PROCESS FOR THE CONVERSI ON OF LOVWER ALKANES TO ETHYLENE AND AROVATI C
HYDROCARBONS Fi el d of the Invention The present invention relates to an

i nt egr at estopomores®f or produci ng et hyl ene and aromati c Irgdruse@wiossrss f r om

| ower al kanes. More specifically, the invention relates to an integrated
process for the production of ethylene and benzene from | ower alkanes with
| ower capital and operating costs. Background of the Invention Ethylene and
benzene are two of the nobst inportant basic products of the nodern
petrochem cal s i ndugtacy. rERhyheneNgresed bR thezmrankhaesure of ot her

petrochem cal s such asgpakyethylehesrcehhytenepxddesongt hyl ene di chl ori de,
and et hyl benzene, anong others. Benzene is used to nmake additional key

petrochem cal s such as styrene, phenol, nylon and pol yurethanes, anong
others. Etthylenafisheelsisiitiponade from et hane and/ or hi gher hydr ocar bons
in a hisgh-tenperat gresdheriflen@t ofat @ ¥idC &f agkeh 8pidcedhgmaYf act ure of
ol efins by hydrocarbon cracking is a well-established comercial process
whi ch i s descPirbedct o "EiiHedre anReystoHe @ & YOHECPERP? BT higiic dPWPHdust ry" by
Ludwi g Kni gl Mar cel Dekker-;Rubbih sher{d 98Qkn. s Whene 8- f&ed ot et hane plus
one or nore higher hydrocarbons is converted into olefins in a cracker

unit, it redeorsted proviic ifen 6heobhrFudlieh rs Phhadeie i ©6NEERYI ene.
These i nclyde @ewgylgﬂ&ne@m&%n@éwep%%&waneeeggpﬁmgetc%stsdepend' ng on
t he conp05|t|on of the cracker feedstock. The product separation schene for
such d0mi aed ayggtionbe conplicated by the presence of

Ethylene and benzene are two of the most important basic

products of the modern petrochemicals industry. Ethylene is
used in the manufacture of other petrochemicals such as
polyethylene, ethylene oxide, ethylene dichloride, and

15 ethylbenzene, among others. Benzene is used to make
additional key petrochemicals such as styrene, phenol, nylon
and polyurethanes, among others.

Ethylene is generally made from ethane and/or higher

hydrocarbons in a high-temperature thermal or catalytic

20 cracker unit. The manufacture of olefins by hydrocarbon
cracking is a well-established commercial process which is
described in “Ethylene: Keystone to the Petrochemical
Industry” by Ludwig Kniel, Marcel Dekker Publisher (1980).

When a feed of ethane plus one or more higher

25 hydrocarbons is converted into olefins in a cracker unit, it
results in production of other olefins in addition to
ethylene. These include propylene, butylenes, butadiene,
pentenes, etc., depending on the composition of the cracker
feedstock. The product separation scheme for such a mixed

30 feed cracker tends to be complicated by the presence of
multiple olefin products which in many cases have to be
separated from other similar molecules (such as the
corresponding paraffins) to meet the product specifications.

The end result is that the capital expenditure as well as the



multiple olefin products which in many cases have to be separated from
other simlar nolecules (such as the corresponding paraffins) to neet the
product swechfomwatpons. The end result is that the capi rall/usz@ensi7oure as
wel | as theoperating costs of such a cracker conplex are nuch higher than
those of a cracker which produces only ethylene froma mainly ethane
feedst ock. Generally, benzene and ot her aromatic hydrocarbons are obtai ned
by separating a feedstock fraction which is rich in aromatic conmpounds,

such as referaBteg pbolIcad stithodgBracieat aloyiphexr eforfih &g mreeess and
pyrol ysis gasol i nes produced through a naphtha cracking process, from
non- ar omati"@ChyaP et ar bohCHisiRg YR soR IAUSRSr 88LY oRtipY dr%Mofever, in

an effort ﬂaqnq?egtgarp@ ofaciedaromati cs supply shortage, numerous catal ysts
and processes for on-purpose production of aromatics (including benzene)

from al kanes cGRP&FAt Ny $I90Z6PC| 888 {Er DO AIGHE CpRY IMAFEE REFe been

i nvestisgatefdaifbe saseRfraanvenskobyofodindivicdual @hkaness toarepatics
i ncreases with increasing carbon nunber and thus m xed al kane feeds have

been consicdered: cFePrRXHIANA e SuBhSas srobEEdesdeseriped @ ekess for

convertingG2140; C6-afd-phald ¢-Bydsocard otl%sél’sol[i}'ﬁééﬁﬁé_‘so@%_foid%wg o
contacting the feed with a catal yst at dehydrocyclodi neri zati on conditions

wher ei n t H&r@aPE| §steRDHT iICSESk angeBFPES hairthl BOSTardatigti o greater than

10 and a pRIe -dhapstery0fn P20 ANgshE 0iE, r & 92kl bumcoaponent.and ap
al um num phosphat e bi nder.” The catal ysts used are usually bifunctional,

cont ailRi ngiraeZéeFtt €0 gieqtolie PulParCEe@ver atdicisabupPBl providedgei di ty and one
or nore %e%o%gcba%l%ts @a BRocdse £16, LO-RLOYLHe dehydraganati on
activity. For exanple, U S. Patent 4,350,835
aromatics (including benzene) from alkanes containing six or
less carbon atoms per molecule have been investigated. The
ease of conversion of individual alkanes to aromatics
15 increases with increasing carbon number and thus mixed alkane
feeds have been considered. For example, U.S. 5,258,564
describes a process for converting C; to Cs aliphatic
hydrocarbons to aromatics comprising contacting the feed with
a catalyst at dehydrocyclodimerization conditions wherein the
20 catalyst comprises a zeolite having a Si:Al ratio greater
than 10 and a pore diameter of 5-6 Angstroms, a gallium
component and an aluminum phosphate binder.
The catalysts used are usually bifunctional, containing
a zeolite or molecular sieve material to provide acidity and
25 one or more metals such as Pt, Ga, Zn, Mo, etc. to provide
dehydrogenation activity. For example, U.S. Patent 4,350,835
describes a process for converting ethane-containing gaseous
feeds to aromatics using a crystalline zeolite catalyst of
the ZSM-5-type family containing a minor amount of Ga. As
30 another example, U.S. Patent 7,186,871 describes
aromatization of C;-C, alkanes using a catalyst containing Pt

and ZSM-5.



describes a process for converting ethane-containing gaseous feeds to
aromatics using a crystalline zeolite catalyst of the ZSM5-type fam |y
cont ai ni lyoaommmosanount of Ga. A s anot her exanpl e, UPEI/USat09/053763 186, 871
descri bes aromati zation of G -C4 al kanes using a catal yst containing Pt and
ZSM5.1t woul d be advant ageous to provide a | ower al kane
dehydroaronati zati on process wherein (a) |ower cost ethylene can be
produced as a coproduct and (b) the feed to the dehydroaromati zation
reactor is substapbhadlne aldvaeenyest €dso thwss iavokdi ageamy1 eed recycl e and
resulting in | ower capital and operating costs. Summary of the _|Invention
The presertehivAVEREPBA" Provicte TAR P it Fefiztiéd ﬁﬁoéég%rf?ﬁsﬁaﬁﬁﬁdépﬂa et hyl ene
and aromatdsg Bydpesaibonss spechbibeatt Yalkenzgnencwhish €omd ses: (a)
introducing a m xed | ower al kane feed into an al kane cracker, preferably a
t her mal e@é@éP?FP%a%ﬁ%ﬁﬂ&ﬁn r?échBdh%é“¥§tﬁpéaéééYa@b%dﬂﬁﬁpr§?ﬁture whi ch
i's CO”Br'&%@s05v8£BY$§Qﬁna&@e@3fe9%@ngh§i%%Qu@@%ﬁ@blﬁ reacted: gt hane,

(b) separating and recovering ethylene, (c) contacting the C3+ products and
any unr eactéd cBeRahe Wi tIFt@n aromati ¢ hydrocarbon conversion catal yst to
produce a PrAAUGt o\ Xtr g Wghni s conprised of aromatic reaction products
i ncl udi ng benzene, and (d) recovering benzene and any other aromatic
reaction produéhs Pre¢seEndtriyentenpodtwerics Bénzeredndiebeesasated from
tol uene and/@rcxyhene,yand G4 arommtic %yd¥$%%E%th s§ S i(C)-.ang the

benzene may be recCovered. The tol uene and/or xylene
10 Dbenzene, which comprises:

(a) introducing a mixed lower alkane feed into an
alkane cracker, preferably a thermal or catalytic cracker, to
produce to produce a product mixture which is comprised of
ethylene and Cs; products and possibly unreacted ethane,

15 (b) separating and recovering ethylene,

(c) contacting the Cji; products and any unreacted
ethane with an aromatic hydrocarbon conversion catalyst to
produce a product mixture which is comprised of aromatic
reaction products including benzene, and

20 (d) recovering benzene and any other aromatic reaction
products.

