WD 2008/ 033673 PCT/ US2007/ 077197 RHEN UM CONTAI NI NG TRANSALKYLATI ON
CATALYSTS AND PROCESSES FOR MAKI NG AND USI NG THE SAME FI ELD OF THE

| NVENTI ONWDQO@133678i s i nvention relates to i nproved cat @Cy4tsgQo7prueesses
for preparing the catalysts, 5 and processes for transal kyl ati ng

al kyl aromati cs enpl oying the catal ysts. The catal ysts contain an acidic
M-I ol ecul ar si eve conponent having a SUAI 2 nolar ratio of |ess than 80.
a nordenite conponent. a rhenium conponent. a rheni umdi spersing binder and
optionally a sulRHENBOWHQBHAINNErIRANE ALKIEsATEIN €AY ANXaTRy| at i on
product having a | ANIDEROEHES SES-FORIMAKINOGMEBtUSING TER $SAYE s are al so
suitable for the disproportionation of toluene and the 10 deal kyl ati on of
et hyl and hi gher al kyl groups of al kyl benzenes such as net hyl ethyl
benzene. BACKGROUND OF THE | RREENDIDBNIHIBONYENTHONKy| ene i sonmers are
produced in | arge volunmes from petrol eum as feedstocks for a variety of

i mporta dus tal chem cals. The nost ortant of the xylene isoners is
par a- xym 5rlpﬁ%1tlﬁa|relﬁt§é&smﬂquoqat Sy@g%ce?ses %%PE?P"IE‘B&E}}WE’%YSE%

enj oy a fig §evyff kS HRtihg A TS @ﬁlloﬁ/?rgtﬂ s used to
pr od%ce %LEH?O IC a%htgl%r%} tl\/\%?lgk a?ﬁpp ?es?) -gg?t%etggm%yé tél vel y
mat ur e neonka sn adwicdMKlmelkeulassiesesnpontadmemghifi/ A awlargatiovof lessthard 80, such

products as plasticizers zq dyes and Wog)g preservers. A prior art
ar omat i c%meffﬁmt%ﬁompwgéﬁ FRRURLSMPERTNL PW%@SBVS%%}@W%&OPM;&Y df the
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have varbadles cnrqesTlaf captl geeasialsg sunﬁﬂefom]ﬂtsdm@npontﬁnmdnrﬁnslabrkgldmitthen in

whi ch benzene and/or toluene are reacted w Cg' aromatics to form

xy| dhe. Geabykasioniof ethy] adehighes o groupbal almbweﬁwuah apmethy| efyl benzene.

deal kkyl ation, where a non-equilibriummxture of xylenes is isonerized.
And another is the di SPr Ek G &@ﬁ?NB%Pmeﬁr form benzene and
xyl ene. 25 [0004] In the transa tion process, adverse side reactions
can occur. For instance, the aromatl c ring may becone saturated or even
cl eaved [0062] ti ﬂTge kplenaphiesree prduealyiollirge volanss fiom peiarewn enfeedstodks

co- producti on. co- producti.on of .t he non-aronmati cs, of course, .
oshl U 1oha SAicst of pipcyns Sl Furial i als T Brapau b s DS Bre i
sought ﬁ%{:{l&ﬁ%’& thd FR0iAL fe&nétsa@fo?r egﬂegtt:ﬂ %Jhac%hh&ag to /éﬁjog%%pémmrate

non-aro i cs have simlar boil I ng poi nts to -1 WO 2008/°0
PCT/1£)S2 Ofoath 0atgd Bake demand. Ortho-xylene is used to produce phthalic anhydrlde, which supplies

high-volume but relatively mature markets. Meta-xylene is used in lesser but growing
volumes for such products as plasticizers, azo dyes and wood preservers. A prior art
aromatics complex flow scheme has been disclosed by Meyers in Part 2 of the HANDBOOK OF
PETROLEUM REFINING PROCESSES, Second Edition, 1997, published by McGraw-Hill.

20 [0003] In general, a xylene production facility can have various types of processing
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.

25 [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

-1-



benzene (benzene co-boilers), they are not readily renoved to achieve a
benzene product of sought purity for conmmercial applications which

f r equent lwyoadessazsk7a benzene product having at |east a 9eT852@e0CHENT
purity. [0005] US 3,562,345 discloses catalysts for transal kyl ati on or

di sproportionation of 5 al kylaromatics conprising alum nosilicates such as
nordenite. Catalytically active nmetals such as groups VIB and VIII netals
may be present. [0006] US 4,857,666 discloses a transal kyl ation process
over norhgeminedbenrdnscaheidars), thepdief ndt mepdileemoveddniachsetsya benzamn prededtiofat i on

5. oou. psoegtr e T Burd el ioniBichFear PRl R dtoeste HEoE TR o

hydr ogenald 0 B8 aberettft updy. Pl ati num nickel or rheniumand acidic zeolite.
They state that the catalyst is subjected to a sulfiding treatnent before
use. Wil0803lhey Ust 3562, 34fedisdoses wetnlysd forctapabkglatbbn codisgopomignativaifum t o a

sul fide ¢can be adopted. for the sulfiding treatnent, they refer suylfiding
with hy&ﬁ@@@ﬁ“’é‘ﬂ?# 'Od’épfgfngaalt"é‘iﬂ&é‘?‘&i‘tﬁ? @J"gé‘ﬁﬂé@ emﬁoﬁ?ﬁagﬁ‘ﬁéigﬁ%ﬁé ‘%?F?gs 500C.
15 The subf hobddod VRRLPOI GRMIORCBE plesthiOul 10 a reaction vessel just
bef ore use or be?ore the calcination for activation in air- By sulfiding,

t he acti[00@6] of UShk8Ta6@ distlodes apranprdk @b pobms overanadst adduggatsl oss of
xyl ene due ,}Q t he si ge reaction is sajd to be decreased, [0008] US

5, 763, 7280¢{Rg B dRordenifetyssiars fectivHI 6 SuosParaiingchmetat ogHicpintedie
aromati ¢ taéﬁyer a catalyst containing zeolites illustrated in an extensive
| i st including anmorphous silica- 20 alum na, MCM 22, ZSM 12, and zeolite
bet a0 wW{0067]t he USa3,004/835 distlodee i canhisafondedk @atdngethWbedzenet@ltaifinga as
plati num [0009] US 5,942,651 discloses a transal kyl ation process in the
pr esenceygfosenyopaBstak sich ay Rlabnyn kel on rRestun andacidic zeghts ey state et yst
is sele | St - 2,
and zeol ¢ AR SR SRIRLE bl oMM Doy sty el
used t o dapshle ef tdiwettidgehertimsat yildide dacbe hdvpheelrfor the saHldimgptreatibghdiey puri ty
benzene product. [0010] US 5,952, 536 discloses a transal kyl ati on process
usi ng a REeieryEding sy hydroggn sulfide gf 2 teanneetisthe iy sensAeR AEMRRT U WYL ng

of P2 e s’ﬁlfiqiﬁ%agx%entqg'bk ’caé@é‘oﬁ?in AR ctio%%fss%ﬁgs?g}&o%ys?lo){ﬁéfo?el tgg and

conprises a m rogenation mnet such as nic adium

can be usktnhdtion¢arceariticriarit BgSulfiding, die degeisy ofahe cathlyyt is guponed fcheudi ng
benzene. WD 2008/ 033673 PCI/ US2007/077197 [0011] US 5,847,256 discloses a
process ingeasse aaddiergssaf ralrae frgin the pideaachen is said to be decreased.

[0008] US 5,763,720 discloses a transalkylation process for conversion of Co+ aromatics
over a catalyst containing zeolites illustrated in an extensive list including amorphous silica-
20 alumina, MCM-22, ZSM-12, and zeolite beta, where the catalyst further contains a Group
VIII metal such as platinum.
[0009] US 5,942,651 discloses a transalkylation process in the presence of two zeolite
containing catalysts. The first zeolite catalyst is selected from the group consisting of
MCM-22, PSH-3, SSZ-25, ZSM-12, and zeolite beta. The second zeolite catalyst contains
25 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,

30 and can be used to convert aromatics with at least one alkyl group including benzene.



containing Cq al kylaromatics with ethyl-groups over a catal yst containing a
zeolite conponent that is preferably nordenite and with a netal conponent
that i s pwef2eesalsBerar heni um [0012] US 6, 060, 417 di scl os@sTasta@l7pstis7 and
processes for transal kylation of 5 al kylaromatics wherein the catal ysts
conprise nordenite, inorganic oxide and/or clay and at |east one netal
conponent of rhenium platinumand nickel. See also, US 6,359,184. [0013]
US 6, 867, 340 di scl oses di sproportionation/transal kyl ati on catal ysts havi ng
a carril@dlEnd BSned4l.2otipdoen porrceshior pardutiag xylEhe fiost afeedsogkonent i s

pl ati num and .ei {:,hel(rg b%n or I&ad and the carriers conprise rdenite

and/ or FOPRIYRS e plkylRromatics pyith fihyajreins QVgE § GUALYR SOBRHTIRG A FFQ) I SNIRONER | i t e

Wi th cerhalidpREShidy hdhriiQie ARY Y NSkl cotBfordean@hd it gré?érafﬂ?‘?h&ﬁﬁrﬂ! yst are
said to be high yields of xylenes and preventing catal yst deacti vati on.

[0014] UB0BR2]8721US680a), 411 disdssea chtakysiis cing pasessky foe n@nsadlofdmianzet i on process
which uses a zeolite beta and pentasil-type zeolite. The catalyst can
cont i n aik%%{né@%ﬁw‘é&%ﬁ th%f%{ﬁystéawﬁ%&fméﬁw ARorga %Hﬁa?@arrﬂ%amtm and
modi 11 efiSysp Hilingt LARRIAN of thhinfipRRMTA niRef SBYalss, BRSO TBEkeE!

indium galltum zinc, uranium dySprosium thallium ‘and m xtures

t her eof .[00TR]15] USS, 200 W0dIRAFLE dispmpoltondti@dads@kylation chtabes haainglayst s f or

transal kylation of C7, C9, and Cl10 aromatics to C8 aromatics having . a
tril obe @HIBENGAMELY cREPPATIMNCE e isTe Thems b cppestenp s PhAtEM K1ty G v st

S COMPQREOLnAnS UARRK contiist EAM I8 BGh Sl AR AONBIOHR

consi sting of nordenite, I ca-alum na and m xture %’r eof .
The i@ at ajpyishallysZSMl S gedtionpab eertah AMSiofativnaad bkden@ne beeposoft e canlytthe
support selected fromthe group consisting of platinum tin, |ead, indium

ger mani [ SHAENPMEh Jieldsaf Xylonpt dk ireyenong calyst deartefiabs. The cat al yst

o 20, e 0GR 0, B8 M AL ARl AU R TS gL
di scl osegoliethataymidpehavil-ngeaeslitef The catayponetintaia ahyemigumtioamesent, and a

solid-acid conponent for transal kyl ati on processes to convert aromatics
i nto xylOHPENGRtSHCIHscH Rladun gequpdptalang duedifigns suchs theinmy GR.EeHRYEuR,

sol i d- agj (o] : ' . ' . zeqn| | . 11, ZSM
1o, Gy COTRTRGRL. TR ARufTRh PRI, bt IR pdeByig B Rty A5 g oY
MAPO- 36,thé®61SO- 31, 30 SAPO-5, SAPO 11, SAPO-41, and silica-alumna. The

sul fur conPonent ma i ncorporated into the catal yst by any known

b
Cechni qU8015kny BISQ9S/0R26 BT ol o 202 15% disciazes cagalyits froc@nodiadaian of

PCT/ US2 %?69,751%%710 aromatics to Cg aromatics having a trilobe shape with a maximum effective

diameter of 0.16 cm. The catalyst is composed of a support, which can be selected from the

20 group consisting of mordenite, beta, MFI, silica-alumina and mixtures thereof. The catalyst is
also composed of an optional element deposited on the support selected from the group
consisting of platinum, tin, lead, indium, germanium, rhenium, or any combination of these
elements. The catalyst also can contain a binder, which is preferably alumina. The preferred
support is mordenite.

25 [0016] US 2005/0266979, 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,

30 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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and/ or ex situ sulfur treatnment nethods is preferred. The resulting
catalyst nole ratio of sulfur to rheniumis preferably fromO0.1 to |ess
than 1.5.wOno@w33é78u sul fiding, the catal yst is contact @dT/Us2a01/02718Dur ce of
sul fur at a tenperature ranging fromO to 500C. The source of sulfur,
typically hydrogen sulfide, can be contacted with the catalyst directly or
via a carrier gas, 5 typically, an inert gas such as hydrogen or nitrogen.
The catal yst conposition can also be treated in situ where a source of

sul fur iamdeoexate ediwittehtnodng medtaals yspreteoep ol iegting catalplstmgole ratiot o suler

hyd bon feed st ' [ i . 1 I I

Rt pe o L e R R

sul fur ingh YdeureasbMfublhSiiefipditura RehoddYbm Wb kd 6P CSYRE s@g B ayhisul fi de,

di met hyl sul fide, dinethyldisulfide, diethylsulfide and 10 dibutylsulfide.

[ 0017] Nppidahi hyelrogtusulfnlej ¢an Heiaghtacied ivathl thy catalystrdisectly of viyp a daager fgaund
application lfs a. catal %ﬁ‘:] onponent for tr nsa}l?r}yl ation,. roces}s?ei. The
addi i orfYOF!haRINEH &S SECH3? Ygg)e%ﬁ%PFBWOgE‘b (eI YShemppsEn P @RRdficed t he

per f or MBAGCE.4Qf sfld G heRL ARl drRulffAD St RWViAMPERAES $6BpositifIBY adding it
transal kyl ati on conditions, ethyl substituents fro e.g.,

met hyl etthyhdlenizenehondeal dfeatyipiacahtentiatien veanginfgrfoom tl hppnamobedul fur td HH0Rthd

shoul d be hydrogepated.to ethane. One of the problens is that the reaction
nust be REGFBRIS YT Rical pram 9%9@@@?9&{&8@&0%6@59@%@@@%%3&% digitonvert
an et hyl paenty @i RIRE R mdR lsﬁlﬁﬁb’,lcfim'e@lymimdagﬁﬂ%?ﬂg?@sﬁlﬁdé,Qﬁetﬁl@tﬁﬁﬁé tnd ' NG.

Heretof ore transal kyl ation catal ysts have used re Ively sma anount s of
r hemdo umdibepBuifidey up to 0.2 mass-% in order to achi eve a bal ance between
hydr ogenation activit nd the 20 avojdance of Ring Loss. The | ow netal

| oadi ng, [OAbeveMordey  de tiodtSgll%lh‘tf%l}%%‘ﬁ’laflﬂ‘éPCthVé?{’ has faprchanpligaliptasat i on
rates t i i j ot £ i : i f - Qr

ror o carBone phEhenERR b oty Roc R R I A aF ool e ous
i n or dercohponeday greatip echaxiyddethe peidbruemic obtite @atalyks einaransdklylatioroprocysids.

O her mol ecul ar si eves ing¢l udi ngw VFI have been suggested for
t r ansal Kyndst trgpsalkadation grpgitigns, sthybenpsetents fromy e & dhgthylsthyIbsReene satpr ocesses

for,the i@ﬂ;ﬂéd%de??éoﬁpthgfar&h§YJ Iﬂ{cgoz{mts.hS&ld b%gﬁ{?)ﬁgﬁagé@t%seﬂﬁmg]a(é% Geqkrabl e

activiti el ectivities of conversion t esired a aronmatics
such as pryblemess thytethe reastibii must Heaelectvel Thhgske hjhvgenatigr doatd st safidienty, and
provi de a benzene cq-product having a | ow content of benzene co-boilers,
i.e., atPeanvesmnesthylgie tasane yetmet feult mbydigeenateriofthe arameaticdingns. -4 WO

2008/ 0336 3o RSrd 4HRRHQ (4R Chid fystsFRNE Ml ¥R ver ¥Rt b oARts GP Pitink R Een @Ry

up to 0.2 mass-%, in order to achieve a balance between hydrogenation activity and the

20 avoidance of Ring Loss. The low metal loading, however, results in a catalyst that has a
higher deactivation rates than desired, especially with feeds containing aromatics of 10 or
more carbons. Feeds containing these higher alkylaromatics are advantageous in order to
recover more xylene values from a xylene production unit. Other molecular sieves including
MFT have been suggested for transalkylation. Accordingly, a need exists for catalysts and

25 processes for the transalkylation of alkylaromatics, which processes have desirable activities
and selectivities of conversion to the desired alkylaromatics such as xylenes, yet result in low
Ring Loss, have improved stability, and provide 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.



