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RHENI UM CONTAI NI NG TRANS ALKYLATI ON CATALYSTS AND

PROCESSES FOR MAKI NG AND USI NG THE SAME FI ELD OF THE
WO DWERTIGCN [ 0001] This invention relates to i NnPCDUSW07/077197

catal ysts, processes for preparing the catal ysts, and

processes for transal kyl ati ng al kyl aromati cs enpl oyi ng

the catal ysts. The catal ysts contain an acidic Ml

nol ecul ar sieve conponent having a Si/Al 2 nolar ratio

of | esBPfEMHM@OETABﬂH@TM%MKB{MTIOQJ CAGNLAMNRTS

conponeMNDaPROERBHES dHOSpRIASKING NI @ISINGAT B tSAME! | y

a sul fur conponent to provide a desirable

transal kyl ati on product having a | ow benzene coboil er

content. The cat al JHEEDaOE THEINGENTEDNe for the

di sproportionati on of toluene and the deal kyl ati on of

hyl _and hi gher al k | kyl b h
1003,y TR PG IBE B0 mSREROUNS CFP PP UVER TP R the Catalysts

and @%9%138 @%aﬁé’al Rirl e SOORLS LSS Qﬁﬁlggxﬁggaér&gh t99he cata%ysts

ol unes from péetroleum as feedstoc arl et
contaivpior dcatic MHiduseculalsiavh enmpanait hdvieg aS$All mplar t'am)tofd)éss than 80,

the xylene isonmers.is para-xylepe, the princjpal
a m?rgeaget%wopsm 551%% EYMPYIIE R TEGHEPHISTYRE RiAflgiang optionally a

sulfllﬁ' &%ﬁg@ﬂi’g@ chﬁztl(f"e { 5&%&1}?}@&&55 ﬁf‘g@%ﬂ%‘ﬁ 918W &¥%ne co-

roduce phthalic arhydr supples
boﬂén @hteno[Therataliytstsragd albo wataplenft treelispaspoetisnatibhofitoluene and the
xylene is used. in | esser but grow ng volunes for such

dealbylaam%e%l apfl highepaliphgroups ol alydenzenss wisdips methyl ethyl benzene.

preservers. A prior art aromatics conplex flow schene
has been di scl ogadyRMNENED ©F THEANY bN he HANDBOOK
OF PETROLEUM REFI NI NG PROCESSES, Second Edition, 1997,
published by MG awHi Il. [0003] In general, a xylene
[00024 oduthe xylerfedsorhérs preqandiad én laagd wUsmeyfres pofroleum as feedstocks

for GIAFER DeMIEHENPRHNGT BT TisHe. ThemPudpaarf fctyfene isomers i

parad{y2dHt ih‘e%)rﬁlglpfipﬂe&ls)fd/dk%ﬁpol etrN@hich SotHBP® enjoy a high growth rate
i soneri zati on, may al so I nclude deal kyl étl on,

fronwmed)aae d@namsh Qﬂhpbryﬂdnmlmseﬂuo eragicexptitbal@sanhgdride, which supplies
hi isq 1 An%anotherklsthed Spr.opo rt| natlon of

igbe YR 8L 515 8T B PR MR RIS i WS84} epsr ORerowing
volu‘iﬁe%‘?é@u@{ bAIduOR aPpREES Pers, 29Y @ ésean%'vﬁ&)dr[ﬁé‘éewe%‘ n@%} art

occur. For instance, the aromatic ring may beco
aronsaics! cempkdx Glovescheme hesived disekistd by Meyars na Fhit Bext eheal ANDBOOK OF

g RS BTEL Gr ERIEREL oTn
[OM3TSU| ﬁl}eh&aﬁ xR 9fodY1 ioPRk it E rH%% QEFIOLMQM%?E)I‘OCCSSIHg

benzen () O n a soug t co- froma
reactions. One is a transalkylation in which benzene and/or toluene are reacted with Co*

aromatics to form xylene. Another is xylene isomerization, which may also include
dealkylation, where a non-equilibrium mixture of xylenes is isomerized. And another is the
disproportionation of toluene to form benzene and xylene.

[0004] In the transalkylation process, adverse side reactions can occur. For instance, the
aromatic ring may become saturated or even cleaved resulting in naphthene and acyclic
paraffin (non-aromatics) co-production. The co-production of these non-aromatics, of course,
results in a loss of valuable aromatics. Moreover, benzene is often a sought co-product from a

xylene production facility. As some of the non-aromatics have similar boiling points to
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xyl ene production facility. As sonme of the
non-aromatics have simlar boiling points tobenzene
W@ b@Rps3ee3 co- boil ers), they are not readily reP@ESR200T077197
achi eve a benzene product of sought purity for
conmer ci al applications which frequently demand a
benzene product having at |east a 99.85 percent
purity. [0005] US 3,562,345 discloses catalysts for
benzene (heardngl cathaplersorthely gpmgpmadﬂmmdvgﬁ tapfchieve a benzene product of

souhy PRI PED el PR o Ry 500 T e P pppgct naving
atleyslt%@r% deht pRigl s may be present. [0006] US
6 di scl oSes a transal kyl ati on process over

[00(liibr deIdSt3é6ér3(§5$luﬂggEsi satatpds fqntnagsatllh}éatrmlrajdmplr@obgtonatmn of
alkyft %%Qf%ggg}tglpgﬁtﬁl u%lgéﬁh%%gs[%%g g%%l??g%ge O¢ pfré@glg agtlve metals
suchCRLAOYR IV IBAn IO e &Swa@tmﬁa) ShrByhpenzene containing a
hydr ogenati on netal such as platinum nickel or
[0006heni Uﬁ146856 ,@6idikctoszentransalkylktiey psicasseoveh atorddméte and suggests
t al is subjected to a sulfjding treatnent before
modfiutz dimmonterfie )y SeamalerFipiidh §r REORBERtE8 pdBttel medifier into the
Cmﬂgg?verting rheniumto a sulfide can be adopted for the
ulfiding treatnment, they prefer sulfiding with
[OO(I‘Ndr ogs | ESd disschisesa taatparfat doatkybeingedylbenaene contammg a
nperature and 5000C The sul fiding treatnent can
hydr@a?%tlea msial speh 25 plaium. @#Fla?igrsrépmpwnd@éfd& ol TBPY State that
the &?{lgt gs stugﬁ:cféﬁ é8 gg@i‘ﬁg%&% m«?ﬁtgleféog% {é{@"y g&{}ﬁlleghé us,rtgg that any method
capabte dieconvertiepgedivant 4 hidfidoss befadsyled far tHeisulfidingheasnde, they
reaction is said to ge decr eased. EOOOS] US 5, 763, 720 .
prefey; sgkfrdé%ylta hffsirzs.’a%w fletli AfAMPRIGRES BetSEn FoRY EmpeRuIgend 500°C.
The SHiREARRIAS Y B cAricRb i Stk ABh ALALNGSARAIE L&Sor hefore the
rat I'n an extensive I'Ist 1nc I ng anorp

calcipbtiorc foalattivanian idviik BPsul Z&ivg 1tRe aandtyzﬂ ®l|1€i daealmhﬁpurpdil&fdeto be
further contains a Go pi nmetal such

h |
incr%gdpgfg{ @ﬁiﬂ?% of s dugdoshayvige rraqtion @é?léé%be gecreased.
o0 B3 2D LR G DR ERENG: Bl LS Fomaics

oversedaegtise dorfthiningt Aeeligs dliptraed $i i éxignsdie lMﬁMclliﬂmgz’ﬁhb@hous silica-
SS7Z-25, ZSM- 12, and zeolite beta. The second zeolite
aluming, MG M-22 AiiMi 13s ardgobte betay whera the gatakyst fatherecontséns a Group

I I S ed co-boilers in making a higher
VHI“%YS S“a{)asnﬂgétn%e“%r oduct. [0010] US 5,952,536 discl oses

[000&] t r aus 8|y 631 IdBRIAREPL @SB alk§latifn Provadsdih Yisd presHiibé bStwtdzeolite
a zeolite selected fromthe group consisting of
contggingxgtal ysts. Shfigs zeatitqcatalyssdy sedestedigm the group consisting of

MCM-22, PSH-3, SSZ-25, ZSM-12, and zeolite beta. The second zeolite catalyst contains
ZSM-5, and is used to reduce the level of saturated co-boilers in making a higher purity
benzene product.

[0010] US 5,952,536 discloses a transalkylation process using a catalyst comprising a
zeolite selected from the group consisting of SSZ-26, A1-SSZ-33, CIT-1, SSZ-35, and
SSZ-44. The catalyst also comprises a mild hydrogenation metal such as nickel or palladium,

and can be used to convert aromatics with at least one alkyl group including benzene.
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SSZ-44. The catal yst also conprises a mld

hydr ogenation netal such as nickel or palladium and
W@ 200808360ed to convert aromatics with at | easeCDOg2007/077197

al kyl group including benzene.[0011] US 5, 847, 256

di scl oses a process for producing xylene froma

feedst ock containing C9 al kyl aromatics with

et hyl -groups over a catalyst containing a zeolite
[001d b np ois At84f/ 1246 dislgseed proaédsfomprodeaing eylamﬂjfr«vmtalfe@dstock

Y IR I E GRS

that {s' RERAIIYdtdeAle Ad Rldt ¥l A RMRhipoRe MRl & Frefdily rhenium.
cat al yst’'s conprise nordenite, i norganic oxide and/or

[0012] ay &ah 6,060,418 alsdclcpecardyas artrbprpmeﬂtfonfrarrshmylamn of
| ati num.and ni ckel. See al so, US.6, 359, 184. O%Z% gq?
alkygrematics yjieggia RIS COPRRS 6 QU] BRT&aR G ricy and at
t I 0
leas{Hethdfa ull b ARG, TndRad FELA) SEURORAY 3N ss.
[0018] t heldS I6L867(3IZIOIdmlhsesadlslpmpmloaﬂtrdnﬁrfmsaibptpmns&ualysts having a
nordenite_and/or beta zeolite with certain A/Si?2
carriehandps metgh eQrapRilen, oy g carTies of he raety) qopnposeptds HlaAP‘/‘fSI apd either tin
t
or 165& dgﬁ%he %ﬂ‘g?” gﬁﬁj@ﬂs %;BFdeP g‘f‘dé%:ose%a netgﬂger\g@lté 2%1?’321& APAE ratios,

optx@aﬂlglm Sdealitei widt ¢edtain ADSﬂx@udslSarﬁL 181 &er SBife bhnsﬁtscaﬁ @se @talyst
phase xyl ene isonerization process whi ch uses a

are Sf@o‘lollleé“@eff‘ﬁldéﬁﬁxﬂé‘f‘ﬁsa?é'ﬁ Pregpang eyt deactivaliet al yst
[0019?” Co8 kM. 6 %Ys@[o%gseg i lg‘@g@}@en‘é Q%Hggefﬂ%&orﬁ,gr%&s@%vh%h uses a

atinum group ne rs's
zeolité Beta ged panasilFtype zéstaael The@b@l}tst calni cokialin a hydttbghation metal
gal liu zi nc, _urani um Xspr osium thallium and
comppnany;push as p@laum giopR Bietalisnd pdrisreiEh o rh?@wnu;sm germanium,
7 vk c I f t
leadﬁ?wglégr?lége%, &Hgﬁgl gg@ﬁa ?Igg %’rﬁﬁl Hlfzsg‘rés?lﬂﬁ %Elgbﬂlh hr?cI‘m?Itures
therédfj I obe shape with a maxi num ef fective di aneter of

cm The catalyst is conposed of a support, which
[001§bn S 2ePUBRET A ¢ ther i 2ol19. disrlsrastaaialysilor iransalkylation of

58'&"{’1' 0 a‘%orxﬁlgt%s%? C:V'%I?mzﬁ %n@'a‘ﬂx‘ﬁoﬁ@ Sfath B S KL g afium effective

e ca so conposed of an opti

dlan%lteﬁmﬁ 0116d,ﬂp QSlletcﬁﬁl}@ﬂlstcbﬁlpﬁmnﬂratsupﬁirﬁ Gitech Edn®me sefeeted from the
group conS| sting of platinum tin, |ead, indium
groug@pﬁ%ﬁmgrﬁ mqfémltmbet@,rMEhwl@@ﬁbIrwa@ i mixtuges dgseof. The catalyst is

also \%I%I%gna LaDe an o tiQ %%?fe}ﬁs %nt c?ep%)&te n tﬁg n\]g%aplé)ﬂr lggtsegg ! Ehe gloup

I'S prerera untna.

consiRing @ pla€inuh 0G4, Qéaduﬁld%ﬂﬂ %&ﬂ@ﬁﬂiﬁrheﬂﬁﬂﬁ P ay ihi@&%on of these
di scl oses catal ysts having a sul fur conponent, a

elemensnThawatal g olserven comaing ederawhieh i prefepthhealtminge The preferred
suprbh a}nsal f%‘“atl on processes to convert aromatics into
pp)?§}| YRS th decreased nethane production. The

[0016Rt 2l YSDE0NOMBOA9, now US 7,220,885, discloses catalysts having a sulfur
component, a thenium component, and a solid-acid component for transalkylation processes
to convert aromatics into xylenes with decreased methane production. The catalysts have a
solid-acid component such as mordenite, mazzite, zeolite beta, ZSM-11, ZSM-12, ZSM-22,
ZSM-23, MFI topology zeolite, NES topology zeolite, EU-1, MAPO-36, MAPSO-31,
SAPO-5, SAPO-11, SAPO-41, and silica-alumina. The sulfur component may be

incorporated into the catalyst by any known technique. Any one or a combination of in situ
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sol i d-aci d conponent such as nordenite, mazzite,
zeolite beta, ZSMII, ZSM 12, ZSM 22, ZSM 23, NI
WO o8l0833y3 zeol ite, NES topol ogy zeolite, EU I ,POEBR086G)77197
MAPSO- 31, SAPO 5, SAPO-1 1, SAPO- 41, and
silica-alum na. The sul fur conmponent may be
i ncorporated into the catal yst by any known techni que.
Any one or a conbination of in situand/or ex situ
and/gu¢x situ wf@atrﬁrémenhmtﬂwdsismsefpmed dihe gchultifigecatadyst Imlenrgtio of sulfur
cat al atio of s rheni u efe |y
to rh[epxélm @R)Fyefg%mtOh]aW l_e[_ssgﬂx { éxﬁselxts&u gﬂﬁd t 1s°contacted
wnhCaasIo@!raéﬁif shBuCR Rt &Rp&auYd fahgidg SR 0€t03p0sal! ﬁwsoﬁkea)f sulfur,
tenperature ranging fromOoO to 5000C. The source of
typl@dﬂlyﬂnudrogtly pilfidé.lopn hy dewgeed with thaetalpadibeloontias tader gas,
i the catal yst dérectl .0r vi rrier gas,
typilst ey Evehcl e OGS atnifest. RySeaak Grefs tbp gamatso be
treatt6h GRL BhtSh SEATPOBLITR s &ﬁ‘l‘f‘ac?éd&?xtlpﬁletc%%ﬂrs?é’orhﬁbsﬁi&n%y adding it
where a source of sulfur Is contacted wth
toﬂmandky&bonﬁnﬂGSEmnomabmuaddﬁngnmngngﬁmhelpmmHDMambﬁmwO10000

feed s Jn a concentration rangin
Ppmslaplrﬂ&flff% mlcelo%agwﬂ% RoREPTERTAG Our %ﬁp‘?gféﬁ fu re&%wﬁg e&rgo disulfide
and Qlﬁlgkﬁ’@fdh%&h%@ %e@l?ﬁs@lfldes dirhéth lhlﬂﬁhé‘ qgm@ﬁ\&ﬁﬁ’s’ﬁlﬁ’des Hietﬁﬂs%lﬁde and
al kyl sul fi1 des 'such as nethyl sul
mbumnﬂﬂﬁmwlsulflde di met hyl di sul fi de, dlethylsulflde and
but [fide. [0017] Mordenite, due to its
[001?7 ) ansSordenie ok t%t,tﬁ Mﬁsﬁm%@éa@mvgwaﬁ éf&md@ﬁp%%aﬂan as a
| .
cataf§ A BholiTOP AR 0n DFEBSE, Sh3ukifion B BRERAEHs 3 fifogenation
comgoemt hys gaitbd’mﬁdndeﬁ ehqamfommnmwﬁ“ thd cdtéigstdmtrahsaiidyldtion processes.

