ZSM'5, | TS PREPARATI ON AND USE | N ETHYLBENZENE DEALKYLAT ION Field of the

I nvention The present invention relates to ZS[-5, its preparation,
cat al yst worgp@gi3#i9en containing it, and its use in ethyPOEEPRINS/061967
deal kyl ati on. 5Background of the Invention Et hyl benzene is one of

the aromati c hydrocarbons that is obtained from naphtha pyrolysis or in
reformate. Reformate is an aromatic prqaduct given by the catal ysed
conversion of straight-run hydrocarbons boiling in the 70 10to 190 C range,
such as strai ght-run naphtha. Such hydrocarbons are thensel ves obtai ned by

fractionation or distjl]|at]j f et.rol i i osition
varyi ng dependi ng ozg'%“ﬁé’ s%ﬁg%%%%#ﬂgo}gr%m)e Ugg:.éml%bhﬂrm%g%&zaqﬁﬁgphavi ng a

| ow aromatics content. On conversi ohERbKOLAEf@Y mate, the aromatics content
is considerably increased and the resulting hydrocarbon m xture becones

hi ghly desirable as a source of valuable chem cals internediates and as a
conponent for Ggasl iafethFhénpeinicdpl e conponents are a group of aromatics

of ten 20referred t%@spﬁggenpeﬂmuotn%@%@eswztsfﬂ/f%xyh@gles i ncl uding
et hyl benzene. Ot her conponents may be present such as their hydrogenated

honol ogues, e.B-eRAYAGIExaRBLaLlYSt CAPOSRE IBTXCYr 'GHp e Lrps Y al uabl e
conponent s ar epbenzene nidndchhenxydenas, sandnt herefore BTX is often 25

subj ected to processing to Increase the proportion of those two aronatics:
hydr odeal kyl at%ﬁiﬁi‘—‘@g’i—ﬁéﬁ}ﬁe—‘@é&%@w C and tol uene disproportionation to
benzene and Xyl enesthWibbhpetdei xyrenes, tpara-oydene hiysrbberbmss usef ul

comodity and %<1¥I ene i t%hmerl 3a%| on noarp %(%t ransai ké/l ation processes have been

devel oped to | Nctedse e propor papgrxﬂ ene.°t ¢ A FUFE her

process that tRefgasdld ne pnodweartlc:arprmimbtzelvsn tihe thnedrcedeay kyd ati on of
et hyl benzene to,henzang. ¢ strafz?{‘ae—r@c!n' xxgwﬁen S éb'ﬂ?ﬁl% dugeg, wid

| sol ate BTX from t reformate stream a ject t eBT streamto
xyl enel? soneri ’S%tt]i%h W rRNphe ai®h ofs waXPADSEngut Helipdha-xylPehe conponent .

Xyl ene isonerigald Qhddnd Gakal ¥dihde RIQCES8 a1 ST atalysbaaused dn this
process have trf%éﬁ?f&é?%nng% éygéetéég;g%gﬁklgflxxgﬁgﬁsc%%%oggggon
varying depending on the source of the crude o0il, but
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 is 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
useful commodity and xylene isomerisation or
30 transalkylation processes have been developed to increase

the proportion of para-xylene.



10si mul t aneously to deal kyl ate the ethyl benzene conponent. Normally the
para-xylene is then separated out to | eave benzene, toluene (unless tol uene
conver si oNOpr@uBs®es have al ready been applied) and thePCEmR2008/061967 xed

xyl enes, including ethyl benzene. This BTX stream can 15either be converted
by transal kylation to Increase the yield of xylenes by contacting with a
heavi er hydrocarbon stream or can be con¥erted by deal kylation to eliminate
sel ectively ethyl benzene and to Increase the yield of benzene, while

al l owi ng the xyl enes fh@th@ﬁCﬂﬂr&ﬂiﬁé ittmeitUHhaO@memer @trbaaeerT&baq latter
process is the sgﬁ ect, of the¥§ %H ent hyl benzene

deal kyl ati on at"thi% It t6F 8 f?ga?ﬁeﬁﬁhy%q?nzgng E?lnary concern

to ensure not bémzﬂnaa hi gh degree of converS|on to benzene but also to

avoi d xyl ene |oss. Xyl ?g? By ey, d g%s%%'lkxt gfo&&sgr qHe 1t 9 é%&?&%ﬁé" ation,

e.g. between benzene an 1ene t ive uene, or by a on of hydrogen
to forny for ekawpltere aﬁﬁeneeterSQﬁQQQne§ndlthee $ereaftortéet RéXai m of t he

present invention 1,0 t%09<§/%hgelg&ﬁ@lygatqom&efh al 1% that o lngxmpyﬁ{c}
et hyl benzene to benzene with a reduced Xxyl ene | oss. For the

conver si on of BTX RATea&ie P8 FABREHEE -t K& Lpropot 1un S5t 1€Fosél § confi gur ed

nol ecul es, a weges range pebcpk 9posEhs dattlallygtsgug&@urtitmeababy@w have been
made. One compn zeolite group utilized in the deal kyl ati on of

et hyl benzene igaY%éjﬁFﬁbingVt%%téHﬁﬁ MOpafPreUt 3 2SS THe ZSM5 zeolite
is welloknown andxdaﬁmnemﬂedtorUéémkymare the ethbnynpmepabampomem@utes have
been proposed &hat de_actiyv ites gee for

pr.o IVE in
exanpl e US Pat en %& % cBtton ene{:’;l'/$0%1h§§63épara?C 45§ %a%
Speci fication bQDZMMSlxoﬁménpr@p®§E§ aogeﬁeeatowvemamatmmnceeaee for the

production of ﬁ%x}’étﬁﬁe'a'&?y abum nosildgatgqzenli 163, which Gonpri ses

10stirring, whi heating, an adqueous reaction mxture containing a silica
source, an al Ul tRPSourgelughnal Kdhilossaree - ahd arber ganceéncarboxyl i ¢ aci d

whi ch dges not.coitaife aBndborBd ik, rMGsasiitablyn an angarkee canboxylic
acid having from1 to 12 carbon atons. The exanpl es of 15US- A-4,511, 547

Utilise tartarYtS5tidf ANdSDEF ofY tFRO DA with a heavier hydrocarbon

stream or can be converted by dealkylation to eliminate
selectively ethylbenzene and to increase the yield of
benzene, while allowing the xylenes to reach equilibrium
20 concentrations. The latter process is the subject of the
present invention.
In ethylbenzene dealkylation at this latter stage of
BTX treatment, it 1s a primary concern to ensure not just
a high degree of conversion to benzene but also to avoid
25 xylene loss. Xylenes may typically be lost due to
transalkylation, e.g. between benzene and xylene to give
toluene, or by addition of hydrogen to form, for example,
alkenes or alkanes.
It is therefore the aim of the present invention to
30 provide catalytic materials that will convert
ethylbenzene to benzene with a reduced xylene loss.
For the conversion of BTX streams to increase the
proportion of closely configured molecules, a wide range
of proposals utilizing zeolitic catalysts have been made.

35 One common zeolite group utilized in the dealkylation of



pattern provided, produce ZSM5 type zeolite. Tartaric acid has two
chiral centres and exists in four nmain enantioneric fornms: racem c, neso,

| evor ot atwoypoevd4aext rorotatory. The racem ¢ form (DL-t RCTaPR@8A6I9d) 20i s
readily avail abl e and produced commercially in Europe, South Africa and
Japan while the dextrorotatory form (L-tartaric acid) is the conmmerci al
product in the USA approved by the FDAfér-use in the food and
pharmaceutical industries (see the Kirk-Q hmer Encycl opedi a of Chem cal
Teghnol ogy, el eﬁ@lﬂ@ﬁ,envohgﬁh%:i\ﬁbﬁpa@%sff 110¢1at@ ﬂ:?&&)r.tilahibar @i, acr:]i d
and L-tartaric_aci re pr re ifferent manufacturing routes. The
B formi s mantiaci il G BoRERE TSI By S Re R A AT e ot on of

mal ei ¢ aci d wi &ht hydr ogen peroxi de 30fol |l owed by hydrolysis. The L-formis
a natural material ich. i : iall e hr r ery with
subsequent purifi cg}téqﬁgngr@%]?ng y- p%gglhg¥59%?gt eeequ!;pﬁé)%lgg as??%/

US- A- 4,511, 547cievigld ensitias VB t deo fidram, ofincardand 2 Aticd geel feed but the

exanpl es cone from,.Japapgsenorsglalinng ibesgar ch and dgl; .is reasonable to
conclude that the racemc formof tartaric acid was used. Sunmary of the

| nventi on WShEFECAbw B Hiidd et alle at & /sty *édnpssSPePFodh ont ai ni ng a
particul ar confdgurat ieepataZShh 5r&roestraks ceanpps @ densiogni ficantly
reduced xyl ene | osses in ethyl benzene deal kyl ation.. The ZSM5 confi gurati on
i s obtained \Ah%?\yiﬁaﬂjilﬁenﬁlk}%jr]?o%ﬁelCi%@rréleo FEERArTEG e CREPE PRt he zeolite
synt hesis. Thesthew iconf wgtn at i oeafngZ SMn5 ad0ksu dlet@cttabine nakt tthe

crystalline |evel and we hav&devsecl)uo ed a_new net hod of analnys'i}ggllspeci fic

X-ray spectros%%rﬁ)%/aldneﬁng fo°enabl e selec¢tion of the Snolugrk(feet’ Ser ormng ZSM 5
crystal s by pispoiod iang ehi sraew ¢ orFfubgeyat oacid SAcicdr dicrgl yot he present

nvention provides, ZSLxS.crystal s by chuhave. g B dheravecage R at the

edge of each crystallite than at the centre, as determ ned via SEM EDX or

TEM EDX el enent@ld diialiysi §ronl 5ot priovicde@opyat pres priésesamavent ¢on is a

processs 20f or gden prepar ati;on: of i LSMH ey st ak sq 0fnd heRresgdt xkmvention
whi ch conprises synthesizing the crystals from an aqueous reaction m xture

conpri si ng an &turfiTia REOUrEed: aPsi4ia LsbluPceYParF | KdlSi- source, and
L-tartaric acid, orraatwaterasod ublse ts@al thi her eedntres and exists in

four main enantiomeric forms: racemic, meso, levorotatory
and dextrorotatory. The racemic form (DL-tartaric acid)
20 is readily available and produced commercially in Europe,
South Africa and Japan while the dextrorotatory form
(L-tartaric acid) 1is the commercial product in the USA
approved by the FDA for use in the food and
pharmaceutical industries (see the Kirk-Othmer

4" Edition, Volume

25 Encyclopedia of Chemical Technology,
13, pages 1071 to 1078). DL-tartaric acid and L-tartaric
acid are prepared by different manufacturing routes. The
DL-form is manufactured synthetically by the catalytic
epoxidation of maleic acid with hydrogen peroxide

30 followed by hydrolysis. The L-form is a natural material
which is commercially produced through recovery with
subsequent purification, from by-products of the wine
industry. US-A-4,511,547 is silent as to the form of

tartaric acid utilized but the examples come from



Addi tionally provided by the present invention is a process for selecting
ZSM5 crystals having a high selectivity for ethyl benzene deal kyl ati on,

whi ch corpoi2e@#33098j ecti ng ZSM5 crystals to SEM EDX or PCEMPEDX/0el%eTreNt al
anal ysis, calculating the SAR across the 30 crystals and sel ecting those
crystals which exhibit a U-or dish-shaped narrow slit line scan profile on
a graph of SAR across the crystallite frénredge to edge, wherein the
average SAR is higher at the edge of the crystallite than at the centre. -
5 - A cw@@wswmgihgtmmmr@@nphasgﬁ ZSM&senhystal soof the
present invention l O’o tg}r a]cone or i.n r%og%ﬂ on with a. %econd di fferent
ZSM5, is furtR&FCpE 84, “ARd- & ¥H A hy b Pete WEATRyI'at i 6 Dr ocess
whi ch conpri sesurvontyactfi nge [nvéidteipr esence of hydrogen, a feedstock which
conpri ses ethyl benzgn t C sent

i nvention. Detail egd%Dgsg%l 1?) ‘?o%%hf%{ %E?ll%tl %\%%?é%&n&nfﬁ)ﬁnpég&%%r ystal s of the
present i nvent fon-dhavieglebeent f ourar torprovidelouct réffucedrxytehe | osses
conpared wi th those Rawe.ng:pe; #i ffanentiatbon im SAR fJemscrystal egde to
centre, and those prepared utilising DL- tartarlc acid. Since the reduction
of xyl ene | oss@sYPAFeNRdPeat Fokr el -ncFegsédlsel EBthildEytoPreact i on,
there is | baccesh ngly mﬁ@nuﬁ€%P§§ir&_ﬂ omlyr ehat i sasndetareenrtheibnfeaparticle
distribution of alumniumin pe zeolite and the sel ect|V|ty of a
cat al yst based-onthiZZé6Fi ?%“?}hestlhse dgél?k??‘ét?%wlr%@ttl% Bf

et hyl beazene. V¢ davedaoundat hate fergmtisheieberent alarmaps produced 20from
EE([E)X; thoﬂlplrrggs:/mo\?%%pre%corglleagmgg éclpe Lenergy d| spegescl Mg Xyray spectroscopy

