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CATALYTI C CONVERSI ON OF PCLYCYCLI C AROVATI CS I NTO
XYLENES BACKGROUND OF THE | NVENTI ON [ 0001] This

WO pwsvizoh rel ates to catal ytic hydrocarbon coPeBUS1005009367
and nore specifically to the use of a catalyst for
conversion of heavier polycyclic aromatics such as
napht hal ene and C aronmati cs conpounds into |ighter
T ATALYIE CCONVER STON CGR POEgY CEOHICA RROPELICSIN TB‘XYLENES
catal yst conprises a solid-acid support with a netal
hydr ogenati on conponent, and the cat aI%st effectively

processes heavyBﬁ%ﬁ&WW@E dHE BOWVENAYENt i ng

lighter aromatics via transal kylation into desirable
I en ' r ene,
0031, S 385 00 o0 SO Sy R S0 sty

to thentse bfm datalye’sfo‘it\bomiersﬁd)mdf Ivdatlier polstcyaiciaésmaRR Ist€tedd Miphthalene and
in chem cal syntheses. Para-xylene u&on oxi dati on

C11yAIPgiecsicomperbe roch%m?r&rornﬁméwupl@, a56CT.1f°8 pad Co aromatics. The
co LA § o RIS Ep Xl IR, and

catalylsbeftdctivelgrpsoceases heygsaromatieh wliiksaso/ s ertlgdighter aromatics via
o XYV. Ien I s feedstock, for phthalic anhydride
tran%"@’ %R"(ni IBW PSHARISKYRYE SRfSiSsoner streans from
t al K n
[OO(B;E Xglgﬁr%{] Slgf:xgl ]gﬂa %gleﬁé E{S?étg ?](gﬁng gﬁd gﬁﬁ@ 5(213 hg a?e? 1m190rtant
1ntemmﬂleftw whieh findwide ssd edrfedl dpplication,in \Whértieal snthichds! BMJaIxylene

to rat or tao, conve Par a | ene in particular
upon gigating Vields frrpphthalic At YRR lsvaedioriRe PBRIE P Uit textile
fibe QB RELind N/Iet@?!?l‘éﬁé % Js@d Hf1t.ll!;1¥ nfdubRnge (c){%@gst?cﬂe)f a%‘hye{ggwood
aromati cs stream e aromatl C rocarbons,” the
presawersatte. OrthoxyRne & fnédsttch:k feyplehalic anhydlide prodtctivh.

nzepe, as.a feedstock for ndustrl al chemnm cal s.
IOOO%E- ylepg, isoper slpaans m Guialsakee fornaing s @thes goureesrgenerally do not

h .Gl
O i e
whldhyld diftiaulb mmpamtermﬁe semveyt Parai-xyderedn @aitivalay isd ﬂlaﬂ)fr chemical

I Often toluene (C7). is deal kyl at ed
v L AR RN T

aronQHti%E’ Et%h% AP 8d a}&nﬁicq{}@rmg &hé Bgergﬂ nﬁg&%ltcé GPthe xylenes

fromwhi ch the 1 ndividual®” xyl ene 1 soner

* rivals dlead 0€ bentrene as a feedstock for industrial chemicals. Nelther the xylenes nor benzene

are produced from petroleum by the reforming of naphtha in sufficient volume to meet
demand, and conversion of other hydrocarbons is necessary to increase the yield of xylenes
and benzene. Often toluene (C7) is dealkylated to produce benzene (Cg) or selectively
disproportionated to yield benzene and Cg aromatics from which the individual xylene
isomers are recovered.

[0004] A current objective of many aromatics complexes is to increase the yield of
xylenes and to de-emphasize benzene production. Demand is growing faster for xylene
derivatives than for benzene derivatives. Refinery modifications are being effected to reduce
the benzene content of gasoline in industrialized countries, which will increase the supply of
benzene available to meet demand. Benzene produced from disproportionation processes

often is not sufficiently pure to be competitive in the market. A higher yield of xylenes at the
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[0004] A current objective of many aromatics conpl exes
is to increase the yield of xylenes and to
waleoosnphiasi ze benzene production. Demand i s grPU/IR005/009367
faster for xylene derivatives than for benzene
derivatives. Refinery nodifications are being effected
to reduce the benzene content of gasoline in
eprﬁs@ WS behARhE 288 i€9 GVordbiSebj¥dtiveand prbcdsssIte aatsdllbgate Cg aromatics
pply of benzene avail able to neet demand. Benzene
and;sqal@enrcwefop@m@n@sr%wd tookieindvelrdensyeldsof ten i s
c I
[00 h| gp;rAy%lglw(ij’gx? R glr:]seas @agl s&%ﬁﬂ@&hgiroscgséo& %)H‘l%r(ﬁ@l tjé%tsmg toluene

andtGyfSarb@atics, Wh@feﬁhﬂﬁledb F@edvied @s a@ﬁdioﬁ? feaefegsfetdby distillation.
transal kyl ate C9 aromatics and tol uene have been

US-woiaY/e068| discdeses 8 tighsaiofatiangiossss ave morderite andoygggsts modifying

j S

the H?r(fémté bg e%{ne&eégg%a?ﬁ)b%? ogéggqé%arb%lr %&g{ﬁé{: ﬂ{tg\?\lﬁe csatalyst

[0006]dan¥/S-A- 5 F6B20 dﬁeloaewurmulk&raann brazess foeeshveysion of Co™
distillation. US- A- 4,857, 1@66 di scl oses a

hydgqearhens Wje mixeshxyerss a8d Ca0 & prarertige AVere eataly s Ggniaining zeolites

fyi t
itufTRA i1 IR ARl GuENSLABTECRICANE) ARAAD, and zeolite beta,

whe[r@ﬂﬁ&htalj@t ﬂtrt}fzr 6@aifiz @ Gloss VIS asetd stuf}azms}ﬂhﬂxmimt i on
cess for conversion of Cc)+ hédrocar bons into m xed

[005:@ enbS-Ang,9¢2.65 bﬂtﬁﬁ’é’ﬁ‘?%ﬁw&l@ tipm PEAcgsy indhgprgpesion gl two zeolite

o FIALLEI A AL S S B0 SO
PSHMES 20 £kt E2. vt bolit bets. TSR olify sl ZEMERtaal is used to

such as platinum [0007] US-A- 5,942, 65 di scl oses a
fed‘iqeéli*%lﬁl"f(lwféﬂ‘i‘%e po-eldas 1 making a&eé%e@ﬁ@éo%mt wo zeolite

