WD 96/ 34843

PCT/ US95/ 05700 PROCESS OF PREPARI NG
ETHYLBENZENE OR ' SUBSTI TUTED DERI VATI VES
THEREOF This invention relates to a process of preparing.
et hyl benzene orwewws#dx uted 5 derivatives thereof usi ng et hanecausssusioecne,
oret hane and substituted benzenes, as raw I als.

Et hyl benzene and substituted et WPSE??@REEPA&W@Eﬁ@FENZWPRprepaH ng styrene
andck substituted.styrenes, whi CSUBSTIRUTEDDERWADVESTHEREGH s for pol ystyrene -
pl asti cs. Et hyl benzene I's al nost exclusively prepared by the

‘al kyl ation of benzene with 10 ethyl ene. Commerci al processes include |iquid
phase al kyl ationwith Fri JBEFW‘QPF%“E%?P&P%F&“P’*’”"&R?W'%Fé“?ﬂe&mm

chloride and ghodgriatives thedoflusirtrethane bnd:tinzena b thprecnd sutistitytedbemsanes| dshaw

acidic* carrier g&al ysts, such ascrystal | i ne al um nosili cates.

D sadvant ageousl y, these commer ci al rocesses require_an essentially
pure stream of ethyl ene. Ethylbenzeneandsu ehyiRengangs reugfi for pregaring styrene and
predoninantly fr Qﬁsﬁﬁ&d&ﬁﬁn@hhﬁhﬁhﬂ@gﬁam&ﬁrpﬁlﬂyr&r&d&d&ocar bons, Such
as natural gas rich In et p?eﬁ]gre

Al ternatively, ot hyl en can aeliﬂgsidﬂ? He t hgfrkﬂagﬁo"oofbe?umw“h

cracki ng of napheHulens; Commencial amffﬁ'“e"q“*m%ﬁﬁ‘h"éﬂ%ﬂ‘g@ Friedelteafissatalyfts. ot v
of other product Sud\wh-unkumgmdmﬂaaapmpmﬁametwmmmiphabamymonwnﬂmﬁid y

to separate fro L"G ﬁ“%
distillation and)‘ﬁhg}gaE Isg'@{%?% ﬁg‘i‘%ﬁ% O%M e ace’ﬁisﬁl'lene°B'aceﬁ:mtI
et hyl ene Cracki nWP%"MHF&'EWEUPP efgthylenp.o; the obtention of pure

et hyl ene account for appresyiémisobiaired prediminantiyfirointhe therma arbekingaf apirbedzene
production costs

t eaches a two- ?tgﬁdcrab% ng- af'lzat?ra'qa%éﬁh%&%&;?ﬁu'ﬂ '%%Wmﬁum.

on process cl_ng
al kyl aromati ¢ hy@thylege ganbe Wm#fram %hem@rmcrmgammmmﬂm
t her mal Cr ac kradieradisoiphsiuéed variety otmheripkdduits) fndimitiing diolefind wnd acegylenecwikich are

of th Ol err]  hy (eRYPRpref o ddlne SRl TRAnaR fiafballeusdlaghfitiar | °"

acet yl ene obt ai néﬂ"&'ﬂ’?ﬂ@'@?ﬂ“ﬂ“’ﬂ“ag E?bb";kt%!fbﬁ!’!f SrrekingAndseparation
sol vent, and 3y technélogiwsfosthe shtedtiohbpute ethyiéneagabuntfardpproxinfatayorithigbofithe

into al kyI aromat i «@hﬂgg r&g&@nn&%_ ore, this type of process is
hanpered by its pendency_ on convaaé]gwonal thermal cracker

and
cryogeni ¢ separ at | on of mpﬂaduﬂg-ﬂkvlaﬂoﬂpm
: for producing alkylaromttuc hydrocarbons from natural gas, the process comprising: 1) thermal

cracking of the natural gas with formation of hydrogen and C;.3 hydrocarbons, particularly,
25 ethylene and acetyiene, 2) separation of the C;.3 hydrocarbons particularly of the ethylene and
the acetylene obtained at the end of stage (1) by cooled adsorption in a solvent, and 3)
conversion of the Ca.3 hydrocarbons from stage (2) into alkylaromatics. As noted hereinbefore,
this type of process is hampered by its dependency on a conventional thermal cracker and
cryogenic separation of ethylene from acetylene. .
30 U.S. patent 4,524,230 discloses an alternative method for preparing alkylaromatic
_ compounds comprising a one-step cracking-alkylation process utilizing a paraffinic
| hydrocarbon as a source of an alkylating agent. The reaction comprises cracking a paraffinic
! hydrocarbon into olefinic products on the surface of a non-acid catalyst in the presence of an
aromatic compound. The non-acid catalyst comprises a metal from Group Vill of the Periodic
35 Table and may be supported on an alkylation catalyst, preferably, an aluminosilicate zeolite.
The olefinic products produced in situ act as alkylating agents towards the aromatic
compounds to produce alkylaromatic compounds. Disadvantageously, the selectivityto
monoalkylated aromatics is iow and unwanted poiyalkylated benzenes are produced in jarge
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30 U S. patent 4,524,230 discloses an alternative nethod for

preparing al kyl aromatic conpounds conprising a one-step

cracki ng-al kyl ati on process utilizing a paraffinic hydr ocarbon as a )
source of an al kylating agent. The reaction conprises cracking a paraffinic.
hydrocarbon i ntWoes#B43ni c. products onthesurface of "a non-aci d RS04 n

the presence of an aronmati ¢ caonmpound. The non-aci d, cat st co rlses
a metal from G o8P |M$f%h@%¥'g§?yén%@ﬁ*ﬂﬂf5¥‘m@ﬁﬁy"%g§%

al kyl ati on cat al psacetylenedrsididiéfing, whichaeduet the §ijetime af the alkyationcatalyst. The

ol efinic products prOdUC%eHEﬁﬁdWre@G&n@éhﬁéd@MitBﬁIkﬁﬂﬁ%ﬁilﬂé@ﬂﬂﬁn& he

d d | k
B sadvant ageous | e vBuhae feaffe ot ost ety séc GORTIPS Holtn 17220 cncones e
and unwant ed ol m?ﬁmdwmmemmﬂbmwmnaZ%M'Qé'—'dheasthecaﬂm Itis

96/ 34843 taughtthatthe catal nhandle feedstreams containing from about 15toabout20werght
"PCT/ US95/ 05700 g&!@ ver crackl n of th rgg% inic
hydrocarbon in sPegem ne yhi W?’b‘:’thy E‘H"p“"ty t‘sf é” percent.
di ol efi ns, whi ch ulsadhamgedlsly,lthémbtumnaﬁotthedthﬁkgthmnmemis*ppadem upona

ne net hod of MWH@P&»@ Midre disa'ifv ebudiire MWew&ﬁaﬁWkﬁﬁﬁn

streans, which a

m npst I nery at ent
4,107, 224 di scloodmeyrities. suchas dio) R andpcetylene; which "S’e‘i’i‘ﬁgﬁgmf’ﬁy‘é‘?ﬁlﬁfﬁ‘m@ﬁé‘-
using a ZSM 5 zeahietstheimpulestreantsaremirified first. S taught that the catal yst

can handl e feedstreans CQFB@M&'E\%M%@M&'&&?:&M@WB prodesit fiéla
percent et hyl ene mhlle yi e

ng,_ an, et benzene r eat.er than 97
wei ght percent. GO%P‘S‘&M&"F@Y? i "’?ﬂ‘%ﬂfé'dﬂ“ﬁ | thegmal
et hyl ene stream |mcmnmymraonmhnd&glmrybwrwdmwmerathwmelt

di sadvant ageousl| y. .| .
such as di ol eﬂsnsanyﬁeq%mﬁ{’aﬁgﬁr%%lgﬁﬁr%% lﬂ“‘ﬁ%@?‘%ﬁ%ﬁ%ﬁ%ﬁ??on
cat al yst, un|netdepenge \‘ﬂﬂ?r’@“g\‘.\'ﬂ%ﬂﬁ%“’aﬁlﬂ FM‘W*“F?E’W"""“P“'“'“W"""

I n view of the ahéwertheiifetihedfdhdutkytbtioncadlyse t 0 have a process of preparing

et hyl benzene or substitut
conventional thernal @%&%@%ﬂg%ﬁ%?wr%g&ar%oﬁw&%%%gl es for
a source of esseﬁ?b’&WW@"ﬁWl@ﬁM“Pﬂ‘Wﬁ'% gsraw matarials ethane

i f the processyCaihiknesiubstittedibdnuine. WWWMWMmmma

D e o o Sl i Al B R RNl o
di ute ethylene stream toyield ethylbenzene or substitu d ethylbenzene.
The dehydrogenation step comprises contacting an ethane feedstream witha
catalytic amount of a dehydrogenation catalyst in a dehydrogenation zone. The contacting is
25 conducted under reaction conditions sufficient to provide a dehydrogenation product stream
containing predominantly ethylene and unreacted ethane. The dehydrogenation catalyst
comprises a mordenite zeolite and, optionally, a metal component selected from the group
consisting of gallium, zinc, and the platinum group metalis of the Periodic Table. Thereafter, in
the second step the dehydrogenation product stream and a benzene co-feed are contacted
30 Witha catalytic amount of an alkylation catalyst in an alkylation zone under reaction
conditions sufficient to provide ethylbenzene. Alternatively, a substituted benzene may be
employed in the alkylation zone to produce a substituted ethylbenzene product.
The process of this invention advantageously does not require a thermal cracker
or expensive separation technologies. Moreover, the dehydrogenation step in the process of
35 thisinvention produces ethylene in high seiectivity without the formation of unwanted
impurities, such as acetylene and diolefins. Consequently, the dehydrogenation product
stream which contains predominantly unreacted ethane and a dilute concentration of ethylene
may be fed, in a preferred embodiment essentially without purification or separation, to the
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This invention conprises a two-step process of preparing ethyl benzene or
substituted et hyl benzenes. The process of this invention uses, as raw
materi al s, ethane and 20 benzene or substituted benzene. The process
conpri ses dehydrogenati ng et hane to produce a di lute stream of '
et hyl ene, and tWo®¢M8d%r, . al kyl ati ng benzene or substituted bcRfAMRISHFTPH

