r r WO 2005/ 065380 PCT/ US2004/ 043952 PROCESS AND CATALYST FOR Cg
ALKYLAROVATI C | SOVERI ZATI ON BACKGROUND OF THE | NVENTI ON [ 0001] The present
inventiron relates to catal ytic hydrocarbon conversion, and nore 5
specifically to the use of a catal yst system conprising MIWtype zeolite

subst anti al o fobewsah nordenite in a hydrocarbon convergiikRiRsRss. and
even nore specifically to an aromatics isonerization process to convert

et hyl benzene into xylene with a catalyst that preferably contains platinum
and tin. BACKGROUND OF THE | NVENTI ON 10 [0002] The xyl enes, para-xyl ene,

nmet a- xyl ene and ort ho- xyl ene, %%dE%OANB@ATAIEQQfWEdi ates that find w de
and varied application in chem cal syntheses. Para-xyl ene upon oxidation

yi el ds terephthalic aci dFOR&Y ASKHVEAROMATKEISEAMBREZATION of synt hetic
textile fibers and resins. Meta-xylene is used in the manufacture of
pl asticizers, azo dyes, wood preservers, etc. Otho-xylene is feedstock for

pht hal i ¢ anhydri de producti @Q I s fromcatal ytic
reform ng or other sources g‘g‘%{g‘%‘# @O%Fnﬁtﬁg?gwggn&nd proportions as
chemi cal intermedi ates, and further conprise ethyl benzene, which is

difficult [00HepaThé present invemtivn\telbtes toRatatitis hly@id€arbsn Eiivtision| #d rhére@ NMBj OF
chem cal internediate wth rapidly growi ng demand, but anmounts to only

20- 25%0f peeifipallydp thegise phareatalyss sustens somprismg MIWriine zeslits sbstantiallxtfies of o
dermand can oGt 0J lLene-i r re .20 such as
adsor pti onmP I?)lre ﬁéééﬁg-hggﬁog%ggﬁg@g\%%,pﬁﬁcﬁhﬁ}dseg%%mzea |§lﬁgl t?/f“éf‘r&’mﬁﬁcs

addi t i onal isomeridatidty proodss tdeontters kthglderizemninto. xylehe Withi aZatal o tHaOpréREdbsy a
non-equi libriuymmxture of the xylene isonmers that is lean in the desired
xyl ene i soffSaRsplafingmandtia. annr oachi ng equil i bri um concentrations. [0004]
Varnous catal ysts and processes have been devel oped to effect xylene

i sonferization. In selecti ngBﬂ@Rr(ﬁﬁﬁﬂjﬁDQ)F?ﬂﬁ'iﬂ’V@%VHONt is desirable to run
I'i bri

the isonerization 25 process as close to equili um as practical in order
to maxi m ze the para-xylene yield; however, associated with this is a
gr eat el cy@00 CgThoxdentsparpxdentemeiaayiene asd orttivexydensy sradhpertant equi | i bri um

R e RN
due to theotiadti@f yields terephthalic acid that is used in the manufacture of synthetic textile fibers

and resins. Meta-xylene is used in the manufacture of plasticizers, azo dyes, wood preservers,

etc. Ortho-xylene is feedstock for phthalic anhydride production.

15 [0003] Xylene isomers from catalytic reforming or other sources generally do not match
demand proportions as chemical intermediates, and further comprise ethylbenzene, which is
difficult to separate or to convert. Para-xylene in particular is a major chemical intermediate
with rapidly growing demand, but amounts to only 20-25% of a typical Cg aromatics stream.

3 Adjustment of isomer ratio to demand can be effected by combining xylene-isomer recovery,

20 such as adsorption for para-xylene recovery, with isomerization to yield an additional quantity
of the desired isomer. Isomerization converts a non-equilibrium mixture of the xylene isomers
that is lean in the desired xylene isomer to a mixture approaching equilibrium concentrations. -
[0004]  Various catalysts and processes have been developed to effect xylene
isomerization. In selecting appropriate technology, it is desirable to run the iéomerization

25 process as close to equilibrium as practical in order to maximize the para-xylene yield;
however, associated with this is a greater cyclic Cg loss due to side reactions. The approach to
equilibrium that is used is an optimized compromise between high Cg cyclic loss at high

conversion (i.e., very close approach to equilibrium) and high utility costs due to the large
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WO 20051065380 PCTI US20041043952 recycle rate of unconverted Cg aromati cs.
Cat al ysts thus are evaluated on the basis of a favorable bal ance of
activity, selectivity and stability. [0005] US 4,899,012 discl oses an

al kyl ar omat i 4 l.zation process based on a binetall} loks type
zeolitic ca?‘gﬂ iy@%%%@dé't emthat al so produces benzene. US %‘?‘5@?‘%@?9 g

di scl oses a process for liquid phase xylene isonerization over

gal liumcontaining, crystalline silicate nolecular sieves as an inprovenent

over alum Rl |, AR\t ZSM 21 as
shown in Ug&fss"b%g%@g?‘i&g%éé{e ggg pat aglr?? ' r(l}aéfl gﬁh%%%g%%a?ﬁ%na@ggasﬁ%or I?, as
exenpl i fi edavorabléShalan2é 6f atBRity,anldctivityzadtattitty. of the | arge pore type such as
faujasite r i 0.[ Q006 5,744,673 discloses an isonerization
process usil @Sgle)t i@%@ﬁ?’?b %‘%°8°S°§£%#§YIP‘IOP@_§° tsﬂ%‘eﬂéaélobﬂ’rcﬁﬁ%s-w &ondi tions
wi th hydr 0%ﬁﬂe_tall-ilg‘gémtgsﬁﬁﬁgeg&oﬁﬁﬁEAtﬁ?ﬁ%Y%n Fig?ﬂgﬂaﬁrb&@éeb %ﬁ%ﬁﬁgg%;%dé?iéﬁg

crystalline silicoal um hophosphate” nol ecu Sl eves. I scl oses
a nor defi t disclsalamocesofor ligadphaseayleonisomerdaatiomo e galllnai-cantaininglichisatlineby an

| UPAC Group,,J Il elenent. 15 [00071 Catal ysts for.jsonerizatjion of C8
ar omat i oo OPFR ARG FEveSP SR FRFIBYCTIRH OVRE AN RSILcAGop GoaS hgSM 2
et hyl benzengrragsafe), ah@ 2SN-3 Nad 8wk Y BRS 458 Q7B "The gﬁ%{eﬂmﬁ% dotosiiRhteaSI Iy

i somerized to xylenes, but it normally I's convert In the 1someri zation

uni t becauswrkapexemplidied if US 26820 dnd itezeolites ofithe drgapdre ypeetsidrasdavjasite
adsorption is ver expensive. A widely used approach is to deal kylate

et hyl benze ™5 ef%?’m principally benzene while isonerizing xylenes to a near
20 equih i breoesy M XI5 944,608 dikd16ded ah iskRedRRbPAGRess Bsihf bEa eIt Iy et hyl benzene
to forma xylene mxture via conversion to and reconversion from napht henes
in the pr eseeraplifies the use pf ghsabiase copditianswith kyidragen. US 5,898,090 discloses an

hydr ogenat i.on- dehydr ogepat i on f tion. JThe forner approach. comonly
results in ‘Wlﬂ’g lg‘ﬁ%éltpﬁy egb]ser‘lc’%céy sgagﬁklleesrl éﬁogwqugﬁgsﬁ%tﬁgfdﬁ?? alrﬁlév‘ﬁUant ity of
recycl e t o UG46KT05 HylRBEn MoEdMRE Yatdlikit foraddeheFipaionrof hitiaties BGES Hoadiedost s,
but the latter aggroach enhances xylene 25 yield by formng xylenes from

et hyl benzer®d an lURACLroup HEelgmeRt t e and process whi ch enhance ~conversi on

di ‘ et e . vy . oati
o Ryl dhg oo | Gl BPRORAEIo ot wBRACE KRRV BRI ph OB ERRER ' D1
xyl ene- pr odifipioc&sing etplbenizese asssRiddd R GF xyltte i4oMANEHPNbch200 &lnofedily Nci pal

obj ect of the present invention is thus to provide a process for the 30
i somer i zat ii¥Fpeszeddp Rylengsobt dtnermallyriseqnvertsddn thesomeszationunit Beqayse SepRAtSR ocesss

of the presgil the xylenes by superfractionation or adsorption is very expensive. A widely used approach

is to dealkylate ethylbenzene to form principally benzene while isomerizing xylenes to a near-
20 equilibrium mixture. An alternative approach is to react the ethylbenzene to form a xylene
mixture via conversion to and reconversion from naphthenes in the presence of a solid acid
) catalyst with a hydrogenation-dehydrogenation function. The former approach commonly
results in higher ethylbenzene conversion, thus lowering the quantity of recycle to the para-
xylene recovery unit and concomitant processing costs, but the latter approach enhances xylene
25  vyield by forming xylenes from ethylbenzene. A catalyst composite and process which enhance
conversion according to the latter approach, i.e., achieve ethylbenzene isomerization to xylenes

with high conversion, would effect significant improvements in xylene-production economics.
SUMMARY OF THE INVENTION

