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PROCESS AND CATALYST FOR C ALKYLAROWATI C | SOVERI ZATI ON
BACKGROUND OF THE | NVENTI ON [ 0001] The present

WO noosnsizem rel ates to catal ytic hydrocarbon coP@OBUS1008043952
and nore specifically to the use of a catalyst system
conprising MIWtype zeolite substantially free of
nordenite in a hydrocarbon conversion process, and

even nore specifi cROCESS ANRCATRYT ¢STI Soneri zati on
process to convert ethyl benzene into xylene with a

cat al yst t hadtORIGgf ALKNIDARQGMANIOI SPMIERIAATIEN ti n.
BACKGROUND OF THE | NVENTI ON [ 0002] The xyl enes,
par a- xyl ene, net a- xyI ene and ortho-xylene, are

appl§ cati on i n BRGHCSPUNTDRUEE IERIIN 7' Chon

oxi dation yields terephthalic acid that is used in the

[0000RNUf Rt pre@noinventiinelates té eathliytie hjdroedrboreeshvefsdn) &nd more
Met a- xyl ene is used in the manufacture of

specg'pcggy fthg ape of @g@alﬁ?@gstem@mppﬁ@gé\ﬂvgf-ype &eqlite substantially free of
n st ock
mor B HL 08 R0 2 4BV SRR Bt an romatis
isomleBEAI0N proceds toddnért S IHeBend BB klehY with mtaly@@tﬂﬁa preferably
demand proportions as chem cal internediates, and
contgigs plipumandtinse et hyl benzene, which is difficult to
separate or to convert. Para-xylene in particular is a

demand, but  amdiiER PRONNT S B REENOR, Ol O

aromati cs stream Adjustnent of isoner ratio to demand

[0002pN bEheedyl@et grrdyylemd)iich- Rflendy/drdngthoSS/@ie, 418 GRBEH It
such as adsorption for para-xylene recovery, with
intermedipggsithad findrwide asxi waripdapphendioniin Algmigal syniheses fara-prlene upon

ri.zati.on..conyv
ox1d9t?c§4 1§l§|s lke%%ﬂmlaarlﬁcm )%i{]ig?t S B?Gd i éh u#%&}lrg ooﬁé}'%thfth Xt 11§ fibers
and ie@@@ MBtat)@fPexﬂQﬁﬂeﬁdn XHel BAFAHRERF plabtidzdi, Xz U®es, wood preservers,
approachi ng equilibrium concentrations. [0004 Var i ous

ete. Qeberxylens isdaelsprckdexpthaliczanby dridsrpraducsionped to ef f ect

00058y BRI T Ry e PS5 55 Ao BB Sty ot mat
demEHOSBpSHtiBRs £ BRMidaPirReHicklabds! 4 RShE Reiprke 'etHy[beﬁEéiil%rwhlch is
to maxi m ze the para-xyl ene y| el d; however, asSsoci ated

diffiqult to separateios tacqvert Rara-gylehe m 1®gt1¢ui&ss dugjorchsinde! intermediate

eacti ons. ach to e i bri t hat used js
it g P P e R OLUBR LG B 2k & & BioebCp R arases stream.
Adjdﬁhﬂéht SPRYRIS HR0 t6 | 'dex%amd (Ya%rlié FHeORE b 2Q ‘B?rﬁﬁ‘g k}ﬂene-lsomer recovery,
equi librium and high utility cost
suchlag adssrptoyncioe paratey lape rcnwenyywmlesjm@raamratu ydeld an additional quantity
basis. of a

o 1B S B SR B0R) Sy ha e syen somer
that 3188 ihitke/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 isomerization
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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[ 0005] US 4,899,012 discloses an al kyl aromatic
i sonerization process based on a binetallic
w@entsa6idke t ype zeolitic catal yst systemthat abPGDUS2004/043952
produces benzene. US 4,962, 258 di scl oses a process for
l'iquid phase xyl ene isonerization over
gal liumcontaining, crystalline silicate nol ecul ar
recy@lead@Sofamcaivettod Of \westRatics OV ALy 8t thtises valeddPorz @0 bhie 8f a
ZSM5, ZSM 12 (MM'Wtype), and ZSM 21 as shown in US
faVOSa@SéalarX@ of privitpselepiixibrandsabity to borosilicate
li.fhed in 8,:420, .and to zeqglit
00887"  U8FRETT it G5 a7 Pforfi e 0O pRocf e £ o
blmkt@ﬂQEﬂenﬂﬁ15yﬂe%oﬁﬂ'é’>cadhl§§t| s9§t@1$1 tBdt al SPFBAUcERbérBnd URCEL62,258
using beta zeolite and exenplifies the use of
dlscgzﬁss @p@gQSScf@huqmd ohasewiylene ispaeogation Q¥ST 821508 @gmammg, crystalline
S an isonerization pro Ss. using c a
st oSG s Ao S e vt Bl PSR sl pRsRe S as g zsm 12
(MTWS9pOSARI ZSNIDY [0 Ehb &N GRUS! 3836, § 1 The 38 Hakat fe@é}s & borosilicate
aronatics that is modified by an | UPAC G oup |
work] asresemplifigb 7Y S ¢26814261 andfto zedlgemefithe targenpprgtyp@ such as faujasite
argnatlcs ordinarily are classified by the manner of
§S|ng et hyl benzene associated with the xyl ene
[OOOQOWEUS ‘5, w3aﬁ§@@é3§aﬂ1 BoRRHzARR frocess QIR % bé&&9edifle and
xyl enes, "buf it normally is converted in
exenplfiesrthe asd Q:frgasﬂpihasebmoéutuses wﬁb aydutogcm s 5),898 b@O distlessssan

. by. superfractionatio nis ver ensive.

somp AT BroG e QS BRSPS ALIES Ss RAPRY PR Bt HENEEte

US tsaef Q05UREIOBS mbi&éni@@%ﬁpﬁ fmg&ﬁeﬂlz%%ﬁ réfoﬁgm%yhsﬂﬁ%nodlﬁed
to a nearequilibriumm xture. ternative approac

by amsIUﬂ’fAGmelp lilhdemerdty | benzene to form a xyl ene m xt ure

002 SRS R PR e

of pg%g{sg%%%%?er{éea@%@fa &f\pﬂ{ fhg QKleH‘ﬂf‘stngl@ ELEE)GE&BQ?J not easily

commonly results In er et hy enzen

1sonmi)izv@tosmba’ms tbiug nbﬂﬂﬂlylmwdvbﬁedlua]ﬂ‘d isdnierddatioR Qi€ becatie separation
e paraxyl ene recovery unjt and, concomitant

frorrp SH BT TOSHIRCUNGHOR PreadSREPHER isHSPT FRERSI W Hatiidely used approach
is to"&élﬂ% Bite)etiBEbnD¥ne/ 10 rfgﬁrpd&ﬁ%’d gﬁéﬁ?ﬁ@ﬁhﬁé EX&QSEEES Qftehis to a near-

cata yst onposite an ance

equilibrivamsiktife. Aacaiteetiarige h}ﬁprbehth id @tréex theRMHylea eneito form a xylene
achi eve ethylbenzene I sonerization to xylenes with
mixRgHa CORYEETY Orand freonyerapn Eem naphthenasdn nrwpmnf geatidacid

e PSRRI SRR 55 Ao o soromont

results ireighed BthiybbehZuus cbivepsich (IR IGvdH n%&%@uailﬁfy dffi€ycle to the para-
I sonmerizatjon of alkylaronatlc hydr ocar bons. Mre

xylegp eeepyqry: ypit gnd Qmomrt@é@gyewngmétsmé Maﬁtqwepma@nenhsnces Xylene

r e | S t on for
e o AR By Gl i
convesiODARbRIing B 1Y Rlendpplodéh, 9., Q&ﬁév@%ﬂnyl‘ﬁéh@é’iﬁ idonRAton 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

isomerization of alkylaromatic hydrocarbons. More specifically, the process of the present