Fansm s§i on or- scanning el gction mi crosc%py (TEM or
SEM respecti vepggtrdscopy pessibd eentaplgenertateian congihst élm'ghhrgh resol ution

one_di mensi onape prohihe het he; 2AdS! HhbU 10Dy L spasil oofl erents. The

data was collected in spectral node, 1 n ot her words the data
consi sts of a detfl ¢use land each pi er point in the map has a full EDX

spect rug associ at ed Wot-Ri htiy ihhaue sdavel gpegk & Newoetbedz §ers t he
generatlon of crystals which have a higher average SAR at the edge of
each crystallite than at the centre, as determined via
SEM/EDX or TEM/EDX elemental analysis.
Also provided by the present invention is a process

20 for the preparation of ZSM-5 crystals of the present
invention which comprises synthesizing the crystals from
an aqueous reaction mixture comprising an alumina source,
a silica source, an alkali source, and L-tartaric acid,
or a water-soluble salt thereof.

25 Additionally provided by the present invention is a
process for selecting ZSM-5 crystals having a high
selectivity for ethylbenzene dealkylation, which
comprises subjecting ZSM-5 crystals to SEM/EDX or TEM/EDX
elemental analysis, calculating the SAR across the

30 crystals and selecting those crystals which exhibit a U-
or dish-shaped narrow slit line scan profile on a graph
of SAR across the crystallite from edge to edge, wherein
the average SAR is higher at the edge of the crystallite

than at the centre.



30"narrow slit" profiles, where the |ateral resolution of the profiling is
kept in the range of 50 nm this can be slightly inproved if necessary.

Thi s hi ghwoeselazsioen di stribution profile, e.g. across aCsapPeasparysi cl e,
can be used for the display of anpbunts of el enents of conponents against a
direction, frome.g. the edge to the <centre of the particle. The el enental
informati on (including the obtained profles) then allows the cal cul ation
of e.g. ratios of elenents or conponents, often used in the
characterization ofa e;laeailg@t Sesdances, whmc@ @drmrll@resf ashion. In zeol ite
characterization t of silica to alumna (S102/ A 202 herein ' SAR)
is an inportant™ %Satra;r‘?e ?h?léesp)e&}tarf'é]tvgptllgnf n%tr &y PEfaPEd*To the acid
site density as&omraite@nwthhteh]esqucesﬂen@ef@éréﬁ)al 28¥ 1, urhsi Aut hieef r amewor k
of a crystalli I ym nasi,l i e zeql i tion graphs of
SEM EDX or TEl\ﬁgébQ&étrqiegg%??%aegh% h§spst Hgngg?lkﬁ%lt%“ QU SEg e
anal ysis of thehzdoldameréryst aphfa@sindthils tbet@rwqeh@tf hotiropdy, an
average 15chem Calo LORASLLLOR Cab0G abLaL0eH., Al 3li8Q bhevaryalions in
the | ocal chemcal conposition to a very high detail wth -SO nmlateral
resol ution.  COMPTHRERt PEnAME yPISAR s 1@8EBF AP Med for crystalline

al um nosi | i cat gezeoldd ipe seat gf i & Sobyrulkvehement al  20anal ysi s. As noted
above in the present invention the SAR at cr%//stal line level is determ ned

utilising el ement al' fraps™pr odUEHd*r O ERBrgy° ti'Sper s PPe X2 r'&y Spect r oscopy
(EDX) coupl ed wédh fauansrbsstoni@d eetdroretuceasepmhd ToMseor csapnmsag
electron m Croscopy, SEM . 25EDX T EM ar e, d nt ed tech ques,

see Chapter 9, JS]k?:antr%ll(oﬁggewéfst cEP o’ l\ﬁcroeéf&r)lﬁﬁag/lﬁ%nxlrayLélr\;I%Erof)naﬁraszPls Pl enum
Press, 1992, asgdsSurd acetChar acd erlizat icoprpapelserlsi Soyr O&bbektaedi t ed by

D. Brune, et al.;qWd;ey: VQHeV%&?&l%?P'E!,f &‘E)Ygﬁ'?%o /i sl SN 3-527-28843- 0,
30particul arly pages 109 to 28 em cal conposition of sanples
studi ed is ofterddettedlon rédinarseathissg et v ansm ssiss iehecthere 1s

m crosgeopy. This-sletefgTinati Rt Se A evedcby: det ectdngnt hgeX-rays that are

produced as a result of in-elastic
intraparticle distribution of aluminium in a ZSM-5 type

zeolite and the selectivity of a catalyst based on this
zeolite in the dealkylation reaction of ethylbenzene.
We have found that from the elemental maps produced
20 from the two dimensional recording of the energy
dispersive X-ray spectroscopy (EDX) coupled with
transmission or scanning electron microscopy (TEM or SEM,
respectively), it is possible to generate a consistent
high-resolution one dimensional profile for the
25 distribution of specific elements. The data was
collected in spectral imaging mode, in other words the
data consists of a data cube and each pixel point in the
map has a full EDX spectrum associated with it.
We have developed a new method for the generation of
30 “narrow slit” profiles, where the lateral resolution of
the profiling is kept in the range of 50 nm; this can be
slightly improved if necessary. This high-resolution
distribution profile, e.g. across a solid particle, can
be used for the display of amounts of elements of

35 components against a direction, from e.g. the edge to the



35col l'isions between the primary electrons fromthe SEMand - 7 - the
electrons in the sanple itself. Each el enment produces X-rays with

char act erwot20@/88@B8gi es. By neasuring the energi es of tRETXPR@$OoWRTLLt ed
fromthe sanple, it is possible to determne the elenents present in the
sanpl e. The strong interaction between el ectrons and solids neans
that the mninmumlateral resolution possfbre is around 1-5 m crons,
depending on the initial energy of the primary electrons. As well as a
qualitati veth@@;(rarm’enaatfic @ne bértﬁcﬁé.sqh(%oéiﬁbbﬁtép Gl .aftkloﬁge re;sul ts by
conparing the nunber .of X-ra etected. .This requires a n er o
corrections ref]a]?%)lhuéjltng thE ég??]e?eecﬁé)ers?fil eFintf}}% ia&ﬁoff’rso €section for the
el ements and ecergylaependént . absoripitdsonfoblehentds raysonfhectbs det ai |l s of
the correcti onof?%%gge!gs .80%80%%95&% ;here but-in general the accuracy of

this analysis ne | )% or better for sanples wth an atom c nunber
great er5t han 19ubdtmandss,caseaofimel @rerdteshweth an at om ¢ nunber | ess than

10, the accuracy can beosignifiantly warse, 20The chegical | nf orymtion can
be neasured with the beam stationary or as it is scanned. In the stationary

node it is pos3tBrea dSdeumiorher Few ‘RERAP etlS s MRS TMINEN will give a
spectra with apgeoghsirgnahitopaoise: dratiiso iandr éan, hesused tercagcurate
guantification. | n the scanning node, the data is nore qualitative but it
i's possible to®btf 15 55p a0 pic¥ BT GHAHRE Ypati Hie cﬁ%ﬁsﬁngﬁt Pén of the
vari ouso el ement surhimitdie isanpéefr Suslvricams aacey sisaialinge referred to as X-ray
maps. A revi.ew_of X-ray mappi an be found i.n_ M croscopy 30and
M croanal ysi s ?JZWQSlfiFag?Z%?Ogtrﬁjr ﬁélggg%i_\r/eesrcglllftyloﬁr énslg?ograghs In
hi gh-r esol ut i ont MEM/GPaphs TB/ BEM EDX evaTEM EDXi idie chitghddasatdensity
avai | abl e al | oys; further rglr Qcessi g aqjal&gglsi pformtion. Lt allows one to

ua

"l ook inside" an i1ndivi zeolite crystallite, and to obtain local 8

i nf or mat i on ab®ufs i Wrasi-atPonsi s ta Fevchent cabt coposint RBATAE hi n t he

particie or then&fystialdobesits€hfean be obMEXhed 0 Bilte sstandard statisti cal
met hods applied to deal with |arge amounts of data, we herein propose a new

nmet hod that al VoW @\W&Saging i tActt 968iARGt R PRtierian F8s8l itfBn of the
original X-rayni@p.detail wibe SEMmEDXateraTEM &DX)tiraps are obtai ned as

follows. At small rg%gfif'cati sgit b%e riei (])Cf t he 10sa le is
sel ected where sone %r%l:%\???ﬁ;‘*}s 52 e 'St gﬁ FhY I?eroggofrgﬁ?/ﬁ% f]erg%) of the
sanple. A freestandiaygldrystakéoteciics neeketcted bandoM ylefhetangni fication
o eT LT LIS Sl e b o Sk S8d e
SAR at crystalline level is determined utilising
elemental maps produced from energy dispersive X-ray
spectroscopy (EDX) coupled with transmission electron
microscopy (TEM) or scanning electron microscopy (SEM).
25 EDX, TEM and SEM are documented technigques, see Chapter
9, Scanning Electron Microscopy and X-ray Microanalysis,
Plenum Press, 1992, and Surface Characterization: A
User’s Sourcebook, edited by D. Brune, et al., Wiley-VCH
Verlag GmbH, November 1997, ISBN 3-527-28843-0,
30 particularly pages 109 to 288.
The chemical composition of samples studied is often
determined in scanning or transmission electron
microscopy. This determination is achieved by detecting
the X-rays that are produced as a result of in-elastic

35 collisions between the primary electrons from the SEM and



15 "maxi m ze" the possible information to be gathered fromthe el enental
anal ysis per inmage taken, and to increase the nunber of analysis points
across t hwozeeliss@3scryst al . The zeolite crystalli PETIEP2008069T i gned
so that the | ongest edge of the crystal is parallel to the |onger 20edge of
the viewfinder (or the picture that will be taken). As ZSM5 crystallites
tend to have an elongated (often coffim Shaped) form it frequently occurs
that part of the crystallite is left out of the image whilst trying to

i ncrease the magnidications to ae@u:mmpate lieast r 75%0fh tthemehsi bl e area. This
is to say that |ndal nost. al | Stfs art of .the zeolite cry taI has to be
left out from¥he¥iHal Fﬁ‘aaem AH6F L aht C t HATE DiE "endYof t he
crystallite ismsdddding $ihbl enengidwe Qlfl ewfa Adeayofertiheddnstounemé. 1f the

al i gnment and Ifica 0 [ ove
descri bed procge rés& lgl !3991@1% utfbe%\%kgrkgg tjthh let%\%%lc)s‘él £Q§ rﬁ%ng t he
| ongestoaxi s, andloheaewdcof the crystallite are visible in the final

el emental nmap. TheA@tE%girﬁ@er%Fct%%f bel gt Yo Righohesghytion s placed
on the imuge (typically dictated th - instrunment), and an EDX

el emental nap m%a%ttataﬁeéhﬁht“éh”&it%\ka&@§aatr%a%huq%atﬂoéﬁl&lepb? nt the
anount of eachaebementsatithahs poidderiagspactad GOMMICSi thengieps Fromthe
el enental nap, the SAR val yes at each point are cal cul ated and a SAR map
obt ai ned. Ve wiif Rt 6165t HCT he @ﬁta’ier]tedael%n%?ﬁ]dttaaﬁHGt he cal cul at ed
SAR mapoas an xdmyhawpn,oftanal ysics domeppilagio natdriod fyelaw refhecding its
nunerical nat ure. (;I'he r"lnaré w rsnllr!lk'ger Iolfne( scan geré)efééee are. ¢ cal cul at ed

