ethylbenzene and C,-C,, paraffins and naphthenes to
byproducts which are easily separated from the Cg aromatics stream. The
function of the second component is to hydrogenate olefins such that
deactivation of the third component is inhibited. The function of the third

catalyst component is to effect isomerization of the xylene components in the
30 feed to thermal equilibrium.
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used i n accordepee W(S37.8PE),i prefetdbN hBout 500°Fuk2609m1p0n6ntaboﬁhe850ﬂrrctlon
of the first catat%st conmponent is to effect 25 conversion of

et hyl benzene (484 br ﬂpdcmre] pfsﬁe@bﬂy rajxwdﬁa@“ﬂfht(aéﬁ@gcb oto about B§MI°Fduct s
whi ch are ea r I cS Str
function of f#eé/?@g t 6%%??50@ 9%9@9@@ BSIG 8{?"%53@&&?%59 to
deacti vays onagbyt B0t gt SRS Réfatab] aﬁautmdoego er‘:ab% ) Shd thgstt Ni 1 d
catal yst conmponent 1s to eff ec | sorre i zation o corrponent s in
the 30 feedptefetdidy nathorgqtib0itbr about 300 psig; a hydrogen—to-total hydrocarbon

mole ratio of from about 0.5:1 to about 10:1, preferably from about 1:1 to

about 10:1, more preferably from about 1:1 to about 6:1, and most preferably

from about 1:1 to about 3:1. The Weight Hourly Space Velocity (WHSV) may

20 be in the range of from about 0.5 to about 100, preferably about 2 to about
50, ‘more preferably about 3 to about 20, and most preferably about 4 to
about 14. Hydrogen is typically included to hydrogenate coke precursors and

hence minimize catalyst deactivation.

In the present invention, either or both of the EB conversion and xylene
25 isomerization components may additionally contain a hydrogenation metal.

Such hydrogenation metal may include, but is not limited to, one or more of
molybdenum, platinum, palladium, rhodium, or ruthenium.

. Even where the EB conversion catalyst component and/or the xylene
isomerization catalyst component additionally contain a hydrogenation metal,
30 it is expected that a hydrogenation bed, for example, a molybdenum on

alumina catalyst, would still hydrogenate olefins not hydrogenated over the

SUBSTITUTE SHEET (RULE 26)
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cat al yst conponent additionally contain a hydrogenation netal, 30 it is
expect ed tdatalysthgomporeats aneband treeci@Iphite EBNBONSISIINTARY x¥]lené| um na
catal yst, would still hydrogenate ol efins not hydrogenated over the

15 isomerization catalysts, respectively) contain an acidic molecular sieve which

is characterized by a constraint index in the approximate range of about 1 to
about 12. Molecular sieves having such a constraint index are often grouped
as members of the class of molecular sieves referred to as shape selective.
Although an MFI-type of molecular sieve was used in the EB conversion and

20 xylene isomerization components of the sandwich bed catalyst in the
embodiment of this invention described in the Examples, other types of
molecular sieve catalysts can also be used (e.g., ZSM-11, ZSM-12, ZSM-35,
ZSM-38 and other similar materials).

The amount of catalysts and the relative amount of catalysts used in the

25 catalyst system and process of this invention are the amounts that provide for
the desired ethylbenzene conversion and xylene isomerization at the reaction
conditions that are employed.

When a molecular sieve is used as a component of the isomerization or "
ethylbenzene conversion catalyst, the amount of molecular sieve can be
30 about 1% to about 100% by weight, more preferably about 10 to about 70%
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I n general, the xylene isonerization reaction is carried out in a fixed bed
flow reactor containing the catal yst system descri bed above. 1In a
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gr ouped nbers of the c nol ecul ar sieves referred to as

shape sel ectifex|IA_parathéfeptgEBN_patargtee rafiosrare betweenilbe ands1.Gseldor n
the EB conversion and 20 xylene 1soneri zati.on.-contBonents of the sandw ch
bed cat ajoyst tHen consponent waeddoronere isemerizatiemtthenXifsparageeter o FBA

Exanpl es, other types of | ecul ar si eve _catalyst g n.al sQ.. ed
(e.g., ZSM 1g;,arazggfe12[at@5p§,{\ggl§inge gr rhﬁ(? otid eséﬁﬁ%ﬂesﬂa@ ’Bga’i{% €
The amount of_cat t ative amobunt of catalysts used in the 25
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o e ieal g o erean Gobker L ey B FA
sieve is used asi2piRHEMHirted ¥ AIMPPHEUIS  sitve dispersed on silica and

15 large particle size molecular sieves, particularly a ZSM-5-type of molecular

sieve having a particle size of at least about 1 micron, dispersed on silica,
alumina, silica/alumina or other suitable support. The support material is
preferably silica. Suitable catalysts based on a ZSM-type molecular sieve, for
example, ZSM-5 molecular sieves, are described in U. S. Patent Re. 31,782,
20 which is incorporated herein by reference in its entirety. Other methods
known to those skilled in the art, for example reaction of or coating with
silicones, resulting in an XIA;parameter to EBA_parameter ratio of no more

than 10, are also within the scope of the invention.

