PROCESS FOR THE CONVERSI ON OF ETHANE TO AROVATI C HYDROCARBONS Fi el d of the
I nvention 5The present invention relates to a process for producing
aromati ¢ hydrocarbons from ethane. Mre specifically, the invention relates
to a dehydr@@ronmdatiigati on process for increasing the prrsduseionsgss benzene
and/or total aromatics from ethane. 10 Background of the Invention

There is a projected global shortage for benzene which is needed in the
manuf act ure of key petrochem cals such as styrene, phenol, nylon and

pol yur et hanes, anong others. Cenerally, benzene and other aromatic

hydr ocar bons are 15 obtRiGHéd ByR dépaFat Viig LaNf e¢eddidobk T4 action which is
rich in aromatic conpounds, s Mad IF e OIRY&FBEBT oduced through a catal ytic
ref orm ng process and pyrolysis gasolines produced through a napht ha

cracki ng proeesss dfsr em noR=atosmt i ¢ hydrocarbons using a solvent extraction
process. gOI n an ffortctq neet gr ow ng worl d demand fo benzgne. and ot her
aromatics’ vari ous'® REUETi al'VHHd “Acateti®e Fesedrefers HivE” e Wor ki ng
for several decades teddewebops catal ystisicandrprocessesi da0 lgmkend i ght
aromati cs (benzene, toluene, . xyl X) ., f.rs -advant aged, |ight
25 paraffin ?@’nen(qﬁ)onf gfeeng%PF%(oe? %ﬁ?%ﬁ%ﬁﬂ%ﬁéﬁ%\% ggﬁé S%r\'{tglﬂi s application
usual |y cont arpremsiagi dic rzedhitiemmaf epdredengueti/as ZoSM5 agndables or nore
metal s such as,Pt.-1G8. 2Zn, M, etc. to provide a dehydronenatipn function.
Aromati sation of ethane and other |ower al kanes is the thernodynam cally
favored 308 aBa UREnperReutBVHldolow pressure without addition of
hydrogen to the fieede Unfoptunat@lay oibhesenpeosRs Foeonstiddnensnane al so
favorable for rapid catalyst deacti vatiipr}(t due to formation olf1 undesirabl e
surface coke'd s Wi Eh BT O THEC eds 8 PR PNV ES i F8ER @S For
many hydr ocasboterer, opessiingnappl iscat pongireohenappreach dtmereduci ng cat al yst
performance deeline rales due. 1o coking.d.s lo inereasejhe.catalyst metals
| oadi ng i n an effort to prornot e faster’ ydrogenati'on/breakup of | arge coke
5 precurd6r nbteiguklesby orerelet sy faadecdAotkhéradppmoathcli rivolk ves in

I ncor porati Ograxaagdbés@&%d@y%&s 2RhosphaLe: Orp [ ALe . §antRs  h 0, moder at e
surface acidity and reduce coking rates under reaction conditions. These
approaches afFetHpPPE6pEsE@IPerPPIcecesses MEaL uFingerPXkE SoPrsf &MY - novi ng
catal yst bedshrough a naphtha cracking process, from non-aromatic

hydrocarbons using a solvent extraction process.

20 In an effort to meet growing world demand for benzene
and other aromatics, various industrial and academic
rescarchers have been working for several decades to develop
catalysts and processes to make light aromatics {benzene,
toluene, xylenes, or BTX) from cost-advantaged, light

25  paraffin {(C,-C,;) feeds. Prior-art catalysts devised for this
application usually contain an acidic zeolite material such
as ZSM-5 and one or more metals such as Pt, Ga, 2n, Mo, etc.
o provide a dehvdrogenation function. Aromatization of
ethans and other lower alkanes iz thermodynamically favored

30 at high temperature and low pressure without addition of
hydrogen to the feed. Unfortunately, these process
conditions are also favorable for rapid catalyst deactivation
due to formation of undesirable surface coke deposits which

block access to the active sites.



10 wherein the average catal yst particle residence tine in the reactor zone
bet ween regenerations (coke burnoff steps) is relatively long (at |east
several days). For exanple, see U S. Patents 4,855,522 and 5,026,937, which
descri be ZSWOZ00%YHE” | ower - al kane aromati zation cat al ySt/{priHERE€H with Ga
15 and additionally containing either a rare earth netal or a

phospor us-contai ning al um na, respectively. Yet another approach to
circunvent this problemis to devise a |ower al kane aromati zati on process
in which the catal yst spends a relatively short ti rre,{(jl ess than a day) 20
under reaction coifti PRBhSEPHF @ PePhgeSUb Ect ¥ 16 ¢oke KdFnof f and/ or

ot her treat mapb{SycraicoetedtcihgStQrdIRg: apd r REmSOPE ek 1ihe kg dad catal ytic

activity. An_exanple of suct]l a gro%gss jts 3onﬁ rtletatl%r&ngd.tnmiorarqore
paral | el realtofe '&dGntai i AGCFFXEd ToF St'ativ6naly tat aPyst beds® wit h at

| east 25 oneeréact ar pféidtre fhorecaydl ysinategeeratdonoatlaagy grkeen tine,
whi | e thesot %écﬁzga%‘%.t Ob1dSh ek SLATRPEOEESSI NpL %e'r%gﬁrc@a:c'ﬁane feed under
aromat | zati on conditions to nmake aromatics, Another exanple of such a
process feat dreslees fotdinredtcan allystidbediesi suhiash phatrlafst or past j cl es
cybc bapj dly .apgh3Q QAL NUQUSL Y- et WeLH: & Leactd QR eZoMe Nhehees
aromatication takes place and a regeneration zone where the accunul ated
coke i s burnE39%f fePRE YattAPYst A6 1 eSEUTR “REFPYTASF, 2 FOréPRERRAPTE U. S.
Pat ent 5, 053rb70heseEévesanting dibhed ¢r caessyfiviagnyverdivag bawer
paraffin m xtures to aromatics. Requirements. for optiml catalyst

per f or mar‘]?e A5 Pr gé(ésasvﬁrﬁ\%l ‘v}él‘tr‘f‘glyﬁtr%%attliﬁggl Yo EREPEC peti®od o "tat al yst 5
exposure to reactdmonosenditiveonsrdighween wachcpegenenati crtcpseatsrent, such
as a fluidized;hbe o] N of ] iff om.t hpse i - 0 Vi ng- bed
o ocesses whieht faenyy ST at i pe L e ek B e e F e B

condi ti ons bEt%eetrtragenbriabi biv tandab nitit <37 speeidh caFyibe ASProcesses 10
i nvol ving sheyt. catalyst, £xPasua iLLIBS, dibahSqi MMOLELAAL, thal the catal yst
not exhi bit excessive initial cracking or hydrogenolysis activity which
coul d corver 8¢ g diié B vt Fen Feedsroektied andesis &6Ireh 1edsd- 9aldiabl e
byproducts syghs@suRethangniisCertann, metilstsueh, as Pt which are very
suitable for catal yzi ng t he deh drogena,ti on reacti.ons that are essenti al

for an al kane dehydr 857 GHat PRRITHH pPoce<S ™SRt dt'sd, PHNAET" d&rtQin

Ci rcunst anceseviliespl aywamndeshriabl@nhy df ogenobysiassachi viiton that | eads to

excessive prQQ%Q?JSQ”SBLuﬁ?%h%szng%?§ short time (less than a day)

