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

i nt egr at esoppwoesEof or produci ng aromati ¢ hydrocar bons &nu/uskévglossres f r om

| ower al kanes. More specifically, the invention relates to an integrated
process for the production of benzene and ethylene fromlower alkanes with
| ower capital and operating costs. Background of the Invention Benzene and
ethylene are two of the nost inportant basic products of the nodern

petrochen cal s i ndustrys Benzene cosveaedol oimakaEke.Retrockhenm cal s such as

styrene, phenol, nylon anspelyuvekbanesonamng mathesse Ethyl ene is used in
the manufacture of other petrochem cals such as pol yet hyl ene, ethyl ene

oxi de, ethylene dichloride, and ethyl benzene, anong others . Cenerally,
benzene anéiﬁiﬁeﬁidﬂﬁhéﬂﬁéﬂﬁyaiocarbons are obtained by separating a

feedst ogk fractin ywhisehtl $ntbehidh AnerRLI €oCONPOUNGS 2 t3UCRrasc £ £f or mat es
produced through a catalytic reformng grocess and pyrol ysis gasolines

produced tRPBUBFC A HaphthameF ae K P5oeeess, 2r¢ ot horgr ol €OW§&r ocar bons

using a sokyeRbe@xt nasld QRcBE PCESE: v HAWRVEehy chPi @ &f el te gret a
projected aromatics supply shortage, nunerous catal ysts and processes for

on- pur pose 1pEBERESDPIOCCaPoRAT | e (HURTUGEIAY DEMBIE S PO af kRakese

cont ai ni ng £$kx P%wé@%ﬁk%%%@owiéﬁQﬂﬁmﬁﬂ%a@@k§§u£§dhﬁ%ﬁxﬁ%%@_EB¥€§Figat¢d-
The ease of conversion of individual al kanes to aronmatics’increases wth

i ncr ead? ngBeakpeerifferrhandnyenision xed al kane feeds have been consi dered.
For exanpl e, Uﬂ@mnﬁn%5%m56éthylene are two of the most important basic

products of the modern petrochemicals industry. Benzene is
used to make key petrochemicals such as styrene, phenol,
nylon and polyurethanes, among others. Ethylene is used in

15 the manufacture of other petrochemicals such as polyethylene,
ethylene oxide, ethylene dichloride, and ethylbenzene, among
others.

Generally, benzene and other aromatic hydrocarbons are
obtained by separating a feedstock fraction which is rich in

20  aromatic compounds, such as reformates produced through a
catalytic reforming process and pyrolysis gasolines produced
through a naphtha cracking process, from non-aromatic
hydrocarbons using a solvent extraction process. However, in
an effort to meet a projected aromatics supply shortage,

25 numerous catalysts and processes for on-purpose production of
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
increases with increasing carbon number and thus mixed alkane

30 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 deehydrocyclodimerization conditions wherein

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



describes a process for converting C2 to C6 aliphatic hydrocarbons to
aromatics conprising contacting the feed with a catal yst at

deehydr ocyol2etvareinzat i on condi ti ons wherei n t he catal y2CTAS2I0I0S3986 a
zeolite having a Si: Al ratio greaterthan 10 and a pore dianeter of 5-6
Angstrons, a gallium conponent and an al um num phosphate bi nder. The

catal ysts used are usually bifunctional, containing a zeolite or nvol ecul ar
sieve material to provide acidity and one or nore netals such as Pt, G,

Zn, Mo, etenaho1@rand de pdebydr agenat i sact hMbtyrofor £xammhen U. S. Patent
4, 350, 835 descri bes acgrocess for converting ethane-containi ng gaseous
feeds to aFBHEPTEEE WIhGRaderPstdl IRHRSPPE6RT Peneat al yst of the ZSM 5-type

fam |y contai nifige 40N 3MY8l Hfe GRuaA1s BROLAEI: @x¥aNPLent i Sindat ent
7,186,871 describes aromatization of C -C4 al kanes using a catal yst

cont ai ni ng2PECARH-ZSM BOLEERYRENBLTE gererarlyt frurfed HiosmeetRARE &Y/ or

hi gher hydraeasbonsrd medahisgbntenperat urg ther nib, ofccatal yhbei gL acker
unit. The manufacture of olefins by hydrocarbon cracking is a
wel | - est abPPBKHBECLBMIEE] artproeess St eHemelaestrs bedtent" & hyP ehe>

