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TWO- STAGE AROVATI CS | SOVERI ZATI ON PROCESS BACKGROUND

OF THE I NVENTI ON [ 0001] This invention relates to
woab@logs208 hydr ocar bon conversion, and nore PCT/US2006/023018

specifically to aromatics isomerization. GENERAL

BACKGROUND AND RELATED ART [0002] The xyl ene isoners

are inportant internediates which find w de and vari ed

appl i cariD-STAGH ARCHIA TS 18O BARIZRAI TN yk@g@ Sks a

feedstock for terephthalic acid which is used In the

manuf acture of_synthetic textile fibers and resins.

Met a- xyl ene i sBASEGROUNRLOFaATE BIVENTION

pl astici zers, azo dyes, "wood preservers, etc.

hal | ¢ _anh

0001t Y B 35 T A e bRl PR sorf PRI B84 B mgeiicaly
to arommbtiai isederidation.cat al ytic reform ng or ot her sources

generally do not match denmand proportions as chem cal

i nt er medi nd_further conprise ethyl benzene which

is diffic ﬁﬁﬁgﬁe%«apwgmws@m@@w ene in

particular is a maor chemcal internediate with
[0002f ap'ﬂeky%n@%cﬂ&r?%%ﬁoﬂﬁﬂ tint@fﬁ?eﬂg%&és \ElecR?ilng vglge 31? /\oza?{ed

a typical Cg-aromatics stream ust
applicatéon io chemibahssnuheses Phe-aidneds e&eﬁytoclofﬁirltmplghahc ac1d which is

. Xyl ene-i.sonmer recovery, h as _adsorption for
used Hbﬁ’r%{n%vlfaé‘ﬁ‘éferoéé W tewl? ¢ fibers GRd Fosia -Kjenq isugedsin the
I n I
RS OARC BRI LI bR ER L e EATROnrp ock o

phthaliclrahygriidengrofisaiver s whi ch is Iean in the desi red xyI ene
approaching equilibrium

i sonper to a mxtur
[0003], ongg‘ﬁtpi‘ QRATtieRs [X@te?@ﬂ}so’{?&ﬁ Qhﬁ@n%‘herW%ytmeﬁher
i on,
e ASUELOREE @ T8t AR WG Sl e
comprisb ettiytbeazerat whichis diffuittié scpaaerer o d@avert. Pafa-kfene in partlcular is
il ];'I um aélé]%ra,ctl cal in order to nmaxim ze the

a majof ey GHThBREbP g et meint b only 2025% o
a typic%ﬂég-!ahﬁﬁétié@s{ré dﬁ‘ ﬁétﬁlteﬁfjot\%&ltﬂeﬁagé ?oa %yc% § effcted by

due to si actons oac
comblmql ixlylelne-isommer hfatove@, sivhas adsogtioapior ﬁhréﬁ@’léh@ fi’&fo@Bﬂysﬁnth

tween h yclic l.oss at high_ conversion (i.
1some1:3,7é'11t19n &9 wgp%%%ﬁl qesmityef the desineyt 1wrﬂ|sgmema‘tl|on pynverts a
non-qulglig;ﬁlﬁaltn?iggxﬁl%a(%ﬂ;ﬁ k@élgeelﬁSﬁg%Séhq%l{/igltlgant in &H e%?rﬁ X%lg]gﬁ Bmer to a
mixturopprohching adphhblhxah aomentiti@st i vity, selectivity and
[0004] Q)alrlloflg catalysts and processes have been developed to effect xylene
isomerization. In selecting appropriate technology, it is desirable to obtain a ratio of aromatic
isomers as close to equilibrium as practical in order to maximize the para-xylene yield;
however, a close approach to equilibrium is associated with 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 recycle rate of unconverted Cg aromatics. Catalysts thus are
evaluated on the basis of a favorable balance of activity, selectivity and stability.

[0005] Catalysts containing molecular sieves have become prominent for xylene

isomerization in the past quarter-century or so. US 3,856,872, for example, teaches xylene
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[ 0005] Catal ysts containing nol ecul ar sieves have
becone prom nent for xylene isonerization in the past
wquenTioes2osent ury or so. US 3,856,872, for exanpCeUs2006/023018
t eaches xyl enei sonerizati on and et hyl benzene
conversion with a catal yst containing ZSM5, -12, or
-21 zeolite. US 4,899,011 1 teaches isonerization of C
isomefiz2 Rt and BtlShdhgedd\ROn% ER1oh tviith a@ﬁ&l?s&%nﬁﬁﬂhﬁggsm -5, -12, or -21
associated wth a strong hydrogenati on net
zeolitg 16,889,01 HieachasdsanerizmitPH T gratoetticansiag eve zéditésneach of

whicl}3 i Rtlaled il f Sied ot e s Ioc s b SAUNBAL Hhrrsa VipaPsO
moleduli® s@eOhAihg a Addrev ¥t S ofl PImdviik SRR 3hH 3R uﬁé irPxylene

m xture of xylenes and et hyl benzene wherein
lsomecl@ﬁm@nUScﬁf,Z%ﬂ (86 teachey thmpe nﬁtvm zeolitit hatalystsdouithe adoaleyigation of

a il 08 HBlS and BB pinein 8 oG el mpipaisg i the

second @z@c@l\jf@tr iy n@ﬁﬂ)ré ﬂﬁﬁ@@%é‘ﬁt’h@tﬂn e Brsf bt} stl ﬁg%t44%rh5@fdlscloses a
enri ched et hyl benzene concentrate, recovery of

procesﬁa::omb;@wlen eomyprisidg aeqovenyranl nsmmdrltmtlcmeaz&mﬂrst fractidnarf enriched
enzene enrhc?:at}nent ﬁ)gd i sonerj zatj on of

cthy el e oS GRSt Bheet Kalie RE ISR e tabsoist fragion

from &th@EBenzbie &rRhthe80@nd %ﬁféﬁ%atﬁmﬂff?%&efaﬁﬁ deSi? ﬂlﬂtrp@le Para-
feed contai ni ng ethyli benzene and a m xture o ene

xylen¢ adsaeption @@pn@sfﬁ 66, 8%Hridachecopabcesatial ipemsrizing hlfeed containing

resenc d n t.0 produce_.a product hav

ety R ERE AN A Stix i b e S Bes 55126 A B0 55Cond GgIveRas the presence
f hydr63c@It6 ﬁﬁﬁlé@ Fdtub v gdh €
o ﬁ%ent ?on cno%e gf t ﬁ/e ar ?llegﬁ%ges g%@%%@%gf‘%‘%% o‘?ﬁlg%ugh these
referendes taanh ndividedtelimenthef the presard invieationmese of tHehuet suggests

cess, of. the ent |nven i.on 0006] Catal sts for
comb PR S Ple b isro EOGb G GATTRPF '89 i ALiB PRFH
invent®dh. t he manner of processing ethyl benzene associ at ed

with the xylene isoners. Ethylbenzene is not easily

[0006] sorfatalysisl farasomydrenation ob@g afotmatios omliayily arectayeidictl ¢l thamanner
¢ the is ﬁ“ ri zation unl(g caus separation fromthe
Ol ProgSrPias &8 ”ERF%%}?&SFQ%? yiHath ?ﬂﬁ 15Q0aes8 Jetnplibenzeng és Rot easily
1someﬁ%&ﬁ6§dyl’e%es "Bu’(‘ﬁt‘iiﬁh%al ﬁ@o%ﬁe??&ﬁxg iSorh@iAf ngll pﬁt Bl&use

hyl bénzene to form’princi pa enzene
separatlgn feni the xylexys by egpetfvachionstfon- (ﬁqudrpﬂixm ismerit estpehgive. Alwidely

et ST BB OBE e eect e T beneene to L
xylends86 Q'ﬂgﬁ[&fuﬂgbé{tﬁlﬁ RiKaRD %ﬁ%ﬂ@ﬁmﬁ@e 5 ?o#ﬁﬁs? f\%fictQhe &nhylbenzene to

solid acid yst wt
form aj:aﬂgrtmnqenatvlmrﬂvmsm to land ﬂélcen\femﬂie froappheeheCiath®pleyence of

e zene conversion and nore
a solid ity wigh Rt SRR T Fishy GREereHas fansiien. Hag Prser approach
commBHBHEdu¥ lﬁﬁlgﬁ%cé’tﬁirl%iﬁz;%n@cérﬁfgglo% and more effective xylene isomerization,

I soner| zat | para- ene recovery
thus lowering the quantity of recycle in a loop of 1somenzat1on/para-xylene recovery and

reducing concomitant processing costs, but the latter approach enhances xylene yield by
forming xylenes from ethylbenzene. A catalyst system and process which combines the
features of the approaches, i.e., achieves ethylbenzene isomerization to xylenes with high
conversion of both ethylbenzene and xylenes, would effect significant improvements in

xylene-production economics.
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reduci ng concom tant processing costs, but the l[atter
approach enhances xylene yield by formng xylenes from
wethyldosogene. A catal yst system and process WRCTHS2006/023018
conmbines the features of the approaches, i.e.,
achi eves et hyl benzene isonerization to xylenes wth
hi gh conversion of both ethyl benzene and xyl enes,
woul d effect si GUNMMARY OFPHEVENENBION
xyl ene- production econoni cs. SUMVARY OF THE | NVENTI ON
0007] .A principal object of the present invention is.
[0007{ 0 rﬁ%ﬁpﬁaﬁalé’b ef the parsenisnventieg istoquwerideanowel pobcess using a

s .ai t. eci fic react.ions
combBRGH b arsSLER il Pelifls BB H B SO RE EBina ot Co-
aromaitichy droedtbynsetb dbtadit irtiprolved diekdslof desited RYRAS isvhiehs WRWIow cyclic

cygl ic |osses and recycle rate. [0008] This invention
losses;ag B%FQ’%I_GT@H the discovery that a catalyst system
oSO AORMAT 0o e A S I8SS B3R

combihgtiiimogferliquittplase pRsvesPIOABR ISRGEA G0 B xFICRRSEH {hdYbsence of
et hyl benzene in Cg-aromatics yields a o
hydroggnind a. vaparrphage pracessi fans e stettyl besrensf in - aromatienyields a
: : ' t of the inventionis a
h1ghe%@g%§é%ﬁ?%rﬂ? ﬁ%c%gt?}%rp?g%aﬁ%ﬂleg?‘ a nonequilibrium

