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PROCESS FOR THE CONVERSI ON OF ETHANE TO AROMVATI C
HYDROCARBONS Fi el d of the Invention The present

WO no0oenoi3on rel ates to a process for produci ng PCDOBI0L034177

hydr ocar bons from et hane. More specifically, the
invention relates to a dehydroaronmatizati on process
for increasing the production of benzene and/or total
aromatics from et hane . Background of the Invention
There is appporectmsk glrebabyshest@ged errmpenzene which
i s needed in the mayshactiar evokokeysdes rochem cal s
such as styrene, phenol, nylon and pol yurethanes ,
annno others General ly, benzene and other aromatic

56Rs ! obtti ned by separating a feedstock

ffaChﬂ@ﬁpM@b@Ht Sn¥ditl dnn ran 9aBYs | €o CORRWRS, rSHCH-ASucing
reformates produced through a catalytic reformn

PrOEESS andrpyr oPYST & (as 61 ARS - pﬂ@&ﬁté@eFﬁ?éG@hg y the
naphtharcrackt 09 05 LRy kb NON: AOMRL bCocess for
hydr ocar bons usi %M; sol vent extraction process. In an
BITOAS e FrBetPEP Wﬁ?QM§ﬁIHe@é%@ﬁuPWQﬁorb§ﬁEéhea%ﬁﬂﬁtlcs
pthereraraatics, various industrial and academ c

king for several decades to

R W IeaPay cesses to make |ight

ar O'THﬂHe%% QQeQdﬁf‘@Jeét@dJ%@%bafyéﬁ 8e°ffo§T&n£éﬁ@whlch

cost - advant age araffin feeds
Py iToredect leatbqay@qrglfcﬁémugédofoker m%trawlemeaﬁﬂ@nsuch as

%%%Aey E)?l@k@in %‘lcﬁlc'a%'dcp€§941kéﬁ1%ser'aﬁllonéugph@f‘s

and one or more metals such as Pt
e rald ypr behdena dehydibegenarioni ¢ unctricgarbons are

égéggﬂédz%glggpgiating a feedstock fraction which is rich in

aromatic compounds, such as reformates produced through a
catalytic reforming process and pyrolysis gasolines produced
through a naphtha cracking process, from non-aromatic
hydrocarbons using a solvent extraction process.

In an effort to meet growing world demand for benzene
and other aromatics, various industrial and academic
researchers have been working for several decades to develop
catalysts and processes to make light aromatics (benzene,
toluene, xylenes, or BTX) from cost-advantaged, light
paraffin (C;-C4;) 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, Zn, Mo, etc.
to provide a dehydrogenation function. Aromatization of
ethane and other lower alkanes is thermodynamically favored
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.
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et hane and ot her | ower al kanes is thernodynam cally
favored at high tenperature and | ow pressure w t hout

w@dawiosel of hydrogen to the feed. Unfortunat eP@T/Ustveses4177

process conditions are also favorable for rapid
cat al yst deactivation due to formation of undesirable
surface coke deposits which block access to the active
sites. For many hydrocarbon processing applications,

one appr eash hedr&fugidig peatakysig paifiararnees desihd ne
rates due to coking is to increase the catalyst netals
ARG iR ARTeFF T tCate lpPonBe e P ER gy decline rates due

hy diagenat konb bl eakily Oftnbarges cpke RIQAYWr $8kding in an
nol ecul es on the surface. Another approach involves

¢ poraPrefobt et Ve rstehe B pReSHkarecbr la i coke

SALdNs HonpRdenal & surfraceuackdity and H.eduggr69ki Ng
rates under reaction conditions. These approaches are
HppHo[ssi afeCFprrpriotesdesdfieht ies ng i wed Pgpsphate or rare

S oWy oYL REr 8L alyists Reds s whey el dy theavera@eng rates
catal yst particle residence tinme in the reactor zone

WedSie &1 2CE 48R ef 2R 4B Fe ok ENBEIF NP FT AESS) aFg appropriate

fﬂ "’Hﬂ.o\é%lsléegO@Qa&@iﬂ%@ﬁ%eéeggr§iovgl ovinEO[:a@%Py@f! Seds
see U S. Patents 4,855,522 and 5, 026, 937, which

Westalinp & hESRV 8ragy pea tladwec- AR kahel arefdderati bhme in the

catal ystsnpr gapfed, wdhnGa and, addidional by reontal ni ng
either a rare earth netal or a phosporus-contai ni'ng

wt atiivelyr éspectivelapstysevanet héxysppr Gachekemple, see
§ld cument <t hi g=propl eny %,b?ﬁgﬁi’ S€xf droweE al kangsy -

aromati zation process I n whic e catal yst spends a
redatliorelryadhene aigmat(lzessonhantal welp) rurdered eatth ¢in

&r?c!‘dai&di%ﬁ%ngﬂgr&@%i @;Jgjiﬁﬁé]?da t Q:a%%k%aQ%”rR%{aloror a

and/ or other treatnment ained at restoring a
sompafusthenteigimalalcatiabyt respettiiwdgly.. An exanpl e of
SUCh'Yet another approach to circumvent this problem is to
devise a lower alkane aromatization process in which the
catalyst spends a relatively short time (less than a day)
under reaction conditions before being subjected to coke
burnoff and/or other treatment(s) aimed at restoring all or
some of the original 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
one reactor offline for catalyst regeneration at any given
time, while the other reactor(s) is/are processing the lower
alkane feed under aromatization conditions to make aromatics.
Another example of such a process features a fluidized
catalyst bed, in which catalyst particles cycle rapidly and
continuously between a reaction zone where aromatization

takes place and a regeneration zone where the accumulated

coke 1s burned off the catalyst to restore activity. For
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a process is one featuring two or nore parall el
reactors containing fixed or stationary catal yst beds,

wowaok/168391 east one reactor offline for catal ysSPCT/US2009/034177

regeneration at any given tine, while the other
reactor (s) is/are processing the |ower al kane feed
under aromatization conditions to make aromatics .