20  under reaction conditions before being subjected to ccke
burnoff and/or other treatment(s) aimed at restoring all or
some of the criginal catalytic activity. An example of such
a process is one featuring two or more parallel reactors
containing fixed or stationary catalyst beds, with at least

25 one reactor offline for catalyst regeneraticon at any given
time, while the olther reactor(s) is/are processing the lower
alkane feed under aromalization conditions to make aromatics.
Another example of such a progess features a {luidized
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30 continuously between a reaction zone where aromalization
takeg place and a regeneration zone where the accumulated

coke is burned off the catalyst to restore activity. For



20 hi gher hydrocarbons. The inclusion of a second, inert or |ess-active
netal in a catal yst conposition to hel p suppress the hydrogenol ysis
activity of the first, nore-active netal is used in conmercial scale

catal ytic n¥PHOWAF44T orming in which C5-Cl12 paraffins affd/Hapltheaes are
converted to 25 aromatic conpounds with catal ysts which are predom nantly
binmetallic and are supported on chloride-pronoted alumna. As indicated in
a catalytic naphtha reformng review article bY C. A Querini in velum 6,
pages 1-56 of the Encyclopedia of Catalysis (I. T. Horvath, ed.; published
by John W1 ey*&"BbH30Ms - I}??ct.e,ntl-ﬁrb%?eﬁ,?o NERTCTaPeRy: AT BB0BF O e tiese

cat al ysts typbeatdwecontqinwBt pitisranothanraetal Suehtass.Re (in sul fided
form or Sn. AnD ot her effefcts t.hese ste;iogg metfal s can .interact with the
Pt to reduce hydrSgensrysi's RetTRANY! tH&'eby e éheiy *hé rate of
unwant ed net banesforinmbioimg ThesktRiveRe @ndtPbéSmpdattatystly,stsupported on
o e sDr auBLea. AL Og. Bhecul ey ermloved Laf Lxedhed (e - 5
regenerative) nd novi ng- ed (conti nuous) naphtha reforners, respectively,
and their corpesitdrgnssatie sopti Mwad zRarbekarivel .y cRong datralfyet exposure
times to reaghi,on £oRditions RetMReRcHegeNLALE O dheat fBMS 10108, aver age
catal yst particle residence tine in the reaction zone between 1

regener at i on CBf@hfifeRIFECTHITgES$™F riom 42 F WU APEST 9oV PRG'HEd reactors and
up to 1 or 2r}é§@xg§rdg:ﬂof1i‘é@&d}tﬁ@d]ﬂ.ea@b@gﬁfio‘étm,w?irﬂ@rb@e%ék&s artihclhe by
Querini nti.oned above, typic Pt _and Sn levels in Pt/Sn naphtha

ref or mi ng‘acatlal"?/]s‘f]s”ga?géjﬁt. ﬁ&f?%%tc FXPEELH dat'af ystls }%Hi“%%rtﬁggaPRF | ack a
strongly 15 abkdiarazeslite eahponentkcedoi viotinwoidl wekkkfor drower al kane
aromati zati on, 1. woul.d be advant rQvi.d | i-gh
hydr ocar bon 3‘&%{}%‘%@615%8%% id;éé:tliv%)ﬁy pwgléggsg&a%]%ﬁkg%ﬁ g'\eéop@ﬁ orgrffegﬁ%nder
condi ti ons t Heeawvthorakd caldepifavior.abkes forlusbght buidednet 2G vahoaat i zati on as
descri bed abque, .which provides for relatively short catal yst exposure tine
to reaction conditions, wherein the average catal yst particle residence
time in the reactiviazbreetFeeweet rég8het Bt oA e restynBAt gy fpe from 0. 1
second to 30:AtAKAS g Phd ddnybdigedthed Feagtions 2 andr-Erameari gw hours up
to a week in noving bed and fixed bed reactors, and in which the catal yst

conposi tion 8 oft A 2RY 155 VFETRICE R EBESVEPRT T &2 pfotuctT8h™ of
| ess- desi r abkerbypr eductsstsuwebs asa@thdnerdesirable hydrogenolysis

activity that leads to excessive production of methane from

20 higher hydrocarbons., The inclusion ¢f a second, inert cor
less-active metal in a catalyst composition to help suppress
the hydrogenolysis activity of the first, more-active metal
is used in commercial scale catalytic naphtha reforming in
which Cy—~C); paraffing and naphthenes are converted to

25 aromatic compounds with catalysts which are predominantly
bimetallic and are supported on chloride-promoted alumina.
As indicated in a catalytic naphtha reforming review article

by €. A. Querini in velume &, pages 1-56 of the Encyclopedia

of Catalysis (T 7. Horvath, ed.; pebhlished by John Wiley &

30  Ssons, Inc., Hoboken, New Jersey, USA, 2003), these catalysts
typically centain Pt plus another metal such as Re (in
sulfided form) ox Sn. Among other effects, these second

metals can interact with the Pt to reduce hydrogenolysis



Summary of the Idiventdbn 30The present invention provides a process for
produci.ng aromati c hydrocarbons which conpri ses: (a) contacting

et hane with a dehydroaromatdzati on catal yst wherein the ethane contact tine
(the aver ag®0 ¥¥¢i0Hdhce time of a given ethane nol ecul GV PEEEL I on
zone under reaction conditions) is preferably fromO0.1 seconds to 1 m nute,
preferably 1 to 5 seconds, nost preferably at 550 to 730C and 0.01 to 1.0
MPa, said catalyst 5 conprising: (1) 0 005 to 0.1 %w (% by wei ght)

pl ati num basis, the netal, preferably 0.01 to Q.06 %u, nost preferably
0.01 to 0. 05 %tV ¥2) t}é?fe?ﬁfoﬁ‘r’ﬁreéifﬂ?? SheWFR téh Of sUEERAFY 118 %F‘“%r eater 10t han
t he anopunt Offoﬁtﬂﬂ@tl@)'natl num but not nore than O. 50 %t of the catalyst,

pref erably not thn0200 of th ctal most  prf fer bly not nore
than 0.10 ot of e cg y&pe /Iwéss ‘e Yiet’al™ p@%lit\f)d 7 % °§§g‘§ ot of an

al um nosi | i C@temomta@ur@bﬂay arezer@tielxe ,ermpasysi uhefa%asﬂﬁbﬂ@sﬁel@mcat e,

preferabl v 30.59,89,9, M appsfenably seleghed.fromine graup.consisting of

ZSM 5, ZSM 11, M23 20pre bl'y converted to the O+
form prefer a@bryefﬁavr:‘h@ &ngj D*ze/w 208l ap T ateocfirfirein20: 1 to 80: 1, and

relatively long catalyst exposure times o reaction conditions
between regeneration treatments. The average catalyst
particle residence time in the reaction zone between

