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 dehydrwanamatisziati on process for increasing the praducténnsof; benzene
and/or total aromatics from ethane. 10 Background of the Invention There
is a projected gl obal 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 ocarbons are 15 obk&idied BIR JePaf@ivargIanf@edytiegk T action which is
rich in aromati c conpounds, suHMasifef GreRfBsOHT oduced through a catal ytic
ref orm ng process and pyrolysis gasolines produced through a napht ha

cracki ng proeessy ofr oM neR=arofmti ¢ hydrocarbons using a solvent extraction
process. 20l an effort to meet growing world demand for benzene and ot her
aromatics? vari oUSei RERFIL aPveid CdcadEificd FesedrreRers 1rav BT peEn "Wor ki ng
for several desades teidevebops Gabal ysis anduprocesses: dQ 1pakend i ght
aromatics (benzene, tollu ne, Xxyl %ngsa or BT)_(%F ftr,om cost -ad\fant aged, |ight
25 paraffin {CLECAY"f EedSEoPHT of “art “tHt QM st ' déVi Bed $°5r *this appli cati on
usual | y cont anaxeaniagidiec pzedbdttienmat esdralkens uail/as ZSMD5 sandatine or nore
nmetal s such as, Pt Zn, Mo, etc. to provide a dehydrogenation

function. Aromati zation of ethane and other |ower al kanes is

t her nodyd@m Batiorofagorfedb80rmtertiiigh t enperature and | ow pressure w t hout
addi tion of hydragen.tQ; the feed.Unforhunatel y,e Ehese process: gonditions
are also favorable for rapid catal yst deactivation due to formation of
undesi r abl e sUrfe&€e9coke aePdsites Hhe <t BREcRe @C¢E881 % st KECRCtT ve sites.
For many hydsogamnBonsiiaessing. apRl h&ahi-ensand)e saPRY Qathrt0 reduci ng
catal yst performance decline rates due to coking is to increase the

catal yst met SPE P i PR a8t CPEFET 15 Prondte Fast NS ave

hydr ogenas i osibibrieakupy ofephasgene ak eebaqioetur sort il eecidres sonidhansur f ace.
Another approach. i pvol es. LncorRor ati ony. of, addiitiyes. such. as, phosphate or
rare earths 1o noderate surface aC|di%y and reduce coking rat €s under

reacti on concitdlgnse Tieseliapproachesadr @vappyopr catelfrors prodesses
featuring fixed of sloubysaoving catalystbeds, Qo whergin;the average
catal yst particle residence time 1n the reactor zone between regenerations
(coke bur nof fy&teepsyons vsenatd vellyerorirteact i @astrosever al days). For

exanpl e, xsee U. SinPat e 4, 85222808 13, 0261 P3bnailli €1 desedide ZSM 5-

type | ower-al kane aromati zation catal ysts Er omoted with Ga 15 and

addi ti onal | yY*EbRAR R HPTEFt ier Yariare B8R Phs Het &ndofCa!99R6s por us- cont ai ni ng
al um na, respegtarvBlbys n¥et Baol ReEkapPreacBet@- Qi BeLaMaNtot Bés1ppobl emi s
to devise a Iovveir @%k&réeearonati zat i oaz}(eprocess in \é\lgéch t he g:&t al yst spends

a relativel y SO i CFess THand tiay) o = onetios menve

toluene, xylenes, or BTX) from cost-advantaged, light

25 paraffin {C-Cy) feeds. Prior-art catalysts devised for this
application usually contain an acidic zeolite material such
as 7Z8M-5 and one or more nmetals such as Pt, Ga, 7Zn, Mo, etc.

1t

to provide a dehydrogenation funotion. Aromatization of

ethane and other lower alkanes is thermedynamically favored
30 at high temperature and low pressure without addition of
hydrogen to the feed. Unfortunately, these process
conditions are alsc favorable for rapid catalyst deactivation
due to formation of undesirable surface coke deposits which

block access to the active sites.



20 under reaction conditions before being subjected to coke burnoff and/or
other treatnent(s) ained at restoring all or sone of the original catalytic
activity. An exanple of such a process is one featuring two or nore
paral | el resoctamwsesantai ning fixed or stationary cat al ystr/isesspssaast h at

| east 25 one reactor offline for catalyst regeneration at any given tine,
whil e the other reactor (s) is/are processing the |ower al.kane feed under
aromati zation conditions to make aronati cs. Anot her exanple of such a
process features a fluidized catalyst bed, in which catalyst particles
cycl e rapi dly ando30ngmntiviuousibpnbet weeriagraacticonizoneonher e ar oma\Vat i on
t akes pl ace e ! C e e, J.s burned
of f Tho oot alyor (o Fostors aetlvrty  For euans s f e “Befent 5, 055, 570
descri bes a P uitkiBed: priccéssrdase sbaverteilhgt |'owed s phpafifPnimiat ures to
aromatics.  errortReQULFRIRAL SadiQr APLidRhaCab/liehkPerfOnERPEE-Jd a process
involving a relatively short period of catalyst 5 exposure to reaction

condi tions bBFSEEN BN FEGehet At En® &4 me MO eGEN R 94| ui di zed- bed
process, canigidifes [fembhest bl haed-ives fmH BY- peskPhocessesirwhi ch
require | onge,rrtqlat | ystd exposur e tinme itdcml reac iroeré_cgndi}}iinons bet ween
regener ati on“tFéat ment & c 8pect Fi'¢aF1 §5 T Ypr 6t sS85 16° i'AVol VitHy short

cat al yst exposdge reroesn cbnidstiompor t Brtset hpprddrbecatad yebroptiaaehi bit
excessive initl acki I hydr-og ys$h s, ALl vity whi gg convert
too much of t%e%flrgg%lg%%gcgg?guﬂl%eé?r%El%lé:, %‘Fé\g‘g}?vgl ua%l e .gy ?g ucdgs such as
met hane. 145Cerqdin Het alvsrsuetras 1Pet wifirchcas ersveéryrauittiabl enfde cat al yzi ng
t he dehydr ogenatd.@n.&eaekl-08s, thatnafr & €ssentdidl vlohoan akkane s _
dehydroaromati zation process can al so, under certain circunstances, display