The hydrogenation catalyst of the present invention contains a hydrogenation

25 metal, such as molybdenum, platinum, palladium, rhodium, ruthenium, nickel,

iron, osmium, iridium, tungsten, rhenium, and the like, dispersed on a suitable

- matrix. Suitable matrix materials include, but are not limited to, alumina and
silica. Although a molybdenum-on-alumina catalyst is preferred, other
hydrogenation catalysts, for example those comprising platinum, palladium,

30 rhodium, ruthenium, nickel, iron, osmium, iridium, tungsten, rhenium etc.,
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silica to form the catalyst used for the exampies. The Al-MF! molecular sieve

can be prepared as follows:

Sodium aluminate (3.26g (0.015 moles)) was dissoived in 680.51g of distilled
water. To this solution was added ethylene diamine (74.89g (1.246 moles)),
20 followed by tetrapropylammonium bromide (38.13g (0.143 moles)). The
mixture was stirred until solids were not present. To this mixture was added
silica sol (Nalco 2327, 40% SiO, in water; 364.69g; 2.428 moles), and the
mixture was stirred for about 30 minutes. To this mixture was added
concentrated sulfuric acid (6.37g) and the mixture stirred for 15 minutes. This
25 mixture was transferred to a Teflon® lined reactor which. was then sealed,
and the mixture was stirred at 300 rpm for 4 days at 338°F at autogenous

pressure.

The mixture was filtered and washed with 8 liters of distilled water. The solid
product was heated for 4 hours at 328°F, heated to 950°F over a 4 hour
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deposited on a sui tabl as -APunina or silica may al so be used.

It is advantageous to avoid hydrogenation catalysts and/or reaction
conditions that cause aromatic ring hydrogenation of the xylenes. \Wen
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art wll recogni zg General Preparative Procedure for Cataly

Conponents  sjlica {10.08g). eMle@swaterc(mbﬁg)bwlasvaddaﬁbsiDM%Ml'd’hﬁtiﬂ"}'\gt EB@
whs pr epar octessiing PRSI WAS tcgmﬁwoendviwéagpﬁgé) & aBhH J0r Borsy nedthe Brie
he- exanpl e<S50hRo Xt 1oh - haopanas- bealins' &7obGer HhC BB ik RopliiEdo. ™'
Sodi um al um pald E%&F?G%OI{OQIEQ]‘ST ! Eél?:?ne‘éagréjd&ﬂ%‘ie%% foun@Bana18ie9td to a

distilled I's solution wa et hyl ene di am ne (74.89g

(1.246 nol es.)dMO?rgesﬁgllié)wed by tetrapropyl ammoni um brom de (38.13g (0. 143
noles)). The ture was stirred unt|I solids were not present. To

h
56256319?“0? i&@ﬁwﬁgﬁg cgt.%lyﬁf’r{dcceafram l\ %C@/gﬁa"r éigd{%f%c;r aboutdﬂg(ﬁ%her
mnutes. To LHis dEd s the'esampiss! below dxaAesthyendens! donversioni catafyss 7o)

and the m xture stirred for 15 mnutes. This 25 nmixture was transferred to
a Teflon | i nggheretypesr oﬁ\/rethWbmzeneecomsm catalystapant e used.ur Suitable

stirred at 300 rpmfor 4 days e 7 Lr at _aut
pressure.  catalysie aie.alsp geﬁﬂi’@‘f édl’ﬂ \&Eéj Q% m@?fa?%‘fg‘%?m by
distilled e E%erenTc:rclae in R gntlrety. It is preferable that the ethylbenzene conversion

15  catalyst be prepared using large particle size molecular sieves, particularly a
ZSM-5-type of molecular sieve, dispersed on silica, alumina, silicafalumina or
other suitable support. Preferably the support material is silica. Preferably,

the molecular sieve should have a particle size of at least about 1 micron.