Feedstock (+/- 0.5% nmass): Toluene: 75% mass 5 Trinethyl benzene: 10% nass
Met hyl et hyl benzene: 10% nass Propyl benzene: 2% nmass D net hyl et hyl benzene:
1% mass Woebdsyisbeazene: 0.5% mass 10 Tetranet hyl benzen@CTMS20& maEg7 O her
al kyl aromati cs and benzene: bal ance Pressure: 1725 kPa (absol ute) WHSV,
hr-': 4 15 H2/HC. 6 Overall Conversion: 30% nmass [0018] As used herein,
when val ues are stated as "ranges", "ranging", "between" and the |ike, the
val ues include the end points given. H2/HC is the hydrogen to hydrocarbon
mole ratio. Overall conversion i sDEFENAEOJS ed aver age conversion of the
conpoun t h 20. Ring Loss, expressed as nole percent, is

de'[ne)rm g%‘éfluatloflﬁcémg%rofl%?léence bet ween the noles of nonocyclic aromatic
rings in the Feddotlo(+Vh@s%raasx kyl ation reactor and the noles of
nonocyclic aromatitoliédeds in the ef fygnhaskrom the transal kyl ation reactor
relative to the nﬂlnggt fhefiRAOCYCl i Ci@EQhRLIi ¢ rings in the feed. MCP I ndex
is the ratio of egy e%% t ane 1(517 product to the

nethylcyclopentan L expres s a 25 percent based upon the
conver si on of rret? ‘?1t ane in W5 cont ai ni ng 0.1 mass-%
T

met hyl cycl opent an éWE“@PCSBOG%ﬁn%Sﬁe presence of the catal yst at
1725 kPa (absol utldiethytbepgenght hour 105 %pease vel ocity (WHSV) of 4 hr-t, and
a hydrogen to nethgtametiybpmacemne nol¥omaasso of 6. SUMVARY OF THE | NVENTI ON
30 [0019] I n accor@hacakylidmdtice | nventi on, rheni um containing catal ysts
are provided that gduvdazénedesirabl e agfidnétti es and selectivities for the

transal kyl at impgsafe: aloylkph @RbieS Wi th relatively |ow co-production of
non-aronati ¢ ReRAEHEI.CQ-boilers. "As used herein, the term transalkylation

IS |1§1tended tﬁ de transal kyl ati on between and anong al kyl aromatics as
wel I'" as bet welé E zene and381(j7kl¥ll aromatics and includes disproportionation,
e.g., of tol YFéa o-Thass

onverswn
[0018] As used herein, when values are stated as “ranges”,

AN TS

ranging”’, “between” and the
like, the values include 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.

20  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

25 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

30 [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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-5 WD 2008/ 033673 PCT/ US2007/ 077197 to benzene and xylene. In an

enbodi nent the transal kyl ati on catal yst conprises a nordenite conponent;
an aci di cwhBbosmsB@aul ar si eve conponent having a SUAl 2 molrars2eearadof | ess
than 80; a rhenium conponent; and a rheni um di spersing binder. In another
enbodi mrent the transal kylation catalyst further conprises a sul fur
conponent wherein the atomc ratio of 5 sulfur to rheniumis between 0.2:1
and 0.7: 1. Such catal ysts provide not only desirable overall conversion,
but al saolbewzdnepnénplend-lhon bmbsdimhechemnmhlvﬂatiomdmlmwmymes aghortlenite

t t.abi | t d
tr ansal RTEPTGHeH; Bids MERCEOEEHatrarq SprintRER oy e o ekl Fsfar P Ui PRy | on
cont ai nsgd: hirk&EM BRIPERAR, Aadh ﬂﬁeﬁlh&tﬁgﬁuhl@gaﬁﬁe@mLIQ%?]emmelnhéﬁva{étI on, in

an enbodinment, is a process for making a transal kyl ation 10 catal yst

corrprl S|tnglszﬁlhyllailmgcetthiestcfalttladr;cstnpuwmsu$ﬁungorapmndwhe1‘cm the)aqonnermo an acidic
| ar  si.eve. hayi i/ A2 nolar ratio of s th 80

N hen Lﬁvf@{awp@ﬁ@ﬁw is BEFeR O bR 3&‘3} Ay HPIOYKte; H%S%?léhdﬁlf?g’?et Wb med

cat al ystco%bex%f%ﬂ%dt'a%’&%év%h%’e'&@ b%ﬂers%eﬂo%mlﬁﬂ% s'?gh SEARGAALULE Of

bet ween 370C and 650C, and a time of between 0.5 an }6 ours; an

r educi ngeahipeovadd ehilmackdesthality sind ixpleae giaklsclonpg mnsm@qﬁqtrd)m gexylates eepedialliyons

15 includjng a erature between, 100C and 650C. ere the catal yst

cont ai nsV ]l%fﬁgf}l?rtle ‘{Tﬁ’é tragi?ﬁl?yﬁ?thwnﬁ‘élséﬂ%g’ NZEN¢ I“i‘etlm‘“o‘gﬂ F‘&?H?’ri que

prefera t a patomnic

ratio oﬁb‘sju fur T%lglﬁgﬁéﬂ{)#um gﬁ?&eﬂgﬁ&ggpls ?gl%gésgq‘% 1%91(1{?%9\’1'&9&1 | ment :

sul fiar rangysngorhpasing fdrmlﬂg)nheﬁﬂtapfpmdmprsmgsa mdctiedité corhpenenegdu ratudeﬁas

during reductl on of the oxidjzed, catal I n. anot her enbodi nent, this
reduct i JAPISEHIAY AFFFOSROBeR DAL doHiftie 1Y YB%‘EQ/\%felﬁSSZB@CS%ﬁd AV GRMPRNENL,
hydrocar fan, dl&nh&edlgp?e? éb@ﬁer%%dlz[llﬁ’é)&%]foﬂn%d%t PR ns %ﬁ%ﬁ} Vaﬁ{“' on is
a process for produci ene conprising cont ct|ng a

conpri sioxygematatoopiedré,a thmgiemmas boretiean 3MP°Qtant 6461C, saﬁ&amm&easfbmnweat(bm with
a cat al yst at aroma |c conver 5| n condi tions including the presence of

hydr ogerfdifdionrsn aphEsdpging (Reqxidigemeatal e ina gay cREpRTISE 8t congifions; di ¢
MFI ool ggul 8ty %'tsﬁa elaélré?p&w é}?ﬂﬁm&aa\ﬁh%@og: %é‘e%hé@)bﬁ%s c@ﬂtaﬁsg fufdr® i than
80; a rheniu nent; rhenium dispersin produci ng a

pr oduct mfnemmz bawide@ be_,zmmy wmﬂda&adl tecimé@etpreferably anfa terdpdratnee bet@edD°C
20081 033043005 toprovide a an atomic ritio of SOTHGr  shemuim betwean 0.3 1 and 071, 1h ah
embodiment, sulfur ranging from 1 to 10,000 ppm-mole is added to the reduction gas during
reduction of the oxidized catalyst. In another embodiment, this reduction/sulfiding step is
20  conducted between 200°C and 400°C with a hydrocarbon in the reduction gas.
[0021] In an embodiment, the invention is a process for producing xylene comprising
contacting a feed stream comprising an aromatic hydrocarbon having at least seven carbon
atoms with a catalyst at aromatic conversion conditions including the presence of hydrogen
wherein the catalyst comprises a mordenite component; an acidic MFI molecular sieve
25 component having a Si/Al, molar ratio of less than 80; a rhenium component; and a rhenium-

dispersing binder; and producing a product stream having an increased concentration of

Xylene.



Processes for Use Transal kylation [0022] The processes of this invention
conprise transal kyl ati on between lighter (non-or 5 | ess substituted)
aromat i cswarndosnsawBer, greater substituted al kyl ar omat i ®€TRiSROD7ONAEIPr oduct
bei ng al kyl aromati cs having the nunber of substitutions between those of
the lighter fraction and those of the heavier fraction and

di sproportionation of a substituted aromatic to provide a (greater
substituted aromatic and a | esser substituted aromatic, e.g., the

di sproportionation of DEbAlldH: DESGRIPHQY IHANEHEANVEBREHENE. The |i ghter
aromatics have 0 to 2 substituents and the 10 heavier aromatics have 2 to 5
substi t uantesssasifohUsdne product falling in between. For exanple, benzene may
be transal kyl ated with nethyl et hyl benzene to provide toluene and
ethylbenzeneqYﬁgﬂgﬂﬁmﬁy, benzene or toluene may be transal kyl ated with
trimet hyl benzene provi de xylene. |In sone instances for xylene
production facilities, it may be desired to consune benzene in the

t r ansal K0Pl on Thaprtesessehafthisriawntion gomprisestranselsylgtion betvepm lightecmopas e

benzgne ,may .caonprise.from5 t.o 80 r ef b 0 to .60, . s-%.0f the
Fontor ERobRi ST B Sus elife BhachsBLAA o Rl atily
gener al |pgiponpylhsamtiod kst @Fauinber fHAbaGai ARt Wentthese @€ BRY 18dhtdraradtib@
CoH(6 " R ,, where nis an integer fromO to 5 and each R may be CH3

C2H5, C3#d these ofdiacheayigr fipgfi idisgropontionstipn aba eubstikyedoaromati¢ o provide a

hydrocar bons include. for exanple but.w thout so limti.ng the invention,
o1 uone. EeRtab i roriddie ;78 TR it ieleidR iy os o’ Bid i Mifab Bphdtion's

et hyl t ol triBESto BIARYIRE BEEP&@Zend. Ght HBRlePXloARAZERES 0 B12Mbstituents and the

di et hyl benzenes, di et hyl benzenes, nethyl propyl benzenes,

et hy? pr dppvibeargenaties have 2 teShhybsiswenshwsh thii prodep faiyg ndrereerss Fomerdmplect ur es

t hereof ., Benzene al esent speci al | ere Clo ar tic
conpoun&§“§?§‘B@@%@ﬁ?“%ﬁ@aggﬂﬁﬁb a§y§ﬂ3%§%ﬁ 3OB¥8§%HPﬁwnfﬁﬁg%¥y Bt he
sought [iREMAY, Behzendl @ AGienct B, be@shsalkh RAAD WEIETrRAAI ¥eZRPIl pi6idasylkhe 25
i ghter fraction, including toluene and optionally benzene, and as’ the

heavi er Ihpeweinstances for axlsne prodect@ fagitities itingaykagssired &, consume benrsoeliment |

t he nol ati f. benze and .tol uene to ' ‘aromatics.,is fromO0.1:1 to
1051 bt b fo PioB FEE AR PG Grd R0 Brapthist PLOBRL FER e Pl 0 4. | 3
to 65 1. Dniprigé AORESICHUTPRIAALIYAD tb BO, heR0s P ale IMMrarddRigought product is

xyl enes is a heavy-aromatics Stream conpri si ng " aromatics. Cl0 aromatics
al so may[B623]7 WoheOhs f(GEsEsen RCNE DR3GD PIEETsIEneraply esmptisestajipilaraiiatic i n an

oo BRS80Sk I B ICEY LB 67 P
may be CH3, C;Hs, C3Hy, or C4Hy, in any combination. Suitable alkylaromatic hydrocarbons
include, for example but without so limiting the invention, toluene, ortho-xylene, meta-

20 xylene, para-xylene, ethylbenzene, ethyltoluenes, propylbenzenes, tetramethylbenzenes, ethyl-
dimethylbenzenes, diethylbenzenes, methylpropylbenzenes, ethylpropylbenzenes,
triethylbenzenes, di-isopropylbenzenes, and mixtures thereof. Benzene may also be present,
especially where C;¢ aromatic compounds are present and xylenes are a sought product.
[0024] Where the sought product is xylenes, the feed stream preferably comprises as the

25 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



[ 0025] The feedstock is preferably transal kylated in the gas-phase and in
the presence of hydrogen. |If the feedstock is transal kylated in the

gas- phasayoth&n3berdr ogen i s added, 5 conmonly in an ano@of/uskoozoomD. 1

nol es per nole of al kylaromatics up to 10 noles per nole of total aromatic
conpounds in the feed. This ratio of hydrogen to aromatic conpound is also
referred to as hydrogen to hydrocarbon ratio. If the transal kylation is
conducted in the Iliquid phase, it is usually done in a substantial absence
of hydr duesenb éyraendlywnan amayntalfS@au3ss-%ber bs@g%tht: fepdd Tk bengleainaties atreami cal
liquid aronahics fGEdSE%FK'OIn tgﬁ caag.of partial liquid 10 phase,
hydrogeﬁwgg? HEOJHIES 4 172 ﬁ RSNt 8% ¢ han 1 nol e per nole of

al kyl ar gofm]c S. Thé @RAGbcK IsgRsRtabK s ARyaRAGh tHeQRS-phi dndlih YheGRERAESSE

el evated tenperature, e.g., from™ 100C ¥o 540C, preferably, from 200C to
500C. Ofttydmgennlf denfredsticalis framsialkiytateskin thdgas-phass denihpdetgenms addagher at ure i s

i ncreased to conpensate f any.decreasing actjvity of the at al yst. The
foed t o GPEA] RyFothe oY Frodtl 1 aipleigms midk, 8y 1 riomatics wp ol BAREPRS nai 1 ect
heat 15 gxehands AGahStorRing! il HERedOThit RRid SaGHRLH ZPREnANE &S uMdS
heated to reaction tenperature by exchange with a warner stream steam or

a f ur nadealsd hefefredktd ashedrogsn prlsgeocarttomoagh Iathertmastlkdaticnois epndustedhin nheey
conprise.one or nore indiyidual reacto containing catalyst of this
ivent | QI RSP AR B0 31O Hy LA EasI DR A OB PSR The
use of GerB@hfand B&EHAM ¥ 8FIEN 11§@M! émakids ¥ &t gl éLabs PaaQiquspt al yst
is preferred, but other reaction 20 configurations utilizing novi nqg beds of
cat a0 ystphase, hadiiogén mhphe nédedtinrs ammyntiessehgl byede pdr mae sf alkglardndOR]

Tr ansal ion_condjtions include pressures ranging from 100 kPa to 6 MPa
absol ut @%g‘hef eF@?&Sgkﬂ%?ﬁ pnljas lygoawrise gl?val‘FtheFfP&ng‘érFk‘i/&a IPBn
reactio ; g . Lagsgs The wei ght
our |y s el B T R P S el 071 "F 020

hr 1 pr efaas@dbylgtién @empéraburt ds ihbrehsed,to aopersate fof srgnlebehviagactivityaridhed hr .

Advant ageouysl t he transal kyl ation is conducted for a tjne and under other
condi t | GAENSH Hhe Pk %t%algﬁaﬁl%@@cm z0p¢ éﬁ@ﬁlaﬁhry i peqtedRy indpectied of t en

ib:‘t ‘({:‘%ﬁgue?(rg}éﬁ@g ragz?nst tlE%)éf?]%%r?fof HRE ARG RN Bhe %}x{%%ﬁ‘ﬁ%fe@d% ré&clon fhpefh@aRti C,

erably t he heavi er aromat 1 cs consuned, at | east

70, nostbypxeh®Ralwith avatneastreath, stennl e1% fureace Chiwefiet@theh ds @Bsddahmughmal ecul ar

wei ght aromati cs. 'l;g preferred transal kyl ati on products are xylenes for a
n

xyl ene pPFYUQEEPBH % Y me@éwemmwﬁeﬁé@m@@zmwg _fgt_?lyst efobB] The
ef f I uent, { &BBh I TR CAAOSRAMAAY sE¥RIERFhL ¥n L BHERLMAion ! TheAldlobh Oefe0 the

reaction vessel having a fixed cylindrical bed of catalyst is preferred, but other reaction

20  configurations utilizing moving beds of catalyst or radial-flow reactors may be employed if
desired.
[0027] Transalkylation conditions include pressures ranging from 100 kPa to 6 MPa
absolute, preferably from 0.5 to 5 MPa absolute. The transalkylation reaction can be effected
over a wide range of space velocities. The weight hourly space velocity (WHSV) generally is

25 in the range of from 0.1 to 20 hr'' preferably from 0.5 to 15 hr”!, and most often between 1
and 5 hr'. Advantageously, the transalkylation is conducted for a 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

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

xylene production facility.



transal kyl ati on product, unreacted |lighter and heavier aromatics.

Co- products such as naphthenes and paraffins wll also be present.