Undtgxir)t;zg}%?]:kg lggrtl é({))r{]%;q%rgz ?l?sﬁihghjg%%r frtagrg? Q éage%/llly?ethylbenzene are

daLHHRGRE §dFhariR e LHR SIERd Ye f drela"t QP

o B AL RSR2 B 21y B AR e LU ONE oneor e

prob@@es Bithdt e eaanansst bs s¢lbaivet Teus; dedtydmgenat®in sheuld be sufficient
sel ective, Thus, the hydroqenatlon shoul d be

to canyext japediylene 4o ethaRcYet nghresithipy faﬁ@aeaat&nwéﬁ%e yremaggfing.
HerJt@lr%ggttté dg?lgp%éggﬁ gg?@&% g?\lzegtﬁnseac g?m?\; %ﬂgeﬁelbﬂgse 8f rhenium, generally
up t¢ @Rahass-&b yin ondwr fto mlmmtasbam‘nce hewietirhydregaratbh yctwp)tytaﬁd the

0.2 nmass- Qi%ﬁn order to achi eve a bal ance betwee

avoidgnee o Bing s o pgtableadipg o P s5tels Bra ﬁtwt@eﬁé.éas a
hxghgﬂgeak \\él’istfagtrﬁles Lgﬁggg‘%&% g&ﬁ%ﬁ rtgalt?iésdg tcﬁ Ldili]l c@ Qltng‘!lé/ss(}f 10 or

mor€84ibersaltads \tbbﬁthmﬁﬁgelﬂSsedﬁgﬁﬁ lalkiyhgorasttuyRie &Bvam‘agé(ﬂls @i order to
nore carbons. Feeds containing these higher
recoR¢IRYPIA 3 IPRE Valenitamadse ayedisgon ansr%?«r mglepwlapsigyes including

MFI@%(/@ bl ﬁ%ggesr @ fUF&al{sﬁf?{maﬁo yﬁgdxﬁé?gﬂr‘féed%glesgnw& catalysts and

ar siteves-inc ave

processg g thecrdneslklaaos af dirylatontitics, AdGEH SiobEhsds have deghble activities
exists for catalysts and processes for the
and seleghig ek Pf eqnVEFHiQs toghg dasiied plyylasamatigise¢h srxodengs st result in low

nghﬁys@, 191%3 lxrl}xﬁlxk%kfgd Qt%l'lﬁ/}!tahc? fSrovxde a benzene co-product having a low content

of benzene co-boilers, i.e., a low content of non-aromatics having 6 and 7 carbon atoms.
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and selectivities of conversion to the desired

al kyl aromatics such as xylenes, yet result in |ow Ri ng
wo.o®s/033aye | nproved stability, and provi de a PENESI987/077197

co- product having a | ow content of benzene co-boilers,

i.e., a lowcontent of non-aromatics having 6 and 7

carbon atons. DEFI NI TI ONS Eval uation Conditions are:

Feedstock (+/- 0.5% nmass): Tol uene: 75% mass

Tri net hyl benzene : 10% rRREEINVETOYS et hyl benzene

Ehm%@fﬂ?@%ﬁ Fg%ﬁ%lbenzene: 2% mass Di net hyl et hyl benzene:

nmass Foenzene: 0.5% mass Tet r anet hyl benzene:
O.$%hnﬁﬁ$(€LhET%ahxmiaronatics and benzene: bal ance
Pressur golukfed kPa (absol ytse).mAsSY Tu: 1. 4 H2/HC. 6

V?/h:[] a{/;ﬁ:&w BY16diRBne: 30% > TAP%- 048] Afagzlegghef ein,
"bet wee h%ﬁﬁl%%?ﬁ%ﬁ%%& 10@3a ges i nclude the end

poi nts Qf VRN HNHC i s the ﬁ@ Syen to hydrocarbon
mol e rat{B€ wbnzeRsaver 4/6MAFS t he wei ght ed aver age
conver siligthgiberagae:conpoun8s%-mashe feed. Ring Loss,
expr essddtragethylbenzzmecent O.5Vsmdet er mi ned as t he

di f f er efnkerladityieomatiétse nol es of nonocyclic aromatic
rings indnl®chaeed: to the traagatkyl ation reactor and

t hrdmh@s 1955 ﬁ‘pé[]% e¥slides aromatic rings in the effluent
ervhgbeh}wapsal ylation reactor relative to the noles

c clic aromatic rings in the feed. MCP Index is
Iiﬁgg of net | opentane in the product to the
?ﬁ?f WB@EWFh %“?ﬁe feed expressed as a percent

based upon the conversion of nethylcyclopentane in a

onig0 KSR Gk TR0 Lo I L SPENE o and
like, kH&Palk&Ainclude the end points given. Hy/HC is the hydrogen to hydrocarbon mole
ratio. Overall conversion is the weighted average conversion of the compounds in the feed.
Ring Loss, expressed as mole percent, is determined as the difference between the moles of
monocyclic aromatic rings in the feed to the transalkylation reactor and the moles of
monocyclic aromatic rings in the effluent from the transalkylation reactor relative to the
moles of monocyclic aromatic rings in the feed. MCP Index is the ratio of
methylcyclopentane in the product to the methylcyclopentane in the feed expressed as a
percent based upon the conversion of methylcyclopentane in a feed containing 0.1 mass-%
methylcyclopentane in benzene at 380°C in the presence of the catalyst at 1725 kPa
(absolute), a weight hourly space velocity (WHSV) of 4 hr'!, and a hydrogen to

methylcyclopentane mole ratio of 6.
SUMMARY OF THE INVENTION

[0019] In accordance with the invention, rthenium-containing catalysts are provided that
exhibit desirable activities and selectivities for the transalkylation of alkylaromatics with
relatively low co-production of non-aromatic benzene co-boilers. As used herein, the term
transalkylation is intended to include transalkylation between and among alkylaromatics as

well as between benzene and alkylaromatics and includes disproportionation, e.g., of toluene
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(absolute), a weight hourly space velocity (WHSV) of 4
hr 1, and a hydrogen to nethyl cycl opentane nole ratio
W®@2008/0336AVMARY OF THE | NVENTI ON [ 0019] | n accoPdEO8®07/077197
with the invention, rheniumcontaining catalysts are
provi ded that exhibit desirable activities and
selectivities for the transal kyl ati on of
al kylaromatics with relatively | ow co-production of
to berganaashatlens. benzankodiweisshe aansalkadatios edtalyetr @impriseha mordenite

termtrans ation.is.intended to i.nclud .
compPitAngy Tt M B exRaSpnist B & SRk melar sgo of less than
80; ¥Rlehii@S cHBPIRAN aREAZRNEu Ak Rtk Bh@FBIn £8thPEmbodiment the

i ncl udes dlsproportlonatlon e.g., of tolueneto
trant@kbzanm catudlysk furthee corhprisgn aenlﬁmthqmmmemthdlerem the atomic ratio of

sulf@r&ﬁgﬁ llll(f%; 15615%&gg}c@? gl %ﬁt : chgalyé sggé\gl gh‘tbqe&ﬂ%gesuable overall
conViMbR BufalSh AP bR cd-BbilQs ﬁfakcl: Qvi&e%bénthggatagfs{s%@ '&hé’ vaentlon
conponent; and a rheni um di spersing binder. I'n anot
can prmuhtl embartced habilitamsbk Kereatieldn deagirys blklatioreo xylenes espemally
r. onent erein the at ratio
Whe{ﬁ %&Pr ?@SP{#@E‘PBW‘P alBéfr\HB%‘ ygegieng %@egl%hyibenzene
[o02Bych PRL A Y1, Bf RV AL O i GG3E AN &I iRl hikylation
conversion, buf also ehzerie co-
catalyor @myeising foemmatthd g/asalyst@brmphsmg |anmmiémternonqmnmtoam alédic MFI
enhanced stabili and xyl ene yi el ds durin ,
molf%éaﬂvalgpmﬁ%w%n&efﬁgﬁ&smeléb@émf fgps HiFBr0. ¢ Fheniug gomponent,
and 5%%&? 'aasg)leé}ﬂﬁ%éfﬁ%@ Ogltfo Qﬁ%gﬂlm%gg%twl g&ﬁd@%gﬁkﬁtl&ﬁqmludmg an
oxy@m‘mndosmate,, aitsngergneaddstWeen MK agl 650°Camsbd Kiyk af bemveen 0.5
e catal yst, conpri sing

st co rising for th
and mﬁa@% np A %Xl%ﬁ%&%&b{svwawen@eamg nydrogepat conditions
lncl&ﬁﬁrgrggn ereﬁé‘x‘é'ﬂégv nﬁlob% an&r@ﬁ% RAldrOn@fca @?%gs &8fur, the

m conponent, and a r enlun}dlsper5|ng
sulfuxnali d siglet bg ahpwek dnowh adcyisiquapretaniolly tat mresnpemhmdxengeen 0°C
n_oxygen atnosphere a te erature of between 370
and JHFCeap0Ey idep an dtontigEatisrof st weerheniem betvern Ol prd 0 anld Inan

i

ent L A DAL AP 1 BRI 0 o i

reduﬂ:ﬁ@ﬂ& tha dx il2d @atal&be leandiser eatbolditsdnt abRtraduesiosighifiding step is
the sul fur nay ded by any well known techni que

condyicterleietpep 280 %a@%ﬁ% Catith & hydregaken pobe siycEoIDLS: t o
[00285 g\” I%%g%gﬁ%d?ﬁé}]}" tﬁ? fn%teht?o ogn%cfelé{ fick gu(fo?ngﬂlg e%g%x\ﬁlgﬁsmg

nane

conthdting alfet dstdAnDE fa Bivg z&oﬂnﬁtlcaﬁyiﬁ'dcatrﬁbd Hh@ufg@d llkﬁikﬂ sQKlen carbon
gas, during reduction of the oxidized cataly In
aton&ﬁmfh@ Fatalypied pIAERAtic cpRYessipp geRditiQn/iBelpding ﬂwgnrg&eeﬁe pihydrogen

r
whel%%]@% %Bt%g/apce tﬁ{ﬁ%@s ggl%gﬁ?gtg %fég%)e%t V!'\n r?;gl(?clt ML tn?oq%ac:l]lli)arlgleve
compneRnhavirig & Si/ALRNGIGERIS0 o0 lesPHAH O] M Eheiin® BEMFSIFAT; lafid A¥henium-
dispersing binder; and producing a product stream having an increased concentration of

Xylene.
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contacting a feed stream conprising an aromatic
hydr ocar bon having at | east seven carbon atons wth a
W@ 2108l0§373 at aromati ¢ conversion condi tions i neCTUENG7/077197
t he presence of hydrogen wherein the catal yst
conprises a nordenite conponent; an acidic M
nmol ecul ar si eve conponent having a Si/Al 2 nolar ratio
of less than 80; a rhenium conponent; and a
r heni undi s pSESIAGED IABSCRIHE %QBGME RYVENIIGNuct
stream havi ng an increased concentration of
Proceydee fre. IBETAI LED DESCRI PTI ON OF THE | NVENTI ON Pr ocesses
for Use Transal kyl ation [0022] The processes of this
'nW?QEMQEMHQHpr'Se transal kyl ati on between |ighter
on-or tess substituted) aromatics and heavi er,
reater substituted al kylaromatics wth the product
[002§é| ngT}af| mpfespesral this nvigalpmeprapieseritanpkylgfon between lighter (non-or
less g&gﬁt ta'roqlﬁﬁct Cg%}lﬁ aa&lgé? gr]%:gte {ubtsthtlejted c?%(hytlaer(r)mg{lcascvtvft}(ljﬁle product

being| |aﬂ@[a@@fﬂﬁtﬁds(lﬁainlg<me AdmBer Bestitutions berneBRthoSe bPthe lighter fraction
provide a greater substituted aromatic and a | esser

and ﬁISPB% of thg heavierfeietion end élsgrOPOﬁweatmIsqfr&ﬁybmtu@d arqneaiicgp provide a

erealP SRR bl B SR PRI maty o PR agorionacon of

toluéHeQBBbrint By 1&@/@1d2beh@en'é ShOBSH RISt 0 Hable DG 2 REMEts and the
falling |n bet ween. For exanpl e, benzene nay be

heavutrram@aatl@;lhat/@a tond subshitttentp| veitthiie peoriehtalling i ip rb@we@e For example,

I h b
vendefl e SRy~ P N rE RO PRI PR 1 P RLF Ry e A tpghenzene.
SimiMirBN beezexy beidfuenk May®EBran Sk ARee withQfiméy®@zene to provide xylene.
production facilities, it may be desired to consune

In sdyeminstaacdsion héeltermﬂ@mtlroy faeilitens, it aralyde desiead tpcopRyoierizpnzene in

the s ARu GO sl Biinpdlsh Y 1 § 85 Bipotriat My dRges RaRenfhay

comph @hfr&th 586 @Uaﬁﬂeﬁﬁabl{r @@a%o Thids-o4 beht eeReE hvamito t he
present process generally conprises alkylaromatic

[0025} dr oBaxs bbﬁn&e@sﬁretatmeo glefnmmnt procens|gand@ally Gomyrigs alkhbrcvnatlc

hydroce;(x;g(})_??snofgl?t SISl 1 nL §1§6§§? Evg}e?%ﬁ ?s %ﬁ%ﬁﬁé Cla to 5 and each R
mayde O 200ARA €1, ,WQE;PE aﬁl%? SonBHaHEE, Suﬁt%le U3 RbBatkUkydrocarbons

without so l'imting the invention, toluene,
incluglet foo exgrhpladut wisheutypb élnetln@dneanwmemepluenm yolrtbeﬂq/éne,, meta-

L L T R -
dimdTB{1DH BRAP YRS EaRSSs, ridh bR ?méhie%esz %ﬂ@?pr ylbenzenes,

triethyl benzenes, di-isopropyl benzenes, dpn1xtures
triethHeameerdes, Beinoeogybayerdssandoeixpures tateof. diqnemeahh}yalvmm present,

espeglaﬂzj W%Q%H(g.@ (éeﬁr?at c()c%pll%%ul?({s ar&gJ [r)reegeenrt] tan(? Q}qlel)l(é/sl a?g z? gouaglilt product.
[0024] Where the sought product is xylenes, the feed stream preferably comprises as the
lighter fraction, including toluene and optionally benzene, and as the heavier fraction, at least
one Co* aromatic compounds. In an embodiment, the molar ratio of benzene and toluene to
Csy" aromatics is from 0.1:1 to 10:1, preferably from 0.3:1 to 10:1 and even more preferably
from 0.4:1 to 6:1. A preferred component of the feedstock where the sought product is

xylenes is a heavy-aromatics stream comprising Cq" aromatics. Co* aromatics also may be
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[ 0024] Where the sought product is xylenes, the feed
stream preferably conprises as the |ighter fraction,
W0 p@BMsEcny) t ol uene and optionally benzene, andP@BUS1967/077197
heavi er fraction, at |least one C + aromati c conpounds.
In an enbodi nent, the nolar ratio of benzene and
toluene to C + aromatics is fromO0.1:1 to 10: 1,
preferably from0.3: 1 to 10: 1 and even nore
presmtetyelcaﬁy 1n g1y ynewnt of 50 mags-@ orflesspf ghesfeed.rlg hearpaneaatics stream
feedstock ere,fhe s ht product is Xxylenes
gener%Hy C%‘él’é{?y %”8%5? ?Sm 553{7 r%fgfﬂa@‘&ﬁ%pr. sing C + aronmmtics.
[00281 arpiefebdsock!i§ Pref@iblp eRhETIOMted IRk Gad- b]?{asb Andh the presence of
amount of 50 mass-% or | ess of the feed.
hydlhveav;lﬁ the devdstock isgraneakylgeden tiel gas-pbasy thee Qymg@e’aeﬂd@b

comPRRG ARy THRL FPRel BR RSB b Relsae dateles per
mol®¥ ol @madtlc bhPolisRIA HIRCHed. STHI ARS h}’(ﬁl@%&fjt_o Aothft& compound

gas- phase, then hydrogen is added, conhonly in an
is alsomedartedad a$ hypdrogenitorylmsarben ratil. i thé tramdaydyanionm ¢aslucpd in the

. 10.10 ol es nol e of total , aromatic, conpound n
liquichpliape, s ATy dpat fogh s aRCS 6! By lper eV bl ey already
be pfe%elﬁlaﬁg d'fs%l%éd 8h @y?lcﬁﬁhtlﬂiﬂ&i hRBERicE fechidEI0 (E@flp,q,ﬁser (ﬁ{ﬂaﬂml liquid
the transal kyl ation I's conducted in the liquid
phaqahla)sbogemtma)sbamidadi inyardameurit hesa thamtisrnahtpeamokbsferhlqéaromancs

dr agen ond what al read resent and
[0023?(330 DA %@WB&&'&PS mefaflza c B%& SLqddEHRFTRIS, €&y from
1ooctd1§) SR8, (P, ifm hoohdi s@baé %ﬁt&yqjﬁ ea%em ;&%ms the

ded in ‘an anount | ess than e per nole o
transixllszitmoaraperamre {s00&&]sed rcamlaqbdnydtafor@ny dec:rdasungaamvxty of the

SR B BRSBTS e

exch%%‘pﬁ’galﬂspth%%mng bfther éhghl)ﬁ LofSandithé &'h ﬁgétd(ﬁéhéwnqgmperature
tenperature 1s 1 ncreased to conpensate for an

by esldmngawithg mnnevsttqannﬁtehme)rcaa‘umaycs {The Tével theed passed through a

t.ransal‘l‘%l tion reaction zone 4 g first is. heated
reacyon Fofig; PO R RGBT BYH ‘H PV IGURErea¢tPTs FRtaIgRe ?%@yst of this

mveﬁﬁ(ﬁﬁtﬁhg'?eazcﬁi?gnﬁygebh éu?tabﬁ %ﬂ%danh%oﬁﬁ baiSH) The use ofasmgle
tenperature by exchandge wt war mer ream st eam or
reacaorf wsﬂtﬁdmvmg'laeﬁm‘ed egllitdrenl bal gfaambdt istprefugad, dut ethet teadtion
one, whi.ch may conprise one or npre_individual
confyguzations Utiigng ANMEPdarhraralystar radipldlaniragiorsonay hsemployed if
desife§actors may be of any suitable type and
configuration. The use of a single reaction vessel
[00277hvi rfrassalliykeidneyphdinidnd @aludbettsafrecanginy $itoni $00 kPa to 6 MPa
absoﬁggef erred, but other reaction configurations utilizing