The hydrogenation catalyst used for Examples 1 and 2 below was prepared
20 by impregnating gamma alumina with an aqueous solution of ammonium
heptamolybdate followed by drying and then calcining in air in the same

manner as the Al-MFI molecular sieve described below was calcined.

Although a molybdenum-on-alumina catalyst was used in the examples
bélow, other hydrogenation catalysts are useful such as one or more noble
25 metals, e.g., platinum, palladium, rhodium, ruthenium, etc., deposited on a
suitable support such as alumina or silica. It is advantageous to avoid
hydrogenation catalysts and/or reaction conditions that cause aromatic ring
hydrogenation of the xylenes. When molybdenum-on-alumina is used,_& is
desirable for the level of molybdenum to be about 1 to about 5 weight

30 percent.



product was heated f.0 rs_at 328F, (164.4[err]C) heated to 950F

(515[ er 1 o ofi€dia @ - ’js ccn REPIACEH 98/ 05613 PCT/US97/08501

PCT/ US97/ 08501 ﬁlsmul -15- peri od,
then heated for 12 r]F-4810[err] C) and then cool ed over 4
hours to 120[err]F (48.9[err]C) to formthe cal ci ned nol ecul ar sieve.

The cal ci ned nol ecul ar sieve was dispersed on silica in accordance with the

i ica. (1 oY sl el sy R B BRI bt B g

71wl SEHEEAIBR ot Bherks i B AR Bcibs ot hglebuleh 6eé 11O
heating atin958 [H%fd{er( ok eAMSZhB‘ @étaﬁlsh@uﬁw hepaced bi tigscebed in ULO[ err] F

(48.9[err]Cover 4 hours. The cal cined product was ground and_sieved to a
10/ 40 nestPatent 5,053021N nsotppratet-heeainbysefergnsefin dmentirety, hoe &GBar
was used for, the e

di d |
ot hy | bénz el BesUIcaIe RlRcHiglaieVs Was sPEHFEL Y Gty BB cAkina

CorUCs paridhays T SiberEntoatve U BRbhifa, are, S80S s?&ﬁcé'?fﬁf’?@“?“ e
entirety. 4 bss%w)eéﬁu aBhfaihéaot h@@ﬁt%r@éﬁ?ﬁiﬁe&ﬁé\”&@é%&@o wegm yst be

prepared using |afge particle size nolecular sieves, particularly

ZSM 5- t ypepertenbaleenihar si eve, dispersed on silica, alumna, silica/alunina
or ot her suitable support. Preferably the support material is silica.
Pref erabl yaithough tai? ﬁM@qaLﬂ?eSbﬁVﬁoHMérd,sw viashalsleldC a8 QhéexyﬂEéné‘t
least 1 m crong( he hydrogenation catal yst used for anples 1
and 2 el qsomzat:epauompmmentbgf thepsangdwich ripd)catalysh in the 2mbodiment adueous
sol ution of apmmoni um g]rml ybdate fol |l owed by drying, and t hen

cal ci ni ng this mvﬁn?‘ﬁnt@@m below, pthectypes eheyiane \sampgzation satalysdse

caral yst v e 36 ihimFar exeaMPgsGiatet ART BT SRV v o o

are usefulg EleaSZEM -RfypEdr Polkiif Heveet dush %sg thosd atfbﬂuékarhglé adi um
rhodi um rut lum etc., deposited on a sui tabl e support suc

al um na ordesdribed in 1J.5s R;ateahtRBgeB)ué’Bﬂpwetudn ds also mt;ulpogﬁadthmlmbyal ysts
and/ or reaction con | tions cause aro . rin r\;‘ rogenati on of
t he cyl%eneckefergnes. e‘ﬁ\?ﬁﬁ aP@VYeR L£ars Gs igpersed; gn aluming,s$Hieh|E 1 or

(he T AR 1 o © v o

EXAMPLES OF THE INVENTION
COMPARATIVE EXAMPLE A

20 Dual Bed Catalyst Run — The dual bed catalyst used in this run consisted of
12g of the EB conversion catalyst (60% large particie AL-MF1 sieve/40%
silica) placed on top of 3g of the xylene isomerization catalyst (a 20%
borosilicate sieve on alumina) diluted with 3g of gamma alumina. The
reaction conditions were: Temperature = 650°F (343.3°C), Pressure = 200

25 psig, a Hydrogen-to-Hydrocarbon (H,/HC) mole ratio of 2.0, and a WHSV of
6.0 (based on EB conversion and xylene isomerization catalyst loadings).
The run was carried out at a 25% EB conversion level, and the xylene
isomerization activity was monitored by calculating the Percent Approach té
Para xylene (pX) Equilibrium (PPATE) defined as:



30 * ‘percent. WD 98/ 05613 PCT/ US97/ 08501
- 16- \1{_699 %gglgne | soneri zation catalyst (i.e., third caparyshr/ésscl)
descri bed i tﬁe exanpl es bel ow was prepared using an AVS-1B
borosilicate nol ecul ar sieve in the bydrogen form AMS-1B catal yst can
be prepared as described in U S Patent 5, 053,211, incorporated herein
by reference in |ts entirety. The AMS- 5 1B borosilicate nolecular sieve

was di spersed on [EH';I( nap)ggfg%,g%lé?gg(,eg@g_g;ﬁ?ga ng)(ﬁl eve on

alum na are al so descri cont ai ned 20

A though an’ RSIEHHEE %?(@éﬁﬁ%ﬁ%%‘l’%ﬁ“@b%%ﬁ PRl Mizga i
somer | 2at | onye GmARGANATof % RAAASAED iRIAe RER! KR PRoddicpreBariaTes of

this |nvent|on r types of xylene Isoneriza

catal ysts eqifiibriven upedentsatier hn nhale pareent of pasd-aylesesaasgdherxylene
ZSMtype, for exanpl e, ZSM 5-type nol ecul ar sieves, such as those, for
exanpl e, 5 ISRIBEFS ab@@ reastion temperatyte. Bhe fged fomthe, xylgng) iggmerization

o sorPor o IR Tl 7 o KSR opd SSRRERHond, 213% EFcBne
EXAMPLES OF 8 WA Rylene, by weight, the rest was a mixtuFEUPBBAIENE: 1BHRMBLE A
20 Dual Bed talyst Run’ - bed catal yst used in this run

consi st ed of non-arch2atioand h?@-(EB aromadicsi on catal yst (60% | arge particle

AL- MFI  si eve/ 40% silica) placed on top of 3g of the xylene
| soneri zat i oyt @ts&iay(saoﬂ%eam attpeOshdVeAichtiBhON re@btich umna&i)on@l It ed
with 3g of ganma al um na. The reaction conditions were: erature =

650[ er r] BO( 34%°A1rér of tt)e dpakbedreatalysbdeginedp fiogn an1 it keadye Qi 8.5% to
d t tl

00 Chaced o ade ortER SotenohiaR o, A0 Fubfide” d8nefition; g ot ORGP iRy,

The run was C@urfﬁgeﬂue%%n?é pé’né’&%EE’céiQM?H‘rE'Mém{ anfafyrifidant deRiife in

its EB conversion activity.
EXAMPLE 1

15  Sandwich Bed Catalyst Run — The sandwich bed catalyst used in this run
consisted of 12g of the EB conversion catalyst (60% large particle AL-MFI

sieve/40% silica) placed on top of 4g of 2% Mo/alumina placed on top of 3g
of the xylene isomerization catalyst (a 20% borosilicate sieve-on-alumina)
diluted with 3g of alumina. As in the dual bed catalyst run, the EB conversion
20 was maintained at 25% and the PPATE was monitored. The reaction
conditions for this run were: Temperature = 655°F (346.1°C), Pressure = 260
psig, H,/HC mole ratio = 2.0 at a WHSV of 6.0 (based on the EB conversion

and xylene isomerization catalyst loadings).

After 125 days on stream, PPATE of the sandwich bed catalyst declined from
25 an initial value of 99% to only 98%. This corresponds to an average
deactivation rate of 0.008%/day which is a significant and unexpected
improvement over the corresponding rate of 0.05%/day from the dual bed
catalyst (a 6-fold reduction in deactivation rate). A comparison of
performance of the dual bed and sandwich bed catalysts is shown' in

30 Fi .
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i sonerization activity was nonitored by calcul ating the Percent Approach to
Para xyl emao ¢g0€513Equi | i bri um (PPATE) defined as: WOp@ 8 30Hd8301

PCT/ US97/ 08501 -17-

PPATE = [(pXprod - pXfeed)/(Proper pXeegigd - pXfeed)] x 100, wher e
pXprod is the concentration of pX in xylenes in the product, pXfeed is
the concentration of pX in xylenes in the feed, and Proper pXequil is the
equi librium concentration in nole percent of para-xylene anong the xyl ene
5 isoners at the reaction tenperat utXAMBEREfZed for the xyl ene

i sonerization run contained 17.0% et hyl benzene, 46. 0% net a- xyl ene,

: , ed CatabtRuUIYe-PHassone BEthi®inventiohtis fatiker Hestraed a
m xture of “benzene, tol uene, non-aromatic and Clerr]-Clerr] aromatics.