{0008] A principal object of the present invention is thus to provide a process for the

30  isomerization of alkylaromatic hydrocarbons. More specifically, the process of the present
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-2 WD 2005/ 065380 PCT/ US2004/ 043952 invention is dlrected to liquid phase
|soner|zat|on for C8 aromatic hydrocarbons over a MIWtype zeolite catalyst
in order to obtain inproved yields of desired xylene isomers. [00091 The
present invention is based on the discovery that a catal yst system
conprising Y #O3A$80%and tin on a substantially nordeni téc 04852 y pe
zeolite with a binder 5 denonstrates inproved conversion and selectivity in
Cg aromatics isonerization, while minimzing undesired benzene formation.
[00101 Accordingly, the present invention is directed toward a process for
the i sorremvzmqnomdlmct@iltkiflnuldmhmeum@éﬁwnufgﬁ %ar@mtlabydrﬂ@ﬂapqumrmt ics

caui 1151 ol et EEite SRRRRT ofRTR R b A RE R IR sty o
pl ati num gl[(mop] el GHE Peséil thvanf@B Ol Pase¥On HeatiRBler( tHdPﬁ\eatéxéat s9§temrc ﬁ%{ﬁ odi c
Tabl e [ See Cotton and W ki nson, Advanced Inomganl c Chenm stry ley &

Sons (Fi f t Rlagpym perhtin Qm g sybstantiallycmordeniter fese AWty papliterwish a bmﬁpry t he
| bl
cataly .S% . a%&dsﬁﬁg%nﬁdgﬁ’ééd%h@&w a:[b‘ﬁs[gfr%ﬁ{\g{y%é ICrgi%?onM?‘éé ?s%ﬁleh%imn § erabty

With si ratio 1ess soneri Zat on coh ions to

obtain a prisintiingwndesiged bearehasathakyt.enes content relative 15 to t hat of

the feedstock. DETAILED DESCRI PTI ON OF THE.| NVENTI ON 100111 The feedstocks
to the arof@fbs iAserrdmeRathednessnigprestionts dimsted fonpeha Propese &mshs se

blg f = h) Rn
wnere n s SnetaodoEMRyiafontiel STRARRSoRuc il PG A RER A8 ol
any conbi naﬁemmﬁﬁmethy&mgenz&naleks thivethe equiibrburh hmvemfof xHendsatithecatalyst

al kyl arorra i ¢ hydr carbons i nclude, for_ exanpl e but t hout limting the
e 1on. beyine LYY e SR BREREUD iAo e 6ot v FemaediaPAL T of

et hy) t ol uenespeibiit ‘Iﬁ?ﬁcz %@%ﬁ v elﬁdms%ﬁ W&Jgﬁ%‘?g&gmé Cherﬁfs@%'hﬂ?ﬁ%ﬁ?@

met hyl pr opyl benzenes nzenes I -1 sopropyl benz
m xtures t ISeme(@ifth EdiG6id, 29883], pzdnd;h lslptdﬂ:rhl;ly finHreferably thpedtalgsitcompriss t he

| th f C8
rommt 6 oA PRIV oMse Bt Birh Sies & ar ey essfias™ i xt ur o
wi || have ag zﬁis@ﬂeﬁ%%ﬁ'&@mﬁ%ﬁs@@hbﬁfm alprédllcisﬁ)av‘lﬁg'&{%rcﬁ@c_i /frl'%ﬁ& coNteRIBlagRNt ent

of 0O to 35 wt-% a neta-xylene content of 20 to and a para-xyl ene
cont ent's of twﬂmb)ftlifofe@dstﬂﬁk The af orenent i oned Cg aromatics are a
non-equilibriummxture, i.e., at |east one aromatic isonmer is present

in a concentration that ﬂEfI\?dEﬁ)ﬁﬁ%éhfﬁ’hbﬂ bb‘ﬁiﬁomw}ék?rlm

[0011]  The feedstocks to the aromatics isomerization process of this invention comprise
isomerizable alkylaromatic hydrocarbons of the general formula CgH(g-n)Rn, where nis an
integer from 2 to 5 and R is CH3, CoHgs, C3H7, or C4Hyg, in any combination and including

20 all the isomers thereof. Suitable alkylaromatic hydrocarbons include, for example but without

et

so limiting the invention, ortho-xylene, meta-xylene, para-xylene, ethylbenzene,
ethyltoluenes, tri-methylbenzenes, di-ethylbenzenes, tri-ethyl-benzenes,
methylpropylbenzenes, ethylpropylbenzenes, di-isopropylbenzenes, and mixtures thereof.
[0012) A particularly preferred application of the catalyst system of the present invention
25 s the isomerization of a Cg aromatic mixture containing ethylbenzene and xylenes. Generally
the mixture will have an ethylbenzene content of 1to 50 wt-%, an ortho-xylene content of
0to 35 wt-%, a meta-xylene content of 2010 95 wt-% anda para-xylene content of 0 to
30 wt-%. The aforementioned Cg aromatics are a non-equilibrium mixture, i.e., at least one
Cg aromatic isomer is present in a concentration that differs substantially from the

30 equilibrium concentration at isomerization conditions. Usually the non-equilibrium mixture is
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30 equilibriumconcentration at isomerization conditions. Usually the
non-equilibriummxture is -3 W 2005/065380 PCTI US2004/ 043952 prepared by
refoval’ of para-, ortho- and/or neta-xylene froma fresh Cg aromatic nixture
obtained froman aromati cs-producti on process. (00131 The al kyl aromatic

hydr ocar bonsWagg05i6s3st i | i zed in the present invention asPCOMN04/143952
appropriate fractions fromvarious refinery petroleumstreans, e.g., as

i ndi vidual 5 conponents or as certain boiling-range fractions obtai ned by
the selective fractionation and distillation of catalytically cracked or
ref or med hysipagedhh eifovaCoryen| srio- aml/G métiRyleheSPER ai fFeah 0F afdniR niGture
hydrocarbons is optional; the process of the present invention allows the

i soneri zat i95Kinsd froman asproatiesinEodisHeBPIATATY st reams such as catal ytic

reformate w or | ti.gs extraction.to produce

speci fi ed m)/(flghe irr'sh\grar@&ga&lét%% pér ?‘# gﬂ’%’%ﬁ% ?E %tﬁltzsgﬁlrtéﬁlar@@e%éﬂvﬁg%la@ﬁ%‘{ndA Cy

aromatics fieeghrépriatefeacfiomsiesth vaiasesimerayetroRumaafiq R, G Tidividual

hydr ocarbons, i.e., naphthenes and paraffins, in an amount up to 30 w-%
1

Preferably GPWEODGFG%S(S’%? tertal Rolknearapgsirastaes ehgpingddy the sedestive fragtiopationagdmat i cs,
Lo ensure PRI ah R Cra kBN BELECAL ﬁ)&?tﬂcﬂoﬁ&%&ﬁmﬁﬁ%omg eover, a (8

aromatics fee IS°ric n undesired enzene can be supplied such
that it cansdoerieahiesnmedc hylrogekteme & apriomdthe procdss CBthé preseamhowentien dllower der to

further concentrate.desired xylene species. [00141 According to the process

of " the. pr oSBROM AT O AICLHORPEY FOrTBAE FEsery aY Gt cHal oo elathats XLk,

preferably wimoapgﬁbggguéﬁ _awn{am@asafae@?%{}o ko?lu@@#kﬁﬁ%@%yi%é it;%;ﬂe&% Hidully the
d al ky mat1 ¢ hydr on 1 so

type hereinafter scribed 1n an aro ocar rization
zone. @dnt de prodycerrrya-xydence AfGyarenaticsifeng to e prastet pysess mapcdnitaie deraemhatigst em

I ng- bed .a fluidi zed; bed. 20, t ' t.chzt
oorat on. ARG it 80 BSiae,f i BRoIno S (b Ao S aribRae cat ai ysi
and of the jginRizaic RRREABGRE corstst 'bﬁerﬁfafl% gf a?r@ﬂaﬁé%, foeBisite blregrloded st em I n

this system a hydrogen-rich gas and eed m xture are preheated by
sui t abl e halawinsitpamgesnyeryprodesses ddgiepeat, a Egaroineticst feerhibptds nick inaundesitedn passed

into an isonpekri zation zone talni a . fixed d.qf catalyst. The
conversi on © rllbgnﬁgg;c%r}a eosrygplger%ns#gl} g'aglgﬁ%{lrb;ftcgw%t_gg(foof © e’stof-‘l':’él "1°£b¢r9e_ 25 neans
t her ebeb e eBmipBurkIB stibider b FirtheR Borteft i dbsiréDRécspédi@n tenperature is

mai ntained at the entrance to each zone. The reactants may be contacted

with the cdPBl4st Aregrding toithhprocesppbthe presend weaniiangan alkylarogistig hydroeaspdnashi on,

and the re ' . Li.qui - ) hiauid- ase,

and eSS T RO S v ol
hereinafter described in an alkylaromatic hydrocarbon isomerization zone. Contacting may be

effected using the catalyst in a fixed-bed system, a moving-bed system, a fluidized-bed