[0009kI kA Bioadainbedin®@atoMhstintedti6R THY protdis f3NRe RbmERL&ion cif a non-
et hyl aromati ¢ hydrocarbons, conprising the sequentia

equilityiugp glkyleronadist fed mirguretrontsisinering ounwré ethylaguiatictydsearbons,
compridhd B sSHERAAMebS or TORROR: e sPXBER i Dafgmbesiins

substantisipbichicd of hy d@6geh0n a8 scBSSzaM0 R Ford! wits Q?itrstqglﬁn%izat'on
zeolitic alum nosilicate and an inorganic-oxide binder

catalys{ cgmpEEing frorh k0 o Afsmasst Yoalf atlsesinue zedlitx ghiratrosilivaty modi an
: tal-.at. fir Lsonerization.conditipns to obtain an
inorgaT By nder a5l b AR B B EBRGS ST ol raspur e a v
isometifgioh BbRIIBL 13 l0Btash mmm&am&&f&@ﬁ%ﬁ%%ﬁﬁ&ﬁ@&ﬂ 1944 gﬁ{‘ &f the
Wi th a second isonerization catalyst conprising from
intermgdigtesgregm pma seapnd fisomerizatien zaneovith asdcnndrisgmeripativet atalyst
t | east one nol ecul ar

t,. 10 1o 90 S-.% of

comprgsl?rgjg&ﬁ ghldto oS 6%6’5%?%?%8]&8 ol H’a‘é%“"él_? megal Gﬁ@ponent, 10 to 90
mass-YoS@@ekehst dhé 1d]16ARE ki ONmd R iRREMifoRHde b b £66hd
. product conprising a concentration of at least one
isomerizagion sershiensdo obtsiean ishaerizesd produme compresing heoncentration of at

R Libri um.concentr.ati on at secong. i.someri zation
least ogg %lg&fta?ogrrl]%l_c 1?%ef8?1at AS h@?xgr tg%ﬁ}efeﬂ H@%%mtragpn@h@cond
isomerizavion toitiors. @ process for the isonerization of
[0010] A more specific embodiment of the invention is a process for the isomerization of
a non-equilibrium feed mixture comprising xylenes and ethylbenzene, comprising the
sequential steps of contacting the feed mixture in liquid phase in the substantial absence of
hydrogen in a first isomerization zone with a first isomerization catalyst comprising from 10
to 99 mass-% of at least one zeolitic aluminosilicate and an inorganic-oxide binder and
having the substantial absence of a platinum-group metal at first isomerization conditions to
obtain an intermediate stream and contacting at least part of the intermediate stream in a
second isomerization zone with a second isomerization catalyst comprising from 0.1 to 2

mass-% of at least one platinum-group metal component, 10 to 90 mass-% of at least one
-3-



10

15

20

25

30

a non-equilibriumfeed m xture conprising xyl enes and
et hyl benzene, conprising the sequential steps of
woami7aos208g t he feed m xture in |iquid phase i RCThS82006/023018
substanti al absence of hydrogen in a first
i sonerization zone with a first isomerization catalyst
conprising from10 to 99 nass-% of at | east one
molec@RP ield, and bl Modgid-bLiak BirkIeHaecdndqsERM Ao bolR1iReRAAE bbtain
_and having the substantial absence of a platinum group
an isometiztd prodidt cempiisiogre cppeeniratiorc ofyira-kylese that shiiglien than the
'l'i nt er nedi tte sttr eam.,and conﬁact(i&r;ﬁ. at | east part of
equiliprinm cpncepiiaihn gt sscand dsomstyeaton condMionss o ver i zat i on zone
[001 1}8’I t A 915868 RPediSOBMbOERhPR aGROELY B KOS ES2 488 oF @ Fon-
.1 to 2 mass-% of at | east one platinumgroup netal
equililraump dredmixtute compdingrylenes anfl ettty lbemaste, comepnidieg theaequential

N R iy
a first RoRbHEhti HOAIRE WATHNOA AL f‘s_@ﬁ&ﬁi%ﬂd’ﬁtda&'ﬂys@gorﬁ lﬁn%ﬁbﬁlnﬁ) ttor@tcfnass-%

i's higher than the equilibriumcoricentration at secon
of at I¢asbomer Zeplitic alpmimosdidaiecansl. an[iDEaficAxidetbimter end haxdng the
enpbodi nent .i s process for the jsonerization .of a .
substaFGRAITET BF B PBBEE RIS 2 Gl SPEFEIcHOL o obtain an
internRHPY HRBAONE coR@BMY Bk RAtitcNRteARAHSE Tsir@énhﬁ{ £B20Rd Ii']somerization
contacting the feed mxture in Iiquid phase in the
zone wifibs sepond somghigainnecatily shgomprjsing iftone0.1 ite 2 tnass-% of at least one

. Isonerizatjon zone wth fir [ soneri zation catal yst
placiniyg2iin el cohasine. {8 190 mast Topish T redusleBer icve) and an
inorgafRObilid BindbiHTsaRal hidot @l BafttcHaitdAe E&%{hﬁﬁ'aﬁ)ﬁ‘sﬁﬁe@ieﬁ g)%duct

and having the substantial absence of a platinumgroup
compmgngh cartcehtratipn of persexyilest thatris bighei thhwtie dqailibbiuai con@entration at

nt er redi at e éi%.ream and contacting the entire

Secon(? ROBFHEH A SHPBam i n a second i sonerization zone
[0012}8" t MRS RGRAOHad SRR & Mkr&@&dﬂhﬁ& WP BRI A9ddnt B0 the
.1 to 2 mass-% of at | east one platinumgroup netal
followtngnhasaiadtdesdiptioo ofthenmsentiinof at | east one nol ecul ar

si eve, and an inorganic-oxi de binder at second

i soneri zat i [ [ i.zed

pr oduct co%&&ﬁﬁ@#@@g@ﬂpﬁgéfﬁﬁﬁqﬁﬁﬁé | ene that

i s higher than the equilibriumconcentration at second
[0013] SOMEHel batdqanibsiaRtiikyIaRnaticFH2hixhie 36 admatd IsoRSrization

ot her objects and enbodi ments will becone evident from
comprisge isogicrigatile glkylaramatischydlearbqps ioﬁﬂle@‘ene:rh]efotmubr(fgﬁ(@.n)Rn,

where g5 S TPRT BT ot R 515kl £ BoWSHT A r AT g any combination

suitabR' fofRbmefizdtRATE bbaaA dt0ehst MPhbREAIP Rk 173 aic isomer in an
) al kyl aromati ¢ hydrocarbons of the general formula
1someu;5qdz/

Bodudrnlhe feed mixture comprises one or more ethylaromatic hydrocarbons

containing at least one ethyl group, i.e., at least one R of at least one of the alkylaromatic
hydrocarbons is CoHjs. Suitable components of the feed mixture generally include, for
example but without so limiting the invention, ethylbenzene, meta-xylene, ortho-xylene, para-
xylene, ethyl-toluenes, trimethylbenzenes, diethyl-benzenes, triethylbenzenes,
methylpropylbenzenes, ethylpropylbenzenes, diisopropylbenzenes, and mixtures thereof, The
one or more ethylaromatic hydrocarbons are present in the feed mixture in a concentration of

between 2 and 100 mass-%.
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where n is an integer from1l to 5 and Ris CH3, C2H5,

C3H7, or C4H9, in any conbination suitable for
wOommoszat i on to obtain at | east one nore val rabius2006/023018

al kyl aromatic isomer in an isonerized product. The

feed m xture conprises one or nore ethylaromatic

hydr ocar bons contai ning at | east one ethyl group,

- [0014] . e.Isoraéria€ids of 8 Aen-Ba@fibdim!RagbnRne 1l xﬁiliblﬁne comprising xylenes

al kyl aromati c hydrocarbons is C2H5. Suitable
and ethhpnzsaniss ptieHely peterierepplicatige nétheipresentiovention. Geanerally

J so limting the invention, 0
sue sSSP A DAt Sy S s gt g0 v %, an
ortho-g¥1bie edridri @M e, apbfoxiFRit YARE B 006 S5 wHI96! I Mbra§ &R RS tent in the

triethyl benzenes, nethyl propyl benzenes,

approxapoaia 18Rl Hete A% and amanpyylbesemmicad in tedppioxtmate sange of 0

r e0f. b .ore et h romat i hydrocar bons .
030 405 85% 005,088 05 DA AL G RS DR gresot i
a conchgfratRarthat differs LEbstamR Ry FohDiRd 4huilisAR dogédnti@Ro@ bt Reond
non-equi i brium Ci%éarormu c feed m xture conprising
p.

isomegigationeandifigne (isppibethe anp-ciuilibripurmixtue dy prypaed be reneaval of

) ] | ) resent Anventi.on. Generally_ such
pre SRR @8 RS YRGB GRS k5 ormor
aromatiPsRprodictiinoriaafi@iRicodvdrfioR Protbss¥e. an ortho-xyl ene

content in the approxinmate range of 0 to 35 w-% a

[0015]het dheyiledmometie &gt minturdimay bp dentvadet@n rangba viricdP of ariginal
. i ! .
o e B YA SR R s o

coal, of Pafroceri@ASbnRRGosIPRTGIRY tife feS@ B tutcSutRES ﬁ{‘&ﬁ.gfbs@nt
concentration that differs substantially fromt

inventiogis faupeliin apRrontetn firetionsfrom vetwspdthomerfinatyistoams, e.g., as
i GALEDR PN Bt OBl UL Sl e

fractiof®@icir atidl R81aki60 OF Sathly BNy CPacke® BREdFS il Hy R aMeh &l ned
fromone or nore aromati Cs- pr oducti on or

The isemeriablecarometic by doeatbgsaced setshe dofOdfifatetlnthe process of this