Anot her exanpl e of such a process features a fl uidized

satnd st vhed, phbemhichyszatabysés parddCleg16Y6Bed process
rapi dly and continuously between a reaction zone where
Bt VEALTLBA QKPS RATade Lantl AF Py rier &FPBAT 20he

wher exdche ragespyl adedrakei sabyrped ffrct-heneat ah yst
to restore activity. Forexanple, U S. Patent 5,053,570

@%%%%*%é@VSIVF@QdaH@&a§ﬂ8€é§ssF%¥tdﬁﬁVé¥%PﬁgCPBQEYSt

é&ﬁéﬁJﬂthgl%Eyéﬁﬁbﬁ<bdﬂd3%§5h§Sbet&%%ﬁ“éa%ﬂeBE@eBé&atlon
opti mal catal yst performance in a process involving a

FRgaftiopdl y SERBras perfilod JiF ceabar yRIoWEsos GRE fipfTer from

Eﬁ%gé'dﬁ“f@QQQLtbPﬁﬁmh§kM%%8 ga6he s £gengliahi 0Bquire longer
treatment, such as a fluidized-bed process, can diffe

3 GHh O SEPBFUEE Xekle di0 AERFhEOBetP BHIcOsse 8 e eh

FEAU IR i ongere catal vt %é@@§9£§aﬂ§m it0 ph8RELLOY
condi tions between regeneration treatnents.

Bpedivfingakbhgrti ¢afprlosds $SESOFAYD| ViRRF sHEr tiscatapysint that

EXPoSH8 L MBSy dindsid TRELLant. thaty sthe catal y§t,pot
exhi bit excessive initial cracking or hydrogenolysis

facdiagenp Lwhit e ha eoul - e o ert coobd mivestt the feedstociee
%ééet RS E@bhﬁdeéﬁ.ﬁasol\ém yable vQY@é&déJ%r%HEBtQSsuch as

ane . Certain netal's such as whi'ch are very
welittealsl.e for catal yzing the dehydrogenatlon reactions

that ar %a‘i?ﬁsr‘ﬁ?{éf‘é J\g!er%% 3l kanedefyd %%&O%Etdﬁé %r

process can a certaln clrcunstances,
Qﬂuﬁ&yzﬂmglehhyd$Mmﬁﬁuggpgmgon reactions that are essentlal

for an alkane dehydroaromatization process can also, under
certain circumstances, display undesirable hydrogenolysis
activity that leads to excessive production of methane from
higher hydrocarbons. The inclusion of a second, inert or
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;, paraffins and naphthenes are converted to
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 C. A. Querini in volume 6, pages 1-56 of the Encyclopedia

of Catalysis (I. T. Horvath, ed.; published by John Wiley &

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

metals can interact with the Pt to reduce hydrogenolysis
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activity that | eads to excessive production of nethane
from hi gher hydrocarbons. The inclusion of a second,

WO p@oi103391 | ess-active nmetal in a catal yst conpPGT/UBIINY9/034177

to hel p suppress the hydrogenolysis activity of the
first, nore-active netal is used in commercial scale
catal ytic naphtha reformng in which C5-C 2 paraffins
and napht henes are converted to aromati c conpounds

a¢ ity ieat at ystSowhiceheak engriedortnand t yurhiametal héenand
are supported on chloride-pronoted al unmina. As
fdietaled in a catal ytic naphtha reforning review

arti el sbypC/re And Q4€EH n(':aﬂafly\é@,'sunﬁu}@portﬁg@ggﬁ éhﬁ&:que-
t he Encycl opedia of Catalysis (I. . Horvath, ed.

P teRedl BY- Toh R IW Féye &Y %OYPHCM HoekeAd Resii-
%t&je%%)fat%) ZQ03bwihhesey C@o%%)iﬁﬁ@ué))’ﬁia‘fiﬁlthx £OM At s,

pl us another netal such as Re (in sulfided form or
SEPSATENGL Bt hEtd éfPéet SOMRITESE C88caTr Cﬁ%tlé‘llée@afpr

féntaecrl%tlywém the ohl st o xeduce IBY%QQ&PQI@A%%%@Q%&H&)&%S
t hereby decreasing the rate of unwanted net hane

PR RIS THESOTPEF ReteaTd Pt / She cat e apst §at§h¥)‘btort ed

ichher i-depsomms edyal Ui na, r%%%t%x@'eé%ee%@t%g
i xed-bed (sem regenerative) and novi ng- bed

{%ﬂqrﬁ@eeg)tmﬁﬁaw srpFaferfeonr asprctdarsl yn meiging bed

thei,,coapesit Qs are,optiynd z2edf org nelativel y. 4 ong
catal yst exposure tinmes to reaction conditions between

kegradrat tonthe eatre Al s DT Haeav el agen datraldy sbopar thvdlisal
Fesl0ence; LLOes 110, bhegr easten 8?& er%g}g\'}%v%galysts are

regeneration treatnents ranges r om a ays in
broviwtg ebed - r eacthorcs tahds up thithonsaylearlecknaf §iethgly

d,.re ng h ticle I ni
%S%%llco%% 9‘2\ %vce %%% g](C:al dc&t%ott ?f %L &eivlelflsg%l %@% gnlkane
aptrthaacedor m ng cat al ysts are

It would be advantageous to provide a light hydrocarbon
dehydroaromatization process which can be performed under
conditions thermodynamically favorable for light alkane
aromatization as described above, which provides for
relatively short catalyst exposure time to reaction
conditions, wherein the average catalyst particle residence
time in the reaction zone between regeneration treatments may
be from 0.1 second to 30 minutes in a fluidized bed reactor
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 initial production of less-desirable
byproducts such as methane.