undesi r abl e RS agehvlyE0s (AetisAsty Seae H 8a%s + o "8k c&EIFV 8’ pitduct i on of
Imet hane from 29, lma;gbﬁx_rs Myalsiopfa;rzb@na. 5, Tdwes, bpe) uﬁihi@:n @ésca:i&@cambz)-i nert or
ess-active nmetal in a catalyst conposition to help suppress the
hydr ogenol ys B aceiT {4y Gl ct K FL £ Horar ALt Ve hRLAI T & Laed i n
commer ci & seal edaat abndlile oaphtibang efioneirng immwheehtiICReChY garaf fi ns and
napht henes afﬁES%@Vglkﬁra59125eﬁL%HR£i%xgggEQHﬂﬂS with catal ysts which are
predoninantl@‘ﬁﬁhe?al i'cand are supporte n c Fdride-pronnted al um na. As
i ndi bated i n a caeal ydtdenapittvacheformimgnyrevi ewiarridhlenbys Go AL Queri ni
in vol ume 6, ynages.1: 56,06 Lhe Encyel apedia ofdatal ysis bl nd. Horvath,
ed.; published by John Wley- & 30 Sons, Inc., Hoboken, New Jersey, USA,
2003), thesecatlapystrendppi cetiafizeny aiterbt tptus landt Her fefdd) such as Re
(in sul fpdeduf@nime08:i9% cARRNG BEhes s oif 8618 dupgsersecendoretal s can
interact with the Pt %@¥Jeduce hydrogenol ysis activity, thereby decreasing
the rate of UHIETed HEthERRET IriFatTON: (SThesE P -RECAMY 'BF/ Sht ¢Ht al yst s,
supported onseld eri tie: propiedaakupt naacateiw.deby enpipoyedsiduchi xed- bed
(seri - 5 regenerative). and moving:bed,{continuous), paphiha pef ormers,
respectivelf;¥§n§ theiT conposﬁ?ioﬂs are op?lnﬁie ”‘or'TeFa?|Ver | ong
cat al yst exposureningesixed eeadkitonngondiatkonst betiaeent hegenesatti on
treatmenss. Jhe auerage catalval pardghe residense,tim,in,thg, reaction
zone between 10 regeneration treatnent’s ranges from a eM/d%ys I n novi ng
bed react or sti@d kp'to theoptipyaaprsténifi xede bedrreast ors HAcktoiedi ng to t he
article by Queripi soENti0ned; above, i ¥Rl ¢ahaRli ARd:Sndievel-sqdm Lt/ Sn
naphtha reform ng catal ysts are 0.3%u each. Such catal ysts, which usually
| ack a stronlY ts Heidite 2eoli¥e?comisient ©@'dg Shott otk il for | ower
al kane aronmatdizabbONved, in which catalyst particlies cycie rapidiy and
30 continucusly between a reaction zone where aromatlization
takes place and a regeneration zone where the accumulated

coke is burned off the catalyst to restore activiity. For



It would be advantageous to provide a |light hydrocarbon

dehydr oaronmati zati on process which can be perfornmed under conditions

t hernodynami cally favorable for |ight al kane 20 aromati zati on as descri bed
above, whi choppouddes for relatively short catal yst expa3suwsessbiongto
reaction conditions, wherein the average catal yst particle residence tine
in the reaction zone between regeneration treatnents may be fromO0.1 second
to 30 mnutes in a fluidized bed reactor 25 and froma few hours up to a
week in noving bed and fixed bed reactors, and in which the catal yst
conposi ti on esamgpte, nzed Haoenedudeexteskisveilbad tal dlupr-aeucbrore af

| ess- desi r able, BypLOAUGLS 134G A3 IELDANG. SR Qfnlhe.J nvention 30The
present invention provides a process for producing aromati c hydrocarbons
whi ch conpri ses: Requirengngp gontwactinng w@ithanet wiarfoandetsydnoar omati zati on
catal yst whepgidbdsheneinang sontiact viiferbt-he aveage Jiesidence tinme of a
gi ven ethane nolecule in the reaction zone under reaction conditions) is

preferably fROMDIE §RCGHAS PO CIRFALRE DRbEECHeerEr BSCE3 6°5 seconds,
preferably atr&hhehe, 730G apdz 0:Q%dt Ged-12cMPavcsa, degata@larst B-GoONpri si ng:
(1) 0.005 to, 0.1 %M _(% by wei h%@_ | ati num basis the netal referably
0101 10 0. 08°5REE oS e A RE o B LERRaT e 1 Ber ekt rom the
group consi staérg et expysureadirand i1Ogerimantomitikhehodisiero nore than 0. 02
ot |ess thap.the ampunt. of platinum  preferably n re.than 0.2 % of
t he cat al st,_e asfé t he ﬁétaﬁ; @146 ¢ Iﬁa lé(§§0%%”13 99.9 % of an
al umi nosil? catelvispr dfartabhyalysteokpeirehashes t Hé ab umneos it cdkes,
preferably 30nd Q2993 s Yot Qﬁ@ﬂﬁ&agkyééﬁk%ciﬁikﬂﬁpﬂké&ém%rQHP consi sting of
ZSM5, ZSM 11, ZSM 12, ZSM 23, or ZSM 35, pref erabl§ converted to the H+
form 20pr ef RYENOPABRYS g 240 51 52/ AP2O3B Geof-dr Coatsits bPO fieh 20: et o 80: 1,
and (4) a bi peefstopkefenabkyiseliect edsd-ram.shld ¢gorabsidsnauandadm xt ures
t her eof ; " (b) collecting the products from (a) and separating
and 25 recov&itiy®co. aromatic hydrocarbons; (c) optionally
recoveri ng nmet hameranth hpdeogenichand fidtwhaphionakkyyreacyekbiagheydrocar bons
to (a) catalyzing the dehydrogenation reactions that are essential
for an alkane dehydroaromatization process can also, under
certaln circumstances, display undesirable hydrogenolysis
activity that leads to excessive production of methane from
20 higher hydrocarbons. The inclusion of a second, inert or
less~active metal in a catalyst composition to help suppress
the hydrogenciysis activity of the first, more-active metal
is used in commercial scale catalytic naphtha reforming in
which Ce~Cy; paraffins and naphthenes are converied 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 C. A, Querini in velume 6, pages 1-56 of the Encyvclopedia