10f rom t he obt & ned “X-ra mappl ng dat a”YThe  orientation of the maps i s
i dentical, so téepuldymse’ nofibeheociraps,raievest helzeold tte ¢thystal extends
beyond the ”Hpalfée@efncte@elhd%ﬂi&ﬂlo%d%‘%o% QH:tPérﬁ:tfH e$neFUL LS DT €,
since extra care is taken to align the crystallites along the 15neasurenent
area, the oriedt@te T BT deReNged! i 38 EPFSPal of sthe soqsaal | életo the

obt ai ned anal ygisa B IdeX « hdhgoF £akd GNetheRBBRI N KB rd GRS qtebhahaed by
rotating clock-or counterclockw se as necessary) are averaged in each

col um over a <@t et SFFaRGetBF FOWE AnPhgTat S t W Msddl 8¢26°9f 1% he cryst al

stem away fromg he mﬂieralﬂdrfieﬁﬁpllefbevﬁlttﬁ as xebhic Appexi satetyr 30 rows

are sel ected, a]E vera ed L each a er al poi nt (co The X-ray
P sthl dfes oty

maps where the uch “amy 8k t‘h]etgladqeﬁ%g?%bh%%}?%ﬂ

differently. Ihestshltslamase,, the emcdddae:yseatu ba eigrtjhieLccamyLSt/aWOicse sel ect ed,
averaghpo 2150 apnuoxi MALELY. 30 ING8y 1on can Bl QRIALALAD.LAE cyer Ui cal

averages whil e noving across i he cr ffomone side to't t he
aver ages providesra si@tiowasli or o@%rm ew 6fanhed30chydthal lsiceelonaryoes not

conprom se theybad eral; of %%le%l&nt@(‘cr&%% the grystaldddeq Butoskd ! |

averages the | ocal possible inperfections with the nei ghbouring map
which will give a spectra with a good signal to noise

ratio and can be used for accurate quantification. 1In
25 the scanning mode, the data is more qualitative but it is
possible to build up a picture of the spatial
distribution of the wvarious elements in the sample. Such
scans are usually referred to as X-ray maps.
A review of X-ray mapping can be found in Microscopy
30 and Microanalysis (2006), 12: 2-25, Cambridge University
Press.
In high-resolution micrographs of SEM/EDX or TEM/EDX
the high data density available allows further processing
of the information. It allows one to ‘loock inside’ an

35 individual zeolite crystallite, and to obtain local



points. It is inmportant to keep in mnd that the averaging occurs in the
direction where structural simlarity (e.g. simlar SAR) is expected, and
not in t WO 20091340693di rection where the variations in theCerEPR@si0619N are
claimed. The obtained profiles therefore are nore sensitive to structural
variations in the alum numand silicon distribution fromedge to centre,
while it is |less sensitive to inperfectiéns in the shape of the
crystallites along the long axis. One has to realize the very high

resol ution of thesewddine seans.cdhe Laldcishzeinstndnamithat provi des
excel l ent resol ution at theaﬁcal of indkﬁidual 10crystallites, in the

range of 1-5 pRT P33~ 158y8hG the" HorI 1 CitRe s call rEsdIationobt ai ned in
e.g. extrudateiasmlfysis. It has to be renmenbered that this is not the

native resol ution %fextth%o@ﬁ’%h%fa%ffg@t%hg%é@iééiéégf %et%%pgggﬁi’eed L. various

reasons. The main reason i s roupi ng increases e signhal to
noi se rati o i ndedhle W-thayamapsanaekd tofaldedns e tlzerdiet grrdeteetion of the

el ements presept,idy Ay 8MRbls antd diings i chose 14 ithe cdet egtiom limt of
t he equi pment). The obtained |ine scan profiles can be conpared by

20fitting a seEdH Wrider OpoF Yo Hined théadvaiPabl e experinental data in

the range between tihe twa/pBXi (@ ateM/hexedgeoofatheprettbhess The sl ope of
t he pol ynom al Y, & az2x2 + al x+a, is, determ ned by derivation according to
the convention§

OWP = £5a 8R4 AT GGHE | § Wt Ericned9ab™x2h, 5o it is
y'u = a0. As atatends st aehaveca wegat isvecvakuerat Bifds arcabthsdsiown in

Figure 3 herewth, ... o Ihis value can b coryelated withoe g. various

per formance paraneters measured W th catalysts nade ron tAe zeolites
studi ed with SENMEDRXIGILeTEM EBXect38 mankdenpyesem ngprerfticenlocZSM 5 crystal s

are provided thal, *E%Vc%e%slahgggrtﬂ&&aéhea%%égg%?ﬁfé at; jhhe a‘%dglgaé’{ fach

crystallite than at the centre as determned froma narrow slit |ine scan
profil e obtainetl FromiSEEEDX: o?f TEN EDXreFenent altidnalsy sirgeaso her ei nbef ore

descri bed. Mostysuidtiakly chhepsat il Ofi frhenayesade, AR knkheqedas, of each
crystallite to the average SAR at the centre of the crystallite is at |east

1.15, preferabf§e fl9mease 128l he B4t it6ePe hst s i BPy LAFr ADEE 3,
preferably at foStnuikber of analysis points across the zeolite crystal.

The zeolite crystallite is then aligned so that the
longest edge of the crystal is parallel to the longer
20 edge of the viewfinder (or the picture that will be
taken). As ZSM-5 crystallites tend to have an elongated
(often coffin shaped) form, it frequently occurs that
part of the crystallite is left out of the image whilst
trying to increase the magnification to occupy at least
25 75% of the visible area. This is to say that in almost
all cases part of the zeolite crystal has to be left out
from the final image. It is important that one end of the
crystallite is still wvisible in the viewfinder of the
instrument. If the alignment and the magnification are
30 carried out correctly, the above described process
results in a picture where both the two sides along the
longest axis, and one end of the crystallite are visible
in the final elemental map.
An EDX grid of sufficiently high resolution is
35 placed on the image (typically dictated by the



The average SAR at the centre of the crystallite is the average of the 3

m ddl e SAR values of the narrow slit line scan profile, i.e. the average of

t he m ddlwovatums4@ad t he val ues either side of the m ddPETERRWS06IPhE

average SAR at the edge of each crystallite is obtained 10by cal cul ating

the average of the SAR at the three outernost points at each end of the

narrow slit line scan profile and then—célculating the average of the two

val ues obtained. Were the data is converted to a second order

15pol ynom al , thenr-drhketsl, opadaf it tresk ta cibe t SARwval Ueshetiweenvyhhen t wo edge

SAR mexi ma, express az -I%r J’Ss rrtD.st suitabI%/ %5 | east 2, _.and preferably
st e

d
at least 3. ThB"%Tope & Urtan'y “at Phos N PrePsr 8BFY at nost 4.
20The prepar at ¢ oomaft tahe tadvapt ageouss 288k5atr ystd st tafont heppresent

invention is via't r S f - A4, 2n4l,_1h ont S whi ch are
her eby i ncor po]%}g? e%eebrr%n(rgéf%e?%ﬁbeé,&w%ﬁ?s&%éggﬁoﬁ%t%%} %soﬁﬁittcggé al um na,
al kal i ,5and t arrbulataci dnddapbs reer wétessaty tee pridducet25ZSMIsRtIThi s

adapt ati on woul G b, M;tRin ot Bee MOr Ml Knowl edoe, and SKnR nah Lhe;skilled
person in the art. As noted in US-A-4,511,547, the reaction mxture is

desirably keptXiffia "Hehogendbasy stat @@RriAYy Brystal924t r6ALBYE S t abl e

agitation of thesreactdiea130atxtdare. L-tartaric acid, or a
wat er - sol ubl e salt thereof, is used in the [?r]glfarati on process of the
r

present invention. Thi sPEETSONEr s 1LHE d6% YtatSr §Fof i Ahe? 5

variousdy nanetr2REBRppEa)intartardic @& apptng 203R) TAe3oriend2rton

di ydr oxybut anell 010 1§81 Ol ft a1 Ry LRI ALS. G depepdi ng on the
where the zeolite crystal extends beyond the map, is at
the identical edge of all pictures. Furthermore, since
extra care is taken to align the crystallites along the

15 measurement area, the orientation of the zeclite crystal
is also parallel to the obtained analysis matrix. The
realigned mapping matrices (obtained by rotating clock-
or counterclockwise as necessary) are averaged in each
column over a selected range of rows aiming at the middle

20 of the crystal stem, away from the base, and from the tip
as well. Approximately 30 rows are selected, and averaged
for each lateral point (column).

The X-ray maps where the crystal does not touch any
of the sides are handled differently. In this case, the

25 middle section of the crystal is selected, averaging also
approximately 30 lines.

By obtaining the ‘vertical’ averages while moving
across the crystal from one side to the other, the
averages provide a narrow slit overview of the

30 crystallite. It does not compromise the lateral
resolution across the crystallite, but still averages the
local possible imperfections with the neighbouring map
points. It is important to keep in mind that the
averaging occurs in the direction where structural

35 similarity (e.g. similar SAR) is expected, and not in the



It is believed that inportant factors in obtaining ZSM5 crystals of the
present invention are the crystallisation tinme and tenperature. The tine of
crystal | iwatoev3s@®3pref erably 36 hours or |ess, nore pr@CeERR00B/05161 he
range of from5 to 30 hours, nore preferably 12 to 30 hours, and especially
in the range of fromlb to 24 hours. The crystallisation tenperature is
10suitably in the range of from 150 to 200 00, preferably in the range of
from170 to 200 C, nore preferably in the range of from 175 to 200 C,
especi al |l y 18041020 CwhAr¥etye Ll\&ﬁ:fllﬁtl@@@bhﬂatﬂl@rbcﬁ[fpd?s@ﬂﬁ!bhi ens is a
crystalllsatlontlrre |§Ltheb{ia e of rFrcet % hours 15and a
crystal | isatioh? £dr 8°F AT THe Halide %6t FFFom W0 6 366°C. The
crystalI|sat|omem31n1V$hmoldtno@t&mﬁl(nathMQpns en tofe tahemonderaod 48 hours
or nore and pr r e of u Lat]y. at
crystallisati O%Ife%%e)réalgg%éég%fgﬁﬁ%ﬁegedég § %%I’I%L\?v %J i e;i\]%\n s% it is not
possi ble to ensese Ihatitile b@nEm@QﬁﬁﬂCtZSNBSl@rsﬁﬂzﬁhaﬂEr@étEh@ of the
present invention can ke obt alped.dnlgss uskng exceptional Iy pure
L-tartaric aC|d for exanple |laboratory grade materials. Laboratory grade
(purumi or ' puriss'Openafeér Fal e HriEcltseVERY 10 HHCe 1t O, ©F rgiR8% pur e

to only havingi and ew-ppm QflelB@Ullélﬁeprl%seBb,th@{eﬁ;a%r@@Eﬂ[%Cl al or
"technical' grade L-tartaric acid is of the order of, 90 to 100 % pure, for

exanpl e i n the*T&nge bt "Front'oh°t ¢*'og % pares The'teasehe for the purity of
tartaric aci d 3Oending tas,i nhl tencearar tohielZS[mﬁ Sstfarcterentdstnot ful ly

under st ood. \@ have found ar uttexpe grrel atjon Qet&veen t he
al” 111 an _r 10n aine
above- descri bed” srToeo1E fRe"si Tita mnaralosginacrys Qllite

ZSM5 zeolite @mgsm r dct bre amdee hen@bhyplkedethaossds s nsetthyl benzene ( EB)
deal kyl ation process resoldeioRabt GH afly Wﬁ@”tﬂlé‘cﬁt%orl%t ed.ipto a

silica-bound catal yst conposition. Icals preferably used as the
bi nder in the ¢&at&SfstiuConposRE @R gfeaskespr ésentaimventiosniand day be a

natural by occufid ng-3idinga ik r8BYeda e stihgal ok 0fi & gelabi PRUSKHe
precipitate, sol or gel. The formof silicais not linmted and the silica

may be in any 6f3% SAPsri B0€ fordetO Fstarl PRECST 1958 TP r 85U i ca or
anor phous si | i €Bencihs terrEatDIPhaUs; sivkilcageaconpasseslbbe wettdoprocess
types, includi n%ief)r eC| p| tat gdo§| |.i cas_and S]CBI ca gels, of pyrogenic or

h
funmed silicas. & soret the equipmen
The obtained line scan profiles can be compared by

20 fitting a second order polynomial to the available
experimental data in the range between the two maxima at
the edge of the profiles. The slope of the polynomial y =
a,x’ + a;x+a, is determined by derivation according to the
conventions as y'= 2az;x + a:. The slope is determined at

25 x=0, so it 1is y'y = ai. As a; tends to have a negative
value, -y'y = —a; is shown in Figure 3 herewith.