20  system, or in a batch-type operation. In view of the danger of attrition loss of the valuable
catalyst and of the simpler operation, it is preferred to use a fixed-bed system. In this system,

) a hydrogen-rich gas and the feed mixture are preheated by suitable heating means to the

desired reaction temperature and then passed into an isomerization zone containing a fixed
bed of catalyst. The conversion zone may be one or more separate reactors with suitable

25  means therebetween to ensure that the desired isomerization temperature is maintained at the
entrance to each zone. The reactants may be contacted with the catalyst bed in either upward-,
downward-, or radial-flow fashion, and the reactants may be in the liquid phase, a mixed
liquid-vapor phase, or a vapor phase when contacted with the catalyst.
[0015]  The alkylaromatic feed mixture, preferably a non-equilibrium mixture of Cg

30 aromatics, is contacted with the isomerization catalyst at suitabie alkylaromatic-isomerization
conditions. Such conditions comprise a temperature ranging from 0° to 600° C or more, and

preferably in the range of from 300° to 500° C. The pressure generally is from 1 to 100
-4-



100151 The al kyl aromatic feed m xture, preferably a non-equilibriumm xture
of. C8 30 aromatics, is contacted with the isonerization catalyst at suitable
al kyl aromati c-i someri zation conditions. Such conditions conprise a

t enper at ur e Ww@a@khdsdr om 0 to 6000 C or nore, and pref eﬁ@ﬁgyzﬂbd?mt%? range
of from300 to 500 C. The pressure generally is from1l to 100 -4 WO

2005/ 065380 PCT(US20041 043952 at nospheres absolute, preferably | ess than 50
at nospheres. Sufficient catalyst is contained in the isonerization zone to

i d Wl ' | -0 .th d feed
0192 2. VMU SRR 0SS gy i 1o
hydr ocar bothefimedrizationuose wgiroviad 4 liquid howhcdpack velvcitg iithtregpectwb tHe hydr ogen at

5 hyd h | t] 0:;5:1 tqg 25:1 .. Oh [ t
i Tuont o S DEHOGOR TERTORBRE OEtD: REH0 I b myval Docas Oy - BRE pr esent .
(0016] Thehﬁcﬁ@&&ﬂo‘ﬁ%&l&rﬁﬁﬁﬁg%ptthﬁlytiE’Fea@E%&P%ﬁ%e%ﬂf?%&?%@g@%e' nabove, of

I soneri zing xyl enes e reacti'ng ethyl benzene to Xyl ene m xture
vi a conver sydrogentydrdarbompwivmetis vhH A 5flrto rdSnbmhhére n@ther ifilx ditueitsbuoli asky| enes i n

t he product.thus is en ced. by 10 form ng xyl enes from et hyl benzene. The
| oss of C8n’é’i°§‘?‘}]a?ﬁg8§a’?&ﬁ%ﬂg‘ﬁg‘i"ﬁ%&?‘@mﬁ%r&fﬁs sis low typically |ess than
4 wt - % per &‘R’Es@t 0 /h@%eagﬁmbééaas {in tﬂehﬁechiﬁﬁgn,tdaséri%%d hE&Rmh R ve m&a‘n?erri%g@y no

nore t han -% and nost preferably less than 3 w-% 100171 T
parti cul ar xpletrs while mgzctingethylbenzenstie dernumxylemrmixhwediagpudusion foraod t he

ffluent of_th t f the.i i zati o ' t d to b
critical ¢ EPRE T e ientt it RREet &R FORP e 18 s SBRVER Y ocherme
known g t emadgtxylenes Remedfdbendat] TR 1bd of O3@rdmhAlidl thrighdhCieadtonfthidgd | onat ed

to renove |ight and/ or heavy g)/products to obtain the isonerized product.
Heavly by pr &iétrically dese than 4 wt-Eopep oass 9 Cg aeomagiss indherieed §a e raacion praderably | n
sonme insta bay e pr oo | $,:Qrtho xyl ene or

di et hyl et ﬁ§ﬁ%éent§§1§%n‘gtyp e reéséi’ge?ée:réﬁ?rl%%&tqﬂg “l'ts/f%'neri zed product by

sel ective JB17y actThe paticalar schérge phpldyal toréconeriandstcrized profud frofithar omat i cs
usually is processed to selectively recover the para-xylene isaner,
opt i onal | y eBlpentof theapactors pf the 1somerization gancis sphdsememhto hesrivicalita thedestapdi ng

crystallin 'Qgsainh,i | t . ) s and
alter nz‘;fJf [ vg?sv%\nwt%}n n eeﬁgéte ergtfoggﬁ’gbdsorep |°gﬁll?tg§§&]er?%rugkc&e@§9§§f§g§;eescri bed
in US 3, 626igtid @rodutiSs Fa&iitmated 1o rehiSvel [iflR AndBShealdSbyprad1sad sbtalsShd, 381, 419 and

US 4, 402, 832, i_ncorpé)rat}%gvy‘ES her ei.n IE)% ref erence

isomerized product. yproducts include Ajg compounds such as

dimethylethylbenzene. In some instances, certain product species such as ortho xylene or
dimethylethylbenzene may be recovered from the isomerized product by selective
20  fractionation. The product from isomerization of Cg aromatics usually is processed to
selectively recover the para-xylene isomer, optionally by crystallization. Selective adsorption
) is preferred using crystalline aluminosilicates according to US 3, 201,491. Improvements and
alternatives within the preferred adsorption recovery process are described in US 3,626,020,
US 3,696,107, US 4,039,599, US 4,184,943, US 4,381,419 and US 4,402,832, incorporated
25 herein by reference.
[0018]  An essential component of the catalyst of the present invention is at least one
MTW type zeolitic molecular sieve, also characterized as "low silica ZSM-12" and defined in
the instant invention to include molecular sieves with a silica to alumina ratio less than 45,
preferably from 20 to 40. Preferably, the MTW type zeolite is substantially mordenite-free,
30 which is herein defined to mean a MTW component containing less than 20 wt-% mordenite
impurity, preferably less than 10 wt-%, and most preferably less than 5 wt-% mordenite

which is about at the lower level of detect- ability using most characterization methods
-5-



10018) An essential conponent of the catalyst of the present invention is at
| east one MIWtype zeolitic nolecular sieve, also characterized as "Il ow
silica ZSM 12" and defined in the instant invention to include nolecular

sieves with 560%&%0 alumna ratio | ess than 45, pr e{,@f,ﬁggp%@“g@p 20 to
e nite-

40. Preferably, Wtype zeolite is substantially norde ree, 30
which is herein defined to nean a MIW conponent containing |ess than 20 wt %
nordenite inpurity, preferably less than 10 wt-% and nost preferably | ess

than 5 wt - ' | | oudt...al +he .l ower Jevel of detect- ability
usi ng nost %}lc% %gﬁaés%%lg??gﬁthﬁeﬁ ﬁ'%% ag%%%%&%‘l% RTRRYY/ 63&56’3&8 5952
known to t bapsisifiy diseshercd thite unidue and hove@bprspérByof T W-gpé kédliteCdpyedravhagr aphy.

Applicants haye surprisingly discovered that a unique and_novel property of
MIW t ype 2z k6 stlica o ppminadatighisiowsrpg agd thatthe avpidangepfibie poncomitent masdenited, and
t hat the aygi it ) {: i : Ld d.ca
condi ti ons\ﬂrq%asgﬁﬁ%z lﬂ]&gtﬁg‘g{ﬁgﬁf&g?}gg@%ﬁ%g}a %@%c@ﬁpgﬁ%@ﬁﬁe%gg{%h@ﬁ’?rlﬁgésfo or 5

| ow ar ofrat ilew riomgti¢ osgsloshwhercanveting etyylbédryhdie pamrey1dne upderanixinhem Bernzevge r

m ni nrum benzepe conditions. [0019] The preparation of MIWtype zeolites by
crystal | i zic%d?‘éonrsd xture conprising an alumna source, a silica source and

tenpl ati ng jgget %@%réﬁ%ﬂ&géfNﬁw-d@a@witésrbytcﬁ’fstaﬁﬁiin% a ﬁﬁeﬁnﬁ%ﬁﬁ%ﬁ%e

particularly describées an MIWtype Zeolite Using tet

cations. USlumirospuirgo silich sgrcd abdRmphSing sgenausee tivthiods vetl lpdwminghe ann cat i on
to prepare -ahl.y silicequ W.t ype lite. US 6,652, 832 uses,