Summary of the Invention

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
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0. 3% each. Such catal ysts, which usually lack a
strongly acidic zeolite conponent, do not work well

wo ooool1e8ser al kane aromati zation . |t woul d be PCT/US2009/034177

advant ageous to provide a |ight hydrocarbon

dehydr oaromati zati on process which can be perforned
under conditions thernodynami cally favorable for |ight
al kane aromati zati on as descri bed above, which

pEOMdrs fomner ek ad iyelan shakhe Cad By Sle @XPOSHI Bod dtiBon
to reaction conditions, wherein the average catal yst
A iI9E T E8PakhR 197 tiiREhelF st icdiRP2anér BBt Selen

segangr abl onpt head sy e rbeabrem Q.ol sseeepdat o 30
mnutes in a fluidized bed reactor and froma few

ot alg vt etasweetko i BaBvang bed and 1f Px¥Be bethid catalyst

55§5§fg5% .and in which the catal yst conposition is
op i'ized to reduce excessive initial producti on of
| ess- desi r(abl e0 by@r cdudt.§ Suth (asbyretchame,) Suabamym,ofbasis

the Invention Jhe present, Loyention, proyidgsed process
for producing aronmatic h?érocar S i Ch conpri ses:
(a) cont adki ngaetdenetwiotthaa debyraadromaticzat sehected

cat al yst whereipn t et hane contact. ti t he
averageresiden%@pT!gﬁf gfogpgfegﬁl%:Hg%ggh%FSCu%%a?Tland
the reacti on zgaenamder, weachi bn condidd ahsh DsS02 $wt less
preferably fromO0.1 seconds . to_1 mnute, nos

preferably 1 tg%%Pi%%%ﬁﬂ??“ﬁr%?e?gﬁﬁﬁF%ﬂf @%6%?5a9%X)Qﬁf
and 0.01 to 1.@oMPa;hesaiod 2catval ystticonartiadiyag, ¥Hd9is the
0.005 to 0.1 %M _(% by weight) platinum basis the

met al , prefera%??éb.01 to 0.05 %, (2) an anount of

an attenuatingioeialosel eatedr an aluminosilicate,

preferably a zeolite, basis the
aluminosilicate, preferably 30 to 99.9 2wt,
preferably selected from the group consisting
of ZSM-5, ZSM-11, 7ZSM-12, ZSM-23, or ZSM-35,
preferably converted to the H+ form,
preferably having a Si0,/Al1,05; molar ratio of
from 20:1 to 80:1, and

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

(b) collecting the products from (a) and separating and
recovering Cg aromatic hydrocarbons;

(c) optionally recovering methane and hydrogen; and

(d) optionally recycling C;.s hydrocarbons to (a).

The reactor system may comprise one or more reaction
vessels, chambers, or zones, arranged in parallel or in
series, in which contact between the catalyst particles and
the ethane-containing feed occurs. The reactor vessel(s),
chamber (s), or zone(s) may feature a fixed catalyst bed

(i.e., with parallel beds), a slowly-moving catalyst bed, or
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fromthe group consisting of tin, |ead, and germani um
which is no nore than 0.02 % |ess than the anount of

w@b@vireism preferably not nore than 0.2 %M of P€TES2009/034177

catal yst, basis the netal; (3) 10 to 99.9 %u of an
alumnosilicate, preferably a zeolite, basis the
alumnosilicate, preferably 30 to 99.9 %, preferably
sel ected fromthe group consisting of ZSM5, ZSM I,
LSl zZ88Mo28, Ofn Z5Mr35< rpegf efiadd ganver kedi d D24 @ed
H+ form preferably having a Siq 2/A 293 nolar ratio
BaFhrumizougeto sUe PTARGSEAYS OB Hered preferaptse the
%%@@a&é@%@' 46312l waknacand Mind Wheset hereodining
collectin e products from (a) and separating
FleddvrEr PR @%Wed?sdﬁélt Féthydr BeardGisae( eptalyst
optional |r)és&§§9<\!@rﬂ1% net hape; aod Ly dineger; o@nguﬁ@l)that a
optionally recycling C2-5 hydrocarbons to (a)
PR Systert frays cld‘nﬁrhiesécéhée OF SR Ty EQBEI Y‘ﬁhth ethane
NESHE)S re6hafbet Son Or zones, arranged in parallel or
in series, in which contact between the catal yst
part iCoited vaha ®hetla PaTELESnt AV A P T eed ca8tE8Y eer
I@@gﬂéj%fV%§§9Br&§Qnaﬂ¥B%wQ%EaiS}pré%ef%%l%(%% MYtn
feature a fixed catal yst d (i.e., paralel
gt iad §Fféwl<yﬁ%oﬁﬁfﬁ§l@@trap§'§§ memmdﬁwatapae@f the
5@%&dﬂd&eﬂa@58£eﬁéﬁ%ﬁ.%QQQ@HQ§n%1t@-gﬂﬁﬁdﬁr&%@ebggounts of a
reactor is used. The procesS Is optimzed to mnimze
%W%erﬁé@éneatawsmet@dr ti eFe desigmtcdct lagiphinetial

£¥HJEng”b%inity without sacrificing the overall activity
and aromatics selectivity required for commercially-viable
production rates of benzene and other aromatics.

Detailed Description of the Invention

The present invention is a process for producing
aromatic hydrocarbons which comprises bringing a hydrocarbon
feedstock containing at least 50 percent by weight of ethane
or other C, hydrocarbons into contact with a
dehydroaromatization catalyst composition suitable for

promoting the reaction of ethane to aromatic hydrocarbons

such as benzene at a temperature of 550 to 730°C and a
pressure of 0.01 to 1.0 MPa. The primary desired products of
the process of this invention are benzene, toluene and
xylene.

The hydrocarbons in the feedstock may be ethane,
ethylene or mixtures thereof. Preferably, the majority of
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

containing between 3 and 8 carbon atoms as coreactants.
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selectivity and conversion rate. The average catal yst
particle residence tine is the average anount of tine

WO b@w/1es3gat al yst particle is in the active reaPCT/U82009/034177

zone with ethane between regenerations. Catalysts of
the present invention - featuring | ower |evels of
dehydrogenation netal (preferably Pt) with potentia
cracki ng function, plus proper noderation of the

siedyidriegenatnh 08s et auddc vl t YoMkt e ARPIc@RREAt 8re propane,
amounts of a second, attenuating netal - are designed
RPRY A/ | AT PPEFer dckiNG2aet | VTRY-SAShGOE 48ePrEsed ng The

e Qe ahl f@gééﬁfééw_@r&e@égmgt&&ﬁtaﬁ@!&@&i VehY¥t 60 percent
required for commercially-viable production rates of

benreidtard bt HBIrRFERRPREs. "It &TPE8  PRSEr i ptliee tof/

the-dmnvent Lenglhe preserbckAYENELON 1S AtRHOGEES I to
produci ng aromatic hydrocarbons which conprises
ringi °§ &ThyUP obA Ko PEed8FBCRIE Ot diSnRGRAat TP ebistlude