PR B bsren Otz Wb abrolyts T Uaialo ke tege o hseffected
over;?aﬁidg¥ﬁ%e Iof 5 Igaug e kil %Qelé{rﬁl?ggy E%"lacgzvgl%gltmgfst\})%@ﬁerally is

res res rangin
in thabs@k wf éronpd.¢te2@ht Slpffefe@ziblﬁf@mt(DS o MPar 'absdhdbeoftehbetween 1

and g {ua’n ?A%lvlgx){tlaggoluglr}]/, trhg %r%géa?lglylzs:t%rlll 1?2011ecfufct%?itf§rda time and under other
conditions sufficient that at least 10, preferably at least 20, and often between 20 and 60,
mol-% of the heavier alkylaromatic, e.g. Co* aromatic, is consumed. Preferably, of the heavier
alkylaromatics consumed, at least 70, most preferably at least 75, mol-% are converted to

lower molecular weight aromatics. The preferred transalkylation products are xylenes for a

xylene production facility.
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over a Wi de range of space velocities. The wei ght

hourly space velocity (WHSV) generally is in the range
wW@R0oB0837D. 1 to 20 hr 1 preferably from 0.5 t oPABUR002077197

and nost often between 1 and 5 hr 1. Advantageously,

the transal kylation is conducted for a tinme and under

ot her conditions sufficient that at |east 10,

preferablty at least 20, and often between 20 and 60,
[0028d| - o Tesf eftlnent Hesay tl@rtraalsadwlatrimpicelly eonjaing in-addivomta the

onsuned. Preferabhl he. heavi kyl ar omatics
wangal PTG e drehien 85 bR esr ¢ Bihe B R
napHtRéme¥aAd Bare @MY S¥illatottR ProR THRRGHhA efB N cooled by indirect heat
aromatics. The preferred tranSal kyl ati on products are
CXCh@EemnSIt the feedipl thnecaptiauzaokiaod teadiuthereopd 28pugthiae use of air
ef.fl uent he tr salk ti I ca tai ns
or ezt GRS FTueahEy Sy dowiifertr el AsBisfiny an c:
and libBtBE BYdraeh 38 PYds8it i HIRE L& arqufoplrdgﬂj UEASoviEdAd @& eam and
napht henes and paraffins will also be present.
remdyedi foah Itlys frbéess.df theusante dre dilderericifiyllatingli at éesst pation of the
exch?n agai nst e feté 0 th reactl (51 g_ne and
unreaggdl PHEFCLTEHIES" T3 Eg‘f\ “iaﬂ dadiogrprayct Bactiongian hg
w1th‘ﬁ?iv@{ and RReRfidd ik ﬂi‘@%d&f—‘ AL ae[%rﬁgn 5thdihsdvitd @eh@May be
whi ch substantially all C5 and |ighter hydrocar bons
recypheé setie transdlkdatedf ZamenAll @r e ppriowio det lighterrrauaidsean be recycled
st regam&ﬂnd renoved fromthe process. In the sane or a
to th;tgan U 0P | ation, at least a portion of the
[0024fT eapﬁee&tzh%'éi’m)isth%rlﬁvénﬁﬁg\ﬁ%vﬁﬁhfrﬁémﬁlﬁqy FeSent gw an amount f at least
transal kyl ati on product fraction can trh rawn, na
0.4, grdﬁﬁalvllyeaslea!;tr()e’anmqssﬁ&/ baked upddh theanasa obdretdaumysofcam ﬁad use in

styeam may .be r cledtothetransa kyl atio
tranfzaglﬂ’latmﬂl fFe‘%POCg] Pg8 aﬁ? ﬂ'é‘aﬁl?sgq{t 8r0r MAFEIPEL 2OFN dgé to the
enhd'n%&y hisele S)I&f tﬁ@ﬁatﬁl&ﬁnﬁ@ﬂ&}’ Atk o R &ﬁthe QA& aﬂb% can contain the
cata yst Is’itnvention In whic rhenlu

bottqme stezaim fromax ydenenotunod whtchlcOBI&tnsQ:rédonpﬂz&fth(é;birgm&lhcs but also
t he mass of the cat

Cio %fﬂisﬁqll?mgﬂggsa e :ﬁagﬁi Eﬁgﬁyﬁhﬂ?waﬁ@%c}%ﬁmgmm éﬁ‘h fmgunt of
Lt?(!‘s Eh A tlf‘?éc feg«@ e fea&td! ﬁﬁ%x?rtn 185 gd" ,tn?asg-la/? of the total
Ferhy iy AEplses W
a sta h e, the

nce ity o e catalyst.
aronﬁzﬁecfsctcbck to the transal kyl ati on can contain the
bottons stream from a xyl ene col umm whi ch contai ns

[0039 & d ol 2 &Hbogineent £he aromagis feqd preamnanians Pohigydiearpmatics. Often
the fRERWAS h:the a%]iirﬁﬂgmhhg bg'fﬁt %& (}ft)iézg{ foﬁb gl%f%r SA{Jfégst 220°C and

I nstances, anoun o+ aronatl ent the

sométeraek bmWeé’mGZ@f’ td 2808C ahd 380N toS6aIM IDRIring th@trﬁ&alk@‘lﬁt&&n %1d in
of the total aromatic feed. [0030] In an enbodi nent,
addiipr tothe fransalklasion. Relyevshs atomasionaresenyested| with a significant portion,

o BB 55y S 0 B BRSO B e,

accoadu@ice with an aspect of this invention, to convert indanes and naphthalenes, whether or
not alkyl substituted, to alkyl substituted monocyclic aromatics. The degradation products of
the indane and naphthalene during the conversion to monocyclic aromatics can provide the
source of alkyl moieties. Significantly, the processes of this invention enable the conversion
of polycyclic aromatics to monocyclic aromatics without undue loss of the monocyclic

moieties thus providing high selectivities to the sought monocyclic alkylaromatics.
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soneti nes between 240 to 2800C and 340 to 3600C
During the transal kylation and in addition to the

w0 e@R®3deky | at i on, pol ycyclic aromatics are conREr/UsW)7/077197
with a significant portion, often at |east 50 nol-%
bei ng converted to nonocyclic aromatics. Hence, it is
possi bl e, in accordance with an aspect of this
i nvention, to convert indanes and napht hal enes,

[0034thet hlmranmmbedimeritkihe trandadkyilationednditionsairk piffisiens ta pravidd a

wan S0 AR B i g e RO G figist 10T, tower
thanRAE YK febd %ﬁgﬁhh@&ﬁﬁfbnpwtg&Bbhﬁlg%%]gtqt;e%@fterﬁbé%ure at which

noi eties. Significantly, the processés o IS
99.5i massrtb iod thessamiplcew oild hevnbalegias deefmiped g WITIM Method D2887

._aromgtics.to gonog lic aromatics wi thout undue | oss
S’m‘g?te{irﬁég_“ th‘H’c? 1ML eties thus pr ovi di ng hi gh
[00:%?EI eCHyl M dnitfdlirhéht { RE ]p§f|§/H§ﬂch AONREX G tHe feed comprise at least 0.5, and

kyl aromati cs. [ 0031 n" an enbodi nent, the
somttimpsall&ast 2tfonexangrieibeivores Saand 3y frbscYoaoftthd ©tad BV adenasics of the
trans yl ati on product _End Bojlin oi nt at |east 5C, .
feedﬁHF@n%@r%ws ate tﬁ% ageferfga@é% - Fogh S B ably Rghiains a
kol At at g _
st QR LS cRE obd B SR emPARLERCh I bLSEDbhisfvenion,
the feedibtccahacenroiet edeass a gott@nnif medgHey b&iGhMifiubtidrocbnBRBIAZ Co*
siymul ated distil]ation GC nmethod. [0032]_ 1n an
aromAi5e aﬁl%tffor&l ﬁéY%a? GBI 1B aZyiShE PIAdCtion fapidity. aagthe
ron GO 2% B EEE R R AT TR B Flol FERE pRedd A xytene
containarpatinsslkpibtioprodeed stream Were xyl enes are the

referred product, the feed stream preferably contains, ,
[0033 | clagn eghodyrenidhs BFRsesAtOk BIsuBYRAtioN SOmRBsramtacting a Co
adi 1.Sird ng -
o RS R L B0 00 LM SRR O e o ican
and hetHyl-sgbstittaat indanecaodtraphthaignndmathghaibktitated waphtdslene, with a

froma xylene colum in a xylene production facility,
catalysfeonpaisingA1agrdepitasqrappieat: ap AddictMAT Rotesulat sipeseqmpgment

: e e Oy i {0
i SSIERPREL RIS, BRI S hALERRER I DB o 50
masproeahs estalght; tuld $ rHenlventispersimgmiides ended faAGilkylgioa CBditions
aromati c-containing feed stream conprising_ polycyclic

inclyding the ipée’sergﬁe.t(g Ililyéliogflég)sﬂrO‘@ﬁ@ agransakledaonggduct, said contacting being
o SEATSUAED U0, ORI, TS oy

least3), deii% of e PpbRedlic;arémat@ci di ¢ MFI nol ecul ar si eve
_ conponent having a Si/Al 2 nolar ratio of |ess than 80;
Dispgopaséenatian conmponent ranging from0.05 to 5.0

[0034] The feedstock for disproportionation comprises alkylaromatic hydrocarbons of the

general formula C¢ Hs.n)Ry, where n varies from 0 to 5 and R is CH3, C,Hs, CsH7, or C4Ho, in
any combination to obtain more-valuable alkylaromatics. Suitable alkylaromatic
hydrocarbons include, for example but without so limiting the invention, toluene, xylenes,
ethylbenzene, trimethylbenzenes, ethyltoluenes, propylbenzenes, tetramethylbenzenes,
ethyldimethylbenzenes, diethylbenzenes, methylpropylbenzenes, ethylpropylbenzenes,

triethylbenzenes, di-isopropylbenzenes, and mixtures thereof.
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mass- % of the catal yst; and a rheni um di spersing

bi nder under transal kyl ati on conditions including the
wWEe@sessses of hydrogen to provide a transal kyl aR€DHS2007/077197

product, said contacting being for a tinme sufficient

to convert at |least a portion, preferably at |east 25,

and nost preferably at |east 50, nol-%of the

cyclic aromatic. Disproportionation [0034] The

[WSSéedsTb@fcedmckoprsfpr&bwqmwrsas tadwene oppionalésin combination with Co

arorpyts X A G P BSOHR B Oy B8 SR P el gy
producéd fhthe@icalf £k exhMpR) Yroﬁﬁ%hﬂﬁtﬂy%taiﬁlc%’ﬁ)ﬁhﬂlg or ty pyrolysis

nor e-'val uabl’é al kyl aromatics. Suitabl’e al kyl aroma
folldyy@ib;}dwdmjmtmg]m yield, anfammgmﬂp:lhqar@uxct wihe Hieadistoskb may be derived

the. iny i on, .tol uene,
fron pYEp BT b G ST PRYH BT EEON LA Binydigatbons from a mixture
of aRnORXHE AERARmatic Sl HAITRILBNS RRNESRBTation of the extract. The feedstock
et hyl di met hyl benzenes, di et hyl benzenes,
prefmablyyshpmldp:yhﬂam’memesa thart t@/hpssaﬁayddmemzmae@ the content of benzene and

triethyl benzenes, -isopro nzenes d m res
Cs s oBfiisoR: POBIR S Fhe PO daROp ORI e @Eﬁm Gaduée from these
arorhglcdene, optionally in conblnatlon Wi th aromati cs,
and suitably is derived fromone or a varlety of
[0036dur CElsus, ’e‘&eerﬂmuok em&yn;bnesep postaeses fayind pretlaainl of xyfeae such as
a by catalytlc reformng or by,

npl
dlsp&ppgpcygl 1gn plgfﬂr apit y. OPT Iaale Q lin}f:élt,t %V@pta)naf‘ﬁ)mprlses contacting
a fed QI5aL &)aaprrfsﬁl Bra%?iﬂgt ch -ﬁp&agf) kdt 8% sg%ndcea%o\ﬁeﬂoms with a
from such product wt ul tabl e pur ty by extraction
catalybt @racomadticccohyetsion aphditisnd inciod g mhepresemco dbf }aydw@tnl atnd producmg
apr Hd non romati c._hydrqcarbons and fractionation of

ing weigeieatel cpresnERUY) 9f Shens relal vntodhe feﬁé stieam
whe ﬁletclaﬁglsgg%rﬂg% 5 A0t Berfie QBRI bfisht aﬁ]&mﬁ@ Mlﬂ%ol@éular sieve

enzene matics Is prrncip an econom
comgewins having e S#AlLNgoloratibef disk tHan®0; ﬁ)fhdnﬁinm edStﬁpcfnfeQmanglng from
t hese aronatlcs [0036] Thus, the invention

0.05dR odhpasssof tregalutsand grrheamedispensing Bde xyl ene
[OOﬁx_gh dﬁk&éﬁ‘@d ﬂﬁ‘?}?(}demtthé)féetﬂ?gckt i %%ﬁﬂﬁyrhﬁ{ah@snstregﬁ c%g'xprising

nventi on conpri ses ¢
Co asdma ) thavpy efécnigg mwﬂqﬂmtamfhyldamﬂ@m@amdsgo gleld additional
| east seven car bon atons a catalyst at aromatic

Xylepesn Penasng may o e tméalkﬂaqeéa@ rigld qsiéltwlélst@h@ee dndane may be
presEh SRR L RLALL L8, AL gENS nS L RPN B sty v

I NCr ease

yleldstdf €anrovhicg ipfodulbe (Ggltasdrysics @Bﬂﬁﬁdy&%sprasem) pEtEEYabI in an amount
onent; an acidic M nol ecul ar sieve conponent
0f3%%6¥#§58 @e299d ol ar ratio of Iess than 80; a rhenium

[%3§ggﬁygtp;n thggggfbgyﬁﬁfo%mloﬂ r%césg the f%e(ga ugllgz/ o1sotf1rst heated by indirect

ent ant d sermn
heat exchange against the effluent of the reaction zone and is then further heated in a fired

heater. The resulting vaporous stream is then passed through a reaction zone which may
comprise one or more individual reactors. The use of a single reaction vessel having a fixed
cylindrical bed of catalyst is preferred, but other reaction configurations utilizing moving beds
of catalyst or radial-flow reactors may be employed if desired. Passage of the combined feed
through the reaction zone effects the production of a vaporous effluent stream comprising

hydrogen and both product and unconverted feed hydrocarbons. This effluent is normally
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[0037] A preferred conponent of the feedstock is a
heavy-aronmati cs stream conprising C9 aromatics,

wo beseB3s7ef f ecti ng transal kyl ati on of tol uene BEUED07/077197
aromatics to yield additional xylenes. Benzene nay
al so be transal kylated to yield additional tol uene.
I ndane may be present in the heavy-aromatics stream
al though it is not a desirable conponent to effect

coolpd by indirettdhwadxcligngsragamst the stranerseringshe feagriomaeressd then

al so be esent, .preferably in.an anount 30% or
furtRg G015 e RBER s Hartonp i et e drBmeits o p e By sream
gend?A18Ci8 36w drB@ by BEM cksanbe VuftiSichily &t effe@aihe domiensdidn' ¢t Shibstantially
heat exchange agai nst the effluent of the reaction
all of redeethand produse hydraearbens Hwmgetk ommarefdarted ateag per. mdtbaile. The

e G R By o P BE o SR BRI e o e

are dePpAthiel AH@krohPRRICR TR hyliRSzeHSRhQfapér 18 rQGLIRd kAR réRBon zone. The
vessel having a fi xec?’ cylindrical bed of catalyst is

condenssfte fromdhe beparaperhie passed oo astrippimfgicglumart inomsiclisutisiantinldy all Cs

Vi beds of catal.yst radi al -fl ow reactors be
and [ighter Bydoqabags oo M Piresd st 85 RESTESHG: R RBgthend stream and
remd VA FHIN tHeR o s8R ABMARLEHE] {IRAESWAIDE idteRAMakd Bt asqhe
vaporous effluent stream conprising hydrogen and both
dispppodisnttiemefflunatcheantiectcherel dpydt sicippérdnstonithi s
fluent. . is nornmallycqol ed by i.ndirect heat exchange
[003 E;ai Condins pnmlyerian ey dispgo PHONALGR PFUFRSZSRE _nﬁﬁ’@iﬂ%ﬁéﬂu‘k a
temperdthR&IF FAPL A A BrepHah atnp%r b?rff 6th BSGC ©OPIsPOYThe temperature
ter. The tenperature of the e ffuent stream
requiyed 6y mhinyain thel devreededbgoae dfeabveesioh auily ércsaakd acthe rbthlyst gradually
effect the condensatjon of substanti al IIy all of the
loses ey Y GHrIRS BH’GE%SI%y&JPHE%IPBSWz‘%(ﬁH}PQT%‘F &s By fsrefore exceed start-
e ule. The resultant m xed-phase
of st r@gﬁaﬁg&;@sﬁg ({}El!tl(‘gg'a vapor-|iquid separator wherein
[0040he tThe Giaspstienaionepas Bigederaliyloparamd whhyelhogeheo hydrocarbon
hydrogen-rjch vapor .is recycled to the reaction zone. i
rangef, @248 fide hasason Bifioge Sefydrosaioniisciialaed bisst snane molar ratio
| | . . .
o 2 ELPELAL AL AL AW AR AU s n trogen
to hylboweninrabbee0 Sniml @oafecabdy mehel raige ofntah getheinearalgstfréjamenation by
the process. An aromatics-rich stream which i

. I'S :
hydrpggnatipi gt 3oit enke hnpngdiet grabedimgnts Bisrtydengsn fohydspgarbpsatio ranges
' : t stripper bottons. [0039]

fron#c%{]o?ﬁ %ﬁg[sgﬁqg}ég{?glguﬁzﬁé di sproportionation process
[0042Dne Terdiggrbportingdtivdeone seppateatay ivdefatdly elevaOdpiesduges broadly

6000C, and preferably from 3500C to 575C. The
rangingriar 409 kBa foyMBactpseluterdiinsetarrad pressusreiinge i fieg 2de 3o MPa.

. c . . .

he SREYBORANH el 48 3580t Doy Sk M B AP s v
highteypaes edlodigs ofkytiihehgher atie st paax aémr dt eeexipbiike of conversion.

tenperatures by 65C or nore.

~ Liquid hourly space velocity generally is in the range of from 0.2 to 20 hr™'.