t he dilute et ene stream-t el d ethyl ene _or s i ed .
et hyl benzene. aWykatlon zone. Asan “%dﬂﬂ%r%égg‘g ogﬁr%:{ugtgggagﬁ n%ga%%sgparated via
corttacti ng an et Hisactionabdistilation inprattied ethane can bereycipd tathe delydrogesation zone.
dehédrgggnat ijon C@ﬂraitde%tbemnapmt_ dﬁaﬂﬂf ?_ﬁhgmhateaweﬁbﬂ:e@aw : doAQ m&hatsr
conduct ed under reagctjon conditions sufficient to.prqui . rogenat i on
product stream "‘%ﬁ?‘&ﬁf'ﬂﬁ”’b‘?’é cﬁﬁ'ﬁf?%%?ﬁﬁ%n‘&“&%%rﬁ%&%ﬁ%{ﬁ%ne.
The dehydr ogengt i ethylbenzenieysaduct is recoveraghior uses Mostadvantagreusly Abesikviationpreduct -
Gal 11 0m  Yine, | arierCoReaRAgn ARt iz o e B O
Thereafter, in the s bﬁ(’!"?&é’ﬁ%ﬂ%"‘ W&g@ﬁgﬁ%ﬁ' ro'ﬁ'ﬁg’t"pﬂ'?detQMHﬁ
a benzene co- f eedethyiberzendone substitBRd deriviative thereefiinpm eth ngsne grsubstititedit | on
catalyst in an al kyLaid On zone under reaction conditions sufficitent to

provi de et hyl benzene. Al ternatjve|y, substi.tuted bepzene be

enpl oyed in thadal kyl ati of'f‘%?fé"f‘{?[’?ﬂ"g‘mééﬁ@ 'y ?W@ﬁfﬁﬁ%ﬁ@w

product . o in a two-stage prétess tp ethgiberzen. in the first stage,athasw isxanvtagtedigaousi y

does not require &mﬁﬁgoﬁmmamw&nﬂi 2eB1R EAkSit LB GAARY, 2breSHiing galliym,zinc,
ver fhede t hi

t echnol ogi es. Moreo { ydrogenati on step.i e,process of S..
i nvention pr oduce?‘\aﬂ'?ﬂﬂ“@?ﬂé"%"#éﬂ'E@F’@EW?F’?V‘M@WEY"Q’H@%%W’SM“

unwant ed | Npeoniditionssufiitisatio prodacaidehyrinsgenativnaireimedontainingPoedominasty | v,
the dehydrogenafi Ghbe anaanu&tc{]us.ammmmeﬁmum&e%ﬁdﬁu&aankkaemr _
unr eact ed et ha® and a dilute conce tratign of yfth | ene n% e fed, .in
a preferred enbodfeddatoanalkgationzene; Thers, hedilytpethylens stresmisgontacted pﬂﬁ?"‘[‘?)‘h’
t he presence of an alkylation catalyst under reaction conditions sufficightto produce  \\D

96/ 34843 ' i lyst is selected from a variety of alkylation catalysts includi
PCT/ US95/ 05700 S pzene. e o e B Tt D

product st ream | 5 EREyllgpadseolfes ich o ociri, (NS RO R PRE e . R

Unreact ed et hapg eeutitdsbeingased intbeitaidtfbrer. dehydr ogenati on zone. Unr eact ed

B ethyl or o Ttri et byl oy ancis eliydttol de oot hishudh, wy Tt hibis |

at (raangal kyl ati on PE‘&E%QF’,"&‘?B’W‘ m’“#ﬁ?ﬁtﬁ&ﬂ%ﬁ‘ég SpssanaRnta, q‘F’é‘@@‘(?ﬁ}'m r

use. Mpst advant aijesestially fredf bandend orsubstituteddgorenes. The term “essentially free” means that
the amount of benzene or substituted benzenes in the ethane is less than 1 weight percent,

25 typically, lessthan 0.1 weight percent. Optionally, the ethane feed can be diluted with aninert
diluent, such as nitrogen, helium, or steam. The concentration of ethane in the feedstream
typically ranges from 10 to 100 volume percent.

The ethane dehydrogenation catalyst comprises a mordenite zeolite and,
optionally, a metal component selected from the group consisting of gallium, zinc, and the

30 platinum group metals of the Periodic Table. The structure and properties of mordenite zeclite
are described in Zeolite Molecular Sieves, by Donald W. Breck (John Wiley & Sons, 1974), at

! pages 122-124 and 162-163. Mordenites useful for the dehydrogenation process of this

, invention possess a silica to alumina molar ratio ranging between 10 and 500, preferably,

: . between 10 and 100. '

: 35 Any mordenite dehydrogenation catalyst having the above-identified silica to

alumina molar ratio can be employed in the dehydrogenation step. Suitable mordenites are

' available commercially or may be prepared by dealumination techniques known to those
skilled in the art. in a preferred embodiment, the mordenite is acid treated, calcined, and acid
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stream contai ns high yields of ethylbenzene or substituted ethyl benzenes.
In the process of this invention a two-stage reactor systemis enployed to
produce et hyl benzene or a substituted derivative thereof from ethane
and benzene or substituted benzene. 10 In a preferred
enbodi ment of weaesB#sadent.i on, et hane and benzene are convert eBCT/USISORTOR

t wo- stage process to eth n rst age, et hane i s contacted
in a dehydr@gm%ﬂzi?ﬁ% %&Séﬁ#’ {/Ra 'ﬁ%fﬁ"%?’gegﬁé %’P”,’“’m"‘%
optionally, contsadmmmgauyd;hbrdm:szmn@gnmd ordgn-exchanged withengroompreroé gallium,izime,
latter being prefguaitiainBndrdupaets! ions ith/PAIPLLRD, O4) it Mork fraferdbiy)the starting
conditions sufficrentto gr oduce, a,deh drg&{e t1 Qn stire cont a gm
predoni nant | y 15MeAeniteisimpregpated ofi %!Fﬁfx'?ﬂ' "é'atﬂf WM. EPee ?“"é?ﬂ'ﬁ‘sw "he
di l ute ethyl e§e cnbirationssherénis Most prsferably, thestartingimordanitg iskrypragnated oz isne

There, the dil ut{,ﬁ;\?ﬂ ilegaliiunfam i s contacted with benzene in the
presence of an |on cat al,yst .under, reactign condi“ons 1llglfflcd:':.ent to

produce et hyl benzene mpregrationand ign-exthangs pre; rewg e 8t £
vari ety of al kyIaﬁmgﬁ.whﬁh&mehboﬁmhandedrglmmegmmghmdmfeﬂmbeé"dh%l

zeolites, such 3%“(]@% the| %mé&h’is ﬁﬁggwt,ﬁ,pngﬁﬁmna&ﬁp ihg aseiGrioRO

zeol ites being acid f hane i,

required for ﬂﬁe‘%ﬂ*fﬂ%ﬂs‘?‘“@"#‘ﬁ%@mwwmﬂﬁ? - SUEh s he metal pitates, en;the
acceptabl e, as fmbrdentteieblite teethpaint of ixiplestivétnessn Altematively, ipnexdangacomptises

Typically, ‘the e;..;}%@g.s,,emuﬁ].ﬁ%&g&hﬁ@kwﬂmﬁuéwmﬁm

benzenes. The ter t hat

ree” nmea nmou benzene
or substituted é%"‘?’ﬁ'“?ﬁé“bé%mﬂf' ‘Fé%%f iprast urt g &dﬁl &’5‘5{‘:
typically, |less ma.mwwmmmmnmpnfmwmmmmmwm be
di | ut eg' W't th S dn molaritidi eah raﬁt%naﬁmmmammdmwmﬁmﬁmﬁhe
concentration ethane 1 n SLI ica
100 vol ume per ceferd enitegenerahyranges%o "ﬁ'ﬁé" %ot'ﬂ'é?niﬁ Mﬁtﬁgﬁ% eé’r%w%/'ﬁt?
conpri ses a nor dnm&efmmlciméuwedmratatemmtu@meyn3@'&@@50%0!&@#@!“%"
sel ect ed ffomthﬁo@é@a“ A néé-ﬁiantme:mamnumngam:; who%hashr&\atl num

group netal s of I.C .Ta The, struct

nordenite zeolite PTF"’E@'SPH" W@%ﬁ?'&'f e esnc?w%gl d

W Breck (JohﬂoWdaemu&ﬁbednimﬁpidmdmﬁamwm¢mitimwm
Mor deni t es usef U, ehQicedr BEa fifeaitdd, QORIMAbe: sq;a,,,‘,|qr¢,g;§,ess of this I nvention

possessaS|I|cato um.mna nol.ar ratio nd 500
preferably, bet ween At %ﬁﬁ & Ry g"'gg't‘% oristep of this

dehydr ogenat i on qummwmwﬂehuhﬂwdwm Itiisgypicabor the operating na
nolar rati o can QaadRrdth ndmd{monﬁhuaﬁf&smbeﬁ&ﬁmmm

bydeal un nat | 3 psmﬁréa%%?%sﬁw@ﬁ%%'@'@* ot EBjna ey B 1 Aboyy thepighes

preferred enmbodi tapperaterieselectivitisptorupwanted eracking peosuctsimayipgredse dtis passible srignduct

- 3- the dehydrogenation process at subatmospheric or superatmospheric pressures. Preferably,
the process is conducted at a pressure between subatmospheric and atmospheric, preferably,
between 1 psig (7 kPa) and 1 atmosphere (101 kPa).

30 In a fixed-bed continuous flow reactor the residence time of the ethane
feedstream and the relative amount of ethane to catalyst is given by the gas hourly space
velocity. For the purposes of this invention, the gas hourly space velocity (GHSV) is defined as
the volume of gaseous feedstream per reactor volume per hour, or simply, hr-'. Generally, the
GHSV ranges from 100 hr-1 to 5,000 hr-1. Preferably, the GHSV ranges from 500 hr-1to 1,500 hr-

35 . Below the lowest typical GHSV, the selectivity to ethylene may decrease and the selectivity to
aromatics may increase. Above the highest typical GHSV, the conversion of ethane may be too
low. When the GHSV is maintained within the broad range specified hereinabove, the
selectivity to ethylene is high and by-product formation is low.
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extract.ed as described in U S. patent 4,891,448. In an alternative

pref erred enbodi nent, sodi um'or acid nordenite is inpregnated or .
i on-exchanged with one or nore of gallium zinc, and the pI at | nu 51%5()“'0'
metal ions (Rn, MOPSRB Ry, o5, Ir). Mre preferably, the star®

ror den 1= 1P Snat o0, e kBN br ol b i e ol LK
norédenite is | nprigsifiedhereinaboy, the produgsiream coprishs PW“‘@[&'P‘F'F[‘!HP‘V"’"‘ and unreactad
| mpregnati on and éethine Fornapiepgsesnd thik inventian, theterinl “cénversion biethdne” reférs to i’

