PROCESS FOR THE CONVERSI ON OF LOVNER ALKANES TO AROVATI C HYDROCARBONS AND
ETHYLENE Field of the Invention 5The present invention relates to an

i ntegrated process for producing aromati ¢ hydrocarbons and et hyl ene from

| ower al kan&e.20r@itspeci fically, the invention rel at eCtasamobaregr at ed

process for the production of benzene and ethylene fromlower alkanes with
| ower capital and operating costs. 10 Background of the Invention

Benzene and et hylene are two of the nobst inportant basic products of the
nodern petrochem cals industry. Benzene is used to make key petrochem cal s

such as styrene, pH@ﬁEﬁﬁsﬁyﬁbﬁﬁﬁnQD BTy bPetHaheYdER drdayEotHers. Ethylene is
used in 15 the manuf act uPBMETI6t REPEERPetheMPcAF SV dER as pol yet hyl ene,

et hyl ene oxi de, ethylene dichloride, and ethyl benzene, anong ot hers.
CGeneral ly, benzenerapgk at-hertasomati ¢ hydrocarbons are obtai ned by

separating a feeq%tock fr ctiontyhich %iirigh in. 2 ar o tic conpounds,

such as réf or mat espPbalided 1 hrodgh 8 &fd yrid ré %?ﬁ%%% Process and

pyrol ysi s gasol imesiupioducedat hr dughoamapht oied atagkeémyg fprocesssr from

non- ar omat | ¢, fygracarbons Jusi.ng A,50! YaR! EXLIAGH on AIQCESS,, Hovever, in

an effort to neet a projected aromatics supply shortage, nunmer ous

cat al ysts andrprueesdazrdcge s ofrpirporecducsdoetdoedtesr amdt ¢ ¢sylE@nacl udi ng
benzene) fromal kanes £onhaknNG: Sh¥ePlea88s) CAHPOP. A1ONE PSE: 1ol ecul e have
been investigated. The ease of conversion of individual al kanes to
aronatic%oing@@%ﬁé@£ﬁﬁﬂh£ﬁﬁeﬁ@§§&ﬁ@ﬂcarbon nunber and thus mi xed al kane 30

;eeds have beenczas@ﬁsb@keraeild_. eﬁw;eaéﬁﬁrﬁé %wougﬁ.tk@, 208t Shépodesst ihesca process
or convertin to al i phatic hydrocarbons to aromatics conpri sing

cont act ] ng. HEPTEEA G CH e Ba Hl Pt A HRERGr OEYET B PN 3557 OF condrti ons

wher ei n t he caddltpshalcorgeryi sesrcahzedtalise shaviayg saySenddl phateb, greater than

10 and & por g . ATRLL, G, 5: R AYSLLOTE A0l T AL cgpOnentcand an

al um num phosphat e bi e catalysts used are usua

bi f unct i éhal the grralatingcact edihcrerel rambleated & ssibves watlgrilallane, provi de
acidity and éi_m%n@romee, g?ﬁ@!élesag&l%%iaé} 5% ezﬂylﬂ@l’zegéc'alﬁo%gpr ovi de
dehydrogenation activity. For exanple, U S. Patent 4,350,835 describes a
process for edérting ethane-containi ng gaseous feeds to aromatics using a
crystall :c ne zeol iebaeg@uqﬂﬁysbnmnet laadzwea-w@@tfi@rrhwr&@mbaja@im g m nor
amount of Ga.,_ As 1Q anot her exanp U S. Patent. 7,186,871 descri bes
ot i sat | OfP GBS Bh APREAC LS L ERt o YT CON Mo 1 ProTarid 7o 5.

Et hyl ene2d s generak| yonpadeds r omoet hane: famdAoss irghecedydi-osagt bons in a

hi gh-t enper at ur. her r_catalytic cracker unit.. The manuf acture of

o ofi ns by hyhadke B o Bend gL Sl PR LRtr e mBr A B or ocess
whi ch i s destridved &mpapBthyl erekikKeystogest of tdre nPetaxgrhénitcal | ndustry" by

Ludwi g Kni ely, Vargel . Rekker, Publh sber e(xlf_%@&ion%%c@sg.le%gw@%ﬁt hane plus

one or nore higher 20 hydrocarbons is converted into olefins in a cracker
unit, it restlt teIPAL prodaeti drPred cotHerrorattifs SMRP-RIdPESAY% 0 et hyl ene.
These i ngi udg.-piopy| @nes yhus Vi:enesocdiit-adirene,n-peprbeNeSro8h&eiordgpendi ng on
t he conposition of the cracker feedstock. The product separatjon schenme for
such a ni xed®ZEaFe8Y Cradket T SRALeY BE CBonpia Eat S BY "t RS predénce of

mul tiple ol efdss productasonhigdr mbleame casescdwmventestieasepar atmed from
other similar.mlecules (ouch as bhe: conrespanding paraffins) to meet the
pr oduct specf?lca i ons. The end Fesult"'s at®%t hie capltaF expenditure as
wel | as the B0reperatiing costssghgseetpoa ondokerndonplexiaeé ankehehi gher
than those of..sChaskeloWhiGlL RLOGHCES ALY, BHY! §N¢. fy,08pas4mi nly ethane

f eedst ock.

describes a process for converting C; to Cg aliphatic
hydrocarbons to aromatics comprising contacting the feed with
a catalyst at deehydrocyclodimerization conditions wherein

the catalyst comprises a zeolite having a Si:Al ratic greater



It would be advantageous to provide a | ower al kane dehydroaronmati zation
process wherein (a) |lower cost ethylene can be produced as a coproduct and
(b) the feed to the dehydroaromati zati on reactor is substantially
converted, whusiehziawoi di ng any feed recycl e and resul t iPag/useob/ossess capit al

and operating costs. Sunmary of the Invention The present invention
provi des an integrated process for producing ethylene and aromatic
hydr ocar bons, specifically 10 benzene, which conpri ses: (a)

contacting a mxed |ower alkane feed with an aromatic hydrocarbon
conver si on cieat yidt apd prodaceianeseodut®-m kruiteoRrhi ch 983 Lewhpri sed of

aromati c reaghh Rk ogduets LGl udingnbehzene,: jHaeact ed et hane and
non-aromati ¢ 15 products, (b) separating and recovering the benzene

and any ot her ar kgt Fet+e4¢e| Bithroguctglly bifunctignalapPREEHY "and
recovering the;&ihagesr atdecular sievé hateRtsOducippgvidie setbane drat 0 an

al kane cr Qcker, 20 Er ef erably a}t herlgal or ﬁat %Joyti o cri_ack_er , (fs 0 produce
ethyl ene. > °"¢ % BAR6E HEF-2aRbBYinéht " - héfizend Mgy BES sépaPared™ s rom t ol uene
and/ or xyl eneeclanttoGOnat amommat 1cityr.odbet Sxanpst,ep .Cb) Pardtt Ae3ife®zéne may be
recovered. T l.uen .y _he_hydr.ode ted to
produce addi ??Soé%bg%e%z%%eé gér%(%gf %%g‘é%%‘“g? i %%ﬁq%f ptgﬂg%gjgl% %&;&’Ju% Fig. 1
is a flow di dgedmtrhiedndticastsiages thetcohves siconibt wtaixed tower al kane
streaminto grOmRki-€S: @ rahhane oWl &k s at e CLacked JrocRr oduce et hyl ene.
30Fig. 2.is a flow diagramwhich illustrates_the conversion of a m xed

