CATALYST COWPOSI TI ON, | TS PREPARATI ON AND USE Field of the Invention
The present invention relates to a catalyst conposition, its preparation,
and its usew/mabhagl benzene deal kyl ati on. 5Background ofCrhP2008089356 on
Et hyl benzene is one of the aromatic hydrocarbons that is obtained from
napht ha pyrolysis or in reformate. Reformate is an aromatic product given
by the catal ysed conversion of straight-fun hydrocarbons boiling in the 70
10to 190 C range, such as straight-run naphtha. Such hydrocarbons are
thensel ves obtained by fractionation or distillation of crude petroleum
oil, their conposition varying depending on the source of the crude oi
but general l'y havi ng“d4-dw' aF ot c's" Lont ent "REF el $88nU15t o r ef or mat e,
the aromatics content is considerably increased and the resulting
hydr ocar bon m xture beconmes highly desirable as a source of valuable
chemi cal s i nt etk &fedNEndNERNB Whponent for gasoline. The principle
conponents are a greuppelsakonBliss ieht en1 208 efey edaka1asc BTX: benzene,
t ol uene, and the xyl enes, including ethyl benzene. O her conponents may be
present such a%omﬁﬂﬁ%tlﬁydré@%n%ﬁ%ﬁﬁqﬂﬁﬁﬁpega@§ 1% gisscy el Bhkxaperzene O
the BTX group §dhe wpst-ival uabl e conponents are benzene and the xylenes, and
therefore BTX is often 25 subjected to processing to Increase the
proport?on of 2% af 0B | ERVeyi@Podeal kyl ati on of toluene to benzene
and tol uene d'SproﬁQ%§h98§£é&Q EPcP%”%Q”@h@ﬂgx%%hﬁQE%yd¥%&£&6b&$e xyl enes,
para-xylene is the nost - - useful comodity and xyl ene isonerisation or
transalkyIatlohhﬁﬁd@%§§§§lﬁ9@ef%eeﬁﬁﬂeveﬁoﬁéﬁo%rﬁ%%éﬁea§er€ﬁe¢TﬁQﬁxwt|on of
para-xyl ene. perormare Asf ULt RESNANOCESSqhbat o108, gasehi-ne ps pducer can
Sutilize is the hydrodeal kyl ation of ethyl benzene to benzene.
Ceneral |y, thecgasslsimpe pfoduecergiiidun ghapea BT romlithe ief Brematle
streamgand then sypi-ectahbe, BIXstieambooxylege dagmpisghion with the
ai m of maxi m sing 10t he para-xyl ene conponént. Xylene isonerisation is a
catalytlc proc@x@rOQﬂmh@neaeaﬁy@mem&ﬁ#¥§8|nbthleeﬁﬂncé§§0haveath@ﬁablI|ty not
:last to i Som‘v‘éiéﬁlxlﬂt%ﬁsoPu{: est'r%'ﬂ%ﬁ'f”§£’i's'%etl‘% @%ﬁlglsé’l@{&q t he
ethylbenzene conponent Nor rral T e para-xylene i1s then separated out to
| eave 15benzenearxxﬂqu@@@ecdhhes@nﬂﬁkuewereenvér@hqnvqmd@ceséesbut

generally having a low aromatics content. On conversion

15 to reformate, the aromatics content is considerably
increased and the resulting hydrocarbon mixture becomes
highly desirable as a source of valuable chemicals
intermediates and as a component for gasoline. The
principle components are a group of aromatics often

20 referred to as BTX: benzene, toluene, and the xylenes,
including ethylbenzene. Other components may be present
such as their hydrogenated homologues, e.g. cyclohexane.

Of the BTX group the most valuable components are
benzene and the xylenes, and therefore BTX i1s often

25 subjected to processing to increase the proportion of
those two aromatics: hydrodealkylation of toluene to
benzene and toluene disproportionation to benzene and

xylenes. Within the xylenes, para-xylene is the most



have al ready been applied) and the renmaining m xed xyl enes, including

et hyl benzene. This BTX stream can either be converted by transal kylation to
i ncrease wbheoywmabd3of xyl enes by contacting with a heaviPper/Ergaosssbon

20st eam or can be converted by deal kylation to elimnate sel ectively

et hyl benzene and to Increase the yield of benzene, while allow ng the

xyl enes to reach equilibriumconcentrati ens. The | atter process is the

subj ect of the present invention. 25In ethyl benzene deal kylation at this

| atter stage ofis&X tdpabARdy, ahd 48 chePhkbREYi £ONGEr Bt 0O ensure not just a
hi gh degree of conversion to benzene but also to avoid xylene |oss. Xyl enes
may typically beP1GEtYdaGeien Prafsiady PatvFoRceR. 4 VHEPREe A bt and

xyl ene to givecBOtlienRe io8r obypadditiiencof hydrogen to form for exanple,
al kenes or al kanes. It is therefore the aimof the present invention
to provide a catal ystUFREE: WTICEOoNVERE BRRYyIDEHZERe PEBIBERZ T wi th a hi gh

sel ectiyity wthoutzexylseRgel BesrodldmiltianeeHsoxydiana JeseaBEI 8ation to
equi libriumconcentrations is also desirable. The catal ysts used for the
production of P¥t©iifate Sare often plati numon-al umina catal ysts. For the

conversion of SIX giheans1{o dncrpaseihbe,psaRt ian10f s61 oselpr.confi gured
nol ecul es, a wi de range of proposals utilizing zeolitic catal ysts have been

made, whi ch i nEfUHe ehesécsPaEp- #1rat 8 2898t hEp- A o425 £ 228 TAnd  10WO

00/ 38834. st FHOReAR,PBLENT s SRAGIfIGBLT QD NOh D A48 04982 A nd $i LpNCer ned
wi th catal ysts suitable ?or xyl ene isonerisation and the sinultaneous

deal kyl@ti on ofhethildbenzene armPIE/itewsYASRBIMbEINGTLS@é&iPiret s pF oposal s

15for the use 9£ta0ﬂﬁtiicn%%€§%,se£ér@ c%%%'l%&%_g cadaliysts. sGepsraldy such
catal ysts are shown to have a superior activity in isonerising xylenes and

to deal kyl ate ety |enzénel thutoareisteqai Fed el e Sedeat Phr ghl so
tenperatures as;fhere d.gsa,t e0dency. fok plati oum o 2Qhydrogenal e the

benzene ring and to cause other undesirable side-reactions such as
di sproporti onatf¢worrlad theansad k¥ sdticon sat hehes¢oaw dtavperat tpeseatfat are

preferyed for xylene i sQABLlsatiONsThe1REAROSALyOfsER- A+0.048.498 is to
use a second netal, which is
have already been applied) and the remaining mixed

xylenes, including ethylbenzene. This BTX stream can
either be converted by transalkylation to increase the
yield of xylenes by contacting with a heavier hydrocarbon

20 steam or can be converted by dealkylation to eliminate
selectively ethylbenzene and to increase the yield of
benzene, while allowing the xylenes to reach equilibrium
concentrations. The latter process is the subject of the
present invention.

25 In ethylbenzene dealkylation at this latter stage of
BTX treatment, it i1s a primary concern to ensure not just
a high degree of conversion to benzene but also to avoid
xylene loss. Xylenes may typically be lost due to
transalkylation, e.g. between benzene and xylene to give

30 toluene, or by addition of hydrogen to form, for example,
alkenes or alkanes.

It is therefore the aim of the present invention to

provide a catalyst that will convert ethylbenzene to



25preferably tin, barium titanium indiumand cadm um in conbination with
pl ati numand a high-silica zeolite bound with a refractory inorganic oxide,
whi ch i n wsiDl20@f01613@ exanpl es is alum na. EP-A-0 425 712PAegPrenism®sosan

| mproved catal yst for 30sinultaneous xyl ene isonerisation and et hyl benzene
deal kyl ati on, which is fornmed by conmbining a group VIIlI netal, preferably
platinum with a | ead conponent, and a-hal egen conponent, on a carrier of a
pentasil zeolite and - 4 - an inorganic oxide binder, preferably alum na,
such that a spesifdfe rathoaohidieask tRt@oup WM ihouetaliche achieved and such
that the bulk of the Goup VIII and | ead conponents are conbined with the
bi nder mat eri af " E\BEOF38E3AC e sTINES SAtAPR el ZABIUPE 18 Et al yst for the

di sproportionatdoneandtibapsal kyl & ier iekpagomati ¢ hydrocar bons. That
catal yst consists of a carrier of 10 to 80 w % nordenite and/or zeolite

beta, 0 to 70 Wt % Z@I@L S?tjéhﬂsr'as_ tnge@O\ﬁf% F]ﬁ%r%%ﬁﬂuéjt&ioﬁd@if, r%m@“aa?enpt al
10conposent of apd &iﬂt@mllp\zhfawnﬁhlct}e{alfidm&ngf cheadysti lre rt heebi nder is said
to be nost preferably alum na or silica, only alumna-bound cat aI%sts are
exenplifi ed. Convef‘ﬁgré{r“eoér BT¥ e%%?eaﬁ}soﬁésé%r?ﬁe ctét@alpy‘é)t’@rﬁ%‘?%c‘f d solely
for the hydrodeayi tdo%@igﬁr@& afitd GS e s1510pPhe BlaRle B JOYHHR 1 Of _

Cat al ysis 210, 431-444 (2002) studies the use of silica-supported platinum
and pl ati num t P Eetlaldy seslihl e orffarivesn WATH e cCat dhysts of | ust

al um na and chlorinat edoabupt ngs_om the hydr ogeal kylati an20f ang
n- propyl benzene, and finds that the 20fornmation rate of benzene was the

hi ghestOf or t h&O f9/di%3¢at al yst s. US- A- 3,992, 468 proposes two
catal ysts for the hydrodeal kylald epeof ralkylar amtic phydiggatpons: catal yst
A essentially containing a) a carrier, b) at |east one 25netal selected

from the groupcewisinsd Wgtof cebrelirtsalss itrbA? gFQUpWISPE and c) at | east one
metal sel ect ed; from;the ;groups consi StdNg0Eo4L NEear6a3AM YR, gal l1um indium

thallium copper, silver, gold, yttrium titanium niobium tantalum and
manganese; andetatlglepgen and reviews a number of earlier proposals

15 for the use of platinum ZSM-series zeolitic catalysts.
Generally such catalysts are shown to have a superior
activity in isomerising xylenes and to dealkylate
ethylbenzene, but are required to be used at high
temperatures as there is a tendency for platinum to

20 hydrogenate the benzene ring and to cause other
undesirable side-reactions such as disproportionation and
transalkylation at the low temperatures that are
preferred for xylene isomerisation. The proposal of
EP-A-0 018 498 is to use a second metal, which is

25 preferably tin, barium, titanium, indium and cadmium, in
combination with platinum and a high-silica zeolite bound
with a refractory inorganic oxide, which in all of the
examples is alumina.

EP-A-0 425 712 describes an improved catalyst for

30 simultaneous xylene isomerisation and ethylbenzene
dealkylation, which is formed by combining a group VIII
metal, preferably platinum, with a lead component, and a

halogen component, on a carrier of a pentasil zeolite and



30essentially containing a) a carrier, b) at |east one netal selected from

a first group consisting of chrom um nolybdenum tungsten, rhenium and

manganesewoand/wayi4at | east one additional netal differeRrCTEP20084A59866 t he

first - 5 - group and being selected fromthe nmetals of the first group

pl us copper, silver, gold, zinc, cadmum gallium indium thallium

germanium tin and | ead, each netal beirng +n an anount of from0.05 to 20
W% The carrier is 5selected fromanong known carriers, for exanple,

al um na, negnesh &ndrRGNEs| axsid i Kindeag gk@fawmylaahﬁmn@rl pated-@and/ or
fluorinated alumna, alumna-silica, zirconia, zirconia-silica, and
mol ecul ar si evesSRCIAd6! FEEEC @hd 938 preferabl Vi bl WA, 1303thfSy of t he

I nvention and TAR&PLESeNtné Ve i tpLOYHEs wr Cataly stagonposi tion
which conprises a) a carrier which conprises at |east 30 wt % of a binder

sel ect ed from SPIRWENES AESNFAMAMES iMH&Ri APC ap1ndey IMEAsE126- Wt % of a

pentasis zeolite, haviongs:asbuldeidined honakddmN@iriatcockhathe: rnge of
from20 to 150 and being inits H form and | ess than 10 w % of ot her

conponent s, al *rh%éﬂﬂé@mog@égl%frlwgorbrmdhéraaé%ksolfatﬂ&napfcaif@%t%lc b)

platinumin anh;?{ﬁ%rb‘oﬂst hengange Of, skr eph0; 604 3:0 20Q.-1; Wt %+ oy t he basi s
of total catalyst; and <c¢) tin in an anount in the range of fromO0.01 to