This wvalue can be correlated with e.g. various
performance parameters measured with catalysts made from
the zeolites studied with SEM/EDX or TEM/EDX.

30 In the present invention, ZSM-5 crystals are
provided that have a higher local average SAR at the edge
of each crystallite than at the centre as determined from
a narrow slit line scan profile obtained from SEM/EDX or
TEM/EDX elemental analysis as hereinbefore described.

35 Most suitably the ratio of the average SAR at the edge of



colloidal silicas are non-settling dispersions of anorphous silicas in a
liquid, usually water, typically stabilised by anions, cations, or

non-i oni cwoaebeva3als. 15The silica binder is preferably RCEFEPRSO6H7 t WO
silica types, nost preferably a m xture of a powder formsilica and a
silica sol. Conveniently powder formsilica has a surface area in the range
of from50 to 1000 nR/g; and a nean partiktle size in the range of from2 nm
to 20200pm preferably in the range from2 to 100pm nore preferably 2 - 60
pm especi aIb: Yy @ach J&y]@maaswleas@rtﬁfb bayzeéxls%/l € 9% 132 ceht k8O B81340= 1i A
very suitable powder form.siljc teri i s Sipernat 50, a i silica
powder havi ng 'g]f%\%:oarﬁlﬁgteell)? %Eh@?%aﬁ 'b@r’t%? %J?ae%J\P’aialtaglegsFmré%egussa

(Si pernat is aTthe adeinmaie) modt veutauivt abl eost| 3 carsdlerie®liyhat sol d under
the trade nanme of Bjndzil by Eka Chemicals. \Were the mxture conprises a
powder form sificaand a silica sol, then the two conponents may be present
in a wbght ratio dhepewderold0Fict mtt Ghsokenhre hel rtdvwgergbtffbntie:is to 10: 1,

preferably from2: 1,403 Lr PREE; RE€ffabhY {EoM2: s tQ3ndrdfies bignder may
al so consist essentially of just the powder formsilica. - 14 -
Where a powderl1#%t MG $FPEéaci st usedgs AWREABE ntfertlin "ERELear al Y&t

conposi tion of atdecry esentsi avendt oaprel enabhydd sneliepar theul ate form
is utilised, which has a nean particle size in the range of from2 to 10

| am as measur ed" PP RSTIECEE9B 1 RFF AT &34t ORI niprovénBhRtat e ¢arri er
strengthh can beyfound wictihgsucd aederdaalos. tAcvery suidhablersaal |

particulate formis that a\r/lglsl aa@lga fhr oer}?dD%gugga unrdreorw tSHeltt 5%18 nane

Si per nat 500LS " The §i11 £Ca conponent” used “may %enabure $iTicaand fot 10as a
conponent in apotiiere iamor gaan ccakiwdet iFgr toer dadéreeniydditirentse the silica
and indeed the cartd e, is.85sentially free of any other inorganic oxide

bi nder material, and especially is tree of alumna. Optionally, at npst
only a maxi num of D&% Ahanidad trasedventehet A5t crealoneaPriler, is present.

For certain eg@&ﬂ}ﬁ&ﬂtai,atﬁeﬁf@@@ i irgatbanc & reat memt vARYbe performed.
For such enbodi ments, the presence of alumina as a binder can detrinentally
affect the phystedte] MEgrPycdde tHE &arriér & $9°9% dSesd '20pref err ed.

most suitably at least 2, and preferably at least 3. The
slope is most suitably at most 6, and preferably at
most 4.

20 The preparation of the advantageous 7ZSM-5 crystals
of the present invention is via the process of US-A-
4,511,547, the contents of which are hereby incorporated
by reference, with the amounts of silica, alumina,
alkali, and tartaric acid adapted as necessary to produce

25 ZSM-5. This adaptation would be within the normal
knowledge and skill of the skilled person in the art. As
noted in US-A-4,511,547, the reaction mixture is
desirably kept in a homogeneous state during
crystallization by suitable agitation of the reaction

30 mixture.

L-tartaric acid, or a water—-soluble salt thereof, is
used in the preparation process of the present invention.
This L-isomer is the dextrorotatory form and is variously

named (2R, 3R)-(+)-tartaric acid, or (2R,3R)-2,3-



The ZSM5 zeolite can exist in various fornms depending on the ion present
at the cation sites in the zeolite structure. Generally the available forns
cont ai n awmoabwaiskovaet al ion, an al kaline earth netal | oRCT@®P2@8lydsDgen or
hydrogen precursor ion at the cation site. In the catalyst conposition of
the present invention, the zeolite is present in the form containing
hydrogen or hydrogen precursor; this forkdis commonly known as the H+ form
The zeolite nmay be used either in a tenplate-free 30or a

t enpl at e- cont a@mmd@rbﬁmtanedloic The dubk owera) IR:SARarreasyr edidy bul k
(rather than cr %gta line Ig '1)) el ement al naIy5|s of the ZSMS5 is

preferably at F12% Oppst ae“f”er}’gdbclonvgtrl Fe4st°%0, and is preferably at
nost 100, nost prefler abl yeaievattkﬁﬁ 1®5espem aldgtaats mosdbSUning 15 -

The ZSM5 zeol kéb‘? 5cacr}r}§>§a§ts 59 %Q %rengf 19%5 én a%l Zeranges. Sui t abl y

the zeolite has a ry parti ianeter | n the ran eof from20 nmto
10 m Usef ul cfaltﬁa?r%]{lSLSﬁévenb‘eene p?rejpattee]@enetngea ?I@rqem@ryﬁ al size ZSM5

zeol ite havi ngc%@a"l%%%%l%%é %ﬁéfteer Nfﬁ%“hé&?s range @f frem 1 to 10 pm
and al so using a small particle size 5 having a prinmary particle

di anet er bel oW2VCCLALYLdPgERE r§31H Osfl éOZSM"SOl%O preférr 8- General Iy, in
terms of partiglersizgdinst cbbudiongs,t iaea@%&my@am@@%@%@&ﬂ e size
distribution in which th? di anet er_of 50% of t he Pal’tl cl es, 0.5), is
greater than 2'MMand tHRat *ofC80% of "% I5& YSaft i tPes! OFD(t\?mpﬁréfu ?slff ess than

30 pm 1The zeotuiwnhls am Itmaommé dfacﬂr@m La0the 2wt io, tpréﬁamlbgel ectivity

properties shown the cat §I¥ tzo@n gf rthree |pr%\éenﬁa8p¥/ There is a
wh

bal ance between the actiVi y andmsel ectl y desired Tesult in a

di fferent opti e zecls tOé copnehts itp t9€ carresredependilng oA t he SAR of
the zeolite usgg, Lenepally, 3%3%19%%%%9#%@ &P’Bo%ﬁt%}{s'ﬂsséme cases be

advant ageous to produce a higher activity fromthe catalyst conposition,
while a | oner ¢eotidldicahtent taagy Br dvicde2adhi gherr Beldedi vPt Hoummi l e this

bal ances may camse 2 difshanentaopdd mimp2sdepeadi ng.1an (LheeccanditsPNSs
utilized in the ethylbenzene deal kyl ati on process, generally it is

preferred to nt At nfi%ze ChéCandiht ot tZedrPe 1R eld i e leabal ot [t rier,
since a hi gheriampunt. «af ozeohit erdmy dregat huety af fneate the physi cal

properties of the Catbﬂ st _carrier 30 ug S Iowerlr]C %L trength It is
Genor al |y pref BT THaL TEhe BariI%: I conposst g LHe™ FAnge of from 30
to 80 wt % nostrypyefldriablcyofr oembO-4tore@ wfE%4 88idecad amd ibelbhe range of
from20,to 70 %, mst spretengbl y, J4,0M3Q,t 2,50, M %, 2€qLi te.
beneficial ZSM-5 crystal structure of the present
invention can be obtained unless using exceptionally pure
L-tartaric acid, for example laboratory grade materials.
Laboratory grade ('purum' or ‘'puriss’') materials are
25 close to 100 % pure, i.e. from 98% pure to only having a
few ppm of impurity present, whereas commercial or
'technical' grade L-tartaric acid is of the order of 90
to 100 % pure, for example in the range of from 94 to 98
% pure. The reasons for the purity of tartaric acid
30 having an influence on the ZSM-5 structure is not fully
understood.
We have found an unexpected correlation between the
above-described slope of the silica to alumina ratios in
a crystallite ZSM-5 zeolite (MFI) structure and the

35 xylene losses in ethylbenzene (EB) dealkylation process



- 16 - A very suitable catalyst carrier for the present invention
contains the ZSM5 crystals of the present invention in an anount in the
range of WO@m9AB496 50 wt % especially 30 to 45 wt % PCT/EPRa0SHa6Heen
found that the advantageous properties in ethylbenezene conversion of the
ZSM5 of the present invention can be further enhanced if a second,
different, small crystallite size ZSM5 konponent is Incorporated into the
carrier, especially if used in conjunction with 10ZSM5 crystals of the
present inventpon tdhiatarhgvenan! at@a ryestal i8t@eaisieidzavbngaan aver age
crystallite size in the range of from1l to 10 mcron. A small crystallite
size ZSM5 is &79ME W'ER has°Rrystals, or particles, of less than 1

m cron in di aneter.SiMice pseperablapliyhesé8 secomnd ESMeS5 ¢onpoment has a
primary partic i f . r , re ahl y | ess.
Sui tably the s%r%aﬁééstec %anﬁgrgip%%?t?écﬁzl%sngg%gpzjoéﬁerrﬂ he%ggfﬁ%ﬁn Q%%

i ncor po?ati ng &hiatweddndoZSM 5iredliiltiea ort vaprierluide thieghernypelad of the
commer ci al |y 20desirahle parasXxylene s tbh the peidteat, whi ch,the para-
xyl ene equilibriumis reached being brought forward to an earlier point in
t he et hyl benzehet cloitérsi 8Adr Batt$on-ca may beThe Futdrd 12SWEtdMponent has
a bulk overal | rSAR: icrgstaBasHE egh e Hukk cbeatbesi tihan «&r ysbaphbne | evel)
el enental anal gsis, of preferablg/ at | east 20, nost referablé at | east 25,
and pref er abl y>at* tfost’ “E06 S HoRtCPrErer S6iy Cat S WodtP G S Sand®e¥peci al |y at
nost 500 A secpnske&SMdypek, buhklwvieraldreSAR 06t30 dias daeeantiowndido gi ve
useful resul tS.o SOThOef seggnganSI\gKS frlrlanyedb%igsed i n{ eirE%! at e-cont aining form
or in non-tenp(tqa d- contdi nlgng form ZSMi 5 tateri afs®can be pr epar ed
by procedures documehtledilnceheat¢ tramatsgre lihordexansienisnotS- 3, 702, 886, in

references proyided jn theiAtlas, or 3pbatabase,  of, 420l ite Stryctures, and
inother literature - 17 - references such as by Yu et ‘al "I n M croporous
and Mesopor ousS it elrlis&lds bg8a12006) Z84 06 - 220, Nl A0ty &Faeetaa - i n

US- A-4; 511, 547. The silica binder is preferably a mixture of two
silica types, most preferably a mixture of a powder form
silica and a silica sol. Conveniently powder form silica
has a 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

20 200pm, preferably in the range from 2 to 100pm, more
preferably 2 - 60 um especially 2 - 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 predominately spherical particles,

25 available from Degussa (Sipernat is a trade name). A very
suitable silica sol is that sold under the trade name of
Bindzil by Eka Chemicals. Where the mixture comprises a
powder form silica and a silica sol, then the two
components may be present in a weight ratio of powder

30 form to sol in the range of from 1:1 to 10:1, preferably
from 2:1 to 5:1, more preferably from 2:1 to 3:1. The
binder may also consist essentially of just the powder

form silica.