. | Kyl tic feed m b rived f f

e B P S B SRl By S e

reformagf with 88withS@!siBdeqRént GRS bEtrsdidg b gﬁ)dﬁée specified xylene
hydr ocar bons, coki'ng of coal, or petrochem c?af

isomers gad pariculasly tepridecaprry xyleac.fAe €g-atomatiosefeerd tol the p@sém process
ma ctntge p[)esent .iw ntign is fou in a ro?pijiat,e
Y CFEROPOHSTPFO M VRFTBUS et RANESRES Ui prgsfing in gaamount up to 30
wit-%. @referabl@thé REéHoNA hﬁﬁm,tc%nﬁgt Asenfighy Qf dtomatics, however, to
by tnhe Sel ective ’

boi | i ng-range fractions obtai ne
ensurefpuggcpriogwets from dowhstiean irédoatiyqmoazksesat al yti cal |y

cragked or reforned hydrocarbons. The isonerizabl e
001615 AR bR Eon Ot Hisduesnh inygntiogn e #ky septictiyerocarbon

feed mtRRAS Sothotbd bubMyBR iR v Ar%etcgﬁ#s?sociﬁﬁ% é?é b@l@in%her
.al kyl aromatic-contaihing streans suchi as ca ytirc

described respectively in first and second isomerization zones. Contacting may be effected in

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

bed system, slurry system or ebullated-bed system or in a batch-type operation. In view of the

danger of attrition loss of valuable catalysts and of the simpler operation, it is preferred to use

a fixed-bed system in both zones.
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reformate with or wi thout subsequent aromatics
extraction to produce specified xylene isoners and
weoand7ioosdosr | y t o produce para-xyl ene. A Cg- ar oRariUS2006/023018
feed to the present process nmay contain nonaromatic
hydr ocar bons, i.e., naphthenes and paraffins, in an
anount up to 30 wt-% Preferably the isonerizable
[0017113/ drg ¢ Refsred Yiinet, 1eSRE i dlnle)s ?feh@e[t@ci‘ By 5iBable heating means
owever, to ensure pure products Trom downstream
as knovacioes gﬂ py e elesies] re{uﬂ@n@@mmmiumbndgaa‘sms til Equid phessin die
resen venti aromatic h drocar
substsp{ Bsgies OF b FRECL i te St oo e o soN i i ecd bed or
beds oTPHR iRl HAB5 chly s Ehd ﬁéﬁﬁ “E'lﬁis?ahﬂélfatb‘%‘éncg%?ﬁ&&%ggn” means that no
respectively in first and second isonerizatfon~zone
free hygyngeads ad@drmyhfb&eéfrmemtee@dl thateiny déssolved hydmgﬂgﬁbm@rlor

cat al yst af ed. s a novi.n
poce P AR Bk B 0S5 S a8 B o
molesBRslE] a%?l %t@ﬁ g anﬁ)&' g%@gf?ﬂgtb'{ EHISI?all gﬁa{lfﬁlcsag }ﬁgﬁng gﬁﬁ Zi%%t PdmerZation
Vi ew o e
Zone rpajt qdnmnsg aamgl@?eatﬂwe ostwmpdrenoro pepazate osactart with suitable means

RN SR I L IR S,

entranks td¥aeh %Eﬁ)‘i‘ Pie RUEEAD hEy B RbARGIRARIHE §at§15}9tvl5éd g ufn&&rd—,

art to the desired reactfon tenperature and’ passes
downwardyiod rashl o w fashiva te wbtireat intermediste rmeamfwmy}dcom;:ﬁ'ns

intg. the first iso 0 afixed
oy la i isacss b o hich G ROHAP 0L ot P et g preferred
proceiS BT A0 Bl SN QAR U AERISICHRER AR cloer o
equlhbmss thanenl theyfded gextufa mns ghylbenzenorespiopgrtion relating to that in the
@tantlally | ess than 0.05 nol es/nole of feed,
feedn?lF‘ foently | ess than 0.01 noles/nol e, and possibly not

[0018f€t eeal g@aﬂ%ﬁaﬂé g rﬁ&ﬁlré’,?pé‘fgllabm-e o fﬁéxturer of Cg

I somerization zone nmay conprise-a S|ng € reac
aromaties) contactp e fiwpaomtazativachalyst iniliquidsphidsa bl sitabiefist
en to ensure that the desired isonerization

t her ebet
lsome%ﬁ%grcgil@ﬁenﬁ SURR Fﬂl@éﬂ?fé&oawrlﬁ%tﬁﬁmat%é@%g 881Kl 00° to 500°C,
o DR om0 0o TGS SORAGHES A i misare i

liquid fpasde; gemetadlydbdmis00 &Ba ko dEmedsslute. The iestisofiegiRation zone contains
conta| ns al kyl aromatic isgners in a ratio which
a suffigiept wlume pof Fﬁtﬁb{éﬁ- togrovigea hgid haysty spase velgcity avith respect to the

feed nﬂkﬁ@&fﬁﬁn@rf&eﬁﬁﬁﬁb o) p@ergglgrbagt{ Cypthe i ntermediate

stream cont ai ns xyl €nes*in propor |ons ¢l oser to
[0019]3q ui At leastyrarttdfaie interinkeiafeastdarmy] addyrefepdblis tetdhitdiaRzasEate

oportion relating to that in the feed m xture.
streany Wﬁ@%}‘f afiehey DEYGeaPiBaaier s FaEerted arasceondisemerigaiion zane with a
second! %Bm%ﬂkﬂtidn@a{a%mréfewb?y QltnSut passing through separation means, the
intermediate stream is preheated by suitable heating means in the presence of a hydrogen-rich
gas to the desired reaction temperature and then passed into the second isomerization zone
containing a fixed bed or beds of the second isomerization catalyst. The second isomerization
zone may comprise a single reactor or two or more separate reactors with suitable means
therebetween to ensure that the desired isomerization temperature is maintained at the

entrance to each reactor. The reactants may be contacted with the catalyst bed in upward-,

-6-
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aromatics, contacts the first isonerization catalyst
in liquid phase at suitable first isonerization
woandionswas. Such conditions conprise tenperat BCEUS2006/023018
rangi ng from 100 to 5000C5 and preferably from 200 to
400C. The pressure is sufficient to maintain the feed
m xture in liquid phase, generally from500 kPa to 5
downwéad-,ab satialtflnw Tshioh| mist the sewRhis2Rly R indRMel ?1@3&,&1{ Mixed liquid-
sufficient volume of catalyst to provide a liquid
vapor ﬂ?ﬁ%ﬁei FF AYsReEPRASE Sden ponastrd mith She eatalpstin ebaineah ispxetized
produ@f fromO0.5 to 50 hr , and preferably 0.5 to 20 hr .
[0019] At least part of the internediate stream and
[0020pr efEheabieymddigte stredm eprefetadly@aiat@ oFiUamulitd)esttads the
qEurther rocefsi ng .step, is contacted in a second
second Sgmer7atignicaidysh Hiethgiprasenceod bydregensa suitable seaond isomerization

oot 8 o A LA L BOUBERPUAE A g0 g e o
preferiiyly snutht adrige ofi €i@ini HE)°rre306°C. The: heecspire gemsallPfs ffom 100 kPa to 5
ag%(gr ogen-rich gas tg the desired reaction tenperature
MPa abspfuienarfepbly ks thans YRa. Brecsprnd isunaizaion ore wtains a
. ini - g f th d.
st BARLAE ORISR a5 e AER! i sms o e

intermedigtecstreganios €rom 8i5rtgl50 Iir'éa@rtd)preﬁfabﬂy/\@j% ZUIPLFé. FRPBfi@hRdiate
ea_cta?rs wi th suitabl e neans t herebetween to ensure

Stfea“{ opiimallyds trastied dryadrdiaeivt hydrpger spe hydragen/ by drocarbon mole ratio
' i t . h .0f.., Th
ot0T 28 08K St IR HOL A0 et 305 s v o

presentipwar d- , downwar d-, or radial -flow fashion, and the
reactants may be in liquid phase, a m xed |iquidvapor
[0021}, 5 d e isgmezizgd pradugiposeprispehcansenizasion i wt tehstiome alkylaromatic
. Lnaqan. i sonerized product. [0020] The ...
isome B4 Ko Bof Ml CIRLFOn B P isobPgon eonaitons.
The isamerizdipesduct prefaably i§ HeisaruTCd S6RRAEAMIR Y EflcBhtYiton of
in the presence of hydrogen at suitable second
para-xyleperbiat is highsh thesibe equliriungaensenioatitingat serond dsmmérizetian

. i ng f 200 _t,0 600
con BB P B0 20 U SEF e L0420 204 v
or morRf BRISHAEbOBIRE-2 bymbfe. The Mg LG kRAiAP108s MRivaRS Md¥esd mixture

prefer ablg$l ess than 3 MPa. The second i sonerization

is usuallydess g Bd Hoand praferaldy &ass thanBle of catal yst to

pr o i qui.d_hourly space.velacity with respect to .
1002217 b Bl Sy s B P e 50 Bl TR soerizea
produdvlisyict degthad 0. Be drificdliofthe insthREink SRR A& Rkl fleovery

opti rra@nt}/l is reacted in adm xture wth hydrogen at a
scheme, i;m\@g ¢ pif diaycke wed. Rtieally aeacsorodtilGers islcdmlef®d nd the

dnert. dil,uents such as nitrogen, argon and |jght

hydrog%lgg% %1%?%81%00' lg%nbcgnmpgl me_move‘c;i the%ef?om %y%l%sh separatlo%. The
condensed liquid product then is fractionated to remove light and/or heavy byproducts and
obtain the isomerized product. In some instances, certain product species such as ortho-xylene
may be recovered from the isomerized product by selective fractionation. The isomerized
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, for example, US 3,626,020;
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[0021] The isonerized product conprises a
concentration of at |east one al kyl aromatic isoner
wohed7/005208i gher than the equilibrium concent r aPCoWS2106/023018

second i sonerization conditions. The isonerized

product preferably is a m xture of Cg aromatics having

a concentration of para-xylene that is higher than the
US 3,60l 07; DiSi 4008 %1% ©i%: 4,584,048, A1S 4,08 0ATH kDB M| 4021830Nincorporated
hmehlondftlonﬁgfgreferably the concentration of