201 per cent obye welh ghto QfrrethhARec P12 0 helreb2ed to above if
hydr ocarbons into contact wth a dehydroaromati zati on

Eatid ysressappst i HFisEct dBFetror T SforirR§ethe

reachﬂp%.?Ee?é?ﬁ&fe&@xﬁﬁ%@%&iCtﬁddﬁﬁﬁﬁon@%m§9§§e§Sa zone,
benzene at a tenperature of 550 to 730 OC and a

YR Esslur @rofhenpdr t@rtag WPy, cThel pit manEigéspr egrough

Pradicts et nthe- P5acess el rbbhiSei Ve ORnar 8. DeNZeN& ke s
tol uene and xylene . The hydrocarbons in the feedstock

meyche Ehkanescerhydxateromani x0ueese tthdrigsl, moving, or
gfn farab %atg gs%é%{.'%h%f rLRE ] ReK LS BLRARE., oyt

romO to 20 wei ght percent of the feedstock nay
b Wompreidseddofretdnyllengedpr ef e abtactionpoproducts are then

separated and Cg+ aromatic hydrocarbons are recovered.
Optionally, methane and hydrogen are recovered and optionally
the C,_5 hydrocarbons are recycled to step (a).

A fixed bed reactor is a reactor in which the catalyst
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 fixed reference
frame. The fixed bed reactor may be an adiabatic single bed,
a multi-tube surrounded with heat exchange fluid or an
adiabatic multi-bed with internal heat exchange, among
others. Fixed bed reactors are also referred to as packed
bed reactors. Fixed bed reactors provide excellent gas
solids contacting. The fixed bed reactor configuration may
include at least two separate fixed beds in different zones
so that at least one bed can be in active operation under
reaction conditions while the catalyst the other bed(s) is

being regenerated.
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10 wei ght percent. The feedstock may contain in
addition up to 40 wei ght percent of other open chain

why@woespbons contai ni ng between 3 and 8 car boPCHUS2089/034177

as coreactants . Specific exanples of such additional
coreactants are propane, propylene, n-butane,

i sobut ane, n-butenes and isobutene. The hydrocarbon
feedstock preferably contains at |east 60 percent by

wei ghtn ef mER1ihy ds@carddons: i a0reaPr&f erablhy cat cheass He
percent by weight. The reaction feed is often referred
tD-Nersdi Rrasietpane® fidrvcHivefi BHEE PRt thelreantatiye
pael wde sakb ghethesatdhier hydrgsarhondmatien abspect to the

referred to above if it is necessary or desired for
YHemafo the presehtin "i&lpléf &f reR endedi-nefbe Feretants

h8AGRe ¢AFBLESEsh Bs ZRNE iV ES88bur AntChalbekercurrent or
cont ai ning catal yst particles through which the

etdErid-odont B RE ngtFedd HRewBTafer THe Nasket | ActBRes g bed

PEAce cTheaheact pre SYst@m-aRy chayolme @ tiixeds noving,
or fluidized catalyst bed. The reaction products then

FPHWIORIST Phel ek HideareycoP| detedrarThe reagrsoned

PIOOULT s rar ecLben. saparatied 8Rd Lo+ APOML €ircuit later
hydr ocarbons are recovered. Optionally, nethane and

Mydr dgers acBerecbyveredcand tepeti onaldiyna RemggiBg bed when

Eﬁg“ég%yiggﬂshééeaféﬁaﬁﬁ %@tﬁ@esiffb(éﬁd'ca% EEX§QD$E¥LouSly
reactor is a reactor in which the catal yst remains

staTiconary - i nAthev yeadtedr rapdtehenaatcanpdttpaft étl kst
&Ef,ta:”ya%gege%f %Vﬁﬁa%%'migsnﬁé d e Vet beahore catalyst
Cyl 1 nder, W t the reactants an pro ucts passi ng
béntoughlihtheusprat t omameapedmay nba ¥4 weded tpeags oxnd he

fr?é%r&é%tol@a%i%@ﬁffgte @%lt?cié‘sp' ace and do not nove

W respect to a Xed ref érence frame. The fixed bed

r eact?orf lnmaylibed ape@dicavairc isi agt woded, raanubti thatbenay be
&&&JQ%pqggr@ﬁEQth§Qku%é&@aggem£i%g§Lé¥é %ﬂemical reactions.
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
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
balance the weight of the solid material and above this
velocity the contents of the reactor bed begin to expand and
swirl around much like an agitated tank or boiling pot of
water. A fluidized bed reactor is preferred for use in the
present invention because it provides uniform particle
mixing, uniform temperature gradients and the ability to

operate the reactor in a continuous state. The catalyst



10

15

20

25

30

w@awkaas3bed reactors .

adi abatic nmulti-bed with internal heat exchange, anong
others. Fixed bed reactors are also referred to as

Fi xed bed reactors provPdEUS2009/034177
excel l ent gas 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

1hercattaky skatheo®thgle hedaSiné srdeitier egenerat eshd nis
a noving bed catalytic reactor, gravity causes the
THAYSC FAPFRETYR o FI%6W WA Pe TRATISAPRPAgPEReTe Peing

&l atiove tposht i pas- i onenanot her. The bed noves with
respect to the wall of the vessel in which it is

cont diNfeGRTHE FEHGUNtS MRaf YR hriciegh Ot hi §eperf to 1

WM ft LOCURRENE ¢ h SRUMNMBIGUILT €Dhe O s GRS $fk0Wge PhHGufd Qyy
is the preferred node. The noving bed offers the

Bbig 4Rt 6NRi PR AW T Afaltpst ©parEs class deniRnbbRisFsAGrion

ioder minkepthye s0-d ey 6an cbgt kegengfated rouhsi decd hes
reactor and reintroduced into the circuit later on.
THUE A -he FERPST ap-ErilrarrCage ct ot R N e FE¥Enge bednfen