After 125 ugwomimetsbnget&ﬂmrunmr@mwiwﬁhta sanrdwich oed miaw@ndeomert he 10
PPATE of the al bed catal yst. declined froman injtial ue of 98.5%to
05 0% Thi B el raiio: SOHItR0S: hBed AR SPBAPRE cfol; S (0% Waje

qac 19 AT TeRipEiaRfel 2 ggte{)g oYk Sheoich B9, “ehidihe 0065 Sl ML

decline®in

EXAMPLE 1 riole é%de. o SNV oREl0 - (bHIBAS BRIME loddiflgC8f ahysERuSed
inthis run consi sted of 12¢g of the conver si on cata yst (60% 1 arge
particle AcoMrérsion andi xylehd(]%mehzataon atalpstshn Tthqosaﬁdvﬂvg:hobea%awyaﬂ um na

pl aced on top of 3g of the xylene isonerization cataly 20%
bor osi | i caieading\Wasthg §AMEaBS descrehamﬁredhw sandwjich bed Lﬁatab{st AYN; &f t he
dual bed C%‘%I!"{ t 1run the EB conversion 20 was mai ntai ned at 25% and t he

PPATE was The reacti on conditions for this run were:
Tenperature = 655 err] %é346 err]C), Pressure = 260 psi %51 1378 KPa) ,
H2/ HC ol e Tihe: sandwigh® \méhﬂsauo wamevaiuated fos azpeded wf

and xyl ene isgnerization % L, oadi
i

S oy R restiramy Due 158 SyieR¥ isomerizatio P&ﬁvéséeaﬁ%ﬁpm
val ue of 9%§8 }?H%;l%@g% Oﬁ_fygs&t%ortée%’ﬁwsabrgié%oﬁ‘é@»gaﬂgs to and%@EH\P@t' on

rate of O. I's a significant unexpect e I mpr ovenent
over the cdeagtpatioh ngte of ©.006%/ddydwikighfisotorisistentiwiithbthe rate that was

observed in the sandwich bed run of Example 1.
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catal yst (a 6-fold reduction in deactivation rate). A conparison of

per f or mance,pisdshfs dual bed and sandwi ch bed catalysts is sIramU$HT/0881
Figure 1. WO 98/ 05613

PCT/ US97/ 08501 -19- - 18-

EXAMPLE 2 Sandwi ch Bed Catalyst Run - The scope qf. this, gegrﬁrelhggdls
further illustrated by another |long termrun condu dwi ch
bed catal yst under | ower Herr]/HC nole ratio cond ﬁn ﬁ ct i on
conditions for this run were: 5 Tenp e = 655-672]

(346. 1[err] C-354.4[err]C), Pressure = psi H[err]/HC rmle ratio =
1.4, at a WHSV of 6.0 (based on the |oading of the EB conversi on and

Xyl ene isonerizatien CAt@taWESSyStEhESBﬂmmfohtl’l\mctomematmn of a xylenedang was
the same as described in the sandwi ch bed catalyst run of

10 The sandnversien chethyjkanzene in & feed wentainingu Xyleaer eﬂdaﬁtﬁgf&eggea? 513

dooi i ned fr Gempremas ARt BB Engragilopt o sonvsrel] of EhBeffiie’ 12

Ther at o5 ndt sggdfi St Bavirg RyBlogeristcrl sEguiind i Hird ERmgSCnaving ¢

-19 - activity for the isomerization of xylene whefeAhé/Becond catalyst is located in
the system between the first and third catalysts relative to a flow of feed

material through the catalyst system.

2. A process for converting a feed mixture comprising an aromatic

10  Cq mixture of xylenes and ethylbenzene in which the para-xylene content of

the xylene portion of the feed is less than equilibrium to produce a product

mixture of reduced sthylbenzene content and a greater amount of para-

xylene, which method comprises contacting the feed mixture at conversion

conditions through a first catalyst having activity for the conversion of

15 ethylbenzene, through a second catalyst having hydrogenation activity, and

through a third catalyst having activity for the isomerization of a xylene,

wherein the second catalyst is positioned between the first and third catalysts
relative to the flow of the feed mixture through the catalysts.