-2-
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[0009] The present invention is based on the discovery
that a catal yst system conprising platinumand tin on
wa2@sbessnti al |y nordenite-free MIWtype zeol i PET/vS10b4/@43952
bi nder denonstrates inproved conversion and
selectivity in Cg aromatics isomerization, while
m ni m zi ng undesired benzene formation. [0010]
inve¥dis dir@&kd/to ﬁc{md Ph&S e¥mdr X foP T |a$orﬂhticel?}1<§6’ca}% ofer a
a process f he i sonerization of alky aromati cs
MTWenps miltwgca@éyﬂt amondngtoaob@gn anpuosed gisldsiof Idesxgedmime bsmners

tream co risi.n | benzene a es than t
10003 &= et R eoRdr Bass Mt hpon e Ihsh 8 Syt oy e frising
platlﬁ@rﬂ lahd 8n3R% AbRhRLAIPYRSEEQRPEE 19N W%ty oﬁte@f/l@ﬂl@bfn}f@t
el ement (1 UPAC 14) of the Periodi abl e [ See Cotton
demerrstratdé irkprosedconAdisameand sbh:otl'ga/mmchptremasw igomdidation, while

on Fi Edi.tion, 1988)], which is
n“mﬁVQF%P%%¥ $P%me gp@@%ﬂ?y t he catalyst conpri ses
[0016} bStf?d&chﬁ&'lél%‘ HP Pfé@éuttn?v&ﬂ@@lswl\éétéﬁ %Mrs 2 pqac%E&fo?%ey
[tcato alumna ratio | ess than
1som|esmmen|of aﬂqytnnomaxnrdlcbnmnsmgcaonﬂatm% Gg pmmmhmt rlhhhydhgcarbon feed

ncr eased x e content relative to that of the
Streaime%%ﬁr%&g et RETSSEH Y R bR ATANERrf Klenes with catalyst

havul-lé)lgllfj\i/ z&lﬂ? faﬁ&%la%hﬁl éreﬁﬁ BEmRhCMRL Giou ng%%&e{)fu%@ﬁt @FPAC 14) of

ocess O I S I nvent nprise 1SsoO rza
the Pahbg!ilc AlabledSee Chitok mnmmnsom,fAd\raac@Hmergahmf@mmlstay, John Wiley &

Sons (1185 Bihiom 1998 dompichat PO fin BiefereBbie APhohcemRces
subs%ﬁﬁ%@ggnigﬁt%frﬁgm O@g&ggﬁgﬁ@ﬁe@ﬁf; wuﬁ%il c@% Slun}ma chg less than

45, awisbhratltatﬁm donhditioh$1@ dbtdin iapy&duict huwngﬁnbfé@s@ﬂ}élyﬁid’iﬁs content relative
| ene, para-xyl ene, ethyl benzene, ethyltoluenes,
to th@trqf-t BJateknzenes, ~ di - et hyl benzenes,
tri-ethyl-benzenes, nethyl propyl benzenes,

et hyl propyl DR ﬁqq hefz
m xtures t hgrﬁgré?pg?(%%? p{a)g?(lm(::ul ar Ny?%}rqé—[?(ggr ed
application of the catal yst system of the present

[0011 v erithedeedstockhe the arveratizaisbmerizdtioa prgcess ofthisiiivention comprise

m_ xt ure cont ai ni n% et hyl benzene and, xyl enes. Generally
isomerigablg glkylagomgticihy avérbaﬁs ok the gm&léﬁ@i@eﬁ?ﬁm-nﬁn,m‘e@ nisan

1nteg§[gfr}%n Mo Sa%d%g]@Hsy%fﬁg,o 3?—2%, ggt\ﬁ?@%q‘an S SmbMatich aﬁ% hnecludlng

ene conten a para-Xx

all tlﬁdfﬁmt thefeod. SuitaBlR atkyl&omatie hadrocab®itihel0es] f&i@xample but without
aromatics are a non-equilibriummxture, i.e at

so limgingithe inuertipns prherky lene.dpstenxylese, maéas)@d@nq, ﬁthalbenzene
ethylg&ﬂﬁl%g,tth%étﬁglbgﬁ%h sdldI Etﬂg%e{?}épxgst %mejt ? zfelrlé)sm the

bri um oncen séner 'on conditions.

methSJi:‘piqb)Ilb’eﬂsz&sﬂélﬁyl@ﬁﬂﬁylbehﬁdnlémdﬁs&btﬂp?lbeﬁﬂfn@@ Ah@ thikdares thereof.
renoval of para-, ortho- and/or neta-xylene froma

(0012} esid p@ﬁalﬂléﬂﬁpreéerrﬁd)@mh@at@m@ threecatalyss gysiem of the present invention

is the 1s8r?1@§1za%on orfg%ycgrlor%gt Ottt containing ethylbenzene and xylenes. Generally

the mixture will have an ethylbenzene content of 1to 50 wt-%, an ortho-xylene content of
0 to 35 wt-%, a meta-xylene content of '20 to 95 wt-% and a para-xylene content of 0 to
30 wt-%. The aforementioned Cg aromatics are a non-equilibrium mixture, i.c., at least one
Cg aromatic isomer is present in a concentration that differs substantially from the

equilibrium concentration at isomerization conditions. Usually the non-equilibrium mixture is

-3-



10

15

20

25

30

[0013] The al kyl aromati c hydrocarbons may be utilized
in the present invention as found in appropriate
wo easheB8s from various refinery petrol eum st rBeEES2004/043952
e.g., as individual conmponents or as certain
boi I i ng-range fractions obtained by the selective
fractionation and distillation of catalytically
1 \Y ) e tho .
Prep B D T B R R en RSB G Mot e
obtaiped fressancfromnhticsppredectionipnaeesd. i on al | ows t he
isonerization of al kylaromatic-containing streans such
[0013)s ¢ dhgjalkevlaromatie Aydipearprsyngy betilsd in dgipsesgnidavention as found
. i . t.i eci fied xylens. .
i ar LGPl BB R A DB e B B
compunen®lor as cdremtibéiting-hange fRsttds dhtHaablsy i ¥eletriMeatkdttionation and
. .nonaraonati c h){dr ocarbons, i.e., naphthenes and.
distilagionrof catalyticallsasraghed s refapnedhysioosarbans. Gonseairatinnyofithe
isom'eﬁ?ﬁﬁe{ érgl%lajﬂ? h?é’r%:ﬁ&%gg Bétl&l%pghés %ro%?s% P rleéle P {nvention allows
aromati1 cs, to’ ensure pure pradducts Pom GOWRS LT eam

the i$0RE@NatiOh Gff DeEaDaRticNOARONET streamSGue ARtdlRse fefethatendith or
is rich in undesired ethyl benzene can be supplied such

witheyi subseguend araseatics gyiaaction 1@ prodysespecifiod xplene isomsrs ang particularly

ds .l rder to further . concentrate desired. .
o R RARCRLIL. & CF by Sl Rl RERREP B G B ngpgromani
hydre¢a@56R} i.d. Maphihie sy, andparifRd, & AMBhbnt b d6 BN Pig&Ebly the
~ mxture, preferably in adm xture with hydrogen, is
isomenzablechysiocarhans gopsisteisseatiallf of remetigsetornseieraie products from
described in an al ky} aromati ¢ hydrocarb D .
dov iR SPPAPPONOSRE: MO At ¢ riy Mg trc o6 Hhiat isaih g opgesined
ethylbbizef@ta BeSdupbRedsich A 1R be XshRed 2o RPEAS D RAEr non-Cg
system a fluidized-bed system or in a batch-type

comppedain ader thduhes\wondentrhte dgsiragletylayke saedies.t i on | oss of

o0 B ERAE B Bl T L B et
feed %Mg%gé;}sre@exﬁmgﬂiﬁ A& Nthre vilAsy dedin! ﬁ%oﬁﬁ@t@ﬂ itk é*{a@algsrt ®f the type

pr ed by suitable heati'ng neans to the desire
hereinefiertdeseribtied mpen alkylaeomatit tyldervapmassundriTatiommone. Contacting may be

i sonerization zone.cqntaining a fixe ed of catalyst.
effeciqiens %Fj%tﬁls(ﬁt lf&queﬁ%?g S8 @P%ﬁ)@%@ﬁ%@ Buidized-ted
syste{hﬁ g)? P4 §at¥‘1‘1-wbe§g)bl_taﬁgh.elnw St thBek t()‘f"tgt%ri‘ticsrplo?{‘oc‘futﬁg valuable

the desir i sonerization tenmperature IS
catalpstiand af thedimaplet bygerativin énc prefevredac bsezofiged-Gdibsyseac fatiissystem,

be contacted with the catalyst. bed in either
a hyqipderich SRR B fged miturepge BY hedleshby sfolsrheating mepps to the
desirk§ AGEASH én@??’aﬂﬁr@ ahdl thelPabdedtied af Esgztgeriz idH 2 containing a fixed