Typi cal | ywohes/ssd7Buent i s cool ed by indirect heat exclramgsS2&garnst the
feed to the reaction zone and then further cooled through the use of air 5
or cooling water. The effluent may be subjected to distillation in which
substantially all C5 and lighter hydrocarbons present in the effluent are
provided in an overhead streamand renoved fromthe process. In the sane
or a di f082&8nt dhsefflueat from thatranselkytatian pypicallywonthins hip additiosaethed | i ght's

are recover for regycle. t aIk lL.ati.on product, fract |on can be

o £ nr svaRyedon RO St PR A 6 RS b P RE RS neavi s

stream %h@l@nésoana%m&dwnpalws‘e preain® atypydady A cARBR: is Cbble@by ﬁqdl?t‘é&ttﬂe‘&{‘ of
the lighter aromatics can be recycled t0 the transal kylation” zone. 029]
The cat adxybarge@gamm the fead émthie senctinn whiecdndrthemfumirei eoprdebamigh ithre uasn oémnu nt of
at | east referably at |le st Q.7, s-.% based, upon. t he f the

cat af yator Qafity R 38 Gttt makBE purciid ROTTahoR Sora BoHpsa g ah 3

al kyl ar Od?ﬁtllgﬁ?er‘H&dr%@ar%ns%%é&n@ﬁhﬁ@foﬁx%f?t”ﬁe gﬂﬁ‘/lde% ih B8 olahephaneRdinat abi lity
of the catalyst. Hence, the feedstock to the transal kylation can contain

t he botreowsedfromahe plroomsahmild: eamge aod difierenhidichillatomt ati Insst ppedmmiafising | y C9

aromatics, but. also Cl10 and.snal | unts, of .Cl11 and .hi gher
al Kyl ar OEEACIE EhFs g BSOVSTEY ffemycle; At Hetion Progues B FATRE pr esent i

the feedyimyhgn %dla%ﬁ%e?stré(aﬁ{ prSXYRIER! i oPa bOridf of TRSRAVRs Qfedh{al 8L 2l

aromatic feed. 20 [0030] In an enbodi nent, "the aromatic feed stream

conti@i nsremnllqd(iy(ﬂhe tmaraaldmhtmn goneOAtlear a pdmeorf efatis tigitksarhamtécsacanbrdeBoiedi ng

Poi nt of Ieas‘% élOC referably at |east 220C, and sonetinmes between
240 to 28 Layasy “P‘bz C. Durlng the transal kylation and in addition to

the tranpghdqy! atI‘hQ@Tt Q%%Fﬁﬁ eﬁtf&xbetv&}ﬁéh &%ﬁmﬁ%}?‘?&s%ﬁt% a}’l“ahl?)uf'it S @afd cant

portion, often at ing converted to nonocyclic aronatics.
Hence, |(14|preﬁemsb£y dllenst 0.1, ﬁ&sa%dmseﬂiaqma thid inhssaof thxs@edystpdantfhidsuse ivent i on,

to convert anes_and napht hal en whet her or not al kyl sub tltuted to
al kyl sJE?élé?IPijlﬁfé%s FEASKE PR R ALY EEomatifEofy ?rdaaﬁe.cawoara&n@@ tgtthe t he

i ndape aé&ﬂaﬁb%@@fa@ﬁit%fthgl%éﬂ;p@t HIRCE HVREFIAR b TP 9&1)( lhhgn BlORL i theC AN

provide source o noletres. Signifi cant e processes of this
i nvent i dottenabtrearh fimnc o rylens caamn ofhighnéontaind pxedcanmmtﬂy C atomalios) bay glké C
aromati cs vmé/hout undue | gss of .the gg, cyclic 30 npieties thus provi di ng

Al e f

hi gh seleefnd soplbampdnt RECaiangihtiehes Prpgtics lypugh BisRPeEsthe ampupyry
2008/ 03 3@7’3a£g£{1t$$rg%ﬁ thd Peed I{l%g%lgt 1da%t ?'Topémﬁg)'lg%qg ’30t19§sst%%@ﬁ?el doya ati on

conditions are s Icrent to
aromatic feed.

20 [0030] In an embodiment, the aromatic feed stream contains polycyclic aromatics. Often
the feedstocks have an End Boiling Point of at least 210°C, preferably at least 220°C, and
sometimes between 240° to 280°C and 340° to 360°C. During the transalkylation and in
addition to the transalkylation, polycyclic aromatics are converted, with a significant portion,
often at least 50 mol-%, being converted to monocyclic aromatics. Hence, it is possible, in

25 accordance 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

30  moieties thus providing high selectivities to the sought monocyclic alkylaromatics.



transal kyl ati on product End Boiling Point at |east 5C, nore preferably at

| east 10C, lower than that of the feed to the transal kyl ati on. The End
Boi | i ng PwOnosies3d¢7Be tenperature at which 99.5 nass- % eCTiuseosanmbe woul d
have boil ed as determ ned by ASTM Met hod D2887 5 sinmulated distillation GC
met hod. [0032] In an enbodi nent, the polycyclic aromatics in the feed
conprise at least 0.5, and sonetines at |east 2, for exanple, between 5
and 30, mass-% of the total C9+ aromatics of the feed stream Were

xyl enes [8031]t he Ipareémbodinhent; dututcansalkylatidreewhdgiane are yuffadienrtab pyovaderat ai ns at

| east f t | t mbodi.ment of the. f
this i noERsHEIap Pt kb SRRERALuRR ST e PSTEby ablseas SO ORYE b gher

boi i ng thehat SNhE ARHAD RHeNBnSHlkylaBED MRE IFRY FRHGLL PSind i AN t@m?ﬂaﬁﬁ'@ aCRhigAm 10
a xylene production facility, and the transalKkylation is conducted wth at

| east orf®.Dmabefizerke samble sloukhimve bojhedas dbeerminedl borveS TNIOVIEthiod ID2G87
transal kyl ati on product. [0033] In an enbodi nent, the processes of this
i nvent i o%metﬁlff:ﬁqulgb!ﬁ&‘%bgc{"?%@ga Cg+ t5 aromatic-containing feed stream
conpri si ol i : (Yol 3 : i

mp 08300! Y&y &l EGbAiRRRL tife rPé)%C{yﬁﬁli @rt)n}aﬁﬁ%& é@{ﬁg?tgﬁlgﬂw lea®6l5, and

met hyl - subst’i t ut ed 1 ndane and al ene a ubsti tuted

napht hal senetimes thleast 2¢fitr @k yraplecloatpedss med 30, myrsslda bf the catalpOyi@ndmatan ofidiedi ¢
MElI nol e U(Lar si eve conponent = having. a gi/AIZ nmol ar ratio of |ess than 80;
a theni U&F UFraBhahers XHgRssgrs g mreiensd productothe feedstropmprefpablygontamstat and a

rheni um@é@ eﬁé gffr Bz e8 o MBS in Bﬁcﬁi%?%hlﬁ}éngﬁén?ﬂf e ?%c%%s%?%f &% igogﬁtf&i ng the

presence 0 ogen to provide a transa ation sal d contacting
bei ng fthe feadtstromm sofprisisanicatta motiorest a kighdréaslingarqaoivh icomtainpreafL£r abl y  at

| east 25, and nost preferably a | east 50, nol-% of _the polycyclic

ar omat i ArOPALGSSYFHRT FTHRARY CPE}WP appdereduaditcHen facyity inddhopor t i onat i on

conpris i r.
o) R, e P M RO R B R BnoR e RSB To B e
C41- 19, dontaariyg cemdalkyhitioapréducobt ai n nor e- val uabl e al kyl aromatics. Suitable

al kyl aromatic hydrocarhons include, for exanple but wthout so [imting
the i nvdfP9dn, {baenRodisgnte feProcesien Wf Huh iy aRiion GOmpsse ¢ P as ey

et h%q]t ol a‘f&%&c-ccﬂﬁ&ﬂ%ﬁ%gﬁéhzs‘?{%ﬁﬁ% co@&i@&gﬁ}og%ékgf%smg% ofth Y egétggé By lhghzenes,

I
di et hyl benzenes, ne propyl benzene pr opy enzeneg
tri et hyldndnaehdsubditutes dptanp yhdedphenéshe afd thethiyk bubseitatédedphdialene W.0h Y\O
2008/ 033673 PCT/ US2007/ 077197 [0035][ The feedstock ?ref erably conprises
t ol uene,CaEf‘}lJYSF EFTaPIIYNg AMOBHARItA SPMEANGHLtaR acglic MFI molecular sieve component

having a Si/Al, molar ratio of less than 80; a rhenium component ranging from 0.05 to 5.0
mass-% of the catalyst; and a rhenium-dispersing binder under transalkylation conditions
20 including the presence of hydrogen to provide a transalkylation product, said contacting being
for a time sufficient to convert at least a portion, preferably at least 25, and most preferably at
least 50, mol-% of the polycyclic aromatic.
Disproportionation
[0034] The feedstock for disproportionation comprises alkylaromatic hydrocarbons of the
25 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,

30 triethylbenzenes, di-isopropylbenzenes, and mixtures thereof.

-10 -



aromatics, and suitably is derived fromone or a variety of sources.

Feedst ock may be produced synthetically, for exanple, from naphtha by

cat al yti cwpebawasdétg or by pyrolysis followed by hydrot Peatiseg7oo71y? el d an
aromatics-rich product. The feedstock nay be derived 5 from such product
wWith suitable purity by extraction of aromatic hydrocarbons froma m xture
of aromatic and non-aromati c hydrocarbons and fractionation of the extract.
The feedstock preferably should contain no nore than 10 mass- %

non- ar oni@08%ls; tlhe ferdstoen prefralii g wempeseanolueiEs optigraly i sombinpromeith &b y an
econom c_decj.sion rel to . the dilution. of tol uene, fromthese

ar omat | RO BBl S deryed O BRE Poh  BiDbApREEES FSPONEdaBd For e
product i @Rd@fedXyhBEEaBY FOr é&mﬂé,?ﬁfn@ﬂ&f}ﬁﬁmﬂtﬁﬁi&%ﬁorﬁﬁg‘% Cg%i@n- I'n an

enbodi ment, the invention conprises contacting “a feed rea rising an
ar omat i cfolpdedbrhpdmtréaingng yrid dreasmatevech pradbanTlxt foedstaukthaygbe daatvallyst  at

aromati c. conversiqn candi tions i.ncluding.the presence of hydrogen and
or odtici HEOMAUGH Badts it WA QTR H RSl Rl Gasihg g A Ry e

rel ativeyftRohhe fRGHnShbaai ARirdbesdts And RcERHaaby st th% QRRLd: SBR: Redipigeni te

conmponent; an acidic M-I nol ecul ar sieve conponent having a SilAl 2 nol ar
rati o ofprefesaly $tenldB@ntan nbewireithas d Aporsedt nomaginmagics; thaorder® bf benzbn®amibss- %

of the catal yst.; and a rheni umdi spersing pinder. [0037] referre
conponen S@PX’PH%S 1P QERSIPHOKAT SCORORUAATISTREENE L %‘Fﬂééﬂ?‘b%@‘ﬁﬁl%f’ﬁ m‘ggse
aromat i cCgomhfiar eby effecting transal kyl ati on of toluene and CO aromatics to
yield additional 20 xylenes. Benzene nay al so be transal kylated to yield
additoi on@036jol udhes, thanaereiomepchappsesgotessas fohe pealytiar ofwmiléresust igam

al though it is not a desirable conponent to efféét, hi?h yi el ds of C8

ar omat | cESpPRAYtieRatiogjagd trapsaiiatation. by e mbadiyaenyr ©g dnentiph erapuss FoRtaCtig
anount 0 . f gt hi i i i on
rocess Tisetroad caBam(E el APmaEEyac B A ile il v BREGPAEHL AR
agai nst dakdysehf dromatic cdnvelséor @aditions inchrkngthd preserdeeif hidiopdreind@adwdng N a
fired heater. The resulting vaporous streamis then passed through a
react i orf BIOARCLRHEIA hivgDe ap igasekcaprentpitionsf sylengielatye & thedard $5eam The use

of Si : i j a i i i .catalyst is
o efor ARSI, Llent Y MR DR oo
cat al ystcomponeutihakingladiiAle aplarsticsliessehanl; aykehinh deponad rafpagskea of the
conbi ned_ feed_ 30 through the reactign zone effects the production of a
vapor oud)-8? 19 @ mass e ‘étgfﬁ? e8Pt andhyrhepiia-disaersiRgdinslst-n product and

g 88 g/n \6 g g@g?]‘;ec_?_%gg&gﬁ gf}gﬁglgent gﬂihﬁ fgefd];tlogf Rta ﬂe%v?—%omtilcy stre'a%'r%cé%)l)rising

Co aromatics, thereby effecting transalkylation of toluene and Cy aromatics to yield additional
20 xylenes. Benzene may also be transalkylated to yield additional toluene. Indane may be
present in the heavy-aromatics stream although it is not a desirable component to effect high
yields of Cg aromatics product. Cjo" aromatics also may be present, preferably in an amount
of 30% or less of the feed.
[0038] Within the disproportionation process the feed usually is first heated by indirect
25 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
30 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

-11 -



cool ed by indirect heat exchange against the streamentering the reaction
zone and then further cooled through the use of air or cooling water. The
t enper at LWwe 2008/3be¥3ef f | uent stream generally is | ower egChyush@an7azthange
sufficiently to effect the condensation of substantially all of the feed
and product hydrocarbons having six or nore carbon atons per nol ecule. The
5 resultant m xed-phase streamis passed into a vapor-1liquid separator

wherein the two phases are separated and from which the hydrogen-rich

vapor i ssopledyylindiracohedh exehange dgsinsy theetredqthenteviog therrsattionfzonerandibes epar at or

[ i nt tri ppj i n.whi ch substanti al | | | d
| aht or Ty aaRateuBF L Of HFPreRuE it T s BonasnpF Bead A Sram
over headyefbhBAN 1BREred by RYEK hARBSLITRREIQ 66 8Fect AR FNAMRLIGSof dubasidigam
which is referred to hérein as the 10 diSproportionation effluent stfeamis

r ecover edl efshateed snd produaet hydtdcarbons hOA@D3ix Co nwire ¢avban &k pyeiolenule HEhe

di sproportionatio rocess zone normally include a tenperature of from
2000 1 6 BHEN HTIATERCTEBIS PR TS0t RIS SCpRaicr SlsEY LG EO PhEE r ed
to mai ntad GphRfedfRl fF&H WHRH B hPiroSQPME! $ipR is‘l’\l%éylcléld% HRARECtih o€ Bt al yst

gradually 1l oses activity during processing. rrmal end-of-run tenperatures
may t herwhdemsate Xoae thestparttor sasfedrinto atsemgrengcalnes i whebGubstantiitlg all[(G040]

The di sprqportionation zone is. generally operated at hydrogen to
nydr ocar B Enes Riecsbot e niin g ises e foncRyitebiste Foo v sTPBANY o
cal cul at,gghobasreomane ﬁx‘&@es@Aﬁ‘ﬁrcfn?a?tfcg’-ricﬁgtréin?%‘vhmﬁqﬁ RIERLOMRAIES @gai nst the

f eedst ock hydrocarbon. Periodic I ncreases 1 n hydrogen to hydrocarbon above
0. 510 andligprefartiaitipn ieffluehestreangis rafovéred @s betpaippet batadnad. yst rej uvenati on by

20 hydr tion, of soft coke,. | not her, enbodi nent, the hydrogen to
hydr oc A, ¢ FBHﬁil&H&%"énPIPV"cﬁﬁ“fQ‘E disproprtioRRIIR REBresp &6 oty incigee

[ 0041] ' [ ' ng.d o

br essur co Braan S e B roD T e il RSPk eR R RO T e SrBNENAL,

pr essur eequregeo nmirdtnianh@ddsored dégrbdaf conVirsioni veifiringredse iao et dacibyst gadtialbn can

be effected over wi de range of space velocities, with 25 higher space
vel ocit i @%esgﬁw‘ebytff%@ga)rq’ﬁea%&- offabenskofyap Ay pepEres mmayBerslgse peged ptart-

conver si gr i ol velocity generally is in the range of from
Yer sidifiun téna%tgrebey 653C SPAGR.

0.2 to 20 hr ene Tsonmerization [0042] The feed stocks to the aromatics
i soneri 480400n piThe éspropomnjonatien e - eginetal lyropemteday hedregantd stiluchibenzene.
These aromati c conpounds are in a non-equilibriummxture, |

| i.e., at 30
| east or@nges Ogr 16t i Iheiratimelrhydeogsp éa Bydrocasben is salcwlated apeshon tha malarfags s

DSt B Ay L L FOU L DA SQOEETLIRLA ) P SRTRGALE o

to hydrocarbon above 0.5, and preferably in the range of 1 to 5 permit catalyst rejuvenation by

20  hydrogenation of soft coke. In another embodiment, the hydrogen to hydrocarbon ratio ranges
from 1 to 2 in the disproportionation zone.
[0041] The disproportionation zone is operated at moderately elevated pressures broadly
ranging from 100 kPa to 6 MPa absolute. A preferred pressure range is from 2 to 3.5 MPa.
The disproportionation reaction can be effected over a wide range of space velocities, with

25 higher space velocities effecting a higher ratio of paraxylene at the expense of conversion.

~ 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

30 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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WD 2008/ 033673 PCT/ US2007/ 077197 conposition exists where one or two of
the xylene isoners are in |less than equilibrium proportion with respect to
t he ot herweyb@ns3é7soner or isoners. The xylene in | ess Phams2@qoriobri um
proportion may be any of the para-, neta- and ortho-isoners. As the demand
for para- and ortho-xylenes is greater than that for neta-xylene, usually,
the feed stocks wll 5 contain neta-xylene. Generally the mxture will have
an et hyl benzene content of | to 60 nass-% an ortho-xylene content of 0 to
35 nass-Gnpesiien gxisis elieee eaheidimo dfthoxylens i9@nerrarsindssa thingeqpiibaivgy | ene

content of 0.to 30 mass-%, Usually the non-equilihQriummxture is prepared
by r ooV PPEPO R RS e G Afervafot R Eer it ATPE ST onmt 1

m xture eq?htb@iuﬁﬁ&obéﬂﬁh%y@fe%?bf fe-farnometal i EIRCRSSers TAS tHeQRehaBl 86KS My
contain other 10 conponents, including, but not limted to naphthenes and
acycl i c praa-anfl ortho-xakenewels Igreater haghbat fommdtabagigne, wolaBguhafeedeioght wil omat i cs.

