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process fof xylene isonerization using a | ti- conponent catalyst system
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second conponent selectively isonerizes the xylenes to increase the
par a- xyl ent¥P8@HORNt to a val ue at or approaching the 30 therma
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chemical isomerization of the other xylene isomers to increase the yield of the desired para-

isomer has become increasingly important. However, since the boiling point of ethylbenzene is

20 very close to those of para-xylene and meta-xylene, complete removal of ethylbenzene from
the Cs aromatic feed by distillation is impractical. Hence an important feature of any
commercial xylene isomerization process is the ability convert ethylbenzene in the feed to
useful by-products while simultaneously minimizing any conversion of xylenes to other |
compounds.

25 _ One commercially successful xylene isomerization process is described in U.S. Patent
No. 4,899,011 in which a C; aromatic feed, which has been depleted in its para-xylene
content, is contacted with a two component catalyst system. The first catalyst component
selectively converts the ethylbenzene by deethylation, while the second component selectively
isomerizes the xylenes to increase the para-xylene content to a value at or approaching the

30  thermal equilibrium value. The first catalyst component comprises a Constraint Index 1-12
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An dbject of the present invention is to reduce the xylene losses obtainable with
existing two component xylene isomerization processes such as those described in the ‘011
and ‘027 patents.

Accordingly, the invention resides in a process for isomerizing a feed which contains

20 ethylbenzene and xylene, which process comprises the steps of: |

(a) contacting the feed under ethylbenzene conversion conditions with a particulate
first catalyst component which comprises a molecular sieve having a Constraint Index of 1-12,
the particles of said first catalyst component having a surface to volume ratio of 80 to less than
200 inch™, and the contacting step converting ethylbenzene in the feed to form an

- 25  ethylbenzene-depleted product; and then

(b) contacting the ethylbenzene-depleted product under xylene isomerization
conditions with a second catalyst component.

Preferably, the particles of the first catalyst component have a surface to volume ratio
of 100 to 150 inch.

30 Preferably, the first catalyst component includes a hydrogenation component.



Preferably, wheypmati cl es of the first catal yst conponent have to
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15 Preferably, the molecular sieve of the first catalyst component has an average crystal
size in excess of 0.1 micron and the molecular sieve of the second catalyst component has an
average crystal size less than 0.1 micron.

Preferably, the molecular sieve of the first catalyst component has an alpha value of
greater than 50 and the molecular sieve of the second catalyst component has an alpha value

20  ofless than 50.

Feedstock

In general, any aromatic Cg mixture containing ethylbenzene and xylene may be used as
feed to the process of this invention. Generally, such a mixture will typically have an
ethylbenzene content in the approximate range of 5 to 60 wt.%, an ortho-xylene content in the

25  approximate range of 0 to 35 wt.%, a meta-xylene content in the approximate range of 20 to
95 wt.% and a para-xylene range of 0 to 15 wt.%. The feed in addition to the above aromatic
Cs mixture may contain non-aromatic hydrocarbons, i.e., naphthenes and paraffins in an
amount up to 30 wt.%. In a preferred embodiment, the invention provides means to process a
mixture of Cs aromatics such as that derived from catalytic reforming of a petroleum naphtha

30  to a mixture of reduced ethylbenzene content and increased content of para-xylene. The
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i s describe E£9{‘E‘B€fe_ Pat. No. 4,016, 218. Exanples of internedi ate
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Examples of intermediate pore size molecular sieves useful in this invention include ZSM-5
(U.S. Patent No. 3,702,886 and Re. 29,948); ZSM-11 (U.S. Patent No. 3,709,979); ZSM-12
20  (U.S. Patent No. 3,832,449; ZSM-22 (U.S. Patent No. 4,556,477); ZSM-23 (U.S. Patent No.
4,076,842); ZSM-35 (U.S. Patent No. 4,016,245); ZSM-38 (U.S. Patent No. 4,406,859);
ZSM-48 (U.S. Patent No. 4,397,827); ZSM-57 (U.S. Patent No. 4,046,685); and ZSM-58
(U.S. Patent No. 4,417,780). _
The molecular sieve of each of the first and second catalyst components is preferably
25  associated with a hydrogenation-dehydrogenation component. Examples of such components
include the oxide, hydroxide, sulfide, or free metal (i.e., zero valent) forms of Group 8 metals
(i.e, Pt, Pd, Ir, Rh, Os, Ru, Ni, Co and Fe), Group 6 metals (i.e, Cr, Mo, W), Group 14
metals (i.e., Sn and Pb), Group 15 metals (i.e., Sb and Bi), and Group 7 metals (i.e., Mn, Tc
and Re). Combinations of catalytic forms of such noble or non-noble metal, such as

30 combinations of Pt with Sn, may be used. The metal is preferably in a reduced valence state,



ZSM 48 (U. SwHabesdsz No. 4, 397,827); ZSM57 (U. S. Patent No. 4 - and
ZSM 58 (U S. Patent No. 4,417,780). The nol ecul ar sieve of eac??fé}.&sg?/ﬁ?”
first and second catal yst conponents is prESferany 25 - associated with a
hydr ogenat i on- dehydr ogenati on conponent . anpl es of such conponents

I ncl ude the oxide, hydroxide, sulfide, or free netal (i.e., zero valent)
forms of Goup 8 tals(i.e.,,,Pth,Gde, gir, Rh, Gs,. Ru, N, Co and Fe),
Group 6 mef&-<visn this cempoggnt igyn t ofjan oxideprshydroxide. Ehe reducedivalence state

15 netal s (i kehs : i..e ..M . Tc and Re).