In another embodiment, benzene may be separated from
toluene and/or xylene, and Co. aromatic products in step (c)
and the benzene may be recovered. The toluene and/or xylene

25 may then be hydrodealkylated to produce additional benzene.

Brief Description of the Drawings

Fig. 1 is a flow diagram which illustrates the once-
through cracking of a mixed ethane/propane/butane stream to
produce ethylene and other products which are separated and

30 then converted into aromatics.

Fig. 2 is a flow diagram which illustrates the

production of ethylene and other products which are separated

and then converted into aromatics wherein benzene is



may then be hydrodeal kyl ated to produce additional benzene. Brief
Description of the Drawings Fig. 1 is a flow diagramwhich illustrates the
oncet hr ouyb 20rezkéong of a m xed et hane/ propane/ but ane sPCEAISR109/0p3708luCe

et hyl ene and ot her products which are separated and then converted into
aromatics. Fig. 2 is a flow diagramwhich illustrates the production of

et hyl ene and ot her products which are separated and then converted into
aromati cs wherein benzene isseparated fromtol uene and xyl ene which are
hydr odeal kpat-edebor psducecier enbenzene Datai hed Pesesdphignaekqat he

I nvention This invention relates to an integrated processing schene for
produci ng %t RyPERES affeF Dtz éreetand ot her aromatics) from a mixed | ower

al kane st ream;WakCche fBY: anfnabh e Gdredand/ or C5 al kanes (referred to
herein as "m xed Tower alkanes™ or "Tower alkanes") , for exanple an

et hane/ pr opanefBuf abe ?iciP s Ereahfeer? viEd i EATAaEErRIC S 1%f i nery or

pet r ockemLalemnst E@@@réd\ﬁdi@%‘ _Rgnyeste sid eatBencExanpl @saf potentially
suitable feed streans include (but are not limted to) residual ethane and
propane friowrA&taral fes § meeRanePvptrd ¥ iséacapurel €t Mave COpEdpane and
butane streang, (&l,sgnknowr.ag: Natdd alr&as rkhadh dsdr£Qr Risodpecedgat a

| i quefied natural gas site, C2-C5 streans from associ ated gases co-produced
W th crudeavielr préguet| o, URreacterthane fowaskemPst r&ans from st eam
crackers, eac@l%n%hgrgpé@/k%ﬂ%rn%dk}%hséEP@&R fdam.aaphtha £aforerss, The | ower
al kane feed may be deliberately diluted with relatively inert 'gases such as
nitrodén aedioeryi oh Rerisbsericght shyehotdrsersiaadrattavittireeaw-|1 evel s of

additiVesIﬂ%%%@qgstinﬁgHéH@QaQQ§aE¥§£able feed streams include (but

are not limited to) residual ethane and propane from natural

gas (methane) purification, pure ethane, propane and butane
streams (also known as Natural Gas Liquids) co-produced at a

15 ligquefied natural gas site, C;-Cs streams from associated
gases co-produced with crude o0il production, unreacted ethane
"waste" streams from steam crackers, and the C,-C; byproduct
stream from naphtha reformers. The lower alkane feed may be
deliberately diluted with relatively inert gases such as

20 nitrogen and/or with various light hydrocarbons and/or with
low levels of additives needed to improve catalyst
performance. The primary desired products of the process of
this invention are ethylene, benzene, toluene and xylene.

The hydrocarbons in the feedstock may include ethane,

25 propane, butane, and/or Cs alkanes or any combination
thereof. Preferably, the majority of the lower 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 coreactants. Specific

30 examples of such additional coreactants are propylene,
isobutane, n-butenes and isobutene. The hydrocarbon

feedstock preferably is comprised of at least about 30



performance. The primary desired products of the process of this invention
are et hyl ene, benzene, toluene and xyl ene. The hydrocarbons in the

f eedst ockworyl/2edoade et hane, propane, butane, and/or CBCAIUS2009953I03 any
conbi nation thereof. Preferably, the majority of the | ower al kanes in the
feedstock is ethane and propane. The feedstock may contain in addition

ot her open chai n hydrocarbons containi ng between 3 and 8 carbon atons as
coreactants . Specific exanples of such additional coreactants are

propyl ene,pdrgebut BReye 1yutanes andd+ Sebtiens. pThec hysrpcar heasteedst ock
preferably is conprised of at | east about 30percent by weight of C2-4
hydr ocar bV tpref BPaBtRF &Y "€asttabout 50 percent by wei ght. The

integrated proeessiMByqgidneRdl veokbEstndy oduciing et byt epesduamgsuch a | ower
al kane-rich feedstock in a cracker, freferably a catalytic or therma
cracker. HOWeVEPS fHED cTHEker lP¥cdedt et ilrisdeRdataghnet & hat only

ethyl ege i ceeeyepedrasidine .desatk ege pf QduGt, aRd1 N REQVE Si GRS PRde tO
separate and recover other olefins or diolefins coproduced such as
propyl ene,tHSUCEREEST bt dfise@cdet . STl théPeRe TBR AcKeErY GEdivgRTPs

sinplifieddncthatr-ihele iz RRsEeeYChSHRfcuncenyer Hed,f eed isrchuding
et hane, propane, etc. Followi ng a product separation schene to recover

et hyl ene &rd SreEhahe/ IArsgeretastieghtlerids) ort HeotehihidRy C2+ streami s

sent to tQ%o%%@@étééé%iéH1ﬁ%dﬁ%ieﬂ@iC@Uﬂﬁ%xgeb%tgéﬁéﬁyﬁhﬁxﬁ|ka”es'to'benze”e
reaction, to produce benzene and other aromatics. In this nmanner, the

benzen® uriurthgnret Fohscrackermeansonf e onverltifigiesseritdalinersl LsCng+

hydrocarbang. t.hamthe, fsedstack rgoling, 40, dihe ethane, cragkels, as-vell as
nost of the unreacted ethane fromthe cracker--into aromatics, thus
Following a product separation scheme to recover ethylene and

methane/hydrogen (as light ends), the remaining C,, stream is
sent to the aromatization step, which may be a catalytic

15 alkanes-to-benzene reaction, to produce benzene and other
aromatics. In this manner, the benzene unit functions as a
means of converting essentially all Ci; hydrocarbons from the
feedstock going to the ethane cracker--as well as most of the
unreacted ethane from the cracker--into aromatics, thus

20 simplifying its design considerably. An advantage of this
invention is that the capital and operating cost of the
ethane cracker complex is significantly reduced by
eliminating recovery of propylene and other olefins. 1In
addition, the benzene process also is operated in a high-

25 conversion, single-pass manner with no recycle of unconverted
feed, resulting in further capital and operating cost
reduction for the overall integrated processing scheme
described.