| oner al R&ne?RR Y @anfE#tR) car Bntt iFéSeBhd’ dtthah e WFPER* P t hen cracked to
produce et hykeneitandeiherg 0,-Qenzenesi ssisepar aded ybeomiteliueng mnd xyl ene
whi ch are hydrd?desalmgyl ated to produce nore benzene. Detail ed Description of
the Inventi oR"THI® Phvention relates to an int egrated processing 5 schene
for produci ng benmzépee{and otheralayonatd dspmarichaeehyhdfre fhiigme@a m xed | ower
al kane st ream WAl Gh, MRy GOt Al J), Con & (7 lged!m%ﬁ,,gﬁ adages. (referred to
herein as "mxed Tower al kanes* or T ower al kanes , Tor éexanple an

et hane/ plbdpanedtetraneiri cAhstraarhadebvived probimraburaidiypasred® refinery or

petrochem cal., S4y;6a8Ms | NGlYdi NG MAS LR $ I RRAE: 1 BXBIPLES Qhipetantially
suitable feed streans include (but are not limted to) residual ethane and

propane fronfftiiaP bas Ethet trfHeFeptirit &at Fih, PeptPe’¥tfadhe, propane and

but ane streamsa(ak§0 kpawawag MakUr ahaEas beerdd$hpcosHyroduses at a 15
| i quefi ed natural gas site, C2-05 streans from asso,gi t ed gases co-produced
with crude oil pr8aictiGse ﬁﬁree"g’@flgdpje‘f%gf?@ “NAETE" st %%anms from steam

cr acker s 20 andydheathbe8 iby pooductedsineamikr ons napht heaakefronner,s.itThe | ower

al kane feed nay. e delihesately g Luted mith relptively.lpert gases such as
20 nitrogen andior W tH varrous 1 ght %y rocar bons and/or with |ow | evel s
of additivesetieddod -t drliaver ovelwat akystioper forrEsces, Thaagienary desired
products of ﬁgﬁ%d%%QFEgﬁ%.qfdepending on the composition of the cracker
feedstock. The product separation scheme for such a mixed
25 feed cracker tends to be complicated by the presence of
multiple clefin products which in many cases have to be
separated from cother similar molecules (such as the
corresponding paraffing) to meet the product specifications,
The end result is that the capital expenditure as well as the
30 operating costs of such & cracker complex are much higher

than those of a cracker which produces only ethylene from a

mainly ethane feedstock.



this invention are benzene, toluene, xylene and ethyl ene. The hydrocarbons
in the feedstock may include ethane, 25 propane, butane, and/or C5 al kanes
or any conbination thereof. Preferably, the majority of the m xed al kanes
in the feed¥Oc8W/RYIkt hane and propane. The feedstock FEI/EEHVASTI6N N
addi ti on ot her open chain hydrocarbons contai ning between 3 and 8 carbon
atons as coreactants. Specific 30 exanples of such additional coreactants
are propyl ene, isobutane, n-butenes and isobutene. The hydrocarbon
feedstock preferably is conprised of at |east about 30 percent by weight
of C2-4 hydrocar biongoupt e papPRF 28Ol akst PaBBide 50 1pEPEert<aBy wei ght. The
first step obich{@darbrgFAlL4oPINCRES s CEYLi e %a cababytéds Pe@fytd jon of
benzene froma ni xed | ower al kane 5 rich feedstaock during which
subst anti al | y*8I%¢ é)fm@é@ea{ﬁar DCHFERECar e dhV ertfed®th @ $PRgl e pass in
this first stiepydddaronetemhadh mentctoat id easttabolut 19086y rveighthuef propane
and heavi er Q¥g%rjé).cnar ansf iergi F:ch (jleeegsigogk ilgI(}:onl\{jerg%drt% aéo tidc
hydr ocar bons "an Jbf’pro%lucet S, pf%fera y TO 4t Y east “about P95% bailn wei ght and
nost pref er abbgratingeastitsabout 99% by wei ght. The reaction nmay take place
in the presengg,ofy drcatalystycpposition suitable for promoting the
reaction of [ower alkanes to aromatic hydrocarbons such as benzene. The
reaction conditi o€ RESSCOMPRYSE 187t BAPECREURR TS egFaHsbRr 0558 ti®rabout
750C and a ppessuli@goérhent Shdk bRaaRoulydPodaMasabsalditrecariy
Fol | ow nﬁga géoduct separation schene to recover all the aromatics and

dr

met hane/ B hEP T BmEPAPHEPS rich streamis sent to the ethane

cracki ng step, whisch omycdeeiag 20 rdaadentdeanal ketchdnedcriackan (preferably
catalytic or %Qﬁ&ﬂ%l% d%é%a@EQQQ%%vgggthQ%taiQﬂlQBS g?lﬂ%r” Lhe, al kane to
benzene reacfof Functions as a means ol removi ng essential FyPaq "ot

hydr ocar bonsf xtomet heifleddstoakeigeidngt tayarheliettraneicer askencthus

sinpl i fying L1s, d8sL00 LRSI derahlyesThe..28 Gapiial.ankqperating cost of

t he et hane cracker conplex is signi Fi cantly reduced by elimnating the
necessi t Y of PEepHiati ng smal | quantities of propylene fromthe ethyl ene

whi ch woul d be thg)casdftihe ffedetOdNe CHRCkRLERNtRIaNady a,Slegni fi cant
anount of C2+ hydrocarbons. In addition, the 30 al kane to benzene process
also is a si AGPEPEsEHTICESR NGt Pecycl e of unconverted feed) resulting in
further capital amrg oparati-ngy cost reesuatingntiorethbge oweal | i nt egrat ed
processi ng schene descr.ibed. . Any one _of_ a riety of catalysts may
be used to pronoté thlentrréjgj(“fﬁ“% oF ?Qﬁ\%}e aPkArds a}{Ea (?oér/‘}:&fzgqﬁrhydrocar bons.
One such2¢at pre/fsirabdy desteirbed dm cbt8ly,c899r00G.r, The watdakyst conposition
descri bed thg{&il@nggrrpri ses an alumnosilicate 5 having gallium deposited
thereon and/or "an alum nosilicate in which cations have been exchanged with
gal | iumions. ThéPmdrarerapieedfesi} | ke acoeahiihibga s prA M ePefint® 5: 1.

Anot her cat alySterWhbsdy dBYyREndSed LD LR RrecessaRhst he JMpsepf invention
is described in EP 0 244 1%2, This 10 cat al é?t conprises the catal yst

descri bed i n?theDfr BRHAN g RArgrEApRY Hifd a GrOUP VPP GReYar wei%eted from
rhodi um and pdatdnadnbe Tharabedm askbd cal esoaie sakdeionr ekesably be MFI or

MEL type struct s and may be ZSM 5, ZSM 8, ZSM 11, ZSML2 or ZSM 35.

15Ct her cat aﬁ%@%&ﬁm%g— Sed #%2%e process of the present invention
are descri bed. i nFgS. 1 751861 B8R dalagre!zﬁa Sr.hi?éhlﬁﬁ,u&ﬁaté'm_e:hfei rst pf t hese

pat ent s descldREg Fopl At LIHM.EOALALDI NG..£3M 0. SLY3hel dGageol 18

synt hesi zed by preparing the zeolite containing e alumnumand silicon in
the 20 franewBrke depdsiisi higeplaeiciedn ton prhduczesithy eetend cal ci ni ng

30 Fig. 2 is a flow diagram which illustrates the
conversion of a mixed lower alkane stream into aromatics and

ethane which is then cracked to produce ethylene and wherein



the zeolite. The second patent describes such a catal yst which contains
galliumin the framework and is essentially alumnumfree. Additional

catal ysts which nmay be used in the process of 25 the present invention

i ncl ude tho¥%e 28¥8eribed in U S. 5,227,557. These cat al yiIg/Se@nwas’es an VP
zeolite plus at |east one noble netal fromthe platinumfam |y and at | east
one additional netal chosen fromthe group consisting of tin, germanium

| ead, and indium 300ne preferred catalyst for use in this invention is
described in U S. Provisional plication No. 61/029481, filed February 18,
2008 entit| ede " Pi5céssSTRAT RS ¥ EPLTUIF GRCECHERE TBLAr GFAti c