Conbi nat i o%gtig% mgtg{? gﬁg? F(l:% h%ugre n’g%@’s uc hnértlg%§%lr%r& ofﬁé‘%%%?& wheng Eﬁﬁ'c’é’ﬁ@ﬁe‘gs

30  conbi sadhi asrhydodgeR) isuadlindeSrin tinefeed e theeechetidhe netal is preferably in a
when this conmponent is in the formof an

reduced val ence_st at e, e. d.., ] [ |
oxi de or hydroxIg@ne mﬁefr%gim@ﬁ%mfdbe wyentiongthe hydrogeration-dehydrogenation

attainegl, | ' : ' C r tdR, en, a_r.educi ng agent,,
such agsj hygér;]rg %‘E\é,ﬁt fsgéj{iélug?ﬂ%g% (lfér?]’%tigd'?%’e ’t@sa%‘rﬁleﬂpeag@ﬁo ﬁ?relf?{ggﬁés f 184
enbodi ment a Girthdrgreforred tinbodimeheofthe ingatie, itlﬁlaﬁ@d@édﬁtﬁlﬁﬁ i i
conponent is a ng’ble metal (i,.e Pt , Pd,l I'r , s andﬂ%)ﬁagﬁgat%lst

pr ef er abl yComBPoneRt fsAn-garly tragsition metal, such pemolybdenviss dungsten, deniunreariddorent i on,
t he hydrogghatl ks ' onponent is an early transition netal,
FiRt SR RSO0 th

such as noly ni um and/ or manganese, nost preferably

rhenium The hydhe hgdaigemtionitiisidrogenstion @BmponeR0 iR be MRV ritRated Gt B kATt
such "as i on exchange,

into the catal yst, 10 by et hods known in the art, ; )

i mpr egﬂ%lt i BHhMS h%ﬁi‘é‘?\i’&lm therart sughoas ipp exehang, irapregationios physidal agmixtyrei Foe
netal salt e I ndn a t ,conponents, .either
before or a dt re’gg}ug@? % gg%ﬁ%ﬁ%%tgﬁegﬁgéﬁﬁ %e ‘q’d‘ﬁiﬁf&%‘?@‘hmﬁt’%ﬁ@@mﬁlﬁ ent
to conbi necdérhporentyp eitherbefore op afervelectivdtion B8t catidist Ainder\@nditlons sSficient to
preferably ﬁtier sol ubl e. Exanpl es of such salts include chloroplatinic

acid, tetr Af theglesnechvecempeneasse The petal containing salt ispreferabéy, watensalubleat e

and tin ch | ' 1 in_the f.orm of catjonic,
ani oni ¢ ortfr?\éexh ?%?Fggﬁpgpgﬁhglgg% °§§’%’ﬂ%ﬁ%%2§i&gaﬁﬁ"wﬁaﬁ?‘8ﬂ SBWBF"&%?L’B‘P“‘“
this tlfpe chlbiidd)einfsalfmd andminahlozide. The mﬂhﬁlygi'eﬁﬂ:dmraiea iPTHeTolm 8 FRh GG, ar
sieve. For _exanple, a platjnumnodified gatalyst can be prepared by fi rst

addi ng t he®UaRIG Oy Beutral complex sucly as BNy ind gationic complexes of this type will be

found convenient for exchanging metals onto the molecular sieve. For example, a platinum

modified catalyst can be prepared by first adding the catalyst to a solution of ammonium
nitrate in order to convert the catalyst to the ammonium form. The catalyst is subsequently

20 contacted with an aqueous solution of tetraamine platinum(lI) nitrate or tetraamine
platinum(II) chloride. Anionic complexes such as the metatungstate, permanganate or
perrhenate ions are also useful for impregnating metals onto the molecular sieves. After
incorporation of the metal, the catalyst can then be filtered, washed with water and calcined at
temperatures of from 250 to 500°C.

25 The amount of the hydrogenation-dehydrogenation component is suitably from 0.001
to 10 percent by weight, e.g., from 0.1 to 5 percent by weight, e.g, from 0.1 to 2 percent by
weight, although this will, of course, vary with the nature of the component, with less of the
highly active noble metals, particularly platinum, being required than of the less active base

metals.

30 In practicing the process of the invention, it may be desirable to formulate either or
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on an anhydrous basis may vary widely with the molecular sieve content ranging from between
1 to 99 percent by weight and more usually in the range of 10 to 80 percent by weight of the
dry composite.

20 The first and second components of the catalyst system of the invention differ from
each other in a number significant respects which ensure that first component selectively
deethylates the ethylbenzene in the feedstream to benzene while the second component
selectively isomerizes xylenes in the feed. These differing characteristics are discussed below

In addition, the first and second components of the catalyst system of the invention

25  may differ in their particulate form and size. Thus, as will be described in detail below, the first
catalyst component is composed particles having a surface to volume ratio of 80 to 200 inch™ ,
whereas the second catalyst component will typically be composed of particles with a surface

to volume ratio less than 80 inch™.