0f Catalysis (4. T. Horvath, ed.; published by John Wiley &

3¢ Sons, Inc., Hoboken, New Jersey, USA, 2003), these catalysts
typlcally 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 hydrogenclysis



Thp reactor system nay conprise one or nore reaction vessels, chanbers, or
zones, arranged in parallel or in 30 series, in which contact between the
catal yst particles and the ethane-containing feed occurs. The reactor
vessel (s), wbaokao{s), or zone(s) may feature a fixed catralypsbobad (i.e.,
with parallel beds), a slowly-noving catalyst bed, or a fluidized bed, In
a preferred enbodi nent, a fluidized-bed reactor is used. The process is
optim zed to mnimze the average catal yst particle residence tinme while
mai ntai ni ng selectivity and conversion rate. The average catal yst 5
particle resedenceyti teededyt fiecavelagehanuint o6f utdaneed hatrhaneat al yst
particle is |? the active reaction zone with ethane between regenerations.
Cat al ysts of he present invention - featuring |ower |evels of

dehydr ogenati on rideak [pifef epdlbity SPtatwilyhts1,0 sporeriteidabn crdekidg f uncti on,
pl us proper ppderabi 9M.ofhat he-dehydrpgepation ; Hemledaﬁéa Visk¥; Wi th
approprlate anounts of a second, att'enuating netal - are designed to limt
initial cPackPAYEEET VY IR THOGE Bt ricPPEITNGUS he B héhal 1eTa88F3 At y and
aromatics sehggﬁwyhbylfe@uurgqﬂﬁono@@ﬂmeg&kab&y Mmgﬂhgeaax@roductlon rates
of benzene and. ot he Detai | ed Description of the Invention

The present FﬁvaﬁfeéﬁagggaC%F%%@%so§%Fuﬁ?6&&@Fn ° AF6at Tt SRY oA bons

whi ch conpr|9e8w$mumggmgnathydm@eaﬁbﬁmsfeeﬁmaaekrmmmbatmhmg at |least 50
percent by f r.other car dnto contact with a
dehydroarongglzaC?%nrgégﬁﬁgst S% l§5|%|5%§§ﬁ¥$a%fe ggﬁ%ronntlng t he

react i on 18f ée%aweat@@@ﬁnﬁatm@ﬂhydﬁmﬁarbo%scgéeh<§swbem2@n@naquﬁ
tenperature of,350st9,730Cand 2 Prassyr e, ofix0g0ed QedcdMPa. The primary
desired products of 25 the process of this invention are benzene, toluene
and xyl ene. 2ccordivhethylirocaiftBoAs h QRei Feddst vlednmalovse évﬁéﬁé et hyl ene

or mxtures phesfokn Per@flerﬁblm,/sﬂrk@h@ahoirdﬂoyml;@;f otahgwcae;dgt:@ck is ethane
and fromO tg 20 MEI% 6ercent of 30 the feedstock be conpri sed of

et hyl ene, pr &f &F4bEJCs Ui@‘%%ﬁéﬁ?‘beWEéﬂtUSTH%”fé@H%t%é%rﬁﬁ ontain in
addi tioniep boidHQ: wea»g]hie pefsertr of aothberwvaperechaior hykoearhons
cont ai ni ng bet ween 3Land 8 carbon atons as coreactants. Specific exanples
of such addi ti9ar“éor'ésct ants are propane, propyl ene, n-butane, isobutane,
n- but enes and i scbutvenkd PEFhedhydraaeanbotr freedsdock Lppet eérabbyacont ai ns at

| east 60 per ocarho at least 70
5 percent bygﬁe(hﬁ% gﬁﬁgg%%§§?|oﬁn%géd%?ggoggﬁﬁﬂf 5?§§%§{%gh%?eln as

et hane for coepvdiiiensetrumodynasiqeadmt fawpriehét ude aiphbfaikeeeot her

hydrocarbon gei@idiaks:sefer bedetg.a0aM8yd f which S,Reeassary: or desired for
themto be present. In a preferred enbodi ment, the reactor conprises a

zone, 10 vesé%*mJﬁﬁléhﬁﬁﬁérCé%ﬁ%ﬁﬂh?ﬁﬁo%ﬁﬁth@?‘%hﬁ??%?%%lthrough whi ch the
et hane- cont attidig ibaed FHaws»andd tah@rc-ﬁ@aetat@msttab@&wmceesﬂéiéacé eact or

syst em may imyolv% ghulxeg QDV|n ar uegk%edip L #ﬁ%ﬁ;be The reaction
products theh'¥1 ow ofit ‘SFCtHe BEAT & 3?% ol ett'ed FE5ct i product s
are then bae from 0.1 second te 30 minutes in a fluidized bed reacltor