10 regeneration treatments ranges from a few days in moving bed
reactors and up to 1 or 2 years in fixed bed reactors.
According to the article by Querini mentioned abeve, typical
Pt and S5n levels in Pt/Sn naphtha reforming catalysts are
0.3%wl each. Such catalysts, which usually lack a strongly

15 acidic zeolite component, do not work well for lower alkane
aromatization.

It would ke advantageocus to provide a light hydrocarbon
dehydroaromatization process which can be performed under
conditions thermodynamically favorable for light alkane

20  aromatization as described above, which provides for
relatively short catalyslt exposure time to reaction
conditions, wherein the average catalyst particle residence
time in the reaction zone between regeneralion treatments may
be from 0.1 second to 30 minutes in a fluidized bed reactor

25 and from a few hours up to a week in moving bed and fixed bed
reactors, and in which the catalyst composition is optimized
to reduce excessive initilal production of less-desirable
byproducts such as methane.

Summnary o

=
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30 The present invention provides a process for producing
aromatic hydrocarbons which comprises:
{a) contacting ethane with a dehydroaromatization

catalyst wherein the ethane contact time {the average



(4) a binder, preferably selected fromsilica, alumna and m xtures

t hereof; 25(b) collecting the products from (a) and separati ng and
recovering g qromati ¢ hydrocarbons; (c) optionally recoveri ng met hane and
hydr ogen an®(%¥1%¥ti onal Iy recycling Ch; hydrocar bons"@6VEYP034Pke audcbnil
yo ...s may canplleenore red: Yd.:in 30 vessels, chanbers, or zones,
arranged in parallel or in series, in which contact between the catal yst
particles and the ethane-containing feed occurs. The reactor vessel (5)
chanber (s), or zgne(s&ﬁimay eature a {)i xed cat aigls,t bed &i_.,e., with

paral | el bedsfS &K %w§e Moveng 64t &F81° BEGCCBre a'f FUF dfF6¢BRd, 1n a
preferred enbodénenter acddtiicdi zedihadnspact pirefsratdedf-de .pr ocess i S
optim zed to M.pLAl 26 Lhe Akerage catalyst Battielg esjdence time while
mai nt ai ni ng 5°se ectivity and’ conversion rate. € avérage catal yst

particl e resipdenesiiliymeti 50 he avErage: anounto af. ot Mpe, tdaatl aacatyakyst
particle iss icrg) 1t}hl(asiz;(t}ct_i ve reaction zone with ethane between regenerations.
Cat al ysts "of 1 rI%%“;‘)r“esqe'nt invention - featuring |ower 10 | evels of

dehydr ogenati on netal ({pref.étabty PRt swittt potentdrall prackiumg Pamict i on,

pl us proper noderation of tth@emggﬁxdg)ggﬁgpgmgnom alo 8ChE idy yhIh -
appropriate anounts of a second, attenuating netal - are designed to limt
initial cracking activity Ricthothtlvs&cPificiongSttt-overall activity 15 and

aromatics selectivity (sequiy adofif SONTBY Ginabhyrvicabke &5 odugtion..rates of
benzene and other aromatics. Detail ed Description of the Invention

The presefit invention is &'pPob¥s<E™PERt fifodiiei Fif Hirehatit 1 dEeEar bons

whi ch conprises bringi ng arAydo omark@nos the catalyst, preferably not
more than 0.20 %wt of the catalyst, most
preferably noet more than 0.10 3wt of the
catalyst, basis the metal;

15 (3) 10 to 99.9 %wt of an aluminosilicate,
preferakly a zeolite, basis the
alumincsgilicate, preferably 30 to 99,9 %wt,
preferably selected from the group consisting
of Z3M-5, Z5M-11, ZSM-12, Z3M-23, or ZSM-35,

20 preferably converted to the H+ form,
preferably having a $i0,/A1:0; molar ratio of
from 20:1 to 80:1, and

{4) a binder, preferably selected from silica,
alumina and mixtures thereof;

25 {b} collecting the products from (a} and separating and

recovering Cg. aromatic hydrocarbons;
{c) optionally recovering methane and hydrogen; and
{cd) optionally recycling C.oy hydrocarbons o {a).

ctor sysbem may Comprise one or nmore reaction

The re
30 wvessels, chambers, or zones, arranged in parallel or in
series, in which contact between the catalyst particles and
the ethane-containing feed occurs. The reactor vesselis},

chamber (s), or zone(s) may feature a fixed catalyst bed



20 feedstock containing at |east 50 percent by wei ght of ethane or other C2
hydr ocarbons into contact wth a dehydroaromati zati on catal yst conposition
suitable for pronoting the reaction of ethane to aromatj¢. h arbons such
as benzene B0 8Pt'&Hperature of 550 to 730C and a 25 préggaﬁéa%@ggggl to 1.0
MPa. The primary desired products of the process of this invention are
benzene, toluene and xylene. The hvdrocarbons |In the feedstock nay be

et hane, ethylene or m xtures thereof, Preferably, the majority of 30 the

feedstock is ethane .apd_fr 0,20 wej perc. dst.ock may be
conpri sed of(éf%yﬂéﬁgg %%%%g%gb+?ﬁé’tgeigﬂﬁgigﬁfﬁgéﬁgg%%ﬁﬁfﬁggfé%gstock may
contain in additeohzep boi.40 Ined ghtefperedmmbeflintiifer aoplh céhrafinped

hydr ocar bons ,..congai;ni pg.bet ween, 3,.a0d B ¢RLBAN. & 0B 8SiGokeast ant s.