Ethylbenzene Conversion Component
30 According to the invention, the first catalyst component, which selectively deethylates



a cogel. The relative proportions of nolecul ar sieve conponent and

I norgani c W@ 8¥52841 matri x on an anhydrous basis may vary w detHuUs#Nd19dshe
nol ecul ar sieve content ranging frombetween 1 to 99 percent by wei ght and
nore usually in the range of 10 to 80 per@gent by weight of the dry
conposite. 20 The first and second conponents of the catal yst
systemof the invention differ fromeach other in a nunber significant
respects ' ] . ' pelelal-l |V e

et hyl benz\éﬁlge&lnxlﬁ %ﬁgé&e g:f?géjlg%é%ggﬁenzeﬁg 1%/\)?1%%&{ %oegstéc}%ﬁgtagéhn%%en@n‘% me
sel ecti velratid 608%td 2260 Myh & peefetablyt 100 tocksd. indthe SEmudiif hfrrongbednafoasd tHat tie CS
are di scussed below In addition, the first and second conponents of the
catal yst ${hylbenzese qongersiopgpaction ipsensiting o intfepasticle{mageqporens) diffusia e f orm

and si ze. ,. W I i_n il fi | yst
omponan iatAionE S ticctiE (F Sk A6H sizd of Bie i) e SINT chiald oSBhAIRKE |
200 i ngh" suchvmaf hirsutface wefolitile Edtiosis withirc theRRpefiéd mMingt, it MFbER] that R
conposed of particles with a surface to volune ratio |less than 80 inch".

Et hyl benz éfeapesirie diffusion distanss can bgdecreased withaut excgpsively incregsing thepressune

the first [ Chd . t he

et hyl benzgg@ ?%X?%tgggggg:g%g%woﬁg%E%éxﬁé{,ﬂeﬁleég?cgsc%%é/ cg}g‘ﬁg%yntl%t ave a
surface t ethyibenaEne cinversioh i the first<ciddlystibel cen bé redeed, evtilelay tHAneimS the
inch[err]. Thus it has now been found that the ethyl benzene conversion

reaction ylenejsomerizgatiqroadtivity apthetfirey eatalysi cpmperents3n be fncegsisesh Produciagiaons.

By selgcti t hape and si f .the rticles of the first . .catalys
componnt st colifyh CORRRRRR o Fe Besitel SulBf /ol tptocirtAdi ARG EdbY | e
range, it cofitrbifitpehd paticle §R2e iof tHeAdagdlyst oF By dkihf dshayedbatdlys0 partich) sikéh as the
decreased w thout excessively increasing the pressure drop across the first

cat al yst igseovedsylndrécal extrudateedesoribaddn (L5 §sBatertd o328, 1 3or mbollewipr selitzene

the xyi endobletal rindatd a Seibitip B5. FRE o ERERS B Slnbls, atpiidifL. ™
i ncr eased.cafilyeflpsitiole Havihg a diarecer 681/30 Yisch 4@ rmezs%n of 3/finéhRasdesirfaélto
surface to volune ratio can readlg be achi eved by controlling the particle

size &b t volume mtipf 141, whergas mguadralnbgsbeplid sutindate havipg the extermakshape t he
gr ooved Cydééézrograﬂ fnai-‘xggfgfi 8&% 99&52 ﬁﬁéﬂtba%g h'axr)inhJ 'a%ha:gr%{xgmnéroggmcﬁogazft %in%g’ngio%rofa

hol | ow or
1/16 inch and a length of 3/16 inch has a surface to volume ratio of 128. A hollow tubular

extrudate having an external diameter of 1/10 inch, an internal diameter of 1/30 inch and a
length of 3/10 inch has a surface to volume ratio of 136.

20 In addition, the first catalyst compohent preferably has enhanced macroporosity which
is achieved by adding a thermally decomposible organic material to the mix used to extrude
the catalyst particles and then calcining the extruded particles to remove the organic material.
The thermally decomposible organic material can be any material which is compatible with the
extrudable mix used to form the catalyst particles and which is retained within the mass of the

25  extruded catalyst particles but which can be removed from the catalyst particles by heating to
leave macroporous voids within the particles. A suitable organic material is a cellulose such as
that sold under the trade name Avicel.

The molecular sieve of the first catalyst component preferably has a higher acid activity
than the molecular sieve of the second catalyst component. Thus molecular sieve of the first

30  catalyst component preferably has an alpha value of at least 50 and typically has an alpha value
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The desired xylene diffusion properties of the first catalyst component can be achieved
in a number of ways. For ortho-xylene diffusion times at or near the minimum value of 50
20  minutes, the selection of a large crystal form of the molecular sieve used in the catalyst, that is
having an average crystal size in excess of 1 micron, may be sufficient. However, to achieve
higher diffusivity values, it may be desirabl; to selectivate the first catal)fst component by
deposition on the surface of the catalyst particles of a layer of coke and/or an oxide, such as
silica, which is inert under the process conditions experienced in use. Where the catalyst
25  particles are selectivated, both large crystal size and medium crystal size (having a crystal size
of 0.2-0.5 micron) molecular sieves can be used in the first catalyst component.
Where the first catalyst component is to be selectivated with silica, this is conveniently
achieved Sy subjecting the catalyst to one or more treatments with an organosilicon compound
in a liquid carrier, each treatment being followed by calcination of the treated material in an

30 oxygen containing atmosphere, e.g., air. Such a multiple selectivation procedure is described
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Preferably, the kinetic diameter of the organosilicon compound, which is used to
20 preselectivate the molecular sieve, is larger than the molecular sieve pore diameter, in order to
avoid entry of the organosilicon compound into the molecular sieve pores and any
concomitant reduction in the internal activity of the molecular sieve.
Preferred organosilicon preselectivating agents, particularly when the preselectivating |
agent is dissolved in an organic carrier or emulsified in an aqueous carrier, include
25  dimethylphenyl methyl polysiloxane (e.g., Dow-550) and phenylmethy! polysiloxane (e.g.,
Dow-710). Dow-550 and Dow-710 are available from Dow Chemical Co., Midland,
Michigan.
Preferably, the liquid carrier for the organosilicon compound is an organic compound,

such as a linear, branched or cyclic hydrocarbon having five or more, especially 7 or more,