[00@ gt ap Rl Kg? %ﬁ% %g% Eﬁss?lso Jshaetr%sgl%égxg Hqggﬁ%lr?gsgs%%élga comprising a

zeothSl‘s’blﬁbatﬁd ﬁmh ﬁhecgrdni;eCdmisﬁng JN$SBL26 ONHSIEQ3| CET-Q 088 B35 5and
is used to redﬁée the | evel of saturate

SSZc64 %q C@raiv%t AISAERIRESe ageie Briogenstion metqlgpgsys wgkshor palladium,
and%al? ﬁ% uskio %bﬁ&érpérgfhaﬂcst &IRF ﬁ?legs)fl L 5@21 gﬂfbﬂg %?c?lhcﬂﬁ% BéhRne.
St conprising a zeo e sel ec mt roup

[000,9] nsi SJISI—Ag6 060,857 dd0losdN a tinéalkPlatiCh ErdcessS&ﬁig&Bcatﬂyﬁ based on
SSZ- 44, The catal yst . al so corrpr ises a ml

morggaiteowih aﬂsaﬁwu}?é@acrhtwﬁwé% igpeies png payipg aé%ﬁdtﬁmealadumted toa
s RS bR SFRNEL b TRy ety i ERByst v e

metdl. scl oses a transal kyl ati on process using a catal yst

based_on
[0010] US 6,486,372 B1 discloses a transalkylation process using a catalyst based on

dealuminated mordenite with a high silica to alumina ratio that also contains at least one
metal component. US 6,613,709 B1 discloses a catalyst for transalkylation comprising zeolite
structure type NES and rhenium.

[0011] Many types of supports and elements have been disclosed for use as catalysts in
processes to transalkylate various types of lighter aromatics into xylenes. However, applicants
have found that even heavier polycyclic aromatics can be converted into lighter aromatics and
be further converted into xylenes via more conventional transalkylation pathways. Indane and
C10™ components, such as naphthalenes, had previously been regarded as coke precursors in

conventional transalkylation technologies, but applicants have found a catalyst and a process
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nordenite with a particular zeolitic particle dianeter
and having a feed streamlimted to a specific anount
wW@BoosdTl4 cont ai ni ng heavy aromatics. The cat aPgBUS2005/009367
contai ns nickel or rheniumnetal. [0010] US 6, 486, 372
Bl discloses a transal kyl ati on process using a
cat al yst based on deal um nated nordenite with a high
to cBhverCBledeoMpbbmg td 2kteat &, ﬁid&ﬁat%ﬁéﬂhﬁé focadsingBleditvalue, hea
one net al c%nent . gUS 6,613,709 Bl di sgl oses gg o v
aromaticsliptethigloivalue dighé proyagics vithdessstringengfeodgrqapepre-fractionation
s esﬁr l{%ture type NES and rhenium [0011] Many types of
ped Eﬁ)blnf's and el enents have been discl osed for use as
catal ysts in processes to transal kyl ate various types
of |ighter aromat SUMMARY OF EHBINVHENEON , applicants
have found that even heavier polycyclic aromatics can
be converted into |jghter aromatics and he further
[00EH v e At REENCIRAL GDIEG @ﬁg%pvﬁ%ﬁ Apfeation e RFe 3¢t process for the

trantg*{ltjlgﬂﬁ%ﬁ(w ﬁfﬁ#]ﬁ%ﬁ?ﬁfcm%%o;arbloﬁg e %ﬁgci%eag’lg, {Slgg}g(?%g%&igtge present

as nap enes, previ ous
inveigive ipdieeirdstorconverting anoernitic dipdtochrbans avitk yinptoved conversion of heavy

technol ogi es, but appJicants have found a catal yst and
arogatifs OBPORENs évﬁﬁfﬂe%stnatoweglenwfﬁaﬁ@m £y ﬁ’csdn‘éF“@PEé% ased on the

. ' i-na.. | .
T
exhitfits ihighest¥ectieatss foreanvepsien fvhan tomaced omder transalkylation conditions.

speci fications. SUMMARY OF THE | NVENTI ON [Q012] A
Wﬂ}ﬁﬁi ncAgeprdaiglecbresd %n?‘éo%ms%fquﬁm PRPERH f1pfenfien st process for
| o + . .
nerRY 06 B RNAREES L AORatE0TE YRR catelyst, The catalyst s
a soffidecesconodorichiesuoh as antdenite andizit, ieplith ot Z8M110, ZSM-12, ZSM-22,
converting aromatjc rocar bons, w i (pr.o
ZS Wy S e gy ﬁ@i\% N 108¥ _Zeﬁﬁﬁo%@-ﬁt _@Pf’s‘idﬁgaMAPSO%
SAPARNEhPRIE @NshHignd sili(-:rab%lﬁm'i V&Rt b&QIC\{FtS%Q?ﬁeﬁgi Rbtat &ﬁnponent.
diséovery t’hat a catal yst based on a solid-aci

[0014]t er Imhnotherembjodimdéritohe preséntanvantiah icopgooessfor conversion and
on when

A L IR PN T -
e e e e Pt Bl o RE G rednged oy S"Cor
mo@nBffétte metalnmimpoaets irchaleofomekampley platisum gpadlagsim, nidkel, tin,
leaci:, ?}uﬁlu%? tgertr]ﬂaa%ium, and rhenium.

[0015] In yet another embodiment, the present invention is a fractionation scheme based
upon an apparatus practicing the process of transalkylating heavy aromatics with
specifications permitting indanes and naphthalenes to come in contact with a metal stabilized
solid-acid catalyst.