Speci fic exanples of such additional coreactants are propane, propylene,

n- but ane, i sébbt#fe cehabittemestand irsobir Eite FiThe My 8r BREI oA Feedst ock
preferabl y copiains al heaslon60: PiCeBte5 lyowelghizeota€R shydr ocar bons,

nmore preferably at least 70 percent bé meight. The &eagtion Egeg is often
referred to REretTcageatHals o7e convBhi BHTEBut™ T4 & nedltt “t8" ihel ude al
of the ot her chydrocapheni ¢t eei at ssheeteted rbocaboveocnt with sthasessary or
desired for EQ?Q&&PIQGQ resent . 10l n a preferred enbodi nent, the reactor
conprises a zone, vessel, or Chanmber cont ai ni ng catal yst particles through
whi ch the et hane-Gonrtlaehs mg freedofdsons bimckrithenrederitonitakesepl ace. The
react or st I L {n | Gi-zed; cat al yst bed. The
reactionﬁgroggkggyfﬁgﬁg¥%§§ﬁgh%§%%iggggke&ﬁgggga%gg?g;cpﬁﬁgcted. The
reaction prodatestigrle crheh rseparalticd  aptlh CEE CBEBHMGeE 2Ryt sdaFBdns are
recovered. Opbhedaldanat M8t hane: and Ry dyogam apersLcover etbwand eptd onal |y
the C2-5 hydrocarbons are recycled to stggigg%. A_fixed;bed“tegctor is a
reactor in WAFER4hEtESTUWNLEY BEtHemafis QAP8iary -t ner'édct or and the
cat al yst par tirglessaret af rangedndut aavesselinggeneraldryia meritiieal cyl i nder,
with the %eact nts and gro uct s B@ssin .tQ{qy%h 5q§n%£?£qug% (ped. In a
fixed bedr et o?" TH& Earal'yStHpart i"6FE8s™ 4t é el @11 “place and do not move
W th respect stodacifioxedat«ef effeheez2k Bnane heFherénxedsbed reactor nmay be an
adi abatic single. be Lt ybe surrounded with heat exchange fluid or
an adi abatic = ange, anong others, Fixed bed
reactprs are al sdfhrefeesed tiovastiackeda aeracar safx &FcBee teact er s provi de

excel | ent aromatic hydrocarbons which comprises bringing a hydrocarbon

20 feedstock containing at least 50 percent by weight of ethane
or other € hydrocarbonsg into contact with a
dehydrecaromatization catalyst compositicn suitable for
promoting the reaction of ethane to aromatic hydrocarbons
such as benzene at a Lemperature of 550 to 730°C and a

25 9pressure of 0,01 to 1.0 MPa. The primary desired products of
the process of this invention are benzene, toluene and
zylene.

The hydrocarbons in the fsedstock may be athane,
athvlene or miztures thereof, Preferably, the majority of

30  the feedstock is ethane and from 0 to 20 weight percent of
the feedstock may be comprised of ethylene, preferably 5 to
10 weight percent. The feedstock may contain in addition up

to 40 weight percent of other open chain hydrocarbons

6



30 solids contacting. The fixed bed reactor configuration may include at

| east two separate fixed beds in different zones so that at | east one bed
can be in active operation under reaction conditions while the catalyst
the other b®&MY/&Mbei ng regener at ed. In a novi i Hed"CLELMti c
reactor, gravity causes the catalyst particles to flow while maintaining
their relative 5 positions to one another. The bed noves with respect to
the wall of the vessel in which it is contained. The reactants nay nove
through this bed with cocurrent, countercurrent or crosgga!nq:vg. Plug flowis
the preferredCRbaE 1 PPhBeHRANg HEY Sof FEP Y tHE™abt T iCy “t 0" W thdr aw cat al yst
particles 10 sgepiiiueushylay cifntefimadtientdnalsootdmytacan be pegeaer.at ed
outside the reactor and reintroduced . into th Lrcuid . n. s, there
i s an advant éﬁ@p}(]gerlfsi Rg™ 4 4PV ﬁ%%}g'ﬁn\?\he% %uﬁgg%%tagﬁdyé%%%geng'sh%% active
life and can hyercontdonubesistocegendrabetly dnrevihgthédapeddt GETAYYE consi st
of at least 1o gnets By él;S.hg{ch&%oﬁyp%ﬁel Y. FBARS ,f Or 1008 0fg NOr e

catal yst beds. e’ supporting nmeans may be permeable to gas and inperneabl e
to catal yst partpel éy. weight. ATh¢ yiediciedr beddr éactioren S TPedf react or
that may be uysed;fqLarhynOulracydrdlkycOfpytuliti phagerehesicaluteacti ons.

20 In this type of a reactor, a gas is gass_e ﬁthggcgsj%hdtlge %a”ick” ate
catal yst at HKighoErd\FgRT Vel JeirEPes iy & E‘fﬁe‘ﬁg’ 5t h8 S0 d and’Caude it to
behave as thaughsidcsesera dd dkedirdheceatiadny st partieckes. may be supported

by a poroys plate, The gas be forced ft.hraough, the ! I up
t hrough the 25 soffd %gg?f%%ef&?oélomv%}%g%%e \}:éeg%clg]i icgg]g%}g%esss%l ?ége'r emain in
pl ace as the vgasepasseshihisoughnthionivgi dstdlysttheanwitcdesallrAght he gas

velocity is iRncr ed, . I . Jeaches:the stadagmhere.the-fpsgce of the
fluid on the W@&Fﬁ?@ﬁ gté%g%g%%%%ﬁggn%e.t e Wi ght c?f t he lool Hd materi al
and Move thi 9130evelBei ryatine coptentsvoinTHeer 8aktsid bBAYBEGi A™t 0 expand

and swirl araqynd,puch Like,anradit abed Lanki o phehhdigcpet ofcwwater, A
fluidized bed reactor is preferred for use in the present inventjon because

it provi d&s @fi tBf MPRPPRCIE SRIFKERGES -unf PForifctenpeCaretyriddi &its and the
ability to opepatgcddenteact &fonat:a ERMdcAUDLS: Strat eechecaat al yst | eaves
the reaction zone with the reactiol%gcproducts and is s Barat d th {efromin

order to be rE§eRRTFHad™BEIYI% 2BEi MG S PR 4°T 8" the Pga%l?'ilgﬁ}ago}ﬁe.