}Eé]@alf‘s%t %lhlé ttgﬁé 159 SAquo‘w @%‘i’i ¥§g$ri1c§&ya%a%%@og§ that lead
continuously regenerated. A noving bed reactor may

tonsisst dgpiaebl eaRiPITEICEEayUAR WeltetdRneupper Fedece

Peans: f,Q% 008 9L SN L Gal/aky st beAS onathesSupporting
nmeans may be perneable to gas and 1 nperneable to

cat alfpst cpartvet escrmpxifdegi dirged betPT dact 8r OPsT @t t ype
ﬁ?tri ‘PJ,%aEEé“tﬁ@ym&%qu?@hEOpf%{MﬁPlits a:varl ety Qfe in
nmul ti phase chemcal reactions . In this typé of a

react of, catgaszing pdssadhivhroagbma iz gracni cghateon and it
catalyst 5a'it9i & hive! ogi Eﬁ@scét%hl%%p%g b0&ore than
sol1d and cause it to behave as though'it were a

#]uidit Peeause otherwise too much methane will be produced.
In one embodiment from 0.01 to 0.05 %wt of platinum is
used. High performance is thus obtained 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
moderates the catalytic activity of platinum so as to reduce
the production of less-valuable methane byproduct. The
attenuating metal may be selected from the group consisting
of tin, lead, and germanium. For the present invention, the
amount of the attenuating metal may be no more than 0.02 %wt
less than the amount of platinum. The attenuating metal
preferably comprises not more than 0.2 %wt of the catalyst,
basis the metal, more preferably not more than 0.15 2wt and
most preferably not more than 0.1 %wt of the attenuating
metal is utilized because more than that can cause the

overall conversion to aromatics to become too low for

commercial use.
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catal yst particles my be supported by a porous plate.
The gas may be forced through the porous plate up

wo booog3ot he solid material. At | ower gas vel oRCT/UBR09/034177

the solids remain in place as the gas passes through
the voids in the material. A s the gas velocity is

i ncreased, the reactor reaches the stage where the
force of the fluid on the solids is enough to bal ance

the weicghttel ythes sl idrprt eek abrand 1abeve bbis 2wt of one
vel ocity the contents of the reactor bed _begin to
X PHHE FAATSHPF H ST EAEERAE P k P H AR At 8o ank0 dr°

oid ing ,pehsot wad ef1udnbkui dized(bed meactotmiSosilicates
preferred for use in the present invention because it

PFOAVAAES YURRF B n Piartdod! LATkAREELHITSY MEerpar e

sradi @t sapd shecabidi tyrhe gpenatssiineateackoy in a
conti nuous state. The catal ystleaves the reaction zone

B ¢ e 1ve Yr BacEFOh o die s danle i ¥ s eparbtedYPhet Bt OHTe

4ih et @shes | egangy ated-bef ogeubel ng repygbed 410
the reaction zone. The ethane contact tinme may range
FOM G PrsEEORETE CUEIMIRUELE. PTREC B HahecegRthed o me form

t$ 4hg-iavecage; amunt, Qfyitimesthaty, ang mgl.ecule of the
et hane feed is in the reaction zone. The preferred

&@hgheaconpatratioe 19dtiem-1 Tols Sechedsccpppgeshed by

gihang conhacknhdMBs, aSnl 83ScAesiLable hacause,{ hey
tend to allow for secondary reactions that lead to

tegsedesireablfeabyjpraxductd®08uch as nmet hane and reduce

sel e ivibt.% to beneze.n asng:/or toéal arormtoi cg. %he

cat al COpF i es"F 6X568 t10° 075w Opl APt At
basisivwhe mebal te Theyqlaat baumi tsedighjathaet t¥endtain an
terngﬂpf %aéalgziqg?th dehydr oaromati zat i.on reacélon
AiiF 't 1°6 T BeEET iRt I CoridéRt Bt T6h G fRe CabEr ysiT

oli e aPbedt Badration or to prevent excessive pressure drop
in fixed or moving bed operation. The binder may be selected
from the group consisting of alumina, silica, silica/alumina,
various clay materials such as kaolin, or mixtures thereof.
Preferably, amorphous inorganic oxides of gamma alumina,
silica, silica/alumina or a mixture thereof may be included.
Most preferably, alumina and/or silica are used as the binder
material.

A platinum containing crystalline aluminosilicate, such
as ZSM-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
by the same procedure, either prior to, simultaneously with,
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 subsequent ion

10
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15

0.1 % because otherwi se too nmuch nmethane will be
produced. In one enbodi nent fromO0.01 to 0.05 %u of

w@b@bitesm i s used. Hi gh performance is thus obPei/tism09/034177

with relatively | ow ambunts of netals in the catal yst.
An attenuating netal is an essential conponent of the
catal yst of the present invention. The attenuating
netal noderates the catalytic activity of platinumso
@scHandeedues bhea prodictsiyannel i te@sscvaltuablreanetbane or
byproduct. The attenuati n% metal nmay be selected from
W?ﬂQ jﬁoﬁﬁ 86ﬁé?%%|%ﬂfﬁﬁgqa ﬁonl%%EPO &ﬂQ@PnﬁﬂiE%?s¢%n
iihe resentnbnyent i omhe therappuninofaddieuatt 8URL 10 nay
mstal %be no nore than 0.02 % | ess than fhe
dfypFati At crhéllafeefbatTHg dfst-al preferably
Conprﬂrﬁ%spB@EePPé@ dliiBedt Yk ofc the catakystnc basism
the netal, nore preferably not nore than 0.15 %w and
?ﬁﬁﬁnﬁaﬁ@ﬁéﬁébPﬁm not ImdrredpRrad Onho oklke gehiyAgoaromatization

Altenyat i Rgcmet absd S i 't'h'e%egor*é?§§aﬂ§t% e athap: thatne
can cause the overall conversion to aronatics to

Hricoie it 88 oML ¢ orf Corfher erapcusee T Re dafaPystime so The

FOIRY 'o%e%rt)[‘iggjcéoléapveg%h% Wk o P6r OB YrdMh8nsferred into

alumnosilicate materials, preferably from30 to 99.9

apterdiadios -t hehal %ﬁﬁad@gqom éam@\f@%)the Hyematic products and

lumNoRE Lheab o5 IRl aBlYnhAY & & $1Jd-C08. QM&?
aluminumtrioxide nolar ratio of from20 to . The

Bl ARG e st e respvsreler abilyalbeo zliﬁﬁlqvﬁéschavbh@fct%ts

Mc! relg'r::lteﬁyggha%é Ygl;Wie, ?Egof{@ ?%a@s%}e re%?Mgd to the

ZSM 1, ZSM 12 or ZSM 35. The zeo Ite or zeolite

@ixtdrca riogapt efer@blneacdoverted to H+ formto provide

sufficient acidity to help catal yze the

dehydroaronmati zation reaction. This can be

acconpl i shed by

11
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cal cining the amonium formof the zeolite in air at a
tenperature of at |east 400 OC . The binder nmateri al

wa@erwasssvhe purpose of hol ding invidivual zeol PCBUS2009/034177

crystal particles together to maintain an overal
catal yst particle size in the optinmal range for
fluidized-bed operation or to prevent excessive
pressure drop in fixed or noving bed operation. The
bi nder may be selected fromthe group consisting of
alum na, silica, silical/alumna, various clay

mat eri al s such as kaol i n, E¥MERE¢t ur es t her eof .