Xylene Isomerization

[0042] The feed stocks to the aromatics isomerization process comprise non-equilibrium
xylene and ethylbenzene. These aromatic compounds are in a non-equilibrium mixture, i.e., at
least one Cg aromatic isomer is present in a concentration that differs substantially from the

equilibrium concentration at isomerization conditions. Thus, a non-equilibrium xylene
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[ 0040] The di sproportionation zone is generally

operated at hydrogen to hydrocarbon ranges 0.2 to 0.5.
wab@soderd of hydrogen to hydrocarbon is cal cuPGr/E82007/077197

based on the nolar ratio of free hydrogen conpared

agai nst the feedstock hydrocarbon. Periodic increases

i n hydrogen to hydrocarbon above 0.5, and preferably

in the range of 1 to 5 permt catalyst rejuvenation by
Comnyw@rg@ﬁaﬁ whgregiewtyo ebie xylane igooichesre ﬁihﬁ@ nqulhbmm

proptoﬁnon VQZI? Feggec:fifc?d&lﬁa reg %?lfé%tésbgfégrzi%%%?{%r e xylene m 1¢s9 than

equldbﬁﬁhq&? iGN Rhy 88 adPBEthe Haral hddd-athd drthBRERh@t e ythe demand for
el evat pressures broadly ranging from 100 kPa to 6

parajv/mad etigokyleres mglmt@f than gleht imes@welenangealm tlferfgﬂd stogks will

ortionati reac

Con%ﬂnf‘%?'gﬁé‘éﬂe&% e?e“a?“wy © g ‘8‘1’ qaRe é E%et“f’ é‘gme% Gy} to 60
mas§Vg R lorthB3GRn¥ @beht df &S0 B5TeAEL 9% BethixgRAE chAEADID to 95

par axyl ene"at the expense of conversion. Liquid hourly
massffazsl ypiracytepe gententalf 0yo B8 niass-hd) suakhsgéleolbnfelqumbﬂum mixture is

prepisg Hnabing Vit oL barfo e SRtk S01ehe Bl GEC B matis ueture

obtafRATRMAY hh hidhiaka]- in\Hdﬁ&?oxf’é‘che%E M F8AFZ8H&s nTRDRtain other
aronmati c conpoun S are I1n a non- eqU|I|br|un1n1xture

comporen(s, atcludeag buome liiteddomnphthénee ned adyslippaséins, asrwell as higher
qgoncen ui%on that differs substantially fromthe

an ¥ PR S 8L on at i someri zati on conditi ons.

[004BUS . TiR: 1RNa@aAkik hDAlok by RREEONRATH ¥He‘iﬂes%ﬁﬂ %Qéxti@ﬂea% ®ound in
one or two of the Xylene isomers are in'less

appregmtb rﬁbcmcumfmrm paidusoefingry petrce}e;pn streanm, tlge as)imiewdual components
X oner or. i sone ne in | ess than

or a3 R i AT Bt TRy O AT vE e Gason S giggitation of

cata@ﬂgalgirérﬁk‘keﬂ %9f@&%ed"}ﬁ/dl;&grb@ﬁmc&ﬁfangﬁ‘ 'b?fhqut%enzable aromatic
ortho-xylenes 1s greater than that for neta-xyl ene,

hydrosarbbiisyis opthenal; eb@Ip@tmsk)ﬁ thm firbseatinvaitivnmilpsys Xlyd ismreerization of

ner al quwt.h.e m xture ave n et h%(, Renzetﬁ

alky o aiming Sran el a%at SIS FIPFakg VR & BaHipRbssauent

arorthtic® eﬁ?acﬁ@ﬁ?o I/fbdﬁ‘ce@fﬁs@lﬁéd Lkopge ﬁQﬁ\Eﬁ Ql'hd ?tlm%gla%g t&Produce para-
mass- % and a para-xyl ene content of 30 Ss-%

xyletlsual | y the non-equilibrium m xture | S pr epar ed by

[004;1?6 S\l,/(g@ogg part%E pm%%s[ﬁ _éhggrggq%% gg/%;lt? X¥ eeedsftcgc in the presence of
hydI%gé}f"?st donBicRidQAde thk @Bta spge%éﬁbe E%I in tﬂlgg lﬁ'f‘ﬂy:’ﬂs?])/etffeeated using

ntai n ot her conponerit I ncl ut n
the datalys&mhtdmemﬁmﬁbe&tgysﬂemammvafg‘ lbemssystam weluidizsl-hadglyetem, and
ower nol ecul ar wei ght aromatics.

an e'alﬂlémdabeérﬁé{ftp@ qwraaaef&hﬁm?somﬁyoaelndé% of Wetﬂlﬁ’ég% éaifion loss of

valubﬁlé’ @!&5 of t‘BH @Hn IE‘r (ﬂ)%pe[tﬁﬂrft & a;ﬁefeh@& td Qéésa fi{ded system. In
vari oug e I ne eumstre

this $ysthiny itlchuiebd mmpmne p‘r‘ﬁleated by suitable heating means to the desired reaction

temperature, such as by heat exchange with another stream if necessary, and then passed into

an isomerization zone containing catalyst. The isomerization zone may be one or more

separate reactors with suitable means therebetween to ensure that the desired isomerization

temperature is maintained at the entrance to each zone. The reactants may be contacted with

the catalyst bed in upward-, downward-, or radial-flow fashion.
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or as certain boiling-range fractions obtained by the
sel ective fractionation and distillation of
w@2008/03367xal | y cracked or reforned hydrocar bonBCT/US2007/077197

Concentration of the isomerizable aromatic
hydrocarbons is optional; the process of the present
invention allows the isonerization of
al kyl aromati c-contai ning streanms such as catal ytic

[0045&f or'Hhetisomgrization isgonHueied Budss éguenizatinnorenditioss mcludmg

extraction t roduce s 1 fied xyl
oS FRPry R sl S5 e natr TPEoln a0 2o P gnd
pref&r@bﬁyhﬁ tHRMBERSPoR {1 50N WS eMe pro%aRL deBBrall} efrom 10 kPa to 5 MPa
feedstock, 1n the presence of hydrogen, is contacted
absohite, rprcﬂa@bbaﬁr@hyl@f) kife $@ B iIMbcabiseluts. The @@ntea@atmg:ondylobecompnse

effecte S|n th at al yst .s eml a fi
the onetice ol et it BadrOEdLb Bivarokdmp e Bubit Feapen o1 and 611,
pref@aslyan &bk |t@5qd0¥l@ df S 9HPMtYPes bithR PR&leSds bY s invention is that
opefation. In view of the danger of attrition |oss of
relatvxa:llyﬂa)m mareadtpadsypses oblmdiregentanestdl ahé Brpropldr: dte onghtiselecgvity and
alctl‘{)re erred to useaﬂx&% bed system hISS

1L e
iy Theisomenzalios apd eihyIDRBZng GOMYProR - hBIHCGREPRPT catalyst
(Caléﬁ@zﬁéﬁsbisgd hpéh @8 SbARAR: JERALLRL sie‘i‘f@'@[?flﬁtcﬁfaf‘yst %ﬁﬁbs?t@) iR ¥ontained
heat exchange with another streamif necéssary, and
in the hemarass@Udzanetto peryidesoweightZatrlyspaenelacon maihmesmgct to the liquid
catal yst. The isonerizati on zope e or. .nor
feed S EpAP Pt SRR G4 frectsriaty B ZhST Py R DdgrOihy " and
pref&A6IY0S ot fthe desired isonerization tenperature is
mal Nt ai ned at the entrance to each zone. The reactants
[0046hy bEhecismrhadtagidn wotditiornsengyaticadugh thad d[d: isomerationl is, conducted in

downwar d- , r adi al-flowfashlo The
the lf%‘g&é@?‘?&fiabL?aﬂé’aﬁ&lnléw@?‘éfau%ﬂ}fé? % Hﬂf&?ﬂ? Brhydrogen
. o :
o P RGBSR 0y ST e
thrtr(bndllceécbatatﬂsypamﬂi)hm thanzgmrcﬁusqma% hetparts) PCSsurd b£Cy aromatics

in thg I&%%Eg}ggmgfel? Sr sﬁe_hfatrhg{)natio agltsgso‘%) '¥gl?e b%?)llﬁgtlcs would be

expéctsegr{g bl #ithe Q/Qp(ﬁti}gl%é (0720 tﬁ%ﬁ St BH?S &fnﬁﬁ@t&? Giffe ss];centlally all
hydrogen I n a rogen to ocar on nole ratio
the@eﬁrmeﬂncsﬂ:eﬁgﬁtmmpﬁrﬂzhaspreferably 1:1 or 2:1 to 5:1.

One of the advantages of the processes of t

[0047 hy e {§UgHY the 1??18?“7@8%9?%‘]“31’5IW%ﬁ?lﬁ’téhat&t é’léétdfﬂe grefgrably
betw’&ﬂg b& Q&J‘ 8@5?9(? e}clenta&l tffe étﬁ¥1851ﬁz%h9ﬁ1 ﬁlg eeﬁ%H%}h is COélVCI'ted

ectl i sonerization
Genﬁ’ahyﬂieemm&aﬁmw@fdmm doAaosw%ﬁllt 3| zemjileﬁﬁaaﬁlllﬂfnuﬁﬁbﬁhg/ﬁdached

(cal cul at ed based upon the content of nol ecular sje
Oftepythe ﬁpl@@flgpﬁ Xy ee%%fﬁé%q ﬁgr@guqt Streasm it heagt §0; frgxample, between 85
o SR AR PO ORI, AR

isomeeippvherbcest Rad gamceatd phtaed yiane| ¢.8 Ufrdnﬂhetﬁﬂf@)en@fthé fe@stream
0.1 to 50 hr 1, and preferably 0.5 to 25 hr 1. [0046]
contqipg less hiag Sinass% RAECHYENE 286 deripgmerizatior Bradugicoptpsises a para-

xylellxeS t%weneghio?@rahg of 8&%&{ 8%0 1"hnd 0.25:1 preferably at least 0.23:1, and most
preferably at least 0.236:1.
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the liquid, vapor or at |east partially vaporous

phase. For conveni ence in hydrogen distribution, the
W0 e@aesiczati on is preferably conducted in at |BEBUS2007/077197

partially in the vapor phase. Wen conducted at | east

partially in the vaporous phase, the partial pressure

of C8 aromatics in the reaction zone is preferably

such that at |east 50 mass-% of the C8 aromatics woul d

be Thg petal ystlandPigparation he vapor phase. Often the

i sonerization is conducted with essentially all the C8
[0048] OMBF U LS AMNNEF thR i YRR pRAZS GeniuBPbMpddshah ln%]éclﬁﬁar sieve

I Somerization conditions are suffl cient that at |east
compOnenpragfl @rbivaley. ’lﬂwtmdeWIMEa/nGtoﬁipommt eOmppssMOR anfl attlec MFL

The GieB o St PatinGy (i PEHoESHAT RS e U hag EaralystThe MFlis
ac1dlcnth%t ?gy#m% £l A@fd’it %ra% 0f1% &dabxgh% 00l3e, k6t

ratio enes |nt e pro Streamis at |east 80,

preférablyax kgl (a4, foetxaepie, 85t @rids %detqmnmzirhy Afmnmeqis Térpdratore
under the conditions.of the_ isoneriz Wiere the .
Proargrawsii DEAPTPHAN (r e TRD) Jheéfﬁg%? eda fpf&?fah&Wéﬁ@}ecular sieve may

t Of thefmm%tl@e&(%l i Hllg%a%l?}gﬁo he %@hﬁ&{]&ﬂhﬁﬁbé fhreved

an 5 mass- % par a- xy he an e I sonerizatio
durlmg the pe¢pacoivprof ﬁ&sr:aaﬂjzsar’labp)daﬁmethé MBiyh@de@garrvidve iy @tleast partially
et we 0. 20:t1 _and 0.25:1 preferably at |east

mth@ y rogengﬁﬂl Aoke IshadealaYsy at | east 0. 236: 1. The
Aﬁxt al'Yl*fet ﬁ’l%nﬁf PP3, %degﬂn[f&gésgﬂlrsEr ﬁ&tlﬁ?%%ﬁﬁ%sﬂﬁf 1nt11|ﬁgtsams) of
I'hvention conprise P2 T heni Um conponen

mol&iuéi giee o APONENGS, S° ANt anilita tes tenilfi&mtmloé 660 ingshepesence of a 20
conponent conprises MOR and acjdic MEl. The nordenite

vol-Yesorggen pheiupepmogheye ﬁﬂm R Qf)ﬂ&)pé@‘élﬂlt?fé PRY IFUEGeAfter a hold of
one B, IR, ST ¥y P Rlety (13 B B harbte i RElcRRo 150°c.

The Qar2ple iathen ﬁmﬁﬁatqdr\eﬂt}eplﬂkﬂsy)f atnnha@dsin Kelidn dt @0 neilagk @er minute.
0.4 to 0.8 as determ ned by Amoni a Tenperature
The mt%}g%weaf %@BP’EMS%IS(SN%MI gxcrrD)L thepmoupraguineditgpatyrate all
I
el 05l R 1SS ER B BDBIm Bl EASUFL g o
8 hobis taedihewegshyslisoibad) aﬂhhﬁ)npf G\O&f @t Ihehurﬁfpufgéezoﬁﬁm&hg’ She temperature
Typically, the MFl nolecular. sieve is at | east
is ingrgpsed f p yat‘? af HhE ey arige fo # pshtemperRrg pipARedThe amount of
EO CS I
amrr1 %a{i ea | nrgérg ]Logg(gg? @n{gggﬁagﬁ) Fﬁegr%lgl %iﬁ%(lftﬂlxg dgt%t?tlor The total

amoShtf@ntorda lsdbendby MegpionNDMdiag tiR tatal SMPETtf dinenddla by the dry
5500C in the presence of a 20 vol-% oxygen in _helium

weight abthp senplevigldyihe Joeal dcidigoApusad herginralyss of dptald\eidity are
givehbik ?ﬁusao ?xghﬂn&f 81”%1}38@15 PEJahquéPdrﬁsa J$§d to flush the
system (f 3 PEL

m nu 6ol ed to 1500C.
[0050]  The mordenite preferably has a Si/Al, molar ratio of less than 40:1, preferably less

than 25:1, and most preferably between 15:1 and 25:1. Often, the preferred mordenites are
synthesized with a Si/Al; molar ratio of between 10:1 and 20:1. The mordenites may be used
as such or may be dealuminated before or after incorporation in the catalyst.

[0051] MFI molecular sieves used in the catalysts of this invention have a Si/Al, molar
ratio of less than 80, preferably less than 40, more preferably less than 25, for example,
between 15:1 and 25:1. The MFI may be used as synthesized or may be dealuminated. Where
dealuminated, the activity of the catalyst is enhanced; however, excessive dealumination may
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The sanple is then saturated with pul ses of anmonia in
heliumat 40 mlliliters per mnute. The total anpunt
W@R00asmwm a used is greatly in excess of the aP@UO$2007/077197
required to saturate all the acid sites on the sanple.
The sanple is purged with helium (40 mlliliters per
m nute) for 8 hours to renove physisorbed ammmoni a.
Wth the helium purge continuing, the tenperature is
result e thedrashliaylatzorr producs cont@n@guaprerhientane cododersi Wilile not wishing to

be nGIeR B g o ARGl ol b R PIRRTPREG T U BF ey uced into
the M€t &6lcBire. [T R&eliSfll thATRY HesPorIFRR R NIBI §tRlfe B enhance
integration. Dividing the total anmount of ammonia by
overnhgonireysiomi ght of the sanple yields the Total Acidity.
008, ¢BSHUSE Pt B ER-GLB0h 8 S Sl B aRl Slfne
and kPHRAL. Wigre REAe5l hSleAlST SHRhY ¥sepag 1?&)@642@1){%1‘5}’1’(1% s_teiamed, eg.,

ratio of less than 40: 1, preferably Tess t
using hetwees £ apd 60 gprafskaplpbdtweens dfnd 30, 728edm, (Dbtsere, of titoen 100 kPa

ferred nordenites ar t hesi ze ' a Si/A 2
t0.2 Rffeaind EnPBRGe LRI P0G ek aog: e;%“.ob‘%q@ b Gepreayeterably
55098 d¥B°OSEEE @Sind HABn Ko RYy B&uf S@o%r%%g%ebﬁ:l?éﬁar%eve is

after incorporation in the catal yst.
shapat lirgq theamoughtevawdystfeoh, £.g., tikiag adtialey.ddesirable ichtakysts have been

obtajsed P e RS O 3 roemshen Sh B YD Sss han 25,
[0053P"  eafRly Ellgglﬁééég gﬂiogo'?f-nhgﬂggn@d@gﬂite iI'i}{me/FAngg@g 199 to 5:1, most

used as synt o um nat ed. re
prefetelaly UniOntatled ,In th embodiment, yheomotderite edmporeht ¢agnprises between 20
excessi v al um nati on mayresult

h d, , d L
and n%ﬁs_‘é% Gtahe ‘\é\fﬁf{l;ﬂlgtaihff Sl MES ol SICHT FINPRIICRL s ppbetween
10 altq(ﬁg@ g'leagﬁe—%sof OEL By 8Ohnd S B8 {nfiReb bEWeES 1 B b FREY.% of the

um nation nmay cause somne soporosity to
cataliystt frote peedieratt aatdl ywes dffhisshvemconirtbe cdtilysthabe MEPR ddlek lofitat least
nmesoporosity in the MRl structure_can enhanc

th : . L ( e
40 myplyiydes B IndRonqiigens yhilsehibiing Rew Lrpsy obless than 2 mol-%
undet?fEfvgﬁl'iiﬁgn E¥%n msﬁtlss Wnﬁ@tbﬂiv%l FORTAHRioRY Ghe ?régr%l%ﬁ%atalysts of this

reat ment an eam ng. ere steanmed no ar sieve
inventSorugredide iatprodicpe@fteinmillass mhdndiOy00Ht eahsenetiney less tignri§00, parts
between 2 and 50, preferably between 5 and 30, vol-%
per milliofhby magsaliptal 6¢ ad GriorogoRPECcY 0 2 MPa, and

004D AL A 558, PR BRTR G AL B R hance o
insta@@é,@b&latib@ of caylygeatlyractied site@ cor o@fut.dﬂéxfca&afﬁﬂheamﬂ W@ftaken,

sieve is shaped into the sought catalyst form e.g., .
espegiailyy yyhgreghemem 1s pyided snéheeatalys &y dmpepgaatinme hap e arnety of the

L T e
transatkiytheioh peodust is dbtaltedr ange of 1:10 to 5:1, nost

[0055] A suitable refractory binder or matrix is used to facilitate fabrication of the
catalyst, provide strength and reduce fabrication costs. The binder also provides a surface for
dispersion of the rhenium component and, hence, is a rhenium-dispersing binder. Especially
where rhenium is provided on the catalyst in a non-ionic or anionic form, an ion exchange
mechanism is not available to draw the rhenium into the molecular sieves. Thus, the binder

must enable the rhenium to disperse. Suitable binders include inorganic oxides such as one or
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preferably 1:10 to 1:1. In an enbodi nent, the
nor deni te conponent conprises between 20 and 80 nass- %
w@RooBlssetht al yst; the acidic MFl nol ecul ar si eR€I/US2007/077197
conmponent conpri ses between 10 and 70 nass-% of the
catal yst; and the binder conprises between 1 and 40
mass- % of the catalyst. In the preferred catal ysts of
this invention, the catalyst has a MCP | ndex of at
mor¢ ehdumiIg:, MAgREsIS, ahguyia, Ehegnyat titamasridi thooasalyminug phosphate, and

zinc@ eo The BbiisdineenReE Sxids pufi il Ayt SPRY wansition and

gami@IhRhedueth Satrdhdtsls d peismlggprb%emw PQx'ﬂic@Faﬂy usGuPaluminas are
product containing | ess than 0, and soneti nes

commegaltyhaail @ e ondgsahe wadsgrames KJata@anﬁ;B e \Odrsal Bt 390. Sdlica
Processi ng techni ques for

Cr 0054
typ“f‘?glk’|l%ﬁ°t?££)ogéﬁ%1%tdssc?§{f h%‘? catal yst perfornance.