0.5 W% on theo HHsis Sofiof geal te atulApst ZeThét pricdient O neen?i 6% al so

provides a prog@sss foldt Becpr eparatipR oahithe: cadal ¥st,s whineha conpri ses
25conbi ning at | east 30 wt % of a binder selected fromsilica, zirconia and

titani 80 at | e@@PZBENM HfoPlat peit a5ith 2é6lhet etiamy Less - t Kahla O- Mk % of an

optional ot herycomonent,;ghaping {he (E)a‘%%%&é}@ﬂy r‘al%rn% okf sdesifed, and
conpositing with in the range of from0.001 30to 0.1 wt % of pl ati’num and

in the range ofn¥y crht0i02-bound Soaftvkyvef st rhe exempliflied.provi ded is an
et hyl benzene deal kyf, %E'eOQrQrP&v?e%s p‘é"&b%@a??”%ﬂ Sc%scafi%tcécéipe[g%ﬂé?j the

presence of - 6 - rogen a feedstock which conprises eth enzene,
preferably oneS@b’:rﬂpf ifQirnghe7hyér @ adkoiatiies, of n@ﬂq;ifehtn@Sxyl enes and

ethyl begzene, with catalyst GOmMESHLhoPs 0l LNg Nesept Laventd on.
(2002) studies the use of silica-supported platinum and
platinum-tin catalysts in comparison with acidic
catalysts of just alumina and chlorinated alumina, on the
hydrodealkylation of n-propylbenzene, and finds that the
20 formation rate of benzene was the highest for the acidic
catalysts.
US-A-3,992,468 proposes two catalysts for the
hydrodealkylation of alkylaromatic hydrocarbons: catalyst
A essentially containing a) a carrier, b) at least one
25 metal selected from the group consisting of the metals
from group VIII and c¢) at least one metal selected from
the group consisting of zinc, cadmium, gallium, indium,
thallium, copper, silver, gold, yttrium, titanium,
niobium, tantalum, and manganese; and catalyst B
30 essentially containing a) a carrier, b) at least one
metal selected from a first group consisting of chromium,
molybdenum, tungsten, rhenium, and manganese, and c¢) at

least one additional metal different to that of the first



S5Det ai | ed Description of the Invention The catal yst conposition of
the present invention has been found to show a hi gher benzene selectivity
conbi ned wot2bowvmauused xyl ene | osses for an equal acti vi PETARANSOHBENE
purity conpared with anal ogous catal ysts 10whi ch utilize al um na-bound
zeolite, alumna being the preferred binder of the prior art catalysts.
Silicais preferably used as a binder in5the catal yst conposition of the
present invention and may be a naturally occurring silica or may be in the
formof a 15gehadimous peeshpiéBd@es ol co€l metlhies foar mmef £sidd ca is not
limted and the silica may be in any of its various forns: crystalline
silica, vitreods®§ I51¢8 6PPRADr phodS$ i BPed: THE 1 -3 aHBr phdts 1 i ca
enconpasses t hengin, Precessuhy PeSsmdehyding precifid, atednsihtigas and
silica 20gels, or pyrogenic or fumed silicas. Silica sols or colloidal
silicas are nofsE ti ng arspet siords gt OaftBr photls 8§14 da8 FATE$Y g d,
usual I yswat er, sd ydital Iy ost abbhd 28Ry caRk08Ss, Cald ARSMp@E, NQTah QM C
materials. The silica binder preferably is a mxture of two 25silica types,
nost pref er abl PP TR uFREIBES 2 powdeid/f 8FATSF | FEdMdifd §PPFIBACLDI .

Conveni ently poyales- franm-shhic@ hammigaB. Ei1lnisardace ar earikonthe range of
fromS50 to 1000 m/g; and a nmean particle size in the range of from2 nmto
200 cm pref er abl§PI4# tShe LIFAngRROMI G2t §1 BOADPCAmECABEBS prdferigbly 2 to
60 2m especi ab}yrZ 40,1Q124m As, measured by ASTM C 690-1992 or | SO 8130-1.
A very suitable powder formsilica material is Sipernat 50, a white silica

powder Lhavi ng Peery @Anthe Spvertiiodl - 7 - particles, available from

Degussa (Si pernat i$a Eggggtn@gg}wiénvgﬁgvﬁﬂ&;%pk%t%hkgga sol is that sold
under the trade nane OF Bindzil by Eka Chem cals. Were the m xture

conprises a powigrosidriwrsivhiie ewePrassisl i ca sol, then the 5two conponents
may be present.jn %_%%kgﬁﬁrrﬁﬁﬂéh(ybm§9%98£ iormde sel ,formin the range of
from1l:1 to 10:1, preferably 2:1 to 5:1, nore preferably from2:1 to 3: 1.
The bi nder maybhiidey ceasicsedebs@ntdidlilop, okifoetria mrdpowdenriforat silica.

10Wher esa powder, J0rih Qf sShEI £a,d.5 dused z@?é?‘t 1' NABY; gn ot e £al & yst

conposition of the present 1nvention, preferably a small particulate form
is utilized, whtchurgaarpean partliclrengezelihrether dvgés>6f ahdomnd o | Opm
as measured by ASTM &-090:199%,q AN.R0GLLA Ol JTRIEOUEHBAL o Jldh RIS | f
strength is found wth such materials. A very suitable sma particul ate
formis that a¥hi |rblcentrors Degussarunder behes toadetrameasr per nat 500LS.

b) platinum in an amount in the range of from 0.001 to
20 0.1 wt%, on the basis of total catalyst; and
c) tin in an amount in the range of from 0.01 to 0.5

wt%, on the basis of total catalyst.
The present invention also provides a process for
the preparation of the catalyst, which comprises
25 combining at least 30 wt% of a binder selected from
silica, zirconia and titania, at least 20 wt% of a
pentasil zeolite, and less than 10 wt% of an optional
other component, shaping the resulting mixture, if
desired, and compositing with in the range of from 0.001
30 to 0.1 wt% of platinum, and in the range of from 0.01 to
0.5 wt% of tin.
Also provided is an ethylbenzene dealkylation

process which comprises contacting in the presence of



Preferably the silica conponent is used as a pure silica and not as a
conponent in another inorganic oxide. 20It is nost preferred that the
silica amdoizoadeadi4Bhe carrier, is essentially tree of amgT@PR@S/05986¢ gani c
oxi de binder material, and especially is free of alumna. At nost only a
maxi mum of 2 wt % al um na, based on the total carrier, is present. 25In
preferred enbodi nents which utilize a sufface nodification deal um nation
treatnment, the presence of alunmina can particularly be detrinmental since
with an al um ngy@aiddreta theastsdiace mpdicbhgat son soyhdedetrirental Iy af f ect
the physical integrity of the 30carrier. Pentasil zeolites are well
known to the ski%TdPer SBR. COMMMtHII C7i &0 &£t BF ANaiskeP t o "FesEri'Be a cl ass
of shape- sel ectjvdnzeahit esnwb el typhcal bytachar ackherkzedobyo@a silica
to alumna ratio (SAR) of at least 12 and are constructed of five-nenbered
rings (their frmeWsSe betAYePidt- up from 5-1 secondary building units).
The pengasil zgoldteubpkibzede i tdre hresephcisyvention has a SARin the
range of from?20 to I50. The SAR 1S the bulk or overall silica/alunm na
rati o whi ch may or Trgy CABELBE: FiFIEPaRtOR ot H'F PAIRERBFE k- SAR dePendi ng on
any treatment #0swWieh shheqazesl it Lintihee - whendieankcknveayal yst form
has been subjected. 10OF the pentasil zeolites, the preferred zeolites are
ZSM 5, ZSM 8, ZSWMired rsiki2edaed >@/1§nez$ms§?s veP3 eapsiv 35t el ty,
ferrierite, anghZ$48.cnu Ehriwsgor&ﬁa\@e@gwahﬁ MTl&g%sl gurations and
especially ZSM5, bein e nost preferred. Al these zeolites are well
known ahd 15doeuhentied |lﬁet ﬁéum}m%%%ﬁeze%ét@ora%@ﬁtl gethe Tkt abase of
Zeol ite Structuyres:, hid RihLWW, F zast rpqgggrgrgrgé@ﬁy%t%%ses/ or Baerl ocher et
al "Atlas of zeolite framework types™, 5th revised edition (2001),

publ i shed on behal f5idficehes SprRftae YOS Rl 53§ o Wd{eﬁelnzt)hq? nt er nati onal
zeol i te Associ ali ioDyokhseyifln deHAsHL 2ol [ hapalen exheped t the
Dat abase at http://www. i zastructure. or g/ dat abases/ Cat al og Pent asils. pdf.
Such zeolites eamtexiadtlyi acvary ous Sidrige depeadirry ion thkefpon pf esent at
the cation sitesididdie £eobife: 2508 UGl uteqq Conalaldotol Be ayailable forms
contain an alkali metal ion, an alKaline eafth metal 1on, or a hydrogen or
hydr ogen precum@ibrlllmﬁe@t apfietlcatdion csi ey ba theratod] y&6 ¢anposi tion of
the present in 0 ite s pLe i n. it f ng

hydr ogen or %&ﬂ{é rgg %@g%égﬁ% s%rllcfaﬁi ??ggéﬁl%}lclg%?o%%ggﬁﬁgéw@%s the H
form The zeolu-’elcrmyible tsed @nermrouisn siif$ct edrptatresiseeetbe we's

tenplate_Contaﬁggég%éf%&ghs§09§c§g¥ﬁﬂf?@%ckgitétéﬁ_silicas and silica

20 gels, or pyrogenic or fumed silicas. Silica sols or

colloidal silicas are non-settling dispersions of
amorphous silicas in a ligquid, usually water, typically
stabilized by anions, cations, or non-ionic materials.
The silica binder preferably is a mixture of two

25 silica types, most preferably a mixture of a powder form
silica and a silica sol. Conveniently powder form silica
has a B.E.T. surface area in the range of from 50 to
1000 m?/g; and a mean particle size in the range of from
2 nm to 200 pm, preferably in the range of from 2 to

30 100 pm, more preferably 2 to 60 um, especially 2 to 10 um
as measured by ASTM C 690-1992 or ISO 8130-1. A very
suitable powder form silica material is Sipernat 50, a

white silica powder having predominantly spherical



reduction of xylene |oss has been found where the tenplate-containing form

is used during the preparation. The SAR of such zeolites is
pr ef er ablwoabodmests 25, nost preferably at |east 30, an@CrErpoosisssabl y at
nost 5100, nost preferably at nost 90, especially at nost 50. The

zeolite starting material can exist in a nunber of particle size ranges.
Suitably the zeolite has a primary parti @le dianeter in the range of from
20 nmto 10 pm Useful catal ysts have been prepared using a | arge 10crystal

size ZSM5 zeopite haw,ngvanl aves agenchpghiakhi teisdzet Ast hecrange of from
1 to 10 pm and also using a small particle size ZSM5 havi n% a primry
particle di amef@pe bel%weﬁﬁosﬂ%ﬁa%egr%lllcﬁ SPh termeofopdr Eicte i%e

di stributions, tthee Z23M5 oy i A@YEl dypakbi @h@mﬁd:a?ﬁs 150hestr tb@tm&uﬁ@ whi ch
the diameter of 50% of the particles, D(v 5), is greater than pm and

that of 90% of CUN iF&rt PcPe¥den{Rrmp. 89)110?5611{1%5% tHdra36opm then S&T Tabl 6

ZSM 5 materi al su€aibrpRRhepaned By JHeeadur s, d&i&ujmntr%@lbnof heodddrer at ure,
for exanple in 20US-3,702,886, in references provided in the Atlas, or

Dat abase, of ZEOMT ti® SCrucPHFes Wifd HeRI6t RerIF9 er'dt Pe lPefer ences such as

by Yu et al ing Mﬁ&@ﬁ?@slaﬂ@' MesopRieus Mt efh 8) 5. 9= 020069 234, to 240,
and Iwayama et al in US-A-4,511,547. 25Suitable grades of ZSM5 zeolite

i ncl ude CBV 304ZE,PicE¢rapts, ahiel CBVI3026E5caviaablcd dofteFes al | y from
Zeol yst | nterngti@naleo-fheizeglite is an inportant factor in the activity
and selectivity properties shown by the catal yst 30conposition of the
inventi®n. There i $h&rbaPaPReTetiwEenof hel &etd vit ysafdaged eetidftt ydesi red

which may resule idyd distf @Bﬁﬁésp@ﬁdrﬂ%@ zgel prescantientri Aok he carrier
depending on the zeolite used and the SAR of the zeolite - 10 - used.

General |y a highererzéali feSeaht emr ey lrhesbaen cas ed-13é 2advant bgeous to
produce a highgrs actuy t}éaffES?E'lé kﬁ:iz%atﬂ Y8 £oMposidiQn, while @, ower

zeolite content nmay provid selectivity. 5lt has been found that
when usi ng a ZSMBagagleidt éYOASBAF@ 400-reddet ronndiitilveazedinPt evestittent

gives {ise to gan éaﬂ&h"e@ség DEOZENE; Sf%lu%lt h‘_‘(’cﬂys&\éﬁ '?nat%‘é@%léy|§r‘\?eﬂyosses but

for a penalty of a lower activity, as shown by a higher tenperature
requi red to provitdelichemgamerdevetulgitelGoonves sitort cfvaatlapl behizene. Where a

hi gher SAR zeo), %él%éa utili zgd it ds n%%%e§§€5¥ng{to dd¥slease the proportion

of zeolite int yst carrier to achieve optinmum per f or mance.
Preferably the silica component is used as a pure

silica and not as a component in another inorganic oxide.

20 It is most preferred that the silica and indeed the
carrier, 1is essentially free of any other inorganic oxide
binder material, and especially is free of alumina. At
most only a maximum of 2 wt%$ alumina, based on the total
carrier, 1is present.

25 In preferred embodiments which utilize a surface
modification dealumination treatment, the presence of
alumina can particularly be detrimental since with an
alumina carrier the surface modification would
detrimentally affect the physical integrity of the

30 carrier.