Hydr ocar bonshy dgl}i;uesalappéﬁ@attbogarodmgcmm%@azgﬁé,aI yst conprising: (1) about
0.005 to about 0.1 %M (% by wei ) | ati num based on the netal,
preferably a S e /5?5595’(%%% amount of an attenuat i ng
metal sel ected frJDmSt lnevegﬁ:aup ﬁ@mas:lest tdSlgaerlnte@z;atﬁad ﬁambesamdgger mani um

whi ch is Qo ess_th namount I atl num preferably
not nore ?harl%rg{é out 6 gr% Clo? kfeﬁqze@gt gél”yst based on cfiﬂe rret al; (3) about
10 to about 99h9lost fofm gn maked Inosic| & Betre, apr@afnemamly r@iﬂyzeghmm based on
the al um nosil | ¢at e;, 95£&ﬁrébkMk§QQytJﬁgep9&§QQ“BGQQHQ%59“M@§ajpreferably
selected fromthe girou consi sting of ZSM5 ZSM 11, zsm 12, zsm 23, or
zsm 35, pref &PUBT VLEBRYET 0&d "t O the L kAegr m EpF ePerabE yAthavi ng a Si 02/ Al 203
nmol ar ratio @theﬁmeqmrap@w/b%@aﬁem (ﬁbQUi‘e‘&&Qdérlﬁﬂﬂ tdh Sathiradegas preferably
sel ect ed rom |I| al um g and m xtures 15£hereof Anot her preferred
catal yst For rﬁ Jem?rﬁ’ Pﬁl%etlrw RO PETHSC AT BRI ERES BEGG7LT onal
Application NeamBEs02993%ertibel; Febtaary 264 2008mentidlved BProcess for

t he Conver si Et ro drogar b plicati.on 20
describes a gg a’{OLstlQ@{c}L Oﬁaglﬁn ém(jlf% F% Ut o alé(gg)mgan%ofurt%%oniw/ml (% by

wei ght) plat Bﬁﬁlmm%égé@ mrulﬁecarmmal. rpreefeghabd y raboete Gr@lbvoargbout 0. 06
%, rost preferabl a@@&%ogn% tz\gtapgtha% 9§qm§s,> gg)p%uégaug@ of iron
WhICh is equal to or greater than the anmount oOf the platinum but “hot nore
than 25 dBouti@ e egnkaigiratheas dtidly st CpridfFeradl {raoesavtietelan about 0. 20
wt of the cahadySorph@siceRr ﬁi@d’ ablMe NOt: MREBLENAR, abOMa B b0 JMn0f the
catal yst, based on the netal; 3) about 10 to about 99.9 %w of an

al uni nosi | i cat® %r §FEFH T4 786 67 APEESd B tHhE Q1 i WEEPAPEhL e,
preferably abotdar3@rte Iaﬁ)habﬁ)ufef%&mgr%\lt Th[él’ eberahl yasel eeteda§ mem t he
group consi s of Z M 5, ZSM 2 or ZSM 5 preferably
converted tog?g’goelﬁft? n%%lblr%e%‘?lah y© j“lv,refglya:L %Zlgif%?u 18 ratio of
from abouif ZOlurctq@nabmfdvtoﬁ@’iih ‘andoeﬂ)lmfm heérgcarpref erraldby weltect ed from
silica, alu I th ef catal yst for use in
this invent %ﬁﬁl %Q%égc%(% E‘l"éﬁ%i‘@ %gggr(ﬁ\\r}:%m g%% QASE‘F%%%E on No. 61/029478,

5 fil ed Febr BaFirrrgrceoodhenpiitadd Uef bess sredictshet Comv @EsEews 6ff Et hane to

Aromati c Hydeacaribeas:ionl B'r@ @&meln@att@ime%scml@@ angatdlyyshe conpri si ng:

(1) about 0.005 to about (% by _wei 86%\% Iat| nu based on the
netal , preferabl ;F%BW%%?O% Jﬁbbﬁ? s éf‘C]p &FEBTSr about 0. 02
to 25 propane, butane, and/or €y alkanes or any combination

thereof. Freferably, the majority of the mixed alkanes in
the feedstock is ethane and propane. The feedstock may
contain in addition other open chain hydrocarbons containing
between 3 and 8 carbon atoms as corsactants. Specific

30 examples of such additional coreactants are propyleng,
isobutane, n-~butenes and isobutene. The hydrocarben

feedstock preferably is comprised of at least about 30



10 about 0.05% wt, (2) an anmount of galliumwhich is equal to or greater
than the anmount of the platinum preferably no nore than about 1 wt% nost
preferably no nore than about 0.5 wt % based on the netal; (3) about 10 to
about 99. 9 wo%ofozam al um nosilicate, preferably a zeolbdrgs:ipassdson t he 15
alum nosilicate, preferably about 30 to about 99.9 wt% preferably sel ected
fromthe group consisting of ZSM5, ZSML1, ZSM 12, ZSM 23, or ZSM 35,
preferably converted to the H+ form preferably having a Si 02/ Al 203 nol ar
ratio of from about 20:1 to about 80:1, and (4) a binder, preferably

sel ected 20 Peromi bycegiditupf na-ahddndoaripes, tthefespblTiee least

hydr odeal kyl at,i0n dpepetdiof Lovalyes the reaction of toluene, xylenes,
et hyl benzene, and 'hi gher aromatics with hydrogen to strip alkyl groups from

the aromatic ringteoTp¥ bidFder adfditronaeHeR? & o4k/ds| FYR*éRdls i ncl udi ng
nmet hane 25 aaat@tﬁaﬁepmmlaﬁeaﬁe)laaﬁ@qt@dsrtamomtmdbemanatkims step
substanti gl |¥ |ncreases t he overgﬁ h |d of . b zeng 1{1 thus is highly
advant agedus " TeEETRCY KEFABY AHE c%‘t tﬁPt’éa%Wdfao eal kyl ati on processes
are known i nht;dm)cwrrtaonﬂ'mefrerrabnﬁeﬁleldyhata arinphy bescanrited 30rput as
described in rodeal kyl.a erati ratures in
the descri beaytﬁer na?ggrec?)nggg]s@nr%y rggni%iyfr%ir% %Eto g%o@gkgggﬁt 800C at the
inlet tot hephwﬁf@d@aﬂklwaaftlﬁ’@nhsr@a)@?élibongrhé Blﬂ%sfﬁﬁtﬁiet%%}y isange from about

2000 kPa to @!;)MIL%QOQO kRabs b 1Ml RO 2 80368 r¥al0Cd t YorkRotdia yr ange of
about 0.5 to about 5.0 based upon available internal volunme of the reaction

vessel nmay betutgastzeouple st by t1id 9Bk ot HeFRTE MRTGFESHf dhéef&action, it is
often 5 requipeg: tspey fariamthe ‘lf.h%a@éja@d’ltdnnmby\l():aod’e m)as(ee sitnagas wi th

i nternedi ate _cool i ng ?r ue_ntrEhi % the react anbtl 51 reet or rmre
reacti on ves8EF ¥Ry Of her & ar & e UBaE" 117 s 811 e eTﬁ%rcpoc())ImO g e

achi eved by n:aehtrnemt chentweexehenge op amnbrerstageicoskbag S\Ahanastwo reacti on
vessels 10 a oy t y y it referred that
the first re%g Fon ve@geelr aézlee%gecntl a\et?gr!&dg\%% (8&“5%%8 a|Lr€19t E?’Jﬁ% 153]{~:t ructure
and t hat l'GhEOseeﬂﬂﬂﬁ Bes sel abont atsm"ewfrtd ai ﬁﬂioﬂuﬁbetbflaﬂbwtr Gcture to pronote
pl ug flow of rezgclg%anqO oeugh a portion of the vessel.