30 carbon atoms per molecule, e.g., an alkanes, such as heptane, octane, nonane or undecane.
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hydrocarbons, such as paraffins, cycloparaffins, olefins, cycloolefins and aromatics; oxygen-
containing organic compounds, such as alcohols, aldehydes, ethers, ketones and phenols; and
heterocyclics, such as furans, thiophenes, pyrroles and pyridines. A hydrogen cofeed may be

20 used to deter the excessive build-up of coke. Further details regarding coke selectivation
techniques are provided in U.S. Patent No. 4,117,026. By using a combination of silica
selectivation followed by coke selectivation, the number of organosilicon impregnation
treatments required to achieve a particular xylene diffusivity can be reduced.
Isomerization Component

25 The second component of the catalyst system is effective to isomerize the xylenes of
the feed containing Cs aromatics. The second, isomerization component preferably has an
ortho-xylene sorption time of less than 50 minutes and preferably less than 10 minutes. This is
typically achieved by using a small crystal size molecular sieve, having an average crystal size

of 0.02-0.05 micron, in this component. The molecular sieve of the second component of the

30 catalyst system will typically have an alpha value less than 50 and preferably from 5 to 25. The
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preferably rom
‘he feed is preferably cascaded from the first to the second bed without intervening separation

flight gases. As an alternative, the first and second beds could be disposed in separate
sactors which, if desired, could be operated at different process conditions. Additional
atalyst beds may be provided prior or after the first and second catalyst components of the
nvention.

After the conversion process, the isomerization product can be treated to isolate para-
ylene and/or other desirable xylene(s). Thus, for example, the isomerizate product can be fed
o a variety of para-xylene recovery units, such as a crystalizer, a membrane separation unit, or
 selective adsorption unit, and thus the para-xylene may be isolated and recovered. The
esidual isomerizate can be stripped of products lighter than Cs. Products heavier than Cg in
he residual isomerizate can be further processed or may be fractionated out. Cj fractions from
vhich para-xylene has been removed can be recycled to the isomerizer.

One result of the process of this invention is to convert the mixed xylene components
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may be provi dedheinvention wili new be more pargiculalydessabewih reference i HSonent s of
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with 0.1% Pt being added during the mulling step, and was then steamed to an alpha of 150.
The resultant whole extrudate, referred to herein as Catalyst A, had a surface to volume ratio
20  of 77 inch™.
A sample of the whole extrudate was crushed and sized to 14/20 mesh. The resultant
crushed extrudate, referred to herein as Catalyst B, had an average surface to volume ratio of
150 inch™.
Catalysts A and B were used in ethylbenzene conversion/xylene isomerization
25  evaluations on a Cg aromatic feed consisting of 20 wt.% ethylbenzene, 60 wt.% meta-xylene
and 20 wt.% ortho-xylene. The evaluations were conducted in automated units each having a
3/8-inch diameter, stainless stee! tube reactor and on-line GC sampling. 0.75 grams of catalyst
was loaded into the reactor (with sand as inert packing material) and the catalyst sample was

then heated in N7 to 350°C and reduced in hydrogen at this temperature for 2 hours. The

30 reactor was then heated to reaction temperature, and feed was introduced after initially being
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| evel s_of 1. 5%??.19., xyl ene loss 10 I|evels of ,1.0% may so be achigeved.
The imS/ention f ow be nore particularly des&i bed wwth reference™ o the
acconpanyi ng Exanples. Exanple 1 A first catal yst conponent for a

t wo- conponent @-"lg#%ﬂﬁsystem was formed from 15 ZSM 5 havi ng an aver age
crystal size ofWHSW cron. The ZSM5 was conposi 88d with arfGal uni na b2®ider
in a weight ratTemperatét°EBM 5 and 35% al um na 8J0nder. Th800n xture 809
extruded into @JHGdrical particles having a didneter of 1116 inch and a

I ength of 3/ 16 Pragstire (Ms 0.1% Pt bei ng added digp ng the gsl i ng stegp and
was then steaned to an al pha of 150. The resultant whol e extrudate,
referred to herglhiis talyst A, had a surface to volune ratio 20 of 77
inch[err]. A sgip e whol e extrudate was grushed ang 8si zed to%ﬁ/ 20
nmesh. g’he resulf’ant crushed extrudate, referred.fo herein ags Cat al yst ' B,
had an aver age Dfte to volume ratio of 150 ifr hlerr] C3tal ysts Al B
were used in etiRM¥€nzene conversion/ xyl ene i sofreri zation! eval idPi ons
on a CJerr] ardtic feed consisting of 20 w.%-éthyl benz&f, 60 w .28

met a- xyl ene and®az®Xylen® or t ho- xyl ene. The eval Udt@ ons wer ¥7.8onduct ed8in
aut omat ed uni t MetaXiylemeyi ng a 3/ 8-inch di anet ed2.5t ai nl es42.8t eel tul4e.0

react @0 and on-OritheXglenganpl i ng. 0.75 grans of 180 al yst weggl oaded i1migo the
reactor (wWith sgpd as inert packing nmaterial) apg@ the catglyst sanplggwas

EB Conv (%) 73 70 86
Xylene Loss 3.3 2.5 35
25 Tol. + Co+ Make 3.9 24 3.7
Para Approach to Equilibrium 933 . 978 100.8
(PATE)