[T quid-vap phase, or “a vapor p en contacte
bed ofi catalytshd heabaversibn zpMOrhay bd bge @l diytleat parateir€actaze tith suitable

m xture, preferably a non-equilibriummxture of Cg .
meangtherabgtwEcn fosensiiadhat thedairechispmerizadiondemperatughis maintained at the

s .48 e 4O PHIYA AR PATELIRA! A s v
dowivearg, 0g rddidsfl o faghioBand theé rearafts n&fythe 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
aromatics, is contacted with the isomerization catalyst at suitable 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-
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preferably in the range of from 300 to 500 C. The
pressure generally is from1l to 100at nospheres
wabmohetsey preferably | ess than 50 at nospher eSPCT/US2004/043952
Sufficient catalyst is contained in the isonerization
zone to provide a liquid hourly space velocity with
respect to the hydrocarbon feed m xture of fromO0.1 to
atmo%@he}i‘es abs@lQek, Bfe@ér%l@b&s‘é thnS50 mlddphefds. SoedinA rc%@rspﬁ Rontained in
mi Xt ur e opt i IS reacted In adm xture Wt
the lfhyrmragmn zanego nym@fgeeﬁqmgi deedasizon velotiey withirespeét to .t}ﬁ: 1

t_1di |

hydrp b MGl R b dr BT il B0 pr dsThe

hydrb&%&ﬂ feddmiXtBRCIIHAMLIG O A6EE iY hdinikhfe WBENRA T at 2
descri bed herei nabové, of isonerizing xylenes while

hydrom&mdn@am;m@e matenef 0.6:1f tor 2A: & ox woen ©thénihert dilweings such as
oS onver Si oa g @g{i el?onver on from napht henes. The
AHogete FEEOgAn ViBBHRErpearbans may Re Resethys i s enhanced by
[0016PT MG rédé'tlgﬂ ?)ﬁ)ctsé&mlg %H%%&ﬁ%?ﬁedesy?ﬁed R38inHovE%f i 1f0merlzmg

aromatics through the reaction thus is low typical
xylenes sehiketreartifig wthylboepeenepa fornod xlens miettiecsa casnvtemorf madd

ol Bl P eLerably o o e 3 B T g,
|
formﬁ%r%{ljééitég %ﬁ&ﬁﬁﬁ%ﬁ T9Gsstdt Cﬁeﬁ%%cs‘%ﬂro‘ugg 'ﬁfe;]ﬂgﬁﬁn thus is

pro fromt uent of e reactors
low:itypoeatlyilesatthamn 4 2aré pespasebf Gganeniatios ibthededd toahd reactot, peeferably

no A 1 PR e Pla R B S f OV e Sohere
/
mMZ{/pr gg% g{aﬁlcﬁlfa‘?g He?r[kaén‘ﬁﬂo%?i 1o FETOVEr 18(1?'}{8 dﬁ%ﬁp?é%d{}@%%% the

S to obtain the 1sonerize

efflubiytpif debure b ods R thedigorAe PR WoES]s ucdeeded to be critical to the instant
. dimeth I et hyl benzene. I n sone i nstances, certain
invenfjogg cH¥e geﬁgyprﬁgcl'@meﬂ@ow| in the ast may be used. Typically, the

R e N T

isomptigedpebdiict. Gleavs G pfodaéts ﬁmud@fAl(égcomp@ﬁﬁas ighusual ly is
processed to selectively recover the para- xglene

dlmqﬂyéfﬁb\‘lbergsm dn 8P ing{aneesy serigin p@éwtcsnemsew £ 9who xylene or
dlmeﬂﬁﬁ’ Bén né glt grb%frgcro%g g o'n}n i e 3 11z {l)gro (j_t by selective

OSI S accorail ng

fractioﬁ@tﬁcmlm@fcﬁiuaﬂﬂoxﬂhicﬁﬁdiﬁbhé/@& @ mmtlk@es@rlsaﬁﬁsxﬁ@&sed to
adsorption recovery process are described in

selecgyely seq@yer, theigar3: m@lemspxnerwtm@@ygbﬁ o9 stallgation.$¢]e@tige adsorption

is pr?L,as 81%%&%7?% PS 1%8521@%4}1{85?%@@&%38 Egn? tzg)ﬁ 4?ﬁ eIemproveyments and
altenﬁ‘efﬂvé@ Withinghe bf&erﬂfd@ﬁi@&btlbﬁ‘ YRBVdro Prdo‘éssaetre beRsbePREUYE\G6,020,
pe zeolitic nol ecul ar sieve, so characterized as

Us 3 9@\/\1!051 USda0325399, US4, E404de HiSredB i 41 %t dnd 414821832, incorporated
h |rl1)venf%| on to include nmol ecular sieves with a silica to
AT YE %t i 0 | ess than 45, preferably from 20 to 40.

[0018] ef @[rf’é%kéhtlat BSmpISht ¥RBe /A LT thSpratts IrRBAHGH Js%t least one

nordenite-free,
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,
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-
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which is herein defined to mean a MI'W conponent
containing less than 20 w-% nordenite inpurity,
weemseeakl y | ess than 10 wt-% and nost pref eredit/ySioese13952
than 5 wt-% nordenite which is about at the | ower
| evel of detect- ability using nost characterization
nmet hodsknown to those skilled in the art such as x-ray
knowhh fdf thage skalledGh Yisd 3t hiRERaRMy dﬁﬂ@étl&l%sﬁaln%\‘%hy Applicants have
surprisingly discovered that a uni que and
Surpmlogie disgoudredvibal 8 yplauq exed nove! propedy of MIBH-typrezesiite appears when
na rati.o, i s and that the avoi dance of
the s}fta %o BB FiiS toenssh Ao Bt HE SV oiiate 4f i &nep@aant mordenite
phas€ @RELr bW Rich @8xitisnd r@sﬁtSQﬁh%hﬁ;‘t%t CRIRAREE WahWxkb&lent propertles for
excel l ent properties for |low aromatic ring | oss whe
low aromatie ting dpose theh lsenvariieg ¢tbylbenzanx yd pame xylede nnder miimmmm benzene
d;)enzene condi ti ons. [0019] The preparation of MIWtype
con éodll ites by crystallizing a m xture conprising an
0019 UM £fn o’fmw SO tELOPAYsthBIR] aatﬁmm@%&
[ u1 ses rretpz%ﬁdég wel | knom%Fn the art: SUS 3g832 449 rlsmgan
alumpizar soumgl asllhya sescy artgsmalativg dgdny psaesmhodsewll;kmrgvn in the art.