0043] The. al k tic h b ay b in th ' t]
s f Sund I BEHeRIFTE e PF SRR T o dd e et pol i st r ean,
e. 9., asmhth Vilstalo- SAERABARLEof ®fo FSmERL%3A MekOkIERAhRNO6S 3¢ RS ONS

obtai ned by the sel ective fractionation and distillation of 15
cat al yt i madst% apd apheek ydenercohienheid) toyidr measr% odsuallgomemomt-¢qiilitounp mix thee is

i sonerizabl e aromatic drocarbons, is optional : the process of the present
| Pvent | GHRTTOC IRyl e St gRTar PRt fesE bR grsEFe e
such as gliRdd/frdd ah AtQRARE Sr¥ddchoR Prdé’bstsh@h’é fee 4 DREUBRN corf4if WRek CS
extraction to produce specified xylene isonmers and particularly to produce

par &0 xylogenef) ifdodiag, bt oot limited tomaphbepscnd ssyabic pahwéfipy, eswall as highert | on,
t he feedstdﬂck, inl t%ge ‘gr.eﬁence of hydrogen, is contacted with the catal yst
descri bef9NeY e MO bt WL YORAYSbe ef fected using the catal yst systemin

a fi Xed'[b@ﬁb]syst[ﬁ@hlk?la%?ﬂétf&iy@?&aﬁ%ﬁ& Ry b u@éd‘ih%@ﬁxgs&%ﬁw@{ﬁ&%ﬁl foffiflin an

ebul | at ed-bed systemor in a“batch-type operation. In view of the danger of
attriti cipptapsistediactived frainlvarioat mfipsty peandumfstiehas, i gpdsandiojlenlatongronents i s

referred to use, a. fixed-hbed system 5 this system.the feed m xture is
Br eheat €l 2 yein Paiing-TaRes: f%ﬁaf’%%a%m@n%%gxﬁ@ selegli YedEncHanationgid distiliglemetur e

suchs as QyRatly EAERRANG e hhid RRREDSonst € SRRMr it REFIRSRberi A 4BRAPASSEd

into an isonerization zone containing catalyst. The iIsonerization zone may
be one drydneakbonsspgtiat®; the podcersofthe presarit iralehgomaioves thh &oeteatzatesioft o
ensure t% the .desired isonerizati rature is ngintained at the

on te
ent r ancé 07 @ERHC L OHBININE PR S Salyicy OEBHE AAthey WIRONt 8seqeNk at al yst
bed in upyghksexHRUBIRD Produll speftied!xyidn@ oS iRibarticulatly to produce para-

xylene.

20 [0044] According to the process of the present invention, the feedstock, in the presence of
hydrogen, is contacted with the catalyst described herein. Contacting may be effected using
the catalyst system in a fixed-bed system, a moving-bed system, a fluidized-bed system, and
an ebullated-bed system or in a batch-type operation. In view of the danger of attrition loss of
valuable catalysts and of the simpler operation, it is preferred to use a fixed-bed system. In

25 this system, the feed mixture is preheated 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

30  the catalyst bed in upward-, downward-, or radial-flow fashion.
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WO 2008/ 033673 PCT/ US2007/ 077197 [0045] The isonerization is conducted
under isonerization conditions including isonerization tenperatures
gener al | ywai2008/033¢78e r ange of 100 to 550C or nore, and PprafSesoaryoi n the
range from 150 to 500C. The pressure generally is from 10 kPa to 5 MPa
absol ute, preferably from 100 kPa to 3 MPa absol ute. The isonerization
conditions conprise 5 the presence of hydrogen in a hydrogen to hydrocarbon
nole ratio of between 0.5:1 and 6:1, preferably 1:1 or 2:1 to 5: 1. One of
t he advdf94ijes @he ishmeprainnss egnduttet hinderiispragrization cendithents inglediagi vel y | ow

tial . : f hyd till abl i de th ht
ol ccti VRIEHAHS aineltongS Bl y Bt 386 o aRe S S iR e onver si on.
A suf fi gireRtabPinshOfans@trBhyB0° td S@ceuirat BRsQas BhetIRNs HO/ RPKELBLS MPa

nol ecul ar sieve in the catalyst conposite) is contained la in the
i soner i zétoélote, prfeatlp foomolGddatovidVigh abdoduwie.| Bhespauerizatbm contdytiauistchmpeispect

0t LGSR FOTRREPL S 05 B 4

i soner | Z;ﬁ&fie%l}ﬁpﬁ‘%wh%%:f@nebﬁ M@aﬁtﬁ@és drige ﬁx%@&@ési Fahik @lehforf RAGHCt ed in
the liquid, vapor or at |east partially vaporous phase. For convenience in

hydr ogenelagvely $aw phtinl pmssutdsef hgdnogen @asiibableso providerthdbgughosedectiviay and at
| east partially. in the vapor phase. When conducted. at |east_partially in
the. vapdbHe BhibE Bomed e ind i Bieseet GraTSeR: &I of BHOS eact  on
zone 1s (Qélgﬁlﬁ{eé%s}édﬁiﬁﬁﬂ e @tk of B8REuIRLsiBRSH @Ayt Qﬁmggsiéﬁ W@hiadseqnoul d

be expected to be the vapor phase. Oten the i1sonerization 1s conducted
wi t 0 esseid iabhyriztion zoireto@Bovdeo amteighs hinad yngpacaval batywaitores pdva sethe 2Qujd004 7]

Usual | he i i zati iti sufficjient fhat at st 10,
or of or SFSH S TgNE somARE GO BraronpUy AaHL SR IERG! kPR Bl aCRR 1 ne

feed streamqbd ¢.9Rye§hed. Cenerally the isomerization conditions do not
result in a xg)i ene equilibriumbeing reached. Oten, the nole ratio of

xyl enes [00dG]he pheducierigdtionanondsioat mapg be tuddGhatfthe isemaripdton ibedndaeed @ and
99, per cgnh@qf equi librium unolgyr t he COBdi tions of the i 1510 ri zation. \Were
the 25 iBOHEVAZAPPHAF FIGERRARLY YapORus BPael YoaYsRynshdn hydrggen £ om

Pi €42~ XYdi @Butidn thefi r&%fi@ﬁ?ppr&@%ﬁi Ghdh&SS irt 1 MhsCpdiRis ‘i%%ﬂ@&ﬁygf‘éﬂla%g.e and
rises

the 1sonerization product co a para- xylene to xylenes rati o of
bet ween Whabcdndaotdd @t [25st papiradlf @r thblvyp@bud glase, the 2atidl, pressdrerad €1 arggnafcsr abl y
oL L east, 0230, L, 14, Y0200 033012 FETL USRO0L0TTASE, o0 MRS *n
r epar at'f!
expected to be in the vapor phase. Often the isomerization is conducted with essentially all
the Cg aromatics being in the vapor phase.
20 [0047] Usually the isomerization conditions are sufficient that at least 10, preferably
between 20 and 80 or 90, percent of the ethylbenzene in the feed stream is converted.
Generally the isomerization conditions do not result in a xylene equilibrium being reached.
Often, the mole ratio of xylenes in the product stream is at least 80, for example, between 85
and 99, percent of equilibrium under the conditions of the isomerization. Where the
25 isomerization process is to generate para-xylene, e.g., from meta-xylene, the feed stream
contains less than 5 mass-% para-xylene and the isomerization product comprises a para-

xylene to xylenes mole ratio of between 0.20:1 and 0.25:1 preferably at least 0.23:1, and most

preferably at least 0.236:1.
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[0048) The catalysts of this invention conprise a rhenium conponent, a

nol ecul ar sieve conponent, and a binder. The nol ecul ar sieve conponent
conpr i seswbBsaizss7aci dic MFl. The nordenite is at | easPCparseécaiormdi n t he
hydrogen formin the finished catalyst. The MFl is 5 acidic, that is,
having a Total Acidity of at |least 0.15, preferably at |east 0.25, and nost
preferably at least 0,4, for exanple, 0.4 to 0.8 as determ ned by Ammoni a
Tenperature Progranmed Desorption (Amonia TPD). The Total Acidity of the
MFI ol ecul arThesi Gardystapd Prepatdtian of the MFI to be used in making the

catal yst of the invention or may be achieved during the preparation of the
cat al ystigodsiPl Caht Yatalh € oMrls AREAH &hp%fs@x?henﬁlﬁkoxhﬁ&%t Rahblealhdsidve 1N

t he hydrogen formin finished catalyst. [0 e Ammonia TPD process
i nvol vescoinposenth:anita rigde. “s‘Mmbk:c(xEBﬁevu ctdrmpgmamt&)onqinsemmbmmcuhnm at a

rate of mnute to a t erature of 550C n_the presenc 20
vol - % ox °1i daniffeis RLIgA P Is,he hydegen faran igit ‘?L@@‘Sl?ﬁqo qafalyst eflge Msfls

m nuf e) ., ffil @hatds RQHI APro D& frat RELI OB, bRefHS6E ot Ralt 048] shdd oy st em (15
mi nu% es aarlld tehe’sar%p e is cogf1 tao 150C. TSC Thgglsaa alge |sat?en sat urat ed
wth pulmefsrabiy aremno.a, ﬁonekmhplarﬂ &to 4.8 asrtiétlerdumdebgA}neﬁorrm Main@eratuféie t ot al
anount of ammoni a used, is greatl&ﬁln excess of the anmpunt required to

sat ur at & ragremmeddDeserniiog(AgungHa {RR) sHigpl atal Agiditsofithe MElaneleeiardigye mpay

hel i um ( 4oed
e s T TR S S B R S S e
arate afurlh@@lep}a'Ethmﬂﬁth@caalﬁfstn’ﬁypltzﬂkypﬂfeaﬂﬁrmol&ftulﬁﬂﬂﬁze idaeleasrpaniallpf 20

anmoni a desorbed is nonitored using a calibrated thermal conductivity
det é&t orin thefaydregen formy iphpfinshedgdtdliita i s f ound by integration. Dividing

E|_(I‘)]'f}<'3.|t Ofaxglk)gﬁj}[/)unig usecgﬁer el ,rO%JgFIIJIg’g)YVO'F @O?Q%tln %pﬁ)]ég%ln%]] %Jﬁg;snt Bﬁl ts

of mi |l imeleadanfievanionnitaopsrC geraninafe tdhyerdparpuge of[f(.m5©]1n Hiaq)réﬁeﬁdﬁﬂatm
preferabI){ has a Si/Al2 nolar ratio of |ess than 40:1, preferabl ){1 | ess

t han 25:vPl-%aAEysspdn hejiun é%ﬁpl}erﬁéf{l%&se o5100 miflilitess per rr@lﬂtéhAfteﬁé sweqferred
nor deni t i and
20: 1. THE PG beHAETERUAEHuH &8 sfucth (Ff idllA<Fhnd B\l PEIIRER HBG, 27,
af t es | Nbersamphdt is Cieni satukdied w&h@hyssi of a[rﬁ}%ﬂ,l]a 1m11mhtemmahh&r@eemuaed in
the catal ysts of thls invention have a Si/Al2 nolar ratio of |ess than 80,
pr ef er abTig tpiakameyy of ammaniy esed isgrasthiinexeess of theamopst regairedstosaprate ao

bet ween r

deal u v a4 3G b suulplf, MCRte BRuHEEN BB} ABRARe Spc RS for
enhance® hdweyememoveyitBsdibed ageadrin Wah e helish puré@cdfﬁnaﬁh@&h@ 3ahperature

PCT/ US2007/ 077197
is increased at a rate of 10°C per minute to a final temperature of 600°C. The amount of

20 ammonia desorbed is monitored using a calibrated thermal conductivity detector. The total
amount of ammonia is found by integration. Dividing the total amount of ammonia by the dry
weight of the sample yields the Total Acidity. As used herein, values of Total Acidity are
given in units of millimoles of ammonia per gram of dry sample.

[0050]  The mordenite preferably has a Si/Al, molar ratio of less than 40:1, preferably less

25 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,

30 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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result in the transal kyl ati on product containing nore benzene co-boil ers.
While not wwshing to be limted by theory, the dealum nation nay cause
Some Nesowonress/w3ge7Bo be introduced into the M-l struct ec@/Uuskeo7ios7ibel i eved
that the nesoporosity in the MFI structure can enhance overall conversion.
5 [0052] Dealum nation nmay be effected by any suitable technique such as
acid treatnent and steam ng. Where steaned nol ecul ar sieve is used, it is
preferably mldly steaned, e.g., using between 2 and 50, preferably

bet ween 8sudind tixotransalkybgien praducimontgning mofe benzanel@obdiRas. WinileonavPashingith

t enperat,ure of |l ess than 650C f.or exanple, 500C to 600C,. nore preferably
55001 o ORReHE B iE CSTRTIatD ARy s CROR BRPBIE B oherBr S RES HEP cul ar
si eve i 5hd MEARAR&Mr RiObAIRGeS MO neRbRABSity thAREMEE s@uctutdThR Gnithnbé Nder .
Desirabl e catal ysts have been obtained whén the steam ng occurs after the
f or mat i ayventl qoheersianal yst. [0053] Preferably the mass ratio of MFI to

nordenite 1s in_the range of 1: tq.5:1, no referably 1:10 to 1:1. In
o enbodi | " PreUTRGRTY Wliseia iy Bbprreethinee: S d e s hass- o
of the cahalMafing Wiker@Gksthed MoleciRl W Rlusdd, ‘?t‘ﬁ?ﬁ?&éfﬁﬂ?%ﬂidlf&%b(ﬁ%.,bet ween
15 10 and 70 mass-% of the catal yst; and the binder conprises between 1 and

40 mass-wangfbetween atdai0y pteferhbly bhevepn Sfand B0dva b ateysit presfurd off SomrivekPaon,
the catal yst _has a MCP Index of at Jeast 40 mass-% under FEval uatio
Condi t 1 A MR ERRESHET %?Sliﬁlwg@o chogiredle- gl (ORI vors Restably

Eval uat i 3o &88hd-0nfe styﬁdkﬂ%ﬁlcﬁa\éﬁl)ﬁ'ﬂfaiy%@c&%ﬂfgr& bP for tﬁ%ofé‘élﬁgﬁ%i% scatalysts

of this invention provide a product containing ss than 10, 000, and

somed i neshapedsiatotthapougbOéatalpsrfosn, e, yarg abihdéroDedisabieamsl pis vt deerC6 and

C7non-aromatics. [0054] Processin echni ques for king the catal yst can
af f ect @ilfaav%wh%gF SehHELCOHS I tﬁ?@?ﬁﬁ@&?ﬂ@&&%@i Lof

cat al yt ijggddyy- aﬁeiﬁﬁgbl, itﬁ@ﬁaé‘s%ﬁ&Sﬁfg{gﬂ tdﬁﬁﬁ%nité’ Psriﬁ t}?e%ﬁ%ed?fbﬁ 18 AKED: most

especially where rhenfumis provi on t cat al yst npregnation, that
t he act iprefesabbf 1:1Ge 1:¢ alnadnyesitbodimerny the Achudenite Rpmipoeeht andpiideabetween OUght

| ow benzene co-boiler content of {he 25 transal kylation product is

obt aij nedl.nH [%G%@f'qﬁogihl?tcétﬁiyét; st %{e? MKl molpaiar sive gamppyent Sompres pgtween

facid it afeqfalrhadld, QFtI%ICﬁ%lgr@t; g.ﬁah@ Pifder 8%9*"5%6?%&'1%% @gﬂasrs@ﬂ UE fhe

fabrication costs. The SO provides a surface for sper si on of

t he r heriatahgsc dmpeneeferrad datallyetn ofthid mventionethie wmatlissipsrasMA® Thdexdefrat least

Especiat#y where rheniumis, provided on the catalyst in a non-ionjc or
dgh

ani oni ¢ gPF-AHnigEekeHan Gendioney Aln PeHbiiae ASinglessicailsse thay Zamali/a he
rheni umdnﬂ&%\tarﬁ?atigﬂ l@éuitﬁh%ﬁhlﬁ%?ﬁvaﬁmﬁ C+ K i&is%@r refgilljaf ca?zgzsgg gutéﬁeas one

rheniumto sperse. Sultable binders inc e 1 horgani c oxl
or - 16 invention provide a product containing less than 10,000, and sometimes less than 5000, parts

20 per million by mass of total C¢ and C7 non-aromatics.
[0054] Processing techniques for making the catalyst can affect catalyst performance. For
instance, occlusion of catalytically-active sites can occur. Hence, care should be taken,
especially where rhenium is provided on the catalyst by impregnation, that the activity of the
catalyst is not unduly impaired and that the sought low benzene co-boiler content of the

25 transalkylation product is obtained.
[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