[0016] These, as well as other objects and embodiments will become evident from the

following detailed description of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0017] The feed stream to the present process generally comprises alkylaromatic
hydrocarbons of the general formula CgH(6-n)Rp, where n is an integer from 0 to 6 and R is
CHj3, CoHjs, C3H7, or C4Hg, in any combination. Suitable alkylaromatic hydrocarbons
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a solid-acid conmponent such as nordenite, mazzite,
zeolite beta, ZSM1 1, ZSM 12, ZSM 22, ZSM 23, WMFI

W opelogy4 zeol ite, NES topol ogy zeolite, EU I ,POPS20885009367
MAPSO- 31, SAPO-5, SAPO 1 1, SAPO- 41, and
silica-alum na. The catal yst al so has a netal
conmponent. [0014] In another embodi ment, the present

inclubly, &bt &:@Pp]16 bk Witlsif §6 lifinL M8 Vifehtion b%ﬁﬁene toluene, ortho-xylene,
transal kyl'ation of heavy aromatics to xylenes over a

metguiylaneaparerxyleng afiatlbetizene, gthylio kieneso propsibenzengh deteanndtbylbenzenes,

eth@tdﬁ%{ﬁgﬁ%%%%&%&h%rg%ﬁgg ]née ﬁp/rgp%{a%aetn% | ﬁ%ﬁg}%ﬂ]?%lbenzenes

triefhfetghes, fdi’-ﬁscﬁbl(@y%@zer&b Adridibipeureadhedf.um  ni ckel ,
' | ead, iridium gernmanium and rhenium [0015] In

[00};8? arbe iead P @ sesemprispenaphéheione andother Cap and Cq 1 aromatics and
sultglglg% h&%ﬁ f?‘ﬁ% 81%‘81”5&%%%? 9{ éﬁ%g&& ko)}Y a/%ﬁé ?lrtoﬁgaél\%, such as the bi-cyclic

rocess

congionsmt hrﬁﬁud&tlg ha}ﬁ‘lﬁmdtrfel gethydRphdeleht,!driindnk ﬁt@iﬁ@&n@ﬂ domponents
napht hal enes to cone_ in contact with a netal

for Qf{eaf%@d streapn efdhe Aresent dnveation.Jadane WbIPB]IS ipe ﬁerrqistow@ lindan or

1nd%§b ‘F??arnt Pobcii ?fé%msancgfbg) qmﬂ‘ﬁ) Higlg%goijn%;[ c sg?g g? \rva?th é)ne car%on SiX ring

andionk enibon five P AVIIREN BESCRLET kiddhsQre idred. Nphthae is meant to
[0017] The feed streamto the_ present process

defige acpiiop pushepienseamaiaaprarb ity leghon st irgssvhstein frwo carbon

atmg? ?%r ggrgﬁ.glf’xgi’%r%lgﬂg’(po lie e}fyﬁ%’&l@s Qre rr1]t 1'{1”5150%9{5 atbovemche trace

ama@mesiolad ingsrior St ﬁl&bﬂheseadnlﬁydn&r @8hkieth deﬁned as substantial amounts such
hydr ocar bonS| ncl ude, for exanple but w thout

SO
as arf*raﬁ%rtthwg Onet-Voansfvien ﬁlor%wf%l@y grentqidhan 0.5 wi-% of the feed stream.

h
OB o s S ST DA o
catefbﬁtmlrlefodﬂrm’g dniyheral sie $ollaliet Bwhﬂﬁditi-'@ﬁﬁ§ to yield an aromaticsrich

ol LoD e ot BB et e b sy etaction
of a}&ﬁ%;cfcq{ drcgcg%ﬁ% fr-B?ﬁ %qss ff ag&g%tﬁ{ al ﬁ:o?l nlleﬁ%%ﬁzgrocarbons and

napnt ene a an aromatl1 CS

fracsivhdtiutnl of thesexdeict. Fed nfstaﬁﬁ& @R@ngtics anayeel IeoliCyVeﬁ%‘d &t refofmate.
Pol ycycli c arpomatics such as the bi- cyclic conponents
Refprnpdte e be mapHcaa by Ay ohibe pyacsssshkneve Hithe grt. Thrugrpmatics then

mayPbEreBb & 66 ERIRAURERHS the use of a selective solvent, such as one of the

sulfolane type, in a liquid-liquid extraction zone. The recovered aromatics may then be

separated into streams having the desired carbon number range by fractionation. When the
severity of reforming or pyrolysis is sufficiently high, extraction may be unnecessary and
fractionation may be sufficient to prepare the feed stream. Such fractionation typically
includes at least one separation colufnn to control feed end point.

[0020]  The feed heavy-aromatics stream, characterized by Cg™ aromatics (or Ag™h),
permits effective transalkylation of light aromatics such as benzene and toluene with the
heavier Cg* aromatics to yield additional Cg aromatics that are preferably xylenes. The
heavy-aromatics stream preferably comprises at least 90 wt-% total aromatics, and may be

derived from the same or different known refinery and petrochemical processes as the
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for the feed stream of the present invention. |ndane,
which is also referred to as indan or indene, is neant

W 200d0977me a car bon nunber nine aromati c speci BGI/WE1005/009367
one carbon six ring and one carbon five ring wherein
two carbon atons are shared. Naphthal ene is neant to
define a carbon nunber ten aromatic species with two

ben&AE RAN tctichelanBGS nyHyHeatdyclddrGARORpALASE offlR pRbfRIcEtom
Preferably the polycyclic aromatics are present in

transaligldatian. above the trace anounts noted in prior art,

dt t rein defined.as substanti gl
1002355, PEE B RPN T BE DY RaeBS YGRS P2 hAR A5 dn the presence
of hpdrSE&. Pl sBIkGRERY inttReliqid Phide; fef thel fiesehe@6f Bfdr is optional. If
F%O 9] Feed conponents may be produced synthetically,

preseus freschydspgen iﬁlﬁé‘iﬂciﬁéﬁkﬂh‘ﬂﬁhﬂm%e%&tmgmﬁl@ rﬁ@fcléﬁsrhydgoqarbqyly in an
sl bt 0 B IRS il Y AR R B MM WS B s o

alkyldreiaee ThiPhacid o hy dvobén ®UHlkARotapib id dl¥o Referfodt toa hiy@idgen to
of aromatic hydrocarbons froma m xture of aromatic

hydrpeerba ratico fhe trensled toarpantion pefereblictieldn apresticbhavipgan

o BRSSP e
cata}isDB @ESemblyngrestet that (80 va-%o, while thy @Rérsidn df AesthyTRypilene is

recovered fromreformate with the use of a selective
prefeigblyegieaterstham 7asviorre The canyersion efondans is piséerably ggeater than 50
i qud Q-1 1 qui ' h r L
e Gl GBS G025 18 JEGREHER AT e na
fresiedddddasisunber range by fractionation. Wen the

severity of reformng or pyrolysis is sufficiently
[0022] gh, Tlesfeed éa ¢ érﬁn%svg@oaﬁﬁ@é@ggawuwuy firgds hestrd hyoimdirect heat

LI N T N —

by eselp@baivitn waimen3tréan oot of a fuegabe €Tk Red tHen i PALE through a
The feed heavy-aromatics stream_characterized by Co+
reacipi ens, ¥dughgpaygompiyse queokimoe gidividealyractors. The use of a single