the Cs.s hydrocarbons are recycled to step (a).
A fixed bed reactor is a reactor in which the catalyst
20 remains stationary in the reactor and the catalyst particles
are arranged in a vessel, generally a vertical cylinder, with
the reactants and products passing through the stationary
bed. In a fixed bed reactor the catalyst particles are held
in place and do not move with respect to a [ixed reference
25 frame. The fixed bed reactor may be an adiabatic single bed,
a muiti-tube surrounded with heat exchange fluid or an
adiabatic multi-bed with internal heat exchange, among

others. Fixed bed reactors arve also referved to as packed

had reactors Fixed bhed reactors provide excellent gag
30 solids contacting. The fixed bed reactor configuration may
includse at least two separate fixed beds in different zones

a0 Lthat at least one bed can be in active operation under



The ethane contact tinme may range fromO0.1 second to 1 m nute. The et hane
contact tinme is the average anount of tine that one nol ecul e of the ethane
feed is in the reaction zone. The preferred ethane contact time is from1l
to 5 10 secHPfe¥1P8ger ethane contact times are |ess desiVHbP&* Hetause
they tend to allow for secondary reactions that |ead to | ess-desirable
byproducts such as nethane and reduce selectivity to benzene and/ or total
aromatics. The catal yst conprises fromO0.005 to 0.1 % platinum 15 basis
the metal. The platinumis. hi ghg, active in ter of .catal yzing_the
dehydr oar onatieZ2&t* T P 8aktien” %]ae %ﬁ“ei gatbaquts’%i § tosth%n}geeé/n(tzbga fon in the
cat al yst not rhengorejcnbhantdi.l %t because ot herwi se too nuch nethane w |
be produced. In one enbodi t., Q.01.19 Q.06 %t  platinumis used and
nost 20 preferabl 5“ rm(()%l%)gﬁg)% tgg%gg)g"%vteocf'opra JIi”anumyi s used. High
per formance icstehust ohtaiwed Wot Alawelat iy etai nitow o thEs: ofe et dfs in the
catal yst. sAn attenual ing,metal, hs: an 188se il ccompanent & thecgat al yst of
t he present invention. The at tenuating netal 25 noderates the catalytic
activity of pleati alirii$ovagseio iPetfukd thelprodbet Peh of "Fes¥SFANGabl e
met hane bypr qdycChove he rat.genuati gt natal codutrhar present romventi on i s iron.
For the present inventiogn, the amount of the Iadtteneyat iTg% rr(%e\;t.%l ey be equal
to or greaterr*PRan The AMOUMC8t i WG RFFHI* 5ref'8Yabl y not ‘nore than 0.2
96wt, nore pregfrerabinye aptlnor eot harhdkai0fbwtlyel péeciatibenuating nmetal is
utilized jn the catalyst because, pore yhan Lhat can.Lauseadheaveral
conversion to aromaticcs to become too Fow for “conmerci al" use. The
catal yst al seutehpe iges réaom:16nd orgetgodaecofinbnet oy Cﬁﬁ?‘_él%llﬁl’ﬁ?ﬁosi licate
mterials, preferably thom 30 LR %A ML, chashsglhadAHnnoskhgat e(s).
The alum nosilicates prefera I{ have a silicon dioxide:alum numtrioxide
nol ar 5 rati ¢hef CHroms2ohed BEPOThea AR DS FPEat®Es HafoprererabYy be
zeolites hthﬂ%eB@§ﬂN%L Ok &ﬁ%m@ygﬁj%ﬁ%@@éﬂﬁﬁgﬁ@@nﬂﬁﬁiB@ LSMcBs=ZSM 8,
ZSM 11, ZSM 12 or ZSM 35. The zeolite or zeol ite mxture Is Cprtef erably
convertedt o WE FEFMIT0 B bATIE VBRI CPeRta HtiTart §T & ThBPE® Cattaryse the
dehydr oar omatgjezat i omel Quppaetiingnme Jitd snagabe heracepnpldcshed byt cal ci ning the
anmoni um f or m of the{r;}) zegl i(’geu i.n gi r at atenperature of at |east 400C. The
bi nder mat er iAPCERFVES RSP PSS BT fof di ng
A fluidized bed reactor is a type of reactor that may be
used to carry out a variety of multiphase chemical reactions.
20  In this type of a reactor, a gas is passed through the
particulate catalyst at high enough velocities to suspend the
solid and cause it to behave as though it were a fluid. The
catalyst particles may be supported by a porous plate. The
gas may be forced through the porous plate up through the
25 solid material. At lower gas velocities the solids remain in
place as the gas passes through the voids in the material.
As the gas velocity is increased, the reactor reaches the

stage where the force of the fluid on the solids is enough to

alance the weight of the solid material and above this

30 velocity the contents of the reactor bed begin to expand and
swirl around much like an agitated tank or beiling pot of
water. A fluidized bed reactor is preferred for use in the

present invention because it provides uniform particle



i nvidivual zeolite crystal particles together to maintain an 15 overall
catal yst particle size in the optinmal range for fluidized-bed operation or
to prevent excessive pressure drop in fixed or noving ﬁ((r;l tion. The
bi nder may B& ¥&/¥et'éd fromthe group consisting of alu Hg&%@ o,
silical/alumna, various clay materials such as kaolin, m xtures thereof.
20 Preferably, anorphous inorganic oxides of gamm al um na, silica,
silica/alum na or a m xture thereof nay be included. Most preferably,

alum na and/ar, silica.are used as. the bi nder | .. £ i.num
cont ai ni ng cr ystla?1 i ne%gmrﬁerliﬂggfﬁ%% ra%iﬁ: gg% %S@Pé,lpéﬁg;tobe
synt hesi zed byepreparhengettieoraliond nesith heaie S@@h@al ribegcetrel valtum num and

siliconin the, fv%é”a}vgo 5509&1910%5}1&% Rl 8l U00Ro4 he-akupd ngsi likcate and

then calcining t alumnosilicate he attermating netal may al so be added
by the same preocedia® therehiam ppierden §0UPt A760SFIaM PRFO0 B6ANEf ter t he

addi tion of platinme Thee BIAL €.} Re added by any commonly bl own net hod
for adding metal's to such structures including incorporation into the

al uni nosi i cate fFRIMSKOFRS dHFItAGE ciriyst &F‘YSW‘tqﬁegF%m ort §‘l‘?‘|‘f3%’?éjqL’ré?niL i on
exchange int aiancal r eady- syidhestzedcryst als fihamewordge @rnowve;l lbtas by

vari ous |rrpren rretho known.to those s |IIed| The
pl ati num and g‘tm?e,ﬁ et et btgma gh?feby “Fhe’ Sséﬁ]egger’ a'fcfté(r)rént
met hods. 51 n znpr ef'ﬁrer @dee@m@: Hemneofconh@ctpnaslents ifmeent i oh San et hane

feedstrearp i s J.aproduged i ptg Lhe ﬁ&ﬁ%@wﬁ{r&@gkéazés%ndggggm The

feedstream t hen cones 1 nto contact catal yst particles for the
prescribed péricodsofticivnbendhe pedet ifon prodliers FexVdorhetidadeaf and are

transferred inf Qeélwicﬁeﬁ@Q@I@tb@rpmessggaﬁ af Ol BERY €8 qt hea@fomat i ¢
products and the EI’I nci pal byproducts, nethane and hydrogen, which

preferably nm#plBe %‘é]&dvéPe"EP“Zéﬁﬁ NS Efove$ €325 Bypr oduct s and unr eact ed
et hane whi ch Optlmaldaytamw b@mbecy@ gdohoo tdve dehydr caropeddizati on

reactor. ovvln is illustrative only and is
not inten ed b[a8 Fl'rﬁ‘? mteﬁélscorﬁlg S}att |h%§?ﬁqh§ﬁ S0 e Aftpt & of
Catal ysts A tdaraughi i \n/eéedqmyeimaaecdnaxrizsaﬁqm esaof i ZSMnE zema tespowder OBV