15A ternati v& y, tOh ?/droé y1 ation zone may contain a bed of a solid
catal yst such as ifidceat@lay prodescsiebehiipnUs Sei@, 761y &0BerApbt Hdwe possi bl e
catalytic hydigRaalieyLadion Bﬁ?ﬂmob§nde§ﬁér LB iRt Srifn 635009, . Thi's
pat ent descr| es a hydro Ih at’i on”process carried out over a 20

zeol i t e- cont AFn$eiyg Eat ’afll‘iy@tthM@ ciragksng coPai Wl Pl &8V nefmdand tin or | ead.

The process ksniefighentddlahy @@arék@&rregr@éerggtrpe:ra@ramy@ﬁc rangi ng from about
250 C to about 600 CC, pressures rangi ng from about 5 MPa to about 5.0

MPa, |iquid Ryerestar bij‘h it@éldc?a?té’éflﬁ”c‘)m dBolt+d. “?”PSrachﬁf"t 36717 P wei ght

25 hourly spa@ﬁyevrej @ehtyor andcoDirar abysdogen/ tsn;/dfmaﬁ,b@msfseedsatuqk rati os
rangi ng from 0.5 to .abou hyI ene and

10. efins,
propy! ene, pktyéiﬁﬁg%b?nrbo% PRWE® afe‘ﬁcg‘f’(r)iteoscjk( dehane” tfrl% eé‘lgllgnand but ane)
by either them@}terolthuatsalnwtlmym@a@kis n@esprgmcessgsierﬁhéyt hé‘rhﬁal 30 cracking

process ngy %xgttcaét' %4 PESALLL L QUL o NdDey RLESENGEOL sypeLheal ed steam

and thisis n commercially practic process. Steam
cr ack| ng is altﬂh?ef"rlrmhttr askivagd griocessinat ki Ebe SWICarat el Slydr ocar bons

(i.e. —ethange,propages.hut @Iﬂgnt@ftﬂe@ebf Fmo@%ﬁa Bof brokenydomn into
smaller unsaturat ed "hydr ocar bons, i ns and hydrogen. |n steam

cr acki ng, t héhb%%é‘@l‘}%df%%d?hﬁay‘a% thfl H‘}ﬁ ef(foﬂ‘ H;'i the cratker contained

a significant amount of C;: hydrocarbons. In addition, the
30 alkane to benzene process also is a single pass process (no

recycle of unconverted feed) resulting in further capital and

operating cost reduction for the overall integrated

processing scheme described.



5 steamand then briefly heated in a furnace (w thout the presence of
oxygen). Typically, the reaction tenperature may be very high - around 750
to 95000 - but the reaction is only allowed to take place very briefly. In
nmoder n cr acRioriglofiarmaces, the residence tinme may even BTl 8s8o 10
mlliseconds (resulting in gas velocities reachi ng speeds beyond the speed
of sound) in order to inprove the yield of desired products. After the
cracki ng tenperature has been reached, the gas nmay quickly be quenched to
stop the reaction in a transfer |ine heat exchanger. 15The products
produced in the rE8cPPBNCUSPEAE Y CReCTGHIESF tTDh L6 1E¢HE “PeBBO™T e

hydr gcar bon tt@es.{:r@amh i6at b0 l@ﬂ@rodll&a!fi@sriifcﬁ%iéioﬁgti@m@g@&éﬁkl%nénd éuy nace

resi dence tine, e process may typjcally erated at | ow pressures,
around 140 6 BOCFRPL Y HbpendPAG: I i bver 4 P g Béess  TSPgRL Y90 The
process may absposieswht désrtibedstiewedeposipriens ofn eokein@iflararef carbon,
on the regctqr, vl s, IO i degr ades e, ehliglency .ol A6 ;neagtory SO
reaction conditions are deS|lognede o mninze this. net hel ess, a steam
cracki ng furmaceh cariiosuadldve oedy exghafgrd yitewaontuhsiats.a fhee 25 bet ween
de- cokings. De;gokings seaquikeathe hunpace st 9 bg.dsokated fromthe process
and then a flow of steamor a steamlair m xture |s passed through the
furnace coils at HiAghet efRIELAELrd 1cPhiay dnért st Rechareressl P8 €% bon
Iayelr to CaL'@@?sémﬂQ&bQﬁtﬁgmdi@acﬂm}idb@xird%@ Oneer tlaps Ir'mesti onis 30 |
conpl ete,, the furnace can be returned to service, , n many commerci a
cerati o, | EaryI e CaRa R apy rere 2 b SaBIPAYET PPoR'E HETEOLIT: ng. corl ex
m xture by repeagednconpressioop @Nd desil ldeaton dtrohovndanpeaad ures. In
the process. t present. i nvent.i.qn, i I essar cause the
feed to the 8?%%1‘@“%1 s%?r%s lluglu'}é%r}ﬁ"rl?g{é% rc:afr%en%%%g% #Egg ﬁaﬁagty% gg[gs of

ol ef i n produeti¥n drygeperiditeass amdbmgn ke dbdckersStofpl €ti-dbe: 23~ st eam
cracking in furpaces.-as described above; 2) primary and secondary heat
recovery with quench; 3) dilution steamrecycle between the furnaces and
the quendh systerfthgy priataEys cohiiPessy dif oFethe? dhE&cREFFas Ot ntitai pl e
stages of coppegessi ARYen®lorh¥ds ogen -sybd idevand 10 seasbondi oxs de renoval
(acid gas renoval); .6) secaondary conpression %1 or 2 stages),;.7) drying of
the cracked das®®dhd-8) T ydgehit® (reat mette sP 146 dPPRdF PCPALREY gas. The
col d, crackedofjasirsthgeasnss cirherritliaat esbliineas getreishaad zer préberioner head
stream from the denethapizer, 15 sonsisting ofshudsogen and methane, is
treated cryogenicalTy to separate the ]ﬁydlrogen and et hane. “Thi s separation
step usud@Ply franotores feppaidinethlaténan @ ttepperdtiticeand @bouting 150C.

Conpl ete recoyery.qafical | {he peLNAnG L s GdsbLeals o hhe ecanogical
operation of the olefin plant. 20The bottom stream from the denethani zer
tower is tre#tedh idpngateetdianl verin herirariEopl ciliedd T5¥aAPEEOM t he

deet hani zer Lowernsorsiésts of all the C2,'s that were in the cracked gas
stream The C2's then go to a C2 splitter. The product ethylene is taken
fromthe over head*déifltf”%’éait SREPLEHE PBEhé %t Rant ol ng$ FSRFERR Yot t om of
}3 he splitser ths ﬁx&.ﬁs}éﬁteﬂnﬁe@lﬁ&hﬁ frinaceshdse beseriaekedn agai.n. The ]
ottom stream e deet hanj zer tower may go t.o a depropani zer tower but
this may be é’r%ﬂrrfp&?ed ﬂ“nestehgajb?’ CEEST AN égi”ﬁﬁs}e% f’gﬂn&e e otler head
stream from flhesdepropamicz aet3) fowetheqrsitstgm ofardllly 4k a€31sagthat were in
the cracked gas

additional metal chosen from the group consisting of tin,
germanium, lead, and indium.