Pref erably, anorphous inorganic oxi des of ganma

al um-mpa, Shhi siicalal ymn 1.t U h
Ry e R S S
sitfdrcedarte dsedt ashd ke dvendér that e@riealtionA pl ati num

£ont ainipng crystalline alum nosilicate, such as ZSM 5,
ﬂayl%é—synthesized by preparing the alumnosilicate

cont dlafriengsther dlhumugont anglssidriepened rort kel apewdrda

o fi | ; M |
e e LS I, O e g yeotice
M laledabeS Hodéd-y réeheo sanve ipebtedura; Zepfkhiet pri or

{ fﬁa%EEE$EFQ¥§ &O%&£h6f9£u%$t rbtgﬁagdd%agogxogudate
ﬁfa I num e netal's may be added by any comonly
ke smetheded lori neddiinga et $ot 658Uchostenctaresidual

i ncl.udi n inconoratLon into the alumnosilicate
olsture Pprlor.to USE 1? ?a a%¥st greparatlonb
ranewor during Crystal synthesi s, or subsequent

| onexehangewerd aaposakeeady-Synhegsaz echrgrlyst ak the above
{AEITACL 0T YL B3 BY YALLOUSL IR SAIEE 00 IELIOG e
af tereat sogutteiral ofayebeaadded pyathewsanerete and tin(IV)
differont gehods, Lh.p.Prefienned enbodiment of, Lhe
deionized water to a volume just sufficient to fill the pores
of the extrudate, and impregnating the extrudate with this
solution at room temperature and atmospheric pressure.
Impregnated samples were aged at room temperature for 2-3
hours and then dried overnight at 100°C.

To determine the platinum and tin contents of the
catalysts, a sample of the catalyst was calcined at 550°C to
drive off residual moisture to render a loss on ignition (LOI)
percentage. A known mass of the untreated ground catalyst,
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 and then analyzed for the
indicated metals by directly coupled plasma emission analysis.
Results are reported as ppmw or weight percent based on the
weight of the 550°C-calcined catalyst sample.

Catalysts made on the ZSM-5/alumina extrudate were tested

“as is,” without crushing. For each performance test, a 15-cc

12
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et hane feedstreamis introduced into the
dehydroaronmati zation reactor. The feedstreamthen

w@oimeAa0i3nat o contact with the catal yst particl eBCT/OR200$1€34177

prescribed period of tine. The reaction products | eave
the reactor and are transferred into a separator. The
separator renoves the aromatic products and the
princi pal byproducts, nethane and hydrogen, which

piefer abl yarayy e wbecoyeded,i nandaalisort-emves (C24® cm
by roducts and unreacted et hane which optional I%/ may
re@ye| Bastot e 68h?d¥¥ﬁﬁﬁbﬁﬁ??z§¥¥%ﬁ?e connected to an

5%&%&5@@&1@% Ehettml | owi ng exanples are
illustrative on é and are not intended to limt the

scopdTdPTt he PHVERTPERe Bxnple leatalalstss AneRFduUgiPre

éré%%é%t@ﬁepﬁf§ﬂup%tséﬂﬁé%§mﬁﬁca rexi i idalse romt g4 al
contalnlng 80%w of CBV 3014E ZSM5 zeolite (30:1

mol ar(agj 221l DTB ratieh avhidtablle liFom &8l yspr (L/hr),
I nternati QU@M? ARt 20UE  0fs@ldim, AR bLadeIratTRe was

extrudate sa es were calcined in air up to 6500C to
renove reépélla%iis%ﬁ)lféfto@r eopre orlX'e iiseld Areat Bpydtat 510°C

preparatigp, Mef al,s wehendeposided,0Pe2asPEgramo to
sanpl es of the above ZSM 5/al um na extrudate by first

conbi ni ng 6appt apr iLlabe, amuntislef a5t otk CsdPutIbms nef
tetragym ne.plall nnAi Lrage Lam tkBodd ¥br 20 min;

tetrachl oride pentahydrate, diluting this mxture with
dei onic2ed radeeriamn ‘A@ct‘lﬁohuﬁﬂeoq%’statséf?fL@P%nt@pocfﬁcm 30
the pores of the extrudate, and inpregnating the
extrudate wth this solution at roomtenperature and
at nogphehecept exsfs thhe. prapregnaned $anplesaner Ecagedhat

%@g&%&g%?eé?t%%gﬁ%gr(%O§Ohﬁﬂ!%o@ggytg&ﬂxgg%§gcity—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 addition. 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)/ (3wt ethane in feed)

selectivity to hydrocarbon product Y (other than ethane)
= 100 x (moles of carbon in amount of product Y
generated)/ (moles of carbon in amount of ethane reacted)
For purposes of the selectivity calculation, Coy aromatics were
assumed to have an average molecular formula of CigHg
(naphthalene) .