Pentasil zeolites are well known to the skilled
person. ‘Pentasil’ is & term used to describe a class of

shape-selective zeolites which are typically



while this bal ance may cause a different opti mum 15dependi ng on the
conditions utilized in the ethyl benzene deal kyl ati on process, generally it

i s preferwoedotnim4si m ze the anount of zeolite used in PhE/EPABIYSEO
carrier, since a higher anount of zeolite may negatively affect the

physi cal properties of the catalyst carrier 20 such as lowering its
strength. It is generally preferred thats8the carrier is conposed of in the
range of from30 to 80 wt% nost preferably from50 to 70 wt% silica and
in the range ofndrim2Qzba 69 a1 imRstopaeher ablyadironmsal) t or S0 wt %
zeolite. 25A very suitable catalyst carrier for the present invention
contains a pent@sil ZedPft 8re eSpetiAatydz8M 51V HdAT G raISAR ¥ t he range of
from20 to 50, (espacialahiwd0k ti9e AQ; Hul1anuanerdt 41 tslé%oh@cagﬁ of from20 to
50 wt% especially 25 to 40 wt % 30Preferably there is no other conponent
than bi nder, pPefEtdnl ysfFi cal PamPPentasrrOzedl itte lilFethen caiti er.
Howeversit is possidd ant@nknshuges up a@ 10 whdb ofnpt her reenponerd s whi | st
still obtaini n%) the benefits of the present invention. Such other

conponent s maylbe sEIeSt8d1ifr B dttHér OrePiatd bt ysiisrganitBiogi B 45 nder
material s and pther zeobit gsy LAhele Riinderepnt €5 i@ls Mawher-rl s na, and
magnesi a. Exanpl es of other zeolites are 8, 510, or 12-nenbered ring
zeolites, for €SEREWHEITOPdENYt el cHMEFebPi ol potidie #r@laErdi @1 WEsopor ous
material s such,as, the MM Ser i £s: BfsZeekint €8as Qodbn MuM22rand MCM 41, The
carrier is conveniently a shaped carrier and nay be treated to enhance the
activity of the zedlfi tecl1pedipviercolitehast breai founddadeaht@fedds to
performa surfage 410dishi gat bon. | SUGHKAS ol STERSCL i bed, vl US- By 65 949, 181.
Modi fication of the nol ecul ar sieve reduces the nble percentage of al um na
whi ch basi cal | ¥SN3l/i €s It haerfher IBnhumper 26 - 4¢i d'idilt é9ops pedir®d. This
can be achi eved,d nvariQus MaYS; ot St sWeys k51 APRhWIsNgy,a: featihng of a |ow
acidity inorganic refractory oxide onto the surfiace of the crystallites of
t he nol ecul ar BeEverred@girradl erl harigdhicscogpdestdvranchivelpukpose &re silica,
zirconig or 205ddaNibe Ok nWbhe SId IR LS BEET BT efkanByapPLYI NG such -
coating onto the crystallites’ surface, the total nunber of oxide noieties
in the nodifiedemdtasculodr Zspevee (Streictures: http://www.iza-

structure.org/databases/ or Baerlocher et al “Atlas of

zeolite framework types”, 5™ revised edition (2001),
published on behalf of the Structure Commission of the
20 International Zeolite Association, by Elsevier. Pentasil

zeolites are reviewed in the Database at http://www.iza-

structure.org/databases/Catalog/Pentasils.pdf.

Such zeolites can exist in various forms depending

on the ion present at the cation sites in the zeolite

25 structure. Generally the available forms contain an
alkali metal ion, an alkaline earth metal ion, or a
hydrogen or hydrogen precursor ion at the cation site. In
the catalyst composition of the present invention, the
zeolite is present in the form containing hydrogen or

30 hydrogen precursor; this form is commonly known as the HY
form. The zeolite may be used either in its template-free

or its template-containing form. Some advantage in



the original nolecular sieve plus the coating) is increased, whilst the
nunber of alum na noieties remains 25the sanme, thus resulting in a reduced
nol e per cwotagdief43al um na. A maj or advantage of this mpChak2008/059880 t he
nunber of acid sites on the surface of the crystallites of the nol ecul ar
sieve is drastically reduced to essentially nil. 30Another very useful way
of nodifying the nolecular sieve is by-s@bjecting it to a deal um nation
treatment. In general, dealum nation of the crystallites of a nolecul ar

sieve refers tecduddieat BENky1shereys akbunbBedMoundnerat @8 are either
wi t hdrawn fromthe nol ecul ar sieve framework IeaV|n26% defect or are
wi t hdrawn and Feptaced coy ot it d atGits  SstieR%ad™sing PERPARTUtR™ bor on,

ger mani um or zirconindnsaReal uidiaticeniean be @tdinedybyr Sneidods known in
the art. Particularly useful nethods are those, wherein the deal umi nati on

sel ectively ocBt's PIGESrePeY ot hretPas G@cupNSel eiFENRL 1t 2F HBOSur f ace of

t he ny§ta||ItE@OOEkuepEEk@§§$ eﬁi@M@t bo, t@éﬁb&%ﬁ&lyn@HEthttﬁﬁ same
effect as with the coated nol ecul ar si eves can 10be attai ned: the nunber of

acid sites at the gSiief &6elofe tHETEryst BRFRT R i@ édfdeedin & numbery ), S,

Patent No. 5, 154, ﬁé%kr%lﬁe%¥zéuiéﬂﬁkﬁ Rr9cessy f ok dealiumenaking the surface
of an alumnosilicate zeolite is described m%ereln the zeolite is contacted

15wi th an aquedts'&Eol PEF6ACo? AL HSEEM dor 6571 Feri®e Falfromngstnm to

advant ageousl yl@rﬁﬁpmdé@fnw@gwﬁ{% |Ha%t %eér%\@epat&d%fsaagt the-@l um ni um
atons | ocated at the surface of the zeolite and repl ace these atons with

si |i coh0 at ons. CT¥SSH ¢1BeSZ5Pat effic SéveRal 1 hy drbcaiBeyec 6AVEF 3} b eact i ons

20i ncl udi ng Shéﬁ&a%@i%%%'YQn&é'&PWﬁ&h@@tkgnl@fwﬁ|Qﬁkﬁ%&%@ pLodyice high
viscosity lube oils, cracking, i1somerization of xylene, disproportionation

of toluene ands@ﬁkyﬂéﬂﬁéﬁléfSb#%ﬁﬁﬂ?éshaﬁ#éngSQWM%EU PATWAEER the surface
nodi fied zeolige, coul dyhe ysejul as & catahyst;, 254R0t her ,opt hod, for

deal um nating the surface of zeolite crystailites is discfosed in U S.
Patent No. 5, 2&2ﬂ5?@6tAe@©té©m@,tQhQIﬂSM rerhvpdhave eolbiaré icsecohtact ed with

a di cayhoxyl i Cdf‘scdrdlbu%‘i'oha%ywﬁ{‘cﬁ he.d o ot . AN, AGlgOYs gglution, for

sufficient tine to effect at 30l east 40@6reduct|on I n surface aC|d|ty wth
| ess than 50%prarticles, D(v, 0.5), is greater than 2 pm and that of

90% of the particles, D(v, 0.9), is less than 30 um.
Suitable ZSM-5 materials can be prepared by
procedures documented in the literature, for example in
20 Us-3,702,886, in references provided in the Atlas, or
Database, of Zeolite Structures, and in other literature
references such as by Yu et al in Microporous and
Mesoporous Materials 95 (2006) 234 to 240, and Iwayama
et al in US-A-4,511,547.
25 Suitable grades of ZSM-5 zeolite include CBV 3014E,
CBV 8014, and CBV 3020E, available commercially from
Zeolyst International.
The zeolite is an important factor in the activity
and selectivity properties shown by the catalyst
30 composition of the invention. There is a balance between
the activity and selectivity desired which may result in
a different optimum zeolite content in the carrier

depending on the zeolite used and the SAR of the zeoclite



overall dealum nation. A very suitable dicarboxylic acid is oxalic acid,
whi | st suitable zeolites should have a - 13 - Constraint |Index of greater
than 1 armiolRn@ueR3ZSM 5, ZSM 11, ZSM 23, and ZSM 35. PCT/EPY@B/059360 her
met hod for obtaining a zeolite having a deal um nated outer surface is
disclosed in U S. patent 5No. 4,088, 605. According to this "in situ

deal um nation" nethod a zeolite having-ar a um niumfree outer shell of
silicais produced by a two stage nethod conprising (i) initiating
crystallizationsdd). aceleystallhzatdiyr mediunet @ofidd hhg zeokbhe and (11)
altering the crystallization 10mediumto substantially elimnate the

al uni ni um t her &8£S &5 PEBRYEBYC A4ty PACEBRBI X g ént 1V oty hrom

crystal lizati omdrioding sehiehpd orimo8 ¢anpbex Widy thRe1akuntphtind ons
present, after which the conplex fornmed is renoved. Exanples of suitable
conpl exi ng agefts W 1E5gPubonier G 1¢ e ditdric acid and et hyl enedi am ne-

tetraacetic acid (ERTALs 4eshitamdankRgwhsen al dmiumsi ge; Qutale sirel |
whi ch can be produced in this manner include ZSM5 and ZSM 35. O the
(surface) deal e rdti 6iRIHEE hodsCdddE 26841 D0apoVE T We VREL Ro8 i Vv G'Vi ng t he

treatment wth;a.hexald yenoshdi satesciRmst, guit ablye angpahuniexsss
fluorosilicate (AHS), has been found to offer an additional advantage.
Treat ment of the- dlUmenBSPPLEAt Q" ZedlIVEE R+ utat e S SWSERVAHSY i ch

extrudat es ar e, 2500t aig ?@;Qyu%tf 1@t Be 2eOide tMdt BaRE Weihouws bi nder,
has been found to result in the extrudates al so having an increased
mechant@al st r e?Rjtdr Sivraddi eFonlk adie -eXpeet edl MeBlauniShat edobut®rissur f ace.

Thi s Increase i mechanicak strenath occuns - pard il arly ter.extf udates
obtai ned by 30extruding the zeolite with a silica binder. The

deal uni nation ®¥otHe adlhufAosttikeite C2E6RPEet? esUtsyS pPaireduct i on of the
number of al unna-ymjgli.es present in the zeolite and hence in a reduction
of the - 14 -

While this balance may cause a different optimum

15 depending on the conditions utilized in the ethylbenzene
dealkylation process, generally it i1s preferred to
minimize the amount of zeolite used in the catalyst
carrier, since a higher amount of zeolite may negatively
affect the physical properties of the catalyst carrier

20 such as lowering its strength. It is generally preferred
that the carrier is composed of in the range of from 30
to 80 wt%, most preferably from 50 to 70 wt%, silica and
in the range of from 20 to 70 wt%, most preferably from
30 to 50 wt%, zeolite.

25 A very suitable catalyst carrier for the present
invention contains a pentasil zeolite, especially ZSM-5,
having a SAR in the range of from 20 to 50, especially
30 to 40, in an amount in the range of from 20 to 50 wt$%,
especially 25 to 40 wt%.

30 Preferably there is no other component than binder,
preferably silica, and pentasil zeolite in the carrier.
However it is possible to include up to 10 wt% of other

components whilst still obtaining the benefits of the



nol e percentage of alum na. A very good neasure for the reduction of the
nol e percentage of alumna is the increase of the silica to alum na

(Si 02/ Al 280 20/as143ati o of the zeolite as a result of tireToEP2003OFISEL | ON
S5treatnment. For the purpose of the present invention, the deal um nation
ratio, which is defined as the ratio of Si 02/ A 202 nolar ratio of surface
deal um nated zeolite (i.e. after deal umiation) to Si02/A 20, nolar ratio
of starting zeolite (i.e. before dealum nation), is suitably 10in the range

of from1. 1 topSdsntpriekenabby. f&oin bt3etocdnbomdttt £VeR BBr e pe@fer ably
from1l.5 to 2.2. Selective dealum nation of the surface of the zeolite
crystallites, Hcdbringgl yelatsoresdiiFrgaracacFEductivirofet Rt dtber of

surface acid sit@sotdfert heozeobdt @tafatstahhibt esschidist nhnet affecting the
internal structure of the zeolite crystallites. The extent of deal um nation

of the surface?bi™ie EFfsParreties d§s ot t e Feverityedf 2t he

deal um nation t¢eaiment nepdbtadl yind heonuebel Afr slrhace Ackdesites of the
zeolite is reduced with at |east 70% 20preferab| y with at | east 80% and

even nore pref 8PAHASPIMICPhOEE2 ] eaidt IO Cl R ARV Drief-eriads ebifdtlidfent the

nunber of surface &gl dcsiibesotS.deduced W th gssent iald yick00% by the
sel ective deal um nation, thus |eaving essenti al | y no surface acid sites at

al | . 25The surface TR6dFRFEREF oFF IFey Ve 1apply etl JePedofeerior tHe! E&@ri er or

may be appl i edyd WO Of JADEE LhAESce 'ﬂql\@e‘é%rtl\é@t@ac\/ﬁ Nt Leundeany advantage
in repeated application. The concentration of the AHS treatnent does

howevetQ appear e HE e -anteffechecPrierefabiyat hrocorfc ért Parfofm of 30acti ve

i ngredient (AHG),#5.d mobhe:Fangs, Ofchfhog‘solQoéeé&l%e%'\ﬂlnpwiﬁéﬁb' y the
concentration is in the range of Trom0.01 to 0.2M nore preferably 0.01 to

0.05M and - 484%€sgecially 0.01 to 0.03, which has been found to provide
a catal yst conposi 4,00 ftﬂéé{’ci‘&nacﬂf Rer %@%?91;?&}' LM reduces Qe tRG e

avoi dance of doubt, vvhere a surface nodification treatnment has occurred
t hat | eaves siPercomtBae theasunirgetgfcht hestcartlerimpdngswhbee Eidica i s

used assa bi ndgt,,dhis %tichijcgg‘%&é)rﬂtseqledu\é’@!iChTﬁ§s Uc%Hla'b'eyaQHHé(vé’d sl |

quantity, does not form part the silica content of the carrier according
to the inventiohidus shapedAf bt fgry e%aﬁfppéya@g extaogdanesoftdmeldOcarri er

general ly has % 15%7 : n%gg%g%g/%ﬁaacft%lg l&gb(%%}eolggl%ggugff%géng 100 to 400

n2/ g, preferab nmor e era g; and a
pore the crystallites of the molecular sieve. Suitable

inorganic oxides for this purpose are silica, zirconia or

20 titania, of which silica is preferred. By applying such
coating onto the crystallites' surface, the total number
of oxide moieties in the modified molecular sieve (i.e.
the original molecular sieve plus the coating) is
increased, whilst the number of alumina moieties remains

25 the same, thus resulting in a reduced mole percentage of
alumina. A major advantage of this method is that the
number of acid sites on the surface of the crystallites
of the molecular sieve is drastically reduced to
essentially nil.