EQFSF%§F% '9e at least 24.2 wt-% often 24.4 wt-% or

0023]T0" @n 2 3Ehr RN/ i8I ERzaltbn § inali i bockid

[ ]I ossn ?elé%tri ve 1t ot hg f%ﬁﬁ%ﬁ%ﬁnaﬁgﬁaﬁéﬁgﬂﬁégrso%e?%% of an

ethylbgnzgne/xplane pixstues alilesh Ceasorhatianfe@is chBORRH WilleissBAPRI product
articular, isonmer product from

enpl Qyed t9 recover.a
compr{sﬁ% ¢g Broma; 12%50%@3 isopueriZatinmn re@@@ﬁggm? tndhted do paraatylens
separatib® zb{es %@%rd—?ﬂ%%&éﬂ?ete@@@eaﬁgée’onﬁéfes%fgt %@q—%@ﬁﬁl\{r‘fﬂ mixture of Cg

schenme known in the art nay
aromatiesds et todhd isomntizdtoncendien sedt, ahere the RyH60gENisdARrs are

BV S TN
schemé hagtdcehated ﬁtéi’olﬁﬁﬂpl\éfémle%s%g%fg ug{ a&g r&?gl\éé{ & |¥ o gr?cglﬁg téli’fil they

_and obtain the Isonerize n-somne
are eithesiconyanted toparetxybme or &t duicto side resdtidas. Xyl ene may be

recqoyered.fromthe isaonerized product by selective
[0024]; ag¥113 sl isonperization ¢atalyst favasebly poyapidtes przeplitic aluminosilicate

lected | ' -l [ [ cessed.to
solectelITRTE oS WX Kl £8i:A10 HRo SEUNALIY okl bROSERE e 50, and
a pore Bianmetersif 4ltd islala_ge;tmmsl =] Spdcﬁﬂcﬁg@ﬁ?ﬁsﬁif&@iﬁhﬁé&z@ﬂi?és%ﬁ% 81 MFI,
n r ne alurninosilicates according to
MEL, gﬁé)@ %E%@Wﬁa %JFE\MFF%t TONnMQR erd RAVi tyes afizelitas. (Peatasil
Zmﬂﬁepkﬁﬁ%ha§ﬁr@@ﬁ?@&%%%%'reCOVGYy process are descri bed
in, for exanple, 3, 626, 020; US 3, 696, 107; US

[0025]4, 0Apb8GarlySatorb8MBKS pe &l BHAIABRMIIOWHE eallium as a
4,4%% 832, incorporated herein by reference thereto.
compongj 4 fhe; Gry el skpeiien: Aamefesisféia YAl heve B Gepswle ratio of less than

500 ' ' h. t. rocessin f an .
- REEOAeRR) R 0 200 e S0l RO RER ISR i B vy tpwenich an
Si/Alp neleatibiofi grbattr thani SO ipZefeablyadesdr thaudesi ng C

aropptics fromthe isonmerization reaction zone and fed
[0026]; ?,gqeaarﬁg}pl@%t@ opderaed eaelites e ;c_rys_taéhzmg a mixture comprising an

. ene- € st ream gonpri sing .a . .

auminSEXROE 050 LR MBI el ko in
art. Coirgcosion b2 at ilkali-bRedifben z&sieto b ﬁ?&o%&?foﬁ%'lﬁf}pﬁ@fxér?ormed by

i soners are isonerized to near-equilibriumlevels to

treatmegh With aniagaequs spkitipr of a prinetalacid. Adtettiwtivelyy bydregersiohe cam be
referably are

incorp R0 S BT NP IR o iR By b BEn v e Bt e
ammortiwm pgdevxidel 2 AGMnilAShtrAld folldedil & alchREbhoNs -

[0027] Microcrystalline materials favored as components of the second isomerization
catalyst include one or more of BEA, MTW, FAU, MCM-22, UZM-8, MOR, FER, MFI,
MEL, MTT, Omega, UZM-5, TON, EUO, OFF, NU-87 and MgAPSO-31.

[0028] A favored zeolitic molecular-sieve component of the second isomerization catalyst

is MTW, also characterized as ZSM-12. A substantially mordenite-free MTW having a low
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[0024] The first isonerization catalyst favorably

conprises a zeolitic alumnosilicate selected from
wohow@ostos ch have a Si: Al 2 ratio greater than BOT/US2006/023018

preferably greater than 20, and a pore dianeter of 5

to 8 angstronms (A). Specific exanples of suitable

zeolites are the MFI, MEL, EUO FER, M-S, MIT, MIW

e S0 ALY 3838 OISR e REL ARt bothing
US pattmtvapphcatidak 104788,156€ ahd 1 @/74% 1 T lihdouporhfed hesirt by weddrenagrthereto.
as a_ conponent of the crystal structure. A preferred
[0029] Ge tErTIRHECly, favesss chofallineqnyzeafity molecilig slexp gomppRent of the
J : i t .
soon ISR 153 080 1, TR Y Bccodig o e
ATLAS@F ZgoeaESTRUGBIREBDPESThepyig ABRS ORI lymgleealhesietchaiS 4068419,

. [0026].. The preparation the preferred_zealj}e .
having g Grxsialiagrantiie fige fieRetsr gt %x‘}rf%rl? SUEGE %P&qf?}iﬁﬁ%é({ga‘}sfﬁ% pieves
have a 33kl Wtﬁxl%’of f5D3-2CRY ,UP@? ad SE?@? #leBldrar&li®having an

source IS we kno int art.” Convefsion of an
empiried] khémicabt@hpdsition cheml anhedrioos bisés dxpdessgeby the fondy: be

performed by treatnment with an aqueous solution of a
S

mneral acid. AlterREtidEwilxRydizdd2n i ons can be

1 RGAr [ s it i .
g R B T
pore sy inu/Mepreisérats thefnudlcanesln yf Rl piestat parmole@I 2V AlyPySiz)O

Mcrocrystal line materials favored as coa;ponent s of
and hag gyaliie o8 Aeroite O ANd aV 1o -c 4t ard/ &' IPReseptthegpele Sactionseof

MIW, .

e R i o 0 g5 B
oxides| DR BbleAracions ed" 2@ "yt aad Yallaee pirerallyi debiaed anipime nithinf the
. .. the second isonerization catalyst is MIW also
limitingeqmpesisppalamiugs oppnpts g followsibst anti al | y

nordenite-free MTWhavic]\pIgleaFr Qugilica-to-alumna ratio

is particularly favored; suc zeolite is disclosed

i n copendi ng .Uf patent applications 10/ 7—é9 156 and

10/ 749, 179, *Pfito

r por &t ed her ei’n by refé%‘e?i‘@e t her et o.
[0029] Alternativel ygoa favorgesg crystal pigne
non-zeolitic nol ecul ar sieve conponent of the second
i somerizati oM catal 950 is oneD nore of.0Bhe ATO

f ramewor k tyﬁs accgr ing to ATLAS é]:9ZEQI TE
STRUCTURE TYPES. Th&MyaPso £90 ol ecul §P%si eve of s

4,758,41 9, hpving @ grystal l@gr aphic fpeg di aneter of
5.4 A, is especially preferred. MJAPSO si eves have a
framework stiucture0d0 Myg 2 Q.02 , P@3Y , and Siq 2
tetrahedral units having an enpirical chem cal
conposition on an anhydrous basis expressed by the

[0030f of |7E"flle:&K/IgAPSO%l molecular sieve favorably may have a framework magnesium
content of from 0.003 to 0.035 mole fraction, consistent with the teachings of US 5,240,891
which is incorporated herein by reference thereto.

[0031]  The porous microcrystalline material of each of the first isomerization catalyst and
the second isomerization catalyst preferably is composited with a binder for convenient
formation of catalyst particles. The proportion of NZMS in the first catalyst is 5 to 90 mass-

%, preferably 10 to 80 mass-%, the remainder other than metal and other components
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mR: (Mgw Alx Py Siz )O2 wherein "R' represents at

| east one organic tenplating agent present in the
wonowaosyst al | i ne pore system "ni represents paeusmioan23o1s

amount of "R' present per nole of (Mgw Al x PySiz )q 2

and has a value of zero to 0.3; and "w', "x", "y" and

"z" represent the nole fractions of el enental

discusSRIGRESh B@ng@h@ﬁi‘nﬁ%on%ﬁ&ﬁhﬁ[é&%laﬁ@g Ip?dﬂo&‘t?&f‘@f zeolite in the second
respective present "as tetrahedral oxides. The nole

catalyst mmftr'angﬁsfrow 10 t6 99 maSyh'%, ayith 20zt %)rmasgé?{&éxeaigl Brefgba‘éd ned

[0032]2; Efsi a (\é\ét%lrp]fist&,@gu fm a%_ql, g@p? glgﬁlg (i!l%(ltc%;ﬁ S}so\é?ﬁrl_%gtg@nogg}talysts are
homo%n@&sowgtﬁ ng- c@%cé%tﬂugﬁ’ gﬁégnﬁ B leathl cgmggn&ts’% ?{o@ue@e@& 18
.01 98EO60001039[0030 e MJAPSO-3 1

withinrthé snopt af ﬂEI lB‘(mltlan\ﬂlﬂt abe¢ yr by ofite eatalyfstsindayerdd, for example with

an outfF4E 0 Do gridie ondi e (AN HBAR G Bfgles of layered
cataly §s geﬂpoesl%ﬁn(‘l"m UB 6,576, OO URY. Abe4han g4 by3 583 ah, S‘rated herein

t hereto. [0031] The porous maérocrystalline nater
by ref@enoeamthout s¢ hmifing the inveoner.i zati on cat al yst and the

100335,°¢ 1S yifedahouf be BEinve e e RRE BAviGe 2 et of 2 to 500
m2/g WRith iscﬂe%%vel;r}@frg&glgﬂb ttﬁ%n@fhoh@ﬁ@deﬁéfl A d’dti%éaé%on conversion

catalyst is mass- % prefera
procesyHs$ &-itfentérbtoriantmile séthindhé srope bﬁthermd:s&ht mnentatnharrier materials

which FEE (e BoRT 58 SO LS B RogaEPR Eemerr o O Eh 5 (1)
refractofl b (gahlc_r@éfdé's%ﬂ ad 513151%8%1’&91] 9%&%% S eftbonith tﬂi‘n@&l&é’ nignesia,

mass- % bei ng preferre "y cat al yst
thona,pi:wrm; Sllleﬂsalufnlmacsﬂloaﬁnatgnesm |chﬂtm1amﬁ1mmapa‘ldm1na-bor1a silica-zirconia,

R RIS SRR e s
e RS g L ROPRE g I RS O v i

treated@ﬁf«bﬂbMpmﬂt&lpulgaty&tayoﬁla’a)ntmemﬂ ezﬂlm,l fuﬂ&'skmxﬂﬂemoﬂm ]aeselguhr,

el ati yvel nert core | es of | ayered catal ysts
ete; (i Sl Srliop plusmios ooy Ser pesurallypomy mesgnay isically

preparfd S&h REFA U NER! Wl?ﬂ/ﬁfk,t}ﬁﬁ“w flUPAC Commission on Zeolite

Nomenclature), in hydrogen form or in a form which has been exchanged with metal cations,
(5) spinels such as MgAlyOy4, FeAlpOy, ZnAlyOy, CaAlrO4, and other like compounds
having the formula MO-Al»O3 where M is a metal having a valence of 2; and (6)

combinations of materials from one or more of these groups.