Lower olefins, i.e. ethylene and propylene, may be

30 produced from lower alkanes (ethane, propane and butane) by
either thermal or catalytic cracking processes. The thermal
cracking process may typically be carried out in the presence

of superheated steam and this is by far the most common



simplifying its design considerably. An advantage of this invention is that
the capital and operating cost of the ethane cracker conplex is

si gni fi camOl2g1veedweed by elim nating recovery of propyl ecg/tsee9ositTes
olefins . In addition, the benzene process also is operated in a

hi ghconver si on, single-pass manner with no recycle of unconverted feed,
resulting in further capital and operating cost reduction for the overal

i nt egrated processing schene descri bed. Lower olefins, i.e. ethylene and

propyl ene,comayrbea pr pduead ifdeanpl-eves s al kakes: cekbangy ¥ epamerand but ane)
by either thermal or catalytic cracking processes. The thermal cracking

process MEFACYPIEaPTYCHT dar rhédNodt LR 195e NIFESERERCDT Suer heat ed st eam

and this i nbyef afar@ﬁ%m&;ut%@mm@}mg Giiadthycpr act i et oeess. Steam
cracking is a t her cracki ng process in which saturated hydrocarbons

(i.e. ethadmél prapame, WBiitaneasrdt REFFOTRSRISe) 1afe BFOKEF d&fn into
smal | ers, unpsatyeated hydrocarbons, i.e, olefins and hydrogen . In steam
cracking, the gaseous feed may be diluted with steamand then briefly
heated in a furRagEeqi FHEUE"OhetpP eSIRV OfeGRyHen)Pe Rlpitesl My tht he

reaction %&%B%Téhargh@@MmQ%¢W%rMthQ@ tn & QW a480 (1001950 QG- but the
reaction is only allowed to take place very brlefly I n nodern cracking

fur naces, RFECPES| denterddme mayPeveh! be Teddeedtion ni¢1nsedands™é¥esul ti ng

in gas Vehﬁ@h%&?shi ching, speeds beyousk t hespeede ofc sound) iisnogider to
i nprove the desired products . After the cracking tenperature has

been ﬂ@acﬁédowﬁﬁet@aﬁaﬁﬁﬁﬂ@@ﬁcRPVYb@Ih%%htheént@O§?6@ ¢RCi@gction in a
transfer lﬂd?%a@@@? @%&rgggfaénce time may even be reduced to

milliseconds (resulting 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

15 reached, the gas may quickly be quenched to stop the reaction
in a transfer line heat exchanger.

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

20 process may typically be operated at low pressures, around
140 to 500 kPa depending on the overall process design.

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 conditions are

25 designed to minimize this. Nonetheless, a steam cracking
furnace can usually only run for a few months at a time
between de-cokings. De-cokings require 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

30 temperature. This converts the hard solid carbon layer to
carbon monoxide and carbon dioxide. Once this reaction is

complete, the furnace can be returned to service.



The products produced in the reaction depend on the conposition of the
feed, the hydrocarbon to steamratio and on the cracking tenperature and
furnace rweizdemiceobi me. The process may typically be opecatusdooatnsi7o
pressures, around 140 to 500 kPa depending on the overall process design.
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 conditions are designed to mnimze this. Nonetheless, a steam
cracki ng furnace gany usdialdrrianl yp&da: fors,a dfewi apat isd gdroptiene bet ween
de- coki ngs. De-cokings require the furnace to be isolated fromthe process
and then &5 SGPBFasteadmBr TASsteant a9 MFUFS Ns*pass el t1P6a§Rt he
furnace C@dﬁ%r@%s'ﬂbﬂh@ﬂ&rﬂl%rt@tltﬂéﬁioﬂ_ his canverbs rtherdard solihd carbon

| ayer to carbon nonoxi de and carbon di oxide. Once this reaction is

conpl et e, AIRESPEr AACE T AT BE et UFAREL Ty SBYVi EELVReMANYS CHRTEPEral

oper at isonssrogt hykepe-anet propyl ene are separated fromthe resulting conpl ex
m xture by repeated conpression and distillation at |ow tenperatures. In

t he process of TPRefpfesetitadenvent POl 1M 5Py Penand sPweddrcat-é@nf rom t he
product . ithe bikskestaggscaf akefin prductdanxand purifdealkisonsin a
cracker conplex are: 1 ) steamcracking in furnaceS as described above; 2 )
primary arffsseébatdaryotrat?)r ®covery e afpesery Be3t ditanvicsy ¥E&am recycl e
bet ween t hg funnagesy and: the sqUeRChe SYSIEMe thek nPELIBEY LMY €981 On of the
cracked gas (multiple stages of conpression) ; 5 ) hydrogen suifide and

car borl0di g¥iedeurefpvarseivi d)gasinerpvalnpreg sioseebneds yCresisfessfon (1 or

2 stages) ; fuk B4 90 8 t1e Chacked: 4as ANdyBrhachyogeNif tigat ment of

the dried, cracked gas.
carbon dioxide removal (acid gas removal); 6) secondary
compression (1 or 2 stages); 7) drying of the cracked gas;

and 8) cryogenic treatment of the dried, cracked gas.

15 The cold, cracked gas stream is then treated in a
demethanizer. The overhead stream from the demethanizer,
consisting of hydrogen and methane, 1is treated cryogenically
to separate the hydrogen and methane. This separation step
usually involves liquid methane at a temperature of about -

20  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

25 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 bottom of the splitter is recycled
to the furnaces to be cracked again.

The bottom stream from the deethanizer tower may go to a

30 depropanizer tower but i1s preferably eliminated in the
process of this invention. The overhead stream from the
depropanizer tower consists of all the Ci3's that were in the

cracked gas stream. Prior to sending the Ci's to the Cj;



The col d, cracked gas streamis then treated in a denethanizer . The
overhead stream from the denet hani zer, consisting of hydrogen and net hane,
is treat edocoogeswcal |y to separate the hydrogen and mpChArse009/nbi7e3
separation step usually involves liquid nmethane at a tenperature of about -
150 0C . Conplete recovery of all the nmethane is critical to the econom cal
operation of the olefin plant. The bottom stream from the denet hani zer
tower is treated in a deethanizer tower. The overhead streamfromthe

deet hani zeyp1tiewer €eNSi St:eef ial hybhegltsn ithabrwerecd nedhe enacked gas
stream The C2 1S then go to a C2 splitter. The %rloduct et hyl ene is taken
from the JVér REARYbFChe T GnwerdaRECh e BtharddBorithy FroiA™t HE B6FEom of the

splitter i reeyel eghitietbhe tHEnares,d-a Reresackesh agal o, Jhei et om stream
fromthe deethani zer tower may 80 to a depropani zer tower but is preferably
S

el i m nat edSi RTORBChriEdds- G PR ERAVRNEBh STTREMoTEP hedtf $tir eam from t he

depr opani Zs_%ﬂitt%@rﬁg@%p%m% ehiahl cihenl3kS bhak werend edhecesacked gas
stream Prior to sending the C3 1S to the C3splitter this streamis

hydr ogenatféd ica26kded o Y€scfSobtethe met hyl acetyl ene and propadi ene. Then

this streamistaentot @k he LBrskkbht &fe Jhspuakhead: stdeam.f %gmcgh_e o
splitter is product propylene and the bottomstreamfromthe splitter is

propane Wi ERPEAANDECE it Fadktt bR hel § IRTTdCEePLr c EFBENGTRY 6P G8ed as

fuel . The hoftem stream firom-the,depropaniZel HOWEE  ARY: A9, @2 debutani zer
tower but this is preferably elimnated in the
10 debutanizer is all of the C,'s that are in the cracked gas

stream. The bottom stream from the debutanizer consists of
everything in the cracked gas stream that is Cs or heavier.
This could be called a light pyrolysis gasoline.