30 Another very useful way of modifying the molecular
sieve is by subjecting it to a dealumination treatment.
In general, dealumination of the crystallites of a

molecular sieve refers to a treatment, whereby aluminium



vol ume, by mercury intrusion, in the range of from0.2 to 1.2 m/g,
preferably 0.4 to 1.0 m/g, nore preferably 15 0.5 to 0.9 m/g. The flat

pl ate crusbetweEngdh generally is at | east 50 N.cm -, preT@EPaBYs®WE0 | east
70 NNcm-, and nore preferably at least 80 NNcm-. It is generally, for
exanple, of the order of 50 to 300 NNcm-, preferably 70 to 250 N.cm 1,
nore preferably 80 to 200 N.cm. 20The-cdt al yst conposition of the
invention also contains netal conponents in the formof platinumand tin.
The pl ati num commenentc b&t@é@S@mhd@@nfaaﬁuaﬁeirﬁbltdwlraang@e@é from 0. 001
to 0.1 % based on total cataly and the tin conponent in an apount in
the range 25of ¥ MG 013109 52 vﬁ%eoﬁaé’édal%% Yot awat argsteP MY sui t abl y
the platinum coppoanent Acsmpl esem 491 aniappyntiddhithige Hangg, of from0.01 to
0.1, preferably 0.01 to 0.05 w% The tin conponent is most sui tably
present in an &FOVHE Y OFh&1FaMyeDf DRAGHNANAT 1Y) (R385, DS 8FBRABTY 300. 2 to
0.5, w me thi < athalyst n compasitt.i @aref chherihventrhonnbasods operti es
simlar to that of the carrier in E.E T. surface area, pore volunme and fl at
plate crush stFngthwhereig the dealupigagapal yRteoitsadi PPBHE ®f The present
invention may be prepatedoustag- sfandandet echai ques feracenbining the
zeolite, binder such as silica, and optional other carrier conponents;

shapi ng; conpo%¥ ¥ g MiteR Pﬁet%t%lse%éﬁpéh%ﬁ?s IraAdtigny a8 ubs@tfient usef ul
process steps suchas %&¥b991a§a&fﬂﬂnﬂmé cBBfod 6 NG ar sievedNEaShapi ng
may be into any convenient form such as powders, extrudates, pills and
granul 88, Prefef efice ingdgi ven teizHapitng by ék‘t@%sﬁtor‘iheTéUﬁf@%r%f
extrudates, 10gommnly the.pentasidgzeolite will be combined with the

bi nder, pref erably silica, and it necessary a peptizing agent, and mxed to
form a dough or thll@kUpést]éathH'e Neepbi 2P hgl dgentveray shetahie matrssal t hat
will change theophioh difaglxb Uik sifddelept | ¥ (0 hduce deagg! omer at i on
150f the solid particles. Peptising agents are well known and enconpass
organi ¢ and i neegaiiiec iacildscr siueh vAergiinr cbeaze @l itend sakckal fpeedat eri al s
such as- anmoni [ d lckal {, I S eferably
sodi um§?1ydr OXI@g}??&P%%&%};E%%&%&%&E&Q a?%ﬁﬂoegyﬁ?ﬁqg%ﬁgd?%% ‘des and

or gani ¢ am nestost gedvgetthgkans he amgréuhy haxndhbioramgnicates (aHprefter r ed
bept i 21 g AgenL AL RYDE 01 OY] dPhIdh-anY sULE A oL cLor Gxanml € Vi a
an ammoni a precursor amoni a precursors are ammoni um hydr oxi de
and urea. It izcalige p@glsrbpéw@rtktdﬁ@ 25anmmoni-ah tol ldeopr esens . aEnpart of
the silica co o P I S

addi ti onal am@%ﬁq}masy gta H%Hb%é\h%reagngl&?(%gf%ﬂéé%acﬁlg)earsgggp??% gﬁgchange
The anmbunt of ammoriiagpsesentsalrdmigeextiigsnen trsidreerd poahdns otcaffect t he

pore 3OStrUCtU£§%éHCé|ﬂi %XEEES%%f¥§\M%H%hog§¥ pé§5éé¥%g, isomerization

of xylene, disproportionation of toluene and alkylation
of aromatics, are described in which the surface modified
zeolite could be useful as a catalyst.
25 Another method for dealuminating the surface of
zeolite crystallites is disclosed in U.S. Patent
No. 5,242,676. According to this method a zeoclite 1is
contacted with a dicarboxylic acid, suitably in the form
of an aqueous solution, for sufficient time to effect at
30 least 40% reduction in surface acidity with less than 50%
overall dealumination. A very suitable dicarboxylic acid

is oxalic acid, whilst suitable zeolites should have a



advant ageous properties. Suitably the amount of ammonia present during
extrusion may be in the range of fromO to - 17 - 5 wt % based on the total
dry m xt uwe,2opreabmsably 0 to 3 W% nore preferably 0 t ®CT/EP2008%859860 dry
basis. The nmetal s enplacenent onto the forned carrier may be by nethods
usual in the art. The netals can be 5deposited onto the carrier materials
prior to shaping, but it is preferred taldeposit themonto a shaped
carrier. Pore volunme inpregnation of the netals froma netal salt solution

is a very suitablemathodnabxnet ajskRenphasementa anlca udeshapes, carrier.
The netal salt solutions may have a pHin the range of from1l to 12. The
pl ati num sal t s?thatl mEyMconvedem i e used are chloropl atinic acid and

ammoni um st abi | i zedrepl abbhuer sl drea Exanphesi ©fngul babhectimawald s utilized
are 15stannous (11) chloride, stannic (1V) chloride, stannous sul phate, and

stannous acet at® 1 rH&arEfaPyt frays e A%fprégfat etP Hitt ot NeSshapetcarri er

ei ther sequentiy@l |y, s, 8bpul hedeously toere & MH taneeusuhPsegnation is
utilized the nmetal salts used nust be conpatible and not 20hi nder the
deposi tion of Iﬁ%@%taal@.c’lﬁ_e h%%v%rf“f 6@1H@_lﬂl§é¥ﬁﬁreceo O&ilttFFi gkl Unpl exi ng
or chelating agentcd N@peoRRbogd,platdhRURBLLED S&lHoSRlHbirBike prevent
unwanted netal s precipitation. Exanples of suitable conpl exing agents are
EDTA (et hyl enetfi-dmidie "lefFdaket + £23cid) 1Nandc2ederi Matitves PHeHEnbito HEDTA

(N-(2- hydroxygshypethyleneds amide-N)\ WM LEL agetic @gidha 1 EGTA et hyl ene
gl ycol - bi s(2-am noet hyl ether)-N, N, NT, Wetraacetic acid), DITPA (diethylene
tridi ah? ne pentedicet it aeprdyanahl NTRLALDRTE obhS aderiie1aei Bhersffor e 30EDTA

is used, it issgpgg@@l ent Laused: idh@1mmlial £eLio 4P ttjen of fromO0.1 to 3,
especially 1 to 2. After shaping of the carrier, and also after netals

i npregnat i on, ¢hestdrldizetient vl ystrcompesi £ponsix complex with the

aluminium ions present, after which the complex formed is
removed. Examples of suitable complexing agents are

15 gluconic acid, tartaric acid and ethylenediamine-
tetraacetic acid (EDTA). Zeolites having an aluminium-
free outer shell which can be produced in this manner
include ZSM-5 and ZSM-35.

Of the (surface) dealumination methods described

20 above, the method involving the treatment with a
hexafluorosilicate, most suitably ammoniumhexa-
fluorosilicate (AHS), has been found to offer an
additional advantage. Treatment of the aluminosilicate
zeolite extrudates with AHS, which extrudates are

25 obtained by extruding the zeolite with or without binder,
has been found to result in the extrudates also having an
increased mechanical strength in addition to the expected
dealuminated outer surface. This increase in mechanical
strength occurs particularly for extrudates obtained by

30 extruding the zeolite with a silica binder.

The dealumination of the aluminosilicate zeolite

results in a reduction of the number of alumina moieties

present in the zeolite and hence in a reduction of the



- 18 - suitably dried, and calcined. Drying tenperatures are suitably 50 to
200 C, drying tines are suitably fromO0.5 to 5 hours. Calcination

t enper at Wweo@vsomary suitably in the range of from 200 PCO/ERO@SE59850
preferably 5300 to 600 C. For calcination of the carrier, a relatively
short tinme period is required, for exanple 0.5 to 3 hours. For calcination
of the catal yst conposition, it may be-netessary to enploy controlled
tenperature ranping at a low rate of heating to ensure 10t he optinum

di spersion of hdiee Rirdlestagdchs Cal Glitat.l anvEBY F@AUInMe shientdr tin20 hours.
Prior to use, it is necessary to ensure that the netals on the catalyst
conposi tion areFHTerarli ENE ah hateroRPdres PortUAdéordi By, it is

useful to subjeetrdbiherconpositi@n o anedushngs conditd.gnse1mhicdrare, for
exanpl e, heating in a reducing atnosphere, such as in hydrogen optionally
diluted with aft et 26gadFeofs nt X9 e foP ti hBPtIAEISEE "384ER as ni trogen and
carbon di oxi degrédtrirenperat bt epidpdshe okange ©fefdrmidoant 006001 for from
200.5 to 5 hours. . ‘The catal yst conposition of the invention finds
especi al use | FPIHEIIEEER| Fat Heal R it6ndef LethydbéhreRet 1 THet

et hyl benzene fegdshock mRshrsHitablyr ani-ghpat @sa2adid-eetl ¥obiom a reformng
unit or napht ha pyrog/5| sunit or is the effluent of a xylene isonerisation
unit. Such feelistdcleilistaPPylebhirtiised €0 £60CHhdrsearbsnsioand in

particul ar onesof oI ,H10: XYt eNe, UBrLYLeRta1 RaXyd8Re:) ,t oLusene, .1and
benzene in addition to ethyl benzene. 30CGenerally the anmount of ethyl benzene

in thelfeedst otk Gk indrOReOf ahge™ of - if fem3091 PoeBo A% anant hed total xyl ene

content is typhcally atcheaste 20- Mo Typiccah! y. 4 he, xybengswili ot be in
a thernodynam ¢ equilibrium and 19 - the content of p-xylene wll
accor di ngly bed¢dher nefhannt Aattlet Turdasthef Tsomsd.ite crysTaglitedst ock is
contacted w thaéé’&o%%?gﬁlyl,/s%l%@%éﬂeso%' 9 EQ&u&rﬁﬁP%‘%eé% hydsogesy This
may be 5 carried out i'n"a fixed bed system a noving bed system or a
fluidized bed systam aSdchssyst ens ey zbeloper atet-ddntrAuouBlystor in batch
fashi ops Prefefence dcs. ghyep,L 03 GONLIAUQUS ,0PEEAL| O 1N ,8,f i xed bed system
The catal yst may be used i'n one reactor or 1 n several separate
crystallites. The extent of dealumination of the surface

of the crystallites depends on the severity of the
dealumination treatment. Suitably, the number of surface
acid sites of the zeolite is reduced with at least 70%,

20 preferably with at least 80% and even more preferably
with at least 90%. In a most preferred embodiment the
number of surface acid sites i1s reduced with essentially
100% by the selective dealumination, thus leaving
essentially no surface acid sites at all.

25 The surface modification may be applied just once to
the carrier or may be applied two or more times. However
we have not found any advantage in repeated application.
The concentration of the AHS treatment does however
appear to have an effect. Preferably the concentration of

30 active ingredient (AHS) is in the range of from 0.005 to
0.5M. Preferably the concentration is in the range of

from 0.01 to 0.2M, more preferably 0.01 to 0.05M, and



l10reactors in series or operated in a swing systemto ensure continuous
operation during catal yst change-out. The process is suitably carried
out at a werp@vmebstuse in the range of from 300 to 500 C, paTmPe@sos®ssé n t he
range of fromO0.1 to 50 bar (10 to 5,000 kPa), using a 15liquid hourly
space velocity of in the range of fromO0.5 to 20 hll. A partial pressure of
hydrogen in the range of fromO0.05 to 30l%har (5 to 3,000 kPa) is generally
used. The feed to hydrogen nolar ratio is in the range of fromO0.5 to 100,

generally fromdpd® shQ20nmok/ #®l0.03M, wnlhg Piesen ifvent tenyediadow be
illustrated by the foll ow ng Exanp | es. Exanples 1In the Exanpl es and where
nenti oned el seW@@?ﬁeF@f“ﬂ%ﬁbVeon R 1PEI Fow My 158C REEHBYSY ar e

applicable: Flat plratergeusiosddergbli: aASIN) Bibled sPaneshty: ASTM D 4284
with drying of the sanple at 300 C for 60 mnutes prior to neasurenent, and

usi ng mercury TR YSasH ON30B B Men s 1eFa L6 CaF BAC neurlERERE: SASTIMD 3663- 99,

as nodified byod SQOL0Erawkt Br diyd Nhofi ckheas@npla Ats 1300226 @5 H0 m nut es
prior to measurenent, and using nitrogen as adsorbate. - 20 - Water pore

vol ume: the safpl® 4908 e@Nat 3000 FORtEhouth it IcheAIASF YHEHY wat er i s

added until the pores Reachil] etbsyicht katnt bersapl@cpartiches are wet but
still free flowng; the sanple is again weighed and the Sanount of water

absor bed per UFPR LGS ©Ti §hearett B PR pHet? waisheingrfgion . In the

Exanpl es, unl ess otﬁ%%ﬁ@dsp@&aflf%q ekgﬁpz@% t8s \WeLeeysed.d n the Fr form
and tree of tenplate material. 10Ex anpl e
10 carrier generally has a B.E. T surface area falling in

the range of from 100 to 400 m./g, preferably 130 to
300 m®/g, more preferably 150 to 250 m’/g; and a pore
volume, by mercury intrusion, in the range of from 0.2 to
1.2 ml/g, preferably 0.4 to 1.0 ml/g, more preferably

15 0.5 to 0.9 ml/g. The flat plate crush strength generally

is at least 50 N.cm !, preferably at least 70 N.cm', and

-1

more preferably at least 80 N.cm It is generally, for

example, of the order of 50 to 300 N.cm ', preferably 70

to 250 N.cm', more preferably 80 to 200 N.cm *.