t etr aal kyl ammon at i,ons 4,452, 769 and US
Us 3,508 e BE Al hatritee 8k AL ritBn AR Ut bl ey lammonium
il P58 0 00 sy P RS OB B g
hlghb(ssﬂa:ebemMTaV eypeozephmd USes,6 318X dses:a}\tlﬁmmﬂﬁxmﬁéﬂlplenetmme

e zeolite wthout MFI inpurities. Prefera
catofagf SSRRAE DD RI Y hea- s HUmAR 18 AT Woly P eepdikuiheut MFT
o chstohR0RE oI, A MRt Eal LS kP sPLBLGT Rt

[00206]t aITyﬁMFW-typelzesltte Thereferabpp composited withal biherifor ¢dt@enient
catalyst is 1 to 90 wt-%, preferably 2 to 20 w-%
formafien ?fi%ﬂlm BrrtislereFha praportien af zephie J@tth@ﬁatelaﬁw@ Aet90 wt-%

I e d 1
e S e O e R e SPARE e 5
hereiinrbemgrthe biadeodomponbnta refractory inorgani c oxide

bi nder. The bi nder shoul d be a orous adsorptive
[002%], ppoﬁr&mﬁmﬂnﬁ@ previushyathe zeplitg vil usellydessed in ¢Q3nblmthnSW1th a

thin t Qpe the prese
et B ARG AEUHES, T U e AR5 e PR port mins
surfdo€ rea Wf 125118 esbon M2/gy B ORIt LIABNEE Siitth t%@fs@d;ié%ﬁhesl%ibnt
as: (1) refractory inorganic oxides such as al um na,

inventjongninder materiadnivhich @ny@m@tlomllyd)egxumlezedmQm@s)cabon conversion
L ca-al um.na,

catalifl? Sieas A0 el el B S 1 0F PN grconia,chronia,

zinc BRigs AR ndSia athélﬁ& NRyrialliea-al(iilnaC ﬁll@dﬂrﬁ nesP 'E:Hl%lnﬁh Rlumina,
bauxite: (3) silica or silica gel, silicon carbide

alunmtaaly@aaﬁhcg-mmm @hortplnonuealwgmrmge(@ymakmts, paicb})am bauxite;
at ur

I Cc

® sBiseBE Pl 8 ld%f%% Slﬁ?%tsspwb‘p% Hosgpynintically
prepAt@hRNRASAHS o@éfrﬁﬂ WiiEH Ry ay 3 %r Fﬁ%& 0Bt b& R4 trBated, for example,

ki esel guhr,” etc. % crys ['inhe
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
or in a form which has been exchanged with metal cations, (5) spinels such as MgAlyOy4,

FeAlpO4, ZnAlpOy, CaAlp04, and other like compounds having the formula MO AlyO3
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zeolitic alumnosilicates, either naturally occurring

or synthetically prepared such as FAU, MEL, M-I, MOR,
WO 6BRAC Conmm ssi on on Zeol i te Nomencl at ur eRCT/US2004/043952

hydrogen formor in a formwhich has been exchanged

with nmetal cations, (5) spinels such as MJA O FeAl 2¢

4, Z11Al 204, CaA O and ot her |i ke conpounds having the
whefeVITuh thelPh&Vi3 ngé%ﬁih@e M 2;%nad (@)Edo%lblﬁh%\bha Bf MalRhRThSn Bhe or

2; and (6) co nations of materials fromone or nore
mor‘i)@fﬂih@@m@soups [0022] A preferred refractory

resent. i nventijon |

[0022[]or g gre dl[rgﬁﬁctétgrgl lﬁfsﬁegﬁglcr?%{hcgligﬁvsg 1glt}ée RIpsent 1nvent10n is alumina.

Su1tzﬂﬂé’§lhﬁhﬁd RteAhld mem cKRANheAFurhiiEs ﬁﬁumas the‘gammaark@a and theta-
t het aal umna w th garrma- or eta-alum na gIV|ng

alunfies Mlﬂ@mrn:s or[eG0aBining ghiag ¢hd oast tekdtscat al yst

[ n exirudate.. The well-kn usi on
10023 o Shae P s FSH BBt e Mo e extrusion
metlRdgNiGaly hﬂ/o%ts 'rrﬁﬁ‘ﬁ\%lo\f tﬁer}ﬁolkéblﬂglesrlev%ﬂgit Oﬁtwntﬁﬂp b bi li]nder and a

pepti zing agent to form a honpbgeneous
suitablegieptinag iagent ttdréorooa hanogemeostdough onﬂmdcrpastedlaaidgahe tarect
t he formatlg tj @)étrudates with acceptable integrity
moigiye fPRIRRY A A0 Wi Pete fermation of Fed arfywﬁb%wtﬁl? Iy tgrity to
|
w1th§’tﬁﬁc?glo ucg @;&icﬁlﬁf?ﬁﬂ ?}rtrxgl??%lﬁ el§ ggt%{ntélﬁ?d f}g t%&li lg@grbtf%pet m8{sture
contént@fiti20iough 50ithvh nsidieicrgneneinahe aege EflﬁoﬁiOBl@’tb 56 vitit@being

ext rude rough a di ierced with nultiple hal es and
prefarped- Eb%gwb if thepgyend degtéPrasghpaic Bictad Wit Mipie holes and the
|
e RSP B LSRR A O 0 o
in thpag A bindtitude of diffengnt ekttidatothapés ik peﬂ;ﬂile,,maudimg dlﬁ.ft S0t hmlted to,

cl overl eaf, dunbbell and sgrmet rical and asymmetri cal
cylindersyflguericas dupbbel and symmptrisalandiseymmsiicabpolylgbates. It is also

with rmﬁg g&{gg 3¢ gﬂ? nv%Ht?o l)ﬁ%{ tﬂg‘& da%%gglgbeff{drth resrhaﬁ Qﬁ%ed},‘ d@sired

as S eres mar uner

foer Euo?hrhyé splidiey, bymﬁmkﬁﬂw@n loR aﬂi}h@tha{r thear{s QAS%h ifvthe art.
alternative shaEe of the conposite is a sphere

[002dbnt i Audltesnativieshemeardithe @cunmsn@ ffea spbete-donBmrous!y melmufpctured by

e B0 ST BRBRAASE bRl 2L o R o BERSAY Iones
dropBinig M A tie bf mRANuBe klel & Q1 AGIRR boll AMdgedtin ééenpﬁ‘ﬁ@an oil bath
mai ntai ned at el evated temperatures. Altefnatively,

mainjained at@iﬁvetedaergpctramaesh&ﬁcmg@%lwlaben of a sidice liy drosoignay be

th ils th | t hj
e e S R S AR P oo
gellifig é%éﬁ'i itdke &%&ﬁre@nﬁﬁﬁ‘éxﬁdﬁ&rsﬁﬁ@th& e&dulthAonfHRRHAl ASre into an oil

ure into an oil bath or tower which has been
bath nem\m vithichehas \baee beatahtoelavated dsmparatnrastsach that gdlatom occurs with

the 5553t 1oR o bt 05k il o 8 jnE Bekrs Wl ) B basda dhig process e
hexaﬁ%ﬁ@r@fehé’tﬁ%ﬁﬁne %éaatﬁ"ﬂm&ﬁxres‘%%op thg‘gfélthﬁé 8Redt RI&RE ammonia at

he“gel 'l ng agents rel ease anmoni a
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

characteristics.
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the el evated tenperatures which sets or converts the

hydr osol spheres into hydrogel spheres. The spheres
W@ e@sn6ms0 cont i nuously wit hdrawn fromthe oil Bex/bSand043952

typically subjected to specific aging treatnments in

oi | and an ammoni acal solution to further inprove

their physical characteristics.[0025] Preferably the
(0025F S Ut RELHOMR OGNy Rhipob RN BRY SRR ofh rddarively low

relatively 'l ow tenperature of 50- 200 C and subj ect
tempepatere ©f| - 2HH°C and puljedelitom calcimatiomrpecedtier & aaémp&ature of 450-