. i q i b .
SIS PRl Ml PP L ARSI o
configldatiomsnailizidganoving beds dffeatalyat er fadat-dowhtactony heyese. employed if

.The_heavy-aromatjcs_stream preferably conprises at i
desireda Bassagy qftthosembined fhed dbrongls thegpaetioh yoppeldsty the grgdugtion of an
i f ' .
e CATE P SRR A6 PR LU
normatyyadobdl By indirtdtérestegxahaige apaiaft thdstrqapehtering the faction zone and
then further cooled through the use of air or cooling water. The effluent may be passed into a
stripping column in which substantially all Cs and lighter hydrocarbons present in the effluent
are concentrated into an overhead stream and removed from the process. An aromatics-rich
stream is recovered as net stripper bottoms which is referred to herein as the transalkylation
effluent.
[0023] To effect a transalkylation reaction, the present invention incorporates a
transalkylation catalyst in at least one zone, but no limitation is intended in regard to a
specific catalyst other than such catalyst must possess a solid-acid component and a metal
component. Without wishing to be bound to any one theory, it is believed that such catalyst

selectively saturates at least one ring of the polycyclic aromatic compound, cracks that one
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transal kyl ati on. [0021] The feed streamis preferably
transal kyl ated in the vapor phase and in the presence
wo@Rookpeiirogen. | f transal kylated in the |iquid PEEBS2005/009367
then the presence of hydrogen is optional. If present,
free hydrogen is associated with the feed stream and
recycl ed hydrocarbons in an anmount of from 0.1 nol es

rlngp%ldl'iQ‘Eﬁll@fll@bIféihﬁhﬁ&%‘iﬂgl@-ﬂﬁ afd?nai\aﬁ cBBIpREnd Rith ity gedups that is

kyl aromatic. This ratio o drogen to alkylaronatlc
muqhsrnarregosmtemfetpwmls thartles satymtl@gé n the piginakralyeyislie ot plti-ring

compp i BTy B AR nB A B iotantl i 31 Bragily undereo

tranSARPIe S8 fvith Qkhee Bl gy HOMUEE SbBPoaids Nidp BERahe BEtddYeik to produce
the catalyst is preferably E;eater than 80 wt-% while
xylenge Canditeans ieaplared i theyransghy lnter rencinpripakly Echisieyn temperature of

frorgr@t’ bSt 69(5] TR t%s@lgﬁg%g%\ﬁ&oﬁ r%%d%{ moﬁgl‘afégr LlRvated pressures

I'y greater even

brodileiizatyl forfr EItIETa th NEMPaARbESIuba ThE trasalkyitdinassctidgicagbe
cal culated on a fresh-feed basis. [0022] The feed to a

effecied gy ey ayiderregs ofesnace whociinse Wrighisd howrlyr spece elpriist GYHSV) is in
theg%g ﬁﬂogpblq8q§dgxphange agai nst the effluent of the

|on zone an hen is heated to reaction

[0024PeTat thssalliyl@wniedigmt W dePardtedantorlligt Fegole set&A/A Mlixed Cg
a furnace. The feed then is passed through a reaction

aromaghias progice hn%ile%ﬁﬂ‘ryckeﬁ@ﬁ@ Bhe mired Coaomagignproduct can be sent

o SEAGHS B eS8 b PADBDE O BREL BBl ey

divétedes oflRaaidsBuclCabibghifenk iafd $oltk§r1e| reddvefy, mvalf&né@ﬁd?r i®kecycled
catal yst or radial-flow reactors nay be enpl oyed

partipdly; tp dlee trmgaliclgtion Fond dhe Bemiyieey o eBteatHIOHAIR ! sheiantially all of the
Co &fdal?ealv&p atzo%%lcg Lif ﬁlta bgg i r?tgg g*" gog%}%}ﬁggrcé?cg%ﬁg% krﬁﬂgﬁky]atlon

ream conpri si ng
readipdrzog@r bons. Th|s effluent is normally cool ed by

i ndirect heat exchange agai nst the streamentering the
[002Yact Sévﬁréldﬁﬁﬂsaﬁarapwgiﬁv lptigny lea{wab@ay e @@Pgﬁnﬁhfeprege@t invention

are Bgseaio[l a%roliﬁ—%gidi rﬁ&e tc%hm%éamlﬁg% tc?glﬁ%{ % 13 aﬁrecg&gd-amd

mataﬁﬂs ﬁncghieeﬂl fbyrdg mauypemf 1P61EISEINY, m&zﬂtéﬂ@nﬁ‘gﬁ lzZeslite), aeta zeohte
concentrat ed to an overhead stream and renoved fr

ZSMHd, gS%é%sZSanzaZ@ﬁﬁ@?’:cWI tyg zeolite, NES type zeolite, EU 1 MAPO 36,
MAPSO-31, SAPO-5, SAPO-11, SAPO-41, and silica-alumina or ion exchanged versions of

such solid-acids. For example, in US 3,849,340 a catalytic composite is described comprising
a mordenite component having a SiO7/Al»O3 mole ratio of at least 40:1 prepared by acid
extracting AlpO3 from mordenite prepared with an initial SiO/AlpO3 mole ratio of 12:1 to
30:1 and a metal component selected from copper, silver and zirconium. Refractory inorganic
oxides, combined with the above-mentioned and other known catalytic materials, have been
found useful in transalkylation operations. For instance, silica-alumina is described in

US 5,763,720. Crystalline aluminosilicates have also been employed in the art as
transalkylation catalysts. ZSM-12 is more particularly described in US 3,832,449. Zeolite beta
is more particularly described in Re. 28,341 (of original US 3,308,069). A favored form of
zeolite beta is described in US 5,723,710. The preparation of MFI topology zeolite is also

well known in the art. In one method, the zeolite is prepared by crystallizing a mixture
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streamis recovered as net stripper bottons which is
referred to herein as the transal kyl ati on effl uent.