Sui tabl e grades of ZS[-5 zeolite include CBV 3014E, 5CBV 8014, and CBV

3020E, avail able commercially from Zeol yst International. Wen a
second ZSNbRo@a3pwdent i s incorporated into the carrier pPCrh@2008t0ai96zeol itic
content of the carrier is still nost suitably in the range of from20 to 50

wt % 10especially 30 to 45 wt % The maxi mum proportion of the second ZSM 5
to the ZSM8 of the present invention thefein 'first ZSM5') is 50:80 on a
wei ght basis. Preferably the first ZSM5 is present in the carrier in an

anount in the rangemefref hOpdREet o3 W% imDi£ dbprlselienabtyefsnma30 to 35

wt % preferabl the . r of fro 8t02 wt % of econd eolite is
ot esent - et 17 dfi g irsenremi o o Tad St R e oty FeRBr e i 5 no
ot her conponenpréﬁmhbjyndelsmaplegbeeftabzlqlﬁlel tcap andit4SMsBdzewhitle in the

Component & whi 141 AU1TT BBL At Rl g (e Boter |87l Tne bredent |

conponent s wh 5bt ai ni ng ene resent 1 n\e/%nti on.
Such ot her con@%)rf@frﬂssmmybbeA§Hﬂe%t6e9cD*flr9@ﬁ1 oﬁhe&iddjéﬂfal@tlowlpm‘o@wrﬁ c oxide

bi nder materials and ;o h%%réﬁ&%}kt&?ﬂ g hennRi pder erPék?rrda%hHBé/ b@
25al um na, and nagnesi a. Exanples of other zeolites are 8, 10,

12- menber ed ri A zeBlittede FBrlexRaril ¢ et dehP TR, lsdﬁdlaieél"?ﬁéa}ﬁ%?a and

aci di ¢ mesopor puism rﬁﬁg%"s's@' sngdehc s dhecMobhsesigsoft zeokktes, e.g. MOM 22
and MOWM41. The carrier conveni entlylia shaped carrier _and may 30be

treated to enhance Tﬁﬁesé&f%ﬂf?}“p&“et“ﬁe 801 11 LorpOhent 11 FE iy e

advant ageous t os perdaponansut fiaseotmdi finoatthonc osxidwe Gatr certasmch as i s
described in Lg%é%%f%é%%%,lgﬁé silica and indeed the carrier, is
essentially free of any other inorganic oxide binder
material, and especially is free of alumina. Optionally,
at most only a maximum of 2 wt% alumina, based on the
15 total carrier, is present.

For certain embodiments a surface modification
treatment may be performed. For such embodiments, the
presence of alumina as a binder can detrimentally affect
the physical integrity of the carrier and so is less

20 preferred.

The ZSM-5 zeolite can exist in various forms
depending on the ion present at the cation sites in the
zeolite structure. Generally the available forms contain
an alkali metal ion, an alkaline earth metal ion, or a

25 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
hydrogen precursor; this form is commonly known as the H'
form. The zeolite may be used either in a template-free

30 or a template-containing form.

The bulk overall SAR, measured by bulk (rather than
crystalline level) elemental analysis, of the ZSM-5 is
preferably at least 25, most preferably at least 30, and
is preferably at most 100, most preferably at most 90,

35 especially at most 50.



- 18 - Modi fication of the nol ecul ar sieve reduces the nole
percentage of alum na which basically inplies that the nunber of acid sites
i s reducewo 200Wes4@an be achieved in various ways. A firCTHERQBH6cEWPP| yi ng a
coating of a low acidity inorganic refractory oxide onto the surface of the
crystallites of the nol ecul ar sieve. Anot her very useful way of

modi fyi ng the nol ecul ar sieve is by subjEtting it to a deal uni nation
treatment. In general, dealum nation of the crystallites of a 10nol ecul ar
sieve refers to a tmeatpeAb, zaherepyaal Uri ot un at eRBvarecei biweri vid hdr awn
fromthe nol ecul ar sieve féang\/\g{k | eavi ng.a defect or. are vvithdrjiavm and
repl aced by ot fiet® FIBIE>  sibh S %i11C T Eahitum Bor6hY Hatmarnium or
zirconium 15| aidistRat emt tNe. r&n@A 3B G oma2veny suilttahive method for the
deal um nati on urface i crystalli i i o] Anot her
met hod for obt g%‘%%lﬁ%% %8%% ?gérﬁﬁéﬁgatr%ddgé%%i ‘Jﬁa]%agﬁs eofftr r8§§%r$§%ee IS

di scl osed i n USNPat erftolNGe 120887 605.ave0abet hey {surfigce)sidealantimat i on

met hods descriped abave, hhe ppthed,l nwelving,the {4 eatpent wiihia o
hexaf | uorosilicate, nost suitably anmoni umhexafl uorosilicate (AHS) as

described in USE32-%5MyA9 heg¥ing| 3 RINEGFYs PABF &F €7 retfnapref eFapry<ithe
concentration gh. acddgee ckpgtedi ente (AMSy s phRetdie-dBNgenetaf rem 005 to
0. 5M Preferablg/ the concentration is in . the range of from0.01 to 0.2M
more pref erabl YFO0LT 905N A &5pécitalPFyCn 01 1% BM03M @ WhiEH has been

found 1o provi depadtiadeant ageoust ciatal iyst 1aowposh tilon.di3@Eher cat adgsst
conposition ofO# hcehei n\é%%icggs m)ﬂ]vs%’ t5§bl Xsal 89, CoNnt iar}ls ,a hygrrlggenati on
netal sel ect ed’friom pitatinum tin,’ I'ead,’ silVer, copper, ahd fi'ckel .
Preferably thetimet aif Odfpohente isapiatliesunP (Wbr @. pr.efier dbky ahaaddli ti onal
met al corrponenltlm.sel ected fromtin, |ead, copper, nickel, and silver, is
present. - 19 - The platinum conponent is preferably present in an
anount in the rangdhef ZEPoRTD. DO 6MOCI LAY, fddsyd ienthet art€ata yst .

Preferaply the.qddidiconak :ipt atosomanenbols hessnd hanal,we% Most suitably
the platinumcontent is present in an anmount in the range of fromO0.01 to

0.1 W% and prefREEBIyYf POt S A8 13905 WS The additroRale el
conmponent is nosd sdtitablkyaptesendcd iR itthe deanged fwonmDR@lreeuls S5imt %  An

additional netal ¢ onent _of copper,..nickel or 10 silver is_preferably
resent it he rigEran e PBi BIDOUE 15 0Tt ThESE HasaE GRTERET Lot a
catal yst. If tdepeordingadni sheherRddi tihenakometal usohpoeertathenait is

presentoin an AIHIL JRIL0E Eanas,ofty om 0,00 Le.0, S hassd e tota

catal yst, nost sui present 1 n an anmount
to produce a higher activity from the catalyst

composition, while a lower zeolite content may provide a
higher selectivity.
While this balance may cause a different optimum
25 depending on the conditions utilized in the ethylbenzene
dealkylation process, generally it is 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
30 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.



15range of fromO0.1 to 0.5, preferably 0.2 to 0.5, W% The cat al yst
conposition of the present invention nmay be prepared using standard

t echni ques0f2009/3¢0%8i ni ng the zeolite, binder such as siPCE&P2@8@6HT i onal
ot her carrier conponents; shaping; conpositing with the netals
20components; and any subsequent useful process steps such as drying,

cal ci ning, and reducing. The shapi Tmay be into any convenient form
such as powders, extrudates, pills and granules. Preference is given to
shapi ng by extrusi envefo pticpase @stthugateSarﬁmmmiry thbepZSM:5 zeol i te(s)
wi |l be combined Wltth t he |nder 1?%0 esfgjerablgg 3 iqd i f necessary a
pepti zi ng agent’Vdhd M x&d i.aﬂ)n?oﬁ’ & ~Jough=¥r ‘f‘ T’c St 8F°FHR pepti zi ng
agent may be anyveratiem dah thatmaewild mhaEngeraheepda{o‘.’rrmhéOntxt B0 ent s
sufficiently t%é&di%clel dg@gggoggr&m on 300f the solid particles. Pepti si ng
agents are wel NoWA an enconpass organi ¢ and i norgani c acids, such as
nitric acid, and allkalhPrebast efdwlcs tdachths mma@eoammnpnﬁirw oxi de,
alkali netal hydroxides.n-REeE er @bl Sodi um hydroxi de o@fn(lhg%ﬁé%&'{n

hydr oxi de, al kali earth hydroxi des and organi c am nes, e.g. nethylam ne and
- 20 - ethyl am e Ao rird PS jémf)‘%}?ﬁrerer“élénﬁéﬁt’r%l%gs%@élﬁt §h8f%%ﬁtbe
provided in anynsui taklseafiorme §0ic exanpl eompanait a_ammrﬂﬂc@rpbe@tlé@or

Exanpl es of anponi a precursors are amoni ym h%/droxl de and urea. is also

possible for the @ A"t 0°be PEErt ds 'palteortt W&@luPFEéOEo‘?‘rbUhent
particubarly whene arsistica solths psedntt hought aadidhizenabvammonisydray

still be needeg tota{lrr%alrzte tlhe E? rprl %t rHacgan & ta Qe ams)unt Pr]; amrmoni a
present during ekt rusi-on may 1l0a ecf‘:{ %'he Ure “of °the Bxtrudat es

whi ch may provide =haentdgéoos prioper® msrroSui Aa:b”heyllt e vaeuhttef amoni a
present duringg ext rat) %”lrsmx E@M'Q e ange Pystfbéﬂm Q.t ot 24 based on total

dry m xture, nore preferably 0 to 3 wt% pre era to 1.9W % on dry
15basis. It isCprefsr abpe ﬂh@%cﬁo%ﬂ%ldﬁ&fﬂﬁéﬁrst%fpf%é?f@éleﬁaéélyoﬁtle on the

resul tagt extrydat,ey povos tengoRdacenant, ebihhe g@a{@dlcq%”@@&!@néﬁ 5¢dis is
preferably carried out at tenperatures above 50% 0 and typically above

600C. 20The nmetdl%" erffiSacBfeht Pontd AN FOPNBY Tarri%r maybePby e hods
usual in the aﬁmalﬂéhﬁt et aksy Cpdr - 1depaskt ed pntont he carrier materials
g;:?{eﬁ? shaplng, e%fegtpégffggg%%oggtgggoshfstgg%ghgnE8M§BShaped
zeolite is to produce higher yield of the commercially
20 desirable para-xylene, with the point at which the para-
xylene equilibrium is reached being brought forward to an
earlier point in the ethylbenzene conversion reaction.
The second ZSM-5 component has a bulk overall SAR,
i.e. measured by bulk (rather than crystalline level)
25 elemental analysis, of preferably at least 20, most
preferably at least 25, and preferably at most 100, most
preferably at most 90, and especially at most 50. A
second ZSM-5 of bulk overall SAR of 30 has been found to
give useful results.
30 The second ZSM-5 may be used in template-containing
form or in non-template-containing form.
ZSM-5 materials can be prepared by procedures
documented in the literature, for example in
UsS-3,702,886, in references provided in the Atlas, or