OC fo of 1 to 20 hours. [0026] Catalysts

7000 e 7 0o

%86 conpri se a plati numgroup netal,
[0025PC| Uit N19stOBLtHE rln\VEBﬁSn Blso leﬁbh lafidlh %%%etﬁp %lﬁﬁﬂlg one or
ruthenium osmum and iridium The prefe
morgdigilatumm, pabadiume theldiuns, rpthatiumy osmiling apd atidiomnThe pm:|ﬁerred

Pl 5T U AL AW 148 PLEHRIOUR TESAl B PR Mg exist within he

I n

B U A e 5 SR Tl .

as art dlememtblahgtsl ordorpmbirtadon ithi ohie loe ioey etlet ilngtedidmm dfahé catalyst
when substantial |y al

COméﬂ?%g : i eh%fj‘ﬁ?é&tg? EB ApYHe At dbingdevhan Sa‘b?té@&?é]é(cﬁll the platinum-
groug tn?ert@ co;[qlﬂbﬁerﬁ QRRANA A redR¥d pt@tep*i"?ﬁ Wﬁfn hﬁ]entt Ry e Hsent in the final
at al y'st R TS

nposite 1 n any
catalgzatcahgpbklthallnlayiy afrfoant wiieh 1st ctwljbﬂlcatlliy I&ﬂﬁttgfet?ﬂfé Iﬂﬁtrﬁlhn-group metal
generally will conprise -% of the final

geneaaélth}lsqompéw &u@ lafoed Wirro Qﬁ ﬂ@| ft!}?b?ﬁt%ib’Stb%?é‘F@ate@@ an elemental basis.
Excé’llgﬁtlye%}ﬁ ?ﬁ?lﬁl@# DRy M%[Jégii}f q’}‘?lglﬂg )65(§5 t%OPW% o 3f gl‘agfnérfl

I num I num group

[002Cp np AR platimyn-R@up REddl ROMPbAEH hﬂﬁy%etlﬁ&)rﬁﬁhﬁﬂyﬁtb the catalyst
conposite in any suitable manner. One net hod of
COMPQSHP Ht Wgswtﬁblempy Qneimstbod elprepnsingithe ¢ataly stanvadvesghe

r osahle co
it bE 8 Rt o R SRR SRRRRY ooy mioge meta o
1mpr§%ﬁ(@ﬂ1@ |c§]l@ﬁfed @féﬂ%ﬁid&ﬁcon%dsﬁé N&lkdri£lvWly, @ platinum-group metal
ati num group netal conpound rmay be added at t% ?

commundmdm addn@ atthe tlme@f@omnmngme séavd cbinpdeent and bmder

ComgRaFy g BSPRHatr A BrE PoHEPIoRSCR PRI Sire Folutions, co-

extride@ wathQl& sielartd MG, ordddadl B dthly kﬁvﬂ?fneﬁﬁ@%cf%% RA%oplatinic
i nclude chloroplatinic acid,” chloropalladic acid,

acid zirtesepaliadicracisk enptrmmnmt:blormvdajmm biomiptatiagd abid, platiniumm
e B R BSORGE EARSERS b e

platlfh@ leRLokidE; dlgl'tlﬂﬂfaﬁﬁ%]ﬁmrﬂﬂp|s§@1hﬂH@%rarﬁ99ﬂr{lleﬁate gl) palladium chloride,
tetranitroplatinate (I1) al 'adi um

pallagaint nidiatenpaliadian sylfgeal duadmapallsadiu&m(lb) hydraxide) épaaniachalladium (I1)

1) droxi de, tetram nepalladium (l11) chloride, and
ChloéﬁsFeaP%@ like0028] A Group I VA (1 UPAC 14) retal

[0028P ”pg{‘@%uﬂ 1V ANRIPE 1853681 Ldthpdnf i§9hGREr Rentilfingredient 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., or as a
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-
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catal yst of the present invention. O the Goup |IVA
(I UPAC 14) netals, germaniumand tin are preferred and

wa 2ovses3especi al |y preferred. This conponent nBYT/D82004/043952
present as an elenental netal, as a chem cal conpound
such as the oxide, sulfide, halide, oxychloride, etc.,
or as a physical or chem cal conbination with the

(URQT @m)smstar Edr@poneBt &tinddllyan diiezedah a%m%aﬂmm&ﬁ t@ﬁeshﬂ@n a final
catalyst. Preferably, a substantial portion of

catalgstongptaining OHURRCS P4y% metall calsulatedson an clhmemahb@hie dv1th best results

cat.a 'dg'on tate above that of the
obtafF At el dh. 0218 % §6h | VAT UPAC 14) notal
[0029]3”’[30@ ERbupP DA '(‘IUPAIC 119) Hetal b@xﬁﬁoﬂeﬁt RRn&BMSential ingredient of the
sufficient to result in a final catalyst contali mr%

catalgstof theoprgsent irentieralOf theaGmupaWé\d(IUﬁAéhl@hmtds,t @lrmamum and tin

e B PSP G D S gl SHE S 0L
metd} %@B@ﬂﬁcal &rﬁ&glnﬁ%ﬁcl?mebkﬁle éu@ﬂ{eeﬁél?&t gchw}ﬁie etc., or as a
catal yst of the present invention. Of VAT

physidaUpr¢heindal weinbination evitheing pmoasmiirmrnnaexeal pndfoe thedcanponents of

S i al l err.ed. |
At S e
the f#Had %§tafy|§?m°d¥1' d;(‘?datl%H |s{a'tedaﬁ70v9ﬁ1 ngﬁhe QAL l?é Group IVA

or as a physical or chem cal |nat|onW|t
(IUPA«® d)m)sncia}r crqnmonamthntmraillyamdﬁlmed Gh hmamommtpsuffmérﬁ t@feshllnm a final

Pr efer nt port| on of th
cata‘&;stcfaay ainjig (rOpRC 45 mﬁ% e o SRenRpaseh best results

| b tate above that of the
obtafiRU R ¥Rbpl & #3167 ﬁ”é?‘%t&% 'VA (IUPAC 14) netal

[0030])n’pd’i’her(ﬁroupﬂVllKE(lIUPA(Slﬂtmdtal zefhpbiien@mag i undorporated in the catalyst
sufficient to result in a final catalyst containing
in any spitable manper toaphieys a hormpaaneayseissrsie sutheafeit egprecipitation with

ve 85ty DR SRR LR b el o

carrieOmpRigint anPytafein the preparativ Orieméthed 6RIndbdEating ti@roup IVA
sui tabl e manner to achieve a honbgeneous di spersion,

(IUPfe i )ermetpl,casmnamnert iptor the FaAly &l compopiee mpkye%tl@amﬂliz@ron of a soluble,
deco@g@gﬂl@&%mfg) d%)f%mggr Y | PU IEIQ 19»? kaﬂo mﬂg/rg%r{ag g%“{ cHsperse the

of the'c

metd] figopiRRethapofius caRRr matelmd m% GroGPTVABIP AQ 14l fhefdl @bBponent
| VA (1 UPAC 14) netal conponent into the catal yst

can lzedmm@m@dmﬁhm REES 1, fpemultanepyushy weth @rfafigr thel athdreomponents are

bl d f (1 UP
e O ST B Pl ARG iRy be
added @b ﬂiéscaﬁiﬁr i aREridTBY @b inglpah&H e PwitlYAn 440 sdiddion of a suitable
nmet al conponent can be inpregnated either prior to,

metad sattion sohbbaiednypaningisyicloas sianmens brionids, Is‘annquhimeht stalane
material. .Thus,,the G ou

chloffReh Gk PP Bl eotanile Shitfe domOniE mhoxde,
gernTARI tefrhcYride B 638 Infithie, tléh% Ac@ttafeefeaﬁ"bﬁlt}rﬁ@arﬁﬂt‘lﬁ@ Pi#€ compounds.