w(Q 0®28y77Tp ef fect a transal kyl ati on reacti on, PEEUS2005/009367
present invention incorporates a transal kyl ati on
catalyst in at |east one zone, but no limtation is
intended in regard to a specific catalyst other than

confifify GRhRMES sded, a BRRA e ah ikl Atk Dot RIEPRARR hnd Al alkyl
a nmetal conponent. Wthout w shing to be bound to any

ammperiumenpund pr jts pigetiser, Edrtheradeseriptions atedn &i-A- 4,159,282,

sel ect,i vel ur a | east one ring of the
US'pAﬁ!%?fé@Cqﬁi%c Xr&f@:ﬁ;ﬁ{] {?Sz%%% und, cracks that onering,
[0026]i ChOtRGYhitshlé SolRl-ARABiafirials iHEINGE Brabliftd ZBMRMRL ZSM-22, ZSM-23,
ound with al k r hat is nmuch nore resistant

conp C | groups t
NES sparelite Ue MAROE MRS ORI SARO- or AT G, SAPOA1. Preferred

L YA 5l PO 5008, TOTROUAR FUL R s i i

US-Wnderg 3ol 28NRInksthmatliapott ke 0Ed1REs &g iethid MGention include ZSM-5
aromati ¢ _conpounds |ike benzene or tol uene to produce

(USxdxt 3763,83@0 KMl bESepl, 892 A7 DnZ8Mel2 (el 38A2aA490nZ SM-22
I i Bel fo 1 .
(OS85 SETE, Pk S Ot AFREL S e RTR I s

typd1RsdEiterdngl dymethed forgdeirRENUBY . PhoBUYstfufigalngpd EOM 2éiite is
kPa to 6 MPa absol ute. The transal kyl ati on reaction

desqrihed e Usr et 084 784-MAR O @1# degergheddn UspAcd, 5610881 MiARSO-31 is

aes 0 8- R8O SBRAGE LAY MRS ekt
US-g{-f4 4ner871iificlaéiparSatrals| SAPOal 1, iSpirO-Aecycl e stream a
m xed Cg aromatics product and a heavy recycle stream
[002He nixEfactoryindarios snabis isnptionally wHizsd e facditate detuicatign of the
| ' v ot L aht .
codly 16 00V 508, A ELHNOARND B RTBARy s b O i

confpositien agd ecl@ndlyt eifraengy oo veidition3ulsedir e PRscese Biritdt8e binders
. recycled partially to the transal kyl ati on _zone. The S
inclpdeyipprgagicyayides speleaneneon e o slupba magarsig, ziicpnigf chrpyaia, titania,

) ' r [ he. ral Ly
borfZ e E, PSR 2BloRtiRle 0 P AR R PO R B o e
[0028)025TThSeaalyal aléyqrasaind ar ésadifial Kigtad toaporent. AnesirsfetrBainetal
may be used in the Ppresent i nvention are based on a

compepent-ine Caourmy Hf (P Al fH0) awtali npferrbiipe plativenpmpenmetal.
Alte?Héth%BJ §pr%?érfe(a'1§§thldcomponent is rhenium. Of the preferred platinum group, i.e.,

platinum, palladium, rthodium, ruthenium, osmium and iridium, platinum is especially
preferred. This component may exist within the final catalytic composite as a compound such
as an oxide, sulfide, halide, or oxyhalide, in chemical combination with one or more of the
other ingredients of the composite, or, preferably, as an elemental metal. This component may
be present in the final catalyst composite in any amount which is catalytically effective,
generally comprising 0.01 to 2 wt-% of the final catalyst calculated on an elemental basis.
The platinum-group metal component may be incorporated into the catalyst in any suitable
manner such as coprecipitation or cogellation with the carrier material, ion exchange or
impregnation. Impregnation using water-soluble compounds of the metal is preferred. Typical
platinum-group compounds which may be employed are chloroplatinic acid, ammonium

chloroplatinate, bromoplatinic acid, platinum dichloride, platinum tetrachloride hydrate,
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materials include all forns and types of nordenite,
mazzite (onega zeolite), beta zeolite, ZSM1 1,

W@ 3NBA2771ZSM 22, ZSM 23, MFl type zeolite, NESPCTH/PE2005/009367
zeolite, EU- I, MAPO 36, MAPSO 31, SAPO- 5, SAPO I,
SAPO 41, and silica-alum na or ion exchanged versions
of such solid-acids. For exanple, in US 3,849, 340 a

tetrfedhiab PlatiouSONRIRIe! @tm&nﬁﬁwﬂnlaﬁﬁm&mpphﬁmﬁ d@hlorocarbonyl
nor deni te conponent having a Siq 2/ A 2q nole ratio

dickjeridg, dlréﬁ@dlammoplqémepapeléadwn ahlioadmaﬂa@mm@ﬂmmhydlate
pallgﬁ i it %g&g %@tllgfo%?a?{n?%%fmq J;) gférrE@ 5{ ?(Lurcsé &%éﬁl?pze%?aﬂy preferred

plat&ﬁineédrﬁpbrfeh’om copper, silver and zirconium Refractory
I norgani ¢ oxi des, conbined wth the above-nentioned

[002Hd oMspovendiRencae areferied metebeamaponentis venbEarity pisahidienium

con‘gﬁ)ﬁfl(ﬁg wh @htni 2 nﬁﬁéﬁé 18%1 g? rrHu gﬁgﬁ 9@@9%@”%% perrhenate,

potdseinad pdrfhenae,qidmsnm tHehivmi 88ydhiotRlepp@asshee Reerhlodyrbenate (IV),
in the art as, transalkylation catalysts. ZSM12 is

rhepipmechipipde; %‘malm Denjexdde.iapd ghq likeggnmpognds. Zlug Utliilé%ﬂqnt‘lf an aqueous
s BRI A A1 DR s % S

conmpeneletsRhérdiwd may Al be Wsed,iff 2]:611]uﬂ’&l@nnﬁlﬁpaphtmmﬂ-gif)uﬁﬁletal This

t opol ogy zeolite, i | so well known in the art. In one
Com?@tq%dnaﬁ brepregest in %élalp"?"‘éfﬁ%ﬁt SEMBYSIteriy §iK PMORNtghigh s catalytically
I
effeml%g l‘éEl?El‘}Ql @t%rgﬁgﬁbgn()% pc(g’thr%%r/s gﬁ%l% %naﬁiél&ét%@lcﬁfﬁ%dc& an
dmnmﬂﬂdmmd or its precursor. Further descrlptlons are in
-A- 4,159 282, US-A- 4,163,018, and US-A- 4, 278, 565.
[00% 026 herwabsisany aw@nsﬁeﬁﬁﬂan%lemﬁlﬁ%rtré?talaq%nmv@n@d%referred metal