I t abl
Secchs b ' < ARG R TR S Gk
i npregnati on c«Srrp?‘i"S‘!%“QfEﬁB"s‘PT’?W'@Mﬁﬂﬁﬂﬁﬁe@b’ymmﬂ“ﬁé f‘m“ﬁﬁ'l"f’s of
the metal ions of prefdrably; gieates thah 35xseigiit percerit zind mottipeeferably,@reatdn than 45 weight

nordenite zeol i te nkhﬁsoo%fl‘elpgw isﬁ':% tHRern ﬁk&ﬁwggﬁ?‘%%ewm

i on- exchange conpri ses e so lum or acld nmordenite at

t enperat ure bet \/veﬁﬂfmeé’ﬁﬁwdfﬁ@[‘%‘ﬂ’?' firforns apaticular pradyc, Fpesyampir, the selectiyity
sol ubl e salts of tdehyleneddtgpically greéterthan 70wndight percant, noreprefesably)grestecthan8oor
hydr ogen i ons of Hﬂn&
desired nmetal ! n%ﬁwﬁP#lon bwi'g"L’Ltére‘:ir:lmeréasl‘%eli range Pﬁ%cﬁh Jﬁgmﬁ/l
and the vol une of aémmﬁﬂwyﬂimmd“mﬂﬁﬁﬂﬂﬁé FREN  EanEsnttation rangiggfom S iy
5hn1/gfto 20 T/QS%WEQ?WWWIMWXWBQE@W&W te i s

t hereafter cal ci ned under g\@?;uﬁgg e

pref erably between 4 xerr er%‘ﬁz.‘,%éen ra Q{lﬂﬂgbz'{%gl{ 'HJ‘%
| oadi ng ranges fréﬂ?’@‘@"’!@ﬁe"mg‘iﬁﬂﬁmw Selectivities to oth er aliphatigiydroca

dehydr ogen?t l 03 sk&amm mmmwemynmmemmmmmm
reactors, fixe

reactors, it is pre e eé%i’a@W%’ﬁ@%@?‘f‘gﬁaﬁﬂﬁ?%}%&égwﬁﬁ Buous
f1 ow desi gn. considerably smaller ameupits o asetyiane anst dielefing acadeund; Aesqeiinglyetheethylene o
for t hg degyr OgﬁnWﬁﬂaﬁb@féé;ﬁrsﬁhb@withesseﬂtﬁuﬁﬁ&mﬂﬂcdﬁbﬁwdﬁiaﬁdﬁﬁhtﬁ\hm
i's produced in hi | operating
tenperature to rag%&gk?%ean&%ﬂ[ err 2“%&%%3 ‘and preferably,

bet ween 550[ er r2pC and 750[%!']@99"8@%‘@4@09 y the pracess of this
conversi on of et hm&yﬂﬁmﬁmﬁemeﬁ&mmmﬁummﬁeméﬁ Vypical

sel ectivities to Lﬁ.gmaugﬁ@um,{,%m%ﬁqgamé A5G, MR RS Snlefor ©

conduct t he ro ena ocess

super at nospheri c |5‘|' M?"""“““‘W"M M@EWW"&? a
pressure between wbahmmpawm,awammmmbmwmmﬂmmmmd ishetzenen 1
psig (7 kPa) a 1 at nosp 4";‘{};“;@

conti nuous fIO\r/%qr eactor t%@'em ence tine e et a’r'#e'g ee sf?le?r'#
and the relative &Pk '%?'“’é’t‘%%??@"?'ﬁ‘%"&?'al’%ﬁ“‘?‘%"ﬁm Roundis userd

space liquid state. If a solventis employed, any inert solvent which solubilizes the aromattc

i compound and does not hinder the monoalkylation reaction may be used. The preferred

| solvent is a saturated hydrocarbon. Alternatively, the aromatic compound maybeused asa

! 30 Vvapor, optionally diluted with a gas which is non-reactive in the process of the invention, such
as nitrogen, helium, or argon.

. Thealkylation catalyst can be selected from among any alkylation catalysts.
Preferably, the alkylation catalyst is selected from the group consisting of porous crystalline
magnesium silicate compaositions and aluminosilicate zeolites, including mordenite, beta, ZSM-
35 SandY. Theintended porous crystalline magnesium silicate compositions correspond to the

following formula in terms of the molar ratios of oxides on a dry basis:

 (M2/0)p{MgO),{R;05)y{5i02),
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vel ocity. For the purposes of this invention, the gas hourly space velocity
(GHSV) s defined as the volune of gaseous feedstream per reactor

vol ume per hour, or sinply, hr[erf]. Cenerally, the GHSV ranges from
100 hr[err] to 5,000 hrferr]. Preferably, the GHSV ranges from 500 hrferr]
to 1,500 hr 3S YERPRBLne |owest typical GHSV, the sel ectivity REIVUSPHIT e
may decrease and the selectivity to aromati cs nmay increase. Above the
hi ghest typical &hidinMibehedpmdrRIcaticMEnBingaiviiend offfpréferablg,an icn-exchadgéeabldhen

R o
96/ 34843 Y meg/ns. such as aluminum, iron, chrg/mi um, boron, and gallium; x/z is greater than 0; y/zis

PCTG US95£j 05730 greater than or equal to 0; pMisifestdr eharlghy,ol) a0g @)t PBRivPRORIRES andy I;sa
conduct ed under : LLon co ligna - | nggﬁ; :
product strearh cé%]%'?' |£ g@gber ‘?réﬁ%mﬂ%%{' Y e&r'ﬁg}?fgﬁgﬁéagr? c{i&% ﬁ&géa@t' e Xs(?u"é{"ﬁcgtneé'.
For the pur posesthefmethiod of nreramtioprand theirasein thesikylatian ofiframatis cotappundscats s t o

the wei ght  prusdmiadsateit4@ddizane whi ch is converted into products.
Typi cal |y, t he conversion

of 5. ethane is qgre r Lhan i .per cent
preferably, greater t hanTTzf"%T"{;‘ﬁf“ﬁ'gerv&ﬁgs ‘f‘?g}l" inthe aik F%%ﬁ%’?’?ﬂ#@g?@w
t han 35 wei ght pbeawacid mandenitedeewn for sych b pyrposgr Brafesably, themcid morgenigémhichis
percent. Al S0,,f ghoibje@ hibd'sMeIAImIAE molak Fatib BV &QIEItO Br dréiertRn80: 15 RdREArktetablY,
refers to the 'wejght g§er cent‘acgﬁ of. co‘rgverte‘g et hapg i@n h forngs &
particul ar produB®acitmprdsiiangs asilicipluming molgrireiqqf greater than ﬁl"‘?ﬁ%"’??a y
typi cal | y gr eat egregtectharyUSileévgh moregrefenably gresteethpn é30ct. Ashsraliytheslicaiuminen 80

10 wei ght per Cenfnolafvatlo SAAd acki-Ratdcirienitd LARYR shBEHIGHEP tHAR RSDAL1, BFepRikrabty N
typi cal enbodi nment Z‘ a ﬂ%gt e ethylene streamis obtained conprising
ethylene in a coR8PII%nging froms to 50 wei ght percent,
preferably, frem 10 to 4B additighthensefersest mordenite possesses an X-ray diffractionpatieroeuss | v,

e e et L Borbly R A B AL B USRS, Tt

X S, U W, S S LVI L[] eS

2 i phat ¢ hydr oo SPOBHE Rt sovmevinPRars 3o Bosiseiatar oty e aresias han
smal | anount s al 1.0ArefetablyaheSyermetyingdeewngss from 1to pr The Swnmetry inddxdsadimensiopiesse
al kyl ati oncat al yaimberoitRiRéronitreX-rey difitaRlion RGN BinRidenite. MERBRicIeoIRE ¥

S S A A R A e A R
or separation, i thoe ofcryailing raardenites as repoged iy D.Shermah andil Myleanétvin “Brambwarkene
g rsubsti lt Et Iedt bg@%&ﬂ{?ﬁ RéfSted to the zeolite MEB¥NHETISIEaF Sievs, 90 Mefer SMFO und may
e Tonoal K ot o0 e LRl s LB B8 S iy e
defined as the sum of the peak heights of the [111](13.45, 28) and {241] (23.17 20) refiections
: 25 divided by the peak height of the {350} (26.25 20) reflection. The porosity of the preferred
mordenite is such that the total pore volume is in the range from 0.18 cc/g to 0.45 ¢c/g, and the
ratio of the combined meso- and macropore volume to the total pore volume is in the range
from 0.25 to 0.75. For the purposes of this invention, a micropore has a radius in the range of 3
angstrom units (A) to 10 A, a mesopore has a radius in the range of greater than 10 A up to 100
30 A, and a macropore has a radius in the range of greater than 100 A upto 1000 A.
The preferred mordenite catalyst is prepared by a process which comprises
treating a mordenite zeolite having a silica/alumina molar ratio less than 30:1 and a Symmetry
index (Si) of from 0.5 to 1.3 with acid, calcining the acid treated mordenite, and retreating the
caicined mordenite with strong acid under conditions sufficient to provide a catalyst having a
35 silica/alumina molar ratio equal to or greater than 30/1. Details of the preparation of the
preferred acid mordenite and its use in the alkylation of aromatic compounds are set forth in
U.S. patents 5,175,135 and 5,243,116. '



substituents include hydroxy, am no, halo, and Cferr] alkyl noieties.
Non-linmiting exanpl es of substituted benzenes which may be

nonoal kyl ated by the process of this invention include tol uene, xylene,
phenol, and aniline. Mre preferably, the aromatic conpound is benzene. 25 .
Fora |iquid pha®@9%R$43ss.the aromatic conpound may be used ne&W’PWS"W

o comanahe OF A1 S&R) okl zbitsCbetrk e o Bl Uroi b LBl b

aromatic COI’TpOUI’]d is use

enpl oyed, any i neakylatign Mf%i"!?'l‘“%l"iﬁ?’l'?%%ﬂ? Reid Mﬁﬁ"f'@s"‘“ﬂ“ﬁm%mm
and does not hi ndE7s1/sheanii3ne6,042) dsdiell asZSVES Lol modifled with ihoshhatBloeGus Yy 1 ed

solvent is a satur f tic conmpound
may be used as a's lggﬁk&%g?%f %?Fﬂﬁ‘gg’\ig%ﬂa&]‘?&w his
non-reactive i% the pr oceé@'ﬂsﬂbﬁﬁée‘?'“%@ﬂﬂﬁ'ﬁp'%%w"“‘ ylation prrcess gibig invention,
hel i um or argon.pyt referably.thebetazeonte:?bﬁieﬁukgd:aulsmﬁwmmu.obﬁmel ect ed

fromanong any al ation t f

catalyst is selec 'tl% e (Wfﬁﬁ gq%ﬁn?onf‘ﬁg&ﬁﬁéw%'ﬂ)h%st aﬁél"ﬁgn’
magnesi um si | i cat%@b@#ﬁ&?ﬂ?"@ﬁ%%%ﬁ‘?@é& 5r§b70I ites, including
mordenite, beta, ZSM 35 fnedafibof beiafie braiiSaaieed emieAtitd alkylstion datalt maydeeRy UM

silicate C(r)g}[:):)zsél‘gas (o] 0] rwgﬁiﬂondl Eﬁ?’ f oeegredmonLﬁLwaqmm:Jngwla%ﬁtﬂe&ﬁ{gﬂs of

t he nol ar

(M err] O [ err] ( Mulektivity thgiatkylpey Wf')e[be*"ﬂ}'wwm!"ﬁ[’@mf"°‘”'°"°“°""' ety or
96/ 34843 gherpolyalkylated products and a iow level of other impurities. Preferred ratioswill also be