3. A three component catalyst system according to Claim 1 for

20 isomerizing a feed containing an aromatic Cg mixture of ethylbenzene and

xylene in which the para-xylene is less than at thermal equilibrium which

comprises a first catalyst having activity for the conversion of ethylbenzene, a

second catalyst having hydrogenation activity, and a third catalyst having

activity for the isomerization of a xylene and wherein the. second catalyst is

25 located in the system between the first and third catalysts relative to a fiow of
the feed through the catalyst system.

4. A process according to Claim 2 for isomerizing a feed

containing an aromatic Cy mixture of ethylbenzene and xylene in which the

* C L M S *



1. Acatalyst systemsuitahl e for fihe isomerization of a xylene and -
conver si qgoggl?beswyl d containing xyl ene andqinfishigiazene
conprising artirst c activity for the conversion of

et hyl benzene, a seco t I ngpgaydr ogenation activity and a third
catal yst having activity for the isonerization of xylene where the second

catalyst is located in the system between the first and third catal ysts

| ati t fl of f tenl h. th | . t .
2 A pr oBRESYBRe 8PS (1AG 3 PEa S B TR GRS Shtacngy er
mxture of, JbeReinda SHURARE RondRioHY St 1i° thiekRcarbBREnC eatp: of the

xyl ene poltion of t s than equilibriumto p uce a product
m xture ogystee tuding dopspurer (dhneamponent (2)garaicompanemi(3pivherein
par a- xyl ene, which nethod conprises contacting the feed m xture at

conver si osompomtient 13 comprisas @ tatalystchavingsactivty for the iconversion afhe
conversi on of ethyl benzene, h a second catal yst having hydroggenation

t
ot vty etiibaTFanR nOAPRNELN G21 HOraRISas, o SoRaIFsy, PEyInd yBrgenaton

botween- ¢ RECTRG <P o FRBnahl 13 chrhbife 3P Kt kiSe néving BBy 1o |
m xture t hygpnaizdtioh 6Ra aylelesand wherein cq’inpoﬁemfze;@s RpERS Fthecysams t

system according to Claim 1 for isonerizing a feed containing an aronmatic
C8 mi xt ur petween hgompapent (Ahdand | coraponenhi(Sh t tedatpuer doxal Sow iof thess t han
at thermal equilibrium which,conprises a.first catalyst having activity for
t he convel$i @Ze@’mﬁ?ﬂ@rf%%ﬁ’nghﬂm'lgbﬁﬁG&%?W%%Y%e%I ecul ar sieve having a

particle size of at least 1 micron, a second catal yst having hydrogenation

DFat i i "pai 1 achum TT.RieAE IR A widiBin B 3666 g FoatRd LT
tungsten, cagg;dd%_@ﬂi U ofAle acdthivist sidtérhy befdiavinio féed i i santheted With

i someri zat| of a Xyl ene which conprises a borosilicate nol ecul ar sieve or
zeol i t e mebenpdrent{2potihenchtalyst systethe second catal yst is located in the
system between the first and third catalysts relative to a flow of the feed

th h th t al t t ) . . - 20-
4. A process adBor dThE ATECRES PRI A WhEHEIR e RAtAYSL SyStesh i AnHes an

bed catalyst system.

15 7. The process of Claim 6 wherein component (1), component (2),

and component (3) are in sequential beds in the fixed bed catalyst system.

8. The catalyst system of Claim 1 wherein the catalyst having
activity  for the conversion of ethylbenzene is a molecular sieve having a

particle size of at least about 1 micron.

20 9. The catalyst system of Claim 8 wherein the catalyst having
activity for the conversion of ethylbenzene is dispersed on a support selected

from silica, alumina, and silica/alumina.

10. The catalyst system of Claim 1 wherein the catalyst having
activity for the conversion of ethylbenzene is an Al-MFI molecular sieve or a
25 ZSM-5-type molecular sieve dispersed on a support selected from silica, .

alumina and silica/alumina.

A



aromatic C8 mixture of glhyl.Derasesecehd xyl ene in which the para-xylene is
| ess than o biessid ' ch conprises contacti ng #dreusoeessounder
i someri zation conditi a:r}“\ l ‘\ e-conponent catal yst system incl uding
conponent (1), conpone , and conpor2ht (3) wherein conponent (1)
conprises a catalyst having activity for the conversion of ethyl benzene
whi ch conprises a nol ecul ar sieve having a particle size of at least 1

mcron, conponent §3) TRENHtaGSt dysehilortialia Vi WHEEHogRN abtaystakaviNgt Y.
whi ch conpri ses a hydrogenati on netal sel ected from nol ybdenum platinum