30 One preferred catalyst for use in this invention is
described in U.S. Provisional Application No. 61/029%481,
filed February 18, 2008 entitled "Process for the Conversion

of Ethane to Aromatic Hydrocarbons." This application



stream Prior to sending the C3'"s to the C3 splitter this streamis

hydr ogenated in order to react out the nethyl acetyl ene and propadi ene. Then
this streamis sent to the C3 splitter. The overhead streamfromthe C3
splitter iswerduetsipropyl ene and the bottom stream fr o UR00ZRsKM i tter is
propane which can be sent back to the furnaces for cracking or used as
fuel. 5The bottom stream from the depropani zer tower nay go to a
debut ani zer tower but this nay also be elimnated in the process of this

i nvention. The overhead stream from the debutanizer is all of the C4's that
are in the crgéRetPagas strdast THEBE6EPDMISt pRRMT O 8RP t e aeBlt &l zer

consi sts of k@te\(/sgrﬁib}laﬂﬂnﬂ pﬁQ@lrﬁfnast@%cg%% shd Rt Nat-dre By Pr heavier.
e

This could be_ call a li ol ysi s gasol i ne. Si nce the production
of ethyl ene iP°Bhetdy Ffit Oﬁnﬁyﬁ ef4lor PPhEYBEehT i cat ed recovering
heat fromt h%tgaﬁudiﬁ&\zjl m@;atlheeiwtmaicemm MNbet gobud hernenerigy becwar ed from
the 15 cr%ckqd geg%?%%%g %9 naggthl h grtssureogarqud qg kPa)

steam Thi's steah1na ur'fh’ be 'Use Five e Ot OF bi'fied ®For conpreSS|ng
cracked gas, tbhempnm@ybenéiﬁeﬁumgenaﬁﬁuﬂﬂocnpte&s&rtmwncﬁmmayobé
unnecessary iy the pLocess Rk, t&!&d’ B}{G{Hé %taﬁnd $hep&ihyheng
refrigeration 20 conpressor. he et hyl ene nanufactur|ng process nmay

al so acconpl i*8Aed %&9lﬂW%HéfEﬁe%%WE@OB%LﬁﬁéataPV§ﬁIaWHéfadﬁah%ngs are the

use of much Laues drerperatuniassandtapesshilnerhhe, aksance; ol sheam In
principle, a hlgher selectivity to olefins and possibly 25 | ower coke nake

can be acdRi eVed® FHougheit-anay Hotecheent T alhf CEPoRMETStaPFy°at a worl d
scal e pl ant, zemt®| ytsielTr acki-ng, ofsvethane has-beemraneaaasy of interest for

along time. The t es of c alLysts used ack h| rocar rbons
anverQQ% %& k J:m,I PC% eréﬂign%a her§/ﬂ¥%

i ncl ude zeol i clayg, "5 i hod) odﬁd be
nment i oned thaﬁttmusfﬁr@n&ﬁgmL52®ﬂa¢ple@dnc@ﬁnéranaﬂK9 |mlse@eral oi
refineries f cracked over
zeolite cata?ggggg?%ggL%%%%%ésﬁﬁﬁ?gaéb%¥ gﬁ%@%ﬁ?%ﬁ |ze talytlc

C}acker)15ltihér%ﬁﬁe comon in such processes to produce and recover

propyl ene as a bmocqggtplre%h@éd than1 bot et hyd eln;etamg frepylene.s One
enbodi ment of the concept of this inventigon is 5 Iustrated |n t he

sinmplified bﬁ@%‘krlfqe&mﬂ‘al%ggr aﬁF?W%OQG%eAHPllFﬁtT—‘?YgﬁPe q1/ Q43839

elt Eane/ pr Op?ﬂ@i@cﬂtb‘&[&»@mﬁiﬁ@%tE@Wne:h@llt:)lﬁeof e'd’rbiﬁle:&s rfeact s clbavé@glo:vpnverti Eg
al kanes to be e co ni n t abl e catalyst or. catalyst mxture. The
react or prodﬁg '@F?éaﬂ?%ﬂ“%%ﬁi%ﬁﬁ§ﬁﬁﬁ?€%éFed et FaRePahd diFuent (if any),
10 plus ﬁ9drdganpbmethaﬂa@lsaahhm@nmanmg afl) C3@x hydd ocar bbnst benzene,
tol uene, xylepes ga@)gh t‘?r{)gét%%%(‘n.rcgase\’& Eg Sel GRLLY! Ly, ff%rgﬁ’ ene

preferably greater hi's product stream'14 passes through
appropri ate §é®@ﬁé&pénﬁaﬁ@oékt@dﬁiwﬁh geuitpreate e L angbaiie Cuhk éact ed et hane

18 is 15 fedabout heosthane (oF ackenodfe Wereohtui & oBvertad o, et hyl ene 22.
The H2 may be recovered op tlonaII (but not necessarily) fromthe Cl

(met hane) stE@%ﬁﬁéﬁtF?%ﬂﬂ§bﬁﬁ?ﬁﬁi@ﬁ bhE P 1P6 I BWH DY PRE TEIER FAR" st ream 26

from cragker ag8:19i. By PHESFUEBe SAItAYy €S PiRlE A1 ndt NRIH aRgn Pr ocess and
may be 20 sent to a hydrod%alk Iatlgn unit as desc cr Ped bel ow.

aromatics | eV s&paPat ol uh? KPouditori He® Fhathdre Jh

about 0.10 %wt of the catalyst, based on the metal; (3) about
10 to about 99.9 %wt of an aluminosilicate, preferably a
zeolite, based on the aluminosilicate, preferably about 30 to
30 about 9%.9% %$wt, preferably selected from the group consisting
of Z8M-5, ZASM-11, Z5M-12, 4Z35M-23, or ZSM~35, preferably
converted to the H+ form, preferably having a 5i0:/Al;0; molar

ratio of from about 20:1 to abgout B0:1, and (4) a binder,



There are several variations to the process whose nmain objective is to
produce ethylene and aromatics froma single m xed feedstock 10 contai ni ng
et hane and hi gher hydrocarbons. 25 In one version as shown in Figure 1 of

t he arommati 8%)200¢i2321¢ he produced benzene is recovered. PFHEGIPH5Yie

hydr odeal kyl ati on unit and the tol uene and xyl enes co-produced are
recovered along with the C91 aromatics. In another version, as shown in
Figure 2, both toluene and 30 xyl enes are selectively converted into
benzene and nethane. This additional benzene is then added to the benzene
produced in tHelsea vr eataqter. from Ahdt far ALERERR iR PHOTY$Fown), no attenpt
is made to separate the benzene, toluene, and xylene conponents and their
m xture is sent to the hydrodeal kyl ation unit. In E'gure 2, benzene is al so
separ at ed from t oMEHET A IRy F RN &SGR E_paPat FEh ﬂhﬁk 16 "VPRE BenFene | eaves
t hrough 5 |i nes28iwmnd ihhe. g.0buewnss iandi xadeneat eaveiot hé oAnv4iene 30 and are
directed to t hydr odeal kyl at | uni.t. 32 .and _comhi ned wi.t h hydrogen from
line 34. fheiﬂg %é%%”&%ﬂyﬁfre%@%gﬁﬁtﬁ§ﬂ%§d%§P%?Fg?§é ﬁgaé%ggﬁ%%“ggnzene in
i ne 36 whi clrfnByhadarre ho bercpatrbe nedinnict hodvenZen®his mepRB:atAddi tional |y, cg,
10 aromati cs e 190 sepalati on. unit r 1 EXAMPLES
The exanplesdgggﬁ?ggggbgT%agg}e infgﬁggg'3g)i?%ﬁ§%?é?gQT§Jggguﬁg?llinit t he
scope of the"ithvéE&ntivoneiEkanplatipun, basgehg| ot deh2andBifere: frade with

|l ow | evel s of;pBh+ and1Gao aibcext 6 UbA! @+ S ami)e s r6 Sdt-al R B 80WM 2 of o CBV 2314
ZSM 5 powder (23:1 nplar SiQ2:A 203 ratipo, vailg%Le fron1ZegI st 20

| nt er nat i PnalPPORhd 209wt al (@hi % BPHBErT BResE R A arysts SRER %?éﬁared as
descri bed i ngeS;ePravh stienahodppldfc ahe ariaNonull//029478;1f nbeedofebruary 18,
2008 entitl e%h;F)a o) %, mest preferably Do, More % Wt