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
Lo reduce excessive initial production of less—desirable
byproducts such as methane,

summary of the invention

30 The present invention provides a process for producing
arcmatic hydrocarbons which comprises:
(a2} contacting ethane with a dehydroaromatization

catalyst wherein the ethane contact time {(the average



15 separated and C6+ aromatic hydrocarbons are recovered. Optionally,

nmet hane and hydrogen are recovered and optionally the C2-5 hydrocarbons are
recycled to step (a). A fixed bed reactor is a reactor in which the
cat al yst rewsixng/is4sat i onary in the reactor and the cat alpsisz@ansdiel es 20
are arranged in a vessel, generally a vertical cylinder, wth the reactants
and products passing through the stationary bed. In a fixed bed reactor the
catal yst particles are held in place and do not nove with respect to a
fixed reference frane. The fixed bed reactor nmay be an adiabatic single
bed, 25 a nmulkesidae surg adndediwwrt kthest rexebahngenf b dremrctann adi abati ¢
mul ti-bed w I r.na e n n I had reactors are
al so referre%g?%qggega% e Qégdééggéggpgfmgﬁgg§£%§%ﬁyeg%$§§élprovide
exchi | eat gasesotdsdsochbntiagtengrostherefxedlyed veactoecwdnfi gurati on may 30
nclude at | east. tug, separl e f xpd heds bn dififergpl, zanescso.that at

| east one bed can be'in active operation under reaction conditions while

t he cat al yst cbherigtiher bed(s) is being regenerated. In a noving bed
catal ytic reactor, grayjty gayses ¢ hescatal wmm&h%fﬁﬂn@mtIga/w' le

mai ntaining their relative positions to one another. The bed noves with
respect to the wall of théb¢edset! i RTafterlivt ©i &l donPaf hedt  The reactants 5
may nove through this bed W bho@&CWET 8Atat teQUAt BIL BEESNtsQkceE@SST | ow. Pl ug
flowis the preferred node, The noving bed offers the ability to w thdraw

catal yst particles contindd@8l o HE et MELenty ywis &'t helfacanyd

regener atled out si de the remgehoriandvwhetntisoduced-d nhenthe®zcikreuldssl ater 10
on. Thus, there is an advantage tao_usi novi ng. bed en .t he catal yst has
a short active life and c%&aBegg%nﬁFHﬂggé fl?gﬁgﬁgrgfgé?xﬁlﬁng?%g bed
reactor may consi st of at mMogasthané.frayt as wet |caslsappdrtsingtieans for
one or nore catal yst bedsﬁ@Igg;supporting nmeans nmay be perneable to gas and
15 inperneabl e to catal yst particl es. A fluidized bed reactor is a
type of reactor that féy BE tsed t%searey ssutlarviasiiét §26F nul ti phase

chem cal (keactions. In thisckype1Qf 18,68aGLOr pai Yasei s passed through the
particul ate catal yst at high enQ%gh vel ocities to suspend the 20 solid and

cause it to behave as tho@gH™i#o%er625ef IRFcderany S8t &P y&t-“parti cl es may be
supported by a porous pl ateerdherigasendy:doe tihonf ced thoopghnkherpoy ous pl ate
up through the solid mater.i_al t | ower. g vel ocj t i the solids remain in
pl ace as the gas passes tﬁ?oéaﬁéPhggW6¥Hs%§H'f%b‘%%?ggiéﬁléggugg t he gas
velocity is increased, thercéacdidry reachesd he sicage Where the force of the
fluid on,the solids is enﬁggpe£ﬁﬂﬁ?égg%%{%pgi@ggggh @éth§a§9thfnaterim

and above this velocity the conte he reactor egin to expand and
swirl around nuch |ike an fagirtated trabk:onabdiling pot of 30 water. A

fluidized bed reactor (is prefgsd.ed for: 438 Beidiar esentsiizAvgNt i on because
it provides uniformparticle mxing, uniformtenperature gradients and the

ability to operate the redét®Bt"d P4 BoRtYTRIoH8* & %te. The catal yst |eaves
the reaction zongpw tbotihe tk8aCLHORrPEOSULCEScRNCh) Sngepasatednd harefromin

order to Ee regenerated before being recycled to the reaction zone. The
et hane cont atTtiore ey r #ifge ' o 9ia§é@5ﬁd to 1 5 ninute. The ethane
contact tine is the averiagelapouniovefing nethane and hydrogen; and
(dy optionally recycling Cu.y hydrocarbons to (a).
The reactor syslem may comprise ong or more reaction
vessels, chambers, or zones, arranged in parvallel or in
30 series, in which contact between the catalyst particles and
the ethane-containing feed cccurs. The reacltor vessel (s},
chamber (s}, or zone(s) may feature a fixed catalyst bed

{i.e., with parallel beds), a slowly-moving catalyst bed, or



time that one nol ecule of the ethane feed is in the reaction zone. The
preferred ethane contact tine is from1l to 5 seconds. Longer ethane contact
times are | ess desirable because they tend to allow for secondary reactions
that | ead 1@otmodessr desirabl e byproducts such as net harenandsneduce
selectivity to benzene and/or total aromatics. The catal yst conprises
from0.005 to 0.09 % platinum basis the netal. The platinumis highly
active in ternms of catalyzing the dehydroaromati zation reaction and it 15
is best if its concentration in the catalyst not be nore than 0.1 %
because ot heewfseidigednoeh néthaneradekledemprdidwred. al hlwog zedbioed ment from
0.01 to 0.05 Rl atinu C u bt ai ned

W th reIatlveé%évgafgngﬁﬁﬁsngk§ﬁ§§§ggsr%9t eq@ggér%gtgl%@ﬁﬁgaﬁtgnuat|ng
metal is an é3sewd aktebrgjopentioife trreidatcd ysre ofhitthemprreagént ny nventi on.