[00569" | THd ABRBulaLGE} b PHe ﬁffes&@hﬁi ¥nbE Bbhys R03Y MEssSdolof Bhe catalyst
can occur. Hence, care should be taken, especially

and thiegefzactérgnnerganiis Opudomadénd pogsentie agangel qf§tonmy to 95 mass-%.

M T e R -
of atCIQaS*P 8i ﬁr@ferﬁﬁ%fgcg]aiee@i 0 filt40, ARS8} bpihalch@RsPr oduct is

obt ai hed A suitabl’e refractory binder or
[005Tht r | Rhd molgseldr sievef @mponttconipalbes awtor morc)ﬁldldwlar sieves.

Mole%éz?rg}/es\’/sm glc %\églglret agﬂt Irgg 1%9?&3%&&%&%\( ];Padg[rl i a udlng zeolite Y (both
cubifl! 'aﬁ@ﬁ&él' Bf1 25rniY Gnd BT, QQBRONEN! rTBNATWIMEE, FER, PON, MFS,

rheni um d| spersing binder. Espécially where rheniumis
IW Vg MWL A1 A0 oM T @1 A tCH A SER 1, MW Wi.omdi LA AMBF mayp bc)rapdaced by any

,f?r%;gl anlﬁn exchange nechanismis ot avai | abl
Su“"&’.% PHRO-FIHEN SCHED SIE KR WHB PREES [ttt %Yf‘e‘iii m?IHBer or
highgfﬂ IS AU ,qgéhl fay l'ﬂéerepﬁ%ﬁm g@uﬂhlﬁl@%ﬁﬁ'{ﬁm §H'fc5@kfﬁ(9ecular sieve

rs 1 nc e i norganfc oxide as one ornore of
withepami tha hamagﬂea;st ane 12 neorbenor lophayming, Fartheambee, thieqroreastructure of

al um num phosphat g, and zinc oxide. Th
the IB?]@F‘éli“r AV ABOGART £ BRhe e Prrard MiePdoerareatt kaown structure
e A Rl e R e B M B
Conahissipm aftha leteaatiom Zeallite \Asas@atiomliheailahbent tHeheelt simdeww.iza-

nanes gata pal ( 5) and/ or Versal (t 250. Sil.ica
SruqIyS g b48§8>ﬁ6 Suchyndes 1R &ATLRRTEINS b BPlegulg tienss are preferably

at le%s? %?nﬁ{allg (Ii)}?glg%:x‘a%gl?ﬁ 6?]' ifi e %Xhé&%a&ﬁﬁ? gmé a'cf@htg fof %Qﬁolecular

the catal yst an he refract
sieve may Garthat obtiedeoleayarbéevp tebendediin nakirgnbecoblyftrod mellnt/emtlon or
95 mass-% Preferably, since rheniumis |likely present

may B aclpigves g the %Pﬁ?%%‘?f the c¥plyth ded in an anount of
b, S35 O BEBLAR AL A0, €8 RS- i s

be f@xaiFp ﬁlbﬁl@%X@ﬁﬁOl@ﬁlﬁH@ﬂekﬁmhemxha tirt SA@MR&:. shape of the catalyst is one
having a trilobal or three-leaf clover type of cross section that can be formed by extrusion.
Another shape is a sphere that can be formed using oil-dropping methods or other forming
methods known to the art.

[0059] The catalyst also contains an essential rhenium metal component. This component
may exist within the final catalytic composite as a compound such as an oxide or sulfide, in

chemical combination with one or more of the other ingredients of the composite. The

-17 -



10

15

20

25

30

Mol ecul ar sieves include, but are not limted to, BEA,
MI'W FAU (including zeolite Y (both cubic and
wheooagseal forns) and zeolite X), MOR, LTL, | TRCT/UFA0P7/077197
MEL, FER, TON, MFS, |WN M-I, EUO, MIT, HEU, CHA, ERI,
MAW and LTA. MFI may be replaced by any suitable
al um no-silicate nol ecul ar sieve with pores that have
at | east one 10 nenber or higher ring. Simlarly, MR
catalysiymigeoptphly eehtiip addiyiosalimedsfier Ia¢talmqmp—0®iemtis.d%mérred metal

| ecul ar si e with pore hat haye. .at |east one . 12 .
modfBcrapogfents Gl ety PReiite KPRl (Ress bR R et Fid e
platiffimt PA1ARING ah Afix (Se§ MR I&ANPRR A ndAifidls 8REM least one of tin and

di mensi onal . Mol ecul ar si eves of known structure types

gerniraman deien bk astelykis@dmpciena datalyticadlytefitective dmamt bBadidic molecular

. desi ation the Structure Comm ssion of the. .
sievf il AL DB s B AMEL S Bt B 4SS PiAnetain spgermanium
whelBPthRiat EniWiYid SRS eIl 8 rh&fidth §R4a0A8 £3)and Mtk SHHR ratio of tin to

codes are used herein. The nol ecul ar sieves are

rhenpﬁnﬁsfsagt ddzisy0.4tl. Sefafcbr ipaalglgﬁamppp%ipg tlh&.fmyfﬂm @gﬂ'rq:atﬁ@r /60,647,

. fthe 11 cat.al yst. .aclalt t.he nol ecul ar

filed el Hy? O AR bprrom iy sy By scepcy ge el cpppponents

may%lﬂl 3hed &b Qille)’&&al%ft by Iaﬁy RSN HQM iRhdBY, shéh as co-precipitation,
achi eved during the preparation of the catal yst.

ion-¢:Q0ae, Arenudlivgpe ivipraghetiantiaprgiredfamoat isaeamegetof 0.01 to 5.0
ipvention is cyl | nder. ch cylinders can be for

mastr2h eSS D e O RIBARA te CREDAT om AT Pen 005 and 5.0

masf’—b@ﬂl%ni‘ﬁin bdieq E@%ﬂh}f #dtal @eigﬁ}eofl?l?é’éa@ﬂ?i drfdideBRh 0of %ned 3.0 mass-%

hree-1 eaf clover type of "cross section that can
rhenfwon imeghadther ertbodisnenn. Whilondterisising pebé Bmited ppdreeryt, hatblytically

can be forned usi oj | -droppi n t hods or. er .
etfeqtye AMPYn st hthgse Wribgdenise Efg%%aﬁsy?%nf@esﬁ aCﬁH%%@S‘P‘%?‘“

B4 1SS T LM SBs sity

the erpdproesasonditonspound such as an oxi de or sul fide,
i chem cal onbi nation with one or nore of the ot
[0040ﬂgr &P%W@Oépgswe%r%g?tﬁ@?t mplyes the yalizatin of a 2olible,
: t aln. P . £ i o o .
B
unife@at alaysdr. Typdtal deenivdno compaumals evhidh may beemployedrincludadmmonium

i ndium _plati nhum palladi um and m xtures thereof. _
pertlpgnatee $Gdim PEHRENaE, £0tarum Perrhenate, pplasyifm eheiyp @xychloride,

potags%mgj(&m r%lglgﬁ? g??l @gﬂigw&q&i&oﬂa{ﬂegﬁ: #id, and thlealirke compounds.

catalytica mount of “acidic ndl ecu

Prefaiablyethe @ompb@ddyik ianmbhdnyure perehdnaecorgratiedic adid bberiseInd extra steps
and a_conbination of tin_and germani um wherein the

may be gedediaf§Tee ¥orany SPreARTRIRANG SRAGER um i s at | east 2:1

dt . , R , s .
006, gl Ffod o UB SRS SR o
sievaghpaehi, eieniibh 460biader, to prdvede fnexdildybl2 thix RGO férafisd the
incorporated in its entirety by reference. The netal
soughbeasdlhie thape. Any suitable method for co-mulling technique may be used. In general,
the molecular sieve components and binder are blended in dry or dough form. A soluble,
decomposable compound containing rhenium is provided in solution with the molecular sieve
component prior to or during the blending of the molecular sieve component and binder or

after the molecular sieve component and the binder have been blended. Typical rhenium

compounds are those set forth above. For the sake of convenience, water is used as the liquid
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may be incorporated into the catalyst by any neans
known in the art, such as co-precipitation,
W0 0v8@s3shange, co-nulling or inpregnation. A pP&r/E8208T077197
anmount is a range of 0.01 to 5.0 mass-% on an
el enental basis. In an enbodi nent, the catal yst
cont ai ns between 0.05 and 5.0 mass-% r heni um based
upon the total weight of the catalyst, and between 0.1

phasgred g @ugh gkhopghtnshidr digrids canldtbeesed Hsoall yaudficienliqued is added to

: i shi.ng to beldinmted by th . Lyticall
proif R athet Digrn fod R akeRH ot bemgpdE® Y
[00621] 2N SPhKMlBdns Ay tfat @Ry S eMEht téﬁghiah&e,fdi’fen% a&:&h@ of 5°C to

napht henes, and of rheni umfor enhanci ng overal
90°¢ emd/for gitimme sufidciertttalpyevidesthalspught ynidorntityeof sigdtelpttiod of the

conPSFS ToE R 002 i e SHEn i Ghe R ERGL e B
and BRGEIRAS BRI e AR YRehue iy, ahdindBinzRBIdONIE & 1E£ﬂ?bﬁgftﬁ%§ample,
the carrier material 1n a relatively uniform manner.

0.2 Dydi balrs.rHve pinposcoripooiditg deitiagh tovtly neeiqlstye domponent,
i.ncl ude. a ni um perrhenat e odi um.perrhenat e, .

Phy i SRS cnitions i TR e iheT (XFERI e (qrachiove the

sough®@ hAFSHHIP JRXRS lkﬂt%%fﬂ’?é@n%_ bl THWIHeH 'R Slttudkd fHeo the sought
perrheni ¢ acid, and the |iKe conpounds.” Preferably,

catakybisshapmpeldriedi ssualiyeni empesturh ef beteveen SEET arlde3I0ECdar Hto 24

h because no extra steps may be needed to renobve any

OUgy- cont ami nant speci es. [0061] Anot her nethod for

0063 €P3refgat{) SvieBle? NESatdFRIR thaShy it B9 bBuli h

[ mﬁ)l ecul ara s?eve corrponenfs, rrheni Jﬁn a{ﬂ%gr}g#lndecﬁ)r}?% ing or other

techpiqow,i atl eastronexoixidadeaf| a caicktatio, stapris higrdmitigbdlieeed tuagthie calcination

catal ys hape. sui tabl e nmethod, for co-nulling
step 2atih M%%ﬁ@f%%ﬁ@a}um i @@ﬁéﬁa&sy éfhﬁ SORI RS Ao g gffect the
oxidfaeémagﬁ%%F@e@d lod Wn%ﬁﬁstﬁtgﬂg &ff of megﬁéftama cgﬁpg%ms within the

orm A soluble, deconposa onpound contaln
catalytie nompodi® tp e cedspondagl axidedfiormi The dxliéativnl seputlpically takes
i eve corrponegéopri or to gr during the bl endi ng of the

S .
place g 2CHPSFAEF 81 HORGHHoh M P Uird A5 Haeen ymosphess isimployed typically

comgﬁéei n% gib.a(ﬁer%.hﬁié)gfh%?ﬁg%ﬂgﬂ tsteg'&qll B Saxweﬁ dar Ihotx] @é@ri&? 8¢fécr)rtn|95 to 10

Typl I um conpounds are those set
houraloowwre, Hor extabiepesiak ®f afnedeimpahatanqeredwaicervertssubstetiadly all of the
t’g(g | i qui dphase. of the dough_ al t hough ot her_|i quids i
metallig, pnppnens &g thegiqaresRensinefaxiqedtm, This Hmej véillaefcroyrseovary with

. ten. P
e RN Rn A R TRS P A or R BF 0. o
the axgpatrecunediit of epanadphe engiléyed. $ométhrey sadgeisqiresahi duing the

900C and for a tine sufficient to provide the sought
calcigafiqnsy o podibr thapgidity BRA/PToRPre siridiere @b HsoRelsewar st e.g., in an

amofft Ikl SR TD ot BRI 20 Rl 5, BT finjum i
prefdralglgiremtleast a pl@ianodildé fogmciotiad tirad of sulfiding 8asiall), the ofidhtion state
of thg);}?e%i)lllrr? at the time of sulfiding is at least +4.

[0064] In preparing the catalyst, a reduction step may be employed. The reduction step
may be performed prior to loading the catalytic composite into the hydrocarbon conversion
zone (ex-situ reduction) or it may be performed in situ as part of a hydrocarbon conversion

process start-up procedure. Good catalyst performance can be obtained without an ex-situ

reduction step. If an ex-situ reduction step is employed, it is not essential that substantially all
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0.2 to 24, hours. For purposes of avoiding damage to

t he nol ecul ar sieve conponent, physically m |l der
worioBiossg7Eondi ti ons are used, al beit requiri ngPEI/US2GEH77197

time to achi eve the sought uniformty of distribution

of the conponents. The dough is extruded into the

sought catal yst shape and dried, usually at a

tenperature of between 500C and 3000C for 1 to 24
of theguetsl conqes)ts Pe edfdacerbioythe ogregshendinhelewantal yetallicsstatadeor

. by inmpregnation, co-nulling or.o r technj.que, at . . .
s o PO ToMCHAE PR oo ceate g et fon FERRtgt Fu oy in sin. 1
prefbfedd@hi @Y euthat stthake plact NAL LM wptifPy REE-BESehvirdniRnt.
di s‘per sion of rheniumin the catalyst. The conditions
Preferaplyothededusingf gas dt subkignoalydaure, oiny Bydspgar @c s se thae @0tppm-mass
convert substanti al all of the metallic onents
wardif B T REHEAIT: P EOERY R Brsoh ateh SSrraBpoRth fig
TypRilfend RuMind B& RxbataLEQ Witﬁttﬁ@cz;tédgét%@l:(gdﬁiﬁ(ﬁﬁ &ScliRdiRE € reduction
at a tenperature of from 370C to 6500C. An oxygen
temperatospidran 260°€htol PPeq, aftepifoah RHOEbIwH00SC nigr aperiod of time of
erally, the oxidation step will be carrjed out for .
tron034p Bt otd foufy o118 TEehean e g ArgPaned Hiepdupspbheri
presREE bP g Mhhdr pFR s For (léku Je@ﬁ’dﬁoh?,cbrg% g)%&%(;ns must be taken to
substantially all of the netallic co nents to their
pre-dyrthespordiongumxiodeubsamtialIfwaert frevestate, | dnd acfibstantialle water-free

vary Wi th the rheni conponent used to nake the
redut ey Shou1d PocbRIae Porl SR R Bear IR et cOP Bt ditlrattge of
hydx%?é’rgﬁﬂi_ ERMEERbAf the atnosphere enpl oyed. Sonetines
steamis present during the calcinations, to nodify
[0065he aEhwdi tnyanamaodimpoitiee siventzilis @ pofcessfor makimgal teansalkylation
I eve, .e.[%.. ,#@n an rmur)gy of between 5 and 70, for .
catalysUGOIRKISING: ahi@rime hhe FatatysticRmpRying FdRPrdeRIcLontRORFRindn acidic
MFIRF&SE&NGR el LR agi 1] Alol®¥defioff { i
A o D Pncr B nf A BOLEKURR S ThE{ a0 Whenium
compbreani tamgadg ftdme 0t05rre S msyst %o iof thegratadysatand @abénivd-dispersing binder;
Q064] In preparing the catal yst, a reduction step may
b) 0%8lza}sptlh_eg%fa?eﬁﬁﬁ@iwgﬁmﬁil&ﬁ%m@@éw&fﬁﬁéyg@ JBORRAFI R tepperature
of bﬁ@eé@?ﬁbc’@ganh%%oe@,tzﬂl@étthﬁe Sdrl %5 LAd 90 hb&s; and cg reducing the
ydrocar bon conversion zone (ex-situ reducti oaﬁ') rit
oxidivey chbrlyseinfaxedsdng gassiotnpriasigpateastaine af hydto gaeandarhydrocarbon at
conversi ogn process start-up d:’)agocedur e. Good catal yst

conqidonSIReIIRg 2 CHRPHRMEARSAV R AR ¢ RBA O AT ex- si t u

dUG e .
(006 ) LR, e co R ipcRlE o BRUCLAEH s2b Blecioent oy -
sulfitiing stept Wheeosgitideentie daalysadifcd itventibemap comsipdngtentevels of

el emental netallic state. For instance, a partial
rhenjugyy theppary iously foued poramnergially agerptafiielithysdhehereabiapcingpyerall

con@?sé%rp%%tajybt §t|aﬁﬂli|§?/ A.r{d l.ﬁf timeE f'[%{: @ﬁl&d&\g?}g?l&%}?eféxe Hﬁ‘%ée‘? I’rlnay

ace 11 a substanti al
benegioially baveittleasPo.af o akdyple {114 td £O0UBRIG%FAS IS, The sulfur component

may Eg %?ch%tgziltg(li Iin%o Ph%rc%falyds{ gy ngdlzn%%v?lnteglllﬂic?de’. Alns %ﬁe E)rh 3 Qomzlg)ination of
in situ and/or ex situ sulfur treatment methods is preferred. The resulting catalyst mole ratio
of sulfur to rhenium is preferably from 0.1 to less than 1.5, and even more preferably the

catalyst mole ratio of sulfur to rhenium is 0.3 to 0.8. Effective treatment is accomplished by

contacting the catalyst with a source of sulfur at a temperature ranging from 0°C to 500°C.