Keystone tg.the;Res rochemsal bndustyors by, Ludwhg-&nieliniMar gekeDekker
Publ i sher (1980) . Wen a feed of ethane plus one or nore higher

hydr ocar bong§efs o eéd cint e o et i Ny Sitd Llalef atker WhicvtailySkedil ts in
production.gf ether ol efimg i addifiangta gthylengunthesechncl yde
propyl ene, butylenes,” "butadi ene, pentenes, etc., depending on the
conposil?i oanefheheemmpdicer Uk BedSt ek "TRE SpPdluee s seipmsat i on schene for

such a m xed, feed, oracker E?Q%SaEQaﬁngﬂﬁij%@E@@a?ys%hﬁnﬂﬁﬁ%ﬁ%%eng
mul tiple ofefin products which in many cases have t0 be
and ZSM-5.
Ethylene is generally made from ethane and/or higher

hydrocarbons in a high-temperature thermal or catalytic

15 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

20 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

25 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

30 operating costs of such a cracker complex are much higher
than those of a cracker which produces only ethylene from a

mainly ethane feedstock.



separated fromother sim/lar nolecules (such as the correspondi ng

paraffins) to neet the product specifications. The end result is that the
expendivi2urie as wel |

capi tal

as the operating costs of skch/is2awaskes

conpl ex are nmuch higher than those of a cracker which produces only

ethylene froma mainly ethane feedstock.lt would be advantageous to provide
a | ower al kane dehydroaronati zati on process wherein (a)
can be produced as a coproduct and (b) the feed to the dehydroaromati zation
reactor is substanidald yecanverteghoddus aveidbag anyfreedxeeeycl e and
resulting in | ower capital and operating costs. Summary of the |nvention
The presenfePRVETR TV ProviaBsPENCT ht 8Grafed PP bcETET G Shr AUELPRE et hyl ene

and ar omat ienhydrocarkens o sspeshh&aldey sbenzsnesnahiLdy camphises: (a)
contacting a m xed | ower al kane feed with an aromatic hydrocarbon

conver si on98RY AF9&tOMeF 1FPGdAOR er 22 PrIdUSt SHPREEP Bl hi X K ANgSE6R/Pr | SBF of

aromati ¢ reasthony pmducks kaeludi nghperzenenyf eacthed ekBang: and

non-aronmati c pr oduct s,

step (b)
10
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apdofhe; henzens -Meyahe 1esemeredyqtbeatolene andtor,xyl ene
benzene, which comprises:

(a) contacting a mixed lower alkane feed 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,

(b) separating and recovering the benzene and any other
aromatic reaction products,

(c) separating and recovering the ethane, and

(d) introducing the ethane into an alkane cracker,
preferably a thermal or catalytic cracker, to produce
ethylene.

In another embodiment, benzene may be separated from
toluene and/or xylene and C¢ aromatic products in step (b)
and the benzene may be recovered. The toluene and/or xylene
may then be hydrodealkylated to produce additional benzene.

Brief Description of the Drawings

Fig. 1 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.

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

| oner cost ethyl ene

( separating and recovering the benzene and any
ot her ar onAPPEAFEUELGAF+Sproducts, (c) separating and recovering the ethane,
and (d) intredyel ngr the etbapeibhto an al kane cracker, preferably a thermal
or catalytic cracker, to produce ethylene . In another enbodinent, benzene
may be separ at et§ rASCHtue ABCRREPDPHYILERE aRdICRC HTGRaPrecpfddiRt s in



may then be hydrodeal kyl ated to produce additional benzene. Brief
Description of the Drawings Fig. 1 is a flow diagramwhich illustrates the
conver si omoabioz2mieed | ower al kane streaminto aronmati ceCarus2@lossves whi ch
is then cracked to produce ethylene. Fig. 2 is a flow di agram which
illustrates the conversion of a m xed | ower al kane streaminto aromatics
and et hane which is then cracked to produce ethyl ene and wherei nbenzene is
separated fromtoluene and xyl ene which are hydrodeal kyl ated to produce
nore benzepenzbed aid edeseebption fdhe bAveryioe WHisn Avention rel ates
to an int e%r ated processing schene for produci ng benzene (and ot her
aromat i cs) PEABOREhYHERE SFr 6 BERHYE 1B Re PEAFRARe st ream which nay contain
C2, 3, CApapdl{otq GrRlkanesn(seferd edtothgrein as "mxed | ower al kanes”
or "lower alkanes™) , for exanple an ethane/propane/butane-rich stream
derived from natirallygetiPef raetyeortpétr éégéﬁ?%ta%d P88 1 PAcl udi ng wast e
streamss. ExagplesoofRetenhbably.si t@bleoteed stogansdynghyde (but are
not limted to) residual ethane and propane from natural gas (nethane)
purificati 8ANYpere EtMHade "1pF e padies ard Hsieafer ST e P80 CRABMT as
Natural Gag, Li€Qui ds)arkQoRr educed @l arbeguels ed natural ;gasyside, C2-C5
streans from associ ated gases co-produced with crude oil production,