solution of a suitable nmetal salt or sol uble compound
The wiilizatian of GaoupolYsA HIURAC &4) metamhimmdeaimlnmouddas sedhaasrstannic
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
halogen component in a single step. When combined with hydrogen chloride during 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-
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chl oride, stannic chloride pentahydrate; or gernmani um
oxi de, germani umtetraethoxide, germani um
wo edosacisbori de; or lead nitrate, | ead acet at e, P BEHS2004/043952

chl orate and the |ike conmpounds. The utilization of
Goup I VA (1UPAC 14) netal chloride conpounds, such as
stanni c chloride, germaniumtetrachl oride or |ead

pres&ﬁ hxﬁfeﬂﬁ@n 1% af? ﬁftérh&tWeﬂﬁétModP ro?éa@ﬁcr 86taf %&ﬁ}ﬁodnﬁs such as trimethyltin

facilitates the incorporation of both the mstaﬁ
chlondﬁm@rrbmbtl‘a{hm dithloode areancrirpayated mso e afalydy elupngﬂ&rpepdzation of

onent .in a s l.e ste When c i ned w
the IR, AR R, B Al P I QSVEEpenPSton Sy iag wiih Bydrogen
chloR4SP BgicPRRL | zation step descri bed herei nabove, a
honbgeneous di spersion of the G oup | VA (I UPAC 14)
[003itEt allt sompon drtscope afitha preseht iilweaticmt}ﬂat]ue&ami}tshcomposnes may

h t I I t
contip GRSFanThoteF TeuFhsomRReRLT el S ok PGS e el

rhenfi{ cgbzﬁphg‘kkf Eﬂallﬂhcﬂlmrh dﬁn@ﬁx?an'uﬂ‘ffioc{)@g{ %ﬁg thdlfiGn! 1xtures
catalyst during the peptization o I norgani ¢ OXI
therebf richealyticailg efifostivenmeduetsadf] sycld metah gnodéfidrs may ibe r‘lndoiporated into the

umi na with hydrogen chlorjde or nitric acid.
Catalwts B]& gy PRRRS lft}?émsleé'bf‘earbfo effrst @h@gegﬁnepwwﬁrﬁeﬁed ﬁlaftrlbutlon

[003%@? %%%h%gﬁsgﬁ({fgﬂ@@ege%? ﬂ@él&ﬂlﬂ%ﬁ%ﬁ}r@q(&(ﬁ#%ﬂlco nggx?gnt,

complm‘.xhg.ld&lef flediingychlogiba tromitiewk édding dildhixmmegﬂﬂefdoﬂmmh chlorine
zing, uranium_ dysprosium thallium and nm xture

being prsfests; Profarablys haveavey ths qatalyst gentains npddesk halogen s ghan that
assoa%gg o §h‘%%¥‘5\,ﬁ%t &&}gﬁ&ﬁg{sat ed into the catal ysts by

nean e aft to effect a honpbgeneous or

[0038] r atTihkicerlydt sdrhpdritt i Pdried 29 3Ighpeth@reatt fadni St09° @ 3ROEC for a
present invention may contain a hal ogen conponent,

perlosicﬂﬁfmnsmg 24 emeret oty andeusuely craloired 4 e demprsatore of from 400° to

° t th
650G BB i imOisher PR PR F i T d o Bb i ke
compundél gReerh afeQQﬁﬂel@écf@bsthﬁﬁ’dM yith #e HeEOrAl Hle¥dd) tiRldpibnal
catal yst conponents. [0033 The catal yst conposite is

halogpni C@mp&nera maynecadistadebyoncudingaladogen o8 hgog: i omtaining compound
thg F from2 to 24 or nore hours and, usually,
in 5?3’?1%58 4f a tenperature of from400 to 6500C in an
[0033] ' qth@?@ﬁhﬁﬁtecafc?ﬁed%oﬁgﬂs@& lindall9 TrDsubidcRd 10 alg éémally water-
until the metallic conpounds presént are converte
free mdb@toarsltepablepsure atungon ankbﬁﬁdy dividdd digmirsiedof thaeptional metallic

b d d by
compRen Gl prrd ARG BaY BUete %@aﬁ%ﬁ%ﬁe%ﬂwmt ffihe
presdi? Svhfior? SUBSRREHIS pub LA EP%&)%@I?H' el s ¢ ﬁmdpﬁr? H20)

conposites optinall yares toas stanti
prefanmlye rshrsede as thdweducong agepfqintthis srepUTle mduring agemt anacts the catalyst

l.ne vi.ded dispersiaon of the optignal netallic
ot PRI T N R PR R G 208t Py RApe periadhatdrom 0.5 to

10 hbd}s,telﬁ%ctﬁ’\;eot%‘?éﬁc@ gHﬁs‘?&Hﬁﬁﬁy afl of it 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

on an elemental basis.

-10 -
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present invention. Substantially pure and dry hydrogen
(i.e., less than 20 vol. ppm H20O) preferably is used
w@sooshes3seduci ng agent in this step. The reducP@muszyes1043952
contacts the catalyst at conditions, including a
tenperature of from 200 to 6500C and for a period of
fromO0.5 to 10 hours, effective to reduce
substantially all of thep§aupr NIl netal conponent to
the netallic state. In some cases the resulting
reduced catal yst conposite may al so be beneficially
[0038Libj dldeddllowingreasmples diernyesspted ombst taodusdtrataweriaim speeifiamspects of

e ifiR0ppapd by FBher o Bio L Tl RS0 arBeirbemion s et yrnin

the Mm% THekd Ate :y%lsﬁbl% SRR vafatRnSRALGRE 028adiRarFSRNRR R art will
[0035] The fol [owi ng exanpl es are presented only to

recogrita)svithat the spirit af thegpeaitibhc aspects of the invention,
and shoul d not be construed to limt the scope of the
invention as set forth i ims. There are many
possi bl e other variati ongg‘@gpﬁ%ise of ordinary skill
inthe art will recognize, within the spirit of the
[0036]NV € Bakriples FEXANRsEs cbdp@@ﬁ@]ze@ﬁﬁp{w@& wépfedd ﬁ)'r)é&tn%aratlve pilot-plant
conprising zeolites were prepared for conparative
testing. Fost, plcatalyst AsvasmpgepaRidrtetrepreseoha pligrsart ¢utalpst fpr esean egprocess of

lsomS'FlZE}tlgg ,93 Fﬁ‘i’&{epa%@g? 5)@%%&%%&@ st ‘P'félg{) use gqu% el 1? ro c es s
[0032}“/[“ '@tal?ﬁ%@(ﬂﬁalﬁéﬁ 9043 S cbARRibop g@%)ﬁ ?}er;fnr&i%ké}ld o the

I 1 coal um nophosphat e prepare ding t e
teacltlegmdf Ufgé 943 42)8an1d Bdtﬁqmmmmticsrmdimclmedim the 424 paﬁ:naé?ollowing

AT Ry G AR R A
plauﬁlclémo%e anaipfaﬁhﬁmmopb atvw%%n 'ge; Séliilzal%ta i@ ﬂleacto&rg;%

[ evel % on an el enent a e conmpo
comprinep r603‘GG‘V<BSJM\AE afd EMvE-Yaaldmifh, ahd fea lthendatay stavad chleared and

t he catal yst and reduced, with the
redufﬁlﬁom}gtthq %Qvé@s@&%@@ﬂt A\ EXAMPLE || [0038]
Catal ysts were prepared cont aining MIWtype zeolite
prepared in accordance w Mﬁ E452, 769, but
achi eving varying armunts 0 c}eni te inmpurity. To a
solution of 0.4 granms sodi um hydroxide in 9 grans
[0038] st iQatadgstwvaerr progmsedcataniag 07BWgtyat uedlite prepyed dix acterdance

with E,%/Sdfi 2%27%}? mt I rervﬁlgg }lc'lé};llllnlg Ia&{oﬁ?}%%qléﬁ%ﬁ%\%ﬂggs Ql“lo %tsgﬁl?lon of
U L e = S R

hydrpxidep hydrdteannd sttred netil dissblvied dA seind gdlutidinef].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
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
Nap0:1.25A1903:508i09:1000H20:10(MTEA-CI) with a BET 454 m2/g, was obtained.
X-ray diffraction analysis indicated that the product was 100 wt-% MTW type zeolite.