The source of sulfur can be contacted with the catalyst directly or via a carrier gas, typically,
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water). For ex-situ reductions, other gases may be

present such as CO, nitrogen, etc. Typically, the
WO 2803307 gas i s contacted with the catal yst aRCT/US2007/077197

conditions including a reduction tenperature of from

2000C to 6500C, often from 2500C to 4000C, for a

period of tinme of fromO0.5 to 24 or nore hours. The

reducti on step nmay be performed under atnospheric
hydrpgasenandnet gatsuph gheitrogere 48 thivemb@bmenty thej soyrce of sulfur is typically

reduction r.oper precautions, nust t ak to.
hyaib e G Ao R BEFC RIGE B bSHE T s B, iy inatier can be
usednat er-free state, and a substantially water-free

reduci ng gas shoul d be enpl oyed. Preferably, the
[006f7& d u cThegratpdpst compesis@scaataljodzstulizled inpitthywhersgeoumadf aulfur is

hydr ocar bon. 065] Thus, in.an. odi nent .th .
contpefLRTN GhF ALl SPBRRNESH b MHRE 8P BeramEHPRY Festlghom in a
con@Afr@tohhn GREALIST PBin-Adle sQITE B, G00%rA8108DYjsitferably from 5 to 500,

conprising a nordenite conponent, an acidic M-I
ppmrpblesulfar The evel tocdp analitr soawiertg the Sidfoiathomdiecalr streami roay be
recubly b3 el sii gt YRR 6 TRORE el R PR ViR R ey be
preséfiSRLSHR BV EBELBANGredR Y picdd bx Axp1ad & HPrdphfid QuFRS of sulfur

catal yst at conditions including an oxygen atnosphere,
inclalethydpeeasuifide, ahrbvetdvedinde3nddk ydswlifidS 60 asamethplstlfide,

sim S B BN i g S s
exerh 8 1oPAPs Afiahy dEgHRy RadirullidragarienoRl pandih! At

including a tenperature between 1000C and 6
treath@@68 [iniFntefl &y atdoyporstiver catuadeydfisolfgoinmpobe feediasd continuing sulfur

subjected to_.a sul fur treatnent or presul fiding step.
treatjygg} @_rgmq Hciowtia Proyide @%?@{gﬁs‘f APRRY ﬁv@ﬂmgoﬁem@?ng upon the
con&ﬁﬂatﬁinrbfmlmgmfur hEMe |f§ed9fhershﬁfmiﬁ§‘?n5£9@a&'bﬁli)'li%b?ll i¥ 1dsQ ¥ one

commercially acceptable, thus further enhanci ng

hourorenal He aeny bmgeoperadaf tiateak s tforst ddyi drintore.dftet sulfur treatment may
lifetimes. The sul fided catalysts,. for instance, Y.

be moatesed Oy dngayuTRa e pnoeasEoTGRLAul i (B eoghes or e Tl time

calcilafdd FOBSEUP AERRBAUR dERENEH fHdlacGAMRAREREtiBR S Bffur in the feed
Incorporated into the catalyst by any known techni que.

and theylesiree soifunloadinpitmbt adhievefl onnhesédtalysanépeciabx whetesulfiding is

sul fur treatnent thods is preferred. The resultin
donqcigesiiily gR0d FEUats cap b obipinegihpus %e PR WS Tesugs @?fégass, In some

instahL QT PasthebR fdudShdc o, Jvhér% mBRSEVE T JTBYi8ePhh §6@%& gor the
the catalyst nole ratio of sulfur to rhentumis 0.3 to
targdleBsulfiat teedienven dtomat meoytthe sulfiaco dphih ediokypeontaetdnglevel

he catalyst with a sour of sulfur at a tenperature
and ﬁ@‘?‘ﬁ‘l‘{:}nfi%}ﬁ‘é@@‘t"?@%ﬁgdeﬁhe source of sulfur can be
[0068P ﬁ{i%@&)ra\% B inJthﬁ A n¥Sh, iPhdsebh YouRh tiYd R faiff BAchlyST

gas, typically, hydrogen or an i nert gas such as
prepiratiog@dedures dahieaatsderh olibnitenicontaliénSaitdlge tobe sulfifled iniasmanner

typi cally hydrogen sul fide although other sulfur
that desspetirtisrssiciessthe pedermanse afother @iyt ceppenghtspaich as

molecular sieves, while permitting the use of higher concentrations of rhenium that enhance

catalyst stability. The catalysts of this invention are particularly useful for disproportionation
and transalkylation of alkylaromatic compounds and for the isomerization of alkylaromatics.
The enhanced stabilities exhibited by the catalysts of this invention enable the catalyst to be

used for the transalkylation of feeds containing aromatics of 10 and more carbon atoms.
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used. [0067] The catal yst conposition can al so be
sulfided in situ where a source of sulfur is contacted
WaWak/0s3ee3 cat al yst conposition by adding it toP€NES2007/077197
hydr ocarbon feed streamin a concentration ranging
from1l ppmnole sulfur to 5 000 or 10,000, preferably
from5 to 500, ppmnole sulfur. The need to add a
sul fur source to the hydrocarbon feed stream nay be
[0069¢ d u crdcastures| exminphifiedifoz sulfdeigrheeipendiabypton therafopemeansioned

t ent | f i ch al b t i

parefi§ s B 0rS B eanblie s pr i e nedSe S P s o

rhenf A C682nRhticHd! flbel 6 bUdgndyAHiaA8 My Balbi0NS, nfadl-BOfMenium, fail to
di sul fide and al kyl sul fi des such as net hyl sul fi de,

providenesnipérsially ivebd]e citalpsthatihdghen rifendem colicentnaticn] By thés mmention, it
di byt yl sul fi Such sources are enpl ary for all .

has sspdpind o aied e wa il S FORErHitks it the thenium i

partiAMP bRk Yhasthidéed SlaBAk B mbderhtdd ﬁl%«%{)géilag%rﬂn activitr%/deven though

I ncorporating a source of sulfur in he feed a
the @on¢ritratiomgf shehiunr istgresdrteat 0.# anass: %. iPrefesbiyf thei seHidinois

provjde the sought amount. of sul fiding. ndi pon
cccoRebahe SRaY GE g morntetnEier G5y R0 Sl most
Sl igh R bﬁaré hi ' S - QF
pref%%/lfygﬁsover aOl ongg’r@g@?‘!‘)g? 92?61? fﬂeﬁﬁ %Ifefg&{blggﬁe gamgglfll Blis done
und@yredming, contigioss including e@imperuragyealee thannliODOC adodspreferably

measur | the concentrati su] f in the product
greagsy { a@a@?)g@r@r eY4RPlE W&F%?@%%%}d 00 b g st Pt ilpast one of
C : u
e P B B e s o

carbelnemciabal yst. Especially where sulfiding is done

in-situ, good results can be obtained w thout the need .
[0070 prlé-qnéaﬁ)@glr{l% g cafplysis of 15 WO OMIAEES diSPeiieid selectively

FREE Theh RN Eorh ENERsWPoR Gis B afrHEnihud-d¢ Yé‘ﬁj@% §82Rherei
sul lsougﬁt%?&gr t'he ?ar ge% suclgﬁgr St arrﬁenﬁ?um :H%orln eremn
the theiiuim, (cilbelatdlaf tre dle@nethdmetad) isgire@enaippmaansouno of Bawhera0.05 and

| evel and the rhenium does not beconme oversul fi ded.

5, PIEEsEREY Vo 4e B &e dhasaHy Tt ang therpjiptcitaiio of sulivs o Bgaiym is
betwcei B9 { %9:61[ h@f&aﬁ?b@lﬁﬁstto 0P8 8 PRRAL At erﬁ%‘g ?%gxgﬁe% ?‘2

enabl’e a rheni Umcontaining catalyst to
catagtinalynstfectinaimoloe of awhcidd\eslsallyr sefvkect the

7perf ormance of other catal yst conponents, such as . . .
[007h)| eclhesreterred satalysipiof dhipwvantian hiye been wubiscts terypigation in the
rati f [ : ;
pesGRASEI IS B SRbEFIHRf oO30ER 3k i, and v

sulfijed whilelHenlum tsseldabt iharpadtislgroapdizdd stnatandmanpreferably prior to

transal kyl ati on of al kyl aromati ¢ conpounds and for the
any yiggifednt AaglrBIsTasion &F Ky disnsiae ireeniunthBhedniiapgidation state of the

rhenﬁﬁﬁlwh%}l LIRSy g{%ﬂ%e}qazqiea t[y*_éf.he catal ysts of this

I nventi on en catalyst to be
[0072] The first sulfiding of the preferred catalysts of this invention are prepared using a

highly dilute sulfiding gas under sulfiding conditions. It is believed that the highly dilute gas
enhances uniformity of sulfiding of the rhenium in the catalyst. Frequently, the sulfiding is
accomplished by passing a sulfur-containing gas over the catalyst, e.g., at a weight hourly
space velocity of at least 0.5 hr'. The sulfiding gas frequently contains less than 5000, more

preferably less than 500, parts per million by mole (ppm-mole) sulfur.
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used for the transal kyl ati on of feeds containing
aromatics of 10 and nore carbon atons.[0069]

wee@sesheres exenplified for sul fiding rheni umPEr/EE2081/677197
in the aforenenti oned patents and published patent
appl i cations, while providing acceptable catal ysts at
| ow rheni um concentrations, i.e., below 0.4, and

particul arly bel ow 0.25, mass-%rhenium fail to
[007[33 ovi bie profemed catalylsty thblr@e@tmraary $irst sulfidad gindar reducing

{ { .
condi i TRER e ¢ P Reat PR e D ARely K s @R, 2l 75 30 Reducing
condiBbR! S bd Itﬁl'om'e@ By tHepre AR sMtildasPétiel dfdlylidoch®OH a8dh@8gen in

enhanced stability and noderated hydrogénation

the substantial ybmefrwﬁ ehwg&nzmlg@ompnn@msudt asanolotulmrreqygcrmnutsogen
% refer the sulfidin

dioec Bt 6 el Sqire ey s TR RRT Gevegiatred e 22 befveen 0.1
and 3 MASRRGEE Offerfthe R!&I@iﬁﬁ%&@@% dthyden ﬁﬁgn?ﬁgﬁdmg is at least 0.02,

preferably | ess t 00, part's per mil by nol e
Say,Qlﬂ4ftur10 MPef erably, the sulfiding is done under

(00785 o HGse et b ol M Bup e a s e regiresence of
carb@ﬂ(lﬁﬁplt)ﬁs bat WRRAIAPRAE s ABON e ch&nicla?re%tﬁﬁﬁf}g&c@g tHJEt most

I'east one of hydrogen and hydrocarbon, t he nost
conyenighemodd obimroducientsberiimmtities iptestre ydibcaborbencking during the

ions 0070 n an enbodi nent, the cat al st of thi
St gaREt BTEORR O8 & HACpurLE omdgy §PYUR T Being Fished o the
con(fl Gy df% 'I%gﬁﬁ(p&s&)@gllaﬁy %&nyﬁ dmoh b&r}ﬁpﬁse ethylbenzene,

eni um rsin nder , rein t eni um
met}(}dahyibd:mbeed arabpropgbeizene lﬁsgd:cmﬂaﬁ whdre e qaratyse némpriseann acidic

unt of tween 0.05 an , preferahly 0.4 to 4, .
molwn!% St?vsfca?tﬁaweatogﬁ pay r %@@ﬁéea@aﬁﬁc&aﬁkl% Mgy oggirrip the range
of zwd@%@bb&n wl%h @ﬁo@% 082 be% @f@?rpeﬂfor éulﬁe{ggfwmw the rhenium-

The cata urther conprises
contamingi qatalyzsahhsymaffﬁexem areckampantivitef higher afﬁnphraiums InegHeatquired.
e preferred catal ysts of

Pref?rﬁbléfﬁ%? %ﬁfo ;‘H%és HreempUhsi by Pashing? %%?I @%{S}n@ﬁﬁ? shlfigiag component

i it R T R S R
preséiiteThasulfiding gad ﬁfagtenulylcmtqum tesathhy 5000, dhare gresérable lesamichn 500,

nost preferably prior tofa S|gn|f|cant ag Iorreratlon
partsper fipEioH t@/pf@?@éapmﬂ%ﬂrrwl utrhide e RIsp epRfains ghleatt gy arefprably from

Sto %ﬁ’:‘nﬂh%gflﬂgguwghlaﬁ%gnofa Bétﬂ ga??gg{h cat aﬁtny sn?ém{gf t%galance of

the g’aﬂmytﬂemdmgen mceméﬂq/dumaﬂgma Gerghdlly, hiydroges is prekérdiimg mole
as under sulfiding conditions. It is believed that
raUOttHé‘YﬁﬁOgﬁWn of Fdde! 3,45 enhances uni f or ni ty of sul fiding

[007§L| f ihlgne s'[lﬁﬂil g%p{lfy %@%ﬁﬂhﬂﬁfed sEJhetﬂ&Wﬁ 0.7  fHferably 0.25 10 0.5,
atonS\Jf fswllfmf‘e@@ pﬂivi’deﬁg)egasmehertlﬁiﬁ Mfeﬂﬂ ths tatalgstCompiseLother
comgfrie?lltqstthzlgt%grrl Isc>)/rb or react with sulfur, the total amount of sulfur provided should be
sufficient to assure that the sought amount of sulfur for the rhenium is provided. The sulfided
catalysts of this invention exhibit attenuated hydrogenation activity. Accordingly, greater

amounts of rhenium can be used than heretofore possible to obtain enhanced stability without

undue hydrogenation activity. In most instances, the catalysts, once prepared, need not be

-23 -



15

20

25

30

space velocity of at least 0.5 hr . The sulfiding gas
frequently contains | ess than 5000, nore preferably
w0 e@s/0sdean 500, parts per million by nole (ppnPemU807/077197
sul fur.[0073] The preferred catalysts of this
invention are first sulfided under reducing conditions
conprising a tenperature of at |east 1000C, for
exanpl e, 200 to 4000C. Reducing conditions may be
further sylfidedidwyng resme} epesaiéan. Bfocass Upsels br oFidate regenerations may
ne(:¥glo&eﬁ n and hydrogen in the substantial absence of
SR BT H§ conponent such as nol ecul ar oxygen,
[oor# t r Wl@d‘lﬂdélﬁi@ﬂcﬂso RRitatrR Qo bideBssed for HiEhg I RACASnium-containing
sul fiding under pressure I's desired, e.g., between 0.1
catalyng- m@nwapﬂyam@@e P@Cﬁ@ﬁs ‘G(bmplpwmouﬂmfgrce@@m kaviifig a dlspersmn of

dr d | t | t, 0.
eheryn o8 apRPoI TR e (KB RrRisPes g et 4Rt &3Gual fipgnce of
sulfhYENEdrRabtiAk end dafa'fij?st $thfd gRdohRiniEsudiue SRNE thedhenium is in at least

car beni umi ons. carbeniumions are internedi ate
apanhéwmaahﬂﬂeaﬁclon products, the nost convenient node

[ duci h t hydrqcar bon
00 oo n g e ard iy R Ear e s gation,
tolué}[})’dlﬁﬂbﬁcﬁfﬁb&tﬁﬁﬁ‘@QH@%s%H%thenefan*aeffaﬂgalﬁﬁ%&egf REmb& with 9 or

conditions of sulfiding, and especially Suita
moryatbo aobsveiticaipast e atthipehearenezemad Ipydcharbh yyloresz €hecatalysts

and pr | benzene, eci al wher e he G st .
are 3B SB200RR TR Gine iRk ap hin2ehet! the pURHALAR fisty! and higher
. : y .
i

for qmneéra'ng edn-immasigh, fipdexagnplahe sautatecandtoe m'rackmon{ammzittrcg
activity,

as.insufficient crac
Feedi e forPEE oy e Lo SRUPEPEBTJOr Hampli priyesy S and 60
waﬁ& IbeRR&E BY pPBSReABd A BAR Iy, fHeM%ehldfed hyd
Sl ?"Eg gonpor?ent andet ﬁ(e%ﬁy talgar b(g/lnfﬂfeoreglgzhtrﬁeer}};ly I%genauon
actl\oa/rd:felm canalysonef thisanvdritien cestuith ystedudddRiog £nss whidd axhlevmg desired
resent The iulfiding gas frequently contains |ess
convepsipnsEf ferdsiogke preferably | ess than 500, parts per
00 ' L anoRy % i
[ 7e|81cJ)nt al ns atlﬁ?{g{ggé pr e‘?%?ag }’{Ew artm@ ggp lrgr{)fo-%%dg{mg
sulfitthe. Tdaocan b rechlambisel fofictpandtiat dedgcihd anﬁﬁpllnﬁéli thiénemperature
The bal ance, of the as. may be hydrogen and ot her

of thwef%ea? Beshdie dagatiop of fRe refygioag ﬂdqrgxeﬁsege FRAUFIRE £ORgHians,
espegi%f %91&)%9 11{%W1 ﬁ]%tgéa}lr{fzﬂberltu}e ttl?e &'lgp%SlOIL Qﬁ&éhlumg tae %agalyst can be

I'st y acco suc
advedsely affﬂ‘c&a‘de W\ﬂblreya Ehdﬁ&ldmpr@ceﬂes aﬂﬁﬁhg othe seduting ta’ﬁﬁerature is less
provi ded. per atom of rhenium Were the cataly

than &Qfrirseferabbhiathe Bago Al HISCitn 460 @aﬂhé SHEstigR of éﬁéﬁdww is
L e L
prefératslyf Jueh tHae theuhenismpiao wh dﬁﬂatldﬁ‘lﬁats oF fif 1989 +4. Thus, the reduction is
typically conducted for a period of less than 24 hours, with shorter periods being used at
higher temperatures. For instance, at 280°C, the duration of the reduction is preferably less
than 12 hours.