PCT/ US95/ 05700 M
preferably, an i o#’@?%ﬁ'gl n‘@ﬁﬁ'lfithgg'%&%{'s?f“&ﬁc ?’Es* %ﬂ%ﬁyﬁog&r&e&? @ '{mﬁ?g&gﬂ
el ements, prefer almuylvm:eVMWMME%MMMQWWBMQWM as

al um num i ron g CRhGETdHT. 1 RAT13M00 MG Iphdfetably, \eWHSV igih & rerige ORI 0.5kr1 Y6 20 | S
greater than or e u,al to O; p/nis greater than y; p,x, and z, are positive
nunbers; and y isa’5 positive nunber or zero. A detail ed descri ption of -
the porous crystalline naéthesikyistionstep themplar ravo of brrzene;or sulpijutgy benzene to

preparation, and &thﬁbﬁerumaweﬁdMnabkﬁeaﬁusmmimm«m.mmpeund&ﬁmsucbs

found in U S pat

whi ch is useful %‘%‘?“'?&t?ngﬁms mon?o"fhﬁl S |nven on miy u?.elglh%%\tor
aci d nordenit e2& nMWWP%%W%Wp'DPﬁm"w#@m?m‘“t%"&ePGP*MEFI| te
whi ch is 10 enpl osmstitiad bénzehd toethyieheiSpraferabiy equal teérigheatiir tiaf 11| mbr@ preferably

greater than S0: LoedlRhfy:Phel 57 bl ovnmom bR} ol d6rlng 8025 o

silicalalumna no reater nmore preferably
greater than 175:1, even @"%‘M "@%ﬂtWWﬁWW@ﬂ%PW t he

silicalalumna presence of the catalyst may occur in a reactor of any configuration. Batch-type and
25 continuous reactors, such as fixed bed, sturry bed, fluidized bed, catalytic distillation, or
countercurrent reactors, are suitable configurations for the contact. Preferably, the reactorisa
continuous flow reactor.
The alkylation stage of this process invention, which preferably employs an acidic
mordenite zeolite as the alkylation catalyst, can be carried out under conditions sufficient to
30 keep the reaction mixture in the liquid phase. This means that substantially no gaseous zone is
present in the reactor. With substantially no gaseous zone is meant that the gaseous zone
comprises at the most 5 percent by volume of the reaction zone, preferably, at the most 1
percent by volume. Most preferably, the reactor is operated in a full liquid mode.
The benzene or substituted benzene may be in the molte_n.‘liquid formorin
35 solution. Ethylene may be introduced in the liquid or gaseous state, and should substantially
dissolve in the liquid phase. The catalyst may be used in various forms, such as a fixed bed,
moving bed, or fiuidized bed. In the liquid phase alkylation process, the contacting of the
reactants in the presence of the catalyst may occur at any temperature and pressure conditions
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nol ar ratio of the acid-treated nordenite catal yst is not higher than

2500: 1, nore preferably not hi gher than 1000:1. I 5 I n
addition, the preferred nordenite possesses an X-ray diffraction pattern
and porosityessentially identical tothe nordenite described in U S. -

patent 5,175, 13U°9Wﬂ4!t'3 . nordenite catalyst has a Syrmetry | PEUSIBAF190 o5

defi ned hereinaft .ha

Symmetry | ndex rﬁ'ﬁg F’rek%gn? %:erga:gom% %ég{hethﬁmgp? qually ﬁgkr%nﬁ'su%ﬁfseﬁ
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(I;/b][]giem te zeoli Lem 1#6briprbdetted. saawmuerlaymtmdmecmarﬁaﬁmmﬂfaﬁry Ina .
iffraction peaks se of. crystalline
nor denites as re vg}{?)@ﬁnﬂ»ﬁ?ﬁ%&rﬁ@a&ﬁ%ﬁ%ﬁ%ﬁﬁ?k%ﬁ%ﬂ'me In " Framewor k
Structures Relsated to th@@m%ﬂwemmwmewﬁﬁutsnwmlwmr
and J. B. Uyt tcite mmm&aﬁmwﬁmﬂhmaﬁmﬁmwmwm&c

(F;]P tﬁg Fillir?iias 'dewmct | ons%&ﬁe(ﬁ;'gr&(fgﬁ gt&?’h&h

peak hei ght of t etmdsgesiE PA"!UPD 588kPa¥he porosity of the
preferred rmr denl t e lm&uﬁmmylaﬁwmtbahummmimmemi freducenge

fromO0.18 cc/ i nd
macr opore vol 3 o Yuir: ‘VE‘S?‘?F'%%P% ardtegh%‘l“&h&%hs%ﬁm &q?% g’s to
0.75. For the pumwsmmmmfmwm cap by reqreledhback hydragenationreadter.
range of 3 am&mﬁﬁwmﬁmmmmmrwwmm hhe

range of greater %:ﬁthpﬂﬁzl

t he range of gretgpermtjtﬁ W%"&SS&%‘@B WI'WW %e preferred
nor deni te cat al ymmwmgmw %QEWM|WW“‘““MM
nor deni te zeol jst defRimbefoe Wity smﬁmwmﬂwagemmwmm:ﬁﬁnd a

'[Srlggfe{jynorderl{]?e %3}' ;béé@gn&éﬁ'm&p%M| ne M&ﬁ %ﬂ

aci d under condi tbswgesreﬁrmnéhea% 5@%'%%%&9%&“‘#&%’\# "&'!!!9’0"“"‘3‘
sil'i cal/ al um na netrylatédiroduct Ol Adcedsdry, Hhis IFtterFiactidnPically/contaihing tittle $f aff tetrge

preparation of t |
o o o Wfyleted RS e R o RGBSt labibelpritS, IrediBE itisatso
5,175. 135 and 2, m-bﬁtgrecydeeﬂtylbenzeneorsuhshtumWbtnzenetoﬂ:ealkylatmnreactorfor

- 6- VO O Giraik® dikylation 1o diethylbenzene or substituted diethylbenzene.

PCT/ US95/ 05700 For the purposes of this invention, the ethylene conversion is taken as the weight
percentage of ethylene converted to products. Typically, the ethylene conversion is greater
than 20 weight percent, preferably, greater than 40 weight percent, more preferably, greater

25 than 60 percent, and most preferably, greater than 90 percent. The alkyiation selectivitytoa
particular product is defined as the weight percemage of converted ethyiene which forms that
product, such as ethylbenzene. These selectivities are best calcuiated on the basis of the
aromatic products formed; therefore, the amounts of unreacted ethane and benzene, as well
as, the amounts of hydrogen and light hydrocarbom (e.g., methane, propane, propyiene)

30 Ppresentin the ethylene feedstream are subtracted out of the product distribution. On this

5 i basis, the selectivity to ethylbenzene or substituted ethylbenzene is typically greater than 50

, weight percent, preferably, greater than 70 weight percent, and more preferably, greater than

85 weight percent.

The following examples are given to iliustrate the process and claims of the
35 invention, but these examples should not be construed to be limiting thereof.
Preparation of a De enation i rising Dealuminated Mordenite (Si0O.//Al

= 23.8) Exchanged with Gallium



Any acidic ZSM5, beta and Y zeolites can be enployed as catal ysts in the
al kyl ation step of this invention. Preferred are the acid ZSM5 zeolites

described in U S. patents 3,751,504 and 3, 756,942, as well as ZSM5
zeolites nodified with phosphate or G oup VIA nmetal s such asthose
described in UWp9gaseht s. 4, 259, 537 and 4, 086 287. 5 PCT/USIS/OSERN,

acid beta zeolite can be ] o Iatlon of this

i nventi on, but pref er&ﬁw@ﬁ@sﬁryﬁ f’?é‘e“g""a@ ﬁé@g%@ﬂa”ﬁﬂvf§3ﬂls
patents 4, 891, 458maedjmﬂtmmﬂ9t2®mpﬂﬂn9ﬁlﬂmwl§eﬁﬂmm 1§ mjofrwater. The amountref

enpl oyed in the adahﬂ(xhﬁﬁﬁ'ﬁ@uﬁ&%Q&ﬁ%d@fhe@%lﬁﬁaﬂoﬁ%@iﬂdlﬁfhe nkiktisre is 171. Thefetiany Y

the Y zeolite isas de IL.b nUS

The ratio of benZASfE™" 3’f ﬁﬁgﬁ ?‘tﬂ“@a" gﬁienmg."%g’g%:%‘ﬁ"gvﬁmpyst? y‘ﬁ‘g)’ be
any 10 weight s atgﬁimmwmwmﬂﬂwshﬂwﬂmam oallivm laading I8 weighty o
relatively high p,mﬁgg, 1,0} inblar fati6, 2§3,a| kyI at ed- benzene being the ngjor

by-product with |ow | evels of, ] 1he eqittléyl at ed
products and a | CHrR-Erer-=5] = pinprisiti ' s=wrl| al so be
dependent on the way the @ndk&é&@m@%ﬁmmbv#@mmmymwwmm

o Eh T eapect L0 e O o T o brLect et
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20 hr[err]. productiswashedwiththree 200gmipections wagrpgﬁcaj,qvpg oymgmm Tbe o

?L benf)etnetor tSUbékHteﬁidﬁg«s@@ﬁiﬁﬂ@?dg%lﬁmhﬁmwbﬂfﬁmmrﬂmf&gweﬂ

e substituents on the benzene e c uc or
continuous, and tPRYTS Zheprpdstis B'h??ﬂ'f’ﬁﬁmmé&’%t é‘ﬁﬁﬂY {ﬂé‘ ‘5‘!‘8%%1?(‘@5@

wei ght or 20 gas mmhwmmmwmmammmmmckmtmwme@wmm :
the lrat i o of bggtzmm%monsofﬁmﬁmhuwft mamnevérﬁsgﬁttbyauaasaa&c ma.et%eabl y
equal to or gr er re prefer

and even nore prcPAgHNyingth % &'B%ﬁme’ gi?;le;Og molar rebio, 196 symm“"?ﬁ'@“ s
cont acting of t heTheanidismerdsniteis peletizedveith 20 oereent silicaibinders hyl ene in the
presence of the c%%“s,t may occur in a reactor of any configuration.