By N O

therBof Catatyaitalipzifedtive 2emiuntsed sicicineRibmdbdiflerd @apbe gecorpdisted into the
ynt hesis of the ZeollteOTe is described in US A
cataixszhsi apysgeansdiomy 18 the et Ereg%feé agmopet sagepgee! 0ddra 2.0 wt-%
' [
on BT Tal B Sy 5 eSS Bonphed s iy, palladium,
nickg§Mn2 Rad) LiﬁdAHn pebbfinidm/ henidiVio2 3 cOtdBindtiod (Ef€oBWath platinum-tin or
Eur opean % EP 378,916 describes NES type zeolite
rhenipp cgpqpéa( dHe gF%preparing NU-87. The EUO
structural -type EU-1 zeolite is described in US-A-

4,537, 754. NMAPO- 36 is desgxirgsi g US-A- 4, 567, 029.
MAPSO-31 is

[0031] The following examples are presented only to illustrate certain specific
embodiments of the invention, and should not be construed to limit the scope of the invention
as set forth in the claims. There are many possible other variations, as those of ordinary skill

in the art will recognize, within the scope of the invention.
EXAMPLE ONE

[0032] Samples of catalysts comprising mordenite were prepared for comparative pilot-
plant testing by the forming process called extrusion. Typically, 2500 g of a powder blend of
25 wt-% alumina (commercially available under the trade names Catapal™ B and/or
Versal™ 250) and 75wt-% mordenite (commercially available under the trade name
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described in US-A- 5,296,208 and typi cal SAPO
conpositions are described in US-A- 4,440,871

w0 p@bagiTng SAPO-5, SAPO-1 |, SAPO 41. [0027] BCT/US2005/009367
refractory binder or matrix is optionally utilized to
facilitate fabrication of the catal yst, provide
strength and reduce fabrication costs. The bi nder

ZeoBROUI AB VL 1 W) ivia8 B EdtoGOMPRS. A b6latiemtas ﬁnlepa ie¥ @kdg 10 g nitric acid
refractory to the conditions used in_t rocess.

(67.8iyit"aBINOY; wide 220 £ deionized watr gadhihe S@J&t@éévw@wedsTmlutmn was
adde?cf tto §0\9 er%léﬂ@ ?&Ehe {ﬁ%%”,p%os pllllllzetdrtg %Hk@ doﬁgﬂ 'a%]m }]eofor extrusion.

oril a, hor1a Zlnc O

TheSlobple tvas éktitided ahioglaa AleSflefk e torbi mmﬂHC?ﬂMbedT@EI 6 cm diameter)
catal yst_ al so contains an essential netal nﬁonent
Wit

extrayie pariielesr e axbudate pariishisarare palcigedpion 65“@ (Lp WA steam for

2hoilr 0) netal, preferably a platinumgroup netal.
'ernatively a preferred nmetal conponent is rhenium

[0033] t hEhiee diffsremdalysts Wetd ishud usihg €he expludbte Pdfticles and an
pal | adi um rhodi um _ ruthenium osmum and iridium
evapqraivempreenatien peth ghenjumtastal hyesingms ajueeisrehtion efggnmonium

perriéééla%é %ﬂ%’d} tﬂ%1 RP%(nla%atb% ‘Mlscc &H%P@'a‘g%t%ioét for 2 hours.

SUC as a

Cataiyst mabva@lﬁmshasd A eTrive-&b rheaitn. Citalgn Brvadhfisiskedst 008 ®t-94 rhenium.
he ot her |ngred| ents of the conposite, or,
Cat%Y%f‘%Wéfbﬁ?ﬂS Ekat St Wh-gnwnM.net al . Thi s conponent may

[00%1?m y n?‘%gvﬁ‘f‘% hapflaléf A a%é a;?}%a}rgcgf){i‘ Ly %tp? {Q)]sa‘ct‘ﬁélg 8 nglga?‘q that used above,

but aadititicriah ihgbediint tof MFIWeofteqorhimerdidllyadvailablaby ZSM—S under the trade
cal cul ated on an el enental basis. The platinumagro

namgeeqly stehy ot WaRysageo inks @wm’éblenthw Wé-%e moads;me, 15 wt-%
g c 0
MF]!é gréé'l;?? }ﬁ |/}(c)) %1%\%{1?% 'ﬁ?‘%gﬁgrg(?#lg arficle @%ﬁ)ﬁ%ﬂ BY éﬁévlgkgfﬁ? finlshed with 0.05
wt-% rﬂmmgnanhmmgwchlbmsptﬁgrwdcudaﬁnMS m\g-%lglh&fsm‘gain?ﬂ@ﬂde Thls ﬁnal
onmpounds of the netal is preferred. Typica

Cata&sb't"’?ﬁgg?]ﬁggﬁf?lﬁéppounds whi ch may be enpl oyed are

chl oroplatinic acid, ammoni um chl oropl ati nate,

bronopl atinic acid, plagknyip ride, platinum

tetrachl oride hydrate tetraam ne plati num chl ori de,

tetraam ne platinumnitrate, platinum dichlorocarbonyl
[00%5] c h| Catialysis AliBiCE,rand i&wbredpéted fomammaik ltradsaliglation ability in a pilot

A S N MR
napl%ﬁ&l%ﬁ@c&lfveltshﬁl SRR ity toRfyRrRE. e Bl ﬁ%‘v[&éﬂ}fe%@d’@&ﬂﬁosmon
where 5.5 wt-% of the feed contains the coke precursors of indane, naphthalene species, and
C11™ aromatics. The test consisted of loading a vertical reactor with catalyst and contacting
the feed at 2860 kPa abs (400 psig) under a space velocity (WHSV) of 2 hr-1 and hydrogen to
hydrocarbon ratio (Hy/HC) of 4. Before contacting the catalyst with the feed, the catalyst was
reduced using hydrogen at 500°C. Various feed conversion levels were tested by adjusting
reactor block temperatures and the results are shown in Tables 2 and 3 for high and moderate
conversion of Cg™ material respectively.