- 11 -
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both solutions were stirred together until
honogeni zed. Next, 3 grans of precipitated silica was
wa@eedessshen stirred for 1 hour at room t enperBETUS20841GH3952
sealed in a Teflon-lined autoclave for 8 days at 150
0C. Zeolite type MIWwas recovered after cooling,
filtering, and washing with distilled water. After
[0039] Yi N, %rﬂrc@ﬂl%fst Bo1 0 HriPladthe dry2155|v2t ) I\Z’Tﬁﬂ§o‘ﬂlte was composited
2: 1000H2q : 10(MTEA-CI') with BET 454 n2 /g, was
witho® wi’%h@timixa taforon extiuded $}@De(h¢ﬁi¢ly$|mrtwﬂﬁ$l The pmtlleamre then

met) SRRRERHAT YSPE BEOTEHR 95 STOTRIA B Lo o RRp-CoMmRIFNPE 08 et o

1mpf§%rgat1%ﬁ e %hth@gt Wh di0 o%yﬁb@l refiicea, in‘a sBTdE4 8 S'feﬁcfjﬁ Eatalyst

catal yst particles. The particles were’t
contmmgl 0.8 vpr% glatinach arsi i wa-% ellllfurl Bne Hiislodul aatadydt atais tabeled
¢ lag{‘i(Eglé. Upon conpl etion of the inpregnation, the
iyt yst was dried, oxidized, reduced, and sulfided to
yield a catal yst containing 0.3 w-% platinumand 0.1
-% sul fur. The finishegdksntmlpyst was | abel ed
catal yst B. EXAMPLE Il [0040] Catalysts A and B were
eval uated for ethyl benzene isonerization to
[004Bkr a- G@yaly_ssﬁg Aanidry wgrq:ﬁqab[atqdl fan¢thylbewenemomerization to para-xylene

non ui libri romat j.c feed. havjn
uwsinf iE STl d1oRe PR T Biferiste AP R abgraic el iing the
follonu?g sfbro¥anmey RdsRDngn Itk hyI benzene 26.8 Para-xyl ene
0.9 Meta-xylene 42.4 Otho-xylene 21.0 C9 1

Non- ar omat i ¢s Olcdugm@041] This feed).das contacted with
catal yst at a pressure of. 620 kPa, liquid hourly
space velocity éﬁﬁsnaé%a%f Shydr ogezﬁ;?hydr ocarbon nol e
ratio of 4. ReaghPbedRAPerature wysgadj usted to effect
a favorabl e conversion |evel. Conversion is expressed

as the di sappea!?aaa“rxyeleper pass of €d.fyl benzene, and Cg

aromatic ring |lags primarily t genzene and
tol uene, with ﬁﬁ ienﬁrmunts of 1?% ht gases being

pr oduced. Resuléﬁh[y\%lg as foll ows; talyst A B
Tenperature 0C 386 " 2162

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
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
p-xylene/xylenes 225 223
EB conversion, wt-% 31 38
Benzene yield, wt-% 0.25 0.10
Cg Ring loss 25 25

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

minimizing the yield of undesired benzene as compared to catalyst A of the prior art. Note
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p- xyl ene/ xyl enes 22.5 22.: EB conversion, w-%3 1 38
Benzene yield, wt-%0.25 0.11 Cg Ring loss 2.5 2.5

wo o@4ags3geccor di ngly, catal yst B showed better PCT/US2004/043952
conversion of ethyl benzene while mnimzing the yield
of undesired benzene as conpared to catalyst A of the
prior art. Notethat the "Cg ring loss" is in nmol%

that @@ *CRehgasss” (slin-m b1y déraieltab e(ies (G ehphiRABYS 4 érﬁrsarbﬁatxcs in
product ) / (Cg naphthenes and aromatics in

PrOd)“)t*)i@@S napiithesigs ﬂ@bﬂ@%ﬁ?%mrfﬁ@‘b})f HI0t WhtChhasese@tsbeatenal that has

another unit.in an, ar CS

to belitef B Gnd e AR 8% b Qo BRI SR A ERARD o fgsive and a
low &rth&iht 0@ €3 rirg 18ssfid ¥ FaRipAte fe@ﬁﬁ@ﬁﬁh@ﬁ:aﬂéﬁ@t sthé bi}é%@nt%ventlon

the present 1nvention. EXAMPLE IV [0043] Simlarly,

addi tional batches of MIWtype zeolite were prepared

accordi ng the procedurefaﬁ$§ﬁﬁéd\hbove in Exanpl e |

However due to variations in stlrrlng and seed

yst en s. effects .anon

100451, BeBatS 2Blpn B E b N TRRCRB RN S5 RO G AR Hipe he

procéﬁiﬂéomﬁﬁéd)alﬁ)vamﬁ)ﬁﬂﬁrﬁplefﬂ HoWevEL diRS0 dhri@ions in stirring and seed
silica-to-alumna ratio of 34. The inpurities were

crystabtaé mllraé @thes ijwmpgaproye affeds empee theolessels Lliyd,ugwlﬂgng batches
ft action netho .J0 udersta1 ? ef fect ff
were 1sco regI r? ave V\?{alPIIJSO mou ?‘r%ﬁ 1gg)u FS at é(fantg Rl Hlar)i:gtboeo 34. The
1mpdrﬂifc§’ V\féﬁi @téﬁi{lﬁed t{o%%o@@xﬁ@ tpt zEolM@By B§1ﬁ Ll dMfrhdlion methods.
the sane material as Catalyst B, 100 wt -% M

To uadarsthyd the pffpetso fsheipapueity wiaribusssanmepdssi wére Obtam@dsmd enade into
catal qrrprl sing 90 wt-% MI'Wand 10 w-% nordenite. Catal yst
Bhhas prepared with a zeolitic conposite conprising 80

[004mt %d%Wﬁ @w&@¥%aréa WRhARO bdn®s mideNA dYCatfipdid, Y19b vﬁ % MTW.

prepar ed a zeolitic conposite conprising
Catal/_vtst- %WWEW@MECB@HM z&6lteredeposiee ¢comprisings30 wit-&o MTW and 10 wt-%

o T D U TR RS 0 S
20 wi9Y BRtAARe. FifAfplca F%?)?ﬁk’%ﬁ)rg)a}gy \QHHQ ?ol}‘lﬁr&mf H??%mprising

into extruded art es using 5 wt-%o
50 M-ﬂ/brfyﬁléWtaad rﬁﬂtvalc%ahmdbmtﬁetoakhutnﬁ& antatdly st lwith subdstantivd emordenite

The rticles wer taI- regnat e si ng
impugity 6‘5)5? %WIS &yngt ﬁP%%“geﬁ?‘E% PaRly Sta‘é‘f‘%n Q?p%ﬁpf‘c g é‘ltVCBHO‘bf
[004’5123 ngen?Qé‘ gtt h'FfWerQ el S PAans gﬁS%ﬁd% of the
duc and sul ts conta|

Fl'ded to yreld cata
zeolific BompeSitephattiialuboenshd) 93 m&% Yhusiihd blllhderTm'he pamickB @@re then

catal ysts were | abel ed respectively, catalysts C
metad-Hppggpated 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.
EXAMPLE V

[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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EXAVMPLE V [0046] Catal ysts C through F were eval uated

for Cg aromatic ring loss using a pilot plant flow
WO BRSHER38EOr ocessi ng a non-equi |l i brium Cg ar omardTUS®4i043952

having the foll ow ng approxi mate conposition in

W - % C8 Non-aromatics 7 Ethyl benzene 16 Para-xyl ene <1

Met a- xyl ene 52 Ortho-xylene 25 [0047] This feed was

cont act ed NWd-fromatiad al yst aty a pressure of 620 kPa, a

liquid hourly space velocity of 4, and a

hydr ogeEfiyjtbngeser bon nol e rdéi o of 4. Reactor

t enper ature s adj usted betyween 370 to 375 0C to

ef f ect arlaéﬁ?'g;%ﬁbl e et hyl benZene conversion | evel .