[0034] A preferred refractory inorganic oxide for use in the catalyst composites of the
present invention is alumina. Suitable alumina materials are the crystalline aluminas known
as the gamma-, eta-, and theta-alumina, with gamma- or eta-alumina giving best results.
[0035]  An alternative preferred binder is a form of amorphous silica. The preferred
amorphous silica is a synthetic, white, amorphous silica (silicon dioxide) powder which is
classed as wet-process, hydrated silica. This type of silica is produced by a chemical reaction
in a water solution, from which it is precipitated as ultra-fine, spherical particles. It is

preferred that the BET surface area of the silica is in the range from 120 to 160 m2/g. A low
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by reference without so Iimting the invention. [0033]
The bi nder shoul d be porous, adsorptive support having
wa 28070508 area of 25 to 500 m /g which is rel aCTawskop6/023018
refractory to the conditions utilized in the
hydr ocar bon conversion process. It is intended to
include within the scope of the present invention
conterft 8F §d1FaEe JHR ?srde%iréd ?&1&&&1:3%@ tharP6!5 kL6184, valske%g&lauy referred
['1zed 1 n hydrocarbon conversion catal ysts
that thé mmorphbnasﬂloa blndmivegtmnacldm:xe de shas thetpFhef abUnwatar suspensmn be
chrom a, zinc oxide, magnesi a,

ne“trai?foqaﬁlﬁ?pﬁ?r‘?rél O¥¢h i ca-al um na, silica- magnesi a,

3echr foR batHl JFand Qi P bGR e 1I-
100 6](: gggﬁge?n}egghg%oroce [aln, lbauxﬁ[c(a:élln 3 Sﬁ%ﬁéégﬁfél?atgl Ilfec%\{e
knowrg@dtr;usmn Inhetloord ma[dhllydayolvémsu@nf the hore aetoémcmmdbmﬂmmgsve either

vt 505 SISk T L BreRated and natural Ly opeucring.
form a‘ﬂoﬁﬂ%‘éh&iu& %oﬁ%}f’%’ th?dk‘?a@%%@iﬁ%% ee&hteg mbithdr€ o eﬁ’t"’{Btaﬁow for the

kaol i'n, ki esel guhr crysta ['tTne zeoliti
formatidro extrsildtecwith sccaptdbhemtagatyutoalithstandclivect a@cmzttmn Extrudability

is dete?r?;%tpg el ] : eg% g %g)gqulgrg @gm&leggq}}gg) w1thﬁl moisture cvc\)/ntent
in the vp\ﬁ%gé Qgﬁ&nfﬂ)r t315PmAd3- Eﬁg %}ér‘gg}ir&f THERoR eﬁ )fscéﬁﬁﬂgcﬁjthrough a

nmetal cations, such a MgA O FeAl 2q
die pierged, Wﬂnﬁiuﬁlpldhol@smhcﬂthe &pa@n‘cﬂl-shapﬁir eXtrddeteas oyicta folsn partlcles in
avin orrrul MO Al where Mi.s tal having
accorcgn flu% W%lﬁlﬂnf(\@} fgeﬁﬁﬁn/g yiiads of dieart gKEUdAk shepes
1
are PO%‘@E e g%g. Bl oo e B bt AR BNISRd symmetrical
and asgzmlrrp:txscal palytifbateh dt jaradsewithin tiwestbpoof this ialentionahat the extrudates
i table alumna mat rlals %re the crystalline ,
may bs ehaRaPR BRpY st as gphgres, 51 garpperization o Awy other
Inamgmﬁ) gRM®Bg O eta- alun1na glVlng best results. [0035]
alternative preferred binder is a form of anorphous

[0037]S| I IA: favorbldeultprretie¢ sleghe aifivitheh ofitheolipositdsds a sphwié b&itindously
white, aporphous silica (silicon diqgxide) powder which

manufpgiured by theiwal-kngynildlrar ethodPrspaatian pf @aml%b@m@yspberes
genera\‘;l’l\&tlﬂdl{rééadrb nqé g‘ﬁ e\:/ﬁymﬁle&l%lmlé‘\@ aluft i éoq nadfd;bseﬁmg agent into

sol ut iI'S pteclpi

an oil bathmaaifitaimed asabmtectaknpammres |Ag®makivellys ge’ﬂﬁt@cfrﬁdsﬂﬁﬁhédllﬁtdrosol
the BET surface area of the silica is _In the range

may be eHpstadesingtheanl-drop guethads (kg micthnd oftesingrthiSenishire okves

I
combilER A EHET AR B3 bR BB i ompien
mixmanmmaﬁ]@ Ishitle or ®w@r whidhetias bbeh Ililaldte!dfto alevifel@drBperatures such that
suspensi on _be neutral or basic (pH 7 or above). [0036]

gelation ?ﬁcwrs(é?rlﬂé@e Joraprsionof S@%ﬁé@id@ifpaftl?éese Zhegling esersowhichenay be
used 1h ﬁuéaﬂro@%%ts %dﬁ&%mem?en\éqgt :ﬁﬂn%‘%n 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 characteristics.
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extrusion nmethod initially involves mxing of the
non-zeolitic nol ecul ar sieve, either before or after
wadadi7rgs2oet al | i ¢ conponents, with the binder ardTaS2006/023018
- sui t-able peptizing agent to forma honbgeneous dough
or thick paste having the correct noisture content to
allow for the formation of extrudates wi th acceptable
i nt | [
[0038] Ext ?ﬁ%g W lhg }93‘61&5%{6?{6}%%‘1}5&%&% omé g‘}ﬁﬁlgetﬁla 9 Sflingd gt arelatlvely low
temperﬁﬂnresdsﬂ.ﬂ% t€ 20 °€indafubiebied do B ghlcinaiidhp@cedirs bia ‘emp@ratlma of 450°

t he r.ange. of fl[lom 30 to 50 nmass-% bei ng preferred.
to700°ﬂ]@ra@§§ﬁdpf]bpp$(g @%%ruded through a die pierced with

[0039]2‘5't "r@@h ¢ E&Lg cg):ithélgﬁs %@g@gﬁi sSohan mg%%ﬁbf HYIRLE abtvity. The

orm ance techni ques
steamin®hy ko efectédattahne saupt of hemeblite treainent. Stkaniiag eonditions comprise

a wate] QOPPEIEROD Of S0 1 PRSIl BREES P10 ERL § Mg temperature
ofbetv&*e%{mﬁb* %Jﬁu':i 20856, HEY 5@ t%fﬁ eﬁﬂﬁ&h&?ﬁéﬁ% toech 564 SR 1000°C,

scope o entlo At° the extFudates
more p[’ﬁyrabbf dt llHakthElO°G fang eﬂtlcmal]alm{a}d&sﬁmé@ of highter. msdmasases,

temperg gt S00] BURPTC AL o OAIFTBI A W SHFABE SHoq pheptied out
fora péﬁocf ?ur ecgl% htoﬁf ahd \Rgli ?&r@rﬁo %9 'T)F)h% ﬁll%%rﬂegdfklternatwely orin

manu known oi

additioRirte ﬂﬁfﬁéanﬁﬁg,afle %mpbsita-rmwedzva&héwvvﬁh opepenmird yf a solution of
i.nvol ves dropping a mxture of nol ecul ar sie
ammoninprAifatespmines @C@eﬁmc}/ﬁrg%tﬁ% e Piaeleing i e ableeted at any stage of

the pre b RIHAG, BLr BloRY ALSA omen g S cnfibinal i vel v,

[0040]t he AopIhtislineRratptiel, 1@@1@61&&& mdre @€ blatingmt palkadium, rhodium,
m xture involves corrblnlnl%agellln gent W th the
ruthenwmtoam@mar?@dtm@ﬁnu issqreasseigl eqrapqnesi pfithn secepdrsomegization

oL sl B e Bl 1, YA DR BEGP e sty

comprRESEHH 0M tJQ frass- ‘f/mﬂ’tﬁé final cafalyspeelcoiattdl onpﬁlrdld:rﬁblﬁ'sl ba$ikeThe
gel ling agents which may be used in this process are
platlnmmmmgtweqwno@@mtm grast witham therfingl cately dcompopiéens a

[ 1] ng.agen I
compel B9 PR RUROL Tp00 5 DTTBEL Bl Oy BB ot v
comblﬁai?thﬁrﬁ@h bite & rhird ot ingrediente o1 thm@taﬁy@hwmposae 4t idtefieved that
continuously withdrawn fromthe ojl bath and typically

the begg mtquét@ arscpbiaineshwherf substagiially all the platinve-graupmetad gemppnent
¢ gla alt solution to further inprove their physical
eXlSSEhaa?e BeSSY cs. [0038] The resul ting conposites then
[0041]pr efﬁepﬁﬁhmnag%@pmﬂaﬁ@br%g&eﬂf W8 b@incarpotdtéd invethe sbad
t enper ature of 50 C and subjected to a
1somemmt1@nfcataib@h cqmpesid i @n}aiul’@bkeemmpaﬂmﬁemjhommrsmrmﬁhﬁ

catalyst 1nvo?ve,%%f1e ut?llza{mn o% a Wa%r—sglltjl[)lse, decomposable compound of a platinum-

group metal to impregnate the calcined sieve/binder composite. Alternatively, a platinum-
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-extruded with the sieve and binder, or added by other known methods include
chloroplatinic acid, chloropalladic acid, ammonium chloroplatinate, bromoplatinic acid,

platinum trichloride, platinum tetrachloride hydrate, platinum dichlorocarbonyl! dichloride,
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[0039] The first catalyst optionally is subjected to

steamng to tailor its acid activity. The steam ng may
woeowEiheos ed at any stage of the zeolite treat RETMUS2006/023018