an N d et 13 HESRH G EREE R, bR MEV PR bma Bl i

si | i ca14 0- ahtidiks.NFS 4,352, 26MVIIY PS3 7,954 hiseQ nYdthyI@iethy MElmorlitiR ¢htidnit6 prepie @f €r abl y
highy purity crystals are used as seeds for subsequent batches. EOBZQ] The
MWt ype zaiahist sliqegudrdWetymgizgolie o f1% P 2wisesa M. Noilinersly lhexamebplgnsiminet 15
formation . I | Gl e T rtion olite.in. tal yst
o 1o o0 uidih T imaB R bpfudSow SSHRE ARG PLVE RSt RbOFAY ol

and ot her dmppiitertrefe@bRtigspdtity b8kalstrdetdgs dbds b alssquenarhant . [ 0021] As
menti oned previously, the zeolite will usually be used_ i n conbination with a

refract ory (P08 ganfihe MLWdaperedits is profatly peraposierbiyith abindgr f9s penysniesidsor pt i ve
SuDDor s T2t oP QbR 18 o1 R Akl 1 bR Lo
have tradi tpreferablly \2 to@0witits] the zeruhinder bthelr tharambraiandarthee cempmentsalisabsged S such
as: (1) r efhre%(n:r}boeril}/ | Q&;g&r&ioﬁl &)}(én(%es such as alum na, titania, zirconia,
chromi a, g P
[0021]  As mentioned previously, the zeolite will usually be used in combination with a
refractory inorganic oxide binder. The binder should be a porous, adsorptive support having a
20 surface area of 25 to 500 m2/g. It is intended to include within the scope of the present
invention binder materials which have traditionally been utilized in hydrocarbon conversion
catalysts such as: (1) refractory inorganic oxides such as alumina, titania, zirconia, chromis,
zinc oxide, magnesia, thoria, boria, silica-alumina, silica-magnesia, chromia-alumina,
alumina-boria, silica-zirconia, phosphorus-alumina, etc.; (2) ceramics, porcelain, bauxite;
25 (3)silica or silica gel, silicon carbide, clays and silicates including those synthetically
prepared and naturally occurring, which may or may not be acid treated, for example,
attapulgite clay, diatomaceous earth, fuller's earth, kaolin, kieselguhr, etc.; (4) crystalline
zeolitic aluminosilicates, either naturally occurring or synthetically prepared such as FAU,
MEL, MFI, MOR, MTW (IUPAC Commission on Zeolite Nomenclature), in hydrogen form
30 or in a form which has been exchanged with metal cations, (5) spinels such as MgAl»O4,

FeAlyOq, ZnAlrO4, CaAly04, and other like compounds having the formula MO Al303

-6-



zinc oxide, magnesia, thoria, boria, silica-alumna, silica-magnesia,

chrom a-alumna, alumna-boria, silica-zirconia, phosphorus-alumna, etc.;
(2) ceramcs, porcelain, bauxite; 25 (3) silica or silica gel, silicon

car bi de, cl a‘;és and silicates including those synthetically qupr epared and
natural | y oc¥QrP5H6538%hi ch may or may not be acid treat e§CTUSIOOHUING]| e,
attapul gite clay, diatomaceous earth, fuller's earth, kaolin, Kkieselguhr,
etc.; (4) crystalline zeolitic alumnosilicates, either naturally occurring
or synthetically prepared such as FAU, MEL, M, MOR, MIW (I UPAC Conm ssi on
on Zeolite Wﬁﬁa%d{; ametad havinga Mglencs 9 &; 36 (M) cvmbinatiprs of naterialsfidrolondiers been
exchanged w I ions, (5) spinels such as MjJA1204, FeAl1204,

ZnAl1204, C;H,&lrg(gg?&%r%&%her | i ke conpounds having the formula MO A1203 -6
WO 2005/ 0658822} PCTA piZéfed kO8R903 inonfupiooxhei for wse ieihelprdiamiin@ntioy RlaRiAfifa. Of 2;
and (6) conbi_na}tions of materials fromone or nore of these groups, 100221
A pref er r ecPUitable alupipa materals argithe esystalling lyminasknown asdhe gasyagn etangushthstem | s

al um nas  Spirdial Rl dr PBLA 8hd Bt REYRt al 11 ne al umi nas known as
t

higth . ow
t he ganma-, eta-, and theta- Sﬁaﬁuunglna, w th gamma- or eta-alum na giving
t he best rd8i23s. A 6RDP8Iorahstmgest compdsite iscateatrydite. ThopeHiknewn exisioaxt r udat e.

The wel | -kno xtrysion nethod jpnitially involyes m xjng of .the_ nol ecul ar
si eve wit h BPLT H'é‘laﬂxlmcvﬂ‘é' “HinHRs Oéﬁﬂf"gﬁac‘é%‘i ?%I@ﬁﬁ?ﬁ??é!yﬁge Bigderandd form a
honpgeneousydidiep@bink Bp & (PReh e hlaﬁu\sgaﬁoﬁmug%x;ﬁfc&pé{? ?,‘?‘25? &e%&%c‘?rg to

allow for the formation of extrudateS w th accepta Ity to
Wi t hst and dhoistoxe content tn altdw fior tEx formetidni dficktyudates séthercodptebl itegritydn anal ysi s

f th i St . t.ent..of -t h, i t.h i st . t.inth
e dF°t Pt fisSRaH Epau e BB e e R g8 AT S ST E Moiskls Ldod
throligh a diofiteRt diiesbuph, WA rbisRlre cfHdne 1 BOANEDST frR NG 40 wENARAR

extrudate is cut to formparticles in accordance with techni ques well known

in the art.prfemed. The denshds than pxiyded threughradiepierced with snultiplp bsles widghe

i ncl udi ng, ot 11 Q, | i rs. .cloverleaf, bel l,; .and
syrmet 1 o DnEop b it ot Bl pROCET p SRS SRR LB o
t hi s i nventinthe drhAtmiltiede st diffdrneexuiidite Bitapbis pbsibls Mad@ling, Guemby lidfed fopd
form such as spheres, by marunerization or any other neans known in the

art. (062413 hniean clowerisel dembhelbe i menseicebansasTmmeTsakpolypees. Bavrlimuous! y
manuf act ur eghuby inetfishe e kilis ﬁ@?%n%&t tlfy eQH‘uﬁ%% be iR rsﬂ'ér#eg'?o 8(&/ doe]gired

al um na- bound spheres genera I nvol ves oppl ng a xtur nol ecul ar
si eve, al unform, saci 3s spheteq &) Imangnaiyeridn ormh other mednsadwn in the art.

[0024]  An alternative shape of the composite is a sphere continuously manufactured by

the well-known oil drop method. Preparation of alumina-bound spheres generally involves

20  dropping a mixture of molecular sieve, alumina sol, and gelling agent into an oil bath
maintained at elevated temperatures. Alternatively, gelation of a silica hydrosol may be

) effected using the oil-drop method. One method of gelling this mixture involves combining a

gelling agent with the mixture and then dispersing the resultant combined mixture into an oil
bath or tower which has been heated to elevated temperatures such that gelation occurs with

25  the formation of spheroidal particles, The gelling agents that may be used in this process are
hexamethylene tetraamine, urea or mixtures thereof. The gelling agents release ammonia at
the elevated temperatures which sets or converts the hydrosol spheres into hydrogel spheres.
The spheres are then continuously withdrawn from the oil bath and typically subjected to
specific aging treatments in oil and an ammoniacal solution to further improve their physical

30 characteristics.



mai nt ai ned at elevated tenperatures. Alternatively, gelation of a silica
hydrosal may be effected using the oil-drop nethod. One nethod of gelling
this m xture involves conmbining a gelling agent with the m xture and then
di spersing t nt conbined mxture into an oil b whi ch
has been heg?ga&?@&ggﬁogvat ed tenperatures such that gel at ?gﬂmg@gﬁ‘%\g%th 25
the formati on of spheroidal particles. The gelling agents that may be used
in this process are hexanethylene tetraam ne, urea or m xtures thereof. The

gelling ag rel e nia.at the. el evated tenperatuyes Lch sets or
converts t ﬁ@éﬂ/dr Jg%ﬁrag @@‘?recgap'ﬁ% EOPRAFBSLS t?‘ger@sthQg.g“é %ﬂ“é{%ﬁﬁé?té?@alpg t hen
cont i nuous ltymydrdttivd o8 \30-J00eaid Wb ted P4 EaldRdioh pRicEdlrk ¥t Stehipeahuedott #50-
specific aglpg treatments in_oil and an amoni acal solution to further

i nprove th y& perigd of sbtoc Bhhas.eri stics. -7 WO 20051065380

PCT1US2004 52 Ly, .t esul,tin onpasi.tes. ar.e then
washed andj@?zl%gd acf‘a[tagbosﬁ%#fatﬁé @&%&Bg&o c?@ﬁ%%raaél%t;néﬂfigmggp"f% %‘r']%n%% E']C)é'ct ed
to a cabci madré ofiplptirmee allatiah, rhodiemptirhiuie osthiudb Ond iFAQm. fThe peef@asdi od of |
to 20 hours, 10026] Catalysts of the invention also conprise a