20 The catalyst composition of the invention also
contains metal components in the form of platinum and
tin. The platinum component is present in an amount in
the range of from 0.001 to 0.1 wt%, based on total
catalyst, and the tin component in an amount in the range

25 of from 0.01 to 0.5 wt%, based on total catalyst. Most
suitably the platinum component is present in an amount
in the range of from 0.01 to 0.1, preferably 0.01 to
0.05, wt%. The tin component is most suitably present in
an amount in the range of from 0.1 to 0.5, preferably

30 0.2 to 0.5, wt%.

The catalyst composition of the invention has
properties similar to that of the carrier in B.E.T.

surface area, pore volume and flat plate crush strength.



Catal yst 1 A carrier was prepared froma large crystallite size
zeolite with a ZSM5 structure with an average crystallite size in the
range of woemloi6@310 pmand a 15 silica to al um na bulPKTERRI0S/06485610
prepared followi ng the procedure of Iwayama et al in US-A-4,511,547. The
zeolite powder was m xed with a | ow sodiumgrade silica (Sipernat 50 from
Degussa), and an anmoni um stabilized comtercially available silica sol

(sol d under the trade name Bindzil 20by Eka Chem cal s), and extruded using

1.5 wt % of anmoni umnBydeexi gder slntldsen i 6608t aind R 2onWt YoddmDnira) on dry
basis to give a carrier conprised of 40 w % zeolite, 40 wt % Si pernat 50 and
20 Wt % si i ca B &hPdeyapadi 451 the 'greendeke rifddtws werecarPey Hhd

cal ci ned aboverZ56Q016tEQr pindOursicn aghisevecspufddCignti oshl eaghdy f or
industrial application. The resulting carrier had a wat ertgore vol ume of

0.65 m.g . MeE®Ured BYTREPEDTFS poresiiet F§IPehe: it AlySt CERAOMEEF S 55 i . gi
pore vobume, anghBEnts;3084r $a8es aeaueht 198c M2 gfdoccthestbat flate crush

strength was 109 N.cm The carrier was pore volunme inpregnated with a
Pt/ Sn sol uti on*had¥fiig % FRLBEM OV 2;2hé8B8FitYon was prepared - 21 - from

H2Pt C1( and SnCl2. 2iH0snIpengancenler ahkanagf hathmehal somassguchsas to
provide a final catalyst having a Pt/ Sn concentration of 0.025/0.4 wt %

based on t ot al Pe¥iIsysextonéet ¢he Hifpegnat PR WSS cdrsitereace the Scat al yst

was dried at 125,&, foy s_%gif)gn?%’)'}gsext@nugi%Hbs@Quﬁfgﬂa\ﬁfep%lx%irﬂggté@, a two-step
calcination programainng at 480 Cwith an internedi ate stop at 300 C, and
a suff+@i ent | W rANPI f§er Bertddl hdficdvEcadefbat® HWirdpecsi BhAtbftithe

metal |ic phase,; Jha total.calejnation 1Qppocedwre.dasted 14 hours, Exanple
2 (Conparative) Catalyst 2 A zeolite identical to t%at used for
Exanpl e 1 was &$& i mranmakeerpatiore cadeber pr egarcat Peatahefect he 15silica

and silica SO'p@ﬁ%ﬁJﬁH@ %%EthMa§”béﬂéH§ %@t@?%gfrthat will change the

PH of the mixture sufficiently to induce deagglomeration

15 of the solid particles. Peptising agents are well known
and encompass organic and inorganic acids, such as nitric
acid, and alkaline materials such as ammonia, ammonium
hydroxide, alkali metal hydroxides, preferably sodium
hydroxide and potassium hydroxide, alkali earth

20 hydroxides and organic amines, e.g. methylamine and
ethylamine. Ammonia is a preferred peptizing agent and
may be provided in any suitable form, for example via an
ammonia precursor. Examples of ammonia precursors are
ammonium hydroxide and urea. It is also possible for the

25 ammonia to be present as part of the silica component,
particularly where a silica sol is used, though
additional ammonia may still be needed to impart the
appropriate pH change. The amount of ammonia present
during extrusion has been found to affect the pore

30 structure of the extrudates which may provide
advantageous properties. Suitably the amount of ammonia

present during extrusion may be in the range of from 0 to



from Sasol (trade name Pural SBl). The anpunt of zeolite was |eft
unchanged, so the resulting carrier (after drying and cal ci nation)

cont ai nedwoQoaw®ewmaol ite with the bal ance bei ng al um naPCThP2@8/0569866 Was
subj ected to the 20pore volune inpregnation (utilizing a platinumand tin
salt solution prepared as in Exanple 1), drying and cal ci ni ng procedures
described in Exanple 1 to yield a final atal yst having a Pt/ Sn
concentration of 0.025/0.4 w% based on total catalyst. 25Exanple 3

(Conpar ative) sGatalyestea3on the tdihiamalogousur@nnglede@ abxanples 2, an
identical zeolite and an alternative industrial grade alum na, having a
hi gher surface® afea drdepsrelsiotiune &4 fanlPdraf®308BI9r YWaeShSed to prepare a

40 wt % zeol i t e- contr@leNhBgaCardiErlacoiehl bheo balancenbei pgral awima. This
carrier was pore volune inpregnated, dried and cal ci ned using the sane

procedures as Ph ‘Bxapieds veipt ovi décadftnafe -mg@Lls €apaP§st conposition

having the sangpmiales baadi ngs as-Examhesriaandd.orExanphepfgCatal yst 1,
Catal yst 2, and Catal yst 3 were SSUbC{eiect ed to a catalytic test that mmcs

typi cal indust?talltapsl PESEPBRCE OGRS T BReRtHADENSEABSHeal kyl at i on.
This activity gtestidises an industrial feed of European origin. The
conposition of the teed used here is sumuarized in Table 1. Table 1:
Conposi tion of theFPEEdVOSERE i HATRETACEPYI ) TS tiag B0t FeR (R drRsdsi ti on

salt solution is a very suitable method of metals

10 emplacement onto a shaped carrier. The metal salt
solutions may have a pH in the range of from 1 to 12. The
platinum salts that may conveniently be used are
chloroplatinic acid and ammonium stabilized platinum
salts. Examples of suitable tin salts utilized are

15 stannous (II) chloride, stannic (IV) chloride, stannous
sulphate, and stannous acetate. The metals may be
impregnated onto the shaped carrier either sequentially
or simultaneously. Where simultaneous impregnation is
utilized the metal salts used must be compatible and not

20 hinder the deposition of the metals. It has been found
useful to utilize a complexing or chelating agent in a
combined platinum/tin salt solution to prevent unwanted
metals precipitation. Examples of suitable complexing
agents are EDTA (ethylenediamine tetraacetic acid), and

25 derivatives thereof, HEDTA (N-(2-
hydroxyethyl)ethylenediamine-N,N',N'-triacetic acid),
EGTA (ethylene glycol-bis(2-aminoethylether)-N,N,N',N'-
tetraacetic acid), DTPA (diethylene tridiamine
pentaacetic acid), and NTA (nitrilotriacetic acid). Where

30 EDTA is used, it is conveniently used in a molar ratio to
tin of from 0.1 to 3, especially 1 to 2.

After shaping of the carrier, and also after metals

impregnation, the carrier/catalyst composition is



EBwWt % pXwt % oxwt % mXwt % t ol uenewt % benzenewt % 07- C8- napht heneswt %
C9aromati csw % 13.68 0.18 18.12 62.06 0.48 0.13 5.35 0.00 Total wt %
100. 00 WO 2009086HB0MAtiI CSSUM PCT/EP2008/059850

- 18 -

suitably dried, and calcined. Drying temperatures are
suitably 50 to 200 °C; drying times are suitably from
0.5 to 5 hours. Calcination temperatures are very
suitably in the range of from 200 to 800 °C, preferably

5 300 to 600 °C. For calcination of the carrier, a
relatively short time period is required, for example
0.5 to 3 hours. For calcination of the catalyst
composition, it may be necessary to employ controlled
temperature ramping at a low rate of heating to ensure

10 the optimum dispersion of the metals: such calcination
may require from 5 to 20 hours.

Prior to use, it is necessary to ensure that the
metals on the catalyst composition are in metallic (and
not oxidic) form. Accordingly, it is useful to subject

15 the composition to reducing conditions, which are, for
example, heating in a reducing atmosphere, such as in
hydrogen optionally diluted with an inert gas, or mixture
of inert gases, such as nitrogen and carbon dioxide, at a
temperature in the range of from 150 to 600 °C for from

20 0.5 to 5 hours.

The catalyst composition of the invention finds
especial use in the selective dealkylation of
ethylbenzene.

The ethylbenzene feedstock most suitably originates

25 directly from a reforming unit or naphtha pyrolysis unit
or i1s the effluent of a xylene isomerisation unit. Such
feedstock usually comprises C; to Cy hydrocarbons, and in
particular one or more of o-xylene, m-xylene, p-xylene,
toluene, and benzene in addition to ethylbenzene.

30 Generally the amount of ethylbenzene in the feedstock is
in the range of from 0.1 to 50 wt% and the total xylene
content is typically at least 20 wt%. Typically the

xylenes will not be in a thermodynamic equilibrium, and



94. 97 EB in Ce aromatics feedwm % pX in xylenes in feedwt % ox in xyl enes
in feedwt % mX in xylenes in feedwt % 11.25 0.22 22.54 77.23 The activity
test is peofeewmadi4dnce the catalyst is in its reduced PCAEP2008/059880 i S

achi eved by exposing the dried and cal cined catal yst to atnospheric
hydrogen (>99% purity) at 450 C for 1 hour. After reduction the reactor is
pressurized without a 15cooling step, and the feed is introduced. This step
contributes to enhanced catal yst aging, and therefore all ows conparison of

the catal ytic pesfammncecat psiahle epenattes-qalhg cakahylibe datapoints are
collected at a
that of the other isomers.
The feedstock is contacted with the catalyst
composition in the presence of hydrogen. This may be
5 carried out in a fixed bed system, a moving bed system,
or a fluidized bed system. Such systems may be operated
continuously or in batch fashion. Preference is given to
continuous operation in a fixed bed system. The catalyst
may be used in one reactor or in several separate
10 reactors in series or operated in a swing system to
ensure continuous operation during catalyst change-out.
The process is suitably carried out at a temperature
in the range of from 300 to 500 °C, a pressure in the
range of from 0.1 to 50 bar (10 to 5,000 kPa), using a
15 liguid hourly space velocity of in the range of from
0.5 to 20 h''. A partial pressure of hydrogen in the
range of from 0.05 to 30 bar (5 to 3,000 kPa) 1is
generally used. The feed to hydrogen molar ratio 1is in
the range of from 0.5 to 100, generally from 1 to 10
20 mol/mol.
The present invention will now be illustrated by the
following Examples.
Examples
In the Examples and where mentioned elsewhere
25 hereinabove, the following test methods are applicable:
Flat plate crush strength: ASTM D 6175
Porosity: ASTM D 4284 with drying of the sample at 300 °C
for 60 minutes prior to measurement, and using mercury
intrusion.
30 B.E.T. surface area measurement: ASTM D 3663-99, as
modified by ISO 9277, with drying of the sample at 300 eC
for 60 minutes prior to measurement, and using nitrogen

as adsorbate.



20condi tion that exaggerates the potential negative - 23 - operational
effects. Therefore, the performance is neasured not at the ideal industrial
oper at i ngvoap@aiba(s), but at those that all ow a bett erCuaidPb@sosss@t i on of
t he various performance paraneters 5Sused to evaluate catalysts in this

appl i cation. In the present case, a weight hourly space velocity of
4.6 Tit a hydrogen to feed ratio of 2.5 2l- npl-1, a total system pressure
of 1.3 MPa was used. The tenperature was vari ed between 360 and 410 Cto

achi eve 10t he wery RACOBYENSI Othd Qfan@asi €5 E€OIgArdtSaNo eCc for The
performance characteristics were evaluated as follows: EB(t. - EBN. EBt. -
Bf . 106 tt<t ETHE EENFBSOOYBNDTBN, "PHRpr 15 @By Wnti110DKvA €KV ci r

Xybitue |0ss (x-d00 X sach HOM pired shebid' 3dds id it @k wetlbhcy arom7,

aron\ 10 t) . . , , ,
still free flowing; the sample 1s again weighed and the

5 amount of water absorbed per unit mass is calculated from
the two weights.

In the Examples, unless otherwise specified, the
zeolites were used in the H' form and free of template
material.

10 Example 1
Catalyst 1

A carrier was prepared from a large crystallite size
zeolite with a ZSM-5 structure with an average
crystallite size in the range of from 1 to 10 pm and a

15 silica to alumina bulk ratio of 40 prepared following the
procedure of Iwayama et al in US-A-4,511,547. The zeolite
powder was mixed with a low sodium grade silica (Sipernat
50 from Degussa), and an ammonium stabilized commercially
available silica sol (sold under the trade name Bindzil

20 by Eka Chemicals), and extruded using 1.5 wt% of ammonium
hydroxide solution (containing 25 wt% ammonia) on dry
basis to give a carrier comprised of 40 wt% zeolite, 40
wt% Sipernat 50 and 20 wt% silica sol on dry basis.