[0079] The sulfiding may occur simultaneously with at least a portion of the reduction or

subsequent to the reduction. Preferably, the sulfiding occurs under reducing conditions. The

reducing conditions preferably should not be so severe that substantially all of the metal

-4 -



10

15

20

25

catal ysts of this invention exhibit attenuated
hydr ogenation activity. Accordingly, greater anounts
W@Ro0ska3eraim can be used than heretof ore possi bP&r/U82007/077197

obtai n enhanced stability w thout undue hydrogenati on

activity. In nost instances, the catal ysts, once

prepared, need not befurther sulfided during nornal

operation. Process upsets or oxidative regenerations
compenenfieite sevede @ ta s gpiresponding poorslal metallihstatat it srprafesed that

rtainsg t r.oce s far king sul fided, .
the BB e Bina n Aty S P cF et Rreferghly, ghe reducing
gas REOSRARRAy HORPAIYIE dRIgeN (iH. NBsstBAPLY spm Ak RGited). However, other

di spersion of rheniumon a support conprising a
gases Imayibeprefestpack anbydsperdlean, £6Y ngroges.ssntlihgirediistion step ofay be

sul fur; and cqgntacting the catalyst w a S
pert e RO TEEE TG o A EHG PFOMTES T PR CRashipssyres are
fronP$0 kPAab¥o10%) & AEUIKSL@bR1utk P AT dfteki@ th@fanby 8t 2000b J000 kPa
invention are particularly useful for xyléne
(absplesneri zati on, tol uene disproportionation to xyl enes

d zene, . transal kyl ation of .aromatics with 9 .
10053 oF eI o i S e e S e ORI i eas wil
contRRNZLNRIiLO cRLPSHERL TR s BRGSomPoRe i 3h A/ Béﬁh@org&%ted into the catalyst

attractive for converting ethyl benzéne to benzene and
by abhenaleaieklpique. dmyafe er hybmaimdtibn ghirsitalakgor gx siipsulfyi treatment

e e e

sourBOBF QAFRLd t‘éﬁrpefaﬂfre SRR Bom 00C 36506 §haBGLL o£4@eK can be
non- aromat 1 cs. Feedst ocks for xylene isonerization can

contecied with tiet ¢apdlpe directly, orf voa a exvaiepgas, tybenlipergas sedidaséydrogen or

.. mass-%. and et hyl benzene can be converted. :
nitroRgio i COUSTeht A8 St Qb PG eSttosen sfie pipush
sourfds HRBe ¢t pl ysts of this invention results in reduced
Ring Loss whil e achieving desired conversions of

[0081¢ ed shholkevenpOthaBihe katahors®f ithis trvaotés art hegesabed bgaalcination, often
catalyst is. partially reduced prior to or durin

resulfiding la%ﬁ@‘?ﬁeaﬂﬁeﬁ%ﬁmﬁ o Fonfs EPFTal L Comiring s ithtisfled carbon
t_ i [ . 1

ot 5k NG ERSA B4 e, LBk STBRL S Sl s, ..

air oe 4t @gth additiomadLititrogencaorddhirtsteans at esypeatuatd pnging $m between 370°C
i nvol ving higher tenperature, the dispersion of

and 6 G kg Pﬁm%zz,febeamnfé andaf s dyap §@S931§FPE diseggrbon burn-off
: tq r | 4.1, gl ' :

perig O L (R R ERRR T e S e Ao GFHR) BRnium may be

redisparsgé. Te dkQRDIGn tatSFGAENiuhheaydils@be moreadedtalevalled betngaonverted
is prefer ablfy such that .undue aggl onmeration of the

to ar}%ﬁq.m(ﬁﬁu{ I*ﬂén% g%naq%gmﬁgglsbe,@p %%]n t ﬁal’odes set forth above.
preferably, such that the rhenium has an oxi dation
state of at |east +4. ThEXAMREESeduction is typically
conducted for a period of less than 24 hours, with

[0085510r tIgrtheD %ﬁlb%?g et))(%{nrf)ﬂesy gl?gm%tand percentages of liquids and solids are by
mass and those of gases are molar, unless otherwise stated or apparent from the context. The
following examples are illustrative only and are not in limitation of the broad aspects of the

invention.
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hi gher tenperatures. For instance, at 2800C, the
duration of the reduction is preferably | ess than 12
whowws®336f0D079] The sul fiding may occur simult aP€pnusioy7/077197
with at |east a portion of the reduction or subsequent
to the reduction. Preferably, the sulfiding occurs
under reducing conditions. The reducing conditions
preferably should not be so severe that substantially
al Catlyst Reepagatial conponents are converted to the
corresponding elenental netallic state. It is
[008By ef efﬁeetgllbai?ﬂg deR8ral @@H&ﬁﬂl&ﬂlst@&?t&hﬂ&%dﬂys@s of this invention: A
substantially water-free environnent. Preferably, the
powdedienidf adrasing scaubsicalyiaahilapleurder thertyadh ypdme g?etapalTM B),

moré‘ggtgéarn,lg@g%gg Mg%%%z%owmé g}o%\gg‘t}/o?ég 18: f) 1n mass ratios
corr%k?%ﬁd%ﬁgfb thBiCsoughtein ROHEA icQM1y3t £P a&@e)ﬂ 08 Al @ Rfxed. The

der atnospheric pressure or at higher pressures. The
durapioebédnyeﬂulpngm estical erédvidath bt doRasepabldplnit@)n admitQire is

bsol ute), and often in the r e of 2 5000
prodp. [io by B0 Seiedormied Lty Rdidufa mixture
com&lﬁiﬁﬁé' fidala %‘@9’ 5 frﬁgé" % 1513 (033 id]ohiRH %vatér Qﬁd EL‘n?ru%rhuﬂﬂ p8@Renate is

contain a sulfiding ¢conponent.
addecdamtimrkmadnwultae/vhltwmnpnmlag (211 mwlﬂmgt’l’i&: oadsalf yist lidoyd added
own, techni or a conhination of in situ
(excg\%&g&Pe aassyp an%‘B‘I“P fﬂ?’é tﬁ)e‘ﬁ?) t%’i%%l’?rérii?@? dp gtk The mass
of arﬁﬁf‘oﬁﬁfrﬁ ?&rﬁeﬁ%tcﬁﬁﬁtneﬂ% ﬁfé%ﬁm ﬂn%&t%@ iD¥aCQRt&Ehd B gmw?@e the
catal ys a source of [fur at a tenperatur
soughaogicanfrdtionrof Ax@idro i 0R@axalykh d'hs ol ieg Bfcostuhdedrfoc Bitoi)
. cont act ed. mn cataly directly or yvia a carrier
minygsand; dditionp ‘}}Stllgedg%%te%lﬁ eﬁé%@sto mﬁ%aeﬁw?ﬂ pvingggdiDI af #0
' I
mas{. % FHE TR Mn i 8 AL AE Il isStinl- o W HRIER dp¥lomerates and

the dbiflity hefoemenmadsheltentsqaeczed by fiaids Thé dbiglsis iertrededi through e die plate
on, often resulfiding is

t t
tOﬁ%@%& %%%ﬁﬁysgﬁﬁéﬁ%ﬁgna jampefarlieriTRdate paitisles| |y conpri se
[OOSgepoc@eﬁsl%{lA %dsuﬁﬁmgfﬂygﬁé | ﬁézl;l; L f&g%&f?%ﬁ&g@d{ﬁe using ratios of

sits“on the cat oxyg I ni ng
compdrvasneli that the@atalyat nordimhaly contain$ 7@ aeikd- VoMIR, r1|5tma:sge%1 MFI

and/ or steagb at tenperatures ranging from betwee

(Slffiv,lv ot dpde 55800 Badncs ayarndndS- l%w%nrhemymaﬁqalcmted as the
I8 LR 3R DR ol oS inec n i

at 5800C e hddrs fvar bhevsasix freyrs e used hspmpsednd dbing from this peak

oxi dation state of rheniumnay al so be increased as
teMREENCas being converted to an oxide. The resulfldlng

[WSQEOV?JE%%%E éggstg)rx(?laﬁ? Bgelf)ﬁ}eﬁq)y the fotﬂggorrrpgd[?r%cesd%"re us% It)’:ltIOS of

components such that the catalyst nominally contains 70 mass-% MOR, 15 mass-% MFI

(Si/Al; molar ratio = 38:1), balance alumina and 0.15 mass-% rhenium (calculated as the
metal). The extrudate particles are then dried in air at 100°C for one hour and calcined in air
at 580°C for 6 hours. Four of these six hours are used heating to and cooling from this peak
temperature.

[0086] Catalyst C is substantially prepared by the foregoing procedure using ratios of
components such that the catalyst nominally contains 50 mass-% MOR, 25 mass-% MFI
(Si/Al; molar ratio = 23:1), balance alumina and 0.15 mass-% rhenium (calculated as the
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[0082] In the foll ow ng exanples, all parts and
percentages of |iquids and solids are by mass and

W0 bwse3wli3 gases are nolar, unless otherw se stBCBUSWNT/077197
apparent fromthe context. The follow ng exanples are
illustrative only and are not in l[imtation of the
broad aspects of the invention. Catal yst Preparation
[0083] The followi ng general preparation is used to

metath {de extradajs pastioles argitken ¢nadrinjagrmt 12060 epe bowad gplcined in air

ST BRI P13 3 i RSSO s e

temeyithieesi zed to a Si/A 2 nolar ratio of 18: 1) in nass
ratios corresponding to those sought in the final .
[008Fht al Gatalysirle issuidstdntiadlyzpreparédeby thadonagoing prorhéurd ysiag irasios of
of dr [ is.not critical proyided
comBnsfnyeih £y BT herhinelt P E e B S S du RO mass-% MFI
(SYAR It A PaéI B8 YT Bl SR alR@nih @ hAE 15 hadQ RHIuGS (calulated as the
| iquid mxture conprising nitric acid (69.5 mass-% HNO
metdl). Theientmidateipartitles argriberednindin @imap 00K efoavre heuraddealcingd in air

t he i xture ' ntinyi ng the mulling. The :
contipdg {3 v PR 0GB ST Hort e ey REire 468 heating o
and 84013 fHTh B ﬁ&ﬁ(r{é’:hﬁéraﬂu;%e.o- 113 grams per gram of dry

m x. The nmass of ammoni um perrhenate contained in the

[0088] qui CataliysttEiisssubstantiwdlly psepfafdddiyethe faregqangpiodedurdiasing ratios of

e I B by R S s e v
(Si/R0 Hhd1haaad =g3$ﬂgjftkdi%ﬁe\ﬁ/ﬁﬁﬁha hd ROGRHs 90 rRhAMA &%1&1&#&15&%3

having an L mass-% The mulling is continue

metalntlihk extmedateipdrticlss srertherbdraldan awiat hOGaior oagbdwrmed atlesied in air
the abilit forma mass n squeezed nd.. .
at SEPE e B oo of Dietteil hPua are ot Fea BiEsie 6og Goqttyerom this peak

tempe¥Adiadr i cal 'y shaped (0. 16 cmdianmeter) extrudate
particles. [0084] Catalyst A is substantially prepared
[0089Y t h@athlystdgBiagprijorocteCatalestusihagis reduced indfydeogep an801°€” for 12
such that the catal yst nom.nally caontains 70 mass- %
hourggggoleflfo saam feppgestufegyi bezn%r%@edﬂa@i%tr%@z@mw ere, and
Ifi abMpPiARr@Binfechn et SUIGAH B hER b R
o 1tlaﬁ(!leQtlrr}‘gtsrélll ). BéI'rﬁere 1rngeé:at %Hg‘grrég?/c{ es alr et hent%re:ﬁeg’g?sﬁ ere
surr@indirgt thd 0Q6Igstt The ameurdt@d hydwodercallfidaagbciad iathat etlclB&60 € provide
for urs. Four_ of these six hours are used heati
0.5 %t%mé)l% Juibyder AT OhEHIS Itde believey f%@?@?fc’m@%ﬁ sulfur on the
: j ntially prepared by the foregoing
Cataﬁ?tgglleééﬁheel%ﬂﬁﬁgb%%gd?os of conponents such that the
[00904t al @atlystabrisnapdrion oNCatialyst H thanzasd See VR ydrbganes SOGBC for 12

MFI (Si/A 2 nolar ratio = 38: 1),. balance al um na and
hourg and, C?Fﬁ%‘%thPPWéﬁmH?ﬁa("éeaWéU? heipg rejaingdym a nitrogen atmosphere.

[0091] Catalyst H is a portion of Catalyst E that is reduced in hydrogen at 280°C for 12
hours and cooled to room temperature while being retained in a nitrogen atmosphere.

[0092] Catalyst I is a portion of Catalyst E that is reduced in hydrogen at 280°C for 12
hours, cooled to room temperature while being retained in a nitrogen atmosphere, and
sulfided at room temperature by injecting hydrogen sulfide into the nitrogen atmosphere
surrounding the catalyst. The amount of hydrogen sulfide injected is that calculated to provide
0.5 atom of sulfur per atom of rhenium. It is believed that the actual amount of sulfur on the

catalyst is less than that expected.
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netal). The extrudate particles are then dried in air

at 1000C for one hour and calcined in air at 5800C for
W@2008108%73 Four of these six hours are used heak¢TS1007/077197

and cooling fromthis peak tenperature. [0086]

Catalyst Cis substantially prepared by the foregoing

procedure using ratios of conponents such that the

catal yst nomnally contains 50 mass-% MOR, 25 mass-%

MFl (Si AM nol ar ratio = BXAMPFLEBal ance al unmi na and

0. 15 mass-% rheni um (cal cul ated as therret al). The
[0098X1L T L@ﬁ&l?st? Al thtlgh D Ae@vilSRd N A E rﬁ'fér t@inséiﬁ?l%bﬁ Etalytic

one hour ~and caIC|ned in ar at for 6 hours.
activitguThofatdlipes ere giroc comalitionedrie thegeldt bkaat bygpaingaising the catalyst at

cooling from:.t eak t ture, 08 tal, st D
280°Ctox 58 6 Apsap ngﬁ 15?@559 %@5@%&9&% J.h% 36%%9@ ﬁ? by sreening
compidef 9o r9a\1dl 98 (St QMR QU No3-9% H%%l%ll%itﬁ? hg\ﬂﬁ%ﬁé%t(bg{ls/, &uh the

omnally contains 50 mass-% mass- %
balaZcerhzlirgy preddminant] B8k hronbicaol H) alrbor atama,rmhd&uﬂfﬁ:icrmhsdﬂgen to

ni um (cal uI ated as the ms% ’l}ft extrugdat e
Provtf{}rqhyar%fné? Y4rReAtbef mate o gt #- The fe s SPLLESHAL HoRppVide a
we@gﬁo%ﬁv aE@%lb&tfdfﬁ O MR &hd?%l:ﬁq‘élsva‘? h786 Eﬁa?g:g}g@tané §0pC

urs of these si ours are us heat I ng
templetatareduffaddrit ngprow i S0hh s s {96 abnveesipres ahe kemdtd088ie reported

Catalyst E is substantially prepare y the foregoin
w@‘dmr@ne@wge A3Q Rgcent Cwm?ﬁtg gﬁ?éhh‘%VFFaYFf Vﬁ@re (e
I c 0 A
Con““ﬁ%‘*@% Ul PO R ek B AT VRS Pepth LT ke TR Re by
1nterﬂ)ol@t10fﬂ&ﬁ§(?/@drbmm bmme(sﬁ@i dhk dtabld Iasmintaei zeethalrgsultd He the table,
extrudate particles are then dried in air at 1000C for

WABLds waight aysgresded ilraperitires Xylege Yagddibe ghass el dene in the
6 rIRR Rl B TR R RGO oy ot

having 6 ang B rchibon aeimsGadr alags tiniEof habzenesin tiedwasdlkiylatiby glfcmlgetn All
at 5000C for 12 hours, cooled to roomtenperatur
valugggre gakgg Ph‘é‘e Pes e thej cAtagyshhasrisge ﬁorst@%éwa ré, ht%m gf feed per
Xilo h'l{hfdfg roomtenperature by injecting hydrogen
e I'nto the nitrogen atnosphere surroundi ng the
catal yst. The anount of hymbrmgen sulfide injected is
t hat—eal-eytat-ed—to “”‘v: de—0-—-5—atem-oef—suyltur—per—atom
of | heiNs¥m ABTs pieastieldn hiRipg doss ¢ [uBenzepe frRtboders.
sulfur onltheeatalysmass% ess t®Wah% hat expeEr@ass
[ 0090]JA Catlal y35 G is a2idrtion of 2@ataljyst E B0t is
reducadd i m hyzgsogen at 25F0C for 22 hours andsempol ed
tolro@m t enpejgat ur ¢ Whijger bel hg refjal ned 1 n ajmig r ogen

at MOSHIeT & 33 20.1 24 2300

EXAMPLE 2

[0094] Catalysts E to I are evaluated in a different pilot plant having the capability for co-

feeding a sulfur compound. The high rhenium loading on the catalyst would, in the absence of
sulfiding, render the catalyst unsuitable for transalkylation due to high Ring Loss and xylene
loss. The catalysts are pre-conditioned in the pilot plant by maintaining the catalyst at 280°C
for 5 to 6 hours in the presence of dry hydrogen. The feed for the activity screening comprises