Hydr ocar bons. THE et r ulfat e "sanpi €5 “Wete cal Cined tn AT up 0" 650C to
renove resi dbabe@mohstagtalpr iidr doouvuskE ity eatwal ot prigparasion. The
target netal .| i for. c . .025%W\. 0.09%t Ga. The

t ar get netalaﬂg@ f%ggl%%$%cg%g¥%§%ﬁg ag%gﬂgFgégé%%ﬁLgﬁgﬁﬁa0.15%Wt Ga

Met al s welfe dépbyidsedientsr5eligidmysappllesCofo taheuabdVe’ 3052ZSM 5/ al uni na
extrudate by pfriaféﬁabqgn@ém&gda@ﬂ{no%lea%ﬁ)@reeﬂéﬁs&fngs@poégmguem sol utions
of tetraamm ne platinumnitrate and ga Iiunélll nitrate, diluting this

mi xture withidei oRiZéd G&ter: t o & V6P anP edstaRut eV entet &6°f Fr¢ fhe pores
of the extrudahe prafd-AHpr e@ghatd ng stOg rexty ndade ractid dhirsosobnddton at
roomtenperature and, atnospheric. pressure.. |npregnat sanpl es . were aged at
roon1tenpera%§r§‘Vb?b?9§ Oﬁrsa(%déshgﬁm“fFéd %V%%ﬁ?§g¥ %%Bfg%%. 5Cat al yst's
made on tHe Z8M:Yidligm reluedheudal eivereed esteebfas is,” w thout crushing.
For each perfor e -GG C f ireshs(pRl Rrevigusly tested)
cat al yst was Ioggg% P%?%&§ﬁ$§%§“§%€HQ§%%?ﬁﬁeég steglgt%bea%¥=§0§%%1i.d.)
and positi ongdlpepea Eplenesonethyiaracenecomidcbeehaio 240Has I8 Bw10syst em

hydrogen to strip alkyl groups from the aromatic ring to

rgcess. for, the Conversion of Ethag%a;)oéa rQmatLc

produce additional benzene and light ends including methane
25 and ethane which are separated from the benzene. This step
substantially increases the overall yield of benzene and thus
is highly advantageous.
Both thermal and catalytic hydrodealkylation processes
ara known in the art. Thermal dealkylation may be carried
30 out as described in U.S. 4,806,700, Hydrodealkylation
operation temperatures in the described thermal process may
range from abeul 500 to about 800°C at the inlet to the

hydrodealkylation reactor. The pressure may range from about



Prior to performance testing, the catal yst charges were pretreated in situ
at at nospheric pressure (ca. 0.1 MPa absolute) as follows: (a) calcination
with air at 60 liters per hour (L/hr), 15during which the reactor wall

t enper at ur e W 1/4etieased from 25 to 510C in 12 hrs, hetd/ef20@peTof or 4-8
hrs, then further increased from510 to 630C in 1 hr, then held at 630C for
30 min; (b) nitrogen purge at 60 L/hr, 630C for 20 mn; 20(c) reduction

wi th hydrogen at 60 L/hr, for 30 min, during which tine the reactor wall
tenperature was rai sed from630C to the tenperature used for the actual

run. At the eff§CofFa He abeve "P8AUERT-onPstepiict hevhydregeh IR 25 was

term nated, andihbhe-Gakabysipehas ge twas,exPosedyiavwbeedweansisti ng of
67.2%\w et hane and 32. 8% propane at atnospheric pressure (ca. 0.1 MPa
absol ute), 656:-760% réabfore BF TEaperat et andy £ sbt-i%efe of 500- 1000
GHSV (500- 100@eceo fard cpethatmicatalwst opethdcpadhicee ot nid escafiter 30

i ntroduction of Ehed fteedé _h% t.ot al[%rC actor %glgg SLre ng\/é%swsgnpl ed by an
onl i ne gas chrregﬁaf%gré)pﬁ for ana?y5| S *Baséd "on conposi i‘oh data’ obt ai ned
from t he gas iclieoneticgrapinicngapal ysnshinqidfi ahe etdranentpr ofanecand t ot al
conversi ons VgLe.CoMpted, acGonAi N L9stRe, fraklomingptormy as: et hane
conversion, %= 100 x (% ethane in feed - % w ethane in outlet

stream/ (%u SSthahe iThef eeth)ingprapaite 2eohRECs PoN nTrac  Joeat (%t propane in
feed - %t propangyd BrovhidtstatE eam/iGy Weapans dddct e8dlvessels total

et hane + propane conversjon = ég/&rvt ethane in feed x_%ethane conversion) +

(%M propdhne 3 FEEEPYRA0ADriGane T sivde &t onfyy 10t 16Fabf €TEFFERS the
results of onhapetgasieht onmi-egoaphisceansd ysesnoiaiggnpéesiobrt hey t ot al
product st rearlggeorf]alt @%%ec{ eact gcrjsthta%kgg at C%ngi hut e gj}[t]_l_,earini ntroducti on of
the feed. Undérctiies& condiTi 8ns, “Gver 09 "of "t he propané in the feed and
over 55%w of suhliéietdmgnerteriesteedwmasteonvertedliug akdéw 15 ohet hese

catal yst perforppnge t h roduct nt ai ns benzene and hi gher
aromati cs, alr%%g W t%httﬁ%l?gohggns%%dl%ﬁi ghttﬁ{/gﬁ%‘?bons, i ncl udi ng some

et hane whiSch can deereayetedd. 20 NWEr209D/02291OPEORFUSZOGPA0837G6 CDCOC51

0)C51 0) CD ped of a solid catalyst such as the catalyst described in

U.5. 3,751,503, Another possible catalytic hydrodealkylation
process is described in U.S5. 6,635,7%,. This patent
describes a hydrodealkylation process carried out over a

20 zeolite-containing catalyst which also contains platinum and
tin or lead. The process is preferentially performed at
temperatures ranging from about 250 °C to about 600 °C,
pressures ranging from about 0.5 MPa to about 5.0 MPa, liguid
hydrocarbon feed rates from about 0.5 to about 10 hr-1 weight

25  hourly space velocity, and meolar hydrogen/hydrocarbon
feedstock ratios ranging from about 0.5 to about 10,

Lower Olefins, i.e. ethylene and propylene, may be
produced from lower alkanes (ethans, propane and butane) hy
either thermal or catalytic cracking processes. The thermal

30 cracking process may typically be carried out in the presence
of superheated steam and this is by far the most common
commercially practiced process. Steam cracking is a thermal

cracking process in which saturated hydrocarbons (i.e.
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ethane, propane, butane or their mixture) are broken down
intc smaller, unsaturated hydrocarbons, i.e, olefins and
hydrogen,

In steam cracking, the gasecus feed may be diluted with

5 steam and then briefly heated in a furnace (without the
presence of oxygen). Typically, the reaction temperature may
be very high - around 750 to 950°C — but the reaction is only
allowed to take place very briefly. In modern cracking
furnaces, the residence time may even be reduced to

10 milliseconds (resuiting in gas velocities reaching speeds
beyond the speed of sound) in order to improve the yield of
desired products. After the cracking temperature has been
reached, the gas may quickly be quenched to stop the reaction
in a transfer line heat exchanger.