The attenuat i;nge fetak yMpAderahes:-1:hg catal yiine aediaet ¥a0f1 pleati numso as to
reduce the production of |ess-val uabl e nethane byproduct. The attenuating

nmetal may- bepééFEEtéaett%ﬂ¥Fhél@ﬁOﬁb15%ﬁ§ﬁ§ﬁﬁﬁga?8”%fOfﬁﬂmeléaﬂl‘%nd

ger mani um F@l’aténﬁatpfoﬁﬁﬂiﬁld avem iR, athe,anmeudt:iof bhe aldrepuatiang netal
may be no HD%S | ess than the amount of platinum The
attenuating t%ﬁabfgﬁe?%ﬁﬁV°88hprlses not nore than 0.2 % or the

catal yst, basis Uneanesaiofnmhezpme@etabhyuw@bnweﬁedthannﬂ1@5L%Mt and 30
most pref er ably not.more, d:nana0. & Ak O hestlenuating etal s utilized
because more than thaf ca ause the over conv S|on to aromatics to
becone tdé | vactorisdoaneridirgl fusetionThelwatabyst raldegatbiproifsedefrom 10 to

99.9 % of apg,&fJIMEe: JH meesadﬂmtg wrpﬂthertjetépmetef&tcﬁmtx from 30 to
99.9 %M, basis the alum nosilicate(s) um nosilicates preferably

have a sili c6RACERDxREECBIAMTAURT Y oxpER dsHares toatin! bfiftdat 20 to 80.

The al um nosu:a@}atlejsgaaayvﬂryet@t@@hy %QSIZ@LQ:llllttyeﬁ}t@&iﬂemllthsﬁ:ilthLjQr MEL type
structure and ma ZSM8 ZSM 11, ZSM- 12 or l\)/t The zeolite or
zeolite nixt@re 1§mﬁtét%ﬁﬁﬁﬁ Coverfeu- 16! HOF of MG Cp7 bW d&2BUT i ci ent

acidity ti6 hekpacatiahyzerdsherlbedehydeoaraneti 2atdoncseaction. This can be

acconpl i shed bg %elcbnln% the a%gggjug%&gﬁgbof the zeolite in air at a

t enperature rial serves the purpose of
hol di ng i nvi di vudthezeotsarg enysmwmonpasta(ﬂua@esegehheWO@upung ntain an 15
overal | cal alysha Rl hi6he:aabess LIRS ORLITRL EANARLLOL {diidLzsd; bed
operation or to prevent excessive pressure ro fi'xed novi ng bed
oper at i on. Tﬁée%ﬂﬁ@érC%ﬁynﬁenget%dﬁeétf5%&%%ﬁé”@ﬂﬁhﬁee@%%<§tﬁh@a@1 al um na,

silica, 9pliea/ @A panWablous: Gl &y rdralekkal S.isuch as kaolin, or mxtures
thereof. 20 Preferably, anorphous inorganic oxides oaeganna alunlna

silica, sili éﬁyéqﬁ?ﬁtrﬁﬁaﬁza&lﬁf]xt‘i}raeytsﬁe(f%tosﬁrﬁﬁo%ewil HIedr Most
preferably, akoibtnagantd afeasihbta@renusedcaarbhe bi nderodmtenkal . A

pl ati num cont ai ning crystalline alum nosilicate, such 25 as ZSM5, may be
synt hesi zed BYy“prEp&fiHya [é élﬂﬁ%ﬁﬁ?t?t%éﬁ'5€%ntéﬁﬁpﬁgapﬁe al um num and

silicon in thedsarewerk,oideposid iveg . pl atd r;bumn@ﬂy tdaeeaaled WHJaests igate and
t hen calglnlng t he alunnn03|llcateThe attenuatin E na also he added
by the s DIERGFES & theP PriTIEs, * ﬁ’ﬁt‘f%%erodé’l YEUr tHY 30 or after
t he addltlonx@hnniatlnwn The metal s may be added by any connDnIy known
met hod for addlngwnetals £o.such stru tw?(§Ocpcludeﬂgotpcorporatlon into

arocarbong i ot oY et hane
the al uninosilicate ffamework during crys syn ‘hesi s, or subsequent ion

ethvliene ar mixtures thereol. 13193t 1alxlv ‘ihe.ina jority of
the feedstock is ethane and from O to 20 weight percent of
30 the feedstock may be comprised of ethylene, preferably % 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.

0



exchange into an al ready-synthesi zed crystal framework, or well as by
various inpregnation nethods known to those skilled in the art. The

pl ati num and attenuating netal nay be added by the sane or different

met hods. 5lwoaocpriefser red enbodi nent of the present i nventinionem@uniethane
feedstreamis introduced into the dehydroaromatization reactor. The
feedstreamthen cones into contact with the catalyst particles for the
prescri bed period of tine. The reaction products | eave the reactor and are
transferred into 10 a separator. The separator renpoves the aromatic

product s andSthelpri asiqalesbyproduc bedi petrhdnecarsd thyts ogen prapdrgh
preferably may, erngcoxem%eﬁngso%% nL STRUES0Z: 8 gy@w&ﬂ%é ang,cunr eact ed
et hane whi ch op |ona may be Tecycled to the roar omat | zat'i on
reactor. 15 hE%ﬂG\PLESD feedstockwfﬁéﬁmwm@t@xwlteée@ﬁe 59 Pestedti ve only

and are not Byipended:t® h&ﬁ@éoé&ﬁ@n§CQ@@@O$réﬂ@%ab@VQﬂIu@QsiEKﬁnple 1
Catal ysts A throu h | were prepared on sa es. of an extrudate nateri al

cont ai ni ng 8B6HECTBT PEBYEIBT4E t§82b6Wit@eﬁsﬁ’fﬁﬁﬁPaﬁ°%§95?.AE?03 ratio,
avai l able fr amczﬁola)ésteui;ﬁ]ol mber fatvcanahde and 20%M nehnalwminal bicder. The
extrudate sa d in.air enove residua

noi st ure prlg?‘t %5 E”EPeﬁ%%é?“Snb119@rr°ﬂh%al% m%répdep05|ted
on 25-50 gramtsampEQSSﬁhwthe aﬁuuedzsm¢5ﬂ@hunpﬁaeexEﬁamate by first
conbi ni ng approprj,ate_ ammun: Lock ogggégﬂs of .1 &tr.aanmine platinum
nitrate and tin l Ta'?etractﬁ o%?j mgn?aﬁigrate “att lﬁ?h?s ﬁ?&ture\mth
dei oni zedOWatfé%SQJo arv@pasrﬁa@rj G@Ittaé@ﬂﬁgﬁaémlﬁb ffrirlilwtlﬁé reghof the