Since the production of ethylene is energy intensive,

15 much effort has been dedicated recovering heat from the gas
leaving the furnaces. Most of the energy recovered from the
cracked gas may be used to make high pressure (around 8300
kPa) steam. This steam may in turn be used to drive the
turbines for compressing cracked gas and the ethylene

20 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 steam.
In principle, a higher selectivity to olefins and possibly

25 lower coke make can be achieved. Though it has not been
practiced commercially at a world scale plant, catalytic
cracking of ethane has been an area of interest for a long
time. The types of catalysts used to crack higher
hydrocarbons include zeolites, clays, aluminosilicates, and

30 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 (Fluidized Catalytic



process of this invention. The overhead stream fromthe debutanizer is al

of the C4 1S that are in the cracked gas stream The bottom streamfromthe
debut ani 2&0 200MRiI®Ps of everything in the cracked gas strcaarseadas37’ns C5 or
heavier. This could be called a |light pyrolysis gasoline. Since the
production of ethylene is energy intensive, nmuch effort has been dedi cated
recovering heat fromthe gas | eaving the furnaces . Mst of the energy
recovered fromthe cracked gas nmay be used to nake high pressure (around

8300 kPa) cst:eady) Thi st steam®r@Byohfob UM herugedctosdsive dheiukur bhaes for
conpressing cracked gas and the ethylene refrigeration conpressor. The

et hyl ene mEFGaEt BFPRYL Prodess REPTaf'sor acderpl FERRPDY” iSFHETBr esence of
a catal ystandTheogdvant ages are the use of nuch | ower tenperatures and
possi bly the absence of steam In principle, a higher selectivity to

ol efi ns and po3SPbF§CPRfhetTtcdoké RBRel R 1Fe SAcRFevRES aMWBUGESSt has not

been practded eorMBr&hadldbrabrap¥Rrdth scale thkant xe§ald dicsreracki ng of
et hane has been an area of interest for a long tine. The types of catal ysts

used to cr&eRThPrghere Al ScartGis n-renbaer Yeplqutest Eragsthe

al um nosi ldGakes, gapth OLALIS: shbsehoul £h Be amenticopedntihab 4 fAisProcess is
practiced commercially in several oil refineries for high nolecular weight

hydr ocar bas! WREEhCAr & raiciked avercowmites dat al §58$Le P Spr oééss uni t

cal | ed FOG(FLuidhzga Catal Vi.ger 96Kes) yeildhtl 8 ML SUMDNY HB SYEh
processes to produce and recover propyl ene ‘as a byproduct rather than both

et hyl dfe dndirprapyPeneln THe eeondostlels ofterhési APRYPEEXH t9r ocess conpri ses

aromatic hydrocarbons and byproducts, preferably at least 95%
by weight and most preferably at least 99% by weight. The
reaction may take place in the presence of a catalyst
composition suitable for promoting the reaction of lower

15 alkanes to aromatic hydrocarbons such as benzene. The

reaction conditions may comprise a temperature of 550 to

750°C and a pressure of 0.01 to 0.5 Mpa absolute.
Any one of a variety of catalysts may be used to promote
the reaction of lower alkanes to aromatic hydrocarbons. One

20  such catalyst is described in U.S. 4,899,006. The catalyst
composition described therein comprises an aluminosilicate
having gallium deposited thereon and/or an aluminosilicate in
which cations have been exchanged with gallium ions. The
molar ratio of silica to alumina is at least 5:1.

25 Another catalyst which may be used in the process of the
present invention is described in EP 0 244 162. This
catalyst comprises the catalyst described in the preceding
paragraph and a Group VIII metal selected from rhodium and
platinum. The aluminosilicates are said to preferably be MFI

30 or MEL type structures and may be ZSM-5, ZSM-8, ZSM-11, ZSM-
12 or ZSM-35.

Other catalysts which may be used in the process of the

present invention are described in U.S. 7,186,871 and U.S.



catal ytic production of benzene fromthe m xed unconverted | ower al kane and
C3+ olef in-containing output fromthe cracker during which substantially
all of C3wohydvme®wpbons and nost of the ethane are convecras$200/0a3783 ngl e
pass. I n one enbodinent, at |east 90% by wei ght of propane and heavi er

hydr ocarbons in the feed to this step is converted to aromati c hydrocar bons
and byproducts, preferably at |east 95% by wei ght and nost preferably at

| east 99% by weight. The reaction may take place in the presence of a

catal yst conpesktvbon sud t@ablse bertpsosaidng tshackeackd O ¢f1dtawan al kanes
to aromati c hydrocarbons such as_benzene. The reaction_conditions may
conpri se FFERperafufelof BHGTESLTBD TOEME FYPFessLFe’ gty ®X6P3Ee"0. 5 Ma

absol ute. Ay zapeipf @ovalirgty eheCat@hysihs sMaY sheidsedit araromote the
reaction of | ower al kanes to aromatic hydrocarbons. One such catalyst is

descri bed f53mMEWSrk4, @O VOG- ITRE2EAR AN y&t TGnB6SIE FBreesEiBeéd eher ei n
conpri ses @R akum posi lhicate Lavi ﬁgt&ﬁ& lddyndepasited 4 herearsand/ or an
alum nosilicate in which cations have been exchanged with galliumions. The
mol ar rat i"&16f SPPFeER Y PaAlldmiTani ShatT1amgstors: end Apdthetercaralyst which
may be used Anthespsocess of the present invention is described in EP O
244 162. This catal yst conprises the catalyst described in the preceding
par agr aph and &9¢tbuprak |9ateetral sseh et ethyf FeMPERBAI BNt FhPIPIC&EENAM  The

al um nosi ldicatessane sl dionPhabenabl shhe Mk o hMEL; f ype structures and
may be ZSM5, ZSM 8, ZSMII|, ZSM 12 or ZSM 35. O her catal ysts which may

be uséd i P/tHe, pPdeesBrafe thdapresentonmientinolFar ecdkbker irded PR U. S.
7,186, 871 jand tUyRe Tndi8h. 842-a1The i £58 Ofadihese sRat ept s descnihes a

pl ati num
one additional metal chosen from the group consisting of tin,

germanium, lead, and indium.
One preferred catalyst for use in this invention is

15 described in U.S. Provisional Application No. 61/029481,
filed February 18, 2008 entitled "Process for the Conversion
of Ethane to Aromatic Hydrocarbons™ (now U. S. application
No. 12/371787, filed February 16, 2009). This application
describes a catalyst comprising: (1) 0.005 to 0.1 %wt (% by

20 weight) platinum, based on the metal, preferably 0.01 to 0.05
wt, (2) an amount of an attenuating metal selected from the
group consisting of tin, lead, and germanium, which is no
more than 0.02 %wt less than the amount of platinum,
preferably not more than 0.2 swt of the catalyst, based on

25 the metal; (3) 10 to 99.9 %wt of an aluminosilicate,
preferably a zeolite, based on the aluminosilicate,
preferably 30 to 99.9 %wt, preferably selected from the group
consisting of Z3SM-5, ZSM-11, ZSM-12, ZSM-23, or ZSM-35,
preferably converted to the H+ form, preferably having a

30 Si0,/A1,03 molar ratio of from 20:1 to 80:1, and (4) a binder,
preferably selected from silica, alumina and mixtures

thereof.

10



containing ZSM5 crystalline zeolite synthesized by preparing the zeolite
containing the alum numand silicon in the framework, depositing platinum
on the zewbizbw/@am®9cal ci ning the zeolite. The second paremtusd@m®si’oes such
a catalyst which contains galliumin the framework and is essentially
alumnumfree . Additional catalysts which may be used in the process of
the present invention include those described in U S. 5,227,557. These
catal ysts contain an M-l zeolite plus at |east one noble nmetal fromthe

platinum fam | ynatdeatpdeastreaneaaddyét onal wyet ah €hosemddremohhesgr oup
consisting of tin, germanium | ead, and indium One pref erred catal yst for
use in thi%escAveRti o ¥ < de<oriBeanth @@lolﬁrtéwlsi\]%naw/&?p% ation No.