15 The products produced in the reaction depend on the
composition of the feed, the hydrocarbon to steam ratio and
on the cracking temperature and furnace residence time. The
process may typically be operated at low pressures, around
140 to 500 kPa depending on the overall process design.

20 The process may also result in the slow deposition of
coke, a form of carbon, on the reactor walls. This degrades
the efficiency of the reactor so reaction conditicns are
designed to minimize this. Nonetheless, a steam cracking
furnace can usually only run for a few months at a time

25 between de-cokings. De-cokings regquire the furnace to be
isolated from the process and then a flow of steam or a
steam/air mixture is passed through the furnace coils at high
temperature. This converts the hard solid carbon layer to
carbon monoxide and carbon dioxide. Once this reaction is

30 complete, the furnace can be returned to service.

In many commercial cperations, ethylene and propylene
are separated from the resulting complex mixture by repeated

compression and distillation at low temperatures. In the

10
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process of the present invention, this may be unnecessary
because the feed to the cracker is moestly comprised of
athane.

The first stages of olefin preduction and purification
in a cracker complex are: 1) steam cracking in furnaces as
described above; 2} primary and secondary heat recovery with
guench; 3) dilution steam recycle between the furnaces and
the quench system; 4) primary compression of the cracked gas
(multiple stages of compression); 5) hydrogen sulfide and
carbon dioxide removal (acid gas removal); 6) seccendary
compression (1 or 2 stages); 7) drying of the cracked gas;
and 8) cryogenic treatment of the dried, cracked gas.

The cold, cracked gas stream is then treated in a
demethanizer. The overhead stream from the demethanizer,
consisting of hydrogen and methane,-is treated cryogenically
to separate the hydrogen and methane. This separation step
usually involves liguid methane at a temperature of about -
150°C. Complete recovery of all the methane is critical to
the economical operation of the olefin plant.

The bottom stream from the demethanizer tower is
treated in a deethanizer tower. The overhead stream from the
deethanizer tower consists of all the C; 's that were in the
cracked gas stream. The C;'s then go to a C; splitter. The
product ethylene is taken from the overhead of the tower and
the ethane coming from the bottem of the splitter is recycled
to the furnaces to ke cracked again.

The bottom stream from the deethanizer tower may go to a
depropanizer tower but this may be eliminated in the process
of this invention. The overhead stream from the depropanizer
tower consists of all the Cs;'s that were in the cracked gas
stream. Prior to sending the Cs's to the Cz splitter this
stream is hydrogenated in order to react out the

methylacetylene and propadiene. Then this stream is sent to

11
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the Cy; splitter. The overhead stream from the C; splitter is
rroduct propylene and the bottom stream from the C; splitter
is propane which can be sent back to the furnaces for
cracking or used as fuel.

The bottom stream from the depropanizer tower may go to
a debutanizer tower but this may also be eliminated in the
process of this invention. The overhead stream from the
debutanizer is all of the C;'s that are in the cracked gas
stream. The bhottom stream from the debutanizer consists of
everything in the cracked gas stream that is C; or heavier.
This could ke called a light pyrolysis gascline.

Since the producticn of ethylene is energy intensive,
much effort has been dedicated recovering heat from ithe gas
leaving the furnaces. Most of the energy recovered from the
cracked gas may be used to make high pressure (around 8300
kPz) steam. This steam may in turn be used to drive the
turbines for compressing cracked gas, the propylene
refrigeration compressor which may be unnecessary in the
process of this invention, and the ethylene refrigeration
COMPressor.

The ethylene manufacturing process may also accomplished
by in the presence of a catalyst. The advantages are the use
of much lower temperatures and possibly the absence of stean.
In principle, a higher selectivity to olefins and possibly
lower coke make can be achieved. Though it has not been
practiced commercially at a world scale plant, catalytic
cracking cof ethane has been an area of interest for a long
time. The types of catalysts used to c¢rack higher
hydrocarbons include zeclites, clays, alumincsilicates, and
others. It should be mentioned that this process is
practiced commercially in several oil refineries for high
molecular weight hydrocarbons which are cracked over zeolite

catalysts in a process unit called FCC (Fiuldized Catalytic

12
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COO0 43 430 HCO(l)-H4-) EHa)43 ca 0 130a)C(a E $-1 0 <1) Q0 CUa) a) 5
OF o0COW+1 CCOOP 0 (13 HG=>2 da) 0 SAg4 Hs-i ki ,c >1 as 0,
04ANfC(L, 0 7:5 -1-) ,C. 00 0 OH + 4-) 4-) .-f 0 4-} 4-) f-i 3-ncil LOO O
co 0) 0 UM X&rpromeia 0400MEACIUH 10 Exanple 2 R gEgopsses (not
previously tested) charges of catalysts A and B described in Exanple 1

addi tional performance tests were conducted as described in Exanple 1
except that the feed 5 consisted of 32.8%v ethane and 67.2%v propane. Tabl e
2 lists the results of online gas chromatographic anal yses of sanpl es of
the total prédaereStr edhst DMOFRedEMOBatt ot Nt BREFE 8L S 3 riRfGrase afder

i ntroduction :@totdve phepdeddnder a tihigseasondislheRS:h0V 8519 W1 8fic t he propane
in the feed ang over .10 20%w of the ethane in the feed was converted in al

of these cat &F§st*Per'fBFfmance tests. The product stream contains benzene
and hi gher aromatdwes embbotignni bh dnedeogesptand thight nhydtacanbons, i ncl udi ng
some ethane whhch Canbe, neeY el & AR n RN 8 G080 M M HL0 .
In Figure 1, the ethane/propans/butane-~rich stream 10 is fed
toc a reactor 12 for converting alkanes to benzene containing
a suitable catalyst or catalyst mixture. The reactor product
stream 14 contains unreacted ethane and diluent (if any),
10  plus hydrogen, methane, small amounts of Cy~Cs hydrocarbons,
benzene, teoluene, xylenes and heavier aromatics, with
selectivity to benzene preferably greater than about 20%.
This product stream 14 passes through appropriate separation
and extraction equipment 16 and the unreacted ethane 18 isgs
15 fed to the ethane cracker 20 where it is converted to
ethylene 22. The H; may be recovered optionally (but not
necessarily) from the C; (methane) stream 24 from separation
unit 16 and/or the similar stream 26 from cracker 20 using
pressure swing adsorption or a membrane process and may be
20 sent to a hydrodealkylation unit as described below. The
aromatics leave separation unit 16 through line 17.

There are several variations to the process whose main
objective is to produce ethylene and aromatics from a single
mixed feedstock 10 containing ethane and higher hydrocarbons.

25 In one version as shown in Figure 1 of the aromatics, only
the produced benzene is recovered. There is no
hydrodealkylation unit and the tcluene and zylenes co-
produced are recovered along with the Co aromatics. In
another version, as shown in Figure 2, both toluene and

30 xylenes are selectively converted into benzene and methane.
This additional benzene is then added toc the benzene produced
in the main reaction. In another variaticon {not shown), no

attempt is made to separate the benzene, toluene, and xylene
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components and their mixture is sent to the hydrodealkylation
unit.
In Figure 2, benzene 1s also separated from toluene and

xylene in separation unit 16. The benzene leaves through

5 line 28 and the tcluene and xylene leave through line 30 and
are directed to the hydrodealkylation unit 32 and combined
with hydrogen from line 34. The toluene and xylene are
hydrodealkylated to produce benzene in line 36 which may then
be combined with benzene line 28. Additionally, Cs

10 aromatics are removed from separation unit 16 through line
38.