D e B8 QR 2B okl oo BYBLLARL sl sl vl etatt onal
noi st ur e pr| drecause otherwise too much methane will be produced. In one
embodiment, from 0.0l to 0.06 %$wt platinum is used and most
20  preferably, from 0.01 to 0.05 %wt of platinum is used. High
performance ig thus obtalned with relatively low amounts of
metals in the catalyst.
An attenuating metal is an essential component of the
catalyst of the present invention. The attenuating metal
25 moderates the catalytic activity of platinum so as to reduce
the producticn of less-valuable methane byproduct. The
attenuating metal of the present invention is iron. For the
present invention, ths amount of the attenuating metal may be
equal to or greater than the amount of platinum, preferably
30 not more than 0.2 %wt, more preferably not more than 0.10% wt
of the attenuating metal is utilized in the catalyst because
more than that can cause the overall conversion to aromatics

o become toc low for commercial use.

9



25 to use in catal yst preparation. Metal s were deposited on 25-50
gram sanpl es of the above cal cined ZSM5 powder substrate by first

combi ni ng aap Erlﬂgte amounto of stock solutions of tetg @W{Ey)ﬁ)&g}g tinum

nitrate and™a #{ferric oxal ate, diluting this m xt oni zed
30 water to a volume just sufficient to fill the pores of the substrate,
and inpregnating the substrate with this solution at roomtenperature and
atmospheric pressure. Inpregnated sanples were aged at roomtenperature for

2-3 hours and the dr| rni.gh 1 : rget. .pl at m | evel s
for catalysts A B, ggt\g)v\eragsglé %&6§%ﬁmﬁghéot%% -gl%tgp %tfl ra'ltu%)nH%Jevel for
catal yst D was moﬂﬁ%wmlfrmlgepaw oretegvel s froepferialwsren A0 Be €3-%And D

were 0, 0.04,..0, 08,.and,0. 1oy, <1 eSReEtLyel ¥ne ThERHBEE NUM@Rd 5 iron
contents of catalyst D were determned by first cal cini ng a sanple of the
i

catal yst at 536E(3idr hoee of 1L eeP ROt StiuréNdhd Ferde? "W Pdss on

ignition (sLOD::pereent-agezo Aokraown wfmsa]@{ﬁlmtan_e@&@d, mgpm@eabalp yst D,
corrected by LOTﬁgercent age, ested using clos ves crowave

acid 10 di ges¥i 671 VSl Wﬁﬁ“%ﬁ??l%ﬂgl’ﬂfd?ﬂ%%htly@ﬁ EU%erfdmﬁy%ﬁ f”laﬁl’gb?c aci ds.

The sol uti on asssdidam-ed toi-ai1knpsm WobunesMmitsh déleomezedwvairer t hen

onalyzed o MLLIURANd, [OR, Oe NSSLLY SR F D BSIR (BTL ?‘2@0% o

anal ysi s. Theé resuf t & and ySes were :
pl ati num 15( @wétageer\talaledﬂtﬂ625h%m )caaﬁame 178 Aeih D ORTONGRZALHe1 | T on

(average wal ye 0. 172 Papt)...These,f&suht s ©,LXPISSSed 85 Wakghtyper cent
based on the weight of the 550C-cal ci ned catalyst sanple. Catal ysts nmade on

the ZSM 5 subf$tiatle tier eediiist ipoatledt20 FTHRsrprast i Bagseaiid pressed at
20,000 psig f@h.2 M n using an isostatic press. The resulting "rock" was
then crushed and sieved to obtain 2.5-8.5 ramparticles suitable for

testing. For eachTipetfiofmmnederést seves- gee chapges off eatdlyst was | oaded

into a quartz.tube, (5 QQOP{M it ANGPOSELd ORBHei it A +35ni hegnzene furnace
connected to an aut onat ed FOM/SyStEWI Prior to erfornance

gas
testing, &l Oé”éif%]rlysctaié‘l%é?‘gé?“ﬁé%e priéer eat’d® PRESTRU rﬁi.“g%lt‘??&spher| c

pressure as fableywssdfah 6sd:QitAdhi @N o bheddnt akcdhilviet ersspete hews (L/ hr),
fduri 0o, whi ch he L SESOLVal) hEBELALYLE Va5 0L NELLRs%d TR f 0 S10C

from the group consisting of alumina, silica, silica/alumina,
various clay materials such as kaolin, or mixtures thereof,
20 pPreferably, amorphous inorganic oxides of gamma alumina,
silica, silica/alumina or a mixture thereof may be included.
Most preferakly, alumina and/or silica are used as the binder
material.
2 platinum containing crystalline aluminosilicate, such
25  as Z8M-5, may be synthesized by preparing the aluminosilicate
containing the aluminum and silicon in the framework,
depositing platinum on the aluminosilicate and then calcining
the aluminosilicate. The attenuating metal may also be added
Ty the same procedure, eithey prior fo, asimaltaneously with,
30 or after the addition of platinum. The metals may be added
by any commonly known method for adding metals to such
structures including incorporation into the aluminosilicate

framework during crystal synthesis, or subseguent ion

10



for 4-8 hrs, then further increased from510 to 630Cin 1 hr, then held at
630C for 30 mn; (b) nitrogen purge at 60 L/hr, 630C for 20 mn; (c)
reduction with hydrogen at 60 L/hr, 630C for 30 mn. end of