61/ 029481,f1fl|e|de@65§@§%'§5‘r20 ,18,0028008: eptdd |- @q Bracess fiu dd?ﬁze@@%ﬁrSI on of
Et hane to Aromatic rocarbons” (now U . ap EI i cation . 12/ 371787,

filed Febrfafynase %d%omatm élyaﬁw%%q%n (@esc ?Eé%s?ao%%oéﬂﬁéﬁ
conpri si ngki164) Qp00a:4,019; Loed) (%rby weholdat Ratdeaem nbased on the

nmet al , preferablé 0.01to 0.05 0 éZ) an anount of an attenuating netal

sel ect ed fFomitRE gPBYm NS St n@ f° thih, 0 lleadlt AndPyersieiitim which is no

nore than aQ%n%’W bES& td?ﬁ%h%hﬁeégl’u%réﬁer@b@&' pum s ef erably not nore
than 0.2 % of ecatatﬁ/@l based on the netal; (3) 10to 99.9 wt of an
a

al uni nosi IMoG&t @reﬁ??é@}é]rﬁa tpeBt PP ehased 6n EHEUAl UM Hos MBALE,

preferabl y 304,91 99, % MMM, R €haRI ¥nselReined okr om the, greupreensi sting of
ZSM5, ZSM 1| ,” ZSM 12, ZSM 23, or ZSM 35, preferably converted to the H+

form I9r ef@ta@pyehéw@]go D0Si*ER/ A 208° ol tarl visa | BTefefalohi 20t mPEe80: 1, and
(4) a b'“Qﬁkm 0.20 swt of the catalyst, most preferably not more than

0.10 %swt of the catalyst, based on the metal; (3) 10 to 99.9
wt of an aluminosilicate, preferably a zeolite, based on the
aluminosilicate, preferably 30 to 99.9 %wt, preferably

15 selected from the group consisting of ZSM-5, ZSM-11, ZSM-12,
ZSM-23, or 7ZSM-35, preferably converted to the H+ form,
preferably having a Si0;/A1,03 molar ratio of from 20:1 to
80:1, and (4) a binder, preferably selected from silica,
alumina and mixtures thereof.

20 Another preferred catalyst for use in this invention is
described in U.S. Provisional Application No. 61/029478,
filed February 18, 2008 entitled "Process for the Conversion
of Ethane to Aromatic Hydrocarbons™ (now U. S. application
No. 12/371803, filed February 16, 2009). This application

25 describes a catalyst comprising: (1) 0.005 to 0.1 wt% (% by
weight) platinum, based on the metal, preferably 0.01 to
0.05% wt, most preferably 0.02 to 0.05% wt, (2) an amount of
gallium which is equal to or greater than the amount of the
platinum, preferably no more than 1 wt%, most preferably no

30 more than 0.5 wt%, based on the metal; (3) 10 to 99.9 wt% of
an aluminosilicate, preferably a zeolite, based on the
aluminosilicate, preferably 30 to 99.9 wt%, preferably
selected from the group consisting of ZSM-5, ZSM-11, ZSM-12,

11



preferably selected fromsilica, alum na and m xtures thereof .Another
preferred catalyst for use in this invention is described in U S.

Provi si oD 28pmpi2iwat i on No. 61/ 029939, filed February 2@CTAB0@9%06370% | ed
"Process for the Conversion of Ethane to Aromatic Hydrocarbons” (now

PCT/ US2009/ 034364 , filed February 18, 2009) . The application describes a
catal yst conprising: (1) 0.005to O .1 % (% by weight) platinum based on
the netal, preferably 0.01 to 0.06 %, nost preferably 0.01 to 0.05 9%,

(2) an anmugm-20f bronswdh drs requBl vt @ Bfe r@fegater thdam: thg@nmount of the
pl ati num but not nore than 0.50 % of the catal yst, preferably not nore
t han 0. 20 L SEAPL el Eat s 510n0st2Opret ey aity tAof L nbf @t t4%4nt 6°10 omt of

the catal ygt.1,basedon 4 ha rtal préBdrdidi @928 rof @an s@laym nosili cate,
preferably a zeolite, based on the alum nosilicate, preferably 30 to 99.9
omt , pref erlapryeserected ¥esm-tRécqf oup consisting of ZSM5, ZSM 11,

ZSM 125 ZSM 23 rph@rn B mnekerablyaconventeditost he Hefonm, preferably
having a Siq 2/ Al 2q3 nolar ratio of from20:1 to 80:1, and (4) a binder,

pr ef er abl y-od&Reet edY 1571 rsidAtiPyaLear 8 na eh d11RRE uR B4 HetSe T L RANOt her

preferred Gatabyst ¢ § ofr tge dik tlh'g;%omh Y etdPR heS 2d8RsFibed dn Y. S.
Provi si onal” Application No. Gf/ 029478, filed February 18, 2008 entitled
"Process fRICHRE EBRYVEIYIHN b6 2ERRankd tiot Wroraes c 1My di b BeRE§anenow U . S

app!iCaQﬁQﬁe%@anéZ%ﬁﬂﬁggée_EgbggaE@@rﬂ@ﬁyt%@1bggggﬂe: Thiis apebi cation
descri bes a catal yst conprising: (1) 0.005 to 0.1 wt% (% by wei ght)
pl ati ndm esédnenat he retraasepr eheramsall. 0letd of 0588 3fne oSt tpref erably

0.02 to 0.,Q3%Whi (2 anfmyat of galliumuwhich is equal to or greater
t han t he anmount of the
Both thermal and catalytic hydrodealkylation processes

are known in the art. Thermal dealkylation may be carried
out as described in U.S. 4,806,700. Hydrodealkylation

15 operation temperatures in the described thermal process may

range from 500 to 800°C at the inlet to the hydrodealkylation

reactor. The pressure may range from 2000 kPa to 7000 kPa.

A liquid hourly space velocity in the range of 0.5 to 5.0

based upon available internal volume of the reaction vessel
20 may be utilized.

Due to the exothermic nature of the reaction, it is
often required to perform the reaction in two or more stages
with intermediate cooling or quenching of the reactants. Two
or three or more reaction vessels may therefore be used in

25 series. The cooling may be achieved by indirect heat
exchange or interstage cooling. When two reaction vessels
are employed in the hydrodealkylation zone, it is preferred
that the first reaction vessel be essentially devoid of any
internal structure and that the second vessel contain

30 sufficient internal structure to promote plug flow of the
reactants through a portion of the vessel.

Alternatively, the hydrodealkylation zone may contain a

bed of a solid catalyst such as the catalyst described in

12



platinum preferably no nore than 1 wt% nost preferably no nore than 0.5
wt % based on the netal; (3) 10 to 99.9 wt % of an al um nosilicate,

pr ef er ablwoaomwanidowe, based on the alum nosilicate, prefPeraisk§oo®sB870® 99. 9
wt% preferably selected fromthe group consisting of ZSM5, ZSM 11,

ZSM 12, ZSM 23, or ZSM 35, preferably converted to the H+ form preferably
having a Sig 2/ Al 2C3 nolar ratio of from20:1 to 80:1, and (4) a binder,
preferably selected fromsilica, alum na and m xtures thereof. The

hydr odeal ky.lsat Bonst gagt | omrorvelvess s hel o eactiigni of nj @l deng kyxykepss,
et hyl benzene, and hlgher aromatics with hydrogen to strip alkyl groups from
t he ar omati*®FPAgLt oIpTTdiRSE addPt f on © Hzgémewﬁhﬂhl}ﬁﬁter@ﬁ@s i ncl udi ng

nmet hane and,@t-bapecyhigh are separ at egded romit-he Jhenzene. o khins step
substantially increases the overall yield of benzene ancipthus is highly

advant ageGifSCTBEER ¢ herdrideandveat aP ytROMpdr Gagal Ryl @th iv9r Gcesses are

known isn thejart-cdhesimlndealkkyl atiom dmyhe eantheds ata@sudeaasi bed in
U. S. 4,806, 700. Hydrodeal Kyl ati on operation terTEeratures in the described
a

t her mal prtd@e§§ HEF9r ange FPEERF5001 ¢ PBODTCTALLhE PRTEITeS Fife
hydr odeal ?éh §9u£§§“3}a lgin y;%r%e%% f&& BY chgnQe fp§8 8%9% %f@eg% 7000 kPa