Y e
pl at i num gPétisuResreyp metalis platingm obie piptinum-grappmetal eampangpfmayfxist withinthe
rhodi um r ' {%EISH A0 d gl - Pl atd oyp netal
is plati nu%‘fnﬁﬁ%@&%}% [ nair#}&gsr oup dﬁ%#‘?l%&?gsn%ﬁgﬁgﬁ ’grlrl%}é’g%hgﬁq Oﬁ%uwgﬁé& final
cat al yst caesposletnentalsmetalowipoamisingtiontwitsongr exrdstherdbigrtdieets ofwhk catalyst
e R
best rggul tﬁo@lﬁet;ﬂt%ﬁ‘lb ¢ YO80ibHRALRA R, THis Rbinpdf2ee Rhb@bé Pidnt () € AR et al
conpgnent exists 1n a‘reduced state. This conponent may” be present in the
final cat aatalyst opesis inany amaumt variduis tatelfiichly ieffectove athy platintumgrosp et | ve;

the platinumgroup. nmetal. era]ly,will comprise 0,01 to 2 wt-9% of the
(eal ont oS ise A% Y w e SR BES, csplaned in Sermébl i o
obt ai ned WhBRelldALreSBisary/SttaifQMWRET Be BathlDst entdinMo-PH19f 1 Rt-84 b PlAnuI00271 The
pl ati num grlagﬁmrret al conponent may be incorporated into the catalyst 15

conposite i y slherrddinammgiane metabpampragitaeaydte ingosprrated inte e catalyal yst

ol i mite orobo e AR R B tEDRE ool Bt fend REREM FBRERBN oL o

Al ternati va{tmzata;anat“iammbley&cmbaéablec‘eeﬂp&umfawaﬂmma?d@;dmaﬁal fohe tinme of
conpositing the sieve conponent and binder. Conpl exes of platinum group

netal s whi dmpregyath thespisingd sigve/binflerrompasitei Aleradively 8 piatingy-group metal
compound may be added at the time of compositing the sieve component and binder.

Complexes of platinum group metals which may be employed in impregnating solutions, co-
20  extruded with the sieve and binder, or added by other known methods include chloroplatinic

acid, chloropalladic acid, ammonium chloroplatinate, bromoplatinic acid, platinum

Py

trichloride, platinum tetrachloride hydrate, platinum dichlorocarbonyl dichloride, tetramine
platinic chloride, dinitrodiaminoplatinum, sodium tetranitroplatinate (II), palladium chloride,
palladium nitrate, palladium sulfate, diaminepalladium (II) hydroxide, tetraminepalladium (II)
25  chloride, and the like.
[0028] A Group IVA (JUPAC 14) metal component is another essential ingredient of the
catalyst of the present invention. Of the Group IVA (IUPAC 14) metals, germanium and tin
are preferred and tin is especially preferred. This component may be present as an elemental
metal, as a chemical compound such as the oxide, sulfide, halide, oxychloride, etc., oras a
30 physical or chemical combination with the porous carrier material and/or other components of
the catalyst. Preferably, a substantial portion of the Group IVA (IUPAC 14) metal exists in

the finished catalyst in an oxidation state above that of the elemental metal. The Group IVA
-8-



20 extruded with the sieve and binder, or added by other known nethods

I ncl ude chloroplatinic acid, chloropalladic acid, amonium chl oropl atinate,
bronoplatinic acid, platinum trichloride, platinumtetrachl oride hydrate,

pl ati num di gh{, geRpasmeny! dichloride, tetramne platini Fcf’flﬂFﬁgl/%ssz

di nitrodi am noplatinum sodiumtetranitroplatinate (I1), palladiumchloride,
palladiumnitrate, palladium sul fate, diam nepalladium (I11) hydroxide,
tetram nepalladium (l11) 25 chloride, and the like. 100281 A G oup |IVA

(1 UPAC 14) 0 ' . .l al _ingredi.ent. of the catalyst
of the pr edIRAL EORANGRIpa ey BBRRAR s SRS Bapots SoinEh G renlirafitim Ana
tin are preefysrodtagnt 00 tb S wsandta| tajcupitel @y dredemehiil Hasio MR rediRY be
present as an_ el ene as a chem cal conpound such as the oxide,

nt?aII rrﬁt al, a
sul fide, h&bfaied abalerslof Q- Hio 28Te mel. a5 a 30 physical or cheni cal

conbinatio jof h t WA ' . f the
cotal yot | RUsL T G IRAEAPRAC £ nltBh S @nc pitind? sHERRBRARRRN 4G

met al exi stcstalyst oftilecprésent mherdioa abfthy Group VANIOGRAGAH) metakst gértaninavandttihat  of

t he el enent al gt a%. The, Group,.| VA S ,}/\O 2005/ 065383}?PCT/ US2004/ 043952

(1 UPAC 14) FRTSEITEGRsHis esrepilnarefsed Tt campogentimay s paesstiae a8 glemertabnt to
result in goddingla chedical ab%{poﬁﬂalmh@gnﬁoQid@,ls_uifme;L?hmde,%xga{laﬁae el 6hasaf €d on
an elenental basis, with best results obtained at a I ével of 0’1 to 2 wt-%
met al . [ 00ZBysigal G demidal/eoribiuiing wWith therporaiis camieg arartal arsl/cmtlidneompesetabf al

i ngredient of the 5 catalyst of .the present.invention t he G poup | VA

(I UPAC 14) ‘ﬁ%ﬁaiﬂl%it- Pé“é%ﬁﬁﬁi { Ribsfapta PH“‘%BPE%FE?‘& é‘dﬁgxﬂ’é‘(ﬂﬂ f?@‘d"é&’ﬁ@@‘? all'y
preferngd. fidfisisiedRaRNSIth aRBYidREoAAS fHive Bt 8the LRARMEPhetaITh@GrodIva

chem cal conpound such as the oxide, sulfide, halide, oxychloride, etc., or

as a physi{E&AGE4)oneal composentoptimeliyoia utilized in preameund sefficignt tosesultan @ final|
and/ or other, ¢o ent s of , the gataly Pref er abl subst.antial portion
of the G oucﬁta&\s){,&g%?‘g@kco%i)m ne?né% ré%alsfagc\zllaﬁe Etuhaeger%(ﬂ@sb fed "\(’:lg’fnbaers@'g?"% n an

oxi dati on sihafiedaboieeclidfal.1 of 2t s @deetent al nmetal . The Group | VA (1 UPAC 14)

metal conponent optinmally is utilized in an anmount sufficient to result in a
final catdP93M cothedirappVH (BIPAG 14 metalzompprent mey be incametpteshin e catabisent al

The o dip 1AD, PPAEHgher @ R A htogtheof o i bf clbyech ik By 2 JCH

15 in any shé pabhsscarrien faterial) i@céichatgze avithahbgene ontterihl spi@imegmatiorsofahe as by
coprecipitation with the porous carrier paterjal, _Jion-exchange with the
carrier mat@Fieamatsyial aapREARR indhe RFParation. One method of incorporating the Group IVA

(IUPAC 14) metal component into the catalyst composite involves the utilization of a soluble,

decomposable compound of a Group IVA (IUPAC 14) metal to impregnate and disperse the

20  metal throughout the porous carrier material. The Group IVA (IUPAC 14) metal component
can be impregnated either prior to, simultaneousty with, or after the other components are

) added to the carrier material. Thus, the Group IVA (IUPAC 14) metal component may be

added to the carrier material by commingling the latter with an aqueous sclution of a suitable
metal salt or soluble compound such as stannous bromide, stannous chloride, stannic

25 chloride, stannic chloride pentahydrate; or germanium oxide, germanium tetraethoxide,
germanium tetrachloride; or lead nitrate, lead acetate, lead chlorate and the like compounds.
The utilization of Group IVA (IUPAC 14) metal chloride compounds, such as stannic
chloride, germanium tetrachloride or lead chlorate is particularly preferred since it facilitates
the incorporation of both the metal component and at least a minor amount of the preferred

30 halogen component in a single step. When combined with hydrogen chloride duting the
especially preferred alumina peptization step described hereinabove, a homogeneous

dispersion of the Group IVA (IUPAC 14) metal component is obtained in accordance with the
-9.



carrier material at any stage in the preparation. One nethod of

I ncorparating the Goup VA (I1UPAC 14) netal conponent into the catal yst
conposite involves the utilization of a soluble, deconposable conpound of a
G oup | VA (kHofesbésssgretal to inpregnate and disperse thg ,’&,gsﬁg§,@g952
t hroughout the porous carrier material. The G oup I VA (1 UPAC 14) net al
conponent can be inpregnated either prior to, simultaneously with, or after
t he other conponents are added to the carrier material. Thus, the Goup |IVA

(1 UPAC 14) L onent : carrie teri.al  by.