35 Database, of Zeolite Structures, and in other literature



Pore vol une inpregnation of the nmetals froma netal salt solution is a very
sui tabl e nethod of netals enplacenent onto a shaped carrier. The netal salt
sol uti onsworyodey®@3a pH in the range of from1l to 12. TReTHPaBMGIYTal t S
that may conveniently be used are 30chl oroplatinic acid and anmoni um
stabilised platinumsalts. An additional silver, nickel or copper netal

salt will typically be added in the form bf- water sol ubl e organic or
inorganic salt in solution. Exanples of suitable salts are nitrates,

sul phat es, hydrexddesanduanmaai yyn(anine) conpl exasrdosaapbhes of suitable

ti - 21 - | ts that be. util] |1 | ori de, st i
(V) chi‘ori do Me{aRtolS BAFBRATE Snd Samots. Hoe e Panprator - o
suitabl e | ead saldlks iar &sl-ead, acetat’e, lead nitrate, and |ead sul phate.
Where there is mr%ﬁ*&%&@%{@ésg'ro% %%W?”?Qélm{é;%]%ﬁha'escg@% 4E e ¢ hat

i npregnated either sequenti si mul t aneous I's prefera
the netal s be @ldetd Isi, maintlafiBdusd 30E Waenee Leb el ¢ @meors ailapr égaat i on i s

utilised the ng @llysscallgq%egﬁggigyg _be conpatible and not 10hinder the
deposition of the metals. It nay be useful to utilise a conplexing agent or

chel ati ng agent i n"egorbbaedndiidtal Crersagtt siol utricenrpovape@vertc unwant ed

netal s precipit@lion,ixamphescofasuidable-conpl &xi ng agentsr-ar & EQTA
(et hyl enedi am netetraacetic acid), and 15derivatives thereof; HEDTA (N (2-

hydr oxyet hyl ) et hiyt-estfitanitheeRI N 1IN EAEr Faeeti ef atid) ,2/EGPA ety ene
gl ycol :bi s( 2- amapaethyhetberd- N Nvd¥ ., NThet abkaacetpom@eicdpn BfPAe

(di et hyl ene trigi argdr}espﬁ%nt gaceti%@ﬁr{ %) , gnd l\ﬂ'éA (ni,tnri Inot riacetic acid).
Where 20EDI A i $CUEEY, T °i §°cohve I G8edPT R E moidF FaPTo to the
addi tional met aheofirf ramr@rlzen-3;) especi:abl yn la tweihtAlbet sshapi ng of the
Composi 11 on | P SU TRy BEPati” S B ciiol: “br 9t i (- ORpSrat oPhe ar e
sui tably 50 toaR200ndCntdriyi hget raese arfe fswint abl yo f3omtG, 5mboe5 hours.
g’" girgfﬁeirggl ;%@eef@}a%ﬁ%s b Y61 Yo SW takly Lo-Lhe range gl LLom 200 to 800
from 5 to 25 wt$ of second zeolite is present, most
preferably from 5 to 10 wt%.
Preferably there is no other component than binder,
preferably silica, and ZSM-5 zeolite in the carrier.
20 However it is possible to include up to 10 wt$% of other
components whilst still obtaining the benefits of the
present invention. Such other components may be selected
from other refractory inorganic oxide binder materials
and other zeolites. Other binder materials may be
25 alumina, and magnesia. Examples of other zeolites are 8§,
10, or 1l2-membered ring zeolites, for example mordenite,
and zeolite beta, and acidic mesoporous materials such as
the MCM-series of zeolites, e.g. MCM-22 and MCM-41.
The carrier is conveniently a shaped carrier and may
30 be treated to enhance the activity of the zeolite
component. It may be advantageous to perform a surface
modification on the carrier, such as is described in US-

B2-6,949,181.



300 to 600 C. For calcination of the carrier, a relatively short tine
period is required, for exanple 300.5 to 3 hours. For calcination of the
cat al yst wWOrp@i3#i9en, it nay be necessary to enpl oy conPCoIHPR@SeIPpEr at ur e
ranping at a low rate of heating to ensure the optinum di spersion of the
nmetals: such calcination may require from5 to 20 hours. - 22 -

Prior to use, it is necessary to ensure that any hydrogenation netals on
the catal yst conposition are in netallic (and not oxidic) form
Accordingly, it ismsefubatoosu atle hec60MPOSI tdv@N re@uteduehdignole

conditions, which 5are, faor _exanple, heating in a reduci ng atnpsphere, such
as in hydrogenp%lbcfef%r? N )?%dia?ﬁlfug% v‘d}}lﬁ%aﬁ?aisgg??l%ajér}pdi esmg%‘%rreh%f i nert
gases, such asnmiteogenaand sardoni dirediuded. athas tenpératoheevadtire range
of from 150 to, 600, ¢ f.of .fram0,. 5 to., 0 haurs,; %’Ti‘eco gualyst copposition

i gs' [ e éeyec ive %ea?l%y?

of the invention Tinds pecial use 1'n'th ation of
et hyl behzene. acidityTH@oceghylberglame fogedokddk st 4 tsablfgceregi nat es

directly from a.d ef,QrdHng upkt o preaphhRa Ry Fokysis unit 15or is the
effluent of a xylenée isonerisation unit. Such feedstock usually conprises

C, to C, hydrocar béRSRGRIVERY pataivdulay eheetl e 6oy ene™ m xyl ene,
p-xyl ene, tol uengre and henzenect mqaddi tioon beaethylenzenecateaeral ly the
anount of ethyl benzene in the feedstock is 20in the range of from0.1 to SO
wt % and t he totAl9S3fA%ée E6AtBM TS TYPicalPyCars ¥ dst 20 % Typical |y

t he xylenes wihdlawildhe sinva tdesrdynanicecequéeht briemebgndl then cont ent of
p-xylene will accordingly e |ower,than that of theouher isomers. 25The
feedstock i s contacted with the ca aaiyst conposi tion 1'n t Re presence of

hydr ogen. Thi sfnenevWekcdervedgoutdefieca Pirxede bedt systvemand pepi ageded

system or a fluidized bed system Sugh ;syst ems. may,be operat ed

continuously or in batch fashion. Preference is given to 30continuous
operation in ad9%i%Ed YedCsystearIHe cat al yst

15 In US Patent No. 5,242,676, a very suitable method
for the dealumination of the surface of zeolite
crystallites is disclosed. Another method for obtaining a
zeolite having a dealuminated outer surface is disclosed
in US Patent No. 4,088,605.

20 Of the (surface) dealumination methods described
above, the method involving the treatment with a
hexafluorosilicate, most suitably ammoniumhexa-
fluorosilicate (AHS) as described in US-B2-6,949,181, is
the most preferred. Preferably the concentration of

25 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
especially 0.01 to 0.03M, which has been found to provide
an advantageous catalyst composition.

30 The catalyst composition of the invention most
suitably also contains a hydrogenation metal selected
from platinum, tin, lead, silver, copper, and nickel.
Preferably the metal component is platinum. More
preferably an additional metal component selected from

35 tin, lead, copper, nickel, and silver, is present.



may be used in one reactor or in several separate reactors in series or
operated in a swing systemto ensure continuous operation during catal yst
change- ouWwO 2009/38093 The process is suitably carri @TEPROSHO6E6T
tenperature in the range of from300 to 500 C, a pressure in the range of
fromO0.1 to 50 bar (10 to 5,000 kPa), using a liquid hourly space velocity
of in the range of from0.5 to 20 h-. A Yartial pressure of hydrogen in the
range of fromO0.05 to 30 bar (5 to 3,000 kPa) is generally used. The feed
to hydrogen nol ar rmkl @1hsihtn tdendoarge 0F Hromud it rde0nt genesal [y from

1 to 10 noi/ nol u1OtThle f%I I ovvig\? oI e .' Must_réal.tlewthﬁe resent invention.
Exanpl es Exanpl€"L *Th&"Fof 10 n?%gﬁtpm |8 st?i'cd 04l GAPRA Pati os was
150bt ai ned frovotdie eltenental Bnafysisycahei eddoutoryl BENVREDX by the
Syt hesi zed ol TOW Gt RS B oeediTs of “fiay SRec ot a1 CRea ke B,y
Synt hesbs det atdstenich saprepgst allh iatanonnt eapetiag uraege20ti freome? Q1 are
given in Tabl ecd dol que taagl beseai i, Plvshal opraperies daka toe the
prepared sanple. The ZSM5 zeolite had an overall bulk silica to alum na
ratio of 43. ajditional metal component is most suitably present in
the range from 0.001 to 0.5 wt%.
An additional metal component of copper, nickel or
10 silver is preferably present in the range of from 0.0001
to 0.1 wt%, based on the total catalyst. If tin or lead
is the additional metal component then it is present in
an amount in the range of from 0.01 to 0.5 wt%, based on
total catalyst, most suitably present in an amount in the
15 range of from 0.1 to 0.5, preferably 0.2 to 0.5, wt%.
The catalyst composition of the present invention
may be prepared using standard techniques for combining
the zeolite, binder such as silica, and optional other
carrier components; shaping; compositing with the metals
20 components; and any subsequent useful process steps such
as drying, calcining, and reducing.
The shaping may be into any convenient form such as
powders, extrudates, pills and granules. Preference is
given to shaping by extrusion. To prepare extrudates,
25 commonly the ZSM-5 zeolite(s) will be combined with the
binder, preferably silica, and if necessary a peptizing
agent, and mixed to form a dough or thick paste. The
peptizing agent may be any material that will change the
PH of the mixture sufficiently to induce deagglomeration
30 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

35 hydroxides and organic amines, e.g. methylamine and
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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
5 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 may

10 affect the pore structure of the extrudates which may
provide advantageous properties. Suitably the amount of
ammonia present during extrusion may be in the range of
from O to 5 wt% based on total dry mixture, more
preferably 0 to 3 wt%, preferably 0 to 1.9wt% on dry

15 basis. It is preferable that a calcination step be
carried out on the resultant extrudate prior to
emplacement of the metal components, this is preferably
carried out at temperatures above 500°C and typically
above 600°C.

20 The metals emplacement onto the formed carrier may
be by methods usual in the art. The metals can be
deposited onto the carrier materials prior to shaping,
but it is preferred to deposit them onto a shaped
carrier.

25 Pore volume impregnation of the metals from a metal
salt solution is a very suitable method of metals
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

30 chloroplatinic acid and ammonium stabilised platinum
salts. An additional silver, nickel or copper metal salt
will typically be added in the form of water soluble
organic or inorganic salt in solution. Examples of
suitable salts are nitrates, sulphates, hydroxides and

35 ammonium (amine) complexes. Examples of suitable tin
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........ 0000®OBed30. 00 - 25 - The gray shaded aP€a/ERa®8Os®d’ f or t he
generation of a narrow slit line scan profile (by averagi ng the val ues
vertically). The obtained profile is shown graphically in Figure 1.

The sanple shows a U shaped profile, whetle the silica to alunmina ratio is
hi gher at the edges of the crystallite than at the centre. Exanple 2 1In
anot her synt hesis;s carati edyopé w@iczga@ualryé b@aﬂ,@@@n@m bhlarm@w bat ch of

ZSM5 zeolite V\% rprep%ﬁd ﬁf P}Z) o YNt hesi nd an§1 §|s dgt_ai!s are
given in the TabT ThPSrDaen 13285 RAE i v erdl FEBUPRTS: | cato
al um na rati o efetf.e.Th&xehbaéned SAR thipei $esthownl theelaow. lead

acetate, lead nitrate, and lead sulphate.

5 Where there is more than one metals component, the
metals may be impregnated either sequentially or
simultaneously. It is preferable that the metals be added
simultaneously. Where simultaneous impregnation is
utilised the metal salts used must be compatible and not

10 hinder the deposition of the metals. It may be useful to
utilise a complexing agent or chelating agent in a
combined bimetallic salt solution to prevent unwanted
metals precipitation. Examples of suitable complexing
agents are EDTA (ethylenediaminetetraacetic acid), and

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

20 EDTA is used, it is conveniently used in a molar ratio to
the additional metal 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
suitably dried, and calcined. Drying temperatures are

25 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
300 to 600 °C. For calcination of the carrier, a
relatively short time period is required, for example

30 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
the optimum dispersion of the metals: such calcination

may require from 5 to 20 hours.
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hydrogenation metals on the catalyst composition are in
metallic (and not oxidic) form. Accordingly, it is useful
to subject the composition to reducing conditions, which
5 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 0.5 to 5 hours.