The green extrudates were dried and calcined above

25 600 °C for 1 hour to achieve sufficient strength for
industrial application.

The resulting carrier had a water pore volume of
0.65 ml.g{. Measured by mercury porosimetry, the
catalyst showed 0.55 ml.g’l pore volume, and B.E.T.

30 surface area of 198 m?’.g . The flat plate crush strength
was 109 N.cm *.

The carrier was pore volume impregnated with a Pt/Sn

solution having a pH below 2; the solution was prepared



Product' (1) pX ate Cit.) = x 100 OX. in Xvi". - pX. in XII( , where ES
stands for ethyl benzene, B for benzene, Tol for toluene, cHx for

cycl ohexawo,20iR6f40r net hyl - 15cycl opent ane, Xyl for xylPemn&P2608/05maer al
(all isonmers), pX for para-xylene, Cipr for all light hydrocarbons from 02
to C5 in the product, f for feed, and pr for product. - 24 - For EB
conversion a tenperature differential above 2 C shows a significant

i nprovenent in activity; for benzene selectivity above 1 nol%is
significant ang-@nrneducti emd Bnxyl engol 0s8&sc et oNMDE€ Hetnd
5significant inprovenent. Regarding benzene purity, a purity of 99.8 wt%
al | ows the ben2erfelt &'de 86l d2di redt1y 48 & pifet Frdddet E WAt T €4 &t ream

having | ess thay/ Q9. ek paridy d@w .bosunderges f wdder cpuebfacation. Tabl e
2: Tenmperature Rte uired for 75 wt % Et hyl benzene Conversi on, Benzene

Sel ectivity, BeWzERSPUPPRES, CARdIIBASSRE TEBE SE3S f°M5 ahEdy EFRG | benzene

Conver sson (EEQtdl/'st. wher BenzeneBenzene Xylene v, %&ehectivity
purityl osses EBC Cnol % % %

subsequently calcined in a two-step calcination program

aiming at 480 °C with an intermediate stop at 300 °C, and

a sufficient low ramping rate to achieve adequate

dispersion of the metallic phase. The total calcination
10 procedure lasted 17 hours.

Example 2 (Comparative)

Catalyst 2
A zeolite identical to that used for Example 1 was
used in an alternative carrier preparation where the
15 silica and silica sol was replaced by an alumina powder
from Sasol (trade name Pural SB1l). The amount of zeolite
was left unchanged, so the resulting carrier (after
drying and calcination) contained 40 wt% zeolite with the
balance being alumina. The carrier was subjected to the
20 pore volume impregnation (utilizing a platinum and tin
salt solution prepared as in Example 1), drying and
calcining procedures described in Example 1 to yield a
final catalyst having a Pt/Sn concentration of
0.025/0.4 wt%, based on total catalyst.

25 Example 3 (Comparative)

Catalyst 3
In analogous manner to Example 2, an identical
zeolite and an alternative industrial grade alumina,
having a higher surface area and pore volume than Pural
30 SBI, was used to prepare a 40 wt% zeolite-containing
carrier, with the balance being alumina. This carrier was
pore volume impregnated, dried and calcined using the

same procedures as in Example 2 to provide a final



Catalyst 1 370 86.4 99.7 4.5 Catalyst 2 (conparison) 368 80.9 99.8 7.4
Catalyst 3 373 79.7 99.9 6.7 (conparison) In all test runs,
xyl ene i swoer#dEsi4dn al so occurred 10and in each case tRETEPR08/059856

p- xyl ene reached a m ni num of 98% of its equilibriumvalue. Table 2 shows
the dramatic difference between the use of catalysts having silica- and

al um na- bound carriers at identical nmetz 4 oadings. The benzene

15sel ectivity is much higher with the silica-bound carrier version and the

Xyl ene | osses @d€aSig@nicbingaptt Yo OWRIing the sBNzen€IRBUNLENIHOS & |
catal ysts is very high, bei ng inthe vicinity of 100 wt% indicating the
very good sel e%%fi“\lﬁ]tef df @PHe’Pt/ Sn metal lic phase towards ol efin

Example 4
Catalyst 1, Catalyst 2, and Catalyst 3 were

5 subjected to a catalytic test that mimics typical
industrial application conditions for ethylbenzene
dealkylation. This activity test uses an industrial feed
of European origin. The composition of the feed used here
is summarized in Table 1.

Table 1:

Composition of the Feed Used in the Activity Testing

Feed composition

EB wt% 13.68
rX wt% 0.18
oX wt% 18.12
mX wt% 62.06
toluene wL% 0.48
benzene wL% 0.13
C;—-Cg—naphthenes wt% 5.35
Ce" aromatics wt$ 0.00
Total wt% 100.00
Cg aromatics sum 94.97
EB in Cg aromatics feed wL% 11.25
pPX in xylenes in feed wt% 0.22
0oX in xylenes in feed wt% 22.54
mX in xylenes in feed wt% 77.23
10 The activity test is performed once the catalyst is

in its reduced state, which is achieved by exposing the
dried and calcined catalyst to atmospheric hydrogen (>99%
purity) at 450 °C for 1 hour.

After reduction the reactor is pressurized without a

15 cooling step, and the feed is introduced. This step

contributes to enhanced catalyst aging, and therefore
allows comparison of the catalytic performance at stable
operation.

The catalytic datapoints are collected at a

20 condition that exaggerates the potential negative



20 hydrogenation instead of the saturation of the aromatic ring containing
nol ecul es. The tenperature required for 75 wt % et hyl benzene conversion are
simlar swowbesgistaat - 25 - the overall activity of these/Epataioysss for
deal kyl ati on are closely conparable. Exanple 5 Catalyst 4 5A catalyst
carrier was prepared followi ng the preparation route described in Exanple
1, but with a nodification in zeolite €dtitent. In this case the zeolite
content was set to 25 ww% in the carrier. The silica content of the carrier
was 75 W % andoy@ss @@ 1upretcddsitisa roseper hatpHForanrdcsi bsca sol
(Bindzil) in a weight ratio of 2:1. The flat plate crush strength of the
carrier was 152°wGRd not at the Jgaad) inpggrehhat iBIE 8dr¥Png and cal ci nati on
procedures wergo@rdiced syt phh ddentdseakngrnaerod & kExappl e 1. Exanple 6
(Conparative) Catalyst 5 A carrier was prepared by follow ng the
procedures of ExkaiE5a4Aa"ust Ng e HErsane Pebf & HTd PSP aS20st ar ti ng
materiabs. Theysesuld icRgicatEl @it BSHROLE VOl ¥nBodnpregpated with a Pt
contai ning solution having a pH close to neutral. The solution was prepared
from Pt (N143) 1( 014)12, tAAIPEDHHI rféFaddelcaPodiUnai fPate Yol A nount
sufficient to incsease t he riyaRbgest f&NAtdy ot Rec25508 utdiomch o, be
conparable with that of Exanple 5. This was consi dered necessary to ensure
that there wastaTorve$EBnar AgS¢et tofcdntelifapreseritcd-o ThRat of the Pt/ Sn

i mpregnati on sEliitd.on Weedak Ny ExadPlf e fiNgs 6 ONceMiNatkicop, 0f -t hie,sol ution
was adjusted so that the 30final catal yst contained 200 ppmw Pt (0.02 w %
Pt). 10 DryiRy etk icgPcFRRY S ont Of foHe Spot @r velifE 1iSepr egnat ed cat al yst
was carried out as I@%Sﬁélﬁpggnér{bmwla@téristics were evaluated as

follows:

EB conversion {wt¥{} = = 100

EBe EBW.

EB:.
. - B — By 106
Benzene solectivity (mol'%) = P X w13
T ’ EB: — ERg. TS
Benzene purity {(wtie) = ik » 100

BE)-{‘, + ('.'HX{)}‘, + ‘i\‘lfflszii
Xyl — Xyl

Xylene losses {with) = L x 100
Xvly,
_ : . © ol Tol; -
Toluene (witt} = ( LI — ) x 100
q s / Soproduct Y fead

e Clarom.,, ,
Claromatics {wt%) = 2P 100
' > product

, s St Cipr
Gas make {wth) = &=0=2 P 100
> product
. s b X in Xyl — pXin Xvlg
pX ate (%) = ! S 7L SN 11

pX in Xyleg — pXin Xylg,
where EB stands for ethylbenzene, B for benzene, Tol for
toluene, cHx for cyclohexane, McP for methyl-
15 cyclopentane, Xyl for xylenes in general (all isomers),
pX for para-xylene, Cipr for all light hydrocarbons from

C, to Cs in the product, £ for feed, and pr for product.



- 26 - Exanple 7 Sanmpl es of Catalysts 1, 4 and 5 were subjected to
the activity test described in Exanple 4 using the sane feed. The key

per for marwo 2paveEneBers are |isted in 5Table 3, and conp&CEEPa108/D/59854 %

et hyl benzene conversion level. Table 3. Tenperature Required for 75 wt %

Et hyl benzene Conversion, Benzene Sel ectivity, Benzene Purity, and Xyl ene
Losses at 75 wt % Et hyl benzene Conversiomr4{ EEC) T5,. forBenzeneBenzene

Xyl ene 75 wt %sel ectivity purityl osses EBC 0 Cnol % % % Cat al yst 1 370 86. 4
99.7 4.5 Catal yst 403928 conversion a temperature differential above

2 °C shows a significant improvement in activity; for
benzene selectivity above 1 mol% is significant and a
reduction in xylene losses of 0.5 or more is a

5 significant improvement. Regarding benzene purity, a
purity of 99.8 wt% allows the benzene to be sold directly
as a pure product while a stream having less than 99.8
wt% purity has to undergo further purification.

Table 2:

Temperature Required for 75 wt% Ethylbenzene Conversion,
Benzene Selectivity, Benzene Purity, and Xylene Losses at

75 wt%$ Ethylbenzene Conversion (EBC)

Treq. for Benzene Benzene Xylene
75 wt$ selectivity purity losses
EBC
°C mol% wt$ wWL%
Catalyst 1 370 86.4 99.7 4.5
Catalyst 2 368 80.9 99.8 7.4
(comparison)
Catalyst 3 373 79.7 99.9 6.7
(comparison)

In all test runs, xylene isomerisation also occurred
10 and in each case the content of p-xylene reached a
minimum of 98% of its equilibrium wvalue.

Table 2 shows the dramatic difference between the
use of catalysts having silica- and alumina- bound
carriers at identical metal loadings. The benzene

15 selectivity is much higher with the silica-bound carrier
version and the xylene losses are significantly lower.

Benzene purity for all catalysts is very high, being
in the vicinity of 100 wt%, indicating the very good
selectivity of the Pt/Sn metallic phase towards olefin

20 hydrogenation instead of the saturation of the aromatic
ring containing molecules. The temperature required for

75 wt% ethylbenzene conversion are similar showing that



95.5 99.8 3.0 Catalyst 5 376 85.4 97.3 3.6 (conparison) In each run,
p- xyl ene was produced in an anmount which was a m ninum of 98% of its

equi | i briwm2o@luel43The data in Table 3 clearly denonst r aCe/HPh@sDewmsdyant ages
of reducing the zeolite content in the carrier from40 wt%to 25 wt%
(Catalyst 1 conpared with Catalyst 4). The benzene selectivity, and the

xyl ene | osses inprove significantly at-iztenti cal ethyl benzene conversi on;
however the tenperature required for 75 wt % 15et hyl benzene conversi on al so
i ncreases. the Addirtahonakt yvithe cempaki §0na0fsi@Atlysbadkang: {at al yst 5
shows a simlar effect between the two 25 wt % zeol ite-contai ning systens,
where the netaff§ Cipvase FSBffferent. Catalyst 4, having a Pt/ Sn

fornul ation, hags@120lsower activity, but conpensates for this with a very
good benzene seleciivity, benzene purity, and | ow xyl ene | osses. The
Pt-only catal ysttalg@taldyst 5, has al nost as high an activity as Catal yst 1,

but suffers fromlewRktalydd carsele@Clidi bYepd QBIENUGLIE Ygangk hi gher xyl ene
| osses conpared to its Ftysn counterpart. It is noted that the platinum of

Catal yst 5 i s PFEEm-ion SPrght1SS TedicedafbliiR1e dt WAL Bftatal yst 1, but
the differencendd: 003 3Wh N ni ScbNSignichiceant andmid lcaret chaflaence the
results content was set to 25 wt% in the carrier. The silica

content of the carrier was 75 wt% and was made up of

10 silica (Sipernat 50) and silica sol (Bindzil) in a weight
ratio of 2:1. The flat plate crush strength of the
carrier was 152 N/cm.
Metal impregnation, drying and calcination
procedures were carried out in identical manner to

15 Example 1.

Example 6 (Comparative)

Catalyst b
A carrier was prepared by following the procedures
of Example 5 and using the same zeolite and silica
20 starting materials. The resulting carrier was pore volume
impregnated with a Pt containing solution having a pH
close to neutral. The solution was prepared from
Pt (NH3) 4 (OH),, and contained added ammonium nitrate in an
amount sufficient to increase the ionic strength of the
25 solution to be comparable with that of Example 5. This
was considered necessary to ensure that there was a
corresponding salt content present to that of the Pt/Sn
impregnation solution used in Example 5. The
concentration of the solution was adjusted so that the
30 final catalyst contained 200 ppmw Pt (0.02 wt% Pt).
Drying and calcination of the pore volume
impregnated catalyst was carried out as described in

Example 1.



gi ven.

procedures of 10Exanple 1. All
except i orwof20e9a68B| i ca conmponent ;
versi on of Sipernat 50,
Degussa, where the powder

Exanple 8 Catalyst 6 A carrier was prepared follow ng the

ingredients were identical, with the

this was replaced w PoTa&Pr@diofIssd
comercially avail abl e as Si pernat 500LS from
has been mlled to a nmean particle size in the

range of from2 to 1510 pmto renove thed arge aggl onerates of particles.