pal | adi um ractivitym for uthenicanyvensiarkebf ethytbenzemeumdditiontillym contaipst e, and
rheni um and conponent %@ conprises a catalyst having activity for the

il.someri zati OWQJPQQ"‘%WP% i ch conprises a borosilicate nolecul ar sieve or
zeolite nol ecul ar sieve and wherein conponent (2) is located in the system

bet ween conponent (1%) ?ﬁgt%ﬁg&gﬂgpﬁtﬁ)?{ﬁgﬁi ‘fewbglﬁnfthgwcglfai);sg?haqnh%

et hyl benzene/ xyl ene”f ee € ca ysSt sys

process af Chyir eﬂaméeﬁiw?/tdmnpﬁm & hyigenatien métahos ampatiant (1) of the

catal yst system before the feed is contacted with conponent (2) of the
catal yst system 6. The process_of Claim4 wherein the catal yst
systemis a fixed B8d EheAaalyskpystem of Claim 12 wherginether satalystohavingi m 6

wher ei n conponent c e )., .and.c one ( e_in.sequenti al
beds 1 n ¢ he eraaeton SEARAT Coytafisrs " ryRRRTERERon | etdl sqiBeBl B 1 o
Caiml \Aher.ﬁbg/bheﬁuﬁﬂtﬁéﬂrmm,haanéwuﬁﬁtrhddihbh,frefhehnﬁn,cmaker, Hof) ofnium,

et hyl benzene conprises a nol ecul ar sieve having a particle size of at | east
1.m cron seliddiuml fungstesm atid- MEniurl disperaed reaematiot sel@dvdSfrompaiumonhacul ar
si eve dispersed gn a support selected fromsilica, alum na, and

si |'i ca/ al%uni ,s'?'ﬁ%- catal yst having hydrogenation activity conprises a

hydr ogenation netal selected from nol ybdenum platinum palladium rhodium

rutheni um nickel, 4i4r oftpe hi o] slyétie | W chiRoet é‘iﬂdthreh g{ td;i\aﬁﬁ

Br sed
on a matrix sel ect eg' fromalumna and silica; angn’teﬁe cat a?yst avi ngé
activity forhydregesation activityconoprisesy neoigbdenupi-osesiumircaialystcat e
nol ecul ar sieve or zeolite -21-

15. The catalyst system of Claim 14 wherein the level of

molybdenum in the catalyst is about 0.5 to about 10 weight percent.

15 16. The catalyst system of Claim 1 wherein the catalyst having
activity for the isomerization of xylene is a borosilicate molecular sieve or
zeolite molecular sieve on a support selected from silica, alumina, and

silica/alumina.

17. The catalyst system of Claim 1 wherein the catalyst having

20 activity for the isomerization of xylene is an AMS-1B-type molecular sieve or

a ZSM-5-type molecular sieve dispersed on a support selected from silica,
alumina and silica/alumina.

18. The catalyst system of Claim 17 wherein the catalyst having
activity for the isomerization of xylene additionally contains a hydrogenation
25 metal.

19. A process according to Claim 4 for isomerizing a feed
containing an aromatic Cg mixture of ethylbenzene and xylene in which the

SUBSTITUTE SHEET (RULE 26) | |||\||c| “mj “Il‘ ““sl “ ‘“‘



nmol ecul ar 5| eve sel ect ed froman AVS-1B-type nol ecul ar sieve or a

ZSM 5-type Ia i weagzheg,p,@gpféceg on a support sel ect egdighdshi Ca,
al um na and SI |ca/a ““ 9. The catal yst systemof Claim3

wherein the catal yst ty f-pp- t he conversi on of ethyl benzene
additionally contains a h lon nmetal and/or wherein the catal yst
havi ng activity for the i sorrerl zation of xylene additionally contains a

hydr ogenat é?,f;h%é 2 I5,258, than ?Qhe%ﬁ'?\ 8@\%@&':%% \ﬁ%ﬁeéﬂrﬂénsgsabghécﬁﬁ&r ein

the cataly ogena I on conpr i

ol y bdenUeréHLUﬂdB’t :@@he&xmbmmgaﬂa&mpém&ﬂe @fffrcsmlaﬁvinmw n the
catalyst is 0.5 to 10 wei ght percent. process according to

Claim4 foto BboufeﬂDQ@"ng a Pressyre o abiont rOgtcaabaubﬂraW cpsm WYﬂW%@-

oau |1 br 1 cial erobRrERR: i B of ABrE 3bRut Peth to.hut TR Abelt ™
condi 1 9nSyiny? spaER NIy THSY) 1 15 ssé%fofs%lgegétgg 0] ith24 e 11 C to