St eam ng conditions conprise a water concentration of

5 to 100 vol-% pressure of from 100 kPa to 2 MPa, and

tenperature of between 600 and 1200C; the steam ng

tetrambrRTAIAE URIBriBE, g iralbMidopladeam, 6@@&%&9@&1&%&@@@ palladium
" '%r eferably at |east 750C and optionally may be 77 or
chloridsi,

gaﬂéadiumgitsaimaﬂaﬁgm,sutﬁ“mpﬁmnqnwllmiuw@gmdwh@ or
el R S UGS P B ettty

compdichOis 48ndedttaed dh Ehdbigd & coBondit @ FHRadatal Rk By @hy hidthod known in
addition to the steam 2’8 gqlhe conposite may be washed
tr

the artwPDne meitleodorf efisetangothisgpr metal distizhutioniisihy pdmpesiting the metal

comp JREK T 4RSS 0 BB e e SR g
metal 88hForenBfRFerMly VRin Highar BB eR@atRIIONE datalyS30¥iQderAhan on the SM-
pl ati num group netal, including one or nore of

3 sievpbempanent; npetk preférably 6090k mene, and mestipueferablynatdenst 8094 of the
[ IS an ei)i} ntial conmponent of the second

. dridi
Platm‘:“élﬁﬂ@f%&}%ﬂtilsoﬂ“@g St. The preferred plati num group

[0042] Bt &t isiviittih &ld UM of-EH@IZ)félséHt RAHSR HAPHEREGNdIERSsBbdiposite
conprises fromO0.1 to mass- % of the final catalyst,

may cothioudtbareetalrcoampoatsiomivan toomsdify theredfept afttheplatigumgpoup metal
I . [ it hi. final, I .

COmPO({”%ﬁtS §§1§1?£}% n %g)tdgg%%@gi Lgic’ciliﬁgﬁhglg&g;E&gelaagl?nlgﬁqﬁq%eééoﬁaah, nickel,

indiunh &allfiSn, 2/ Sknfdnd QysSibSium, Hallfin BMdShiRIRE BkredE 1C%'tal#ﬂfcally

i'n conbination with ‘one or nore other ingredients o
effectivt emoantalof suchovetplospdiiersirhayi lse inedripexatwl intvethe chtelyilst any means

| t bt ai d wh bstantial |l Il th
known iodhe f 4% GHettA HRBPEFIOBH BoRENECR ISR o r educed
[0043P! alhe d2RAA Qﬁl@b@%én@ Ve B HHR RS AhinGORR ﬁ%g@g{?{eﬁ

I ncorporat'ed Into the second isonerization?cat
compresimgpeithier €ubring mlilosine thatahmervaiiodine oGnéextunes thegeodf with chlorine
i nvql ves the util

being 3}%? ac{dis g?qg%ggly?]g%@%yﬁg &]geacfﬂt yg 6%@% dlo#ld(i;jdz ggl(i)goergl o%era%han that
aSSOCi%&%ﬂU‘?M Palﬁ?E&hlla&rfénisnpr egnate the cal ci ned

Sl eve nder conposite. Alternatively, a platinungroup

[0044]et dTheceomulinsmennatibe cadysteonipdshieis drivd abh teopRasid dNfpm
o the si g}(ﬁe co, o%nt and. bi nder. Conpl exes of .

100° 18540 {(nihadicaiaf ohEPE Stomi AHIGRRhoBE ddpruply Galeined at a

! Y ; - . : N
e L e S T TR
until thdrinetatlid admpuvndsapiesknt afel conograddl sablstantiatlydo tieroRidd foff. If desired,

chl oropl atinate, bronppl atinic acid,,
the optional halogen component may be adjusted by including a halogen or halogen-
containing compound inthe air atmosphere.
[0045] The resultant calcined composite of the second isomerization catalyst optimally is
subjected to a substantially water-free reduction step to insure 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 HyO) preferably is used as the reducing agent in this step. The reducing

agent contacts the catalyst at conditions, including a temperature of from 200° to 650°C and
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platinumtrichloride, platinumtetrachl oride hydrate,
pl ati num di chl or ocar bonyl dichl oride, tetram ne
wobhed7iosws chl ori de, dinitrodi am nopl ati num So#CETMS2006/023018
tetranitroplatinate (11), palladiumchloride,
pal l adiumnitrate, palladium sulfate,
di amm nepal | adium (I1) hydroxi de, tetranmm nepal |l adi um
for a petibd o£TbAY 0.9 1At Erebiidero rEhRE %ﬁ@s%rﬁiaﬂ? al og the Group VIII
pl ati num group netal conponent 1s concentfated on Che
metal bpmplarent torthe metellio ftatehin soatealayesstthdyesaitipg reduced ckaigstrcomposite

i n.the t..One. method of .effecting.this preferred .
iy e SR RIE S a5 4 Pl Bk BASLEE % incoport
in the GQLBIBQH'L%B{C}DO‘M’(& Bol®0PINHE haBd-b P81 £2 c&l@ﬁl%f&tilrdﬁ%rb@eﬁéh%%l basis.

si eve and binder. The platinumgroup netal conponen

[0046)or eflhedbtegoing descriitighend fdloseng exctmpdes ara prdsentedidally ys fllustrate
.binder than.on the SM 3. .sieve conponent; nore . |
Ceﬂalfb%rpéfﬁcm%ﬁéa@a’fwf g i entiony an&ghougé’ BPleheatonsirugd tp digait the scope
of the $8¥%n@bn A&t BB fnr’tHéT?:lﬁﬁ’ﬁg??ﬁ&@taré ﬁaﬂﬁg&ggﬁ)l@bﬂﬂgﬁaﬁaﬁﬁx@ﬁ 43 those
It is within the scope of the present Invention that
of ordinhry skelt ondhe @atwillyrstognorpwithingherspiritofithainveatibier net al
conponents known to nodify the effect of the
pl ati num group netal co Such netal nodifiers
may i nclude rhenium ti Wﬁrﬁh um | ead, cobalt,
ni ckel, indium gallium zinc, uranium dysprosium
[0047F halJaiipis cirdtalysid wér prephRt 6 confpdtlvetdiletblatt testing. First,
effective amounts of such netal nodifiérs may be
Catalyishd ovgsarenaeeil forrepresdnéa catelybtyof theplyncavnyartesonkerization of

et lbt he art to e{fect a honogeneous or stratified
YIOREPE F DR -**F0043] The catal ysts of the present

[0048] NV @Htél?ﬂ NE&ntQiﬁﬂ‘[gﬁN/]‘F\X;ﬁtﬁ%le&ﬁ@ v PRYAFA in aEQRHCS Wh@ US
either fluorine, chloriné, brom ne or |odine or
Patentrfi,4&2,if69sandhsprdishitiombertal Mol H0/74% 1 beiTwe prietfar ofdd2 mass-parts

. Pref Ly, h t al yst ' dded
sodiury 3y §BEHHEdh RAPRTRAFS Fistite SE6E Eeaddsy D 9B e o diipisum
hydroiggérﬁ?d&ﬁféta?ﬁd tﬁ%@&ﬂ%in&h?olﬁtﬁﬁl%éjs étif‘x‘éﬁ%‘ci?@i%éc@%‘d@%t RN solution of

nposite is dried at a tenperature o rom 100 to
1.5 mB2-pats of mathybriethglaogfmdmiomchloride 249 axassrparts distiltes! veatek, was

usual |y, cal cined a tenperatyre of from 400 to 650!

prepargi] a%istﬁrﬁ'ﬂ_p Ut ésﬁ%léf*“i ﬁ’&’ﬁ’ 15 B seluiorr g sfine togefhgumtl
I . r .

romoNER NEU] 4 AE IR B SpSAPSHEK SR PRBLRES gy gt oo
tempetdtigre apd seabed intval eftperined mpoekne fore/ddys andf @€t dolity type MTW

i ncl udi a hal ggen or hal ogencant gi ni ng conpound i n
was repfiend 0 eplipdH Brng oR Sfoo AR MBS P L Vs BrEding, he
recovér QPR &t Sv R caldfedSe & e ﬂo%@tﬁs{}%tzh@ttéra Nafeldnd igr?‘-texch]@n%ed three

opti mal | a ree

y I's subjected to a substant 'y wat er -
times wett NH 4903 shé dricd td showran amalysisf 0.0NERRAL0413106i84Hged The X-
ray diffraction pattern was consistent with an MTW-structure zeolite.

[0049] To form Catalyst A, 5 mass-% of the dry 100 mass-% MTW-zeolite was

composited alumina to form spherical catalyst particles. The particles then were metal-
impregnated using a solution of chloroplatinic acid. Upon completion of the impregnation,
the catalyst was dried, oxidized, reduced, and sulfided to yield a catalyst containing 0.3 mass-

% platinum and 0.1 mass-% sulfur. The finished catalyst was labeled Catalyst A.
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di spersion of the optional netallic conponents. The

reduction optionally may be effected in the process
weqgui7mosos of the present invention. Substanti 8CTSPpW6B23018

and dry hydrogen (i.e., less than 20 vol. ppm H20

preferably is used as the reducing agent in this step.