At the
the pretreattBit?10580% et hane feed was introduced at 15 ¢Vh**¢P16H%* gas

hourly space velocity-GHiSV), 5 atnospheric pressure, with the reactor wall
tenperature mai ntained at 630C. The total reactor outlet streamwas sanpl ed
and anal yzed by an online gas chronat ography systemtwo mnutes after

et hane feed addition., Based an conposition data optained fromthe gas
chr ormat ograprﬁxglnﬁﬂ%ef yairg 2y qﬁf}ggylﬁ)\méﬁuﬁ 0, & gm th

cryatal framew ; ;
ne ‘conversi on andpﬁwydr ocar bon
product sel ectdlvi &4 a3y wereocoippteghadoor krigpdsoktdve: fol tlowieng f or mul as:

et hane conversi, % - 0,x (100.- -%.w et ' Let strean),/ (%
et hane in fees%ﬁgee?elcnt it\g}fgt@%t'o Eg%lr olcaar 15ﬁ %%ggﬁ%%%%%ogh%%{ hag}et hane) 15
- 100 x (nol éx efidedrdyonh¢ nsamroant digff eppoduetthvigener at ed) / (nol es of carbon

i n anmount of ethape Jeacted)eFOrLPW RESES: Ofhd Reesaleghi Vit prcakcul ation,
Cyf aromatics were assuned to have an average nol ecul ar formula of CLOH8

(napht hal ene)et"2pANHISPFEECHE disi mlRY AEEi A feVar sCHhE PAT ¢T3 241 bat i zat i on
performance datatcbor Gatakysiss rBab, riRnepared iand t@st-ed astrdaeseri bed above,
are presented in_table e data in Tabl g, 1 indi cate Ehat tQ‘%e

1. The datz
| ow Pt / Fe/ ZSMPS L AT aIR7ST8C B A= ¢ ot RRaht on

ed pErio M
&Seht "I nvent iron (less than 0.05
%t Pt, Fe | exekbt2&n grredtetrs tlkanet tte arpuntr eghdPerdutraneteatzaveéndoc 10 % )

provide bgtter initial suppression of . ar ti;an.and hig
selectivity to Sﬁgﬁrzaetr?g'ang&f ostegﬁggtr%rnﬁgﬁéggyuﬁggr Qg#ﬁaéﬁg %f onﬁ'{gisn Igc'gli pn
condi ttpns tHde patadipstsbyermtdcts . impthhne pichévPrgoes | eheth fal | outt he

rangen of the, presant, Ltyesdnihpe -0 2009 105447RCT US20004.034364 NTr i cf)
(3. 1-- 1f) if)Li) €O .-=1 LO di _
and unreacted ethane which opticnally may be recycled to the
dehydroaromatization reactor.
15
EXAMPLE

The following example is illustrative only and is not

intended to limit the scope of the invention.
20 Example 1

Catalysts A through D were prepared on samples of 7ZSM-5
zeolite powder CBV 3024E (30:1 molar SiQ::Al;03; ratio),
available from Zeolyst International. The powder samples waere
calcined in air up to 6509°C Lo remove residual moisture priocr

25  to use in catalyst preparation.

Metals were deposited on 25-50 gram samples of the above
calcined Z8M-5 powder substrate by first combining appropriate
anounts of stock selutions of tetrasmmine platinun nitrate and
ammonium ferric oxalate, diluting this mixture with delonized

30 water to a volume just sufficient to fill the pores of the
substrate, and impregnating the substrate with this solution
at room temperature and atmospheric pressure, Impregnated
samples were aged al room temperature for 2-3 hours and then

dried overnight at 1007°C.

1]
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Target platinum levels for catalysts A, B, and C were all
0.04%wt. The target platinum level for catalyst D was
0.15%wt. Target iron levels for catalysts A, B, C, and D were
0, 0.04, 0.08, and 0.15%wt, respectively. The platinum and
iron contents of catalyst D were determined by first calcining
a sample of the catalyst at 550°C to drive off residual
moisture and render a loss on ignition (LOT) percentage. A
known mass of untreated, ground catalyst D, corrected by LOI
percentage, was digested using closed vessel microwave acid
digestion involving nitric, hydrochloric, and hydrofluoric
acids. The solution was diluted to a known volume with
deionized water, then analyzed for platinum and iron by
directly coupled plasma emission analysis. The results of
duplicate analyses were 0.160 and 0.165 %wt for platinum
{average value 0.1625 $wt) and 0.174 and 0.170 %wt for iron
{average value 0.172 %wt). These results are expressed as
weight percent based on the weight of the 550°C-calcined
catalyst sample.

Catalysts made on the Z8SM-5 substrate were first loaded
into plastic bags and pressed at 20,000 psig for 2 min using
an isostatic press. The resulting “rock” was then crushed and
sieved to obtain 2.5-8.5 mm particles suitable for testing.
For each performance test, a lb-cc charge of catalyst was
loaded into a quariz tube (1.40 cm i.d.) and positioned in a
three-zone furnace connected to an automated gas flow sysltem.

Prior to performance testing, all catalyst charvges were
pretreated in situ at atmospheric pressure as follows:

(a)  calcination with ailr at 60 liters per hour (L/hxy,
during which the reactor wall temperature was
increased from 25 to 510°C in 12 hrs, held ab 510°C
for 4-~8 hrs, then further increased from 510 to
6309 in 1 hr, then held at #30° for 30 min;

(b) nitrogen purge at 60 L/hr, ©€30°C for 20 min;

12
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(¢} reduction with hydrogen at 60 L/hr, 630°C for 30

min.

At the end of the pretreatment, 100% ethane feed was
introduced at 15 L/hr (L1000 gas hourly space velocity-GHSV),
atmospheric pressure, with the reactor wall temperature
maintained at 630°C. The total reactor outlet stream was
sampled and analyzed by an online gas chromatography system
two minutes after ethane feed additicn. Based on composition
data obtained from the gas chromatographic analysis, initial
ethane conversion and hydrocarbon product selectivities were
computed according to the following formulas:

ethane conversion, $ = 100 x (100 - % wt ethane in outlet
stream) / (%wt ethane in feed)

selecltivity to hydrocarbon product Y (other than ethane)
= 100 x (moles of carbon in amount of product Y
generated)/ (moles of carbon in amcunt of ethane reacted)

For purposes of the selectivity calculation, Cy aromatics were
assumed to have an average molecular formula of Cighs
(naphthalene) .

Analyzed platinum and tin levels and initial
aromatization performance data for Catalysts A-D, prepared and
rested as described above, are presented in Table 1. The data
in Table ! indicate that the low-PL/Pe/Z8M-5 catalysts B and C
of the present invention (less than 0.05 %wt Pt, Fe level
greater than the amount of Pt but not above 0.10 %Swt) provide
petter initial suppression of methane production and highex
selectivity to benzene and total aromatics under ethane
arcmatizacion conditions than catalysts A and D, in which the

P /e levels fall outside the ranges of the present invention.