extrudate, apd;iNMHEINALdNRG bhes BXhhudate Molh 4 $neolaldiQBnatafeom
tenperature and atnospheric pressure. 20 |npregnated sanples were aged at

room t enper aPbf &  oF *2-PATEAF sSHHE"t Heh diiced® ov érfPght "at "#o0e To
det erm ne t helpl@tzenuss ang sti Becg:ontraatseazj‘ubhepﬁﬂm@kysﬂsan girsanple of the
catal yst was cal.cined at 550C to drive sidual noisture to render a
ose o i oo B ori PO S5 238 EehERgEs: A oS HeSe BFOT R UAEF SAICd g ound
cat al yst ,15coreecteedbyndNC:perrcent ageéydnasadicgest ed nmomgr@diosed vessel

m crowave ac di tion. jnvolyi L hyd I dr.of | uoric
acids. The sgﬁuffgﬁﬁ Eahgn?edh?%yg é %hﬁ“ﬁo %ﬁ%ﬂﬁg %%jggglgxa&aéd wat er
and t hen auat?&éﬁ(ibydIMEw®©n$wﬁmtaﬁem0hﬂi&bsSh¥>dﬁﬁectly coupl ed pl asna
em ssion anal ysi s, chesplls aLe-f 8Pkt £d-A%.(BPMY, QiR Gt o%%ggf based on
the wei ght of the 550C-cal cined catal yst sanple. Cat al s made on

t he ZSN@S/aIHﬁ$%ﬁmeﬁﬁﬁhﬁﬁﬁéymb@éﬂF%§?é@U”a§nﬁsU“3WPFH@EW«@Pﬁ§h?%ﬁS For each
per f or mange E@@tarx@n%@d GG aChasga Ofchatalilysh was ilcaadesh inite, ay;guwartz tube
(1.40 cmi.d,) and 505|t|oned in a three-zone furnage connected to an

aut omat ed ga5"f I'GAcs§RtemANe products PEIT0¥ BT P& orfrahicE ‘88t ng, al |
cat al yst changes were Hi:prdebeeatedtbn Sid waakladthpephecics pressalie as

fol I ows: in place and do not move with respect to a fixed reference
frame. The fixed bed reactecr may be an adiabatic single bed,

25  a multi-tube surrounded with heat exchange fluid or an

adiabatic multi-bed with internal heat exchange, among
others. Fixed bhed reactors are also referred to as packed
bed reactors. Fixed bed reactors provide excellent gasg
s0lids contacting. e fixed bed reactor configuraltion may

30 include at least two separaibe 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.



(a) calcination with air at 60 liters per hour (L/hr.), during which the
reactor wall tenperature was increased from25 to 510Cin 12 hrs, held at
510C for 4-8 hrs, then further increased from510 to 10630C in 1 hr, then
hel d at 630&€of:amw/1&39m n; (b) nitrogen purge at 60 L/ hr r83G@wbo34120 m n;
(c) reduction with hydrogen at 60 L/hr, 630C for 30 mn. At the end of the
pretreatnment, 100% et hane feed was 15 introduced at 15 L/hr (1000 gas
hourly space vel ocity-GHSV), atnospheric pressure, with the reactor wall
tenperature mai ntai ned at 630C. The total reactor outlet streamwas sanpl ed
and anal yzed by am enhd¢viengghsd ctatedut bgraghyosy stremit wocavsaat ese af t er
ethane feed addiijian,, Rasadson, GamRoshiioR.20- data obhained fam the gas
chr omat ogr aphi ¢ ana yS| s, initial ethane conversion and hydrocarbon product
selectiviti e@oﬁ%ﬁf@”@oh‘bmf@daa@@ﬁfm ngh¢ dechBOYH! oW nEe TRorckurasthe

et hane convepsion: %e 10QeX £I1Q\Qllth(yQWlseEBﬁf‘§1de@ ouM@tre@t:E@@m/ ( %
ethane in_feed) 25selectivity to dr ocar bon roduct (other than ethane)
= 100 x (rol B&Y gf°VEar B I ntgh’“bd’f‘ﬁdyﬁf“br‘iﬁ’&dﬁf Vfgéﬁé?'a?%)rff%l‘é% of carbon
i n amount of cethamewr eare:]tu@d)f 1EForipunposescetotl hael etid wickyngadeul ati on,

Co aromati bs re assu gﬁo ave an avera g? rml %%I af.{ formula of CuCri B
30( napht hal en)é\%a Ana yze 7 ndm ahd” (T éVel’§ ana Thiti al ar bmat dzati on

per f or mance dattifugnsCatal ystsrmtltenphe;mar etdeandhnt est eebeaasrdeseri bed above,
are present eguﬁsradléaglqg JeacltBE %%@lh&&% 8 Iddicate.dhat lm%

| ow Pt/ Sn/ ZSM 5 cat sts A through E of e present invention (less than
0.1 % PP, Sn-| &k n‘dﬁeﬁf”@r é‘itﬁarff‘d(?a@?a%vttol es5% FaRot el &FBunterof

platinum notnahqve:0sd W s0fndhecat @l sk} RroddepbeldfinhHidial 5
suppressi on of methane production and hi gher sel ecti vi t% to_benzene and

total aronat FeEdErd et HafeYardrat ’Z%‘?‘ité’ﬁ BBhditoAs that thestatal ysts F

t hrough 1, |anwﬂx©tgr bhesPN/ &Sn é@p@llslfﬁ@lnlea@ut sé:denther mangesaofltshe present

i nvention. ng) é 10Cat§ ‘?{sts J throbjocé eaagﬂ ni ng various | evels of

Pt and Ge, WBF pr éBarSEPOEnAlS FEG S bt CEsPetwe ‘deseriTed i n Exanpl e 1

above, ejigeplmpdratcabppriaphatbyampant sclofs.ger mani un(1V) oxide, dissolved in