These result§ clearly show that the crushed catalyst had a higher activity for
30 ethylbenzene conversion (EBC) at comparable severity than the base catalyst (86% for the
crushed catalyst as compared with 73% for the base catalyst, both at 800°F/20 WHSV). At
_ this higher EBC, the crushed catalyst afforded comparable xylene loss even though the EBC
was higher. At comparable EBC (roughly 72% EBC), achieved at higher WHSYV, the product
slate was significantly improved, as shown by the lower xylene loss (3.3% xylene loss in the
35 “whole extrudate case” vs. 2.5% for the crushed catalyst case). These results also show that
the crushed catalyst had higher activity for xylene isomerization, as shown by the Para
Approach To Equilibrium (PATE), than the base catalyst (100.8% PATE for the crushed -
catalyst vs. 93.3% PATE for the uncrushed catalyst, both at 800°F/20 WHSV).



then heated in N2 to 350[err]C and reduced in hydrogen at this tenperature
for 2 hour YO?He84p reactor was then heated to reaction tenperaserssand

feed was introduced after initially being 13 percol ated through al um-na.
Further details of the conditions of read#ion and the results obtained are
summari zed in Table 1. Table 1 5 Cat al yst

A B B Condi tions- WHSV

20 20 Tenperature ([err]F) 800
800 Exapfile?, H2/ HC 1 .
1 1 A°fiest satalyst queippnent for a two-component catalyst sysfeth was formed fibnd

150 Yield % . C5- . . 3.6 3.8
4 4 1 |5e SZS(I\%t 5 lggﬁwverage crystal size of 0.2-0.5 micron. The ZSMSgvas compositedywish a

é é 9 Tol ugfiRa binder in a weight ratio of 65% ZSM—S and 35% Silica bmder Thé sﬁica-bouréd %S#S 9

Xyl eneS  was extruded into 1/16”diameter cylifidri¢at pamcles usifig c@nventlonal niddnParddvas thgh ene

1523 g _ subjegteg o a multiple sxﬁqa-g;?eégsﬁanon sequence mvoﬁXng wth four successive 1.0
0.7 ) -
86 Xyl ene Tgrf%ngtuﬁ'ﬁra?ﬁent(s With 7.8 wt.% Dow 550 in decane After egZ@ impregnation, @ZS 25

Tol . .+ C9-solMehtewas stripped, and the catalyst was ca’kc:@ed m Nz and then #h air to 538°C. Platindar a
Approach to Eqw | ibrium 100. 8 (PATE
These r eswasshen ingerppraterhonte hfaaselqsévaéﬁh §¢té'astdmlawy@vt weldess impgagaatiencwithi t y

for 390, SlRERASHERHUMELS BobERE) astne Y ARk ARRY Thk eul ki, P20

cat al yst
designated herein as Catalyst C, contained 0.1 wt.% platinum and had a surface to volume

ratio of 77 inch™.
A sample of the whole extrudate was crushed and sized to 14/20 mesh. The resultant
crushed extrudate, referred to herein as Catalyst D, had an average surface to vo]ume ratio of
15 150 inch™. |
Catalysts C and D were used in ethylbenzene conversion/xylene isomerization

evaluations described in Example 1 and the results are summarized in Table 2.



crushed cat conpared with 73% for the base catal yst, haoth at
800[err] F/ 2( Wﬁ At this higher EBC, the crushed catal yst a1 03&g796°
conpar abl e xyl ene | oss even though the EBC was higher. At conparable EBC~
(roughly 72% EBC), achi eved at higher WHSVS t he product sl ate was
significantly inproved, as shown by the | ower xylene |oss (3.3% xyl ene | oss
in the 35 "whol e extrudate case" vs. 2.5%for the crushed catal yst case).
These results al so show that the crushed cdableat had higher activity for
xyl ene isonerization, as shown by the Para Approach To Equilibrium (PATE),
than the base catal yghtdigp0. 8% PATE for the crusped catalyst p@s. 93. 3§6 PATE
for the uncrushed catal yst, both at 800[err]F/ 20 WHSV). 14 Exanple 2 A
first tal yst EQHRRBRN for a two-conponent catal yst system was forned
from ZSM 5 havi erﬁge crystal size of O. %85 rricron.,,gge ZS was
conposi t ed withzgmggla;gg( Vnder in a weight ratbof 65% zSW& and 3
silica binder. i a bound ZSM5 5 was ex®}uded into 1016"di akBt er
cylindrical parPressus (888hg conventional neans 388 was then 38®jectelfdo a
mul tiple silicaHs®@ctivation sequence involvinglwith four sutcessivel

i npredi®ation treatments with 7.8 wt. % Dow 550 in decane. After each

i npregnation, tNeeldotwted)y: was stripped, and the catal yst was calcined in N2

and then in aircgo 5380C. Platinumwas then incggorated ontgdhe 54

sel ectivated caighyat by incipient wetness inpregpation wthy plﬁt{ num
tetraammine nitg %lg efoI | owed by drying and air d37?l| cinati on.9 e respltant

catal yst, desig ﬂvg_herein as Catalyst C, contgrhed 0.1 wt.%platin ﬁ‘nand

had a Surface t %gé ratio of 77 inch '. As%ﬁle of the ol e ext-Pudat e
was crushed and' ¥RZ8HH% 14/20 nmesh. The resul t 2t crushed eft4 udat €06

referred to herMete Xylepat al yst D, had an averag@®4urface to $Bfune r3é o of
15 150 inch[ ePrtho Xdensl ysts C and D were usedl?.8 et hyl benz2hd 19.8
conver si on/ xyl e@eti soneri zati on eval uati ons des&lbed in Exafdle 1 add the
resul t20 are sunmari zed in Table 2.