13
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for producing aromatic hydrocarbons whi ch conpri ses:

5(a

ill 01 0 cO 01 0R
CLAI M5 1. A process
contacting ethane

with a dehyWOoapuedi zati on catal yst in a reactor for OP4V¥EEEAIEto 1

m nut e,

sai d catal yst conpri sing:

TABLE 1

Catalyst

.15

.04
0.08

0

.04

0

Target Pt Levsl, %wt

L15

o
[o»)

Wl

Target Fe Level,

£8.52

50.89

58.03

50.39

%

Ethane conversion,

{carbon basis)

%

Selactivities,

32.12 24.2

38.09
6.52

Methane

Ethylene

.61

lan!
i

(o]

.7

Propylene
Propane

.21

0.86
1

C4 Hydrocarbons
C5 Hydrocarbons

i4

.01

Benzene
Toluene

30.49

36.31

36.062
ip

33.3
16.32

14.05

£

18.8

.79

o
o

3.63
6.22

55.16

.75

C8 Aromatics
%4 Aromatics

.99

6
53.97

3.45

58.85

ST

53.85

Total Aromatics



(1) 0.005 to 0.1 %w platinum basis the netal, (2) an
anmount of iron which is equal to or greater 10than the anount of the

pl ati num basis the netal, but not nore than 0.50 %w of . atal yst;

(3) 10 to 9Y¥PURRHSHf an al uminosilicate, and I}C‘tfngm&)%?’%ﬁ? a

bi nder; 15(b) collecting the products from (a) and separating and
recovering C6+ aronmati c hydrocarbons, (c) optionally recovering nethane and
hydrogen; and (d) optionally recycling C2-5 hydrocarbons to (a). 20 2. The
process of claim1 wherein the react rACErWré ses a bed of catal yst
particles and the ethane flows thrOﬂglh—t ie- bed. 3. The process of
claim2 wherein the reactor is selected 25 fromfixed bed, noving bed, and

fluidized bed reagtors.. ..4.. The pr S .9f..cl @y L wherekn,t.he ethane is
contacted with thg I%;Otcéglsﬁs%m? rong O??%%%i {05 secgﬁds, 38 5.Th]e process of
claim 1 wher gicmptheeseaction is carried out at from550 to 730C and from

0.01 to 1'§) MPa. (a) contacting ethane with a dehydrcaromatization
catalyst in a reacter for 0.1 seconds to 1 minute, said
catalyst comprising:

(1} ©.005 to 0.1 %wt platinum, basis the metal,
(2}  an amount of iron which is eqgual to or greater
10 than the amount of the platinum, basis the
metal, but not more than 0.50 %wt of the
catalyst;
(3) 10 to 99.9 %wt of an aluminosilicate, and
(4) a binder;
15 (b) collecting the products from (a) and separating and
recovering Cs. aromatic hydrecarbons,
(¢c) optionally recovering methane and hydrogen; and

{3} optionally recycling C,.; hydrocarbons to (a).

20 2. The process of claim 1 wherein the reactor comprises a
bed of catalyst particles and the ethane flows through the
bed.

3. The process of claim 2 wherein the reactor is selected

25 from fixed bed, moving bed, and fluidized bed reactors.

4. The process of claim 1 wherein the ethane is contacted
with the catalyst for from 1 to 5 seconds.
05, The process of claim 1 wherein the reaction is carried

out at from 550 to 730°C and from 0.01 to 1.0 MPa.



6. The process of claim1l wherein the anbunt of platinumis fromO0.01 to
0.05 % . 7. The process of claim1l wherein the catal yst conprises not
nore than 0.10 % of the attenuati ng met al . 8. The process of clai m 1

wherein the 3?0%”%&% qflc%wgr eWﬁél fnﬁﬁhc LSALS oi aftmglw $ ﬁm;nOO 819t .85 Y

The proéess um nos Cat'e” has & sil1 con dLOXI de :
alum numtrioxide nolar ratio of from20 to 80 10. The process of claim1l

wher ei nt he %'heg}d”&% df‘cq%ﬁ‘ﬁlel %Vﬁel@mztﬁ@tdl&l?sl Bhphiesabl msomeant @ oot e |1
form 1011. The process of claim 10 wheréin the zeolite is selected fromthe

group cettsimtinggeofl. ZSM 5, ZSML1, ZSM 12, ZSM 23, and ZSM 35. 12. A catal yst
conpri si ng: (a) 0.005 to 0.1 % platinum basis the netal,

(b) an armount_iron whic _is equal to or greater, than.the.apou of e
platinudy badi’§ PHOSEReOlRAR) | e e =ppd of ﬂwiwnﬁm%}%%fs gﬁé‘%tcoatPQPgt?Qt;
(c) %Om 0,99. 9 % of an alumnoschate and (d) a binder.

13. The catal yst of claim 12 wherein the anount of platinumis fromO0.01 to
0. 05 9% . The catal yst of claim 12 whereh attenuating netal .

: OTf | f1 5l SCs Thetprddebsorfaldim2ll fhégein thé aluminosilicate has a silicon dioxide : aluminum

trioxide molar ratio of from 20 to 80.

10.  The process of claim 1 wherein the aluminosilicate is a zeolite, preferably converted

to the H* form.

10 11.  The process of claim 10 wherein the zeolite is selected from the group consisting of

ZSM-5, ZSM-11, ZSM-12, ZSM-23, and ZSM-35.
12. A catalyst comprising:
(a) 0.005 to 0.1 %wt platinum, basis the metal,

(b) an amount iron which is equal to or greater than the amount of the platinum, basis

15 the metal, but not more than 0.2 %wt of the catalyst;

(c) 10 to 99.9 %wt of an aluminosilicate, and

(d) a binder.
13, ‘The catalyst of claim 12 wherein the amount of platinum is from 0.01 to 0.05 Ywt.
t4. The catalyst of claim 12 wherein the catalyst comprises not more than 0,10 Yewt of

26 the attenualing metal.
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15. The catalyst of claim 12 wherein the anount of the alumnosilicate is
from30 to 99.9 %, preferably having a silicon dioxide : alum num
trioxide nolar ratio of from20 to 80, and nost preferably being a zeolite.

16. A praocess for producing aromatic hydrocarbons whi.ch conpri st eps
5subst an?i al ﬂyea%f_af)Yétr%ﬁ*ﬁf“a“els%wﬁ%‘@& G L P&f&é}“%“ﬁh‘&“ &2%?‘@?%?5517. A
cat al yST‘gg‘?H B%F&%l'y%lawﬁg%%il%'h‘?ﬁ&i(ﬂ?ﬁﬁﬁlh%% Wokiehefiarens sf femtusto 80,

exanpl e
and most preferably being a zeolite.

16. A process for producing aromatic hydrocarbons which comprises the steps

5  substantially as herein described with reference to the example(s).

17. A catalyst substantially as herein described with reference to the example(s).
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