[0048] Resakiwnsere as fol lgws: Catalyst CDE F

p- xyl ene/ xyl'enes 22.3 22.3 22.3 22.3 C8 Ring loss 2.6

3. 3 3. 608thd-x&baver di ngl y, cafél yst C showed mi ni num

in 0ss, ,and catalysts Dthru F illustrated fhat, .
100471 51155 s RS SR RAB 4 AN Al BHTEOR FP a3 liquid hourly

spacl(e) f%’lg&ity e Ang iarthHfo%{eff]/ggdrjoéarS&P%fé Mo 3P4 IQ?]ACRWt e was

ring loss is orable feature of the catalysts
adjuged bédteegr 8581md 37N nd effart afhiocdblecethy laemzeh@ Y tivepsion level.
eolite substantially free of the nordenite inpurity.

[0048} Anpresully Weisa dplla%t al yst G was prepared to

illustr bimetallic catal yst yof the present
i nventi g%@}%tat al yst G was pr@eparle)g wi th thg same

zeol i ti p-xyknefxybineof Catal y32.3B, 2200 22.3% MW t ype
zeolite, and forned into extruded particles using 5
wt - % of C8IRINESFi tic materi &6 and395 Wo- % Al4umi na

s S B 9 150 AL BRSPS Wt

mol-eetiflg I3k inchgs@lafh hadristiteiifpuegiedd Buchuselatib®fs ekPénsive and a
hour and then steaned to dryness. The tin-inpregnated

low graeunt\wh € s iedpsicg adevasale Eafuse af the catalystaef e present invention,
.10 T d | atei ' ti
which S RIn WHISP. Foe RERR BRI, ey RAS HRRIA P02

rolled for one hour and steaned to dryness. The
catal yst was then oxi di ZdAmPd.p¢duced to produce a
finished catal yst containing 0.3 wt-% of platinum and

[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
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
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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0.1 m-%of tin, which was | abel ed as cat al yst
G EXAMPLE VI1 [0051] Catalysts B and G were eval uat ed
wo 200586380 | ity in ethyl benzene i sonerizati on tBCT/US2004/043952

par a- xyl ene using a pilot plant flow reactor
processing a non-equilibriumCg aromatic feed having
t he sane approxi mate conposition as Exanple Il above.
This feed was contact edpMANMPEBNALYSt at a pressure of
690 kPa, a weighted hourly space velocity of 9.5, and
a hydrogen/ hydrocarbon nole ratio of 4. Reactor

[0051 e np drasalyste Bad (s wereavalBe®d domyiabilityrin ethylbpnzenggsomerization to

para yle R ESini A EE blaREASY Haclgy B e o bR $ @ epic feed
havifd thetshmk a%&ﬁm@awmﬁpmmsﬁah@mcm Aove! THs fddtwdskRahtacted

_catal yst ad a deactivation rate that was only
withicaglyshatraggessheet of o6 90leltaa b pesighi:d Iowisly tspacet veboeity axf . Svaed a

determi ned based on t ate of decline of o .
by Ehed o sRi o'k R5guPr Brngatiih S it SR and conversion
was SIRAHd th ARSI RRANLime0053] When a second conparative

test was conducted at the sane conditions as above
[0052)k c e Resulss shpwad 3hateaglyse@ had ur I wt-$phoer watigaionygrsivhef

t hyl benzene conyersion performance of cajalyst G
cthy grikag ather ROmBEFH &t FARE ToPUELRLRAYS S it eadheentingups that was
only HvoSthir8&tHat JfUfaly G H. @ex‘gfvaﬁbﬁm s BBImiALPELsE@bn the rate of
stability, 1n terns of decreased deactivati on,
declipe of ettiplbehzeng comvensioab e tiverurtdhethe sextreonditddrisabood.

et hyl benzene into xylenes and that increased yields
[0053} ¢ PV BEIL EFOnmh EAMPY AN tsstarasicandirisdai dlae smsy Cogditions as above

Mo
o RS PR ppl VRIS i PO B e ance o
cataly@t G expeedal tha peldeinvumed oL@ty st & aftdr 30 hoatsdrysieam. Thus, catalyst
G CLAIMS: 1. A catalyst for stable isonerization of
G shaypd thabsunsrer stakibty i BHBs ofdecreasgdreactivatgn, prayideslogg term value
i | i Sir -0 .
or S GRAOH S SHOIRAHL10 Qbk h h heellyds r roduc
whebé&ivessioch it av&agatl oVl ol exteisded Sinddpdridl YorEsvee i dheufdrtRehoted that
MI'Wtype zeolite conponent having a silica-to-alumna
the catglyst perfarmapge pgemsts dfdsgsringaloss way gawiyalantchepyeapecapilysy Brand
catal$Q onent. 2. The catalyst of claim1 further
X%:%ri sing 0.01 to 5 wt-%of a Goup | VA (1 UPAC 14)
conponent cal cul ated on an el enental basis. 3. The
catal yst of claim2 wherein the Goup | VA (I UPAC 14)
conponent is tin. 4. The catalyst of clains 1 or 2
further conprising from0.05 to 1.0 wt-% sul fur. 5.
The catal yst of clainms 1 or 2 wherein the MIWtype
zeol ite conponent is present
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in an anount of 2 wt-%to 20 w-% 6. The catal yst of

clains 1 or 2 wherein the MIWtype zeolite conponent
whamsacssl i ca-to-alumna ratio of 20 to 40. 7.pdhes2004/043952

catalyst of clains 1 or 2 wherein the inorganic-oxide

bi nder conponent conprises one or both of alum na and

silica 8. The catalyst of clainms 1 or 2 wherein the

MY ype: zeol i te conponent conprises at nost 20 w-%

nordenite. 9. A process for the isonerization of a

f ebd Artatalystefonstalily lisomessizatiah @tdﬂwlmmtmmiwdssﬁ'iﬂminimum C8

. ont a he f eed n th resence of

ring fi5 BT AU LI E B o6 A PR ERED camapyt cgpulated

on aft LRMABallbAls, 2 t&H0 MIOFRE A %ﬁis’tdﬁﬂal%@ﬂﬁkde'nﬁg-?freﬁ QTPW- fé’p@ Gedlite
tenperature of from 300 to 500 a pressure of froml

comp@eﬁdlmngmph@r—@salummal rquhc%datim‘nfr45yorslmcmcveinorg‘amc @{ide binder
from0.5 to 10 hr~ and a hydrogen-to-hydrocarbon nol e

compofeN, of from0.5:1 to 25:1 to obtain an isonerized

pr @dq% cﬁ&g@{ bS¢15ih ?ﬁm}&'ﬂ @6%81'&9@0 101 985 Q- %Y)'fﬁ'@?réuﬁ hea
in the m xture wt aromatics ring | oss
(IUPA&T ¥)icompooerttivelchilagd ani artalcreemai basise t han 4 nol -

3. The catalyst of claim 2 wherein the Group IVA (IUPAC 14) component is tin.

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

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

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

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

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

9. A process for the isomerization of a feed mixture of xylenes and ethylbenzene
comprising contacting the feed mixture in the presence of hydrogen in an isomerization zone
with the catalyst of claims 1 or 2 at isomerization conditions comprising a temperature of
from 300° to 500° C, a pressure of from 1 to 50 atmospheres, a liquid hourly space velocity of
from 0.5to 10 hr-l and a hydrogen-to-hydrocarbon mole ratio of from 0.5:1 to 25:1 to obtain
an isomerized product comprising a higher proportion of xylenes than in the feed mixture

with a Cg aromatics ring loss relative to the feed mixture no more than 4 mol-%.
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