30 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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WD 2008/ 033673 PCT/ US2007/ 077197 nore of alum na, nmagnesia, zirconia,
chrom a, titania, boria, thoria, alum num phosphate, and zinc oxide. The
pr ef er r edwOnoesyasi7’a oxi de bi nders include al um na, espe@calusgoornangiti on
and gamma al um nas, due to their rhenium di spersing properties.
Particularly useful alumnas are comrercially avail able under the trade
nanmes Cat apal TM B and/ or Versal TM 250. Silica 5 typically is not a good
rheni um di spersing binder. [0056] The nol ecul ar sieve may be Eresent in a
range f rioone®f alungga, pagnedig. ircohie, duemiay Htaniag heria, leoriae plugunwn phospbatgandc

i d be . t in a f froml.to 95 -% Preferabl i
¢ heni um 2 19 e prefeied ingretire e ager B ER espssiallyieniaton g
amount  Hfnmidd alu®asts, Que BRRIEMERUN ASINERN poPeridd PABiculBBSrs¥u®hlutilifas are

catal yst. 10 [0057] The nol ecul ar sieve conmponent conprises one or nore
nol ecul asongna@vigly avavhbkowider ths tredesarnescTalaml ™8 andloe Vasal™Mi2a0 1 Stca o, BEA,

MIW FAU (i nel.uding zeplite Y.(both . cubic and hexagonal forns) and zeolite
x), MOR! “f@fy IS PRt ? Eel‘if\‘?rhﬁ)r‘éﬂfn"%‘é?%““fmnﬂﬁzs, VW M, EUO, MIT, HEU, CHA

ERI, MW60$61d LTAe ni¥idcul®RYiePEnla§ Bk EREnY adhee ot 530be nkiind Sans bahigat €
nol ecul ar si'eve with pores that have at |east one 10 nenber or 15 hi gher

ri ng. Siamdlthe tefractiviRnnegpnivexideghacedpriosenanya smge abiremdl wiiSnoassi%i cat e

nmol ecul ieye .with pores. that have at |least one 12 nenber .or hi gher

(i ng. | FUTERERRD since fieotisn Fdikely Rretsat an Bie DivdeE: the PEde s PrRr ki BB bne or
hi gher difeRaio)atefelyOly ®eihRh 1818488 AhsskRMheslafdixture types have been

classified accorgl ng tg their three-letter designation by the Structure
Com ssi[605Hf t Mhe hl@uhlaticon adbm@ehi tenpisso onadn more(mecdlablieyeat t he web

site ww.iza 20 structure, org/ databases) and h des ar.e used herejn.
The mol e¥QlearlasHigNrednalyds, bhice Paighmie 5O PEASM I, FRL} (getding F@?%‘é#é@hn
Formin &86 fidHe AR CRRAL Yl zeIte X’%F}Xﬂ}ﬁ,&ﬁ%ﬁﬁ?ﬂ@! i) ?’ER,? /Q1iRy be
that of the nolecular sieve to be used in nmaking the catal yst of 'the

i nvent i dWwi, Mt Ube MIERi e AdCHA;, ERd, MWEWpnepBET At M nefy Hehrepleakddlyyanl .

[ 0058] One shape .of the catal yst of the present invention_ js a_cylinder.
Such cyl%Uﬁeiéﬁgﬁl@aﬂo-%atsénql &MY ReResytha Mo AER A8 KBk he art

Anot her . of ¢ i i . ri | o -
cTouhe" (SRBRS Rl SHIBGEURI Bl bt e REUT BRI At oSl
shape i swizh phethat hdvatat ast dne 1Ronemslebr vs hipggeiing. daahginmge, nied pard stractuietofier

formng _nethods known to the art. %41(1)?;)59,] The cat al yst al ig contai ns an
essent i dhe Mok laks i8¢ san Reson diaher digieasiopppiiobsstiar 8igverRf KBQWESIWFHK n t he

SV RS 8o R e By U 0, 1
conposi t@mimixeion of the International Zeolite Association (available at the web site www.iza-

20 structure.org/databases) and such codes are used herein. The molecular sieves are preferably
at least partially in the hydrogen form in the finished catalyst. The acidity of the molecular
sieve may be that of the molecular sieve to be used in making the catalyst of the invention or
may be achieved during the preparation of the catalyst.

[0058] One shape of the catalyst of the present invention is a cylinder. Such cylinders can

25 be formed using extrusion methods known to the art. Another 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

30  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
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-17 WD 2008/ 033673 PCT/ US2007/ 077197 catal yst may optionally contain
additional nodifier netal conponents. Preferred netal nodifier conponents
of the cawealzex03s673] ude, for exanple, tin, germanium | @aa/useevdionTo7

pl ati num palladium and m xtures thereof. Preferred nodifiers are at |east
one of tin and germanium Oten the catal ysts conprise a catalytically

ef fective anount of acidic nolecular 5 sieve, a catalytically effective
anount of rhenium and a conbination of tin and germani um wherein the

at omi ¢ raatalyst ofay getiomahly ¢omtamn addétiinghmpdifigt metd semponentsn Brefdreedametai ¢ rati o
of tinto heniumis a Ieas 0.1-1. See, for .instance

patent Apf PEGEIISE F5eRaRSL bl GRSk, EORDEmATEr g HBor por at ed

in its eiddudt Yalt¥ditBfa8l 8% Rires th& O PRiferfITROMERE Sire ABYasPEnd ST I at ed
into the catalyst by any neans known in the art, such as co-precipitation,

10 ion- @euhamgm, Often the datahgstsoroniprpre egaatyitioally #fqytleé empent dimoidit mplecaar ange

f 0.01 t | b I t hy
cat af ys (I8 SHETGUBLEH B 5500 B Bepiuth L S5 HERI G EL B8 BBHIERE ¢ o al

wei ght  afhdrBif 164 i8nYStatio 3P gerﬁ%ﬁ@&‘{b ﬂeéhuﬁﬂg a?lert@alsé“nd"/the LidGRE Wil JF (NGt her
enbodi nent. While not wshing to be limted by theory, catalytically

ef f ect i vhemmmuntsleast 6.1t hGse, fof insnde nop@ldﬁrgrU r aatsxal appliatioon 1/460,64¢j di ¢ MFI

zeol i te or 15 cr g ht henes, and of f or enhancj ng overal |
conver sildt aR s 2o SRR I S B Bt Hean e g

[ 0060] QRgy w&@&go&ftedl%%%é (15 Etm;y 9l S knd WY B tHE8re! fih U bé gFe%Iﬁu‘aHor?f a
sol ubl e, "deco sabl e corrpoun | ning rheniumto I npregnate the

carnéer mmtemhaage ico-raultieg at invebgnationi A prafemeinamoeunt Tsquan@ ofrh@hicufrd conpounds

whi ch may be enpl oyed incl yde ammo m20 errhenat e, dlum r_r henat e,
pot assi Sﬁe”/f)PHé‘Hﬁi/ enff’é?’é%%‘ Wgﬂ b A Y%t&%ntamb ?té{@%’i‘ﬁ and 59

hexachl Ser h@'?ﬁe%ner altl))%@e,d u{paﬁ '{He‘{Hla‘P%%H Fthe RRAY Q@Qﬁ&bé}%& 0. @%ﬁd%'@ﬁnb%em c

conpoun he conpound I s anmoni YU perrhenate or perr
aci d becheasemrio aawhe@embc@msentn’ﬂ&lilbaonwsﬂﬁ@ to d)erlmmwdé)yalnf;ory,@:atad))mtcalrhy nant

speci es 061] Anot her ri t he ses

co-nul | .%%C&lvffe AR Aove 9 Hgori% b &%&ﬂ@ﬁﬁw%@ ?‘E}&% N % H%etjprto provi de
an tr bl e
ot o forteie Efehs, bRLof BEfTL Aol hanGREgRpE RbRCKaEy SRARE LMY 40

si eve cahpediemtdspraods bomtigonsar e bl ended in dry or dough form A soluble,

deconposabl e conpound contai ning rheniumis provided in solution with the
mol ecul dpogqleveonéﬂﬁ‘&ﬁ]é# tPreparige thegratalysy iivichigs theaitbizatien g Wivkleie nol ecul ar

e, SRR AR L L LAt B EPIRRRR

t he bi nder
uniform manner. Typical rhenium compounds which may be employed include ammonium

20  perrhenate, sodium perrhenate, potassium perrhenate, potassium rhenium oxychloride,
potassium hexachlororhenate (IV), rthenium chloride, perrhenic acid, and the like compounds.
Preferably, the compound is ammonium perrhenate or perrhenic acid because no extra steps
may be needed to remove any co-contaminant species.

[0061] Another method for preparing the catalyst comprises co-mulling the molecular

25 sieve component, rhenium and binder to provide an extrudable mixture for forming the
sought catalyst shape. 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

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

compounds are those set forth above. For the sake of convenience, water is used as the liquid
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conpounds are those set forth above. For the sake of convenience, water is
used as the liquid -18 WO 2008/033673 PCT/ US2007/ 077197 phase of the
dough al twougts/3sérer | i qui ds coul d be used. Usual |y suf PCgiusedo7ioryeid is
added to provide an extrudable mass. Oten, an acid is added to pepti ze
the binder. [0062] The mulling may be at any conveni ent tenperature, often
in the range of 5Cto 90C and for a tinme sufficient to provide the sought
uniformty of distribution of the 5 conponents. The mulling tine will vary
dependi rhasgpeirthe Heughaaliwppglodthemlequidsgonds bpwead a simlly anfficieneligeiddy addgded  t he
mul I i ng. Fr.equent | he mulling durati is at.least. 0.1, for exanple,

0.2 to °Viba? g’.‘mﬁﬁlpfeﬁﬁ?sﬁoéégn’ agiddp 8&%& tﬂgﬁ%tbz@%ﬁ%blf’a%r' nol ecul ar si eve
conponenpge2]Phy $heé ﬂ'{u!l]YngE'nlaﬁEé at By lcoREEEQI0 thint JePRSreab Rertin 8Kk rafbd6F o @aUI ri ng
a longer tinme to achieve the sought uniformty of distribution of the
conponerfl0SC afitl éordptih sifficent toumedde tHesongle wdoghity aldistaibaligsof thhape and
dried, usual léﬁat 12 t er.atur.?1 of 1lPet V\§en 50C and 300C for. 1 to 24 hours.
[0063] PEPOPEHEyINeREt e Fmereloanadspending VR ey uragh g MUK INg APPEBMAuI | i ng
or ot heran_dttl?&ib%ﬂéﬂr%f tid mhﬁfﬁ%,t FreQ&erers! @l@tnamng QraGéH RiaPRRLQM, ST SRnipde, Used.
It is believed that the cal cination® step assists in the dispersion of

r heni umQ.2ta ¥ hoatsaFgrgturposheoicondling dasagenp ttwymdletdaefiéeotontpoaedt5 oxi dati on
step are selected.to canvert substantial]y all. of the netallic conponents
o i o B Bger e Bk Rl trnd: Hodb e RgT Grtde “FBEH Dene

oxi dat i : 1 Vipd t: f; o]
on0c prSuBhRifbiR B ditcbBlGPof B B6RRSen®, TRPSIAIEAMealiBThedight

Genao al |optalyshehapx iaddtliiied) ustaly ana ltémjratoser ofibedveentS0f O rand 30@NA fod 10 28r om 0. 5
to 10 t}g)‘t;‘rs or nore, the exact period of time being that required to
convert bstantially all of the 20 netallic conponents to their

corr espqpgs3io Oig‘}eq}@ralélg," ’ ethdl tRe fzdt st hlade 8{! gg]?x:é% ion V@ huMrbdr otfte rheni um

conponent used to na e catalyst, the ox n tenperature enpl oyed,
and t heedmygpenatdenst emt oxddatidneoataitsploar gepisplsed.ddis bShevet] it shes¢abeanation

present during th calcinatjons, to nodify the acidity and/ or pore
structu rSéePoafSSIgﬁ%én ﬁm dgpgrsign %fji rg%l}lmén ¢he Caitq%ysanﬂleaﬁ?aéw%?mﬁ\@mwf@%ﬁ% 70,
for ;exanml . 4 | .9 t i i g bly in
a1 aar e s Hecks Chich FRKaIFR'aD di sy SRENEighndit; Wit e

oxi dat i anatabftete@mpotitd toghe¢ihemtaspomating beaide fore. Ghe swidhiich step typically takast +4.
[0064] In preparing the catalyst, a reduction step nmay he enpl oyed, The
reduct i dHA<E13E p teTRREyAMHES %ém?%%&f 0r58rC 14N PHEESN RYNPIMBCTE A %mgltow@/ WBIpbYi t e

ot B O AN Sy 06 A SAGH t  9e 8

hours or more, the exact period of time being that required to convert substantially all of the

20 metallic components to their corresponding oxide form. This time will, of course, vary with
the thenium component used to make the catalyst, the oxidation temperature employed, and
the oxygen content of the atmosphere employed. Sometimes steam is present during the
calcinations, to modify the acidity and/or pore structure of the molecular sieve, e.g., in an
amount of between 5 and 70, for example, 5 and 40, vol-%. In any event, the rhenium is

25 preferably in at least a partial oxide form at the time of sulfiding. Usually, the oxidation state
of the rhenium 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

30  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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30 process start-up procedure. Good catal yst perfornmance can be obtai ned
W thout an ex-situ reduction step. If an ex-situ reduction step is

enpl oyed,wDt200820388 essential that substantially all - PeETWS2000871983673
PCT/ US2007/ 077197 of the netal conponents be reduced to the correspondi ng
el enental netallic state. For instance, a partial reduction may occur ex
situ and additional reduction may occur in situ. It is preferred that the
reduction step take place in a substantially water-free environnent.

Pr ef er abifythe ml pedparienty bgasducsd suths carrespanding slemesntal metdliiclstageFor(i . e. |

| ess than 20 m mass .5 water). For ex-situ.reductions, other gases y be
br esent Bufapreat P wrps ERaRey aschex Sidatelonilo il otiyeusnngs TR
cont act ggfefeirkd tﬁalf'ﬁle(ié‘&@t%ﬁ%tegttaléé%ﬂietihQ@ﬁbétzﬂﬁia}l WA Bre@AVESARENL.
tenmperature of from 200C to 650C often from 250C to 400C, for a period of

ti me of Preferably) the tedudng gas inonbstdntially purthdryhadiogen Gre.,dess phaned0 firen{peas§ or ned
under at nps [fri C .tﬁ{ie sure or, at higher pressurﬁz. Eﬁr ln-situ reductions,
proper p‘?’%‘ﬁ‘g &R Ithisfuchans QRsh s’ YBF@H?FV_SP AorvRiETh it to a
subst anttgjidaylyWak %d’ut:fn%‘aglg§ taloftacRadvith B RSHARE dcabhditivad iﬁEl’ufifn%% rel&4i¥GI NY

gas shoul'd be enpl oyed.” Preferably, the reducing gas conpriseés at |east one
of  hydrtogeeranmelobfrom@000@ td6H)°Cl, 00865iromMAIe’ C itm4@(7Ce fdyadienpd bof time dfnvent i on

is a proces or, maki ng . a transal kyl ation catalyst conprising: a) formng
t he cgt afg%?)'i@r?ﬁrqré?‘ﬁ hgurso PRt IOE‘éFF}?dH@h‘P‘? peéﬁ”%‘&&éﬂq%r afL‘BO?%#F“‘_FmI ecul ar
si eve CoypQDRMYr Jf ﬁl;g;\gx%r@ssw FoPah&{tu FeiubQorRf pﬂoﬁasprk&%ﬂo&omugc r?gf@&hw

conponent ranging 0.05 to 5.0 mass-% of" t he ‘cat al yst,

r hend umme-sipethsicngvdsionienit to dHjubstandallky wetet-free ftotenmd catbalapsillyavatenfrek t i ons
i ncludi ng,an ox n nosphere, a_t eratyre of between 370C and 650C,
and & t TGS BCRBY b cala L efr Theequelpe BRTRCIRTECY HecashRRflz ed

cat al yﬁhghfbg%n%ﬁ@ﬂ%%&%c%én.w”p” sing at |east one of hydrogen and a
hydrocarbon at 20 conditions including a tenperature between 100C and
650C. [ (J0663] Pr &hes,abhyembbdimeat the yrivieaticoispqadtads fa nsakingectradalkglasiosul f ur

treatment or pre- sulfiding step. Wiere sulfided, the catalysts of this
i nvent i d%‘?t”“i% CUBRLENS ) YAERE ith@\?é‘iakvswfomﬁrﬁétﬁ LWeEdsaKe FRERISIS 1Y) 2fidifnd

comper cigkl yopehBPLRA &iT}%A?l‘éﬁt v u&gpﬁi%'erggo BFI%Fs%Bn 86 AMeLRien and

catal yst stability and et 1 nes. e su catalysts, for 1nstance, nay
25 benefdoaipahént rivegieg fidbml (B@sto D0 hasd-tr ofakaophlest, fhdda thenfnDdispasiag Yrtdegni um
The sul fur conponent y he incorporated into the catal yst by any known

t echni qUd oxizing the lgrmef el AbsandHioss m‘i?‘ffh%g fRO%BYEAN SFNQSRhEE dteqyperatire

e oo G16C G JAE 52408 60Nt TR0 AT
pr ef er abixyditdubcatalyst in a reducing gas comprising at least one of hydrogen and a hydrocarbon at
20 conditions including a temperature between 100°C and 650°C.
[0066] Preferably, the catalytic composite is subjected to a sulfur treatment or pre-
sulfiding step. Where sulfided, the catalysts of this invention may contain higher levels of
rhenium than previously found commercially acceptable, thus further enhancing overall
conversion and catalyst stability and lifetimes. The sulfided catalysts, for instance, may
25 beneficially have at least 0.4, for example, 0.4 to 5.0, mass-% rhenium. The sulfur component
may be incorporated into the catalyst by any known technique. Any one or a combination 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

30 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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catalyst nole ratio of sulfur to rheniumis 0.3 to OS. Effective treatnent
is acconplished by 30 contacting the catalyst with a source of sulfur at a
t enper at Wwe 20@nga67g from OC to 500C. The source of sul fPar/usas7ioe7ieont act ed
with the catalyst directly or via a carrier gas, typically, -20 WO

2008/ 033673 PCT/ US2007/ 077197 hydrogen or an inert gas such as nitrogen.
In this enbodi nent, the source of sulfur is typically hydrogen sulfide

al t hough ot her sul fur conmpounds such as those listed hereinafter can be
used. [dU6@eeThear mekigps suchapiisegenom thissmblodindng theisdurepeef sulusisttypioiilor e a
source qf sulfur,.i.s . 5 contact with the catal yst sition by.adding it
Lo the HydFdEn UEHE PR SBBHER bl mboppEatith & e FARERRE R RS A% BBom ol e
sul fur tRed, 000 or 10,000, preferably from5 to 500, ppmnole sulfur. The
need to add a sul fur source to the hydrocarbon feed stream nmay be reduced
or elinlfe6Ad elhe cahlystdoppositing camalstbe adfided insantvdiete @foused dfisulfwhisch nmay

| dy b i hydr, bagn. st . Typi | | e f
2ppropr i<t Bl FRTbe st amPoLtson vy RaNEe i/ By B decd SHABYR i sul fi de
and al kKydoattnkiaH6® ra'ﬁgﬁig fibm Ryhow fitfdero 5,00078t by bfe'fqubly from 5 to 500,

di met hyl di sul fide, diéthylsulfide and dibutylsul fidé. Such sources are
exenpl arppni-olaulfus il ided p atliscyulfoe dodrer ®ithe hydressbat fred wirsen may bd.