EXBMPLES
The examples provided below are intended to illustrate
15  but net limit the scope of the invention.
Example 1
Catalysts A and B were made with low levels of Pt and Ga
on extrudate samples containing 80%wt of CBV 2314 ZSM-5 powder
(23:1 molar S8i0;:AL;0; ratic, available from Zeolyst
20 'International) and 20%wt alumina binder. These catalysts were
prepared as described in U.S5. Provisional Application No,
617029478, filed February 18, 2008 entitled "Process for the
Conversion of Ethane to Aromatic Eydrocarbons." The extrudate
samples were calcined in air up to 650°C to remove residual
25 moisture prior to use in catalyst preparation. The target
metal loadings for catalyst A were 0.025%w Pt and 0.09%wt Ga.
The target metal loadings for catalyst B were 0.025%wt Pt and
0.15%wt Ga.
Metals were deposited on 25-30 gram samples of the above
30 2sM-5/alumina extrudate by first combining appropriate amounts
of stock aguecus sclutions of tetraammine platinum nitrate and
gallium(IIT) nitrate, diluting this mixture with deionized

water to a velume just sufficient to fill the pores of the

14
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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°.

5 Catalysts made on the ZS8M-5/alumina extrudate were tested

r

“as is,” without crushing. For each performance test, a 15-cc
charge of fresh {(not previocusly tested) catalyst was lcaded
into a Type 316H stainless steel tube (1.40 cm i.d.) and
positioned in a four-zone furnace connected to a gas flow

10 system.

Prior to performance testing, the catalyst charges were
pretreated in situ at atmospheric pressure (ca. 0.1 MPa
absolute) as follows:

{a) calcination with air at 60 liters per hour {(L/hr},

15 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 210 to
630°C in 1 hr, then held at 630° for 30 min;

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

20 (¢} reduction with hydregen at 60 L/hr, for 30 min,
during which time the reactor wall temperature was
raised from 630° to the temperature used for the
actual run.

At the end of the above reduction step, the hydrogen flow

25 was terminated, and the catalyst charge was exposed to a feed
consisting of 67.2%wlh ethane and 32.8%wi propane at
atmospheric pressure (ca. 0.1 MPa absolute), 650-700°C reactor
wall temperature, and a feed rate of %00-1000 GHSV (500-1000
¢ feed per cc catalyst per hr). Three minutes after

30 introduction of the feed, the total reactor cutlet stream was
sampled by an online gas chromatograph for analysis. Based on

composition data obtained from the gas chromatographic
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analysis, initial ethane, propane and total conversions were
computed according to the following formulas:

ethane conversion, % = 100 x (%wi ethane in feed - % wt
ethane in outlet stream)/ (3wt ethane in feed)

propane conversion, % = 100 x (%wt propane in feed - %wi
propane in ocutlet stream)/ {($wt propane in feed)

total ethane + propane conversion = {(%wt ethane in feed
®x % ethane conversion) + (%wt propane in feed x % propane
conversion)} /100

Takle 1 lists the results of online gas chromatographic
analyses of samples of the total product streams of these
reactors taken at 3 minutes after introduction of the feed.
Under these conditions, over 99%wt of the propane in the feed
and over 55%w of the ethane in the feed was converted in all
of these catalyst performance tests. The product stream
contains benzene and higher aromatics, along with hydrogen
and light hydrocarbons, including some ethane which can be

recycled,

16
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Example 2

Using fresh (not previously tested) charges of catalysts
A and B described in Example 1 additional performance tests
were conducted as described in Exanple 1 except that the feed
consisted of 32.8%w ethane and €67.2%w propane. Table 2 lists
the results of online gas chromatographic analyses of samples
of the total product streams of these reactors taken at 3
minutes after introduction of the feed. Under these
conditions, over 9%%wt of the propane in the feed and over
20%w of the ethane in the feed was converted in ail of these
catalyst performance tests. The product stream contains
benzene and higher aromatics, along with hydrogen and light

hydrocarbons, including some ethane which can be recycled.

18
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003XC-4121040400MPUUP al a) 1:4 CLAIMS 1.An integrated process for
produci ng ethyl ene and aromatic hydridda®ions whi ch conpri ses:

(a) contacting a m xed | ower al kane feed, which 5 conprises ethane, wth an
aromati ¢, hydr,ocarbon conversion catalyst to produ roduct _m xture which
s compri'sed Of ANGHEEIET GAOLIEH BrOUREPSICRRRUERY BORZEH, 2ufFehited

et hane and @R RCERA NG bl eduelrS ses: (b) separating and recovering
t he benzene and any other 10 aronatic reaction products, (c)

separating and recovering the ethane, and
(a) contacting a mixed lower alkane feed, which

5 comprises ethane, with an aromatic hydrocarbon conversion
catalyst to produce a product mixture which is comprised of
aromatic reaction products including benzene, unreacted ethane

and non-aromatic products,

() separating and recovering the benzene and any other

10  aromatic reaction products,
{(c} separating and recovering the ethane, and

(d) introducing the ethane into an alkane cracker,
preferably a thermal cor catalytic cracker, tc produce

ethylene.

15 2. The process of claim 1 wherein the majority of the lower
alkanes in the mixed lower alkaene feed is comprised of ethane

and propane.

3. The process of claims 1 or 2 wherein the mixed lower
alkane feed is comprised of at least 30 percent by weight of

20 Cy—-4; hydrocarbons, preferably at least 50 percent by weight.

4, An integrated process for producing ethylene and aromatic

hydrocarbons which comprises:

(a) contacting a mixed lower alkane feed, which
comprises ethane, with an aromatic hydrocarbon conversion
25 catalyst to produce a product mixture which is comprised of
aromatic reaction products including benzene and toluene

and/or x=ylene, unreacted ethane, and non-aromatic products,

20



(d) introducing the ethane into an al kane cracker, preferably a thermal or
catalytic cracker, to produce ethylene. 15 2. The process of claim 1 wherein
the majority of the lower al kanes in the m xed | ower al kane feed is
conprised of ethane and propane. 3. The process of clains 1 or 2 wherein
the mxed | owd!) aldéiie ftedd 29 campoivead ref tae Peaget3g pepcéntnby wei ght
of 20 3§xn%g£pcarbons, preferably at |east 50 percent by weight. 4. An
i nt egrat'ed procé€ss for producing ethylene and aromatic hydrocarbons which
conprises: (a) contacting a m xed | ower al kane feed, which conprises
ethane, with @n aretiacihydreeadhen fGonyenhs orhds cababkyst tespraduce a
product m xture which is conprised of aromatic reaction products including
benzene PafUGSuene and/ or xyl ene, unreacted ethane, and non-aromatic
product s, (b) separating and recovering the aromatic reaction
prodycts, rnat ) : e.fr th ther _ar ti.c reaction
prod%cts, 5(d§”hyggﬁgzggﬁgﬁéﬁgﬂﬁpgﬂgﬁgbFggﬁghgngpg/ggyFg%gg?ot%roduce
addi ti onadochenzeneliticnal benze@),separating and recovering the ethane, and
(f) introducing the ethane into an al kane cracker, preferably a thermal or
catalytic cracker, to produce 10 ethylene. 5. The process of claim4
wher ei n the nlor isSpPadRtIRE PoRer cAIREFeSd APeheéthiked Pdfler al kane feed is
conpri sed of ethane and propane. 6. The process of clains 4 or 5 wherein
the m xed | ower, 15 al kane .feed.is rised of at.least 3 ercent by
wetght o Cod Thy drOEBALE Srer sHITY arireaet iR cZiEy vl ght
preferably a thermal or catalytic cracker, to produce

10 ethylene.

5. The process of claim 4 wherein the majority of the lower
alkanes in the mixed lower alkane feed 1s comprised of ethane

and propane.

6. The process of claims 4 or 5 wherein the mixed lower
15 alkane feed 1is comprised of at least 30 percent by weight of

Cy—4 hydrocarbons, preferably at least 50 percent by weight.

21