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

The ethylbenzene feedstock most suitably originates
directly from a reforming unit or naphtha pyrolysis unit

15 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.
Generally the amount of ethylbenzene in the feedstock is

20 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
the content of p-xylene will accordingly be lower than
that of the other isomers.

25 The feedstock is contacted with the catalyst
composition in the presence of hydrogen. This may be
carried out in a fixed bed system, a moving bed systemn,
or a fluidized bed system. 3Such systems may be operated
continuously or in batch fashion. Preference is given to

30 continuous operation in a fixed bed system. The catalyst
may be used in one reactor or in several separate
reactors in series or operated in a swing system to

ensure continuous operation during catalyst change-out.



asasasasasasasasasasasasasasas ........ 000000000000. 00

........ 000000000000000 - 27 - The narrow slit line scan profile
obt ai ned WoanI%d3e099ray area is shown in Figure 2. PCTHIP200SAbE Shows
a profile, where the silica to alumna ratio hardly changes fromthe edge
to the centre of the crystallite. Exanple 3 Addi tional ZSM5 zeolite
synt heses were perforned follow ng the Iwayama nethod as in Exanple 1, with
variations in the crystallization tenperature and the 10agitation speed.
Tabl e 1 bel ow summamhicz@sothes syNtdhiasiap1600di ti@nsutt he But Kngsed tgies
results, and provides addi g%oggé%ﬂook%a%log}nbclwrface area,was neasured by

the B.E T. method ¢ T&1959°! CatHI S SwePe Prepared from
sone of the zeodnde FarfpbesOpt epared dar Exanpbes, AQ0 XFand Bsbygna xi ng t he

ZSM 5 zeolite w il sildGa a% %&Qd&éroc% rydi 9? %Y?e froarn‘?eaoﬁh%l?gﬂ carrier,
and then i npregnating vmtlr\{ E} rogenati on neta y pore volune 1| npregnati on.
Each cabrier contaned #0 wrorzedlst ecthoumdewictthhgilfogan (ia ihet ure of

Si pernat 50 fromDegussacand, Bndzido sk ga sgl s femielA Ghemicals in a
wei ght ratio of 2:1). Each carrier was inpregnated 10with a Pt/ Sn sol ution

so that the fi%alecdtal ysedhadla Sitpdsi LVEBROBE" NOPWER-PP ARdED. 4 wt % Sn.
the range of from 0.5 to 100, generally from 1 to 10

mol/mol.
10 The following Examples illustrate the present
invention.
Examples
Example 1
The following matrix of silica to alumina ratios was
15 obtained from the elemental analysis carried out by
SEM/EDX by the procedures hereinbefore described on a
ZSM-5 sample (Sample A) which was synthesized following
the procedure of Iwayama et al in US-A-4,511,547.
Synthesis details such as crystallization temperature,
20 time, etc. are given in Table 1 below, together with
physical property data for the prepared sample. The ZSM-5
zeolite had an overall bulk silica to alumina ratio

of 43.
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application conditions for ethyl benzene deal kyl ati on.

The catal ysts were subjected to a catalytic test that mmcs typica

I ndustri al
the feed used in the activity testing Feed conposition

activity wenoumse®3an 15i ndustri al
wt % 0. 18

of the teed used here



OX W% 18.12 mMX wit% 62.06 toluene wt% 0.48 benzene w % 0. 13

C7- Ce- napht henes wt % 5. 35
WO 2009/034093 PCT/EP2008/061967

- 25 —

The gray shaded area was used for the generation of
a narrow slit line scan profile (by averaging the values
vertically). The obtained profile is shown graphically in
Figure 1.

5 The sample shows a U shaped profile, where the
silica to alumina ratio is higher at the edges of the
crystallite than at the centre.

Example 2
In another synthesis, carried out analogously to
10 Example 1, a new batch of ZSM-5 zeolite was prepared
(Sample G). Synthesis and analysis details are given in
the Table below. This zeolite also had an overall bulk
silica to alumina ratio of 46.

The obtained SAR map is shown below:
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11.25 pXin xylenes in feed % 0.22 ox in xylenes in feed wt % 22. 54
in xylenes in feed wt% 77.23 The activity test is perforned once the
cat al yst W@ 2009/034093 PCT/EP2008/061967

10

- 27 -

The narrow slit line scan profile obtained from the
gray area 1s shown in Figure 2.

This sample shows a profile, where the silica to
alumina ratio hardly changes from the edge to the centre
of the crystallite.

Example 3

Additional ZSM-5 zeolite syntheses were performed
following the Iwayama method as in Example 1, with
variations in the crystallization temperature and the
agitation speed. Table 1 below summarizes the synthesis
conditions, the bulk analysis results, and provides
additional information. Surface area was measured by the

B.E.T. method.

mX



inits reduced state, which is achieved by exposing the dried and cal ci ned
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20where EB stands for ethyl benzene, Xyl for xylenes in general (all
isonmers), f for feed, and pr for product. Exanple 5 Sanmples A B, D,
E, F, G awo2phyp3epared in Exanples 1, 2 and 3 were anal PsEEPa®8#e6T i bed in
Exanple 1 and 2. Typically crystallites were selected randomy in the

25el ectron m croscope, except for Sanple B where only 3 crystallites were
measured. These selected crystallites —-281 - were subjected to the

her ei nbef ore descri bed X-ray mappi ng. Fromthe X-ray naps, the narrow
slit line scanepa@flid es were generated, and the slope of the profiles

det erm ned. These pes re averaged per_zeolite synthesis batch, and
pl otted agai nst th(sacla%?ﬁéﬁ)é\gl%%%eespr taﬁieﬁegr?rﬁ THE sttESf 28%hhpt e 4 usi ng
t he sane zeol i $@splias thhepeatal ystBzanfhesr ati & afdtheyawexdge SARs (edge to

centre) of 10t £‘$M—C5’y tallLt 63§ of; gach a%aﬁglﬁei?.&it"%iin@ {abks, 3 bel ow and

the plot of profile slope agalnst Xylene [0sses' is shown’in Figure 3. Table
3 Synthesi sSARFeRd gagfriehe hodalhaayermpgesnatiSanpltéedgydsodaadatedire

Sanpl e A Sanpl rﬁe@als%%}m erL vamphe Fp3anplaeibnSanplie Gr5ampl eokt i 4 1. 17
1.14 1.06 1.23 1.08 58

0 wt% zeolite bound with silica (a mixture of Sipernat
50 from Degussa and Bindzil silica sol from EKA Chemicals
in a weight ratio of 2:1). Each carrier was impregnated
10 with a Pt/Sn solution so that the final catalyst had a
composition of 0.02 wt% Pt and 0.4 wt% Sn.

The catalysts were subjected to a catalytic test
that mimics typical industrial application conditions for
ethylbenzene dealkylation. This activity test uses an

15 industrial feed of European origin. The composition of

the feed used here is summarized in Table 2.

Table 2

Composition of the feed used in the activity testing

Feed composition

EB wt$ 13.68
pPX wt% 0.18
oX wt$ 18.12
mX wtL% 62.06
toluene wL% 0.48
benzene wL% 0.13
C;-Cg—naphthenes wt3 5.35
Cy" aromatics wt$ 0.00
Total wt% 100.00
Cg aromatics sum 94.97
EB in Cg aromatics feed wt3 11.25
PX in xylenes in feed wt% 0.22
oX in xylenes in feed wt% 22.54
mX in xylenes in feed wt% 77.23

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%

20 purity) at 450 °C for 1 hour.



The nost preferred materials are Sanple A and Sanple Hin terns of having
the | owest xylene | osses. 15An unexpected good correlation could be found
bet ween tWe 28099)3¢098f the silica to alum na distributi onPamErP2evs/oxwbeENne

| osses at 65 wt % et hyl benzene conversion. This is to say that the steeper
the profile, i.e. the larger the difference between the al um nium
concentration 20 between the centre and tthe edges of the zeolite
crytallites, the lower the xylene |osses in the ethyl benzene deal kyl ati on
pr ocessa f-I I32 - EMEEEESe@u%ﬁ&] tfhe reaSbeCﬁs t;mmd u@&'&%ﬁ)/ﬁ%tﬂqd\:ﬁ:;%
prepared foll ow ng the procedyre of_ Exanple 4 and usi Sanple H from
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mat eri ab used ¢eekaigmi-mary particle dianeter bel ow 200 nmand a silica to
alum na bul k ratioQf 3Q:(ayailableframZeol ysl) ldteynati gnal ) and was
used in tenplate-containing form The zeolite contents of each carrier was
as foll ows: wt 9%SEPIBE HPaW S6SHAIE 9, taRdPStH %S mala9aEiyst al wt % Sanpl e
Hand / wt % snabdrLiiystal cZ8MSs . Wb Sarpke Hhange 10 w¥-smakl crystal
Each carrier was subjected to the surface nodifjcation procedure described
n Exanple 1 ofSURTEbAST181 B fle oRGEALF Bt PG LRE ammoni um

hexaf | uor osi | | catei nias (set, att 0202 HMscSuhseqaenst yy Hdreeearri er was washed
and dried at 5(90ffc' Tr‘},e:Lra]ltea%ho q{ﬂe‘ evrarviao%si ! gprnaé[necde V\Iiatlfgmot(e)zsvw%

pl ati num and 054 W% tin 68a5|s i nal catal?sf? as In é&anp?e 2°to formthe
final catal ystused to cThéudteatatylstsswenetsub) @etleidatdoonhe sanme catal ytic
test as described im Bxanplesdand.additi,onghl .dia P3biboabe MUY

equi libriumof the xylene isonmers (para-xylene, neta-xylene, a
ort ho- xyl ene) ast redched WSIrRBANt BY etbedTHISS 1Rast a3 sesadld Medi ng aKe val ue

pX at e { para- xylene apRiseaahptos gt 1dbni amhpadefd nedasrnpX in Xvli, " - pX
X1 \14 - _ -00 pXin Xvll - pXin Xylf
temperature was varied "between 360 and 410 °C to achieve

the required conversion for easier comparison.
The performance characteristics evaluated in this

test are as follows:

e EB; — EB,:
EB conversion {wth) = et e LTINS 1)

EB;,

e Xyly - Xyl
Xylene losses (wi) = ——E—iiigqgjg—k;; > 100

20 where EB stands for ethylbenzene, Xyl for xylenes in
general (all isomers), £ for feed, and pr for product.
Example 5
Samples A, B, D, E, F, G and H prepared in Examples
1, 2 and 3 were analysed as described in Example 1 and 2.
Typically 5 crystallites were selected randomly in the
25 electron microscope, except for Sample B where only 3

crystallites were measured. These selected crystallites



- 33 - where Xyl stands for total xylenes (all three isoners), pXis for
para-xyl ene, pr. for product, f. for teed, and eq. at thernodynamc

equi | i br iwon20@/03¢093 The maxi num val ue for pX ate c®OTHP2M80849%Y t hi s
definition. The closer the pX ate value is to 100 % the higher the anount
of the desired para-xylene that is prepared. Considering the distance to
equilibrium the performance of the Exanple 6 catalyst is taken as 100% 10
Shortening the distance to equilibriumrelative to this value indicates
that equilibriwmdhasibeencteashetk ater@in@atbterapoimipeant-aagr eat er anount
of p-xyl ene has been prepared, which is al so advantageous. The results of
the tests are Gi¥en'9n Table 4. It is 15clear fromthe results that by
addi ng smal | amountrs-oof tsaaktray ystoal, | iche ZSMdy 4lhe appeoacinto

equi libriumi [ i r t n a hi gher
anount of par gpégfe)n%s ﬁrggeb Qggrégea&a{r %gld %ﬁgh%u avﬁle%%% %gggg?(lgve ef fect
on t he general d@("y@@@éleldosé”égseoﬁﬁl@msn@ea@t pVEt§oet ndre Zﬁ@éetﬁon (as

nmeasured by th@yr‘iﬁ{@ﬁrsa%%%hre% redecelihgqdegree of iyTrLavesents shown by
Exanple 9, for exanple, woul d al | ow an |ncrease in return of up to, and

possi bly in exeRsEGL 1D FP| FOH- dOi [ERPEPLSr 4al oS aPrscatel bisht over
one year. WO 20091034093 ystPCT/ EP2008/ 061967 - 34 -

The ratio of the average SARs (edge to centre) of
10 the crystallites for each sample is given in Table 3
below and the plot of profile slope against xylene losses

is shown in Figure 3.