Typi cal | sylfur .treatnent .is initiated by incorporati sour ce, qf
sulfur iThRusSE AECHTisted caUEeORBSIRDAg 0B dhq Rrtual cpRISRAL AuYiopIigh mava rEatec ent

to pr OVipﬁi@s_eBthﬁ s%ﬁ@%@ﬁrcﬁﬁ%%!ﬂ%t_r@ims? ‘le'éiicﬁili Xdmp 8 RE BN BB HP it R LRl fur

concentration of thé sulfur in the'feed, the sultfiding may be acconplished
i n less ih¢lade loyseogensulfider carbgn disulGde rndialkplagédesperch esdmethylsulfgle, e. g., for a

day or re. The sulfur tre { .he [ tored. by asuring the
Concent B sHE gimginidi ?ﬁggﬁe%gvﬁélﬁg? ?ﬂ@b@ty{m@‘l i Theh sewicenfist ed f or
sul fur_ (e eRbIRMor il slirlRRERdc AR RRIAGANA o RARAEMHHAAL TopcAly, Sifrur T the
feed ané’thgﬁﬁégirgd sul urCIoading to é)achieved on%?ﬁe)gatalyst.

Especi altreptnne iingiatdd tgi ingorpsraddg demece of silfunjntg dedesdeand dostioaing befubt ai ned

w t hout the need to pre-reduce th atalyst. In sone. .instances it has been
found t HERTRSIE foraae wiffigie h"IOfH!i?“ﬁ%ﬁ‘ﬁrSBU SPOUALY sy @@H-ﬁ%?n‘ﬁﬂ%uquh §et ed

sul fur t i 1€, at 3t i i to
each a Pl ARAIUTLARRTRGR Hitecd 16 QURAHE ok veACTUHToped i RRBREGT: |
accor darhoer wi mhy bhbeeriadveser perod ofttithag . hdena flapiodnofeaThe srlfumiteatnanaimagt 25

preparati on procedures can enabl e a rhepi containjn atal yst. to be
Sul T 1 dedi TP OHEMEaY FIE IS8 SR SRpbTLBF 1 @ffp&‘iucg?fi gpe e Hffnce of
ot her cabrl¥ld foPTRAR &hEnent e ddRnd !Kﬁ'tl?&%gt?aﬁ gﬁr}}c‘%ﬂt‘?ﬁion\’g}'shﬁuﬁﬁrﬂé fekyng the

use of higher concentrations of rheniumt ance
and the desired sulfur loading to be achieved on the catalyst. Especially where sulfiding is

20  done in-situ, good results can be obtained without the need to pre-reduce the catalyst. In some
instances it has been found that even when more sulfur is provided than sought for the
targeted sulfur to rhenium atomic ratio, the sulfur to rhenium ratio appears to reach a level
and the rhenium does not become oversulfided.

[0068] In accordance with this invention, it has been found that certain catalyst

25  preparation procedures can enable a rhenium-containing catalyst to be sulfided in a manner
that does not adversely affect the performance of other catalyst components, such 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.

30 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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catal yst stability. The catalysts of this invention are particularly useful
for disproportionation and transal kylation of al kylaromatic conpounds and
for the iwormeesi@dad7Bon of al kyl aromatics. 30 The enhance@C3tushiozioriies
exhibited by the catalysts of this invention enable the catalyst to be
used for the transal kyl ati on of feeds containing aromatics of 10 and nore
carbon atons. -21 WD 2008/ 033673 PCT/ US2007/ 077197 [0069] Procedures
exenplified for sulfiding rheniumcatalysts in the aforenentioned patents
and publ[086fdd p&teadurapetanified her, sulitdihgrhenowm ditalystaocdpbtbetmenamallyst s at
| ow rhenium concentrations, i.e., below 0.4, and rticularly, bel ow 0. 25,
oS- 0 AHHAR RERHCpas Ralisalnsr Thy ersiiod ieaBne cbihel et *hi gher
rheni um genGRNchaddu@sns, BY., bllbw 0.N\\a8 tphf?f&ulaﬂ}' belobed 2D &Rk s TR wnGhidhathil to

sul fided rhenium catal yst prepared fromcatalyst in which the rheniumis
parti al Iprovide uomthetraalyevisle cadlysts abhigh¢rnyhemdmmodemansdnsh B¢ ting énaniion it

activity eyen though t ncentration of rheniumis greater than 0.4
s 06 s D g ok Do G ALCTLyeT ResParei 1 oh G s R 51 | ut e
sul fi di ng,@h g?;ém%a Bas &tdneed! sEd3lity RAD mbe R0 hlg?g%eﬂﬁﬁﬁl acRY Y @&Qhéﬁ%ghess

]
t han 1000, p s per mllion by nble sulfur. erably, the sulfiding is
done 10 thedercenteationi cfghandundiit greatsr thas Dyidnay-%. Prefoparntthe sulfidiegtier t han

100C, nost preferahly reater. than. 200C, for exanpl e bet 200C and
400C, irﬁ%@fgplﬁh@%%ﬁ@érsaﬂé@wdéla@twgf g RMAIPRETS Fery 1535 mﬁ@@@%@s foshnd in

th t ' bRy ' ' 0070
e s r%g%?afbng]{e?sdtth%g?@g{ gﬁﬁ;stsﬁesr n'gpdnhf‘y MOEIGHAE PPerrafr?TIg,r € Q] 09 Bond ]

In an e , thi's 1 nvention conprise a dispersed,
sel ect i weldyr redbeisg bériditdshs ridndingr conoaters gremerathsu pPCE mosngaefesibhyg a

rheni um di spersing binder, wherein the rhenium (calcul ated as the
el ement AFCHEHAR) Zﬁ%%pﬁ%%mlp#e cBieenABUE oo MSECiRe GIes Tk 2 535t 9PEPEr abl

0.4 to -0 i O rheni um
Vs bot JarRE MY RicrbAEbER Ak it U LG AUORBAN AR ifhelskite i C|

furt her cachepiuinsemsa catal ytically effective anount of an acidic nol ecul ar

sieve. 20 [0071] The preferred catalysts of this inventign have been
subj ect 480%‘8 caltihehbhiment. theecatanystsf this penten cqapas e Glsysdcsvel of

rheni um Qg 1eni j i j - } I - whi | ni um
o at Tl Endh R B pherR B sl Qs LR Siher e Mk sl
any si grth¢ tleahim agipubner atthodembntah@erh )sp presad i e anomt of betwesh B.05xindat i on
state of_the rheniumwhen sulfidin east +4. 25 [0072] The

first sul-PrafmABlySH tafk masefiept bg Cé‘ég’é‘l%ttgg aghti%fa_éwi%\%lmr@ 9 FNCFWN B epar ed
g: : i”gvg &e%\lrv]%'tﬁ' (%’%g'ah{t'gﬁlz I;Lf’é%f%%’@g)g%%% (S TRY LA ARG EhdphRAS, It 1S
catalytically effective amount of an acidic molecular sieve.

20 [0071] The preferred catalysts of this invention have been subjected to calcination in the
presence of air to enhance dispersion of rhenium on the rhenium-dispersing binder, and are
sulfided while rhenium is at least in a partially oxidized state, and most preferably prior to
any significant agglomeration of the dispersed rhenium. The bulk oxidation state of the
rhenium when sulfiding may be at least +4.

25 [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

30  preferably less than 500, parts per million by mole (ppm-mole) sulfur.
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enhances uniformty of sulfiding of the rheniumin the catal yst.
Frequently, the sulfiding is acconplished by passing a sul fur-containing
gas over wheogaad?gst, e.g., at a weight hourly space weraszaog/oofioat | east
0.5 hr-1. The sulfiding gas frequently contains |ess than 5000, nore 30
preferably | ess than 500, parts per mllion by nole (ppmnole) sul fur. -22
WO 2008/ 033673 PCT/ US2007/ 077197 [0073] The preferred catal ysts of this
invention are first sulfided under reducing conditions conprising a

t enper atl09Blof Ahe prederredi@edysts efrthisxaveplien aJost sculﬁl@@@ndﬂerddmm@

condi tions ,na rovided by the _pres Of. at le ne carbon
ona hyrsgaiots Sl bEmta e S BLERT 06  dn teniiS 2l "BuloctiokiEen s
mol ecul alon@XBaemay BE DFRARA by tHe Prek&lRe oPht [bAE ohé Kﬁ‘hyd'r&aﬁ%ﬁ%nﬁﬂ@ﬁ%@ﬁ&

sul fidi ng under pressure is desired, e.g., between 0.1 and a gauge.

Often tHbe pd:rStamahl ghsaws Of en omdhy@g'@gmmndmrsunlg asmOfGCdlangxygnamtrbgqst 0. 02,
say, 0.04 t . [ 0074]. Furt her eferred cata s ft nvention
AL RS T T ER e A e B R T R T A
are i nt ef,AR@i P ARRNOERN tHe%ﬁidr9&3%9@PH&&ogénhﬁlrﬁg%hrﬂh%gC@'avréaét%fﬁz mode of
i ntroducing carbeniumions is to effect hydrocarbon cracki ng during the

squ|d|n@yJI%@uthMBaarbon nmay be any suitable conpound capabl e of being
cracked condi tions of sulfjding, and especi suj table

hydr ocarl co‘ﬁ"ﬁrhe@r%frlﬁgﬁ Y EH 8% i Srfgrrrmoetar@f Iﬁéﬂ?é@%‘ PrEdp\F BEnzene.
Es DECI al Jai/bem% ﬁ)nrs h&s %Efl’ll%ﬁtloﬁoﬂp Yﬂt dpa'ﬂa &ﬁhgéaq rea@gl)l?gllbldﬁ&s,sthg

carbeni umions nay readi be genera e Cracking may occur 1n the range 15
of 2®0C doav&OaE masetoh 1@&@1@01&@ cétb@ﬁiubemnglspo effecthgdrdcarbos utdckignigriny\fier e t he

rheni um tarnrng cat st has insufficient rackrn activity, higher
tenperatsrrf inggpehgd w&eﬁpg B@y ber@r%reraéﬁﬂ SP“?H‘Pé‘n GRRaD iPeing Arstpl hehed by

passi ng &n&%nﬁ%ﬁﬁ&h ganBQ e%&é'll}fx sHicdife fgdm@a?% g{gﬁsé Qtﬁgmﬁ%%ar bon for

generating carbeniumions o er the cata nis present. The
squ|d|nga@ﬂs&@ﬁequmnmh&pmmmﬂﬁnnswlEﬂﬁcmhﬁnmEQQHecﬂmWﬁxpn@ﬁmmﬁhhyuhess t han

500, 20 parts per ml]ion by nole sulfur The gas al so contains
at Ieastm‘giec ?quﬁ%vreafﬁrge“f“r“B nsgn%%reg‘g‘?y aqu CREKNEINSEABHI e fi8f e of

gene at 'dg%b*@ SSTPEN IS 0 drg)gler%rrﬁ@fe%d ReIARR: WteOReMMiriggen and

ot h rocar ons General | I'S present ratio

hydr oc ardmnmmﬁg datélyitdlaiﬁlsihfflcﬁ@ﬁ ¢hapkinpactswityt h@hagemeﬂaypemhy e a:qumed)l | shed
such that 2. to 03, preferabl 0.25 to 0.5, 25 atons of squur ar

pr ovi de&)rEgFabéX Baseiidingdn aceaAmRERIEDY Prssing @ gpy SQMpraTing the sul @rrrgeqomponem

corrponegﬁgﬁltég?}; rﬁ%?ocﬁ%?gé}{erz{tﬁ@%&b\éhﬁxﬂx UL bW thd Ofal} R AYarBgRMRLI8T sul fur

provi de
present. The sulfiding gas frequently contains less than 5000, more preferably less than 500,

20  parts per million by mole (ppm-mole) sulfur. The gas also contains at least 2, preferably from
5 to 99, mol-% of the hydrocarbon capable of generating the carbenium ions. The balance of
the gas may be hydrogen and other hydrocarbons. Generally, hydrogen is present in a mole
ratio to hydrocarbon of 1:1 to 10:1.

[0075] The sulfiding is typically accomplished such that 0.2 to 0.7, preferably 0.25 to0 0.5,

25 atoms of sulfur are provided per atom of rhenium. Where the catalyst comprises other
components that can sorb 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

30 undue hydrogenation activity. In most instances, the catalysts, once prepared, need not be
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sufficient to assure that the sought anmount of sulfur for the rheniumis
provi ded. The sulfided catalysts of this invention exhibit attenuated

hydr ogenawOenoszs8¢73i ty. Accordi ngly, greater anounts ofCriusadoanraan be
used than heretofore possible to obtain enhanced stability w thout 30 undue
hydr ogenati on activity. In nost instances, the catal ysts, once prepared,
need not be -23 WD 2008/033673 PCT/ US2007/077197 further sulfided during
normal operation. Process upsets or oxidative regenerations may

necessi tigttBerrsatfideridyring nofnad pegratipie Hracesntpssts alozgilapee tegemgratignspnaycesses

for maki ng sn{ltfi deﬂrb .rheniumcontaining catalysts. In one aspect, these
processe% %Sgh%ﬁressél q’“&ﬁ/i di ng catal yst having a dispersion of 5 rheniumon a
support [QOMY i SITRE ifvehBENAI bt RREOTrHGs R Polahaiand s@nd&s st corlngice of
sul fur; and contacting the catalyst with a gas containing sulfur whil#e the
r heni um dagalysts. dn onezpect, thegsaprogeabdsycompridé podidingeatalyft 0OVing athpesainadfyst s of
this_invent.ion are particul.arl seful .for . xylene isonerization, toluene
di sp? opdPET B PG COTBHaE AR puR ARt hingsr and a0 Ry ARsIGR e & ommt | cs
Wi th 9 afulful GnaRbRa&RIIAL cALIYHEN M § Badlont£RAL sQRE WHilelR: HRARINRRDn RERZENE tO
produce xylenes. The catal ysfs are attractive for converting ethyl benzene

t o benzenparaaty eidizetbsthieyl ati on of et hyl and higher al kyl groups of

at kyl be s sych as nethyl ethyl benzene. The catal yst are also
attract %ﬁ%f or ¢ BAYRIEEH r?gﬁ‘d‘bﬁl-" ST B%r,tlc‘fllﬁ’jfll_y 8%%%?’%%@66 semarzAt e and/ or
crack noBnRhOdRplopSItionHEGHB LRSS LT ber¥biRNEnd SATRAY ARbA gﬂéﬁg{éﬁgfﬁﬁtﬁb%

et hyl benzene, for exanple, bétween 5 and 60 15 nass- % enzene can
be ¢onventredarbadwnembagabuasleyst onbef aldeanaad behzeydroggedatei xytenea dthievatalyssf t he