Bat ch-type and 2 nuQus react ors, .such as flxedB?‘(gffri sl urlr% be
f1uidized bed, catalytic AdMEIGEIrSONSISTsof two microreactars con chmigpreactar,
sui tabl e conf i ay'r amstmﬁafquamiubeobcmammmli’ﬂéivbuclabmm&tep:ﬂamm The a
continuous flow ' el ghorwbsanheatedmmummmfﬁﬁmﬁw:ﬂ Which Sre SitfouRded by 3/

process invention

zeolite as the al fATSM) %S%%@%ﬁ%&?’?ﬁ%’gﬂ?" umé?"q%h%gg'i’%’gsrfsw'(

suffidentto 30 ketherdrouplelacatedinsidn sachratalysybedhe | i quid phase. This neans
that substantially no gasmmm&anu&msmmmamnws&wmtmnm

substantially no e | rlses
at the nost 5 Bﬁrﬁﬁ"%?déﬁ%&%e‘?ﬁﬁ&ghlon zone, pre?%?%ﬁdu?m%
nmost 1 per ceRHS\f 1300 hri for thasishydseaenstioniof gthanera.ethyiane. Jhe qutietstresm from the,
a full liquid rmdﬁmmncmreactomfedd.recﬂytomihmbﬁmzmdommbam Thiésecbnienzene

may be in the nol gl.&@%?isécgf&éaﬁﬂ%%w %&ﬁgmt’@}“f‘%““

introduced in the Tiquid or gaseous st %/
di ssol ve in the | peidic@omeniteprepprad hereinaboxe; Theggcopm lf%"é!?‘?"ﬁ igsgtdirectly
such as a fi xeggbesh gas chromamograpigfoparalysiar f | ui di zed bed. In the liquid phase

al kyl ation process, the CQpiydinh&adsHehtel Wits respect mw&mﬁgﬁ&&mw of

the catal yst nmay occur at an te eratur and pressure, condl tions
y y nitrogen. Oncethzmlcro resgecuvereacuon temperatures, they are

allowed to equilibrate for approximately 15 minutes each. Ethane is then introduced to the
first microreactor and a product analysis is performed to verify the ethane conversion and

35 selectivity toethylene, asseenin Table l. Itisseen that gallium-exchanged mordenite is
capabie of dehydrogenating ethane in a conversion of 14 weight percentto ethyleneina
selectivity of about 85 weight percent.
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0.0

CO+'s

0.0 0.0 0.0

0.0

Total Aromatics

0.4 2.2

25

0.4

NM = not measured.

on

The ethylene stream, about 12 weight percent in concentration, and a benzene
co-feed are thereafter added directly to the inlet of the second microreactor. Alkylation
process conditions and product distributions are set forth in Table il
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the selectivity to ethyl benzene or substituted ethyl benzene is
typically greater than

greater than 70
wei ght percent.
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25 m-Xylene 00 | oo | oo | oo | o2
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Ethylbenzene 37 6.2 75 29 10.1

Styrene 0.0 0.0 0.3 0.1 0.6

c9's 0.0 0.0 0.0 0.0 0.0

i 30!  Ppolyethylbenzenes 0.5 0.5 0.4 0.0 0.7

35

®Alkylating feedstream, 12 wt % ethylene.
®Ethane GHSV, as delivered to the dehydrogenation reactor.
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Exanple 1 The reactor consists of two mcroreactors
connected in series. Each mcroreactor 20 consists of a quartztube (16 cm x
10mm'i.d.) which tapers to a capillary outlet. The m croreactor tubes

are heated with ceranmi ¢ furnaces, which are surrounded by 3/4" -
(1.91°cn) insul a&ﬁ%encl osed within a stainless steel shell P"*Wé’s"’”“”
control ler sensor is a tyl%eKmmTab!EPSMP&EH%@&Q&@ﬂﬁ@t&tﬂ%&n@ﬁm&@ﬁ%ﬁbout

cat al yst bed. Irst mcroreactor is

1.25 }c/c of the gawmaﬂﬁ‘msﬁn’ﬂ’ﬁmg%mm%% BReng feedstipams,

pr epar ed her ei nabhydrogean)shd lighthydroedrizmhs ptodudd) fueh asnigtianed and ethyleneGCRigedlcalated 200
hr[err] forthe deQydiQeedaidinTaidémet hane to ethylene. The outlet. stream
fromthe first mcroreactor is fed directly to the inlet of the second
m croreactor. Bhe second m croreactor is |oaded with 1.25 cc of the
al kyl ati on catal yst conprising the deal um nat ed acidic nordenite
prepared herei nabove. The second m croreactor outlet streamis sent
directly 30 to a gas chronmat ograph for anal ysis. Each
furnace is heated to its respective reaction tenperature under a flow of
nitrogen. Once the microreactors reach their respective reaction

tenperatures, they are allowed to equilibrate for approximately 15
m nutes each. BShane is then introduced to the first mcroreactor and
a product analysis is performed to verify the ethane conversion and 35
selectivity to ethylene, as seen in Table |I. It is seen that
gal | i um exchanged nordene is capabl e of dehydrogenating ethane in a
conversion of 14 weight percent to ethylene in a selectivity of about
85 wei ght percent.
-9- WO {36/ 34843 : _ '
PCT/ US95/ 05700 Tabl e |: Dehydrogenation of Ethane
Over Mordenite Catalysts - . Exanpl e 1 2
3 4 : Cat al yst Ga- Mor  Zn- Mor Ru- Mor
Mor :
: 20

25

30

35

.1 z—



Sigerr]/Aferr]Jerr] 23.8 19 19 112
T([err]-O 700 700 700 700
P, -atm 1 1 1 1
(kPa) (101) (101) (101) (101) 10 Gisv .
(hr[err]) 12W096/34843 1200 1100 1200 PCT/USSNHPhane
14 50 48 14 Conver si on
(W.% Equilibrium Tablellﬁﬁl ectivities
(W 9: Met hane Alkylation of Benzene with a Dillte’Ethylene Streatn O
6.8 Et hyl ene s Acid Morg e (60,fALCs 5 496 85. 6
Pr opane 0.0 0.3 0. 2 U. -
Pr opyl ene 0.0 2. GRunt 48 A 08B0 c D EC4' b
NM err] NM err] Temp (L) 270 350 fle ] SSO 59
1.4 1.5 0.4} pressure, atm 1 Toljueng P 014 0.6
0.6 . 0.0 (kpgy| eneq (101) 2(101) (fo1p
0.0 25 i -0 v
0.0 Tot al Arorreﬁﬂgsﬁ'r‘f“ 0.4 50 b 30 0.%%
[err]NM = not neasured. 30 The  _about §12
wei ght percent1d n concent gat i ogthasend a {bet208n [ e 1200er paftoaD
added directly to the inldt @HSVR@rdecdnd micr : ation
process conditions and pr TUCTgeflihe’ | TORRS o € HEt JOrgzl Th Tgpl €l T gq
35 Conv (wt %)
Selectivities:
(wt %)
15 Toluene 0.0 0.0 99 16.7 69
p-Xylene 0.0 0.0 0.0 0.0 1.0
m-Xylene 0.0 0.0 0.0 0.0 18
o-Xylene 4.5 15 0.0 00 08
20 Ethylbenzene (EB) 84.1 91.0 82.4 80.6 79.1
Styrene 0.0 0.0 33 28 5.0
C9's 0.0 0.0 0.0 0.0 0.0
C10+ Poly’s 114 7.3 44 0.0 53
EB/Poly’s Ratio 74 125 18.7 o 185
25
®pata of Table }i recalculated by subtracting out ethane and benzene
feedstreams, hydrogen, and light hydrocarbons
SAlkylating feedstream, 12 wt % ethylene.
®£thane GHSV, as delivered to the dehydrogenation reactor.
30
35
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PCT/ US95/ 05700 Table Il[err] - Al kylation of Benzene by a

Di | ute Ethyl ene St ream Over Aci d Mor deni te )
(Sigerr]/Aferr err =196) A B - .
cC . D WA%”‘S“] Tenp [err] C 350 PCTIRGSI0S700 55

450 P
(kPa) S 0n) “{hf 6’ s “““J‘E’fﬁ'z‘é“ B”J‘Eﬂg('/“
(hr{err]) 3.0 ethylgeq;enemgl \ny nder esscondntlonsﬂ M

1200 1200 indftienite is foifdto be a oG catalyst for dehydroﬁnh?ﬂ%ne to ethylene niﬂgh

ﬁ/é t hane 43 s&%ﬂgty Onﬁ%a%eamouméof G@W&rm)aonsare fmnﬁﬁh %%W&E"éﬁaﬂo‘\"w 7
26.9  32.9 5 Sream. “"%Weeﬂv-a"'é'ﬁeﬁmm°f‘-"‘"v'°"°'"ﬁ't"ﬂwé?f§°'"°°"’h'°h“"!t°%‘“’

4.2 3.1 withsut furtier purification as an alkylatiop stream for the alkylatiod ofbenzene@o O

8 8 0. 8 0 Gthfibenzene. ylgnes ga% WﬁmalbamgumgnlgaIowalk@a@ontempgaﬁrs.

0.4 20 and exseryaliygo xylenes are proguyced at tempgragyres abayg 450°C. Marsovgr. the; 5 5

Tol uene ethyibénzene to@olyethylated béhzene weight ratio isivefy high. This eliminates thig/need &2

0.0 0.0 10 QrgnsalkylagonQEactorQanduces losses due to tars and shortened catalyst lifetime.
Example 2

A sample of dry acid mordenite (Si0»/Al,03 = 19) is mixed with a 2 M solution of
zinc nitrate in the ratio 10 ml solution per g of mordenite. The mixture is stirred under reflux
for 2 hr. The mixture is cooied and filtered without washing. The full procedure is repeated 3

15 times. The resulting materiai is calcined in air at 500°C overnight and stored as a zinc-
exchanged mordenite dehydrogenation catalyst.

The zinc-mordenite is tested in the dehydrogenation microreactor, according to
the procedure of Example 1. Process conditions and resuits are set forth in Table |. itisseen
that zinc-impregnated mordenite is capable of dehytdrogenating ethane with high selectivity

20 toethylene and low selectivity to aromatics. The ethylene stream from the dehydrogenation
reactor is introduced without further purification to the alkylation microreactor, as in Example
1. Alkylation resuits are similar to the results shown in Table ii. |
Example 3
A solution is made by mixing ruthenium (Ill) chioride (3 moles) with 10miof 1M
25 HCl. Thesolution is mixed with 30 g of dry acid mordenite (Si0x/Al;03 = 19). The mixture s
mixed until uniform and heid overnight. The resulting sofid is calcined in air for 3 hr at 500°Cto
yield a ruthenium-exchanged mordenite dehydrogenation catalyst.