Aliqg space it he range of '0 upon
avai | abI e ﬁrrcmeﬂnal MB@IiuméS Of Mﬁ?lae teacid drydt@&&ebomayeebe nittidsi Zedm Due to
t he exoth%rrgl% napure of t.h %t %aCt.?_] é allce |Vs %fctlgn re eld to performthe
reaction i twe of Hore Stages “WEn'i RErTedrare gbo?lng or ‘quenchi ng of
t he rdact awtdgogefﬁmny@roctahfheﬁl dEedBtecke@aumo@nr\aegmdgsfm .leref 0be be used

in series. The,cooll,ng, 1Ay, ¢ Achieysd by inditect heat ;on ss
illustrated in the simplified block flow diagram in Figure 1.
In Figure 1, the ethane/propane/butane-rich stream 2 is fed
to an olefin cracker 4 which may be operated in a once-

15 through manner. In separation section 6, only ethylene 8 is
recovered and light ends 10 (mainly methane and H;) are
separated from the remaining product stream 12, which
consists of unreacted feed (ethane/propane/butane etc.) and
other co-products such as propylene, butene, etc. This feed

20  stream 12 in turn is sent to the alkane to benzene reactor 14
which contains a suitable catalyst or catalyst mixture.

Light ends (mainly methane and H;) are separated in line 18.
The reactor product stream 16 contains unreacted ethane and
diluent (if any), plus small amounts of Cs-Cs hydrocarbons,

25 benzene, toluene, xylenes and heavier aromatics, with
selectivity to benzene preferably greater than 20%. This
product stream 16 passes through appropriate separation and
extraction equipment (not shown) to separate the aromatics
from the unreacted ethane which may be recycled to the ethane

30 cracker. The H; may be optionally recovered (but not
necessarily) from the C; (methane) streams 10 and/or 18 using
pressure swing adsorption or a membrane process and sent to a

hydrodealkylation unit as described below.

13



exchange or interstage cooling. Wen two reaction vessels are enployed in

t he hydrodeal kyl ation zone, it is preferred that the first reaction vessel

be essentwal2bw/adexoi d of any internal structure and tharCrhs2e00637d3 vessel

contain sufficient internal structure to pronote plug flow of the reactants
through a portion of the vessel. Alternatively, the hydrodeal kyl ati on zone
may contain a bed of a solid catal yst such as the catal yst described inU S
3,751,503. Anot her possible catal ytic hydrodeal kyl ati on process is

described in Urberf, £35, k92 ranhivehih6idves eion thacpepesad edry nzeher ence in
its entirety. This patent describes a hydrodeal kyl ati on process carried out
over a zedEETEBAt af g e atSaltgsPrafich s ydeesntaf st Pradticfumrafid tin or

| ead. The aors%gig o sx o efrgnbical bycperdarinkd .ahahempes atiyies ranging from
250 0C to 600 OC, pressures ranging from0.5 MPa to 5.0 MPa, |iquid

hydr ocar bdWoreearpPates froMig. 5eE81A0 HS Phanght heUrTs lgp&ee Yvélecity,

and nolsar hydreggnphysiacarder heedsy ockrHald a8 hangidmhdd0mQ-2:69 10. One
enbodi ment of the concept of this invention is illustrated in the

si mpl i fi edBIFo@RAf Flokv 'eht ‘atp@mPPA FY §eRes IO PrRIPFgEr@rd reqayered

et hane/ pr gpane/ Qutanend ich stdgamcs . i stheghd@an khefibh, caackes, 4 which may
be operated in a oncethrough manner. In separation section 6 , only

et hyl ene 81 $ipEEdver PEhdIVgRE ends< e EfariPy SaeeHarielahd H2) are

separ at ed S0 the [er®idi NG Rr 9duChe stdRam k24 sWhkgh: LONSI 349 -@hcUnr eact ed
feed (ethane/ %r opane/ but ane etc.) and other co-products such as propyl ene,

but end? eti¢. tThnsafded 1 ridemPeRzphe tRIFGAYS IS éRt tLhO i dideanéone benzene
reactor 14 whichncontains. @ syhbabke.cat alyst (opapat al ystadnost ure.  Li ght
ends (mainly nmethane and H2) are separated in |line 18.
separate the benzene, toluene, and xylene components and
their mixture is sent to the hydrodealkylation unit.
In the embodiment described in Figure 2, the hydrogen
15 from the light ends streams 10 and/or 18 may be introduced
into a hydrodealkylation unit after separation of the methane
as described above. The aromatics stream 16 is directed to
separation unit 20 in which the benzene is separated from
toluene and xylene. Benzene leaves separation unit 20
20 through line 22. Toluene and xylene leave separation unit 20
through line 24 and are directed to the hydrodealkylation
unit 26 in which the toluene and xylene are converted into
benzene 28 which is then combined with benzene stream 22.

The Co; aromatics leave separation unit 20 through line 30.

25 A light ends stream 31 may also leave separation unit 20.
EXAMPLES

The examples provided below are intended to illustrate

but not limit the scope of the invention.
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The reactor product stream 16 contains unreacted ethane and diluent (if
any) , plus small anmpunts of C3-C5 hydrocarbons, benzene, toluene, xylenes
and heaviwp 2aroonmedopcs, wWith selectivity to benzene pref @cahisgoognesver t han
20% This product stream 16 passes through appropriate separation and
extraction equi pnent (not shown) to separate the aromatics fromthe

unreact ed et hane which may be recycled to the ethane cracker. The H2 may be
optionally recovered (but not necessarily) fromthe C (methane) streans 10
and/ or 18 usi ngxpfhgssure sw ng adsorption or a nenbrane process and sent to
a hydrodeal kyl ation unit as descri bed bel ow. There_are several variations to

the process, thetARYHEDH} €8 PeVBFC Wi ®h i<t dOpr bBYRES ethyiteredatid

aromatics d‘nr emaughngl &anperd chaedst oek gcantai nbngz et hang-and hi gher
hydrocarbons. 1n one version, as shown in Figure 1 , only the produced

benzene | ECEVEFSH THere SIS ol Ry dFdeal IBYPALRBRS ufﬁcfm &F@LYRE tol uene

and xylsenes,te@nREodNced Al Jneqeveredi & angdut h thesLoh@nqmmtics. In
anot her version, as shown in Figure 2 , both toluene and xylenes are

sel ect i vel‘%?r@oﬁ%P?Jé%idl%ﬂ ssenzend and met FaRE1STRNS! R ticehalbenzene is

then addedid.0 6&?@2 benzene RIoddeedatp 1de Jmishcheacti@mpldrar0kRer
vari ati oné&@ot shown) , no attempt is nmade to separate the benzene,

t ol uene ﬁ?PéﬁéSb@hﬁn@ﬁt}@nanHOt?ﬁ%@fﬁ*atmcxﬁﬁfﬁiéo%r%@?ﬁ 't 0 ThRe

hydr odeal ‘%)Qt%hbgeeu@érﬁplésﬂ Jhe egbedisent, %@'&%%bgg b0kl gur ecdoe the
hydrogen fromthe |ight ends streans 10 and/ or may be introduced into a

hydr od@al Kyasatieh bpt$tEfe eriespar at$oni bfcatiae vabt ]ﬁaﬁ@ala%tld@scrﬂb@d above.
The aromatiGg$team 16,45 disf ?SEeQaEé)lfsecp%r aki@noupbt= 2G4 nhi ch the

benzene is separated fromtol uene and Xyl ene. Benzene | 'eaves separation
unit 20 0.09%wt Ga. The target metal loadings for catalyst B were