The zeolite content was reduced to 25 ww% the silical/silica sol
the carrier wasxapmt % again the silical/silica sol
The carrier obtained showed renarkable increase in 20fl at

ratio of 2:1.

content of
was used in a weight

pl ate crush strengtR™iLAprovi RFaests 1914 N WiSre ERBIBEHYE Fhysi cal
parameters weren&lose oyt h@§@ aeasuned fiarefatgyst vhindhenwasgie pore

vol une remai ned at 0.65 m . g7,

the pore volunme fromthe nmercury porosinetry

was al so i dentfexl- dir0ks5 ﬁ?rﬁoqma%ﬁ PeérfRetosB E T 1 isirPflacR area

I ncreased to 2b3o1d &,

BxampbepdreLatralgstit efnEaddd RheWasnpe epaded

foll owi ng the {)rocedures described in Exanple 5, wth replacenent of the
a

zeolite 30by a Yl

particle size version of ZSM5 having a primary

particle dianeter below 200 nm and arshidca to alum na bulk ratio of 30

(avail abl e under the t
carrier -

rade nanme CBV 3020E from Zeol yst International). The

28 TpBEAR AR ERIFErAedobf /257Nt HrEePriecamd 7Y kS 8 | i ca and

had a flat plage,dlsheserengthy ofpd23 N emticy,
prepared by inpregnating the above carrier wt

an&r@%l%%EaLM§§e§W5%

platlnumand tin follow ng

t he pr epar at | on 75 wt% Ethylbenzene Conversion (EBC)
Treq. for Benzene Benzene Xylene
75 wt% selectivity purity losses
EBC
°C mol% wt$ wt$
Catalyst 1 370 86.4 99.7 4.5
Catalyst 4 392 95.5 99.8 3.0
Catalyst 5 376 85.4 97.3 3.6
(comparison)

10

15

20

In each run, p-xylene was produced in an amount

which was a minimum of 98% of its equilibrium value.

The data in Table 3 clearly demonstrate the
advantages of reducing the zeoclite content in the carrier

from 40 wt% to 25 wt% (Catalyst 1 compared with

Catalyst 4). The benzene selectivity, and the xylene

losses improve significantly at identical ethylbenzene

conversion; however the temperature required for 75 wt$

ethylbenzene conversion also increases.

Additionally, the comparison of Catalyst 4 and

Catalyst 5 shows a similar effect between the two 25 wt%

zeolite-containing systems, where the metallic phase is

different. Catalyst 4, having a Pt/Sn formulation, has a

lower activity, but compensates for this with a very good

benzene selectivity, benzene purity, and low xylene

losses. The Pt-only catalyst, Catalyst 5, has almost as

high an activity as Catalyst 1, but suffers from lower



5reci pe of Exanple 1 to give a catalyst having 0.025 wt% Pt and 0.4 wt % Sn.
Exanple 10 Catalyst 8 Part of the carrier obtained as described in
10Exanpl ew0 20@#0164Bj ected to the surface nodification prPoTaraees/osesseri bed
in Exanple 1 of US 6,949, 181 B2. The concentration of the ammoni um
hexa-fluorosilicate was set at 0.02 M Subsequently, the carrier was washed
and dried at 500 C. 15The carrier was th&h -4 npregnated with a Ft/ Sn
solution, dried and cal cined as described in Exanple 1 to give a catal yst

havi ng 0. 025 WA iand 0. 4oé 2001 thxampl 8idder Gatialngst osaapl es prepared
in Exanple 9 and 20Exanple 10 were tested according to the gr ocedure and
test conditi onSOWREET HedFRA Exatpl @At eTha key! pert GrrEAcE partdifeters are

listed in Tablg 4 iandcgonpasegdsats 13 wsehhyl benzene 16onvenséon | evel .
Tabl e 4: Tenperature Required for 75 wt % Et hyl benzene Conversi on, Benzene

Sel ectivity, BuMY8He OUFPEy, CAnROdlYEe 1k o8ikstit 75 AGESREE P ez ene
Conver s on ( EE@)s)Treq.i nksorBenzenaBenzene 1Xyhene: /o wdrdsek aet +¥d i v s
purityl osses EBC Cnol %M %w % Cat al yst 7
given.
Example 8
Catalyst 6
A carrier was prepared following the procedures of
10 Example 1. All ingredients were identical, with the
exception of the silica component; this was replaced with
a modified version of Sipernat 50, commercially available
as Sipernat 500LS from Degussa, where the powder has been
milled to a mean particle size in the range of from 2 to
15 10 um to remove the large agglomerates of particles. The
zeolite content was reduced to 25 wt%; the silica/silica
sol content of the carrier was 75 wt%; again the
silica/silica sol was used in a weight ratio of 2:1.
The carrier obtained showed remarkable increase in
20 flat plate crush strength, improving it to 191 N.cm ',
while the other physical parameters were close to those
measured for Catalyst 1. The water pore volume remained
at 0.65 ml.g !, the pore volume from the mercury
porosimetry was also identical at 0.55 ml.g ', while the
25 B.E.T. surface area increased to 253 m?.gﬂ.
Example 9
Catalyst 7
A carrier was prepared following the procedures
described in Example 5, with replacement of the zeolite
30 by a small particle size version of ZSM-5 having a
primary particle diameter below 200 nm, and a silica to
alumina bulk ratio of 30 (available under the trade name

CBV 3020E from Zeolyst International). The carrier



396 91.4 99.9 6.0 Catalyst 8 405 97.7 99.7 3.2 - 29 - In each run
p- xyl ene was produced in an anmount which was a m ninum of 98% of its

equi | i briwo2o@/uel43lt is clear that the surface nodifi caCrarasassse cal |y
alters the benzene selectivity and the 5xyl ene | osses. The tenperature
required for 75 wt % et hyl benzene conversion is however al so increased
slightly. The selectivity pattern of thedreated catalyst is very
attractive: the xylene | osses are al nost hal ved, while the benzene purity

is retained. Thebenzenesl0sehegtdvidsy wics koeleasethd asclesesipidDO nol %
Exanple 12 Catal yst 9 A catal yst carrier was prepared follow ng the
procedur es desthd & ien TERANDIREA, SWSh SERBZEBIG & 2P5F¢pMaced by t he

alternative ZSM5 zeel bheaofsEXaPR eBared by impregnating the above
carrier with platinum and tin following the preparation
5 recipe of Example 1 to give a catalyst having 0.025 wt%
Pt and 0.4 wt% Sn.
Example 10
Catalyst 8
Part of the carrier obtained as described in

10 Example 9 was subjected to the surface modification
procedure described in Example 1 of US 6,949,181 B2, The
concentration of the ammonium hexa-fluorosilicate was set
at 0.02 M. Subsequently, the carrier was washed and dried
at 500 °cC.

15 The carrier was then impregnated with a Pt/Sn
solution, dried and calcined as described in Example 1 to
give a catalyst having 0.025 wt% Pt and 0.4 wt$% Sn.
Example 11

Catalyst samples prepared in Example 9 and

20 Example 10 were tested according to the procedure and
test conditions described in Example 4. The key
performance parameters are listed in Table 4, and
compared at 75 wt% ethylbenzene conversion level.

Table 4:
Temperature Required for 75 wt% Ethylbenzene Conversion,
Benzene Selectivity, Benzene Purity, and Xylene Losses at

75 wt%$ Ethylbenzene Conversion (EBC)

Treq. for Benzene Benzene Xylene
75 wt$ selectivity purity losses
EBC
°C mol% wL% wt3
Catalyst 7 396 91.4 99.9 6.0
Catalyst 8 405 97.7 99.7 3.2




This zeolite grade was used in amonium form and did not contain any
tenplate material. The zeolite content was 40 wt% and the total silica
content (WOwoewdibad : silica sol, 2:1) was 60 Wt % The earmpPeoosazIsshited a
flat plate 20crush strength of 117 NNcm The carrier was subject to a
surface nodification step follow ng Exanple 1 of US 6,949, 181 B2. The
concentration of the amoni um hexafl uorox |4 cate was set at 0.02 M 25The
nmetal inpregnation step, and subsequent drying and cal ci nati on steps, were

identical to those desathbegh igExamel @ad. pdheuddanalh eat ahysic had o
plati num content of 0.025 wt%and a tin content of 0.4 w% The cal cination
converted the SMchiUmifernPzed? 1 ilhto SERE 3H % 0 e - 30 - Exanpl e 13

Catal yst 10 1A €8rEi&ir VamtPreRakedr 6L aidling cheiBxanpl e 12, with the
ZSM5 grade used in its tenplate-containing version. 5AIl other preparation

steps were idetfdeHILcathE earefertomearhed 2015 9hZéd Pre Bhd 60 wt %

silica §Ww sikjtane 19skkea 80, tipbratlhe FopalrLatralyss had a metal s
| oadi ng of 0.025 wt %t and 0.4 wt% Sn. Before the surface nodification
treat nent, theSeRfriEZeRadCanT$at- Pl dtSe LPBEY B P STIT eRGERA8E982 N cm after

the treatnment fhepstinenghh bateincriegsedctord0ds Niem: Lcatabystcdld, sdor this

catal yst, the procedure used for Catal yst 10 was foll owed but, before the
nmetal 15i npr eghat VoY Sttépacthee carlid & LeRFt kot enpladtce AdBREAI At hGEFEZSM 5) was

subj ected to a;second suchacse mdifdcati oncgi e, Ale @lheenpreparation
steps were the sanme as described i n Exanple 12. The subsequent netal

i npr egh@ti on weeledentitaal st enerrasashrel 64088t tF orf020Cafal yst 10. The
carrier again Mn@ecq@tent of 40 wt %
Catalyst 9

A catalyst carrier was prepared following the
procedures described in Example 1, with the zeolite

15 replaced by the alternative ZSM-5 zeolite of Example 9.
This zeolite grade was used in ammonium form, and did not
contain any template material. The zeolite content was 40
wt% and the total silica content (w/w silica : silica
sol, 2:1) was 60 wt%. The carrier exhibited a flat plate

20 crush strength of 117 N/cm.

The carrier was subject to a surface modification
step following Example 1 of US 6,949,181 B2. The
concentration of the ammonium hexafluorosilicate was set
at 0.02 M.

25 The metal impregnation step, and subsequent drying
and calcination steps, were identical to those described
in Example 1. The final catalyst had a platinum content
of 0.025 wt% and a tin content of 0.4 wt%. The
calcination converted the ammonium form zeolite into the

30 H" form.



zeolite and 60 wt% silica (wWwsilica : silica sol, 2:1); the final
catalyst had a netals |oading of 0.025 wt% Pt and 0.4 wt % Sn. Catal yst 12
251 n addiwoang9/@éetddi rd variation of this carrier was preparEpdoosinbesse t he
concentration of the active agent in the surface nodification step was
doubl ed. All additional preparation steps renmained identical. The carrier
again had a content of 40 wt% zeolite amb 60 vt % silica (wWw 30silica :
silica sol, 2:1); the final catalyst had a netals |oading of 0.025 wt % Ft
and 0.4 w % Snexamp1l 13 Exanple 14 Catal yst 13 A carrier was
prepared foll ow ng the procedures described in Exanple 12, including the
surface 5nodi fi 2 atnent, with the zeolite replaced by a ZSM5
having a silica tozaluminar bk dgrafi-ecaf a80cadth Ry ERBRLY1HarL i 6li@nsi ze of
30 to 100 nm The zeolite content of the carrier was Increased to 60 w%
Al other prepafatiBh > sPepsewese cidr ritéd L61P L alse ¥ td béadi KeaoBanpl e 12.
The cargier hagha contrept-cphr 80 M %zl ivbec angk 40 a1% shki ear (w silica :
silica sol, 3:1); the final catalyst had a netals |oading of 0.025 wt % Pt
and 0.4 wt % SnSOPrdidrec 0t HeS sted odi PPcaE? ot tir@at(iént S1tHet carri er
had a flat plafe crushistpengt hof 53N emta1dds Which hechet ageguate for

i ndustrial applications. After the surface nodification treatnent, the flat

pl ate crush stPernytHohad Fhcredsed! 969N, Baf orswiféh sustaeeept abl e for

commer ci al  usenoExame 015 - 20Gat Al Ysts Qarifer laa 12.s180dp 13 mer e test ed
in the catalytic activity test described in Exanple 4. The results were

conpar €8l at S50CY#IB ethygihbeRzeheS € dh\i@rspdher evied | traed"&né §P%en in Table 5.
Tabl e 5: Tenpegatdi g Regui k gd-£ 00 HQ M Yy Efihyl benzene Conver si on,

Catalyst 11

For this catalyst, the procedure used for

Catalyst 10 was followed but, before the metal

15 impregnation step, the carrier (with template-containing
ZSM-5) was subjected to a second surface modification
step. All other preparation steps were the same as
described in Example 12. The subsequent metal
impregnation was identical to that carried out for

20 Catalyst 10. The carrier again had a content of 40 wt%
zeolite and 60 wt% silica (w/w silica : silica sol, 2:1);
the final catalyst had a metals loading of 0.025 wt% Pt
and 0.4 wt% Sn.
Catalyst 12

25 In addition, a third wvariation of this carrier was
prepared, where the concentration of the active agent in
the surface modification step was doubled. All additional
preparation steps remained identical. The carrier again
had a content of 40 wt% zeolite and 60 wt$% silica (w/w

30 silica : silica sol, 2:1); the final catalyst had a

metals loading of 0.025 wt% Pt and 0.4 wt% Sn.