The Ru-mordenite is tested in the dehydragenation microreactor, according to
the procedure of Example 1. Process conditions and results are set forth in Table L. 1tisseen

30 thatruthenium-exchanged mordenite is capable of dehydrogenating ethane with high
selectivity to ethylene and low selectivity to aromatics. The ethylene stream from the
dehydrogenation reactor is introduced without further purification to the alkylation
microreactor, as in Example 1. Alkylation results are similar to the results shown in Table I1.
Example 4

35 Asample of dealuminated mordenite is prepared by the method described
hereinabove employing calcination and hydrochloric acid treatments, with the exception that
the acid-exchanged mordenite is calcined at 700°C and treated with 6M hydrochioric acid only
once and not twice. The dealuminated mordenite has a $i0/Al,0; molar ratio of 112. This

-14-



25 m Xyl ene 0.0 0.0 0.0 0.0 0.2

o- Xyl ene 0.2 0.1 0.0 0.0 0.1 Et hyl benzene
3.7+ 6.2 7.5 2.9 10.1 Styrene 0.0 _
0.0 03 0.1 0.6 C9's 0.0 0.0 0.0

0.0 - 0.0 30 WGy benzenoes 0.5 0.5 0.4 OPOI/USISIST0 7
el o ! SRR B on e ALk L B en
PCT/ US95/ 05700 Example 1. Process candftinns and resuftyard sa fasthjin Tabsled. it is saeh that deabiohitmed: d
Onbt P:c: ioaal OﬁgD}[Jﬂgorgéniﬁhb)ib ﬁgﬁguﬁgf%eg f ed. tre m@%&ﬁﬁigﬁ%ﬂgﬁoe@*eﬁﬁmm
ﬁ';dr ocar bogs pr od HW&‘I‘&?H&%%&%‘W@%@F@“H%&* gﬁ’ﬂﬂq@ﬁg“e g@gﬁﬁmag%fam% )
val ues are founsl iintrotucedwithout further purification1 the alkylation microreactor, as in Example 1.

Alkylation results are simiiar to the results shown in Table il.

Example5

The dehydrogenation and alkylation processes of Example 1 are repeated, with
the exception that acidic ZSM-5 having a Si02/Al03 molar ratio of 57.4 is employed asthe
“10 -alkylation catalyst rather than acid mordenite. Process conditions and resuits are shown in

Table IV.

15

20

35
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Table IV - Alkylation of Benzene with a Dilute Ethylene Stream over H-
ZSM-5 (SIOx/Al,03 = 57.4)°

Product Based on all products Base: on :r&maﬁc
Distribution
Wit %) 450°C | 550°C | aso°C | ss0°C
Ethylene 87 49 87 49
Conversion
Selectivities:
Methane 0.6 0.9 - -
Ethane 28.5 34.2 - -
Ethylene 0.6 1.9 - -
Propane 0.2 0.1 - -
Propylene 0.3 08 - -
Hydrogen 0.7 09 - -
Benzene 55.3 54.9 - -
Toluene 14 2.2 10.2 349
p-Xylene 0.2 0.1 1.4 1.6
m-Xylene 03 03 2.2 4.8
o-Xylene 0.3 0.1 0.7 1.6
Ethyibenzene (EB) 10.7 33 78.1 524
Styrene 03 0.1 2.2 1.6
C9’s 0.0 0.2 0.0 32
€10 + Poly’s 0.7 0.0 5.1 0.0
EB/Poly’s - - . 153 L]

®Alkylating feedstream, 12 wt % ethylene. Alkylation runat 1 atm
{101 kPa), benzene LHSV = 3.0 hr1, ethane GHSV to the
dehydrogenation reactor = 1200 hr-1.

-16-
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1 perr] o o0 T S IR B%kgqenze“e“"mmﬂwmu’ Illl

Et hyl ene Stream er Acid Mordenite
(SI Qeerr]/ Al [ er 'WQPEHMSE = 196) REPLACED Run:  PCT/USS5/05700

‘ C E - Tenp([err] O
270 : 350 W“‘E@GWMED" ‘550 450 Pressur e,
atm’ 1 1 - Claim1. A process pf preparing ethylbenzene or substituted ethylbenzene

(kPa) ( 10onprising the dtkps of: (101) (101) (101)
Benzene 3.0 3.0 3.0 . 3.0 3.5

LHSV (hr[err]) 10 Et hane 1200 1200
1200 1200 s 1000 (A) contacting ethane in a dehydrogemigtierny 20ne with a catplytic amount of a

Et hyl enoe 23 deﬁarogenatxon caflalyst comprising #mordenite zeoifié, optionally containing
% nv(wt f‘) To Pﬂglﬂ'g, z§1c, a p‘fénnﬂmgroup metal o thtures the&o& the mﬁf@g@:\‘w
6.9 cqndjgtedunger reaction gunditions sufficigntgjo provide g dehydrogenation 0

1.0 praditt sédth containing Irﬂioﬂiinamlyethﬁkrﬂ and unreactéd@thane, and- O
1.8 o- Xyl ene .5 1.5 0.0 0.0
0.8 20 10 Et hyl benzene( EB) 84.1 91.0 82.4 80. 6
79.1 (B} passing the dehydrogenation product stream into an alkylation zone and

contacting the dehydrogenation product stream with benzene or substituted

benzene in the presence of a catalytic amount of an alkylation catalyst, the

contacting being conducted under reaction conditions sufficient to provide
15 ethyibenzene or a substituted ethylbenzene.

Claim 2. The process of Claim 1 wherein the dehydrogenation catalystisa
mordenite zeolite which is ion-exchanged or impregnated with a metal component selected
from the group consisting of gallium, zinc, platinum, ruthenium, and mixtures thereof.

Claim3. The process of Claim 1 wherein the dehydrogenation catalystisa

20 Mmordenite zeolite having asilica to alumina molar ratio between 10 and 500, and wherein the
dehydrogenation temperature ranges from 400°C to 900°C, and the gas hourly space velodty
ranges from 100 hr-! to 5,000 hr-1.

i Claim4. The process of Claim 1 wherein the dehydrogenation effluent is passed

! essentially without purification or separation into the atkylation zone.

25 Claim5. The process of Claim 1 wherein benzene is employed in the alkylation
zone.

Claim 6. The process of Claim 1 wherein the alkylation catalyst is selected from
the group consisting of acid zeolites mordenite, beta, Y and ZSM-5 and porous crystalline
magnesium silicates having a composition corresponding to the following formula in terms of

30 themolar ratios of oxides on a dry basis:
(M2, 0)p(MgO)(R209)y(Si02);
wherein M is one or more cations having a valence of n; R is one or mora trivalent elements; x/z
is greater than 0; y/z is greater than or equal to 0; p/nis greater thany; p, X, and z are positive
. numbers, andy is a positive number or zero.
35 Claim 7. The process of Claim 6 wherein the alkylation catalyst is an acidic
. zeolite ZSM-5 or wherein the alkylation catalyst is an acidic mordenite zeolite having a
Si02/Al;03 molar ratio equal to or greater than 30: 1, the mordenite being prepared by
treating with acid a mordenite zeolite having a $i02/Al;03 molar ratio of less than 30:1 and a

17- _
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Stlyrene 0.0 0.0 3.3 | r2\.8 5.0

T R e S
EB/Poly's Ratio_ 7.4 12.5 |  16REPLACED 18.5 25 S
[err]Data of TaMQYP##4Boca| cul at ed by SUBTTACTTNG OUT et hane aRETH8ISHENE

f eedstreams, hyd ' . ( . g
[err} Al kyl ating #@g&qésa? r"?ggha%%%(iggﬁﬁ‘gﬁ@&o?'bmeevo'?am.'1'3"“df’é‘rnr"rlgf"ﬂgne
GHSV, as del i ver theaigtreatad mardsaite, gnd ravreating theseicingd mordenite with strorgeacid. WO -
96/ 34843/ Claim8. The process of Claim 7 wherein the alkylation catalyst is acidic b
PCT/ US95/ 05700 . . i . an be
used as feedst chgrdfglﬁezteﬁléteh?\g a&i(f);(l)ﬂ?%ﬁﬁﬁﬁrﬁ%aﬁﬁ %%%@H%ngﬁ?é%&y

sel ectivity. Bndidexafbetwegndand2:onditions illustrated, a gallium exchanged
nmordenite is found to be chif90he pioddsySHCldin N wherainds thg aikfbticizoné BehdéheloP

et hyl ene in high . YA [ rbons
are found in the*0e ?éﬁ%&ﬁ%‘%mgﬂ{s‘%ﬁr“ é%%ﬁgéﬁgcg%%'ﬁ%,%aéﬂﬁpﬁwm
of ethylene in eismswgfe#m%hwmmdMem@wmramaﬂmmmm '
purification as an al kyl giair10.Sthe pryest SFCIdih @ whbréin bahied ordlibslitAFtzéne and

emer at ur es, 10° o buRslaft ooty tshiraiiBirion s Pufiicks Mo péiiihapialn
above 450[ er r] C. theveras phase and the alkylationigrnaesturemangesfrom200tG tn P00€.cd benzene
wei ght ratio is very hi gkiaim i.Sth@protestafiChéim WhedeRethan@is cdrftacted in the
Lransal ky) At O LGRlognada ok WHRS LallyBE ShoutH St theinbeBlotte 10l B0 rRF Eotaining
one or more metal ions selected from the group consisting of gallium, zinc, and the platinum

15 group metals, at a temperature between 400°C and 900°C and a gas hourly space velocity
between 100 hr-1 and 5,000 hr-1 under conditions sufficient to form a dehydrogenation
product stream corntaining ethylene and ethane, the ethylene being present in a concentration
from 5 to 50 weight percent; and thereafter the dehydrogenation product stream is passed
into the alkylation zone wherein it is contacted with benzene in the presence of an alkylation

20 catalyst selected from the group consisting of acid 2eolites Y, beta, ZSM-5, and mordenite and
porous magnesium silicates having the formuta:

(M2n0)p(MgO)({R202),{SI05);
wherein M is one or more cations having a valence of n; Ris one or more trivalent elements; x/2
: is greater than 0; y/z is greater than or equal to 0; p/n is greater than y; and p, x, z, are positive
25 numbers, and y is a positive number or zero; the contacting of the dehydrogenation product
' stream with benzene being conducted in the liquid phase at a temperature between 100°C and
300°C or in the vapor phase at a temperature between 200°C and 800°C under conditions
sufficient to form an alkylation product stream containing predominantly ethylbenzene and
unreacted ethane and benzene. '

30 Claim 12. The process of Claim 11 wherein the product stream from the
alkylation zone is separated to recover the ethylbenzene product; unreacted ethane is recycled
to the dehydrogenation zone; and unreacted benzene is recycled to the alkylation zone.

Claim 13. The process of Claim 11 wherein ethylbenzene which is formed in the
alkylation zone is recycled to the alkylation zone and further alkylated to diethylbenzene.