catalysts of this.invention results in reduced R pg Loss while achieving
desi red ¢ 8HRPENS 18R SOIB’F“F@MW?HE[ '@8’?8?3“? ﬁng M@M?ﬁ&ﬁe gsethylanddigher neq

cat al yStalf()?l Sgptg.fp]% io?h&?lb'éﬁﬂz‘ﬂ‘é@ cRlak Hethhy? @1 MZEIIEIEQ The Uét&fggﬂ;[zﬁ'g alsd fraffpunt of

reducti on unction of the reduci'ng atnosphere, t enperature 20 of
t he r eduot carvering rohercatitsi fom evdmplhgtorsetiae amtior domckemonearomatcsve reduci ng

condi tians, especially those involving higher tenperature, the dispersion
of T heni LFRUTIPCHSHE AR iSRIRerzaHon Gan SRR S0 (Perfane cios aXamilerRsMesct AN Gtbn

pr egedesnsuldi %idrlb%&rlﬁé?ﬁeﬁee&ﬂ% r&eﬁg@gg@&@&&@;&%,%ﬁé%}tehna@d ﬂ?@‘&ger@lﬁgﬁ erably

in the range o 00C to 350C. The I on e reduction preferably
such t hatctivingo@thaggthiysts péthiomvefitidrhesultsén redmncahR ingd osatvaily athiehdes dewddedoccur
and, 25 preferabl uch that the rhenium has an oxidation state of at

| east +4ONYHEONS ?%%e‘?sé‘lﬂlfcti onis typically conducted for a period of |ess

than 24 [B@'W]S W §(J?nesllﬂgtrah&rs, BECAIRHRd @ﬁgl@/gt iyﬁgl%a% reduced prior to or during

sulfiding. The amount of reduction is a function of the reducing atmosphere, the temperature
20 of the reduction and the duration of the reduction. Under excessive reducing conditions,
especially those involving higher temperature, the dispersion of rhenium in the catalyst can be
adversely affected. Where a reduction precedes sulfiding, the reducing temperature is less
than 400°C, preferably in the range of 100°C to 350°C. The duration of the reduction is
preferably such that undue agglomeration of the rhenium on the catalyst does not occur and,
25 preferably, such that the rhenium has an oxidation state of at least +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
30  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
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hi gher tenperatures. For instance, at 280C, the duration of the reduction
is preferably less than 12 hours. [0079] The sulfiding may occur

si mul t anewO2es/0aB¢7A at | east a portion of the reducti onPor/US@78THSEqUEN
to the reduction. Preferably, the sulfiding occurs under reducing
conditions. The reducing conditions preferably should not be so severe
that substantially all of the netal -24 WO 2008/ 033673 PCT/ US2007/ 077197
conponents are converted to the corresponding elenental netallic state. It
i s pref eompgnetiaare conecrtedda dhe wmrespooding ederecrityl maetsllib statmitiis profervgglithat- f r ee

environnent. Preferably,. the reducin S 1S.substangti.all ure, dry

hydr ogerti teducher Gkertae i DRrERI R cERE o BB PrerGont, B Susliely be
present HuedkuBStafty ARG, Rehydebkeni bl REEhan €D ?)Rmelﬂﬁssr@Qé@.tH&Oe\%Tr,Qﬂhéfay be 5
perforned under atnospheric pressure or at higher pressures. The preferred
pr essur gsisesrreay ba prseh0sudhas hadooinhoe)CO cnitrogauketc( Blistguction, stepridaybe en i n

the range of 200 o 5000, kPa absolute). [0080 ere.the sulfiding is
condlot SaTaHAEF s BRI RIP LRGN o PiRber BEGUg! o leY POSHESIR o
sul fi di gy SORPA AFsoluld) So $0'MIE (HRRNGRE ofRY iPfe iriipRIP 0@ EEshdoNra t he
catalyst 10 by any known technique. Any one or a conbination of in situ

and/ or dxbwilute). sul fur treatnment nethods is preferred. Effective treatnent

is acco i shed contagcting the catalyst with a source of sulfur a
t enper aﬁﬁb@r ang}%&’ %Fé wengls CS%@Fedﬂﬁé?rerG'ﬂ“d'ég gqnddtins, e geduciig gag Wil act ed

wi th theqakah ¥1ﬁ§idﬂg:§:@ﬁ\%i@ferﬁrTﬂ@ RfAr E&ﬁ;?]d ht 989 be welip%?zltmnt@th%?tgg@ph as

hydrogen or nitrog this enbodi nent, the sourcée of sulfur

t ypiical by dmydmnoge techuique dénadichatgionitBngonrof @ssioemdie eased sulf@0&bimém t he
event that t$e catakgfﬁg?of this invention.q%ﬁl;e ener at ed q% cal ¢cj nati on,
of ten rBeheds Pl bgel yedreaimenkdyheamplishse byshafReinnde go lé/ﬁfawfg,a

COMPI | SQohRE of GG b &l Rl BRManBHETAN 021 1o SR RONALABHR dPRARIIn BE e
catal yst 1 n an oxygen-contal ni ng  at nrosphere, e.g., air or air wth

addi t i orahtanietl vdtethe amtdlystr distcdaoy viata casigperatypiedlyr apgy sugh fis oydroginween 370C

20 and 650C fo . period of between 0.5 and 24 hours. In enpodi ment, the
car bon BUFAEHY £“ tﬂﬁéﬂ‘%ﬁ’&”ﬁﬁi}’ tg% S‘P‘frﬁ‘?r?fg@"‘?fb‘r PAYRISYY hyeresss ﬁa@@sa efosits are
bur ped q%gmgpgnﬂﬂgggyn1nay be redispersed. The oxidation state of rhenium
may al so be 1 ncreased as well as being converted to an oxide. The
resul fi dioegl]canicthneeerit el ithe daeal gsonafithisénlveannon he mgohesmtaithy dabritdiioabofivan
EXAMPLES 25 [0082] In the foll ow ng exanples, all parts and percent ages of
li qui ds '8 1digg seng oéalbyegeneratlon conditions generally comprise the controlled carbon

burn-off of carbonaceous deposits on the catalyst in an oxygen-containing atmosphere, e.g.,

air or air with additional nitrogen and/or steam, at temperatures ranging from between 370°C

20 and 650°C for a period of between 0.5 and 24 hours. In an embodiment, the carbon burn-off
period may be from 7 to 14 days. Carbonaceous deposits are burned off and rhenium may be
redispersed. The oxidation state of rhenium may also be increased as well as being converted

to an oxide. The resulfiding can conveniently be conducted in the modes set forth above.
EXAMPLES

25 [0082] In the following examples, all parts and 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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mass and those of gases are nolar, unless otherw se stated or apparent from
the context. The follow ng exanples are illustrative only and are not in

i mtati omoabosidses7Br oad aspects of the invention. -25 WOrasea® 033673

PCT/ US2007/ 077197 Catal yst Preparation [0083] The foll ow ng general
preparation is used to make catal ysts of this invention: A powder blend of
alum na (commercially avail abl e under the trade nane Catapal T"M B),

nordenite (ammonium form and synthesized to a Si/Al2 nolar ratio of 18:1)
in mass rati datgygdrepasgiondi ng to those sought in the final catalyst are
added to a muller and mxed. The duration of dry mulling is not critical

pr ovi deciobdit e RARAIiELNAMIAFMOAUTRXLN frakScarRRAIUERE, G, 2

uni formadm'xt ure can ormed in 30 m nutes. iquid mxture conpr|5| ng
nitric gowdef mn60M9m%(mr01d@ onilziEd umédrehe mrtd: MtWIW) henate is
added to the dry adm. xt | continuing,the nullin he mass of the

gt o el s PR e e Ak et SRk 4] ™ 80 145 o1 ans

per gr amyphs L}sgfgn}nrsgltef m&@%d@%& th® FinfNeERIN ¢ RPRBEDRNALA1IGON3hREd TR the

liquid m xt hat sufficient to provide the sought concentration of
r heni umdunattoneof clay sullstg.is Bbtecritichl pmglded;ﬂmt)att esser&dillsrmmfdzﬁn tdmBOurens nut es and

addltlonal distilled ter i s.added pro a .doug aving an LA of 40
mass- % Pif ﬁé(ll)‘%tﬂ’ga”g‘ 8’6%?%8%‘&6&%&’? farpe “P%u%se% P‘B%‘%Péﬁtu\‘iﬁ th small

aggl onerQ i A r %@% The
dough is }@? gq’ét tﬁ?@ﬁgﬁ% Ih%lgl%)g p a(?g dEichi ormcyli n%?ﬁcaﬁﬁ%eb%aﬁ%gﬁ(o 16
cm di anedddeg toetké dncainexpar white ermtmﬁlﬁ(g&lﬂ,@ nﬁﬂtxfgj ¥ht mAsd of thehgtidndded | y

prepared b he fore 0|ng procedure using ratios of conponents such that
t he 'Rat a(FS‘/éE‘élﬂ%)Fher{ﬁ? L BBHORIHE Pophepaiey i lwmamw%@gl (S (1e/mgss

mol ar rgf 211? rglﬁﬁiﬂerrhaﬁlt AR Ei AL i: lli\ﬂg Irgxt%%en fci‘é‘?lmq"ﬁb(!ﬁ@h ul ated as

the 20 net extrudate particles are t r|e In alr 0C for
one hoursoagid comtfmtramh ofirheminm 1atth6&(ﬁzﬂ:ys‘tdl’he6mhkbmgss cdntinnedfor tl 6 es 80 SI X hours
are used heatin fromthis t enper at ur e, &008

Cat al ystmiBufes ag 139&% é}srlﬁefbrvétﬁafseadldﬁ@tqmev 6~ &guethbainpanbOl of 95 ng
04
ratios %ass%.%ﬁﬂ%g%@ﬁpk{ﬁg& u&t{r%ecrﬂmhsvs%ﬁm fbgglf)afu E}y?rgﬂgﬁe&a(?}ﬁerzgsms ©

MOR, 15 nmass- % MFI ratio = um na and
0. 155 maghe dilityheformm (mad shtatg@dezed bythandeltel Jough heexexitiedithat ghpadit platees ar e
then dried in ajr. .at 100C for. one hour and cal ci ned inar at 580C for 6

hours. HEB&eMbeylindesHlyshapeidOrlS cp diamstsy) sidndpispattislesnd cooling fromthis
peak [0084] Catalyst A is substantially prepared by the foregoing procedure using ratios of

components such that the catalyst nominally contains 70 mass-% MOR, 15 mass-% MFI
(Si/Al; molar ratio = 23:1), balance alumina and 0.15 mass-% rhenium (calculated as the

20 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.
[0085] Catalyst B is substantially prepared by the foregoing procedure using ratios of
components such that the catalyst nominally contains 70 mass-% MOR, 15 mass-% MFI

25 (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

30  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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tenperature. [0086] Catalyst Cis substantially prepared by the foregoing
procedure using ratios of 30 conponents such that the catalyst nomnally
cont ai ns 80 208830 MOR, 25 nass-% MFl (Si/Al,, nolar ra&Cras20028771y7

bal ance al um na and 0. 15 nmass-% rhenium (cal cul ated as the -26 WO

2008/ 033673 PCT/ US2007/ 077197 metal). The extrudate particles are then
dried in air at 100C for one hour and calcined in air at 580C for 6 hours.
Four of these six hours are used heating to and cooling fromthis peak

t enper atmetal). Tleosrudaapartictas ars then duipd ngat atdiOPYC ﬁvr@@aﬁl@ur g Ctalrenerddnégou ng
r ocedur J ti os.of nents such that cat. aI al |
P ont o ot ST I o s oSl GR TRAREN e BHhANRE 1 M ERIRLISE AR PR LY e

al um na @fge@itd mMass-% rheni um (cal cul ated as the rret aI ). The extrudat e
particles are then dried in air at 100C for one hour and calcined in air
cont ai nil@G87A5 VGIata%SsDeamt&tanﬁmrfemre@bhdwrfs)regﬁmgrpr@ffedumelgstmosntlfur s are

1 s* sugrane s F bR ey B al g P BRCa R Rg d VEL of ©

corrponewFaAg%aaﬁ R 4 ilsawsamaha/esaqurﬂgmaﬂalol 15 BRRIBIRSIRA (EBS It M®Be 25
mass- % SUAI 2 nmolar ratio = 23:1), balance alumna and 1.0 nmass-%

r heni um r(lciall)cThemx@ddats p‘ah&lesmeet mlel) drighm aemtrl@ﬂ%@ €orpmethiont awl ta@nadrenirdr i ed
in air at 1OOC gg e hour % iﬂned at 580C for (g hours. Four
of theseOB[ANIRY 4y Loly e“‘?j"é%@f ?fgf’c ‘8“%1 %8 FSFGF PO f5; Usehhearing {6,

t enper ataliga%ool[,@g&ltg:@tpggy@hm@dt&ea portion of Catalyst E that is reduced
i n hydrogen at 500C for hours, cooled to roomtenperature while being
r et ab ned0088]a nCBngeE mmhs&phelt)eprepmdd by tlieffontgdmgu)rcraedwtlmmgeatatswf e by

injectin dr ogen delntothe itro atrms urro ing the
cat al ystc%mﬁéaera?rﬂwﬁaft %%?léﬁé‘r‘?“‘s"eﬂl&“&?ta%ﬁ CEay P SToRa2S Baroth AL | o
provi de 399, modt Pa'f%oj 28 Y, bianRE1uRiAmna 1 0 ReRL e hedihim! (éal&ﬁﬁﬂe@‘é?éxet hat the

act ual am)unt of sulfur on the catalyst is less than that expected. [0090]
Cat al ystm@ai)sTlaz gxonutiate panicleSatathys tiriéd tnhat ati 1907@ forcme hionr :hyidmhgrmd 1atalr500C

for 12 cooled to oomte erat ur whlle beln re

ni t r ogerft %@‘%ﬁaﬁg hQurs. ?@Wgﬂf] &6 RS e ised:hegiipg (o dsPoking ﬁ{P%ﬁﬁlS@e i s
redttugzed tApydrogen at 280C for 12 25 hours and cooled to roomtenperature
whi | e bel 8 retained in a nitrogen atnosphere. [0092] Catalyst | is a

porti on [608%at alCyumlysEF ihaportion védambdt E tha yohiedged ianhy@88n 4td00A2 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

20 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.
[0090] Catalyst G is a portion of Catalyst E that is reduced in hydrogen at 500°C for 12
hours and cooled to room temperature while being retained in a nitrogen atmosphere.
[0091] Catalyst H is a portion of Catalyst E that is reduced in hydrogen at 280°C for 12

25 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

30 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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hours, cooled to roomtenperature while being retained in a nitrogen

at nosphere, and sulfided at roomtenperature by injecting hydrogen sulfide
i nt o t he Wwop@gsse7at nosphere surroundi ng the catal yst. PChaSamsont19of
hydrogen sulfide injected is that calculated to provide 30 0.5 at om of

sul fur per atom of rhenium It is believed that the actual amount of sul fur
on the catalyst is |less than that expected. -27 WO 2008/ 033673

PCT/ US2007/ 077197 EXAMPLE 1 [0093] Catal ysts A through D are evaluated in
a pilot plant for transal kylation d¥&MyliEcl activity. The catalysts are
pre-conditioned in the pilot plant by maintaining the catal yst at 280C for
> 10 6 Nowss | nChigsRIEARAGH 0L AANNARIHNo g (0P Rty 1didR Akl ty
screening 5 conprises 49.9 vol -% tol uene and vol -A)o al kyl aromati cs
havi ng Qcdeatodhs catalysts atdpre-doadlitinoed inehmgllqsxrpédmbymmmmyu@ thy tatnlysedti cs of

yclr ocarBBA AB1 ORLTES Brthe rotenee beda harasensTACIFFS Eir i 4T pGTHRE o
Vel Gt b SRR 6o Ve Ol act D% oFyBibidliA0glcReaon T0R B_oauge

and at a tenperature sufficient to provide 5 nmass- /oC nver si on the
ar onat i dalandhbeing prddméhantlp ahgladr@nareneé 1P aadoe henss, andswficibil hydrapento
conver si on of t he feed; however, where the ge‘sverm on varies fromthe

target, PEdpARNTFRBRY ONYITRSAroPB HRple BYIOATE- Thetesd i ilwéﬂwlt 9 RIS ati on

to 50 p t Iy 4 120 W n the table,
WABT i s%mégﬂﬁltogiggg[%gegﬁeg?gnpﬁgfg?lﬁ:pél,é y elne i eI %g;}[eﬁr%és % of
xyl ene itempdreturd sudfisiahtiey Ipad\ilde(pmmku%tqonwsﬁoBeﬁzhermorﬁ:amBoThcefegoﬁtai ppm mass

of the total non-aromatics 15 having 6 and 7 _carbon_ atons mass unit of
ben¥&ne PEHOIAMCE PAREKIEY Rt o PRiceRepverpPn of the)ferds h8W§V@cfa‘P(]é"r¥e e t he point

that th ij 5 nt 1 huid. r fhobE ki |l ogram
of cat a;%yg?ér %&%&I o(fgt a= ylggt% ’V@ﬁgﬁ%ene ‘%{ rel%(%ir&dsﬁjg OEO(?%WQE%Xzene
Co- boi | ansrpoldtionas $6 Perroht-vmpgrsionEEBis TablSBoinddarive? thk r3§10@ InBhS8b127. 6 2. 4
5000 C 395 26.7. 3.1 1000 D 380 29.1 2.4 2300 EXAMPLE 2 .
WABT is weight average bed temperature, Xylene Yield is the mass-% of xylene in the
transalkylation product, and Benzene Co-Boilers is ppm-mass of the total non-aromatics
15 having 6 and 7 carbon atoms per mass unit of benzene in the transalkylation product. All

values are taken at the point that the catalyst has been contacted with 72 liters of feed per

kilogram of catalyst.