EB Conversion (%) 69 84 97
Xylene Loss 0.5 0 13
Toluene + Co+ Make 0.8 0.4 1.0

25 As was demonstrated above with the non-selectivated catalyst, the performance of the -

crushed catalyst was superior to the “whole extrudate” catalyst. Thus, at comparable severity
(800°F, 20 WHSYV), thé whole extrudate achieved 69% EBC while the crushed catalyst
achieved 97% EBC. At less severe conditions (780°F, 40 WHSV), the crushed catalyst still
achieved higher EBC than the whole extrudate catalyst (84% EBC vs. 69% EBC) and, further,
30 the product slate was superior to that afforded by the whole extrudate catalyst (xylene loss of
0.5 % for the whole extrudate at 69% EBC vs. 0% for the crushed catalyst at 84% EBC).
Example 3
(a) The first catalyst component for a two-component catalyst system was prepared by
dry mixing ZSM-5 crystals having an average of crystal size of 1 micron with alumina in
35  proportions to give 50:50 molecular sieve/Al203 on a 100% solids basis. Water was added to
form an extrudable mull which was then extruded on a Bonnot extruder to produce solid,
cylindrical particles having a diameter of 1/16 inch and a length of 3/16 inch so that the surface

to volume ratio of the particles was 77 inch™. The extruded particles were dried at 250°F and



15 Table 2 Catal yst C D D5

Condi t i ons: WDA%5a84at ure ( OF) 800 PCT/US99/076%9

800 WHSV (Hr-i) 20 407 . 20
Pressure (psigQ) 1%8 150 150

H err]/HC 1 1 110
Yields (w.%: C5- 2.9 4.2
5.4 Benze 14. 1

Tol uene "Yhen calcined in nitrogen at 1000°F for 3 houygs. 7T&e caﬁcmed extrudetegnas%uumxdn@ecb

>E<t |hy| benzefen exchanged twice with 1N NH4N03 (S mPsolution/gm extrudate)?’n?fseg vgtlwgel&ufeﬁr a
yl ene

Xyl ene  water, dried at 250°F, and calcined uﬁﬁr at 1000°F for 6 houEQ The resulfafit €atdlydt s

Xyl ene . 19..9 19.8 C9+
0 1 impregnated,via incipieng wetngss taghpigpe with ,adher(lt;gx solutxon prepared by dlssolvmg 69

?43 o Isuenez+% (‘Vp) &ﬁ&ém deionized water. The rhemgmglmpregna{%d%atalysbwzs dried at 1 0

25 2565F vesicintiinnirtat 602 fyQviourd irdd thbesteaed & JOOPF fort3eSIh6uts A Rerst
t he performance of the ¢rushed cat al yst was superior to the "whole

ext r udat e"catalysh componen issdesignated faizl¥giBe severity (800[err] F, 20 WHSV), the

whol e ext rudat taI Chl eved 97%
£B0 Cat | ess sonne Wk Ro@Rite ks ih kel HHEIRHRE b B oRiiSem ot
still achitheeyktém, ghnltheEBSM barystaheenploye lexdtanidiatage o0EFbtdbizd SFPOEBGsVS-
69% ESSWnand further, the product slate was superior to that afforded

by th dnisren, hhg dinelerh é%lt’&ll impregnatedsaeondpatalyst component isdesipratedhChtalyst F.
extrudate at 69 FHE pYceedlrd dulfinddlf (5/M30EHas ApRhS to Hloaleds BRGha i@ ™! © 3

component catalyst system but, in the case of the first catalyst component, 10 wt.% Avicel
PH-200, a burnout agent, was added to the extrusion mix and the mix was extruded into a
solid quadrulobe extrudate having a maximum cross-sectional dimension of 1/16 inch, a length

15 of 3/16 inch and a surface to volume ratio of 128 inch™. After thenium impregnation, the
resultant quadrulobe-shaped first catalyst component is designated Catalyst G.

Each of the two component catalyst systems was used to conduct the ethylbenzene
~ conversion/xylene isomerization evaluations on a Cs aromatic feed consisting of 20 wt.%

ethylbenzene, 60 wt.% meta-xylene and 20 wt.% ortho-xylene. The evaluations were

20  conducted in automated units each having a 3/8-inch diameter, stainless steel tube reactor and
on-line GC sampling. 0.5 g of the first component was stacked in the reactor as a "top bed
catalyst" over 1.5 g of the second component as a bottom bed catalyst, using sand as inert
packing material. The catalyst system was then heated in N, to 350°C and reduced in
hyarogen at this temperature for 2 hours. The readtor was then heated to reaction

25  temperature, and feed was introduced after initially being percolated through alumina. Further

details of the conditions of reaction and the results obtained are as summarized in the Table 3.