537.8[err ressure of 0 to"1000 psig (O to

hydr ogen- t@ompbnénhmdtmrmmolmlumgmmﬁ Hient (31)5c3:ntpbr¢en1((2), aagd a
wei ght hourly space velocity (VWHSV) of from05to 20, wit

t hr ee- conpep@peneat @)yﬂle@gﬂs@@ﬁpw@mﬂab ﬁgmpcsﬁpsﬁecsﬁtalyai)ha\amg@h\équz) and

For the cottraNESIo GPARIRERzeng shRERRERF i elBbibeksh HHFCRAING Lo ng
a particl enpdregenhtion a&aaty, lar WodRpGRArRCIBd cbhipiisad Al cialystohaangar

sieve and a ZSM 5-type nol ecul ar sieve dispersed on a support selected from
si i ca10 al adiivity, fmnme;nmmanaatmn o4, a cxyipns eand (vﬂ)eremmorrmem dap asyst

ol coted f IHaRDY R AP ASER RoRATTEh (kAN RGTRARENE (EhdRPINE 1A ckel

i ron, osm Yifo gfﬁlel’éﬂwgﬁbﬁﬁﬂéﬁ@& ﬁec#eéa?gvowgh%eﬂaw eyt 11 x sel ect ed

from al uni fa and Si11c and co onent onprises’ a Catalyst having
activity for the isomerization of a xylene which conprises a borosilicate
nol ecul ar si eve @0.zdbkiprecess of Glaim 2 whereie tee catalystdraving adtivityBfary pe

nol ecul ar sieve or a e nol.ecul a eve di spersed o part
Cel ccted f IsmbanYarsn o) oY DERZR0S & A BRIeStiA Sy e RER & BRI SRRt (2)
s, 0cak edat RaPabaYeT RALRRL ween
21. The process of Claim 20 wherein the catalyst having activity for
the conversion of ethylbenzene is dispersed on a support selected from silica,

alumina, and silica/alumina.

22. The process of Claim 2 wherein the catalyst having activity for
20 the conversion of ethylbenzene is an Al-MF| molecular sieve or a ZSM-5-type
molecular sieve dispersed on a support selected from silica, alumina and

silica/alumina.

23. The process of Claim 22 wherein the catalyst having activity for

the conversion of ethylbenzene additionally contains a hydrogenation metal.

25 24. The process of Claim 2 wherein the catalyst having

hydrogenation activity comprises a hydrogenation metal on a matrix.

25. The process of Claim 24 wherein the catalyst having

hydrogenation activity comprises a hydrogenation metal selected from
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29. The process of Claim 2 wherein the catalyst having activity for
the isomerization of xylene is an AMS-1B-type molecular sieve or a ZSM-5-

type molecular sieve dispersed on a support selected from silica, alumina and
15 silica/alumina.

30. The process of Claim 29 wherein the catalyst having activity for
the isomerization of xylene additionally contains a hydrogenation metal.

31. The catalyst system of claim 1, wherein the catalyst having
activity for the conversion of ethylbenzene has an XIA_parameter to
20 EBA_parameter ratio of up to 10.

32. The catalyst system of claim 31, wherein the catalyst having
activity for the conversion of ethylbenzene has an XIA_parameter to
EBA_parameter ratio of from about 0 to about 2.

33. The catalyst s'ystem of claim 1, wherein the catalyst having
25 activity for the isomerization of xylene has an XIA_parameter to
EBA_parameter ratio greater than 10.
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35. The catalyst system of claim 12, wherein the hydrogenation
5 metal is molybdenum.

36. The catalyst system of claim 35, wherein the level of
molybdenum in the catalyst is from about 0.5 to about 10 weight percent.

36. The catalyst system of claim 36, wherein the level of
molybdenum in the catalyst is from about 1 to about 5 weight percent.

10 37. The catalyst system of claim 11, wherein the hydrogenation

metal is molybdenum.

38. The catalyst system of claim 18, wherein the hydrogenation
metal is molybdenum.

39. The process of claim 2, wherein the catalyst system is a fixed
15  bed catalyst system.

40. The process of claim 39, wherein the three catalysts are in
sequential beds in the fixed bed catalyst system.

41. The process of claim 40, wherein the three catalysts are in
sequential reactors.

20 . 42. The catalyst system of Claim 1 wherein the catalyst having
activity for the conversion of ethylbenzene additionally converts Cq to Cyg
paraffins and naphthenes.
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