49.9 vol-% toluene and 40.0 vol-% of alkylaromatics having 9 carbons, with the balance
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[0091] Catalyst His a portion of Catalyst E that is
reduced in hydrogen at 280 OC for 12 hours and cool ed
WO 2008083873 enper at ure whil e being retained i n aPEi/USYBOT7197
at nosphere. [0092] Catalyst | is a portion of Catalyst
E that is reduced in hydrogen at 2800C for 12 hours,
cooled to roomtenperature while being retained in a
ni trogen atnosphere, and sul fided at roomtenperature
belnﬁpmdﬁqﬂemmhygﬂlm}ammg@% &fuliOrdaghon ateros, aheé sfificieagleysdrogen to provide a

no urroundi ng h catal yst. The anmount of
hydﬁﬁ’§%f}t<s§’8’g'ﬁroc Ebfoindré&f’ﬁ?tg’ fIedF| s that calculated to
[00931) OVi Tig: e rad Aiuficigithd provRRa viORA Y urlY @ﬁzﬁiel’b@locl@ of $hr'!. The
bel i eved that the actual amount of sulfur on the

pilocplantliy st 2768 KPegeugdvand at hatmptgost texgeEBRAMPIATide JO008B]} %

Cat.al A th I [ | ot. pl ant
conyegyoh VEE alSitst Mome desdafy o Stabe Pryuftebls RefeBpSer o
dim@hOIARATR ARG BRI 180 DB Rbleclr R £BY. e R MO eeding is

the catalyst at 2800C for 5 to 6 hours in the presence
suffisfentroyprhyide O Jertom T sulfegetr hiwm ofrberiom inithe/catadye Malgned-out

conpris 4 | - % que.ne and ., 40 vaol - % of
perf S PE CRAD ST S S Eramied it TbIY Rl The Fanted performance
parapfﬁ:'téﬂgaﬂé 90 BEIQ@&UOMV&&KM LARTELS; BSwEfer 1»9h@r§ HRORN AR varies

sufficient hydrogen to provide a hydrogen to
fronhlghd naget; theparapbaternatues reportdd ar'Ehhos‘eebdvc&hbyemtapolatlon to 50 percent

conggpoign fip B b BIART Srvlebin hoge Bed b ne e?éégr'g%%gﬁ%is the mass
perc@ht ¢F x ?fﬁﬂp%{ ik lﬂfaﬁsaﬁ]@l!ﬁicﬁf $tB8duck Qnl BYLAR ALbORSES isPpm-mass of the

~ conversion of the aromatics. The reported perfo nce
totalpwnaammems hiuvsngeﬁ: arsl0/ gebaeatbms paveasiumit dbebieac iretd;
ver e conversion varies fromthe target,
traniaﬁg%%nm "@F {he¥art ted are those derived by
interpolation to 50 percent conversion. The Table |
summari zes the results. Ir’mmﬁabl e, WABT i s weight
average bed tenperature mass- % of
xylang: i|n AESt rlafsHi ey BR#Z@s&O-boilers,
Co-Boilers is nmm_r_ﬁgss_ t | PRIM-Mass
ha®i'hy 6 argyr? clar Bge ak ons,per NMHEss ulr}gt of ben
in thhe tiransal kyl ation product. Al values !tre t aken
at Rethié poi hat t cat al has| be cont acte It h
72 |H tens @%m eed 8?32? Kli qu%zrrsn of |cat g’lrbvst. TABL 0(}@0
EXANWRIOE |2 [SOR94]| Cabal ysts E7.bo | jare 3&val uat ed 55008
di f fferent @3DI/eg |pl 862 hjavi n@74he capa®iity| for 45000
Cﬂ{%?gi ng a0xul flur 36dnpound27.The hi gh 4tenijum | oaGOE

¢ataBygrg (wogbd, |in tbesabsegnce 3f 40000

@94 I/kg 364 275 3.2 35000

Run V SOR 2X 360 27.7 3.0 40000
G @94 I/kg 364 27.8 2.9 35000
R“I’;VI SOR 365 28.3 2.5 25000
Run VII None 362 28.2 2.8 35000
I @86 I/kg 364 27.9 29 35000

[0096] Catalysts F and G, which are reduced at 500°C, do not exhibit the high xylene
yield and low Ring Loss achievable by Catalyst E which is only subjected to reducing

conditions by the pretreatment at 280°C for 5 to 6 hours. Catalyst E also exhibits low benzene
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sul fiding, render the catal yst unsuitable for

transal kyl ati on due to high R ng Loss and xyl ene | oss.
wWab@so3eal ysts are pre-conditioned in the pil orCpUS27/077197

by mai ntaining the catalyst at 2800C for 5 to 6 hours

in the presence of dry hydrogen. The feed for the

activity screening conprises 49.9 vol-%tol uene and

40.0 vol -% of al kyl aromatics having 9 carbons, with
co-bpHer madlmmeeﬂéfrgagﬂmse’dmm drest ?a@lysssl Baarsh@ tarecsifidediey situ or in

atons and suffici.ent Eé? nto provide a

site {5 B iR e Bebausye di of Ef 41 [0005] The

[o097¢ed mati VS Cabfifst &, Q/Richti9 31@5 Qduded & 3eP@Nut H@tuerxl s\hu sulfided as
space veIOC|ty of 4 hr 1. The pilot plant is at 60

is CitPlystda igenlfaded iatsita at gmpepdthe wilfidingdoseven fpkssy adee\fe(h low Ring

Lossszgﬁéuéﬁ Ce?rﬁ\égqt ﬁhg? og Eflt'aBrrst ésfgé%tl?éag \iélgidgn%g rgs%ﬁqﬁ arll Pmprovement in
beniéh@ﬁﬁljf@{ BlitSghihi @6 pbffo@MnREBEOLaRkt B ROhRRBLIRIESQ REN® in which

he dtration of this feedi'ng is sufficient to
CatabysoGi il eulﬁdéd amo‘mit(rhe beginning p&theatmithefdonblesulfidingprohiges a

cat al ed 0 erformance of the catal yst
pert SRS 08 aﬁ? S HeR“PABPPOHlFT mER AR JoR PR Y-
Howl%%lf Q§ WRH €&t @?'%tlﬁhsl\ﬂﬂ?e é’ffec?’Qf RESEERln \gf‘d&@é’ ﬁ&t%ir@vﬂd@ﬁ catalyst
feed; however, wheré the conversion varies from

;mﬂbmumnﬁqummaMha)ﬁmmbnéﬁer val ues reported are those

riv L nter; olatlon to 50 percen conversion. In
W‘”%ﬁe t Q}Plﬁg/ ts M@Tﬁd QPESEGE tbp PWeemperature than

that Efé’éd% %T%E@agalils??s E Qﬁd 625 fe R)%d‘ﬁ%ﬂftloﬂ u@tg@n 4)1norttB Sulfiding,
transal kylation product, enzene Co-boiTers is
howmam 1mgsesuemfthanhhattfot @htalystE . aWhitatilt sithamhe grcﬁdampbc% of the

o B S E AL o1, RIS AL, i
A L A, TSR A g

mechmimmamtehdnycaxﬁ:ptoai@srhucﬁ dnffemlig casalostipgristiigneed.ed t o
reduci ng conditions by the pretreatnent at 2800C for 5
to 6 hours. Catalyst E also exhibits | ow
benzeneco- boi |l er production. Regardl ess whet her these
Catalysts F and G are sulfided ex situ or in situ,
their performance does not achieve that of Catal yst E.
[0097] In Run IV, Catalyst G which is also reduced at
5000C, but not ex situ sulfided as is Catalyst F, is
sulfided in situ at start-up. The sul fiding, however,
fails to achieve a low Ring Loss and hi gh benzene
purity of Catalyst E. Additional sulfidings result in
an i nprovenent in benzene purity, but again, the
performance of Catalyst E is not obtained. See Run V
in which Catalyst Gis sulfided twce at the begi nning
of the run. The double sul fiding provides a
performance with | ess Ring Loss and | ower benzene
co-boiler make than in Run IV.
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However, as with Catalyst Gin Run IV, the effect of

the sul fiding does not provide a catal yst performance
waeormpasmibd e to Catal yst E. [0098] Catal ysts H pemub20ar/er7197

subjected to pre-reduction, but at a | ower tenperature

than that used to make Catalysts F and G The total

duration of reduction prior to sulfiding, however, is

greater than that for Catalyst E. Wiile still within
CLAIMS:br oad aspects of the invention, these Catal ysts

evi dence benefits with | ess severe reductions and wth

the iRitial qu|d| bei ng .under reducin d tio
Tha- oS SRy SSRE NG e Fils ole iy aiE Mrr

mol REHANVE FBMPShehl hhviAs a SHALPIMOME ERioBFTELs ehanfFer b MEknium component
catal yst performances. CLAIMS: 1. A trans al kyl ati on

rang@:rag ﬁolyé)t Otoripmiassi pegeeat efothd exthlyes; eraxh@ treaivm-disperaimigdiimder.

I ta:h S1/
ot o isreatuSh of R 4GB R A o daihe & ARG P motceular
sievé COMPOhADist1BssTIPEB RESIELD mdMir hhi6 op@lteaﬂl&a&nue%ﬁlp%nem is less
rheni um di spersing binder. 2. The catalyst of claim1l

thanyde ped thetbiyadeSicomprisesabinginar ati o of the aci di ¢ M

nol.ecul a | e an 40: the Si
mopar tha v 6F cRET SR B e A PoifQitprsdS e dhaionent has a
Totdl %Clcﬁ%ftalﬂ Ralti (M2 and AIERHASS @%@J)MH& Q@dlC%FFﬁ@l@@@l’é@&lé’@é component
claim1 wherein the acidic MFl nol ecul ar si eve

to ﬂwmdmmcmnantisbaweﬁcﬂthaydéfl at least 0.25, and
1.0.0f .the aci.di.c M | ecul ar sieve
odpoli e g R Eloibr QU HE UeopbisaN SHEPBEp Loy petween 20
and @0 %a’és gercént of IR GalREYRL aQdic WA MbIEcWRES St ohffnent comprises
nor deni t e conponent™ conpri ses between 20 and 80 mass
betwmn d8nnd @0 mdseperacmloy gte; catahest;ani decbiMidr coolpeises etween 1 and 40
eve c?g%on ent conprises between 10 and 70 nass
masb@?rg%rﬁto FYtat al yst; and the binder conprises
betswepe élatﬁ?sq of'QIaHEQSZ pjeb?@@ﬁrﬂﬁ:fr CBIBFHQB b als¥Blr compohBif wherein
catalyst of claim1, 2,3, or 4 f her ™ conpri si r?
the aonnfaunatic ofrmifve i thehreisrbeteendl Diviand P&t § andothe shdnium cd)mponent
brhenl(:ﬁ betvveen Ooglan 0.7:1 and the rhenium
is bety %ﬁ{" P N353 PRSE % nmass per cent of the
Ca"ﬁal X$hoceSs fof nfikpe:SPark PkyITRE @zga@sttc() ?yl ation
catal yst conprising: a) formng thé cat
compriosning the mﬁa@ﬁwotwrlsmgpomadtmtmnwndmtcaﬂ\/b‘dldlc MFI molecular

nol ecul ar si eve hav | Al ratio
0F T o aRponen TR G : B SHENS! I ST frrbi e ggmponent
to 5 HRSH %Px%ﬁf:@ 05 195 ﬂa@@pé‘r@érﬁ%Y% cafdfYt, 3nd a rhenium-dispersing
r heni u sper si ng
binder;

b) oxidizing the formed catalyst at conditions including an oxygen atmosphere, a
temperature of between 370°C and 650°C, and a time of between 0.5 and 10
hours; and

¢) reducing the oxidized catalyst in a reducing gas comprising at least one of
hydrogen and a hydrocarbon at conditions including a temperature between 100°C
and 650°C.

7. The process of claim 6 further comprising:
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bi nder; b) oxidizing the forned catal yst at conditions

i ncl udi ng an oxygen at nosphere, a tenperature of
Whe2i0368378700C and 6500C, and a tinme of betweePCDUS20am077197

10 hours; and c) reducing the oxidized catalyst in a

reduci ng gas conprising at | east one of hydrogen and a

hydr ocarbon at conditions including a tenperature

bet ween 1000C and 650C. 7. The process of claim®6

f ud) heansingrphel asidig Ml eeleamarrsép ve lsemaendadit oraferably steaming during

nol ecyl ar. si.eve co refer am ng_dur.i

e’ ol By SeE STRRAF dham BE5RPTE e BLER Fnfhiciin an
oxi di #hé\tht BERWRERBANE 70 NoRnAPERLMt, bet ween 5 and 70

vol une percent; e) sulfiding the catalyst, preferably

suled i thltndjngl cthei qagllysh@rctfeldlbtyt sutfidisg dwringhibe e¢ductivrestep wherein the

R S R T T E—

concepyidraattin @b cBhceh883dn o AMaSt Pﬁ{ofeeﬁgreent hﬁ‘e feﬁg&ﬁg S@p
step t'enperature ranging from 2000C to 4000C f

suf f i teimgatature ranging fobrh 20O GitostIOPd rfommrﬁﬁmmﬁntm@tfo dbiteén a sulfur
cat al yst V\,her . an atomic.ratio of sulfur to rhenium
range%’f?%'ﬁwc? She cytalysy wherein gn atgmpc gligad spifyr ta.rgfawmalges
xyl engemtoe1 RS @98ass conprising: contacting a feed

stream conprising an aromati ¢ hydrocarbon havi ng at

I eastA:pmss ﬁ)aphrdncmg ayknei thh pcesatcapsisingt caataetiag i deed stream
caonversi on conditions hncl udi n%[tt he péﬁ)]sence of

compupg Ak AroMAC By drpsRibAY havipg ALY sSSP SATOR ATVl a catalyst at
aron e BAvER ok QM&&I{SQBJEIQ&HgfthC?( §ee of’m’?ﬁ@geﬂ ah@l rodgcmg a product

catal yst conprises a nordenite conporient: an I C
stredvirhaving ac ncemassi @neent@ipo Démylelhta\wihﬂgpilathSiCm&lyzt owh@mises a

ratio of |less tha . a.rh nlumcon'ponen r.angin )
mordeiiin MPRNsTE 2 Al Eﬁ?é FRUFRU I @0@39%%%\“%%&@12 molar ratio
o e B bRl Riaheing foBf OFHES RS frcdih B eTptalyse and
a rhesmlllrﬁldrspt:nsmgltenﬂemm is between 0.2:1 and 0.7:1 and the

RSP SOTRONENL | bolueen 0t ol S ESS RSSOl o i
o TN ST 7,5 8 AT 5
percemttaf theofatdlyse nmor deni t e conponent

10. The process of claim 8 or 9 wherein the Si/Al, molar ratio of the acidic MFI
molecular sieve component is less than 40; the Si/Al, molar ratio of the mordenite component
is less than 40; and the binder comprises alumina.

11. The process of claim 8 or 9 wherein the acidic MFI molecular sieve component
has a Total Acidity of at least 0.25, and the mass ratio of the acidic MFI molecular sieve
component to the mordenite component is between 1:10 and 5:1.

12. The process of claim 8 or 9 wherein the mordenite component comprises between
20 and 80 mass percent of the catalyst; the acidic MFI molecular sieve component comprises
between 10 and 70 mass percent of the catalyst; and the binder comprises between 1 and 40
mass percent of the catalyst.

13. The process of claim 8 or 9 wherein the feed comprises toluene and wherein the

aromatic conversion conditions are toluene disproportionation conditions; the process further
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Is less than 40; and the binder conprises alumna. 11.

The process of claim8 or 9 wherein the acidic M-I
wori0smsdeas si eve conponent has a Total AcidityPCf/U82007/077197

| east 0.25, and the mass ratio of the acidic M-I

nol ecul ar sieve conponent to the nordenite conponent

is between 1:10 and 5:1. 12. The process of claim8 or

9 wherein the nordenite conponent conprises between 20
compnising@ tempaper @eging dfom RO CApHPYE,;a liyheogroital hpdrivEdrbon mole

o TP RGBS S8 A Ll i
houﬁ?ﬁ;‘!h%@Qel%c@ﬁfig?%\gﬁirr%ilgffrﬁﬁm.z Rf! o 1rat al yst. 13. The

process of T wherein the feed conprises
t ol4iefilee prodesaioé cleim Stan® vehapemathacaromatie reiversiaoeuiditions are

are toluene. di sproportiqnation canditions; the process .
trang Y GO RAIOB e Brore i CPBPTSRER AP aheaabeins fgm 100°C
O b o A TRt T2 oAl OBt pace
veloaity OWESY)) ramging fromi @ hhr howd v 'space vel ocity (WHSV)

E?ng In’flge %rlroggs\%fl éﬂg{l r\% tvh%reilg g{t}.&f:%%stgégwgg gp (%Irxggicn?gslfoilci)lflg Point of at
leas§WC%h@ R g)}f)@u& EWBA@’JH‘%I{% ﬁgfﬁg% Pofff %% 1ehdt8 ggg 8)%%? Zhan that

urther conprising a tenpera e rahnging from

of the40@Gtreanpr essure rangi ng from 100 kPa to 6 MPa
absolute, and a weight hourly space velocity (WHSV) .
r aH)S i ﬂ@e PrOgTSS @?ilaml 14 vhgrepi e fedd stepam CPHPTiSF e fEoBitics; Cio”
i i t i Lok
arorBh R Pkt R0 20 0 30 B T RE P e8RS R FRuM R of
benZened anmdjtoBeinkj whyerPimi anfeastt0.5 emst p&OQCol therotat Garrdhaticsdh the feed
the feed stream 16. The process of claim 14 wherein
streqmp, arerROLYFYEhG ¥QMRHGpri ses C + aromatics; G o+
ar ' F g : t +
Coral gt ey L Ot 16T Py TR MACHEER oFeri s
arontadics @nthp feddestream aad cdneasitd Bndbatriess 7Q etobepdrcant of the consumed Co*
total C+ aromatics jn the feed stream are pol ycyclic
aromAliGHARE) OB VErier 10 1Aty Breag afowqranolrerdanagiyi n” at
| east 20 nole percent of the total C9 1 aromatics in
the feed stream are consuned and at |east 70 nole
percent of the consunmed C + aromatics are converted to
aromati cs having a | ower nol ecul ar wei ght.
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