(a) The firefio ®ahedyst conponent for a two-conponent cat al yﬂ?é’%‘ﬁ)&?ﬂ&?@f
prepared by dry m xing ZSM5 crystals having an average of crystalr si of
1 micron with alumna in 35 proportion§7to gi ve 50: 50 nol ecul ar -
si eve/ A1203 on a 100% solids basis. Water was added to form an extrudable
mul | which was then extruded on a Bonnot extruder to produce solid,
cylindrical particles having a dianeter of 1/16 inch and a |length of 3/16
inch so that the surface to volunme ratXablef3 the particles was 77 inch'. The
extruded particles were dried at 250[err]F and 16 then calcined in

ni trogen at 10DepBedCagalysburs. The cal ci ned &trudate was humi di f ged and

t hen exchangedWeight ef Top BedN NHANC3 (5 m solgug gonl gm ext r udat e),o_rsi(%sed
wi th @ei oni zedBywéABedCdtalgstat 250[ err] F, ang calcined in air at g0001F for
6 hours. The rygipht 8PBoftgln@edSt Was i npregnayeglsvi a incipi ent wetngss
techni que withpg, m’k_éj{-p)so ution prepared b)é’ ﬁ?ssol ving 5 rheni ”5{&{1 1)
oxide in deio wat et The rheni umi rrpreg%g ed catal yst was dr at
250[ err]F, calrgz inair at 660[err]F for hours and then steafed at
900[¢irr]F for 3. ours, The first catal yst errponent i s designat &

cat alfst E. Tr%'eét’b‘&/é’slﬁbocedure was then rep@8Ped to prepare the 2@tond

cat al yst conponent for the system but the ZSM5 crystals enpl oyed had an
aver age of cry¥iehls (sit28) of 0.02-0.05 10 m cron. The final rhenium

i npregnated se€end catal yst conponent is desiignated Catalyst F. (py The
procedure out|Béieené N (a) above was repeat edgqtg produce a second

conpgsent cat afyigéneSystem but, in the case ofyghe first catalyst 'grrponent ,
10 wt. % Avi celg® gx@ﬁnea bur nout agent, was 3 ed to the extrusiofizm x and
the m x was exd.l. [ L nto a solid quadrul obe '>6Lrudate havi ng a Ri mum
cross-sectiongl - dreehsi on of 1/16 inch, a Ieaét 15 of 3/16 inchl-bnd a
surface to vo%ﬁ? F’i‘% of 128 inch[err]. Aff8d rhenium inpregnat4®h, the
resultant quad’BiPdBP¥iedRaped first catal yst céfonent is designat ep.£at al yst
G E&Bh of the&Cstwo conponent catal yst systemd.2nvas used to conduct0.fhe

et hyl benzene conversion/ xyl ene isonerization evaluations on a (Jerr]

aromati c feed EBGonséssiog of 20 W . % et hyl benzee, 60 wt. % net a- xyjgesne and
20 wt. % ort ho-XylesslEossThe eval uations were 284 conducted in autopgted
units each havidigen €S+ wildd di anmeter, stainggss steel tube reactf_{1 and

on-1 ppe GC sarmyri A gﬁcﬁt&EQﬁil.t he first conpgpept was stacked in fdie
reactor as a "{gR: ) :

The above results show that the catalyst system having the top bed catalyst which is
shaped such that its surface to volume ratio is 80 to <200 inch™ and which was extruded with
30  organic had superior performance as compared to system in which a catalyst having a surface
to volume ratio <80 inch™ and extruded without organic was used for the top bed. Thisis
evident from the 20°F lower reaction temperature required for similar ethylbenzene conversion
(780 vs. 800°F) and the lower xylene loss (1.8% vs. 2.4%), in addition to other yield slate

improvements.



catalyst” over 1.5 g of the second conponent as a bottom bed catalyst,
usi ng sand¥39¥#&#2 packing material . The catal yst system wa®CTAEIHESP ed
in N2 to 350[err]C and reduced in hydrogen at this tenperature for 2 hours.
The reactor was then heated to reaction &% tenperature and feed mas

i ntroduced after initially being percolated thro

details of the conditions of reaction and the resul ts o]

summer i zgg Appm§:he Table 3. 17 Table 3 Top Bed Catal ymm"ﬁmlmﬁ”ﬂf” I!II
E G Wi ght of Top Bed

0.59g5 Bott om Bed Cat al yst F

F Weight of B

Tenperat ure ( El; tR r}]:1ré?2:ee(sjs for isomerizing a feecéy&&:h%oﬂtains ethylbenzene and xylepgtl)\}vﬁicg

H er r ]/ Hgrocess comprises the steps of 2 o 2 \\HSV
10 0 10 Pressure (psig)
200 5 (a) contacting the feed\indeviethylhenzne GBnversion conditions with a particulate

4 7 15 first catalyst poapenent %vhz:h%%xr}lzp%rs]ees a molecular sieve having;a Gonstraint Index4<5(6 1-12,
1.5 Et hyhepzanes of said first catalyst cogipogent havihg® surface to volume raztxo of 80 to l%ﬁ?ﬁr a

Xyl ene ene
46. 1 200 inch™ and the contactiag s&p@onverting ethylbenzene in the feed to form an 20 6
SOQSEEOC&WMFw-JepIeted product; and then 706 1.2 71. 5
Xyl eqg Loss contacting the eth lbenzene-d léted product under xylene isomerizalioR T0! uene
v Ccotvielg () contacting 73 iéfed p Xyleng igomerizatio Par a
Appr oach tondiffensiwith a second catalyst cdiffinént. 102.5

2. The process of claim 1, wherein the particles of the first catalyst component have a

surface to volume ratio of 100 to 150 inch™.
15

3. The process of claim 1, wherein the first catalyst component includes a

hydrogenation component.

4. The process of claim 3, wherein the hydrogenation component of the first catalyst

20 component is selected from platinum, palladium and rhenium.