a dilute aqueous ;anmn h utj ftin (1V)
gg&? pr&@d %Q(IE Xl %o { %O%n G URed | L@)% r?&%gn q

chl oride 15 pent yze | fum gernani um
initial ethanesdrtomasizatiugna p‘earrfl@ﬂ“ma@t@uelan rhalst ghpedeal thathewe .cat al yst s

by the test protncol,gdesaribed,for. EX A& Piesentedrbn Table 2. The
data in Table 2 I ndi cate that the [ ow %SMS catal ysts K through M of

the present RO°GHiVeAE? oif “r oot e tﬁéﬁ?eﬁmquﬁipt TaloEiippr essisohrerd fdthane

productiom apehihi gh@rceﬁﬁsee@tl ¥d 1k kG banzenegand tetal 2 anenat i ose han
catal ysts J and in e Pt/Ge |levels fall out5|dlethe ranges

specified i nc?tf‘?elyﬁf*egﬁit“i%ﬁ\?e‘ﬁﬂ &g supported by a porous pla

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.

25 As the gas velocity is increased, the reactor reaches the
stage where the force of the fluid on the solids is enough to
halance the welight of the solid material and above this
velocity the contents of the reactor bed begin to expand and
swirl around much like an agitalted tank or bolling pot of

30 water. A fluidized bed reactor is preferred for use in the
prasent invention because it provides uniform particle
mixing, uniform temperature gradients and the ability to

operate the reactor in a continucus state. The catalyst
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leaves the reacticon zone with the reaction products and is
separated therefrom in order to be regenerated before being
recycled to the reaction zone.

The ethane contact time may range from 0.1 second to 1

5 minute. The ethane contact time is the average amount of
time that oneée molecule of the ethane feed is in the reaction
zoneé. The preferred ethane contact time is from 1 to b
seconds. Longer ethane contact times are less desirable
because they tend to allow for secondary reactions that lead

100 to less—desirable byproducts such as methane and reduce
selectivity to benzene and/or total aromatics.

The catalyst comprises from 0.005 to 0.09 %$wt
platinum, basis the metal. The platinum is highly active in
terms of catalyzing the dehydroaromatization reactionand it

15 is best if its concentration in the catalyst not be more than
0.1 %wt because otherwise too much methane will be produced.
In one embodiment from 0.01 to (.05 %wi of platinum is
used. High performance is thus obtained with relatively low
amounts of metals in the catalyst.

20 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

25 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 U.15 %wi and

30 most preferably not more than 0.1 %wt of the attenuating
metal is utilized because more than that can cause the
overall ceonversion to aromatics o become too low for

commercial use.
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The catalyst also comprises from 10 to 89.9 %Swt of one
or more aluminosilicate materials, preferably from 30 to
99.9 %wt, basis the aluminosilicate(s). The aluminosilicates
preferably have a silicon dioxide:aluminum trioxide molar
ratio of from 20 to 80. The aluminosilicates may
preferably be zeclites having the MFI or MEL type structure
and may be ZSM-5, 7Z8M-8, ZSM-11, ZSM~12 or ZSM-35. The
zeolite or zeolite mixture is preferably converted to H' form
to provide sufficient acidity to help catalyze the
dehydroaromatization reaction. This can be accomplished by

calcining the ammonium form of the zeolite in air at a

temperature of at least 400°C.

The binder material serves the purpcese of holding
invidivual zeolite crystal particles together to maintain an
overall catalyst particle size in the optimal range for
fluidized-bed cperation 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 kaclin, 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 Z8M-5, may be synthesized by preparing the aluminosilicate
contalning the aluminum and silicon in the framework,
depositing platinum on the aluminosilicate and then calcining
the aluwminosilicate. The attenuating metal mav also be added
by the same procedure, either prior te, 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 aluminesilicate

framework during crystal synthesis, or subsequent ion

10
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exchange intc an already-synthesized crystal framework, or
well as by various impregnation methods known to those
skilled in the art. The platinum and attenuating metal may
pe added by the same or different methods.

In a preferred embodiment of the present invention an
ethane feedstream is introduced into the dehydroaromatization
reactor. The feedstream then comes into contact with the
catalyst particles for the prescribed periocd of time. The
reaction products leave the reactor and are transferred into
a separator. The separator removes the arcmatic products and
the principal byproducts, methane and hydrogen, which
preferably may be recovered, and also removes Cis byproducts
and unreacted ethane which optionally may be recycled to the

dehydroaromatization reactor.

11

r



rl LOd CDCO. . ¢) st .o,Lc) o--) ' " Lo co O.; co LoLo CDc., ¢, Nri
CDcori 4-/ 4-) 3 3 ockithO, HO 410 1-1 GJ EEN4-3 0 g 0 4-1 001 a/

NHg idH H 4-3idA 4-1

10

20

25

30

WG 2009/105391 PCTIUS2009/0341717

EXAMPLES

The following examples are illustrative only and are not
intended to limit the sccope of the invention.
Example 1

Catalysts A through T were prepared on samples of an
extrudate material containing 80%wb of CBV 3014E ZSM-5 zeclite
(30:1 molar S$i0;:Al,0; ratio, available from Zeolyst
International) and 20%wt of alumina binder. The extrudate
samples were calcined in air up to 650°C to remove residual
moisture prior to use in catalyst preparation.

Metals were deposited on 25-50 gram samples of the above
Z8M~5/alumina extrudate by first combining appropriate amounts
of stock solutions of tetraammine platinum nitrate and tin(IV)
tetrachloride pentahydrate, diluting this mixture with
delonlized water to a volume Jjust 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 (1LOI)
percentage. A known masg of the untreated ground catalyst,
corrected by LOI percentage, was digested using closed vessel
microwave acid digestion involving nitric, hydrochloric, and
hydrofluoric acids. The scelution was diluted to a known
velume with deionized water and then analvead for the
indicated metals by directly coupled plasma emission analysis.
Results are reported as ppmw or welght percent based on the
weight of the 550°C-calcined catalyst sample.