conmi ngl i nS%?%nglqvgﬁt?% i mw%%%tlgﬁﬁgﬁgg%g%*ﬁté%ﬁ °8F'p3m§{§islq‘§bﬂsé“mm§‘f' salt or
sol ubl e cochlotitarsluiirnetagitia tdivhivoide alerincdrpteated intihe dgtaly bt duiing the pRp@AAIEOR5
chloride, stannic chlorjde pentahydrate; or germani um oxi de, gernmanium

t et r aet hox HfdnOreyus pifs bifer canBo Brefeadly duringceatiastion af slumiraaiituioerasee, | cad
chl orate aeﬂoﬁgbeorlrﬁtggagﬁrrpounds. The utilization of Goup I VA (I UPAC 14)
nmetal chl oride conpounds, such as stannic chloride, germaniumtetrachl oride
or | eads chl[@03a} e ilsis pathin the bavpk pf the pfesent @tvestionabatithe §atdly dticbp@stes mbye

I ncor poration .oféngoth t he nmet onent%land at | east., a m nar apount of the

| co .
preferred SePWHARdGHIA sihsHRe CW"gB‘E? ghedl. stdpymetolrapdifignsamaydecide h hydr ogen
chl ori de dud d . . ' i 4.an, st e scri bed
Wiehfih, COG1, RRRAChAY gﬂ[l%%ﬁ@?rﬂ%ﬂ?&?%&% i 1:35&19&

her ei nabove, a honpbgéneous | Spersion o net al
conponent itherafitGatakgitaliy effative dangms off subh mital mediiers 2Sed6&Bpdated into the

PCT/ US2004/ 04395 resent invention. In an alternative nethaqd,.organic

met al corrp8?fﬁ§§ts Eﬂ@rﬁ’ means W@?H‘ﬁﬁ’f pry to g?ﬂCB??%OgéﬂﬁuaPmn&F@ ﬁﬁﬁﬁ’i“ﬂl ori de
are ingor peseaEd bk QathlSts 68HHR n¥eibnt Giiehilth ﬁlgsecdﬁ?d?ﬁbﬁﬁg)gé?{boﬂ{ onédt€ 1 norganic
oxi dg bi nder, and nost preferably during peptization of al ur‘lr)1 na with

hydrogen ¢imnpisiggeitwer finarinecchiering, brémiir@as 1odinetoringxrdstthaveafhwitls cldpeineof t he
present inyention t he,catal yst, conposi tes nma tain additiqnal other
net al COméﬁgﬁpg?&gﬂﬁ%ﬁeyﬁ%@Hw,%e[r,épe ﬁag%?’ﬁi F@}%@n%%aqdﬁgsﬁlggen c%ﬁeéﬁ}?ql} Acobal t,
ni ckel , i ndisdeateddithioti®r c&hIfst.compaminm dysprosium thallium and m xtures

t hereof. Cat al ﬁt ically effective anounts of such netal nodifiers may be
i ncor por at é#P3Bht o Tihneatalyatcompesite ipyriedhat arteraprsatine@fifromm 10070 a¥20°€ foref f ect a

or asent® i oS kg o et bt bL nopsaiind o' BoliiRy RhfaR b

fluorine, @BOW inAA airkerBdEphere Br d peeibdl 6f HEm N, Kt 1 & folirb @AtEQhe mafatlit chl ori ne
being preferred. Preferably, however, the cat alglst cont ai ns -no added hal ogen

ot her t han cpRaeundsBresrt atecanygried syistratallyte sheyaxidedormdhdepirgd, the optional

halogen component may be adjusted by including a halogen or halogen-containing compound

in the air atmosphere.

20 [0034]  The resultant calcined composites optimally are subjected to a substantially water-
free reduction step to ensure a uniform and finely divided dispersion of the optional metallic

) components. The reduction optionally may be effected in the process equipment of the

present invention. Substantially pure and dry hydrogen (i.e., less than 20 vol. ppm H20)
preferably is used as the reducing agent in this step. The reducing agent contacts the catalyst

25  at conditions, including a temperature of from 200° to 650°C and for a period of from 0.5 to
10 hours, effective to reduce substantially all of the Group VIII metal component to the
metallic state. In some cases the resulting reduced catalyst composite may also be beneficially
subjected to presulfiding by a method known in the art such as with neat HyS at room
temperature to incorporate in the catalyst composite from 0.05 to 1.0 wt-% sulfur calculated

30  on anelemental basis.
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[ 00331 The catal yst conposite is dried at a tenperature of from 100 to 320C
for a 15 period of from2 to 24 or nore hours and, usually, calcined at a
tenperature of from400 to 650C in an air atnosphere for a period of from
0.1 to 10 hours until the netallic conpounds present are converted

subst ant i al kyo $09sddasse0xi de form [f desired, the optional-riahRdgihssomponent
may be adj usted by i1ncluding a hal ogen or hal ogen-containing conpound in

the air atnosphere. 20 100341 The resultant cal ci ned conposites optimally
are subjected to a substantially water- free reduction step to ensure a

uni formand finely divided dispersi R&I optional nmetallic ? conponents.
The reduction optionally may be effected in the process equi pnent of the
present invention. Substantially pure and dry hydrogen (i.e., less than 20
vol . ppm HA0}S] pr Ehefodibiving examples arprashreed edy @ illgstagetdrtalmnspedifis aspe@pof The
reduci ng agent contac the catal yst 25 at conditions, including a ,

t enper at ur eB?WP'i’W%{}%“’P@ r@sg@%ﬁﬁuqdd? 1‘5‘“5&? §cgpe pfthe F‘Wﬁ?‘éﬂ“@sts%fgfo‘i@mhour s,
effective i@ clafifl! Thers 4RShANR! poRbib ek vafaﬁsﬁh?aﬁhséb%fg}dih%{miﬁh fRARMIANt to
the nmetallic state. In sone cases the resulting reduced” catal yst conposite

may al so beecommigef withialthe/spirtudfjthedtresttion presul fi ding by a met hod known in the
art such as with neat H2S at room tenperature to incorporate in the

catal yst conposite fromO0.05 to 1.0 %(@%ur calculated 30 on an
el emental basis. -10 WO 2005/ 065380 4/ 043952 EXAMPLES [0035] The

foll owi ng exanples are presented only to illustrate certain specific aspects
of the inpeaé) onSaaplds shatdlghtywinppicing aeulitdsiasle prrparedidr coiparateslopplahthe
invention as set forth in the clains. There are many possi bl e ot her

vari at i onstesting. Fis8stcaaly § Advasarspasid tp renresentiaprigr art gatlyst for ysednapiosessofy t hi n

thespirit,; . i { Eﬁé@ L LA al ysts

com)fi Si nglsgjélgﬁtl{l%tﬁg%wvéwelb%?g%ar %ﬁb@}éng%@ntgg&é{@e pi ﬁ%fbfr%ﬁtg&n testing.

First, 1 ciindlflyst CaalyasArospmed M- sitiegulesianshosphatd prépadéd accaiimgyts thef or use

in a process of ) _isomerjzati ?ln of ethyl benzene ta g_lar?-xyl ene, Wi th m ni mal
&

benzene fofAetingg s U§ 4:30+72¢ and had cheracieristingas diselgsedp thestd4 Rateat- dielAWBos phat e

pr epar ed a&g%a‘éhiﬁﬁs dfUd 5‘,@98,6%%&5@&3)} Qs sttt duafith Dadedei@hact eri stics
as disclosed I1nthe '424 patent. Followng the teachings of US 5,898, 090,
cat al yst Aplatisic clopdsattagdiativuirhiesd] ofif.Aavtdh dn aeeleaentakbasis. The composite

comprised 60 wt-% SM-3 and 40 wt-% alumina, and then the catalyst was calcined and

15 reduced, with the product labeled as Catalyst A.
EXAMPLE Il

[0038]  Catalysts were prepared containing MTW-type zeolite prepared in accordance
with US 4,452,769, but achieving varying amounts of mordenite impurity. To a solution of
7 ) 0.4 grams sodium hydroxide in 9 grams distilled water was added 0.078 g aluminum

20 hydroxide hydrate and stirred until dissolved. A second solution of 1.96 grams of
methyltriethylammonium halide (MTEA-CI, note here the chloride form was used instead of
the bromide form) in 9 grams distilled water was prepared and stirred until dissolved. Then,
both solutions were stirred together until homogenized. Next, 3 grams of precipitated silica
was added, then stirred for 1 hour at room temperature and sealed in a Teflon-lined autoclave

25 for 8 days at 150 °C. Zeolite type MTW was recovered after cooling, filtering, and washing
with distilled water. After drying a product of 5
Nay0:1.25A103:508107:1000H0:10(MTEA-CI) with a BET 454 m?2/g, was obtained.
X-ray diffraction analysis indicated that the product was 100 wt-% MTW type zeolite.