Analyzed platinum and tin levels and initial
aromatization performance data for Catalysts A-I, prepared and

tested as described above, are presented in Table 1. The data
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To determ ne the platinumand tin contents of the
catal ysts, a sanple of the catal yst was cal ci ned at

wWoMO@391 dri ve of f residual noisture to rendePCHURZIO% 034177

on ignition (LO) percentage. A known mass of the
untreated ground catal yst, corrected by LO

percent age, was di gested using closed vessel m crowave
acid digestion involving nitric, hydrochloric, and
hydrapfilkuor i gaaedtds thathens aldit-ibenswassidid ubediyora A

known vol ume with dei onized water and then anal yzed
Floroudie i Al it sdremerRal sP P tdicPedt £S5 di QdlptEsmt S
B SSin@Nmanal ysi:s.0 Results1ase f1epordrned a.asuRPM Af1atinum,
wei ght percent based on the weight of the

BE G CHPcl nedoWatcdl Y88 Samplyel) CRrar &t Lorabe onltive
£M2/sak URT Ha diawdab 8o MK 8 heshethi @ ScleW IPOUL o

crushi ng. For each performance test, a 15-cccharge of
et znps BnRasC tPade@ PRt 65 A fedr EZRevb e CraA0Ze ¢ d. )

avhiRqshti ongd i a three-zanentUngACE GONREEEROHO BN sy
automated gas flow system Prior to performance

tegtlisngalal pulestcdl yo6 ErgYesweRe pretgéatedePRi it u
Blaghrospheric pressure as follows: (a) calcination
Wwth air at 60 liters per hour (L/hr) , during which

t he réaetloptial Ithremgr Bt W wasiPacTeaised Leem 25t &t

eQ%pQ%,iQe}g ﬁgébaﬂ@%Ldaﬁél ,Caggrtééégdnéé'dEQ@beed in

further increased from510 to 6300C in 1 hr, then held
Etarg300C #beva0 ancapPt( BYathiamregenipe gecamnte0oL/ hr,
G:t.or, } e ( duct i;on Wyt a ;
é/iﬁ[r%‘, 6 p 2P S Bl oL Ot LN o it Dy (09805 Bt
hr@&tareaerent yt k00 %etrhaneed dedteas ¢httriodddedcatonisle

ﬁé&yéhg%QQQeQaSAJg¥§EEX 5f§%§%dﬁe588i&éEé§£§%% levels and
initial ethane aromatization performance data obtained with
these catalysts by the test protocol described for Example 1
are presented in Table 2. The data in Table 2 indicate that
the low-Pt/Ge/ZSM-5 catalysts K through M of the present
invention provide better initial suppression of methane
production and higher selectivity to benzene and total
aromatics than catalysts J and N, in which the Pt/Ge levels

fall outside the ranges specified in the present invention.
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at nospheric pressure, with the reactor wall
tenperature maintained at 6300C . The total reactor
woiobaos3st r eam was sanpl ed and anal yzed by an pi/Usm09/034177
gas chromat ography systemtwo m nutes after ethane
feed addition. Based on conposition data obtained from
t he gas chromat ographic analysis, initial ethane
conversion and hydrocarbon product selectivities were
conmput ed according to the follow ng formul as: ethane
conversionm &% = 100 x{10Q o Yo woet haneai n out | et
streamm /| (kt eg;haneEéﬁ? feed) |el ecti vty to
hydr ocar bos grodact Y St ke ©harket hames = 100 x
(nol es of easbonwin ampunt of produet Y generated) /
(ol es of €arbon™in afbent eof xebHare t ealt ed) For
pur poses of: the Sel ectd vi tyocal syt at i“on, 9C9+ aronati cs
were assunmed to have an average nol ecul ar formul a of
Ci oH8 (naph @al ede) . hgalyzed platimum and tin levels
and i ni®i al? arongti zatf on perf.orman¢e- data for
Catal ysts & b, prPepared “and~t ested as’ descri bed above,
are presented i n,Tabl e L . Thg dat ain 'Labj e 1 indicate
that the | BWSPt/Sn/ ZSM 5) cabalyst's A%t hr Bugh E of the
present inyentiof (lesshas 8.1 9k Ptg 5Sn | evel no
more than Q. 02 %w |ess than the amount of platinum
not abgve €. & %t of the Eatakyst) pdOW better

initial supj ?-essi"gon of gkt hang Cgrgdi'uc,,t i@@ and hi gher
selectivit Eo benzene and total aromaticCs under

et hane aro i zapi on ndid oRs than t he—catal ysts F
througm | I £n \;\aiai ch Eﬁa Pr NS dbe%eisz;f\bﬁ out si de t he
ranges of theg pr@sent & Bventi®n. dxanptel2 Catal ysts J

through N, contgining various |evels of Pt
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and Ge, were prepared, analyzed, and tested as
described in Exanple 1 above, except that appropriate
wa@er@manos9nf germani um (1V) oxide, dissolved i npar/dsiony/es4177
aqueous ammoni um hydr oxi de sol ution, were used instead
of tin (1V) chloride pentahydrate . Analyzed pl ati num
and germanium levels and initial ethane aronmatization
performance data obtained with these catal ysts by the
test protocol described for Exanple 1 are presented in
Table 2 . The data in Table 2 indicate that the
| ow- Pt/ Ge/ ZSM 5 catal ysts K through M of the present
i nvention provide better initial suppression of
nmet hane production and higher selectivity to benzene
and total aromatics than catalysts J and N, in which
the Pt/ Ge levels fall outside the ranges specified in
the present invention. TABLE 1 Catalyst B H Anal yzed Pt
Level 9@&5b.0g6 0. 3112 Q, 0256 ©.0437.0.040 0.100 0.103
0.123 2. 233 Anal'yzed Sn- LeVelt o 0.005 0.010 0.012

0.0395 0.Q93 0.676 0.0601 0. P16 @.217 "Ethane
conversiom 4.4 . 4,44 . 7248. 0.250. 3914
5. 425%8 4246 NOB25597365% . 6
Sel ect’i vi ti &5 ,g@é(cqggpnithiS)gN%uhahg;1 5.6818
. 842452224.6421.130.1638. 309
2 9. 8539 .06 7 Ehykenesls32.98:6, 84 . 18 1 2 .
6119 15739 o84 1:Q: 378889 469 . 3
Propylene2s. 273 2 ~H3' TTP6B8AY 36 1. 27 1.
10. 859Dy 9,70 .86 Propane 1 . 6,7 1. 69 1.
41.2 39S 5% 0 YNNE0EA4DCBHU 0. 76 C4
HydrocarbGhs. 0 2 4 69~ 4,350 .»33:0<L280. 280
. 240 .3180.210. 19 C5 Hydrocarbons 0 . 0 4
0. 040501500 L0280 xHIOgsD10. 04
8pnzere 3bo 193 7. 21:836 6134 . 3236 .
@431 .57 330, 3FITT593% %6 9 Toluene 1
5.4819.2818.2718.0519.1716.
414.8516 . 295315328 4cC8 Admtics3. 73
3.833.273.373.828.98373. 33
(] H O-HE
Q g o o P
(U] (O 4] Y4 g O
o [/ =1 00 EEH
OO0 e OO0 Y YOO 0«
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C9+ Aronatics 8. 6 82 . 41. 655. 246. 416
. 313. 247 . 248. 56 Total Aromatics 6 6 0
wWOo289/1053619 5 9 . 81 6 1. 3165. 94517 PC12/U22059/(134177
0558. 6659 . 19TABLE 2 Catalyst K MN