L
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nitrate in t havHATISCLAMMED ISsol ut i on pesmg—o+—ABi-deri-te
stirred ‘underrefl ux s cool ed- and f

wi t hout washi ng. The fuq‘?"g fo%@fﬂﬁ?sé°F%'°?'¥B‘§§§3 enzene qr pypsuitu t‘#rféhﬁ%’ﬁﬂ‘l ng
material is cabmpnmbthnsupsofat 500[ err] C overni ght and stored as a zinc-
exchanged nordeni te dehydrogenation catalyst The
zinc-nordenite is tested in the dehydrogenation nicroreactor, according to
the procedsre of ExanplA cantafingethane yondihyiitogenation zpess\with 8 catalgticamounootad i n
Table I. It is seen deﬁyhﬂigeﬁétﬂﬁ: chﬁl}éﬁﬂﬂﬁhﬁ H%F@NthQedlﬁe.“oﬁﬁ@rmll?c&ftammg
dehydr ogenati ng et hane é/nm i 9h s Ly, e tY‘

selectivity to aromati%s "f'h‘ é?ﬂaT"é"r{%g"’t“P ] f’r'(')"m ‘f'ﬁs aeeﬁya’? ‘@8?‘?&??%?1""9
reactor is introduced sAndueed ummrmomndmpc@pffmnmmwedaaﬂshyammuon

m croreactor, as in EXgraphestream aoma%.ku bﬁhbﬂmahﬂﬁ&hyﬁnﬁérﬁi WirdictedletHane, dn8
results shown in Table I1. Exanpl e 3 A solution is
made by mi*¥ng ruthenium (111) chloride (3 noles) with 10 m of 1 M 25 HO .
The solution i's ni xed @ Rassicgthg dehyddeaenakertpragydetrransinto an alkylation zone and
(Siderr]/A[err]J errdntactiy theﬁhmmgehumx préduct strmsmdh HéHzehe dr3Lbstitutedind
hel d overnight. The resultin 'ﬂsoll i S calcll ed in. air %l a gF[err]C
to ¢ 'Vl el 0 s ¢ ut heneFERSRSR Lt A8 A iEAOHTe Bt 1 b omcatiley

The Ru-nordenite is teshadingbdidgpcondiyed urgenaiction conditionssafficient topeavidedi ng
to ... the procedure ons and results are
forthvn THole I. It %gh ggp'&d’ %ﬁ%&'ﬁsﬁ%ﬁﬁgﬁq&%hanged nordenite % %%tm/anses
capabl e of dehydr ogenamamgz e Theprecess dfiCldimglwherein theldebydrogenatiomcatalysy JJ/ aene and
| ow sel ect | V'ragrdgrg 1 e%ﬁﬁ%h%& I}E x&t Bzéaeé]’?mﬁlteggﬁ% &M‘RT:&QQ g?nent se{ectg[dhe

dehydr ogenati onreac I pur|
al kyl ation fromﬁ*mqs?mwmqﬁ grlhurﬁemmpletwlum-/&vamam- and mewﬁttbefap%

sim : ar ]Eodt hle res uIt t aaczah:camd The{bra'ﬁbﬂd?dahm 1 whegﬁﬁﬁﬁhﬂy%o@eﬁatmn catalystisa A
sanpl e of dealu e r.deni re e, et cr

or bt nabod. SRR ACURRNa? bl B AR SErRYp BEcEeh 0 B SR i erelp e
t he except i omebydrogenation trenpecaturedanges frgmdonitol800°C.and thegas beurlydpace velocity
700[err]C a”‘i‘aﬂde?ﬁbﬁﬁﬂ%r-hm@\dob)ﬁm ochloric acid only once and not

twi ce. The dealum nated nordenite has_a. Si r]/Al[er err lar ratio
of 112. This C?anm 4. The process of Claim 1 q'here:rl the dLhydrrlge atio enigf passed
essentiaily without purification or separation into the alkylation zone.
25 Claim 5. The process of Claim 1 wherein benzene is employed in the alkylation
zone,

Claim 6. The process of Claim 1 wherein the alkylation catalyst is selected from
the group consisting of acid zeolites mordenite, beta, Y and ZSM-5 and porous crystalline
magnesium silicates having a compaosition corresponding to the following formula in terms of

30 the molar ratios of oxides on a dry basis: ;

(M2, 0)p(MgO)x(R203)y(5i02); _

wherein M is one or more cations having a valence of n; Ris orie or more trivalent elements; x/z
is greater than 0; y/z is greater than or equal ta 0; p/nis greater thany; p, x, and z are positive
numbers. and y is a positive number or zero.

35 Claim 7. The process of Claim 6 wherein the alkylation catalyst is an acidic
zeolite ZSM-5 or wherein the alkylation catalyst is an acidic mordenite zeolite havinga -
$i0y/Al;03 molar ratio equal to or greater than 30: 1, the mordenite being prepared by
treating with acid a mordenite zeblite having a 5i02/Al,03 molar ratio of less than 30:1 arid a
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y ' ' .
%T?ﬂggg%g?oo nordenite i stested Z?Lseggtﬂwﬂgggesfgﬁi oh m crlcl!muulur,',””m”
according to the procedure of Exanple—4+—Preoeess—eenditions and © - ¥ °s

resgl ts ar eI s etSyfnaretry lndex.iabbterrﬂiged Byx-faysia‘&acttdna?]etdeaimﬁﬁmﬁ?.&ﬁnd t.‘}en calciniig  *
t . t t L ect t
To ethyl ene. andne dad B Baftenly N (o23305% sy Foel mordenie wih Srhodaefcan  r om

to ethyl ene an
t he dehydrogenation readlaim8i sThe protessotidaim? whereimthe &liuylather capalyst if adidic i on t o

h | kyl ati ] . L le 1.. Al kyl at] I

L Tt o SR8 Y30 o ooy A0 e ©
The dehydr ogenéndespof batween kgndd.i on processes of Exanple 1 are.repeated,
with ~ the exceptioncldiab, %EQP&eZSM:EinhWAMin_@nﬁeq@ra&ibk.%r[e%ﬁleqqt%ﬁ;]n

2ci d mor den ¢ e *HptaLRePERIY o i hsre 2 RHAOUAT SRR i Sehvcrogengtien sope
15 . 20 is disséled in the liquid phase, and the alkylation temperature ranges from 100°C to 300°C.
' ~ Claim 10. The process of Claim 1 wherein benzene or substituted benzene and
10 the product stream from the dehydrogenation zone are introduced into the alkylation zone in
the vapor phase and the alkylation temperature ranges from 200°C ta 800°C.

. Claim 11. The process of Claim 1 wherein ethane is contacted in the
dehydrogenation zone with a catalytic amount of the mordenite zeolite, optior.ally containing
one or more metal ions selected from the grbup consisting of gailium, zinc, and the platinum
group metais, at a temperature between 400°C and 900°C and a gas hourly space velocity
between 100 hr-! and 5,000 hr-! under conditions sufficient to form a dehydrogenation
product stream containing ethylene and ethane, the ethylene being present in a concentration
from S to 50 weight percent; and thereafter the dehydrogenation product stream is passed
into the alkylation zone wherein it is contacted with benzene in the presence of an alkylation
catalyst selected from the group consisting of acid zeolites Y, beta, ZSM-S, and mordenite and

15

20
porous magnesium silicates having the formula:

(M2/n0)p{MgO)x(R202),(SiO2),

wherein M is one or more cations having a valence of n; R is ane or more trivalent elements; x/z
{is greater than 0; y/z is greater than or equal to 0; p/n is greater thany; and p, x, 2, are positive
numbers, and y is a positive number or zero; the contacting of the dehydrogenation product
stream with benzene being conducted in the liquid phase at a temperature between 100°C and
300°C or in the vapor phase at a temperature between 200°C and 800°C under conditions
5 sufficient to form an alkylation product stream containing predominantly ethylbenzene and
;‘ unreacted ethane and benzene. '

 Claim 12. The process of Claim 11 wherein the product stream from the
alkyiation zone is separated to recover the ethylbenzene product; unreacted ethane is recycled
to the dehydrogenation zone; and unreacted benzene is recycted to the alkylation zone.

Claim 13. The process of Claim 11 wherein ethylbenzene which is formed in the

alkylation zone is recycled to the alkylation zone and further alkylated to diethylbenzene.

25

35 Claim 14. The process of Claim 1 wherein the dehydrogénation catalyst
consists of a mordenite zeolite, optionally impregnated or ion-exchanged with gallium

or zine.
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152-F | Table 1V - Al Kyfiasi suErefH; *wtg!m Dilute
Et@% igl[eerShreg?n 33& i Pr oduct M rod , mmﬂ "’

aromatic 5 Di stribution : product S

(W. % 450[err]C 550[err] C * 450[err]C 550[err] C '
Et hyl ene Claim 159 The proceggof Claim 1 wherein the dehydrogenaiinn qatalysin
Sel ectivities t denit M?iu\ﬁl'ﬂﬁh is impregnate® o§|on-excha & with a platinum
Et hane cor%gst%o amor emez preg Et hyl en@e _ P 0.6
1.9 group metal. "Propane 0.2 0.1
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15 : ' Propyl ene : 0.3 . 0.8 Hydr ogen 0.7

0. ‘9 ' Benzene - 55 ’2 54.9 -

TGl uene | " 1.4 2. 34.9 20 . Bng@quhEéw SHEEY
0.2 0.1 1.4 I 0.3 0.3
55 %l o351 one lllllllHHlllJllIHflfllﬁllB . 07 Te
Et hyl benzene (EB) - 10.7 3.3 781 " " 524 25 Styrene
0.3 0. IWHAT IS CLRIMED IS: 1.6 : C9' s 0.0

g i 0060 3.2 Claimsl| Q.pgocegéL gf Jreggrll% e%hylbenzegé ¢7>r subs{gne% &hylbenzegs
[err] Al kyl at i pempasnithecstéps of2 Wt % et hyl ene. Al kylation run at 1 atm

(101 kPa), benzene LHSV = 3.0 hr[err],ethane GHSV to the

dehydrogeniatlon reactor = 1200 hr[err] 35

REPLACEMENT SHEET %Wz&nh@ efrlahik -2 deftydrogenation zone with a catalytic @hidufit df a
A process of preparing ethyl benzeéne or substituted ethyl benzene

conprising the steps of dehydrogenat:on catalyst consisting of a mordenite zeohte and, opt«onally,
metal component selected from gallium, zinc, the platinum group metals, and

v

mixtures thereof, the contacting being conducted under reaction conditions
10 sufficient to provide a dehydrogenation product stream containing
predominantly ethylene and unreacted ethane, and

(B) passing the dehydrogenation product stream with essentially no
purification or separation into an alkylation zone and contacting the
15 dehydrogenation product stream with benzene or substituted benzene in the
presence of a catalytic amdunt of an alkylation catalysf, the contacting being

conducted under reaction conditions sufficient to provide ethylbenzene or a

substituted ethylbenzene.