[0036]  The data showed extremely high conversion of coke precursors, which are also
called poly-nuclear aromatic species, and these high conversions agree with the drop in the

99.5 wt-% ending-boiling-point across the reactor., The data also showed selective saturation
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[0029] Moreover, when the preferred netal conponent is
rheni um typical rhenium conpounds which may be
we@ppsnyEMd | ncl ude anmoni um perrhenat e, sodi um PCT/US2005/009367
perrhenate, potassium perrhenate, potassiumrhenium
oxychl ori de, potassi um hexachl ororhenate (1V), rhenium
chl oride, rhenium heptoxide, and the |ike conpounds.
of ohB®f teiririgg 34 b PBlyRYcld arafdeObsses oh tid Mowdlg FNIVRIVIT towards
perrhenate is highly preferred in the inpregnation of )
bengéns and afliyhanzassepingisad of Rivardsiparivalenbeasbobeumberdaraffinic species.

conj unct a th acplatin I I | St .
ARS8 R 5B BT o B aromases s
polﬁ?ﬁﬂ@&oﬁﬁtibﬁs@ﬁ)&s andRue bndhaphithaléheGpcidsy tarCsd pxvcessed successfully in

effective, generally conprising 0.01 to 2 w-% of the

a transplkylatigp arapsss fonKrignes: Suclomhenyics fesdestieam peemits casier fractionation
_ . _ : i Ct

kB0 Rg S BAALY el B G081 ALAGRLAN A0 TRk s e

am@Ait af ¥sivy arvphatide to botol@xrupl e, the tatalygarss@in thelinvedéidn.
indium and m xtures thereof. Catalytically effective
anmounts of such netal nodifiers may be incorporated

into the catalyst b y_ mrean nown,jn the art. A
preferred anmount is%éaﬁn%%éé?@(gwsftWHZ. 0 wt-% on an

el ement AFDASk S COmpeHBRr Y, t he preferrg@lﬁgb@ﬂ_(@

corrponem_s_a,Le_pLal_E%um_paJ_l_adi um-nilckel —tIrn__Fead,

i ridi um Xg&neni um rhenium or a contji nati &l t her epf;

wth pl dtTki%Q@h}rl—Ber%né?ﬁMBEj“ especr al' Ty prejggred.
5 10031 e

EXAMPLE The fo wng-—examl eqd are presente

only to| Mathsdteilatideazane sMEBmeci fi c erbodi ndhds of fhe
i nventi me@[lge@ggymoﬁgz)be construeq to Tig T the

scope of ntron as’set forth in the clains

Ther e af &lfegmgtiesi bl e ot her variatiqns, as0.fhose pf

ordi nar yrdaht! Tn the art W Il recognijze, Wgdi n the
scope ot-the invention EXAMPLE ONE. [Q032] énplpq f

cat al yst dapthplengi ng nor denite were prlepar ed-G or
conpar af Ni&nRhdgiiieHal [ €Sting by The [T O m pg Process

cal l ed extrusion. Typically 2500 g ofl a powder bl end

of Ethylnaphthalene © 0.1
Dimethylnaphthalene 0.6
Trimethylnaphthalene 0.3
Cll+ 2.6
Total Components 100
ASTM D-2887 simulated GC method: 333°C

99.5 wt-% ending boiling point

-10 -



25 W -

% al um na (conmercially avail abl e under the

trade nanes Catapal (tnm) B and/or Versal (tn) 250) and

wQq 2msA0957mor denite (comerci al |y avai | abl e undePCT/E82005/009367
trade naneZeol yst(tn) CBV-21A) was added to a m xer.

A

sol ution was prepared using 10 g nitric acid (67.5
-% HNO ) wth 220 g deioni zed water and the sol ution

vvas stirred. The sqIMg]Lpg H@gsh@é:lld@gmte@sﬁ)@e powder
lend in the m xer mu to make dough suitable
for ext Catalysh. The douqrAvvas extrd%led hrough a die D
| aAg- Canviersion cyl i hdri c68.0y shape@.20. 16 cn58jl2amater)57.2
EXtRdad@k Fe@l 1@ cl e5. Thegext [ udat g@articl egoser ¢ 396
Cal ci ned at 5650C W TN 18oWerorSi@a%) T OF 2 hours.
UUF:MB mree dirffe Ent pAgal ysts yege M SPEY U3 My 37,
L'JM ‘Lt’.‘rft,“mf’f‘:n‘ SET:A ol %F’.L?‘,L“‘f:nw Qodus 897
anPTPPrBrZ of _anmoni lir:r::n“ %5 ;;qr:a ( IQpM\ u"9§F"'” 1 996
nde¥nat ed base was cal@®lned in ¥4 a 540t of 2 234
houndaneCat al yst A Was 92 shed at904 7 -% 9heni ym  69.7
CatNdphfialddewas fin| shedoas 0/15 veg.por 1eni ugd.1Catlal ysg§9.9
C VasthlIndpiifien@t P-4 Wo 50 rheni ugp [ 0034] ﬁﬁourth, 78.4
at HhphiRseiy €Pa[ €U O 4N JXIrUﬁagl _artl%gﬂ a5
b e T IR BRI T AT
r aﬁmﬁhmaﬂiiialiéﬁ@ CRV 2&3(1 4) wnq? 2d 1o rm%%z {n\m 969 2
bl bd+of 40 wt-% nordend4®. 15 w328 MEL. an#7-85 wt - % 40.6
al um na. The extrudate particle, prepared as above,
Wasd 3 Bhé hesht hh P. 05208:5% pl at pog® u$i Ng 3094 |  290.2
chioroplatinic acrd and 0.5 W - %tln using tiIn
o Sopo e o LS APer o0 St alyst D
s DAY e i oS L AP Y
i 9% plant using heal ,Oar hat i BRIt eéd bl bhd t ¢ 19.7
dendhstrate ef fect|veneds of |i ndafd and napfftthal ene 7.2
conu£r si on and sel ectividtly to xyl @res. | Tabl e.d 33
prous des the Teed fonpogijtion whepg °. v w-Tppt the 19
b VR o R bl 8 G L
"‘nEQ? sted of rnad| LC tn!r’ \.I\A f ]r\at :e“ yst 0.1
andC&ont act i ng 0.0 0.0 0.0 0.0
Benzene 3.2 3.5 3.2 3.7
Toluene 19.8 20.4 20.3 23.4
Ethylbenzene 1.2 1.4 1.5 1.1
Xylenes 39.1 38.3 43.7 39.8
Total 100.0 100.0 100.0 100.0
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the feed at 2860 kPa abs (400 psig) under a space
velocity (WHSV) of 2 hr' and hydrogen to hydrocarbon

wo a6050977H2/ HC) of 4. Before contacting the cateCHE8$2005/009367
with the feed, the catal yst was reduced using hydrogen
at 5000C. Various feed conversion |evels were tested
by adj usting reactor block tenperatures and the