Anal yzed Pt Level , %w 0.0460 0.0436 0.0441 0.0436
0.1220 Analyzed Ge Level , %w 0.0216 0.0442 0.0844

0. 1210 0. 1235 Et hane conversion, % 46.94 46.39 46.6
45. 07 50. 16 Selectivitiesi, A% (gagbon basis) Methane
22 . 6518 . 2416 . 2715. 3620 . 81 Ethylene 9
. b1 11 . 97 12 . 67 12 . 9 6 11 . 33 Propylene 1 . 1
P 1 A_%r%ce354fér ﬁgﬁdklngZaPBQQ@ﬂﬁ'ﬁydro&ér@ons4@hﬂch
47 1 . . Hydr ocar bons 0O 270. 320. 34
@Pmp¥}%§56 2 9 C5 Hydrocarbons 0. 03 0 0. 04 0. 02
0. eiBe@éﬁﬂgcéﬁh%sé%%é%g w14h3a7de%¥éﬁ%a%oﬁat1§§t§§u
43 Tol uene 19 .

B AGratPcd geachyr,3 saiggeatalyst Fompgygs3ng: 7 Co+
Aromatics ). § 60> to ©.6 suf glatfﬁﬁm pablsTeh@lmetal
Aromatics 64 . 91 66 . 48 67 . 68 68 . 0 365 . 2CL A

| MS _ 12) pAepraeesy Pér apr sbuet iy domatré selected
hydr ocar bons W@f&ﬁ-@QﬁEﬁb%ESconéﬁ%u%&ﬁk@ckhﬂg ethaneng

w th a dehydroaromatization catalyst 1n a reactor,

sai d catal yst eofpriisimgwhi¢h Ds 00% tageQthagwp .02 swt less
pl atinum basi sy{heetalynt2) s ah AU, 9ke@Branly not
attenuati ng net al selected from he group conS|st|ng

of tin, |ead, amee geératani-dnrwiheEhtlis asgafuee, thanis the
0.02 9@% Iess &Q@Qlthe anount of platinum preferably

not

35

(3) 10 to 99.9 %wt of an aluminosilicate, and
(4) a binder;
(b) collecting the products from (a) and separating and
recovering Cg¢ aromatic hydrocarbons,
(c) optionally recovering methane and hydrogen; and

(d) optionally recycling C;.s hydrocarbons to (a).
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

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 0.1 seconds to 1 minute.

5. 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.
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nore than 0.2 % of the catal yst, basis the netal

(3) 10 to 99.9 %uv of an alumnosilicate, and (4) a
whowdan33o(b) collecting the products from (a) BemMUS2009/034177

separating and recovering C6+ aromati c hydrocarbons,

(c) optionally recovering nmethane and hydrogen; and

(d) optionally recycling C2-5 hydrocarbons to (a) . 2

. The process of claim1l wherein the reactor conprises

@. bedrref peatakysd s pardincliesnhandit henethanecf bowsiatinum is

through the bed. 3 . The process of claim2 wherein

b (eddt 6P PsO%ei®cted from fi xed bed, noving bed,

and fluidized bed reactors. 4 . The process of claiml

wherein the ethane is contacted with the catal yst for

fromTre1 PseEBREsCt 1B AUMBSTSID Tie GRtGeESS OP MR Hih

Jothgiel Rnbheor eaction d $heapf &6 AUt Atnefh@m 550 to
7300C and fromO0.01 to 1.0 MPa.6 . The process of

claim1 wherein the anmount of platinumis fromO0.01 to

£:0 IHMyrocdss dJhepricessnetechainn Lowherebn the
catal yst conprises not nore than 0.15 % of the

atyemestilngaret &3 . T®n 3PhéopPBedss’of claim 1 wherein

the amount of the alumnosilicate is from30 to 99.9

%t . 9 . The process of claim1l wherein the

Al unitiesipirpeate hlasclaigi [l vbardi oxite alamdpPabnicate has a

$1d:drdes Rk ar . £ Alh 9. 8f +f50m 40 10 80,10, Thespspcass

of claim1l wherein the alumnosilicate is a zeolite,
Preferably converted to a H+ form

10. The process of claim 1 wherein the aluminosilicate is a

zeolite, preferably converted to a H™ form.

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 of an attenuating metal selected from the
group consisting of tin, lead, and germanium, which
is no more than 0.02 %wt less than the amount of
platinum, preferably not more than 0.2 %wt of the
catalyst, basis the metal,

(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 Swt.
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11. The process of claim 10 wherein the zeolite is

sel ected fromthe group consisting of ZSM5, ZSM I,
WEINPARIIZSM 23, and ZSM 35. 12. A catal yst coP@T/USiong034177

(a) 0.005 to 0.1 %w platinum basis the netal, (b) an

anmount of an attenuating netal selected fromthe group

consisting of tin, |ead, and germanium which is no

nore than 0.02 %w |ess than the anmount of platinum

Pt ef enabloycpoysfose diham Q22whke Of drhe ceakalysteomprises

basis the metal, (c) 10 to 99.9 % of an

Ul HSsitPPBal el ® aith () tAebPhERIUCHDY TREALat al yst of

claim12 wherein the amount of platinumis fromO0.01

to 0.05 %M .14. The catalyst of claim 12 wherein the

tat ally$t cébaprisest Mot fole vharcH! I omfogntt e the

atteniatilngaret al . rAR 3bheocabab ysit 0fpelrai-Ablg having a

wherein the amount of the alumnosilicate is from 30

t bl 9prg I idpi @b EriEBITYy tHagrhge aNsay detidi 6xi decm 20 to

s@/ %s%up‘&%&b%bﬂﬁ $BIRY or akhoief from20 to 80, nost

preferably being a zeolite.
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