TABLE 1
WABT, | Xylene Yield, | Ring Loss, | Benzene Co-boilers,
Catalyst o
C mass-% mol-% ppm-mass
A 395 27.5 2.4 3000
B 385 27.6 2.4 5000
C 395 26.7 3.1 1000
D 380 29.1 2.4 2300
EXAMPLE 2

20 [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

25 49.9 vol-% toluene and 40.0 vol-% of alkylaromatics having 9 carbons, with the balance
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20 [0094] Catalysts Eto | are evaluated in a different pilot plant having
the capability for co- feeding a sul fur conpound. The high rhenium | oadi ng
on the cavalxyexo3s®al d, in the absence of sulfiding, remdemstovgocaval yst
unsuitable for transal kyl ation due to high Ring Loss and xylene |oss. The
catal ysts are pre-conditioned in the pilot plant by naintaining the
catalyst at 280C for 5 to 6 hours in the presence of dry hydrogen. The
feed for the activity screening conprises 25 49.9 vol -%toluene and 40.0
vol - % ofbeangprcderomant calkaromeagico ot H) eavhben atpins handrseffiva¢ra hydrogerp® proyide a

2008/ 03;{573 Pi HS%OO? 077197 be% g predom nantly al kyl aromatics of 10
carbon aPgRREen Ly pYRrab Y 2Rl RUYP g n to provide a hydrogen to hydrocarbon
mol e ratfiggog)f 4rThe f&eQQ%]ls glihﬁafegtq@! pf&\xl& 4 SeUl hdkiyedphed %1&@\&@%3 TRl ght
hourly space velocity of he pilot plant is at 27 kPa gauge and
at a tenphbt ataumatﬁ@bkl@dgauge pm@%aien@eratmsmrg@ﬁi oqoeds 5o mass-% he

aromatics in the_feed n run sulfur is co-fed as
i ek hy 1 IRLFPRGE e amatindie 570 I80BPAL ME U oRIftaS FEBE S The dur ati on of

this f ee(ﬁhﬂ@ﬂlylcﬁsulﬁ&g fnl 5 Bunt F D n‘ii-?ncﬁ)e éf I‘EE (Pé@dp'i"h(,s&'l.llrfaﬁ'én @Iethls%%gfs ]
rheniumin the catalyst. The lined-out performance of the catalyst during
the run sufficiepoo pediderD.5 att@heoHulfiihperraecanf detnpen frouhnnatakyst phe Ginet-euts are at

50 percent_conversion of e.fe&lg however , wg,eée blﬁleconverm n varies 10
ig Jagled! ¢

f r om t hePerigrgtee of fhe GiAl vt dhane theirgp ks TrRpstsdy SePAiEH g armgpce

i nt er pol afd Alelk dreof SBﬁfeRPcH{ conVORMRl iR feed:oWeSel ARkR thy\eﬁlrlefs%d"@erQt
average bed tenperature, Xylene Yield is the mass percent of xylene in the
trangal Kyérathaotarget, oatupgdrametadyBerszepeteGondtiobedaivied by pmerpabsionfto Shpercemmt al

non- aronmati cs. hayv carb at ons mass unit. of _henzene in the
transal k%ﬂ“éi‘frﬁ‘tﬁ?ﬁa]ﬁ tE%@@ Qg%sé@ 1§ We %Veé"’fgerbﬁﬁ temperatagg Kyfepe Xl ausy@f nmfas
WABT, Xyﬂe‘?&%t Jt %JR&e 1B'tﬁh9tre!:{§§1§ laﬁ&ﬁlgﬁ'aﬁct%cpﬁ’édzﬁﬁéeo HoRbRLY 5dm - %
m Mass 28. 7 1. § 900 Run None 358 27. 3.3 00 F

Run 111 tSﬁRn&SéeroﬁVa.tlﬁs Ba3n56 6007 carb@h Btoplsgped GiasPunidothedze (0 the Run IV SOR

27.2 4. 1
353 transgk}]/]aggnogroduct. SOR is start of run.

15 TABLE II
DMDS, WABT, | Xylene Yield, | Ring Loss, | Benzene Co-boilers,
Catalyst o
C mass-% mol-% ppm-mass
R“E“ I SOR 369 28.7 1.8 9000
R“l? I None 358 27.6 33 60000
Run HI SOR 354 27.6 33 55000
F @50 l/kg 362 27.4 33 45000
Run IV SOR 353 27.2 4.6 110000
G @58 l/kg 362 275 33 40000
@94 l/kg 364 27.5 3.2 35000
RunV SOR 2X 360 27.7 3.0 40000
G @94 l/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 @386 I/kg 364 27.9 2.9 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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G @81/ kg 362 27.5 3.3 40000 @®41/k 364 27.5 3.2 35000 Run V SOR 2X 360
27.7 3.0 40000 G @41/ k 364 27.8 2.9 35000 Run VI SOR 365 28.3 2.5 25000
H Run VI Iwbianes/B3667328. 2 2. 8 35000 1 @6l /k 364 27.9 2. 9C3860@7/0f099D6]

Catal ysts F and G which are reduced at 500C, do not exhibit the high
xylene vyield and | ow Ring Loss achi evable by Catal yst E which is only
subjected to reducing conditions by the pretreatnent at 280C for 5 to 6
hours. Catal yst E al so exhibits | ow benzene -29 WD 2008/ 033673

PCT/ US20070az7 p@ductin- Begardlespwhethertthess Cardyws Hland & anhetlfided ehsigeordat al yst s

F and G are. sulfided ex situ or,.in Sit hei.r performance does not

achi eve S%Ha?‘egﬁ’e'&?%lvgfloﬁnof 66@?‘]6 tpﬁt.qug;?tahvsl%at alyst G which is also
reduced @99H00C, RE TVQL atfi¥stSh twhist sl dada@ed at Sodc@t Bt eXsinl sulfdd dsded in
situ at start-up. The sulfiding, however, fails to achieve a low Rng 5

Loss ands blaghysbEniz euléidpdiim sitn avSta@atpaThs sulbidingdbiowévendhilstolachidvaigsow Bsng t i n
an i nprqvenent. ip benzene purity, but ain, the performance of Catalyst E
is mot Jeeatibbieh S8 eRE R4 e b _éﬁ_ﬁawgltsugl iBeane] Bed IFRFQEMEPt Phe
begi nni ngnafnetdiGity, B0t aghlte tMoﬁnMefdf@aﬁgy@quhgtﬁ(%tzﬁned?%% R:h@ﬁ«“ﬁﬁwot\%ﬁ h

| ess Ring Loss arid | ower benzene co-boiler make than in : wever,
as w t h Caslsdtysts s@fided Rarivelat/thetbleginafrfgend theofunt e danible slilfiding pesidesta pr ovi de

a catalyst. to perfor ce_co able to Cata) yst E, [0098] Catalysts H and
| are sUETEEDECIG RS REEAEDT BK 10T e 1) fer kg dhampRendNan” ¢ hat
used to W&e%&%i&ﬁéﬁal’?st@% Run FP&ant t of el ik %Iioers%gyel\tﬁik/ﬁfe@a ahﬂ st 1O

sul fiding, however, 1s greater than that tor Ca st E. st
wi t hd n tpeefobmaraed caspebke toiCatdhgst Ei nventi on, these Catal ysts evi dence
benefits with | ess severe reductions and with the initial 15 sulfiding

bei ng url8€18l; edliaiahegtsddand { psubiestad tapieediction it akd layet famreryprestha ng
sul fidi ] L J i i .al yst
per f or naqﬁfgé%? &&%g iheatlglﬁ%}g?:ta?lg?'gﬁl g?%g{ja#é%lmiﬁ%cﬁgﬁigﬁgﬁg%ﬁﬁécat al yst
conpr i sihogvegeniy gtenert tharc apfon €latal ysaB. Waiildisdll Mathimdiedeoddadaspects of the

invention, these Catalysts evidence benefits with less severe reductions and with the initial

15 sulfiding being under reducing conditions. The data are indicative that differing sulfiding

mechanisms exist that can provide much differing catalyst performances.
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si eve conponent having a Si/A 2 nolar ratio of |ess than about 40; a
rheni um conponent in the range of about 0.05 to about 5 mass percent
of the catalyst; and a rheniumdi spersing 5 binder. 2. The catal yst
of claim1l wherein the Si/A 2 nolar ratio of the acidic Ml nol ecul ar
sieve conponent is |ess than about 25. 10 3. The catalyst of claim1
wher ei n e ;SehAh2cdRlAlsr ati o of the nordenite conponent is |ess

t han about Eﬁ{ A. %ﬁ@ cé%alyst of claim1 wherein the binder
conprises alumna. 15 5. The catalyst of claiml further conprising
a sul f ur lcofiprngbitylatdn citabyst atnapryssig ofmoddeaitecd@npdrengian atiie MFbmokcular
ratio of sulfur to rhenium.is between apout 0.2:1 and about 0.7:1.
20 7. Thél%?%ngenbl?avmgeﬁ"#@z\m%?réﬁ%o Phiess ham kit 6@@5&%@ Gogiponent in
present . ans AF0HBh: (94 16800t SR ﬂt@ﬂ\;ﬁ ahauke AmdBERnRA-GSHMrsif

t he catalyst&gB. Tﬁ% catalys? 0 cI%ﬁ%% 1 %re?ﬁ f he a0|gﬁc M%@&a é
nol ecul abirgleeve conponent has a Total Acidity of at |east about
0.25. 25 9. The catalyst of claim1l wherein the mass ratio of the
acidic MFI nol ecul ar sieve conponent to the nordenite conponent is

wher oin andcie BV oot an Eoner P ERS oo Bl g0 AN otk Al ke

ar omat i c caop@euhddess ohmprabses2d. ess t han about 10, 000 ppm nmass of the
product provided by the catalyst. 31 11. The catalyst of claiml
wherein the acidic MFI nol ecul ar sieve conponent is a steamed I

ol egul ak  SfRME IRt dRelailNE - af I M, ' ] i
Component cosaiabRL oEetp i WRBICE 15y b B of o SLKRERIRER | fos
cat al yst thanhboweiddi c MFI nol ecul ar si eve conponent conprises between
about 10 and about 70 mass percent of the catalyst; and the binder

conpri ses between about 1 and about 40 mass percent of the catal yst.
10 13. At rgpsalkut 8¢ h19n, € 'ﬁ*g% nite conponent;
an acidic M nghécu ar sgﬁgg%g%ﬁ%gﬁ%%§ vfﬁémg&QEYAIZ nolar ratio
of | ess than about 40; a rhenium conponent in the range of about 0.4

to about .5 mass percent, of the catal yst; a sulfur conponent; and a
r henium di s‘ﬁ@r%iaﬁatﬁf Glefay Lugheremprisine &4 HHECHaRIstlof  sul fur to
rheniumis between about

6. The catalyst of claim 5 wherein the atomic ratio of sulfur to rhenium is between about

0.2:1 and about 0.7:1.

20 7. The catalyst of claim 5 wherein the rhenium component is present in an amount between

about 0.4 and about 5 mass percent of the catalyst.

8. The catalyst of claim 1 wherein the acidic MFI molecular sieve component has a Total
Acidity of at least about (.25.

25
9. The catalyst of claim 1 wherein the mass ratio of the acidic MFI molecular sieve

component to the mordenite component is in the range of about 1:10 to about 5:1.

10. The catalyst of claim 1 wherein under Evaluation Conditions the total of C4 and C4 non-
30 aromatic compounds comprises less than about 10,000 ppm-mass of the product provided by

the catalyst.
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0.2:1 and about 0.7:1. 15 14. The catalyst of claim 13 wherein the
Si/Al 2 nolar ratio of the nordenite conponent is |ess than about 40.
15. The catalyst of claim 14 wherein the Si/A 2 nolar ratio of the
acidic MFI nol ecular 20 sieve conponent is |less than about 25. 16. A -
process for making a transal kyl ati on catal yst conprising: a) formng
the catal yst conprising a nordenite conmponent, an acidic M

nol ecul ar sieve conponent having a Si/Al 2 nolar ratio of |ess than

about 40]1.a Theemklya SrmONeRherdd thangiio 0/ FIaslealaUiev.cOmpblerd ROME e &l
mass percent of the catalyst, and a rheniurn- dispersing binder; b)

oxi di zi n}yR mwle¢wtarsigveat al yst at conditions including an oxygen
at nosphere, a tenperature of between 370C. and about 650C., and a
time of between about 0.5 and about 10 hours; and 32 c) reducing the

oxi diszed|Z.atrak ysthlykibfaldi@d Y Giheeki Ot rs@iRiiledoRBoAdnt kOBFlisc@BBtvRfen about 20
hydrogen and a hydrocarbon at conditions including a tenperature

bet ween @rdgut HDoass nergnbeidhe catgzgCheseitic MFhmopcoleesisvafonicaim coEiprises

ther et RGPS 3 AL B4 oaPHL B Baa i bEB AR

conponenbgtwedéhotih € afd RRE 40 hab RFLGE ofthdRBEARst. ext rudi ng t he dough;
and drying the extruded dough. '18. The process of claim 16 further

conprising steam ng the acidic MFlI nol ecul ar sieve 10 conponent. 19.

The process ,of cl.aim.16 erein steamis.present in. the oxidizin

ot o Pat nopriara RV T o BefER T RS Heah it ocHit Ol ifecutar
per cent . sidw cdhpohbid RYREQSY/ AL mel Rl ioldF 1644rthedboGOINR hirdiden SYnbbAind th
the reduced catalyst at a tenperature between about 0 C. and about

500 C. fibe raneewsaboudBdliv abod Sroagsperedt ellsbecat@gst; holfus compprantiad aa

sul fur c onent of. the catalyst havin n atgmc ratio of sulfur to
" hent um BERORERRgunE G5t YRR abaiiier80 pf \fhla it Bloshieel het
cl ai m 169 whemdiaBodilte7:n educi ng gas further conprises sul fur ranging
from about 1 to about 10,000 ppmnole and the hydrocarbon at a

condéntration of at least 2 nole percent; the reducing step
tenperat Pﬁ{ eTTlg 9 Ialr}]fgt off rcPari?anQN terezuq ?he%i/fglg m%l?aorl{r;[iti(fl (())Pthec i'riorc?err]lg(e tCQl%pOIlGIlt 18

less than about 40.

15. The catalyst of claim 14 wherein the Si/Al, molar ratio of the acidic MFI molecular

20 sieve component is less than about 25.

16. A process for making a transalkylation catalyst comprising:
a} forming the catalyst comprising a mordenite component, an acidic MFI molecular sieve
component having a Si/Al, molar ratio of less than about 40, a rhenium component
25 ranging from about 0.05 to about 5.0 mass percent of the catalyst, and a rhenium-
dispersing binder;
b) oxidizing the formed catalyst at conditions including an oxygen atmosphere, a
temperature of between 370°C. and about 650°C., and a time of between about 0.5 and

about 10 hours; and
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reducing step being carried out for sufficient tinme to obtain a

sul fur conmponent of the catalyst wherein an atomc ratio of sulfur
to rheniumranges fromabout 0.2:1 to about 0.7:1. 25 22. The process
of claim 21 wherein the reducing step is conducted in situ in a
process using the catalyst. 33

5

10

15

25

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

650°C.

7. The process of claim 16 wherein the catalyst forming step comprises co-mulling the
mordenite component, the acidic MFI molecular sieve component, the rhenium component,

and the binder to produce a dough; extruding the dough; and drying the extruded dough.

18. The process of claim 16 further comprising steaming the acidic MFI molecular sieve

component.

19. The process of claim 16 wherein steam is present in the oxidizing step atmosphere in an

amount between about 5 and about 70 volume percent.

20. The process of claim 16 further comprising sulfiding the reduced catalyst at a
temperature between about 0° C. and about 500° C. for between about 0.5 hours and about 24
hours to provide a sulfur component of the catalyst having an atomic ratio of sulfur to

thenium between about 0.2:1 and about 0.7;1.

21. The process of claim 16 wherein the reducing gas further comprises sulfur ranging from
about 1 to about 10,000 ppm-mole and the hydrocarbon at a concentration of at least 2 mole
percent; the reducing step temperature ranging from about 200° C. to about 400° C.; and the
reducing step being carried out for sufficient time to obtain a sulfur component of the catalyst

wherein an atomic ratio of sulfur to rhenium ranges from about 0.2:1 to about 0.7:1.

22. The process of claim 21 wherein the reducing step is conducted in situ in a process using

the catalyst.
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