Benzene Selectivity, Benzene Purity, and Xyl ene Losses at 50 wt %

Et hyl benzene Conversion (EEC) Tr54. forBenzeneBenzene Xyl ene 50

wt %sel ectwoi2bgp/qerssdt yl osses EEC Cnol %t %v % Cat al yst 9 BES/EP2008/099858 2. 4
Catal yst 10 360 92.6 99.8 1.7 Catalyst 11 371 91.2 99.8

- 31 -

Example 14
Catalyst 13

A carrier was prepared following the procedures
described in Example 12, including the surface
5 modification treatment, with the zeolite replaced by a

ZSM-5 having a silica to alumina bulk ratio of 80 and a
primary particle size of 30 to 100 nm. The zeolite
content of the carrier was increased to 60 wt%. All other
preparation steps were carried out as described in

10 Example 12. The carrier had a content of 60 wt% zeolite
and 40 wt% silica (w/w silica : silica sol, 3:1); the
final catalyst had a metals loading of 0.025 wt% Pt and
0.4 wt% Sn. Prior to the surface modification treatment,
the carrier had a flat plate crush strength of 53 N/cm,

15 which is not adequate for industrial applications. After
the surface modification treatment, the flat plate crush
strength had increased to 69 N.cm ', which is acceptable
for commercial use.
Example 15

20 Catalysts 9, 10, 11, 12, and 13 were tested in the
catalytic activity test described in Example 4. The
results were compared at 50 wt% ethylbenzene conversion
level, and are given in Table 5.

Table 5:

Temperature Required for 50 wt% Ethylbenzene Conversion,
Benzene Selectivity, Benzene Purity, and Xylene Losses at

50 wt% Ethylbenzene Conversion (EBC)

Treq. for Benzene Benzene Xylene
50 wt% selectivity purity losses
EBC
°C mol% wL% wt3
Catalyst 9 358 91.2 99.8 2.4
Catalyst 10 360 92.6 99.8 1.7
Catalyst 11 371 91.2 99.8 2.0
Catalyst 12 353 92.4 99.7 2.6
Catalyst 13 350 93.1 99.7 1.5




2.0 Catalyst 12 353 92.4 99.7 2.6 Catalyst 13 350 93.1 99.7 1.5 - 32 -

In each run p-xylene was produced in an anmount which was a m ni nrum of 98%
of its equDI2odwaiemmByval ue. Table 5 denonstrates that |itPCa/EPdBOFSICE can
be found in the activity or performance for benzene 5 selectivity of the
final catalyst prepared froma tenplate-free or a tenpl ate-containing
zeolite in ethyl benzene deal kyl ati on. Th& tenpl ate-contai ning zeolitic
catal ysts did however yield | ower xylene |osses. Increasing the severity of
the surface noderation 10step by repeating the process (Catalyst 11) does

not bring a noticeable Inprovenent in the overall selectivity, while it
negatively affects 'h&358t TV tR 0 PRevdat B §8tCed sHofR 28X thi'ghér

tenperature regl recifhuanot dent iali tgoryer sieni develle .| ncreasing the
15concentration of the active agent during the surface
Table 5 demonstrates that little difference can be
found in the activity or performance for benzene
5 selectivity of the final catalyst prepared from a
template-free or a template-containing zeolite in
ethylbenzene dealkylation. The template-containing
zeolitic catalysts did however yield lower xylene losses.
Increasing the severity of the surface moderation
10 step by repeating the process (Catalyst 11) does not
bring a noticeable improvement in the overall
selectivity, while it negatively affects the activity of
the catalyst, (shown as a higher temperature required for
an identical conversion level). Increasing the
15 concentration of the active agent during the surface
moderation procedure (Catalyst 12) resulted in a more
active catalyst, though the xylene losses were not
improved compared to Catalyst 10.
The catalyst based on the higher silica to alumina
20 ratio zeolite (Catalyst 13) showed a very attractive
performance, but it must be noted that the zeolite amount
had to be increased to ensure a good activity, and the
strength of the carrier without surface modification was
unsatisfactory for commercial application.
25 Example 16
Catalyst 14

A catalyst was prepared following the procedures
described in Example 1 and using the same zeolite and
silica starting materials in the same quantities, but

30 where the Pt/Sn solution was neutralized: in order to
prevent precipitation of the metals, a complexing agent,

EDTA was added to the solution. A stable solution could



noder ati on procedure (Catalyst 12) resulted in a nore active catal yst,

t hough the xyl ene | osses were not inproved conpared to Catal yst 10. The

cat al yst wazed/an4he hi gher silica to alumna 20rati o PewiEPR@S(SBs@I ySt
13) showed a very attractive performance, but it nust be noted that the
zeolite anmount had to be increased to ensure a good activity, and the
strength of the carrier without surface 3dification was unsatisfactory for
comercial application. 25Exanple 16 Catalyst 14 A cat al yst was
prepared fol | oyd ngike cpr aeeduresrdeschibbed ia: Examwle bsand using the sane
zeolite and silica starting materials in the sane quantities, but 30where
the Pt/ Sn sol ut?oH Wds (86t FAFT Z¥d:"d5 *6PEBP ¢ e prevénPlpreeipidt i on of
the netals, a eoplexidngecagententEREA wWasaddegdytiyd he sal skh@pie A stable
solution could - 33 - be achieved at an EDTA/ Sn nolar ratio of 2. Using
thi s sol ution, TRhe&ICATY PEFTHRRT T hpregnarédwitth FHatiedm-and®td#H t o achi eve
i denti cal netaihéQ@Qﬁﬂg@aggl%gtExanple 1. The green extrudates were dried
and calcined to obtain 5the final catalyst. Exanple 17 Two catal ysts
were prepared FeMO A Exanpl e 1, where the anpunt of anmoni a added during
the extrusion as ampepthzatl{on ald Wascyari@dioAHnamaekendid ference in

10t he pore structure of the resulting carrier was observed. The carrier
extrudat es wer@¢1f rié@ PRPBNE ¢F Al dtaP{sed adu e st e 8% F AV Exahpie 1.

Two sanpl e cargiens wenheonr gpareds f.oldiew ng she.procedure of - Exampl e 1. For
Sanple no.1, 1.6 wt% NI -L(DH 15sol ution (containing 25 wt % amnmoni a) on dry
basi s Was addedl$ GrorExtSrusFbAre For tSanpreUAbl Ry B WREY0'6F Phees NH_OH
sol ution was aggded. .9 jthe.30Lids. Fql.each 2201 .8 £at aliyst s yer s, fr epar ed
using the same netals in the same anbunts as i n Exanple 1. 20A catal ytic
test was perforpeteSliPedi Ay Thelct ilvity test of Exanple 4 and using the

same teed. The poragity.gdata and the ¢atal yid G (sulhs ateyprayided in
Tabl e 6. Tabl e 6:

procedure of Example 1. For Sample no.l, 1.6 wt% NH,OH

15 solution (containing 25 wt% ammonia) on dry basis was
added for extrusion. For Sample no.2, 2.0 wt% of the same
NH,OH solution was added to the solids. For each Sample
catalysts were prepared using the same metals in the same
amounts as in Example 1.

20 A catalytic test was performed following the
activity test of Example 4 and using the same feed. The
porosity data and the catalytic results are provided in
Table 6.

Table 6:
Physical Properties and the Catalytic Performance Details
of Two Samples Prepared with Varying Amount of ammonia

Used in the Extrusion Step

Sample no.l Sample no.2
H,O PV (ml.g ') 0.87 0.63
Hg PV (ml.g ) 0.78 0.53
Hg SA (m’.g ") 201 200
MPoD (V) (nm) 20.3 11.5
Treq. for 75 wt% EBC (°C) 361.8 367.6
Benzene selectivity (mol%) 81l.1 84.3
Benzene purity (wt%) 99.6 99.8

Xylene losses (wt%) 6.8 5.6




Physi cal Properties and the Catal ytic Performance Details of Two Sanples
Prepared with Varyi ng Anount of anmmonia Used in the Extrusion Step Sanple
no. 1Sanplworeoyd16A6 PV(m .g]) Hg PV(m .g) Hg SA(n2.g 0. 8CTEPZ@SAEBSO. 63
0.53 200 MPoD(V)(nn) 20.3 11.5 Tred.for75 wt ¥%&EBC(C) 361.8 367.6 Benzene
selectivity(nol% 81.1 84.3 Benzene purity(w%

_34_
In each run p-xylene was produced in an amount which
was a minimum of 98% of its equilibrium value.
While the surface area of the carrier did not
change, the pore volume (measured by water or mercury
5 porosimetry) is increased substantially after the high
NH; extrusion, and the medium pore diameter almost
doubled, all indicating a dramatic shift in the porosity.
The temperature required for 75 wt% EB conversion
for the catalyst stemming from the “high NH;” extrudates
10 (Sample no. 2) was ~5 °C higher than that prepared from
Sample no. 1, which denotes a lower activity, and the
benzene selectivity was also lower, mainly because the
xylene losses have increased by more than 1 wt%. The
benzene purity, related to the applied metallic phase,

15 has not decreased significantly.



99.6 99.8 Xylene |l osses(\t% 6.8 5.6 - 34 - In each run
p- Xyl ene was produced in an anount which was a m ni num of 98%of its
equi libriumvalue. Wile the surface area of the carrier did not

change, the pore volune (neasured by wat mercury 5porosi netry)
is increased substantially after the hig NH A extrusion, and the
medi um pore di ameter al nost doubled, all indicating a dramatic shift
in the porosity. The tenperature required for 75 wt % EB

conversion for the catalyst stemm ng fromthe "high NH3" extrudates
10(Sanpl e no. 2) was -5 C higher thghjif&uEJﬁE$ared from Sanpl e no.

1, which denotes a | ower activity, and the benzene selectivity was
al so lower, mainly because the xyl ene | osses have increased by nore
than 1 wt% The bé€ntedgspucitposiclianeghticht bempphlsiead metal lic

phase, 15has not decreased significantly | M5 1. Cat al yst
conposi tion Wi ch cSﬁﬁFﬁ?ésw£gfh CEQPFFEPSWﬁlcﬁeééﬁpﬁ|s¥§°a9 Iéast 30

W % of a bi ndahdeel eehedtdomrdn ista.1 &, A ard Hd anidmat; lgast
20 wt % of a pentasil zeolite, having a bulk silica 5 to alunina ratio

in the rangel6Esftr @t 24 % ®1150 Pemd dsdilngsiod dittes  Haviigrama dnd ¥ @ssllca
a0 " B S SOMENETLS, () AR RSR e o0 e B
0.001 to 0.1 iwt %som” tﬁerhaSEﬁdOEeBQtahaﬁala|VS% oﬁndther components,
all percentages being on the basis of total carrier:
b) platinum in an amount in the range of from 0.001 to
0.1 wt%, on the basis of total catalyst; and
10 c) tin in an amount in the range of from 0.01 to
0.5 wt%, on the basis of total catalyst.
2. Catalyst composition as claimed in claim 1, wherein
the carrier is composed of in the range of from 30 to
80 wt% silica, and in the range of from 20 to 70 wt$%
15 zeolite.
3. Catalyst composition as claimed in c¢laim 1 or claim

2, wherein the carrier has been subjected to a

dealumination treatment with ammonium hexafluorosilicate.

4. Catalyst composition as claimed in any one of claims
20 1l to 3, wherein the pentasil zeolite is ZSM-5.
5. Catalyst composition as claimed in claim 4, wherein

the ZSM-5 has a SAR in the range of from 20 to 50 and is
present in the carrier in an amount in the range of from

20 to 50 wt%.



10c)tin in an amount in the range of from0.01 to 0.5 w% on the
basis of total catalyst. 2. Catalyst conposition as claimed in claim
1, wherein the carrier is conposed @ Ln the range of from30 to
80 wt% silica, and in the range of from20 to 70 wt % 15zeolite.

3. Catal yst conposition as clained in claiml or claim2, wherein the
carrier has been subjected to a dealum nation treatnment with amoni um
hexaf | uor osi ld.cat €atél@attalcystoocdnyesi taisor1as melcaiime Giniyn cary o e 1efims
clains 201 tglsi}ca \ger in the pentasil zeolite is ZSM5. 5. Catal yst
conposi tion medShP G £hR £ 3 th@FIMBHISC P SRS i1t he
range of fromm0 Hae @0 ANGiich BF @3£Mo i the carrier in an amount in
the range of from20 to 50 % - 36 - 6. Catal yst conposition as
clained in any oné pEockgisngor thesprapereitd crhefsial icedalasta mean

partigle size_in the.range of, from2 to 60 pm 7. .A.process for the
pr epasati on %Tomgocsét%a O%s%%cc&r?ﬁénseﬁ i"oh 4% cqpr%ﬁ R 911?%%0‘}@ ot wnith
claims 1 to Gomphicles=c@mbisARCHDIRg H#0 heastoBQ Witeir adididery
selected fromsilica, zirconia and titania, at |east 20 wt% of a
pentasi | zeoliO8 Sddd %es £ itHeai1E0 aNdetoft adi- Goptatodslasst Ry wtt of a

conponent, shaping hhe JASWL | ' o 3 red, A .
conpositing \?\)n%?ih I nl t he Or a;téaté %?I%l?n%l%et&%f tlcj)oog‘.pt? V(\)It%}oapl)’)l % |tnll?n%aland
i n the rangeoghefrr @on@odkrito GHapuitssd dfhe inresuld.indn rabtdyddeenziehe

deal ié%l ation pracess which cogpr.i ses cagntacting in the presence of

hydrogen a f&?&é‘tr& \ﬁllﬁdcﬁof%’ Srigriéed thyih FENSR o o rom P
conposi tion ag ¢l.ai red iJlannuwe d it kangd & @aonPrerar ed kY s
a process as clainmed in claim?7.
wt% of tin.
8. An ethylbenzene dealkylation process which comprises
contacting in the presence of hydrogen a feedstock which
15 comprises ethylbenzene, with a catalyst composition as
claimed in any one of claims 1 to 6 or as prepared by a

process as claimed in claim 7.