0.025%wt Pt and 0.153%wt Ga.
Metals were deposited on 25-50 gram samples of the above
15 ZSM-5/alumina extrudate by first combining appropriate amounts
of stock aqueous solutions of tetraammine platinum nitrate and
gallium(ITI) nitrate, diluting this mixture with deionized
water to a volume just sufficient to fill the pores of the
extrudate, and impregnating the extrudate with this solution
20 at room temperature and atmospheric pressure. Impregnated
samples were aged at room temperature for 2-3 hours and then
dried overnight at 100°C.
Catalysts made on the ZSM-5/alumina extrudate were tested

7

“as is,” without crushing. For each performance test, a 15-cc
25 charge of fresh (not previously tested) catalyst was loaded into
a Type 316H stainless steel tube (1.40 cm i.d.) and positioned
in a four-zone furnace connected to a gas flow system.
Prior to performance testing, the catalyst charges were
pretreated in situ at atmospheric pressure (ca. 0.1 MPa
30 absolute) as follows:
(a) calcination with air at 60 liters per hour (L/hr),

during which the reactor wall temperature was

increased from 25 to 510°C in 12 hrs, held at 510°C

15



t hrough |ine 22. Tol uene and xyl ene | eave separation unit 20 through Iine
24 and are directed to the hydrodeal kylation unit 26 in which the toluene
and xyl enwOoanw/euwwerted i nto benzene 28 which is then eorhiSee@d/osé7dh
benzene stream 22. The C9+ aromatics | eave separation unit 20 through Iine
30. Alight ends stream 31 nmay al so | eave separation unit 20. EXAMPLES The
exanpl es provided below are intended to illustrate but not limt the scope
of the invention. Exanple 1 Catalysts A and B were made with [ ow | evel s of

Pt and Ga on extrudate samphkes €dH aiurtAgr 80U e 0fdCBYoR 3 £45M 5 powder
(23:1 nmolar Siqg 2 : Al _2C3 ratio, available from Zeolyst International) and
209 al umi na bi ndef30 FhéBel cat-altystsP okt € préefat ePasOd@seti bed in U S.

Provi si onal Appbj catiomnddo. p14029478, 1f/hledsfehbr var y2d18in2008 entitled
"Process for the Conversion of Ethane to Aromatic Hydrocarbons."” The
extrudat e sanpl(8s weP& g Kabl i v Hgetpat ot 650 e £6r rehovié r esi dual

noi stuse prior to ugerddy GatahysimdreRarabion: e tangetatmtal,ssoadi ngs
for catalyst A were 0.025%v Pt and 0.09%u Ga. The target netal | oadings

for catalyst B wer er®& OZ50 PP 3ANd to. 1Bositerarravet al $Sakeferdepdsi t ed on
25-50 gram sanpl es 9f+ithe @bove ZSM 5/ al um na extrudate by first conbining
appropriate amounts of stock aqueous sol utions of tetraamm ne platinum
nitrate and gaPrti th¢ (319 PinFieatovaditediF et HitePmi kbarkydiaderndél oni zed

wat er o a,0kupg; jusly SUbhi 6h&Ma Qb Lndhe ReEes.9fsddhe ext rudat e, and
i mpregnating the extrudate with this solution at roomtenperature and

at nospRer i®NgressNd f Ifpreghatiethvanphes? werd &gedan¢ dtoom tenperature for
2-3 hours éyﬂgskﬂgfﬁc pressure (ca. 0.1 MPa absolute), 650-700°C reactor
wall temperature, and a feed rate of 500-1000 GHSV (500-1000
cc feed per cc catalyst per hr). Three minutes after
introduction of the feed, the total reactor outlet stream was
15 sampled by an online gas chromatograph for analysis. Based on
composition data obtained from the gas chromatographic
analysis, initial ethane, propane and total conversions were
computed according to the following formulas:
ethane conversion, % = 100 x (%wt ethane in feed - % wt
20 ethane in outlet stream)/ (3wt ethane in feed)
propane conversion, % = 100 x (%wt propane in feed - %wt
propane in outlet stream)/ (%wt propane in feed)
total ethane + propane conversion = ((%wt ethane in feed
X % ethane conversion) + (%wt propane in feed x % propane
25 conversion)) /100
Table 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
30 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 arcomatics, along with hydrogen and light

hydrocarbons, including some ethane which can be recycled.
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dried overnight at 1000C . Catal ysts made on the ZSM 5/al um na extrudate
were tested "as is," without crushing. For each performance test, a 15-cc
char ge ofwbnresin2{ewet previously tested) catal yst was | ordedszoemoszoType
316H stainless steel tube (1.40 cmi.d.) and positioned in a four-zone
furnace connected to a gas flow system Prior to performance testing, the
catal yst charges were pretreated in situ at atnospheric pressure (ca. 0.1
MPa absolute) as follows: (a) calcination with air at 60 |liters per hour
(L/hr) , during which the reactor wall tenperature was increased from25 to
5100C in 12 hrs., hel d_at 5100Ckor 4-8 Ars.othen fur&her increased from 510
to 6300C in 1 hf, t@e@ Rel d\é? °C63OOCoxfrdr@35C) @nmp (Mo} cm?grf(b@én purge at 60
L/ hr, 6300C for =20 mi A;-(c)2reduct i on WidIN kydf egenSab 60N I hr, for 30 min,
during which tinme the reactor wall tenperature was raised from 6300C to the
tenperature used for the actual run. At the end of the above reduction
step, the hydrogen £l BWOV\B.%@I;‘]H nat ed;) .any ot hevcat Fl %sb %lar ge was exposed
to a feed const sting gf~67. 2% : et hafie_ahd: 32.78%w p ne at atnospheric
pressure (ca. 01 I\/Pa aﬁsolmtoeyo 65097007 GEF Eatt ormwal? rﬁevrperature and a
feed rate of 500-1000 GHSV (500-1000 cc feed per cc catalyst per hr)

Three mnutes after introduygtiqon of the feed, the tgtal reactor outlet

st ream was sa?lwed bycan on%lunev gas Ehwaoffat ayi’aph_forsapabysis. Based on
conposition dat & obt\a¢ongd frrmnwt he g@Sthru@r@tcpg; apchl C @nalgm s, initial

et hane, propane”and total cONVErsions Weré conput ed”accordi hg to the

foll ow ng formulas:
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et hane conversion, %= 100 x (% ethane in feed - % w ethane in outl et
stream) / (% ethane in feed) propane conversion, %= 100 x (%M propane
in feed -woiopopPane in outlet stream) / (%u propane PATUSe@p/ 053703

et hane + propane conversion = ((% ethane in feed x % et hane conversion) +
(%t propane in feed x % propane conversion) )/100 Table 1 lists the
results of online gas chromatographi c anal yses of sanples of the total
product streanms of these reactors taken at 3 mnutes after introduction of
the feed. ddpdenct hese conditions, over 99%u of the propane in the feed and
over 55%w of the ethane in the feed was converted in all of these catalyst
per f or mance t egfséngTﬁéesd} odi@ét PEEY &aRT Lo ritesitRe) beh2 &S #ifd JFitgHeErts

aromati cs,n ahang wbib-hydl agenxandidi ghtahivdiecar penss rididdicrgssonme

et hane whi ch can be recycl ed. TH3521- PCT TABLE 1 Catalyst A B B AB A

Cat al yst cIf&PgeoRerghtd af PES5E1pedsdn Fxaswle] 148%99P51thet #oeRégetor Wl |
Tenper &t ur@,ns¢s€el 67 3675w/ QQnL00 109 6Tptzaslw %@%gaﬁ@t e, 74813V 25005690 1000
800 800 1000 Total feed rate, WHSV 0. 89 1.44 1.43 1.76 % Et hane
Conver si o156 r38u¥4s o7t 58112219793%01737@0@%@?1% F’F@bﬁéfr@ Convergiien 99. 3
99.48 99. Ll 99.61,09 61- A2 E@E@hms@&ﬁtﬁi@%@ tBropane) anver sion 70. 51
80.4 71.64 84.53 84.45 76.84 Reactor Qutlet Conposition, sw Hydrogen 5.31
6.29 5.71 16486, 8L 9O IMECHARECD 70D 1110 2816 U6 DO R0. 25 17. 13