results are shownTABLEDIMSIRBUHToRerdthgh and

moder.at e _conversion_of mat.erial anr‘t Lvel y

[.0036] Catdystiat a showed Aext renely Bigh tonver§on bf D

coket+floavenseor s, |whi cH98 e &l so 439 ed| pol47-¥398bepr  39.5

ar ReadtbcTapeces, and 3d3ese| hi gh 3g@nvef si ong7agr ep 369

W Rnbdisiod(RR%)N the 99.5 w -% endi ng-bol |1 ng-poi nt

acqmz_the reactor. |'r3%3dat aﬁ sgo%ho o SGI3§9{IIV.. 21.7

£

f‘ilm7t| U:I:I U:nli\ ﬁéf rgsTTIT, 8p cycl '75{40“ ofratt “0.0

n. C‘QI '\f‘fl \Il I V.ald I‘IC‘

androp- JhLH;p;;ZviHﬁfEQAfZ%"an;P&@ ohival 889 ol bon 975
nufBA paraffmclspeci®d, AccordiB@ly, | a fecdtiOwit 0.0

ovéndabe wt - % coke |prec®3sors| def80€d as C \ §2.7 51.5

ar diphthalen! us pol ycyohsixc afomat ptd such asoipmdane angl.8

nam}{gtm%@hqlas}@ﬁm es, o be| procggged succeggihul Ty 1ngg3

a Eﬁﬁ)’%hﬁ%i&re' om pr oc7§sls T XYhEReS. | Suchsg3Neayier gz 5

Lfiﬁmﬁ%yFr I R 7 A DAY N AT P Y

A AN A>3 L] T

¢ Trmethylp ne Inri m§9nl| tsia gr 221 er ';m:;r?ié% h a\/:/ 60.0

P4

ar&%&h cs to be tol erdleéd over trfezcat al yst 289ed in 5.7

the invention. TABLE 1: Feed Conpositi onTABLE 2: Hi gh

C9 99.5CanrMesial @OYABLE 378.Moder at e29dgt Copver sRapsCLAl MS: 319.4

1. A process for transal kyI atron of arommtics

CONMPriSing cont acrl ng a Sag&&&r(&,iuy)conpn STy

e Bloariyat on_Sondrians Lo pr dalice b pr odibe. shr eard]
Lsi ti rq13q hel cat allé\;ét C rmrl 413140 a 16.6
so§3d-aci d support mat@Pial|and #.Fretal congvhent 5.7
selCdcted fromthe grouwp3consi stirfRof platifum 2.3
paldsadi um nickel, tini. 7l ead, iriggum| ger ngngum 0.8
rhe um or a colbinat] gn thereofg 32 [The pr(p¢ess of 05
Ct g I vvner el - e s Hu- a,! d Stboport Tat eT i 02
s ARSI PR Y S o N BT
7QBI-CDZ$neM:I t nnnl gy 2810t b NES 4 npn ogy Zablith, 4.1
EuTbluenaPO- 36, MAPSO 37,9 sAPO 5. 21.7 20.5 28.0
EthylBenzene 2.4 3.6 2.9 3.0
Xylenes 39.5 43.0 44.8 37.9
Total 100.0 100.0 100.0 100.0
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SAPO-1 1, SAPO-41 , and silica-alumna and m xtures

thereof. 3. The process of clains 1 wherein the
waelosdoaed d support nmaterial is nordenite and PCEUSBDED09367

conmponent is selected fromthe group consisting of

platinum tin, and rhenium and nore preferably the

nmetal conponent is rheniumpresent in an anount 0.01
CLAIMS? Wt-% 4. The process of any of clainms 1 to 3

wherein the feed stream and product stream are further

characterized by having an endi ng-boiling-point of

99 5 Wprosess f@retraexsaﬂimléaomyf mhma@gse@mmmg am@@tmg a feed stream

d
conSirerBiRRng ST F AT 2ot e e 4O bl g gpnditions o
pro@i@iatGodiRk ke B&h?ﬁsﬁg/ C@lardn@ARs, tﬁ@ Catalyst dnSirRiA ébhlayamd

at | east 1Q0C. he process of claim4 wherein the
supp@émateriabaitd mm@tﬂl naméwné etieasert from the grospsongsthigmf pletinum,

pal AR LG AP ad iSRS kol BB 4 e PBRRESn Bercot

napht Tt gRresssofallaihCib®herBf the sSid-adie Hﬁﬂid?ﬂm@t@n@l lfs k88&ed from the
feed basis. 7. The process of claim4 wherein

groymeqasising plimordanite grprzts czeolite letro Z§Mhild, BXME, @SM@Q ZSM-23,

Ve gl BT Lo A8 Aeh BB L SFARpERS A5

SARO-1% SAPOTAE apd eites-al@hing hid MiGumwb eiepédt. t he conver si on
of feed streamindane is at |east 50 wt-% cal cul at ed

on & Thepmcpsad chhnipd vdraeip il solidtacid srpppe araterid mmry&emte and
the ﬁ1% at %r@%}%&?% s%letcﬁeﬁsffgbenfé gjeegg[rglg% Q 15318% e? B@gﬁ%@fﬁ an rhenlum and

moﬁ@&éﬁﬂab@ﬁhé et Rempanéht ¢OMeEInE B8sedt i icarhead GOT AMwt-%.
met hyI napht hal ene | s at least 50 wt-% cal cul ated on a
f r dshThe pepcpipgfany of claims 1 to 3 wherein the feed stream and product stream
are further characterized by having an ending-boiling-point of 99.5 wt-% as determined by the
D2887 simulated distillation GC method, and said product stream ending-boiling-point is less
than said feed stream ending-boiling-point by at least 5°C and preferably by at least 10°C.
5. The process of claim 4 wherein the feed stream naphthalene content is at least 0.3
wt-% and preferably at least 0.5 wt-%.
6. The process of claim 5 wherein the conversion of feed stream naphthalene is at
least 80 wt-% calculated on a fresh feed basis.

7. The process of claim 4 wherein the catalyst further comprises an inorganic oxide
binder.

8. The process of claim 5 wherein the feed stream indane content is at least 0.3 wt-%
and preferably 0.5 wt-%.

9. The process of claim 8 wherein the conversion of feed stream indane is at least 50
wt-% calculated on a fresh feed basis and preferably at least 75 wt-% calculated on a fresh
feed basis.

10. The process of claim 5 wherein the feed stream further comprises
methylnaphthalene, and conversion of the feed stream methylnaphthalene is at least 50 wt-%

calculated on a fresh feed basis.
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