Table 3
Synthesis SAR ratio of the local averages at
Sample edges and centre
Sample A 1.40
Sample B 1.17
Sample D 1.14
Sample E 1.06
Sample F 1.23
Sample G 1.08
Sample H 1.28

The most preferred materials are Sample A and Sample H in
terms of having the lowest xylene losses.

15 An unexpected good correlation could be found
between the slope of the silica to alumina distribution
and the xylene losses at 65 wt$% ethylbenzene conversion.
This i1s to say that the steeper the profile, i.e. the
larger the difference between the aluminium concentration

20 between the centre and the edges of the zeolite
crytallites, the lower the xylene losses in the

ethylbenzene dealkylation process.



Tabl e 4 Results of the catalytic test at 65 wt % ERC' Ex.6 Ex.1 Ex.8
Ex.9 Tenperature required for
WO 2009/034093 PCT/EP2008/061967

- 32 -

Examples 6 to 9

Silica-bound catalysts were prepared following the
procedure of Example 4 and using Sample H from Example 3
either as the sole zeolite component or in combination
with a small crystallite size ZSM-5 material in the

5 amount of 5, 7 or 10 wt% in the total carrier composition
(i.e. balanced by silica, a 2:1 mixture of Sipernat 50
and Bindzil as in Example 4, to 100 wt%). The
additional ZSM-5 material used had a primary particle
diameter below 200 nm and a silica to alumina bulk ratio

10 of 30 (available from Zeolyst International) and was used
in template-containing form.
The zeolite contents of each carrier was as follows:
Example 6: 40 wt% Sample H,
Example 7: 35 wt% Sample H, and 5 wt% small crystal

15 ZSM-5,
Example 8: 33 wt$ Sample H and 7 wt% small crystal ZSM-5,
Example 9: 30 wt% Sample H and 10 wt% small crystal
ZSM-5.

Each carrier was subjected to the surface

20 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 °C. Then each carrier
was impregnated with 0.02 wt$% platinum and 0.4 wt% tin

25 (basis final catalyst) as in Example 4 to form the final
catalyst.

The 4 catalysts were subjected to the same catalytic
test as described in Example 4 and additionally the point
at which egquilibrium of the xylene isomers (para-xylene,

30 meta-xylene, and ortho-xylene) was reached was monitored.
This was assessed using the value pX ate (para-xylene

approach to equilibrium), defined as:

DX ate () = PRI mpA Al
T pXin Xyl —pXin Xyly




Base 0 0 +2 65 wt % conver si on(C) Xyl ene |l oss(mt% Base 0.0 -0.2 0.0 pX
ate(% 95.7 98.2 98.8 99.4
WO 2009/034093 PCT/EP2008/061967

— 33 -

where Xyl stands for total xylenes (all three isomers),
pX is for para-xylene, pr. for product, f. for feed, and
eq. at thermodynamic equilibrium value.

The maximum value for pX ate can be 100% by this

o

5 definition. The closer the pX ate value is to 100 %, the
higher the amount of the desired para-xylene that is
prepared.

Considering the distance to equilibrium, the
performance of the Example 6 catalyst is taken as 100%.

10 Shortening the distance to equilibrium relative to this
value indicates that equilibrium has been reached at an
earlier point and a greater amount of p-xylene has been
prepared, which is also advantageous.

The results of the tests are given in Table 4. It is

15 clear from the results that by adding small amounts of
small crystallite ZSM-5, the approach to equilibrium in
the xylene isomerization reaction is enhanced and a
higher amount of para-xylene has been prepared, without
having a negative effect on the general xylene losses, or

20 the activity of the reaction (as measured by the
temperature required). The degree of improvement shown
by Example 9, for example, would allow an increase in
return of up to, and possibly in excess of, 1 million

dollars for a commercial scale plant over one year.



Rel ative distance from 100 43 29 | b thernodynamic equilibrium (% * stands
for Ethyl Eenzene Conversion - 35 - CLAIM 1. ZSM5 crystals which have a
hi gher awep20®/BAR3at t he edge of each crystallite thanPal/EPR@8OeIT e, as
determ ned via SEM EDX or TEM EDX el enental analysis. 2. ZSM5 crystals as
claimed in claiml1, wherein the ratio of the average SAR at the edge of
each crystallite to the average SAR at—t¥® Tentre of the crystallite is at
| east 1.15, preferably at least 1.25. 3. ZSM5 crystals as clained in
claim1, wherein the ratio is at nost Bwipreferably at nost 2. 104. ZSM 5
crystals as clainmed in claiml, wherein the_ slope of second order

pol ynonial fitted to the SA%1 °at ves® fgettl\f/egﬁt?L %?Notee%ge SAR nexi na,
expressed as 0,65 statEB@ast 2, preferabEy at Ieast73 Eb. ZSME& (9rystal S
as claimed in etaim ,wrer e 1ostopepf a seegnd y al
fitted to the SA w\éa gggvglei%\&en et wo ege SAR ITB.XI ma, expressed as

Xylene loss (wt%) Base 0.0 -0.2 0.0
pX ate (%) 95.7 98.2 98.8 99.4
Relative distance from 100 43 29 15

thermodynamic equilibrium
(%)

* stands for EthylBenzene Conversion




y'0, is at nost 6, preferably at nost 4. 6. Process for the preparation of
ZSM5 crystals as clained in claim1, which conprises synthesizing the

20cr yst alwof2n@m3ai®3aqueous reaction m xture conpri si ng &OTAIPaBNEIISDUr Ce, a
silica source, an alkali source, and L-tartaric acid, or a water-soluble
salt thereof. 7. Process for selecting ZSM5 crystals having a high
selectivity for ethyl benzene deal kyl atToh5 whi ch 25conpri ses subjecting the
ZSM5 crystals to SEM EDX or TEM EDX el enental analysis, calculating the
SAR across the crystals and selecting those crystals which exhibit a U or

di sh-shaped narrow slit |ine scan prgfi | e 0@ s graph of SAR across the
crystallite fromedge to edge, 30wh verage SAR is higher at the

edge of the crystallite than at the centre. - 36 - 8. Process as clained

inclaim/, thr ei r%sch% rgygﬁﬁp V}htlhea%gr o]f%f at atvlg% Ig$|}9f each

crystallltetothe average cen re crys teis greater
than 1.15. 9.t orlss cdscebhi pedstiad l¢lta mhan whetrfe& r‘i:etnheev agbo is at nost

3. 10. Procesg.@s A .l Beg) @b ok Twﬂﬁﬁgknewﬁer%aqp%naﬁ a; second order
polynom al fitted to the SAR val ues between the tw ed ﬁ maxi na,

expressed as -y*, iSMab tOVERdtS 2S preférabty @tditeadst Wi‘:‘ere?ﬂ tIBt ocess as

clainedsin claimit sshenei avéhggeslmze 0f taesegg@dopr&@h Rebypem ade fitted
to the SAR val ues between the two edge SAR naxi ngm, ressed as. -Y' , is at
nost 6, preferabl YVt Fosfea> 1512, “@atcﬁlf%te %rﬂﬁb%ﬁ Yo SwhitER i:%rfaptru ses
ZSM 5 crystal slassicliailmedpirafetabm Lt areads prepared by a process as
clained in cl agm 6,289[ as sel ft ed bcxialmgéocessl as (‘1I ai ged in cflleai m7. 13.

erein t
Cat al yst conposition ad crafred it STarm
ratio is at most 3, preferably at most 2.

10 4, ZSM-5 crystals as claimed in claim 1, wherein the
slope of a second order polynomial fitted to the SAR
values between the two edge SAR maxima, expressed as
-y'9, 1s at least 2, preferably at least 3.

5. ZSM-5 crystals as claimed in claim 1, wherein the

15 slope of a second order polynomial fitted to the SAR
values between the two edge SAR maxima, expressed as
-y'9, 1s at most 6, preferably at most 4.

6. Process for the preparation of ZSM-5 crystals as
claimed in claim 1, which comprises synthesizing the

20 crystals from an agqueous reaction mixture comprising an
alumina source, a silica source, an alkali source, and L-
tartaric acid, or a water-soluble salt thereof.

7. Process for selecting ZSM-5 crystals having a high
selectivity for ethylbenzene dealkylation, which

25 comprises subjecting the ZSM-5 crystals to SEM/EDX or
TEM/EDX elemental analysis, calculating the SAR across
the crystals and selecting those crystals which exhibit a
U- or dish-shaped narrow slit line scan profile on a
graph of SAR across the crystallite from edge to edge,

30 wherein the average SAR is higher at the edge of the

crystallite than at the centre.



20al so contains a silica binder in an anount in the range of from30 to
80wt % based on the total of ZSM5 and silica. 14. Catal yst conposition as
cl ai med iwoch@/om®2 or claim 13, which al so contains a RgUFEPg@sAsioon net al
selected fromplatinum tin, |lead, silver, copper, and nickel. 15.

Cat al yst conposition as clainmed in any one of clains 12 to 14, which al so
contains a second ZSM 5 conponent, whith®ZSM 5 has a particle dianeter size
of less than 1 micron. 3016. Catal yst conposition as claimed in claim 15,
wherein the togal @uBLsohs ZEMder esentais 7N dhe diangeeofaf1®MB0 to 35

from 5 to 10 ve%h i Haerett sal eariiors conr A TP bot i e onpost ti on
as clainmed in amnyragee SR ekaths dehitre D6, twhi chy hiasl been isubjfested to a
deal umi nation treatmgnt w th ammoni um hexafluorosilicate. 18. Ethyl benzene
deal kyl ati on process whi ch conprises contacting, in the presence of
hydr ogeh, a feedst dekoghichs cohpmiesesnethgibehz edengiiinhthecattal g sits
conposi tion as claidred in any one of clainms 12 to 17.

10. Process as claimed in claim 7, wherein the slope of

a second order polynomial fitted to the SAR values

between the two edge SAR maxima, expressed as -y'y, 1s at

10 least 2, preferably at least 3.

11. Process as claimed in claim 7, wherein the slope of
a second order polynomial fitted to the SAR values
between the two edge SAR maxima, expressed as -y’'y, 1s at
most 6, preferably at most 4.

15 12. Catalyst composition which comprises ZSM-5 crystals
as claimed in claim 1, or as prepared by a process as
claimed in claim 6, or as selected by a process as
claimed in claim 7.

13. Catalyst composition as claimed in claim 12, which

20 also contains a silica binder in an amount in the range
of from 30 to 80wt%, based on the total of ZSM-5 and
silica.

14. Catalyst composition as claimed in claim 12 or claim
13, which also contains a hydrogenation metal selected

25 from platinum, tin, lead, silver, copper, and nickel.

15. Catalyst composition as claimed in any one of claims
12 to 14, which also contains a second ZSM-5 component,
which ZSM-5 has a particle diameter size of less than

1 micron.

30 16. Catalyst composition as claimed in claim 15, wherein
the total amount of ZSM-5 present is in the range of from
30 to 35 wt%, and the second ZSM-5 component is present
in an amount in the range of from 5 to 10 wt$%, all basis

total carrier.
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17. Catalyst composition as claimed in any one of claims
12 to 16, which has been subjected to a dealumination
treatment with ammonium hexafluorosilicate.

18. Ethylbenzene dealkylation process which comprises
contacting, in the presence of hydrogen, a feedstock
which comprises ethylbenzene with a catalyst composition

as claimed in any one of claims 12 to 17.