Claim 2. The process of Claim 1 wherein the dehydrogenation catalyst
20 consists of a mordenite zeolite.

Claim 3. The process of Claim 1 wherein the dehydrogenation catalystis a .
mordenite zeolite having a silica to alumina molar ratio between 10 and 500, and wherein the
dehydrogenation temperature ranges from 550°C to 750°C, and the gas hourly space
velocity ranges from 100 hr to 5,000 hr

25
Claim 4. The process of Claim 1 wherein benzene is employed in the
alkylation zone.
Claim 5. The process of Claim 1 wherein the alkylation catalyst is selected
from the group consisting of acid zeolites mordenite, beta, Y and ZSM-5 and porous
30 crystalline magnesium silicates having a composition corresponding to the following formula
in terms of the molar ratios of oxides on a dry basis:

(M24r0)p(Mg0),(R203),(SiO7),
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5 ' ’ (A) cont act| ehydrogenatlon zone wWith
a catal yti ¢ am)unt of a ﬂmﬁn@ﬁiﬂuﬂﬁ @ ilogenat i on catBERLACEMENT SHEET

consi sting of a nordenite zeolite a;
metal component selected fromagallium zinc, the platinumgroup netals, and

mxtures ther gRbrein fifs SRQ{JP&BH&:B% Rkifedd %ga@éﬂoftm ik 053%95409@"&9@9!{ bibRiaRs;

icren rovid rogenation ct "stre
contai ning  xfzis greater than 0; y/z |sprealkrt1ha!am¢quaét0lﬁzm gaealemalem dand Bare,

and ) jogenat i on product stream
with essenti aPP§ftivgJumbers, andy iP5 pokfde mﬁﬁ%‘?mégrﬂ ion or separation into an
al kyl ation zone and contCaiini6é)dTHeroddss of Claim 5wheremdbémliylagmeatalgst i an choigic

t th benzen r_substitute enzen
o eeance o SoeulteSAhE ormaAsein Yo Slkyletin aavalyet it A acide grardenite Zeplie aie 4,
bei ng Si0./ALO; molar raﬁe RgUSItE dr gﬁéfgr thhe30:1,aRe mf’dblite oeingprépared Bpt t 0
prOV|de ethylbenzene or

D OV de ey e e Cics rosdeitaeplte Aaying s S RLB b e (e 05595 anc o

consi sts of agyh ﬁ?llﬁdéxzﬂé)&étbﬁnmed by X-ray dlffractlon betweer(d. B'd?‘iha .3, Hn8 therP6RSiRing
of Claim1l wherein the dehydrogenation cataly IS a nordenite zeolite

havi ng a si| i & acisl teeated W&Wlt&raﬂddﬁtf@tmt%ﬁmmﬁd mesdende with strongasidi n t he

. dehydr ogepati on tenpera Qﬁj gas
| hour |y spg@e vel ocpt'gy r—anges‘l %rom &rfn?gggﬁg@g&}]%ta? ssg@'c

- 0 ai m4. The mponieaits zedliteChaving aSMlgm;nmblanza!mf atleastaboyt160: h anthe Symmetry
al kyl ation zo Claim5. The process of aiml

wherein the ar E?’f %W%%E gmgt is selected fromthe group consisting
of acid zeolites nor denOlaimabétheprUcesscbfmmnBl whetleindn thesaldfationrzpaé dehzene or

B g o e
(M err] O {sr ridneidhisesivéd B[tﬁé fidusid ﬁﬁéde), bRd the(dikyldtion témpérature ranges from 100°C to
300°C.

Claim 9 . The process of Claim 1 wherein benzene or substituted benzene
and the product stream from the dehydrogenation zone are introduced into the alkylation
zone in the vapor phase and the alkyiation temperature ranges from 200°C to 800°C.

20 Claim 10 The process of Claim 1 wherein ethane is contacted in the
dehydrogenation zone at a temperature between 550°C and 750°C and a gas hourly space
velocity between 100 hr”’ and 5,000 hr™! under conditions sufficient to form a
dehydrogenation product stream containing ethylene and ethane, the ethylene being present

in a concentration from 5 to 50 weight percent; and thereafter the dehydrogenation product
25 stream is contacted in the alkylation zone with benzene in the presence of an alkylation

catalyst seiected from acid zeolites Y, beta, ZSM-5, and mordenite and porous magnesium
silicates having the formula:
(M2nO)p(MgO)x(R205),(Si0); -
wherein M is one or more cations having a valence of n; R is one or more trivalent elements;
30 x/z is greater than O, y/z is greater than or equal to 0; p/n is greater than y; and p, x, 2, are

positive numbers, and y is a positive number or zero; the contacting of the dehydrogenation
product stream with benzene being conducted in the liquid phase at a temperature between
100°C and 300°C or in the vapor phase at a temperature behn(een 200°C and 800°C under
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wherein Mis pne-or nore cations having a valence of n; Ris one or nore

trj val ent' el enent s; xlz is z is greater thepiior
equal to O; p/n is greater than yﬂm"cm'""mwrﬂm{ poSi t | veHEr?S'A EGMENT SHEET
* L L s * i

and y is a positive nunber or zero. Claim6. The

process of G&hﬁﬁiﬁ%‘@.ﬁ%ﬁi té fftmAn<fkyitioR brédiict btredm bontaifind Préddminantyzeol i te

ZSM5 or where atron catadlyst 1s an acidic nordenite zeolite
having a ethyihapzene pnd\ufreactediethane andlbgnzene: i 0 equal to or greater than

30: 1, the nordenite bei hEPALE . ' ' i rn”?gci jte
zeolite having a SIi( erdrigrﬁl[gﬂﬁ %f’%srs]of%ﬁﬂgr@-ra élrg'gct)'}ﬁé F%gg&tﬁgrg% 3 :rqmaand a
Symet ry | ndeasikylaiien dehe isrsepachtéd/toXecaver thef éthylberizene produck: unregcted ethane i

a6 e 1 LB ol A b 1081 8 A,

Cl ai m 6wher eizonéhe al kyl ati on ctatal yst is acidic nordenite zeolite

having a SiJerr]/A [erl]. rr] nolar ratjo of at |east about 160:1 and a.
Symmet ry “Index O#I%%}éee#ﬁpgpﬁs??glalmy wherein efhylbehzene ERQWﬁ %."“?&E‘
process of Clrd BkyiatibifZdtiels rétytlea tathe)diigidtion zaAe andRiheNaik@ited to diethylbenzene.
substituted benzene is in the_liquid phase, the product streamfromthe

~dehydrogenation 15 zorfdaims13iiThedrocass ohClasma 1|wharein thdehydrogepationecatalyst
~alkyl atiqg L%ﬁ&@%é%éﬁ%&%ﬁ{ggﬁ%gﬁgﬂe Ated or ion-eXehanged with gallium.

.Caim9 . The process of Caim. enzene or substituted benzene

“and the product streamGlaigirid hEheipregerssf&ileim bwherginthe dehydregenatior catalyst
- th | kyl ati . 0.t . nh j t
't anges T r om 20priets of & ¥iab i ABHERRG, BAbRoRad bF ol iadip Wi ABETL 1 0

- Clai m1 wher giatinamigroep metatont acted in the - dehydr ogenati on zone at a
tenperature between 55Q[err nd 750[err] C and a gas, hourly space .
velbei iy bet en 300 nAta s ThitiordSessco ctaiey 1A wikrid ing Bafindm SRERInetel 6 on
to formas platidemystra@eniam. on product stream containing ethyl ene and

et hane, the ethyl ene being present in a concentration fromb5 to 50

~wei ght percent; and thereafter the dehydrogenation product 25 streamis
. contacted in the alkylation zone with benzene in the presence of an

al kyl ati on catal yst selected fromacid zeolites Y, beta, ZSM5, and
nordenite and porous nagnesi um silicates having the fornula: o
(Merr]OQlerr] (MO [err](Rerr]err])[err[(Si(err])[err] wherein M

is one or nore cations having a valence of n; Ris one or nore trival ent
~elements; 30 x/z is greater than O; y/z is greater than or equal to 0; p/n

~is greater than y; and p, x, z, are positive nunbers, and y is a
positive nunber or zero; the contacting of the dehydrogenation pr oduct
stream w th benzene being conducted in the |iquid phase at a tenperature
bet ween 100C and 300[err]C or in the vapor phase at a tenperature

between 200C and 800[ err] C under
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conditions suffici'ét to form an al kyl ation produgD3Vegm cpnt ai ni ng @“ d
predom-nant |y et hyl benzene and unreacted ethane and_bhenzene.
Clarm11l. The process of Caim 10 wherein the product st RAXR £ rom t (P o)
al kyl ati on zone is separated to recover the ethyl benzenecﬂptﬁfduct
ethane is 5 recycled to the dehydrogenation zone; and unreact e “"_’,
is recycled to the B ation wmw&ommmnm Cl aNG$#3

process of gty AohUE] Sl £\ BB A o b8

Lk )
di et hyl beiwmm"“" a gi m {80 Fvenafins Sebtication Nuheari m 1 wm

the dehydi ogeCoTCi 15/073,2066] 1104, 8033, a50% | StAl pf a nmordenite zeolite which, |
I mpregnat ¢d_or__i on- exchanged Wltl”l gal | iju (mmwm tion Date: Wﬂ?ﬁmllm

The procegs of Claim 1 wherein the deh ro dnatiaon ctalys n | Sts
of o Tmof o} Ak ety et | -y BUNARR |40 Pt Bt g B i o

pl ati NUM § B\ tRerhiial Fing Date: S May 1995 (050596 [ai m ﬂibxz.uxpnemwfx. IMO, A%, MW,
wherein;the platinumgroup netal is 15 pl atfi numﬁN@Mﬁnmm'RU SD-SE.SG.SI-SSII)‘-S'%
Gl aim15. ef: Sdw a‘%h 1 ' deh %Me%ﬂ mm’ ’

H 3 i 1 £ GB.
consi sts ﬁ%w ; regnm /LU mﬁmgﬁfx’ %. BJ,
a platinu ﬂ%roup nmet a - CF, CG, CI, CM, GA, GN, ML, MR, NB,S , TD, TG).
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A process of preparing ethylbenzene from ethane and benzene 8z raw materials, The process involves (1) contacting ethane in a
dehydrogenation zone with a dehydrogenation catalyst comprising a mordenite zeolite, optionally containing a metallic component selected
from gallium, zinc, and the platinum group metals under reaction conditions which yield a dilute ethylene stream in ethane. Thereafier,
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porous magnesium silicate, under reaction conditions such that ethylbenzene is formed.