Catalysts made on the Z8M-5/alumina extrudate were tested

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

12
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charge of catalyst was loaded intc a quartz tube (1.40 cm
i.d.) and positioned in a three-zone furnace connected Lo an
automated gas flow system.

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

(a) calcination with air at 60 liters per hour {L/hr},
during which the reactor wall temperature was
increased from 25 to 510°C in 12 hrs, held at 510°%C
for 4-8 hrs, then further increased from 510 to
630°C in 1 hr, then held at 630°C for 30 min;

(k) nitregen purge at 60 L/hr, 630° for 20 min;

(¢) 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 (1000 gas hourly space velccity-GHSVY,
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 ware
computed according to the following formulas:

ethane conversion, % = 100 = (100 - % wl ethane in outlet
stream)/ {%wt ethane in feed)

selectivity to hydrocarbon product ¥ {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, Ce aromatics were
assumed to have an average molecular formula of CigHp
{(naphthalene) .

Analyzed platinum and tin levels and initial

aromatization performance data for Catalysts A-T, prepared ang

tested as described above, are presented in Table 1. The data

13
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in Table 1 indicate that the low-Pt/Sn/ZSM-5 catalysts A

through E of the present invention (less than 0.1 %wi Pt, Sn

level no meore than 0.02 %wt less than the amount of platinum,

not above 0.1 %wi of the catalyst) provide better initial
suppression of methane production and higher selectivity to
benzene and total aromatics under ethane arcmatization
conditions than the catalysts F through I, in which the Pt/Sn

levels fall ocutside the ranges of the present invention.

Example 2

Catalysts J through N, ceontaining varicus levels of Pi
and Ge, were prepared, analyzed, and tested as described in
Example 1 above, exceplt that appropriate amounts of
germanium (IV) oxide, dissclved in a dilute agueous ammonium
hydroxide sclution, were used instead of tin(IV) chloride
pentahydrate. Analyzed platinum and germanium levels and
initial ethane aromatization performance data obtained with
these catalysts by the test protcocel described for Example 1
are presented in Table 2. The data in Table 2 indicate that
the low-PL/Ge/¥SM~5 catalysts K through M of the present
invention provide better initial suppressicn of mathane
production and higher selectivity to benzene and total
aromaticg than catalysts J and N, in which the Pt/Ge levels

fall outside the ranges specified in the present invention.

14
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1. A process for producing aromati c hydrocarbons which conprises: 5(a)
contacting ethane with a dehydroaromati zati on catalyst in a reactor, said
catal yst conmprising: (1) 0.005 to 0.1 %v platinum basis the netal, (2) an
attenuating netal selected fromthe @rollfp consisting of tin, |lead, and
10ger mani um wherein the anount of the attenuating netal, basis the netal,
is no nore than 0.02 % |ess than the anount of platinumand is not nore

than 0.2 9% A process for producidly :@ct@t99. 9o cefr-bamsakwiicnosilicate,
and 15(4)a binder; (b) collecting the products from(a) and
separ at i“9%PanéSSecoveri ng C6, aromatic hydrocarbons, (c) optionally

oo no R N e R o aE Ayl Tng G-
conpri sesitalyst in a reactor, said catalyst comprising:
(1) 0.005 to 0.1 %$wt platinum, basis the metal,
(2) an attenuating metal selected from
the group consisting of tin, lead, and
10 germanium, wherein the amcunt of the
attenuating metal, basis the metal, is no more
than 0.02 %wt less than the amocunt of
platinum, and is not more than 0.2 %wt,
{3) 10 to 99.9 %wt of an alumincsilicate, and
15 (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,-5 hydrocarbons to (a).
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Z. The process of claim 1 wherein the reactor comprises a
bed ¢f catalyst particles and the ethane flows through the
bed.

25 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.

30

5. The process of c¢laim 1 wherein the reaction is carried

oult at from 550 to 730°C and from 0.01 to 1.0 MPa.
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bed of catalyst particles and the ethane flows through the bed. 25 3. The
process of claim2 wherein the reactor is selected fromfixed bed, noving
bed, and fluidized bed reactors. 4. The process of claiml ierein the
ethane is contacted with the catalyst for fromO0.1 seconds to 1 mnute. 30
5. The fr oce§’§@opr@h&ism @f\/\héuaémn it Weereast tba pyogatr pédreat latif Fem 550
to 730C£?%%|fr%q1Q 0 6. The process of claim1l wherein the
anount ati’num’i s ron1 01 to 0. 05 9% . 7. The process of claim1
wherein the catal yst conprises not 5 nore than 0.15 %w of the attenuating

nmet al . 8 The process of claim1l wherein the anmount of the alum nosilicate
is from’30 t6N§IPTOURES 26 GIFAB Pr ¥bessisf LEFarm-2 1 WREr EPAPTRESS not

alungnOﬁbleQBQHh@slg Shkl%@ntQEOéhqgngggghBUHEEQEOXIde nolar ratio of from
20 to 80. . The process of claim1 wherein the alumnosilicate is a

15 zeolite, preferably converted to a H+ form 11. The process of claim10

wher ei n_t h it | d f th f ZSM5, ZSMII,
75W 12, 875w 352 GG 786 55 £30°715. VASproGeLt s BrOBF baliel hSar omat | e

hydr ocasheons ki ¢h ceeapiisses chheostepsosgbsianti al Iy as herein descri bed
with reference to the exanples. 25 13. Aromatic hydrocarbons produced by
the process of any one of clains 1 to 12.

10 9. The process of claim 1 wherein the 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

15 zeolite, preferably converted to a H' form.

11. The process cf claim 10 wherein the zeolite is selected
from the group consisting of 2ZSM-5, ZSM-Il, ZSM-12, Z5M-23,
and ZSM-35.

20
12. A process for producing arcomatic hydrocarbons which
comprises the steps substantially as herein described with

reference to the examples.

25 13. Aromatic hydrocarbons produced by the process of any one

of claims 1 to 12.
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