- 11 -



platinic chloride at a platinumlevel of 0.4 w-%on an elenmental basis. The
conposite conprised 60 w-% SM 3 and 40 wt-% al um na, and then the catal yst
was cal cined and 15 reduced, with the product | abel ed as Catal yst A

EXAMPLE 1 | [‘,&2381 Cat al ysts were prepared contai ning MTWtype zeolite
prepared i nRUEFe with US 4, 452, 769, but achi evi nﬁ@'éﬁ%"%}"‘éﬂ%unts of
nordenite inpurity. To a solution of 0.4 grans sodi um hydroxide in 9 grans
distilled water was added 0.078 g al um num 20 hydroxi de hydrate and stirred

until dissolved. A second solution of 1.96 grams of nethyltriethylammnium
hal i de (MTEOQ38 | Adedermmeatalystfl 10 mi%rafdhe drpd 09 wak MIBzealise wasiconfpositdde

brom de fo h il qﬁﬂﬁ- ISkl %2 [ red,and..stirred until

di ssol ved. R"lﬁfeén, /f)%t ls&ﬂtﬁ?‘?ﬂo#ﬁ%eedrl\%tdg{dlcrr 5%%5%?%2}138?&1?1!&5 ifs) Bni zed.
Next, 3 gr arml-ithprpgracidnisingtasdlsioh ofehloreplatisidded, Updnanpldion edieor 1 hour at
roomtenperature and sealed in a Teflon-Iined autoclave-25 for 8 days at 150

C. Zeol it e "PEpenalimmtifcatal et 3 dued, axidized, sesyceds gnd sulfideditp wigld aertly@ishi ng
i th disti Lk WatEf wbf Lok yi tryafe
NnoG: 1 5o aTaBAnHE Ly 2B MO O e R oo coptyst s ebeled . o1 i neat

X-ray diffrcdayit®Bn anal ysis indicated that the product was 100 wt-% MIWtype
zeolite. -11 WD 2005/065380 PCTI US2004/ 043952 100391 To form catal yst B, 10
wt % of the dry 100 wt -% MIW zeol i tglar)g@‘sd?;%gﬁosi ted with 90 w% alumna to
form extruded shaped catal yst parti ) particles were then

met al -i npregnated using a solution of chloroplatinic acid. Upon conpl etion
of the inmpggagnat iCanlystshe abdBaveysévahateddsd «idilbeaXdnd iishRtbrizAtRAUE poa-x3 e
sulfided to yield a catalyst 5 containing 0.3 w-%platinumand 0.1 w-9%
sul ,bur . Thasipg apideielant Hewirsastor mepsessiiga nog-equitibeinm £ig aomaticalived ivingthd 00401
Cat dl yst s f.or .gt.hyl benzene isonerization to

par a-x?/(? engl%%ﬁaé’ﬁggx&%%@%ﬁ%n?mﬁﬁm}‘r"eact or processing a non-equilibrium
C8 aromatic feed having theTolkend ol | owi ng appmaxi nate conposition in w-%

Toluene 0.2 Cg Non-aromatics_8.3 Ethyl benzene 26.8
Cg Non-aromatics 8.3

Ethylbenzene 26.8
Para-xylene 09
15 Meta-xylene 424
Ortho-xylene 21.0
Co ™ Non-aromatics 0.4

[0041]  This feed was contacted with catalyst at a pressure of 620 kPa, a liquid hourly

space velocity of 3, and a hydrogen/hydrocarbon mole ratio of 4. Reactor temperature was
20  adjusted to effect a favorable conversion level. Conversion is expressed as the disappearance
) per pass of ethylbenzene, and Cg aromatic ring loss is primarily to benzene and toluene, with

smaller amounts of light gases being produced. Results were as follows:

Catalyst A B
Temperature °C 386 371
25 p-xylene/xylenes 225 223
EB conversion, wt-% 31 38
Benzene yield, wt-% 025 0.10
Cg Ring loss 25 25

[0042]  Accordingly, catalyst B showed better conversion of ethylbenzene while

30 minimizing the yield of undesired benzene as compared to catalyst A of the prior art. Note
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Par a- xyl ene 0.9 15 Meta-xylene 42.4 Otho-xylene 21.0 C9+ Non-aronmatics
0.4 100411 This feed was contacted with catal yst at a pressure of 620 kPa, a
liquid hourly space velocity of 3, and a hydrogen/ hydrocarbon nole ratio of

4. Reactor tpgRsdspRkdse Was 20 adjusted to effect a favo;ep&g%}?&;&\jgzsi on

| evel . Conversion 1's expressed as the di sappearance per pass
et hyl benzene, and Cg aromatic ring loss is primarily to benzene and tol uene,
with smaller anounts of |ight gases being produced. Results were as

Lo Lone! gy o e o A ST, 22,5 22°

EB conversion enzene yireld

2.5 [ 00421 pAdoor)di(@g haphtieatsdndsionativh bvfeet Yyel00e rwikioineptest@nmeatridithi hilenzene
while 30 m an’,zi %t he yjeld of undesired benzene as conpared to catal yst A
of the pri & d&fitculaigs;ie ancthes upihinerpaspmaticssempler usheoawlaigois sxpensiyg andife " Cg

oroduct 17 EECRIREER SRR AOKR, Plvortlle Fabdpor PO ATHEN s e B QRARGE S

material that has to be circulated to another unit in an aromatics conpl ex.
Such ci¥culation is expensive and a EX4MPhEdW¥nt of Cg ring loss is a
favorabl e feature of the catalyst of the present invention. 5 EXAMPLE |V

0043] Sim : it . b .zeol | d
ccor ti ng (081 Y S S0iorR bR oD R 8 e prieniEl Br DRSS
vari ati ons prdteduré biitlifigl #bode BERGAMpLY N HdWeverifie We b drialionOinkEifring i@ sgdeneous

effects anong the vessel s used, resulting batches were discovered to have
various amstitals asivellgs gther ingamagengous;effecis amengthe wessels psad; ieswfingbatchepe 10

o RS TR e SR LB R RN B
sanpl eso welimpaities wesdictarthintd debé @ imrdeand-gipy séddite by using x-ray diffraction methods.
To understand the effect of the impurity, various samples were obtained and made into

catalysts.
[0044]  Catalyst C was prepared with the same material as Catalyst B, 100 wt-% MTW.
Catalyst D was prepared with a zeolitic composite comprising 90 wt-% MTW and 10 wt-%
15 mordenite. Catalyst E was prepared with a zeolitic composite comprising 80 wt-% MTW and
20 wt-% mordenite. Finally, Catalyst F was prepared with a zeolitic composite comprising
50 wt-% MTW and 50 wt-% mordenite to illustrate a catalyst with substantial mordenite
impurity and thus is not considered a catalyst within the scope of the invention.
f0045]  Catalysts C through F were formed into extruded particles using 5 wt-% of the
20  zeolitic composite material above and 95 wt-% alumina binder. The particles were then
metal-impregnated using a solution of chloroplatinic acid. Upon completion of the
impregnation, the catalysts were dried, oxidized, reduced, and sulfided to yield catalysts
containing 0.3 wt-% platinum and 0.1 wt-% sulfur. The finished catalysts were labeled
respectively, catalysts C through F.

25 EXAMPLEV

[0046]  Catalysts C through F were evaluated for Cg aromatic ring loss using a pilot plant
flow reactor processing a non-equilibrium Cg aromatic feed having the following

approximate composition in wt-%:
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100441 Catal yst C was prepared with the sane material as Catal yst B, 100
wt;%M]'W Catal yst D was prepared with a zeolitic conposite conprising 90
-% MI'Wand 10 wt-0% 15 nordenite. Catalyst E was prepared with a zeolitic
corrp05| te CO%I Si n 80 wt-% MI'Wand 20 w-% nordenite. Finally, Catal yst F
was prepar edV QRO 65 eolitic conposite conprising 50 w POT/REMIHMEZO Wt -
nordenite to illustrate a catalyst with substantial nordenite inpurity and
thus is not considered a catalyst within the scope of the invention. [0045]
Catalysts C through F were formed into extruded particles using 5 w-% of
the 20 zeolitic conp®dBoparamatisi al aboVe and 95 wt-% al uni na binder. The
particles were then r egnat ed ing a solution of chloroplatinic
acid. Upon conpl eti onﬂgﬁj@%ﬁ?hgpl npr egnat ?J%n the catal ysts were dri ed,
oxi di zed, reduced, apdla-Ryleh¢ ded to vyi el dlcat alysts containing 0.3 w-
platinumand 0.1 w-% sulfur. The finished catal ysts were | abel ed
respectively, catal y@?@’@;‘ftfﬁrough F. 255EXAMPLE V [00461 Catal ysts C through
F were gvaluated forg ticring less using a pilot plant flow reactor
pr ocessfng a non- eqwﬁmﬁﬂfgﬁn?Cg aronmat i g§feed having the foll ow ng

appr oxi mat @M]’rpoﬁiht& feed Wwits aninta¥ted With a@a@@ﬂﬁ/a%é&&@ oP@Z0 WE2 Q0 RHY C8