The reduci ng agent contacts the catal yst at

condi tions, including agxamperm@iiure of from 200 to

650C andfor a period of from0.5 to 10 hours,

eff%gtlve to reduce substantially all of the G oup

[0050}, | (CanlyiB watprsnwsd usse theed M waﬂ%oféEmle L8 0smps-% of the

dry zeS?%??abtng'lé%e%fs\Wéllﬁ %p ﬁmarsg %gjgfg i ta% ¥06'£n eé e% PﬁgatgsrgtaB No metal

was addet! hothelcaaiyst.i n the art to |ncorporate in the catal yst
conposite fromO0.05 to 1.0 mass-% sul fur cal cul ated on
an elenmental basis. [0Q46]. The foregoi ng description
and foll ow ng exanpl es ted only to
illustrate certain specific enbodi nents of the
0051] NV &RAIPN C RETprpalh th ARb S {
[ _]scope of t heQSd% gnt?on asrdglz%e ﬁ{?%g&h{%s 05?@34 §§’79891 A
quantfﬂShé'r@llhmesutasnthq:Ibpaltet}slllezeolhth daavmg ah at-rayrthffmaoﬁ b@tﬁe@n eduivalent
ordinary skill in th art recognlz within the
to AR Sy eerered fuh e douti-48a igamaugpus
lutidiAdoRlafiths alVerdan e fsnﬁﬁ {
sola GRS 7 o AR R e%%#uéﬁo PG, TR Beleh o of
silica toatraplylwtwasM 9 IieAIGohanauf todimn gaﬂ@lﬂﬁvas aﬁﬂd:cbta) thé silica and template
et, h | benzene to para 3(ylaf [0048]. Catal yst A
mixtu i A P AR BN sy e e op SseanachzesbitsoTarmseltant
it oS RO 128 PPl héia
mix 4?9 ESaG To a éoﬁr %&g% o? t 1&%@% ]g%rz?gﬁfs?go talﬂ%d was
washeﬂl yfdtaned ahel drn:d&o yiedd a pail ium-ghibstitisted @dntasil ecolive l‘:@lt@@lﬁhgd
s al um num hydr oxi de hydrate and the

apmb%gﬁﬁghggmgb %Wﬂmas stirred until dissolved. A
[0052]S ec %{/‘ﬁ)rﬁeﬁ Hf]fhlg e Qlite .Jde?crﬁﬁﬁ? ran% n%%ed with aélgp{ng hydrosol,

triet anmnmoni um C

preparekil by digbﬂdlgwaétalhc\m,ﬁnmnﬁnﬁ rhg?droaﬂl@n& tabid! ﬁ)dylﬁlﬂta! Zeolite content in the
the two solutions were stirred

|s | ved.  Then,
ﬁmSh‘i%cF@ Y¥beauzhiq 30 Wé%é’eﬁp g mmes@t waspddad snqughtzirconium
oxychlk8& E(H' dlkAiffin g Eblg)% &}Qﬁélgl 0 Qg % %%bé,lrsgn F}?%g}]ﬁ: fh msLhed zeolite

room t enper at
zuconmbetlmnirm\cemfpo31t68ccd1miﬁed9dppilc5&iﬂﬁely253@1|a5§-% 2xPe FYRBW Wasolution of

?gfvered after cooling, fl|terIH%. and washi ng Wi th
hexamgthyleneteamingves added as a gellingegent. Hbe fmebmistute wasalspersed as

droplei’é’qﬁtoga@cog AT e%tae{ tﬁglgagl%t&rg of ggm ﬁ‘hﬁ%ﬁ&%ngwlmcf{égh? gil bath until

they fcshlewnmogﬂadpyae§ 'THS. sBNs Aeré rmSveHLBhrRe S BRA and WAShed with
Xray diffraction pattern was consistent with an
an aquwwsg{m@gtcgmémz%g ptigass-% ammonia. The spheres were then air dried at

110°C for 12 hours and then calcined in air at a temperature of 650°C. After calcination, the

composite was washed with 0.5% NH3/H,O solution at 95°C and then oven-dried at 110°C.
No platinum or sulfur was added to the catalyst.
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[0049] To form Catalyst A 5 mass-% of the dry 100
mass- % MIW zeol ite was conposited alumna to form
wepheroosmB cat al yst particles. The particl es t REWUS206/023018
nmet al i npregnat ed using a solution of chloroplatinic
acid. Upon conpletion of the inpregnation, the
catal yst was dried, oxidized, reduced, and sulfided to
yield a catal yst cont aiggkARF),EIWBSS- % pl ati num and
O 1 nass % sul fur. The finished catal yst was | abel ed
yst A EXAMPLE || [0050] Catal yst B was epar ed
[0053h3| r%ﬂt%h’fé Dvves Erémrﬁd & gFcoplanemvah the teghings of %% 524@ B@l. The

i S80S AL O B SRl A o

H3POgQ aha s on EWaEbdsid a:{dO&é'ﬂd}mngattﬂ i oce it BRI ®as
in accordance with the teachings of US 4,957,891 . A

observed eiMiagnesivgm agetate waprdisselyed i tnm I@B'U%ﬁf the Watq@@ﬂ ithes was added

fif | ent t hat
ollo 40 B BOKAS T80 S LKL MR 12
homog'éﬁeél& mixturad fivag abeeuesl. T8k Ufgaﬁfd: t@lﬁfilaﬁh@ bt @ihﬂbﬂtﬁldnﬁne) and
| ate, tetrapropyl anmoni um brom d The wei ght

A1P04 21 Pepdorers pidedo s risreanst blended ug’ul qhmggﬂmpuml)@me was
obser\rcéﬁdf[’cgfm)lgsa&ltﬁ‘é Fesﬁ\ﬁi% add d%xtwg%et e“ﬁ§ in e@?eéz tenpl ate

ure1n an armu um based on

(polytétefivobdttisNad) zemldst @teelTﬂ}@ssﬁ&SdéEsIe?snﬂ)r ghi¥sdeh€crP@allization or an
aut ocl aved at 125C for approximately 72 hourS. The

unlined sirred gaipinss staeldoroiguroweste and heatadameid 2002C tr effebt crystallization

i titute asil zeo
ot g el TRANER alelF ShuBELiGuhe Gl Fosogls prgeentifuged
to recPRF koM viHficH WereARphéd, Aridg s8d tAGH-ARWB50° @’aﬁhé'@e%(ﬁﬂnWéAPSO
al um na hydrosol, pr epar ed by digesting netall
sieve, amng A damierorl ehegassiusn contentiaf 0.004 nydle Iﬁzacfaorz sl |emuded with

o R Bt BB oS e i

calcinéd® redueOii il fMdbdap RiQX CaRlRt P, 20 mass-% Zrq 2, such
that the finished zeolite zirconia-al unina conposite

cont ai ned approximately 5 mass-% Zrq 2 - Finally, a
sol ution of hexanet hyl dAEAMBdhVne was added as a
gelling agent. The f| nal m xture was di spersed as

ousaf o SN o2 sPlla Pl b L BRIRLHE Lo v
evaludied o8 sthmbaﬁme lisoBiRifRA®Sn to aka-RH1BERY @s@ng’\@ﬁﬁotrﬁém\fﬁ)dv feb Q5
the oil bath and washed with an aqueous sol ution

processigtadion; qayilivrignag groymatieroed kavingibe Syjlvoving apmosindten
compo% tfonqﬁ 'V\‘fat—(%? t

Toluene 1.2
Cg Non-aromatics 6.3
Ethylbenzene 13.9
Para-xylene 0.8
Meta-xylene 55.6
Ortho-xylene 222
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110C for 12 hours and then calcined in air at a
tenperature of 6500C. After calcination, the conposite
woasiwasted with 0.5% NH3/ H20 sol uti on at 95C aqad/ush®r023018

oven-dried at H OOC. No plati numor sulfur was added
to the catal yst. EXAMPLE IV [0053] Catal yst D was
prepared in accordance with the teachings of US

[0055]5, 24Me @Bdve fedd@as edgdctahnwith Catdlest Weis ths £Rhask. PYocess conditions
m xi ng the Al 203 as pseudoboehmte (Versal 250) into

and the prsultinpEariamepnga mepsuses 3e gheiublowasi s and bl endi ng

until a h SAM Xt ure was served. Magnhesi um
acet ate was |ga§]gtllévg$ in a port‘lo’gsﬁ of the water and

then was dmesdref pdifowed by addi gson of LUDOX-LS. The
conbi ned ni xture yas bl ended until a honpbgeneous

m xture wa¥Hsséfved. The organi® tenpl ati ng agent

(et hyl but yhamne) and AlPO4-3 1 seed were added to
this m xturé ‘and bl ended until a honpbgeneous ni xture
was observed. Portions of the resulting m xture were
pl aced in either I|ined (polytetrafluoroethylene)

st ai nl ess sxdepe/plenssuve’vesselB.For qui escent
crystalli ' £an . ynlined . stirred stainless stee
pressure 3%%%@Fm§ﬁghﬁgé$ed up t§%200C to effect
crystal | i Zg{dimniosd, %aut ogenous ppgssure. The products
were renmoved fromthe reaction vessels and centrifuged
to recover solids which were washed, dried and

05 e S o B oS0 S e
oy MY 00y 150 B TP Sl G

materiatetbat - toclad ciondatcd oedutetusinth sidrbingee dotpldxeSach circulation is
Catal yst D. EXAMPLE V [0054] In an exanple of a
expensiyeapdea lowramqpet ok( 8 risgmle is heraferesn art, Catal yst A
was eval uated for ethyl benzene isonerization to
para-xyl ene using a pi &taNppfty f | ow reactor
processing a non-equilitbriumC aromatic feed havi ng
the foll owi ng approxi mate conposition in wt-% Tol uene
[0057]1. 2ItCaiNerngrl ostetwins p&f@niahby bithe peRent 1dvedtiBek dirxtib@R@ization

zone, (Qeita%yst B was evaluated for meta-xylene and ortho-xylene isomerization to para-
xylene using a pilot plant flow reactor processing a non-equilibrium Cg aromatic feed having
the same composition as in Example V.