5. The process of claim 1, wherein the first catalyst component has an ortho-xylene
_sorption time of greater than 50 minutes, based on its capacity to sorb 30% of the equilibrium
capacity of ortho-xylene at 120°C and an ortho-xylene partial pressure of 4.5+0.8 mm of

25 mercury.

6. The process of claim1, the second catalyst component comprises a molecular sieve

having a Constraint Index of 1-12 combined with a hydrogenation component.

30



(PATE)« The above results show that the catal yst system having the top bed
cat al yst whWWOR58842haped such that its surface to vol une rat iREHESBHE7IE
<200 inch" 'and which was extruded with 30 organi ¢ had superi or -
performance as conpared to systemin whith a catal yst having a surface to
volune ratio <80 inch ' and extruded w thout organic was used for the top
bed. This is evident fromthe 20[err]F | ower reaction tenperature requi red

for similar eti]y*ri?@gx?o%eﬁ SERIYAES Whidrdind 2 1 dro é&{%{oﬁr Io]‘r’:pé @rfi%fftnees

~xylene loss (1.8%v In addition t er yie atelrrproverrents
18 1. A patalys$ somponens mlacmdrfg)m piaemdmy\palladxunmtdaﬂmmumt hyl benzene and
xyl ene, which process conprises the steps of: 5 (a) contacting the

feed under ethyl benzene conversion conditions with a particulate first

catal yst conpoge I6s

| ndex of 1-12, 'Eh Efyrtl o gmgf g;gxle%rﬂﬁr Ewélg ta yﬁ%/g%lg dgﬁg}rll %m Jgig%e
sur f ade tsorpmjmlme bﬁtess)thaﬁ 58 ehimgtes, dasedt drsits &@ﬁ)cllyﬁohbfb" 3% afdhd ét;inﬁhmﬁrac't I ng
step converti ng et nzen the feed t orm,an et hyl enzene depl et ed
product ; SRR, ferie at?zégam@om%q-wgeq Wsﬁ‘éfﬁfg

pr oduct gg yI ene isonerization conditions with a second cat aI yst
conponent. The process of claim1, wherein the particles of the first
catal yst conmponent have a surface to volune ratio of 100 to 150 inch[err]
15 3. The procesg, of clai rp wher ei n F@ge fi rg cat&”st conmponent i ncl udes
a hydrogenati oh Therprosessof claimy wherein atdeasp the first; Gatabyst gpropenent fswroduced by

hydr gg : | ect ed
fromqpl at1nu tﬁg“ﬁ%bg%%ﬁg%%r?%%ﬁ]ﬁ{nﬁ ﬁ@%pr og%ségsigo chal m;%n%,? erein
the fir staﬁaafcahymg theaequitirg thixhae isto partiches; heating chegrartidlesto decompode @idat er
than 50 minutes,. pased on its capacity to sorb 30% of the equilibrium

capaci t y YBa¢ MRLN&| ene at 120[err] C and an ortho-xyl ene partial pressure
of 4.5+0.8 nm of

10. The process of claim 1, wherein the molecular sieve of the first catalyst

15 component has an alpha value of greater than 50 and the molecular sieve of the second

lllllll\ \\\Ill M0

catalyst component has an alpha value of less than
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conprises a si eve havi ng Iae & Buresh Nt ex of 1-12

a_hydr aeRsatARONARILECATIORCPUBLISHED UNDR PREPRTENS CEdRiRRRoN HELEN PlS

H £ ot Loas nnonon o

hy dr raton—conponentof—tne—secprocataryst—eorpenrenrt—s

pl at(]yﬁ rngtianal %&Pﬁﬂ?‘ﬂmm’f‘ﬁéni um 8 ﬁ-tll-h 1) IndeznagienalFublichtion Nudbernher ei WQ 199/52842
secdond GOZ€HB8/12onponent has an of Ad- ne..5 orption tine of [ess

th hQ mnutes, based on its capaCity ( hge(%agongl(ﬁ%ﬁlbcf&f'f%te'equizf P‘ﬁ?bffdﬁ%9 (21.10.99)

capag, of. orfhp-xvylene at 1 ] ort ho-xyl ene partial pressure
B e e s%éfﬁeggg‘;&?g@%ﬁlfg{}@@%ﬁ%gﬁg >
fi rigt2) badrmitivial FgMaenNent | g Apkodesqexbabyy | 10  BY, XG) K, MDERUTAY, @51) E@bpesn p@:)!:é(AT, BE,
thgreof with a thermally deconposi bl e offgani CH §¥pef &Kt ES Rt FR,a0R, 6R, IEEQITNLUIQMC,
theéﬁﬂ??ﬂ&&}ﬁﬂa:m xture into particles, héati ngtReSBarticles to deconpose

saild or geynss;ssdBt er i aja.apQoos A04435 OCesgsdf claim 1, wherein the nol ecul ar
sigve of the first catalyst 15 conpong¢miblishes an al pha val ue of greater

t ha nd th | ecyl ar _sieve of the second'idétetajose! sohpament has an
e i '
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(54) Title: XYLENE ISOMERIZATION
(57) Abstract

A process is described for isomerizing a feed which contains ethylbenzene and xylene, which process comprises the steps of: a)
contacting the feed under ethylbenzene conversion conditions with a particulate first catalyst component which comprises a molecular sieve
having a Constraint Index of 1-12, the particles of said first catalyst component having a surface to volume ratio of 80 to less than 200
inch-t and the contacting step converting ethylbenzene in the feed to form an ethylbenzene~depleted product; and then b) contacting the
ethylbenzene~depleted product under xylene isomerization conditions with a second catalyst component.