Non-aromatics 7 Ibenzenedé m&gra xyl ene <1, Meta-xylene 52 5

O t ho- xy| edeacoiel P‘B A‘Pf]“ a1 ghydzegs groesg nyaelg gatig QfH‘ gcéfé?fdf:‘%‘ifa‘at”éﬂspressure
of 620 kPa»adﬂst!ed%&nhwiomssk%%@fféfc%%wQ:fth c%n@éfgé:g%% hydr ocar bon
nole ratio of 4. Reactor tenperature was of et ween o 375 Cto

ef fect a fé8dBhbl Resiltsyhdreavfoliews:onver si on IeveI [ 00481 Results were as
follows; to Catalyst CDEF p-xylenel er 3 22,3 22.3 22.3 (C8 Ring
loss. 2!% 3.3 3.6 5. LAY di ngly, cat alé sho d mifi num ri ng | oss, and

catalysts D thru F ijkusioahedsihat 223 23 23 23
Cg Ring loss 26 33 36 54
Accordingly, catalyst C showed minimum ring loss, and catalysts D thru F illustrated that
mol-% ring loss increased with mordenite impurity level. Such circulation is expensive and a
15 low amount of Cg ring loss is a favorable feature of the catalysts of the present invention,

which contain MTW-type zeolite substantially free of the mordenite impurity.
EXAMPLE VI

[0049]  Catalyst G was prepared to illustrate a bimetallic catalyst of the present invention.
Catalyst G was prepared with the same zeolitic material of Catalyst B, 100 wt-% MTW type
20 zeolite, and formed into extruded particles using 5 wt-% of the zeolitic material and 95 wt-%
alumina binder. The particles were then metal-impregnated using a first aqueous solution of
tin chloride in a cold rolling evaporative impregnation vessel for one hour and then steamed
to dryness. The tin-impregnated base was calcined at 550°C in air for two hours.
[0050]  Then a second aqueous platinum impregnation was conducted with chloroplatinic
25  acid and similarly cold rolled for one hour and steamed to dryness. The catalyst was then
oxidized and reduced to produce a finished catalyst containing 0.3 wt-% of platinum and

0.1 wt-% of tin, which was labeled as catalyst G.
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mol -%ring |l oss increased with nordenite inpurity level. Such circulation is
expensive and a 15 low anobunt of C8 ring loss is a favorable feature of the
catal ysts of the present invention, which contain MT\Wtype zeolite

subst anti al ()&kgﬁﬁg% the mordenite inmpurity. EXAVPLE V}I0848d0Sa%al yst G
was prepared to 1llustrate a binetallic catalyst of the present 1nvention.
Catal yst G was prepared with the sane zeolitic material of Catalyst B, 100
wt-% MIWtype 20 zeolite, and formed into extruded particles using 5 w-%
of the zeolitic material and 95 M-Mml?qlbi nder. The particles were then
met al -i npregnated using a first aqueous solution of tin chloride in a cold
rolling evaporative inpregnation vessel for one hour and then steaned to
dryness. TH®51] n- CapalyetrhaelG vascevahsated draiabdily At etbyBbdnzene isomerfzatforitao hour s.
_ [ 0050] Then second ueou | at | num i npregnati on, was conducted with

Shi or opl at PHARYISEE utipeR Bl PLRLT P cragtor BIoResPIBe A2Am B IBREN CRUFomRt Teeamed o
dryness. Thg,ifahabard a@?&nﬁ%r&om $ditfhir?R Exaifle TR AVGRA ThR FRIAFHGEnEced NI shed
catalyst containing 0.3 w-%of platinumand 0.1 w-%of tin, I ch was

| abel eds as withicathlysttat &pressute WOO2DER, 8 66 3B Gd G Y UGRCO Y04 BOFE .5 BXANPLE VI |

[ 00511 Catalysts, B .and, G were eva e% for stability i 1hyl.benzene

i someri zat ﬁ% ogeg/hyﬂlacgp%pg#emﬁgpﬁgqga P tB?pﬂ?fﬁFﬁwﬁsl%thégé%ﬁd BGENSi ng a
non-equi | i ak sBveed ta H&UIRE bberftied havi ng the same approxi mate conposition as
Exanple 111 above. This feed was contacted s with catal yst at a pressure of

690 kPa, alWé2ht Egswtsshowedsthaiatalyst Gdiad ya So#t-%. 18werdnitiahconversion of

hydr ogen/ hydr ocarbon, nol e rati.o of, 4. Reactor.te rature was set .at 385C
and conver SPERERAE M ichareRid 8 et B0 el BB 8 S5l Bher e AL wEE e
catal ys¢ Gohigtwa-thirdd thibdfealyst Bl DeadtivalionMes wisRteprhine@ blddanEaae oshen
conpared to catalyst B, but that catalyst G had a deactivation rate that was

t0 only twdeding phigthy!henzers congersiop sverpimenmden the test onditigneabigye. det er mi ned
based on t te ecline. of . e i r- i er the
Pest conai HUSAE" oahen bR o pal W RSHE SRS RIAF 1R e Piuds BFadDECC

at the sanmexaepngbing ONeeighted howty sparcaiidcitysthé gthalben2ekt gtivedioa@efbynanpaste
vel ocity, the ethyl benzene conversi gn perfornmance of catalyst G exceeded

the perf or fei¥e (Gexceeded theneriompnes of sidy# Siafler A0 bewra grstrepry Jhup seavsist ¢ 5
G showed t ad,, SUPEL! g@ﬁg&%%hitwn tdefs bPITReafl HEGHERGE FralRRS idng MrhAAue

provides long termyv
for the isomerization of ethylbenzene into xylenes and that increased yields are produced

when conversion is averaged over an extended time period. Moreover, it should be noted that
the catalyst performance in terms of Cg ring loss was equivalent between catalyst B and

catalyst G.
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for the isonerization of ethyl benzene into xylenes and that increased yields
are produced when conversion is averaged over an extended tine period.
Moreover, it should be noted that the catalyst performance in terns of Cg
ring | oss was equi val ent between catalyst B and catalyst G -15 CLAIMS: 1.
A process for the isonerization of a feed m xture of xylenes and

et hyl benzene conprising contacting the feed m xture in the presence of
hydrogen in an isonerization zone with a catalyst for stable isonerization
of ethyl benz&}g Mgto xylenes with mninum C8 ring |oss, said catalyst
conprising O %of a platinum group conponent cal culated on an

el enental basi s, 1 to -% of . a substantlally nordenite-free MTW type
zeolite conpbr*f’bﬁ‘i"c?ﬁé\f?h@e étsog}elrlfzé%@f’c‘iﬁaaﬁe@ﬁﬂnﬁﬁuﬁtﬂ f&yleags ndgthylbengens ess, " and a
i nor gani c- oxdomprisingcentacing hederd minture éw thermiresan¢enf hydragien imar isomepizitiohng a

t enper at ur e zont wWithaneaglgsttfor Sdide Spmaripateasifiethytifenzenerintd dytensdwithnmispinenes, a
| i qui d hour | @8 sipgatss, sdrl @iyt compfisiag0Q. b 2twat-%Qfarpldtiraind gfbup component

hydr ogen-t o- J&Ydi'lm&iﬂélbﬂﬂelﬁﬁbﬁtaf Bdsis0 1@d 96 9% Bf Hsubstantihily Aordehitt-Fre@ MIBWO an

| somer i zed H:Q)tht& dn%hnwh GhEL 1Rl AR rifo a@ydse&q stgg@ry, in the

Eﬁ?g g, ‘%}N‘%&%m@;@%ﬁ léo%feazat aéo;gplg Qo sggtaﬁ})a%@ﬁl% o
AL S %W‘?%‘ Codthe %}0@& 1q-Gucopas i ﬁg‘? B s? H

PiF) rafl RBASiL tin.
4. The proceles3pi tepbipipangseiperzed pradyst coisingsa §h¢rrn59@ @lsom qney ﬂwm %
sul fur. 5. Tindhefeedsustuss wigh a|(1~85ar_o;m@ticszrmmgsseiehtlmé) b \fredymixture op imase
conponent i sthpm ésenti®%in an anount of 2 wt-%to 20 w-% 6. The process of
claims 1 or 2 wherein the MIWtype zeolite conponent has a silica-to-

al umi na ratip 10k pAbtebLofain’1 fkiHer BEREEaSy 001 6 8B/ bt R GraupeA eIUPADE4)

i norgani c- 0 nds gD one or both of ‘alum na and
silica 8. Tﬁéeoq%ro@gessrcg&?@al nséliﬁgmma\?\ﬁerel n the MTWtype zeolite

component Coypfﬂesla?oscegg of i 2 \2N%ere1n it '8%591? f\h&e(lIUP&é 14) component is tin.

4, The process of claims 1 or 2 further comprising from 0.05 to 1.0 wt-% sulfur.

5. The process of claims 1 or 2 wherein the MTW-type zeolite component is present in
an amount of 2 wt-% to 20 wt-%.

6. The process of claims 1 or 2 wherein the MTW-type zeolite component has a silica-to-
alumina ratio of 20 to 40.

7. The process of claims 1 or 2 wherein the inorganic-oxide binder component comprises
one or both of alumina and silica

8. The process of claims 1 or 2 wherein the MTW-type zeolite component comprises at
most 20 wt-% mordenite.
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