[0058] This feed was contacted with Catalyst B in the liquid phase. Process conditions

and the resulting performance measures are shown below:

Temperature °C 280
Pressure, psig 500
WHSV, hr'1 5
p-xylene/xylenes, wt-% 23.2
EB conversion, wt-% 3
Cg ring loss, % 1.3

-17-



10

15

20

25

Met a- xyl ene 55.6 Otho-xylene 22. 2[ 0055] The above
feed was contacted with Catalyst A in the gas phase.
wénrowaes20sondi ti ons and the resul ting perfor maRC®/US2006/023018

nmeasures are shown bel ow. Tenperature C 375 Pressure,
psig 85 WHSV, hr 1 6 H2: HC 4 p-xyl ene/ xyl enes, w-%

22.1 EB conversion, wt-%35 Cring loss, % 2.5 [0056]

Note that the "Cg ri ngEKAMPLEYII n nol - % defi ned as

"(1 - (Cg naphthenes and aromatics in product ) / (Cg

nap nd aromatics in feed))* 100", which
100591, ep%i@ﬁ%%ﬁ?@%sgf’w%ﬁm REECS ofhegresent imventiands first
isomerdatibi ene Wataly s CAPasHvARBicH ¢St rﬁo g@ﬁrelaﬁg 8Fh8-'x§ffeu'e gstolm%?lzation

I s_expensive and a | ow anount 0SS”1
to parapgyigneusmg, a okl ELlyw rg05 Prodessiagna esaphiEbE MAVEEomatic feed

havingﬁﬁggag{%q%peosgfoggﬁhzn E%%?l nt invention's first

i Soner1 zati on yst B was eval uated for
[0060] et Fhix fésasdmhtRiddRPEhERSt & SPIR A Hidle b ”
par axyl ene using a pil ot pllglgtnt %?f}%vlviq?giaﬂgf%g?' lg?coe(?%%?}dhtbons
and thegesidwngperformante meGyresnonstionn Hebod havi ng t he same
composi ti as _in anple V. [0058] This feed was
cont act ed% rafyr géyst Bin tR0] qui d phase. Process
condi ti onyrs%@lﬂne,tﬂ‘geg resul ting pey bor mance neasures are
shown bel ow. Tenperature C 280 lgressure, psi g 500
VWHSV, hr" WMHBVphiy| ene/ xyl enes, 10ut - % 23. 2 EB
conversion, w-%3 Cg ring |loss, % 1. 3EXAMPLE VI |

p-xylene/xylenes, wt-% 23.2

EB conversion, wt-% 3

Cg ring loss, % 0.8
EXAMPLE VIII

[0061] In an example of the present invention’s second isomerization zone, Catalyst D
was evaluated for ethylbenzene isomerization to para-xylene using a pilot plant flow reactor
processing a near-equilibrium Cg aromatic feed having the same composition as the effluent
from the reaction in Example VI. This feed was contacted with Catalyst D in the gas phase.

Process conditions and the resulting performance measures are shown below:

Temperature °C 375
Pressure, psig 85
WHSV, hr"! 2
p-xylene/xylenes, wt-% 25.0
EB conversion, wt-% 31
Cg ring loss, % 1.2
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[0059] In another exanple show ng performance of the

present invention's first isomerization zone, Catalyst
wa20E90ewal uat ed for neta-xyl ene and ort ho- xyl eQ®/US2006/023018

i sonerization to para-xylene using a pilot plant flow

react or processing a non-equilibriumC aromatic feed

havi ng the sane conposition as in Exanple V. [0060]

This feed was cont act eEXMMPLEAXal yst C in the liquid

phase. Process conditions and the resulting

per e nmeasures ar.e shown bel ow Tenperature C
[0062]3 00 Ilg%ugggagn;i%l’e ogﬁ}egpr%s.(% rs-se(l‘orﬂ)ls%mgr%agﬁg %8, &rgadyst D
was evaluabédX3r ethiBeaLnY o cpiRatiod tb%h?ﬁ-ﬁd&#é‘v%ﬁﬁg,o% ?iécg(é/%%x‘t Blow reactor

EXAMPLE VI I ] [0061] In an exanpl € o
processing @ mepippAudlirans fg arerostio feedibining therseme Campbsidon B Weeffluent
V. tHyl henzene i sonerization to )
from 1 R P A <310 et D in the gas phase,
Procesp canktonsgdahd RBAHIAE Weifhidid | havi ng
the sane conpositi o%gasféﬁdg%gigslﬁl%%%ﬁeg%éacti on
i n Exanpl elomperatiteSCf eed was codftiacted with Catal yst D
in the gag phase. .Process conditions and the resulting
per f or mance irEasiPes are shown Bel ow: Tenmperature 0C
375 PressuNBISWEY 85 WHSV, hr" 51 2 p-xyl ene/ xyl enes,
wt-% 25.0 EB conversion, wft-%3 1 Cg ring loss, %
1. 2EXAMPLE |1 X [0062] In a exanple of the present
i nvent i on'Bsxdererndetesonteto zat i &5.&one, Catal yst D was
eval uat ed t hyl benzene iso ization to
par a- xyl er%]‘j’jéosn%ﬁgyoél’ B’it'l%/gt pl an{nﬂl oW react or
processi n@CgrimeRks, egui | i brium G aromatic feed having
the sane conposition as the effluent

EXAMPLE X

[0063] The combined results from the two-Isomerization zone system in comparison to

the single-catalyst gas-phase system of the known art thus are as follows:

Catalyst B+D C+D A
p-xylene/xylenes, wt-% 25.0 25.0 22.1
EB conversion, wt-% 34 34 35
Cg ring loss, % 2.5 2.0 2.5

[0064] Equilibrium p-xylene/xylene ratio at 375°C Is 24.0 wt-%, so the two-zone

example provides p-xylene at above equilibrium levels with Cg-aromatic ring loss equal to or

less than in the example of the known art.
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fromthe reaction in Exanple VII. This feed was
contacted with Catalyst D in the gas phase. Process
woandionswas and the resulting perfornance nmeasBCEAISA06/023018

shown bel ow. Tenperature C 375 Pressure, psig 85 WHSV,

hr"1 2 p-xyl ene/ xyl enes, w-% 25.0 EB conversion, w-%

31 Cring loss, % 1.2 EXAMPLE X [0063] The conbi ned
CLAIMS8sults fromthe two-|sonerization zone systemin

conparison to the single-catal yst gas-phase system of

t he known t thus are as follows; Catalyst B+D C+D A,
L A BT bine Sompzaopen (o nas e sprvattia fopd mixture

- 0 ' . 0 . . .
comp S 0ty Syl ol A0RG peo o
W)- Yontactingthe favd-miatvee xléquid phase d tdestibgtantidl ebnéd of hydrogen
above E.]gsui.l i brjumlevel s w -aromatic ring | oss

h
equt 2 {i5Stdfomerizationzgne iVYiﬂtW%érSé i%géﬁsﬁrléatém Py femarising from 10
art ¢ oM Mes-odlof a@‘lf{%éto S0kl alhgz%dgﬁ%rdnﬁ%'i&%ﬁ?xgic-?)ﬁiéie binder

non-equi |1 brium al Kyl aromati c m Xture co I'S

one and having thet supsstantinirabseacd with pladmngsoupanpal cintdt b rst
sequenti al steps of: (a) contacting the feed m xture

i n IoRFrEaiemenditions froliainsindntermedias sEprre; and hydr ogen

9.l AABAERAE DA o Bk grtiongons

of atith egesbndizemesiaitiohicatadlstidmmidihg o). BRA Bfdss-% of at least
I nor ganj c- oxi de bi nder and havi ng the substanti al
abs At 8la5PuR-gpuR MelaheYRBRRShd P 4P 98 Srasefie obat I¢4st ene molecular

. - - Dy ) i Dy - L at er pedi at.e .
I -
i nt en isiaized pfodacoinpriding@cdAteritSObR bf 2AEisd Ond SRGlaromatic

with a second isonerization catalyst conprising from
0. 1 130gep that dsshighesthag the eguilibrium concentration at second isomerization

conditions.

2. The process of claim 1 wherein the first isomerization conditions comprise a
temperature of from 100° to 500°C, a pressure of from 500 kPa to 5 MPa and a liquid hourly
space velocity of from 0.5 to 50 hrl.

3. The process of claim 1 wherein the second isomerization conditions comprise a
temperature of from 200° to 600°C, a pressure of from 100 kPa to 5 MPa and a liquid hourly
space velocity of from 0.5 to 50 hrl,

4. The process of claim 1 comprising processing the entire intermediate stream in the
second isomerization zone without a further processing step.

5. The process of claim 1 wherein the at least one alkylaromatic isomer that is higher
than the equilibrium concentration in the isomerized product is para-xylene.

6. The process of claim 1 wherein the Cg-aromatic ring loss relative to the feed
mixture less than 3.5%.

7. The process of claim 1 wherein the Cg-aromatic ring loss relative to the feed

mixture less than 3%.

-20 -



one platinumgroup netal conponent, 10 to 90 mass- % of
at | east one nol ecul ar sieve, and an inorgani c-oxi de
woioiensm8 second i somerization conditions to BOTAIS06/023018

i sonerized product conprising a concentration of at

| east one al kyl aromatic isonmer that is higher than the

equi l i brium concentration at second isonerization

c®NditeipRoisess & cldiRe1 Riref 8SmPHisifg ProdbshindhEd@ttindtion of the
) first isomerization conditions conprise a tenperature
isomegizedrprodyct ond & fregoOgaremgicalosd b sel¢ctive ads@pidorkieapbiain Bigh-purity

; | i qui d.. hour space velocity of fromO0.5 to
pmanggﬁ?&?H%F??hguﬁPgegg%&%Fﬁﬁ 9'U|1 wherein the second
| 8.0MBHei EEdekOOF (ARt (vhereen HREPTaSiONS nidlEBRr 3lcE Of fHe first

) from 200 to 600C, a pressure of from 100 kPa to 5 MPa
isomerizaion cpiakyist i§ splgeied Jrogperseonhsitivef MI W and GarvIBl.5 to 50

hyo 4. T cess of claiml conprising processi .

e b ToinrckBSs B QHRE R R L B SRR e S BB 50 hea i the
second BoARfiARhiZ0fe ZRNEhHein Y bt Radt ¥t B&Zla@dxﬁﬁﬁﬁ%rﬁ& t8A18P higher

5. The process of claim1 wherein the at |east one

than the qayildrigredneentmsion in thedsormerided ghaduct isparartdene.
equi l i brium concentration in the isonerized product is
par a- xyl ene. 6. The process of claim1l wherein the
Cg-aromatic ring loss relative to the feed m xture
| ess than 3.5% 7. The process of claim 1l wherein the
Cg-aromatic ring loss relative to the feed m xture
| ess than 3% 8. The process of claim1l further
conprising processing a conbination of the isonerized
product and a fresh Cg-aromatic feed by sel ective
adsorption to obtain high-purity para-xylene and the
non-equilibriumfeed m xture. 9. The process of claim
1 wherein the at | east one nol ecul ar sieve of the
first isomerization catalyst is selected fromone or
both of MIWand Ga-MFI. 10. The process of claiml
wherein the entire internediate streamis processed in
the second isonerization zone and wherein the at | east
one al kylaromatic isoner that is higher than the
equi l i brium concentration in the isonerized product is
par a- xyl ene.
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