Ethyl ene 2.0hhi318% 2 8855868 83 EnSDINIANC R9:R6 A% ABRE06,15. 34 15. 42

10 20%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.
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Propyl ene 0.22 0.33 0.32 0.46 0.43 0.67 Propane 0.23 0.17 0.29 0.13 0.13
0.16 ¢4 0.02 0.02 0.03 0.05 0.05 0.09 C5 0 0 0 0O O 0 Benzene 26.97 29.68
27.45 30.W6 2800/@@49024. 99 Tol uene 8.15 8.28 8.21 7.97 7. 92C8/U3200985¥ndmat i cs
0.74 0.83 0.79 0.94 0.88 1.06 CO9+ Aronatics 9.06 11.86 9.88 12.33 12.58
12.17 Total Aromatics 44.93 50.84 46.33 51.31 51.73 46. 31Exanpl e 2 Using
fresh (not previously tested) charges of catalysts A and B described in
Exanple 1 additional performance tests were conducted as described in
Exanpl e 1 except that the feed consisted of 32.8%v ethane and 67. 2%w
propane. Table 2dists_the esgulys ofmqﬁl¢®pg@§<rchr@rmtr®gg &phi c anal yses
of sanples of t<he tobap product stredns_of thesereactdrs taken at 3
mnutes after introduction of of e feed.cUnder these sdnd?t+ ons, over 999%t
of the propane in the feed and over 20%v of the ethane in the feed was
converted in all pof these cat al yst perfLQr mance tests, Jhe product stream
cont ai ns benze@@“andmhdagher —arpfat i csn %Iror?gqvxﬁ B hydrogens and |i ght

hydr ocar bons, udpnﬁ 'Sonee €t hrane WHig & bedr ecyched. TH8521- PCT TABLE
2 Catal yst A B B B A Catal yst charge welg t, g 11. g '11.51 11.52 11.93
12.36 11.73 Reactor Wall Tenperature, C 650 675 675 675 675 700 Total feed
rate, GHSV 500 500 600~ 800 g@cﬂ) 800 Tet@ls fggecdwr at e, WSV 0.99 0.98 1.22
1.57 1.9 1.6 %TEthang gonversi,pl 23. 73 59,1248, 81042 B3:36. 17 66.32 %
Propane Conversion 99. 65 99.84 99. 78 99574 98 68°99. 85 ~ =
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Total % (Et hane + Propane) Conversion 74.55 86.38 83.09 81 78.88 88. 86
Reactor Qutlet Conposition, w Hydrogen 4.79 5.7 5.45 5.61 5.78 5.78

Met hane 1WO@B1022190922. 34 19. 64 17.05 24.54 Ethyl ene 2. 88CZ/U32003/033783 67 4. 17
4.44 Ethane 25.21 13.51 16.77 18.83 20.91 11.03 Propyl ene 0.27 0.21 0.27
0.38 0.45 0.37 Propane 0.23 0.11 0.14 0.17 0.21 0.1 C4 0.03 0.01 0.02 0.05
0.06 0.04 C5 0 0 0 000 Benzene 27.23 31.73 30.71 29.14 26.99 29. 44
Toluene 9.28 7.75 8.77 9.82 10.17 7.69 C8 Aromatics 1.08 0.71 0.9 1.19 1.4
0.91 CO9+ Aromatics 9.34 13.61 11.52:1%1. 2111%.82 15.66 Total Aromatics 46.93
53.8 51.9 51.65 51.37 53.69C L AI_MS _ 1. An integrated process for
producing ethylene and aromatic hydrocarbons which conprises: (a)

introducing a m xedah owere Alkanepteedsd it anocahbkang crmacksle spreferably a
thermal or catalytic cracker, to produce a product m xture which is

conpri sed SFPTSERY| BAS QIRFRCEF PRéAYCELRIHFSSGssi bl y unreacted et hane, (b)

separ atsi ng and (gecovering athyhenexe§ Clowantagckhngrthe &3t products and any
unr eact ed ethane with an aromatic hydrocarbon conversion catal yst to

produce ar@ifafrcCEeakti oPyicdaets & nettidiadg SBeRzeakytHhdEdkerechVeri ng

benzene and-anyecokhsfodlQMatikguh-eaghion L QdpetSsedZof @ﬁH%ﬂ@H%C§§§ of claim
1 wherein the majority of the | ower alkanes in the m xed |ower al kane feed
is conprléédiRﬁO ucts and possibly unreacted ethane,

(b) separating and recovering ethylene,

10 (c) contacting the Ci:. products and any unreacted
ethane with an aromatic hydrocarbon conversion catalyst to
produce aromatic reaction products including benzene, and

(d) recovering benzene and any other aromatic reaction
products.

15

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

ethane and propane.

20 3. The process of claims 1 or 2 wherein the mixed
lower alkane feed is comprised of at least 30 percent by
weight of C,.4, hydrocarbons, preferably at least 50 percent
by weight.

25 4., An integrated process for producing ethylene and
aromatic hydrocarbons which comprises:

(a) introducing a mixed lower alkane feed into an
alkane thermal or catalytic cracker, preferably a thermal or
catalytic cracker, to produce a product mixture which is

30 comprised of ethylene and Cs; products and possibly unreacted
ethane,

(b) separating and recovering ethylene,

20



et hane and propane. 3 . The process of clains 1 or 2 wherein the m xed

| oner al kane feed is conprised of at |east 30 percent by weight of C2-4
hydr ocar bwo=o10pnefoer abl y at | east 50 percent by wei ght. PET/USAev9i0n37@3)r at ed
process for producing ethylene and aronmati c hydrocarbons whi ch conpri ses:
(a) introducing a m xed | ower al kane feed into an al kane thermal or
catalytic cracker, preferably a thermal or catalytic cracker, to produce a
product m xture which is conprised of ethylene and C3+ products and

possi bly unreagted ethansinb)xnsepar atbagecanddecorenhngaetdyl ene, (c)
contacting the C3+ products and any unreacted ethane with an aromatic

hydr ocar bGirPéaRvE!ER o GHOAAFLE PEIPPOYIRB £OpIEdBEPT i kit twhiPch i s

conpri sed phdhenzgnerameti aliuenecangi o xyleneriabd &PHalmt begproducts,
(d) separating and recovering the aromatic reaction products, (e)

separ at i ng-BERZENBLE 1 O BHETGY hePdar ondt P2 Feadtiosiichfoduct s and recoveri ng

the benzene, ane>(f%%§wpar&d@alawl atipgtoldene andhoriXyleneibae produce
addi ti onal benzene. The process of claim4 wherein the magjority of the

| oner al k&FESUCRSt he n{xed | ower al kane feed is conprised of ethane and

propane. 6 . The)process0fnChahfEnd Prow thRebehbrt heodh vied Jd.awer oal kane
feed is conprised of at |east 30 Eercent by wei ght of C2-4 hydrocarbons,

pr ef er abl Pr&AUCEASENSOF FEFEERT Iby R ebitene, and
(f) hydrodealkylating toluene and/or xylene to produce

10 additional benzene.

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

ethane and propane.

15
6. The process of claims 4 or 5 wherein the mixed
lower alkane feed is comprised of at least 30 percent by
weight of C;-4 hydrocarbons, preferably at least 50 percent
by weight.
20
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