unr eact ed ePNaher LK@ISE" O&t r ANST fFdmMIsteam EpackerPcard the C - C3
byproduct stream frmRaphibacLef o MBS nlRert o¥ersalkane feed amy be
deliberately diluted with relatively inert gases such as nitrogen and/or
with vaPi oustinght Hydesecarbenscahditoreaist AnFowa ey elastef shdapt$ ves needed

L?Ongongﬁ%ﬁié@to PYFRLIRACE, JN& RiiTREXqdesIL £ RHRAUEES (Of+ t he

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 benzene, toluene, xylene and ethylene.

The hydrocarbons in the feedstock may include ethane,

25 propane, butane, and/or Cs alkanes or any combination
thereof. Preferably, 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 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



this invention are benzene, toluene, xylene and ethyl ene. The hydrocarbons
in the feedstock may include ethane, propane, butane, and/or C5 al kanes or
any conbiweatoom22ahnereof. Preferably, the majority of theCEiuseaasivaces in
the feedstock is ethane and propane. The feedstock may contain in addition
ot her open chai n hydrocarbons contai ni ng between 3 and 8 carbon atons as
coreactants . Specific exanples of such additional coreactants are

propyl ene, isobutane, n-butenes and isobutene. The hydrocarbon feedstock

preferabl ypksceonpsy) sed @k at teastyakout-b3apersente ypiweight cgft C2- 4
hydr ocar bons, greferably at | east about 50 percent by weight. The first
step of théPPRtetft RLEFProCEsECtDhpri ses catal ytic production of benzene

froma mxed | owes @lkangcepchrfeadst ok duehngryddeh substantially all of
C 3+ hydrocarbons are converted in a S|n%le pass in this first step. In one
enbodi ment C2A8 1Y e3P TEBGE L9090 hyPSEA Gt t6PMpR opaE it SHeadviere

hydr ocagbons i nedhesdredst@¢kqi sh Lanveidsednt 92 af prati ¢ shydr ocar bons and
byproducts, preferably at |east about 95% by wei ght and nost preferably at

| east aboufY9D06BRPIKE GHE. CTRESFeEtiTor mayotakeapt ace tibd st hérpFesence of a

catal yst coepgsiti QesUnbabligedOr Jrammtingnthe deagki Quighel omer al kanes
to aromati c hydrocarbons such as benzene. The reaction conditions may

conpri se aPFerpes atiift é°6f1aBolY I5BB 1Ry ahotit T7500C HEHPE pPessure of about
0.01 to abeyhyO-rodha %Q%Qllagﬁg-h%:@ﬂd&a"ﬁb%glsaalqﬁog%kﬁ}éo %r,abkgﬁeJ?&Wﬁ to

recover all the aromatics and net hane/ hydrogen, remaining C2 ric
streamlPs géntea®dt tawudt Raneleraekitg asceposthpenf s lye 2& édaveENt i onal

et hane Craﬁggﬁt(@@§ﬁﬁfﬁghﬁh€@ta&ﬁgifééyfion may take place in the

presence of a catalyst composition suitable for promoting the
reaction of lower alkanes to aromatic hydrocarbons such as

benzene. The reaction conditions may comprise a temperature

15 of about 550 to about 750°C and a pressure of about 0.01 to

about 0.5 Mpa absolute.
Following a product separation scheme to recover all the

aromatics and methane/hydrogen, the remaining C; rich stream
is sent to the ethane cracking step, which may be a

20 conventional ethane cracker (preferably catalytic or
thermal), to produce ethylene. 1In this manner, the alkane to
benzene reactor functions as a means of removing essentially
all C;; hydrocarbons from the feedstock going to the ethane
cracker thus simplifying its design considerably. The

25 capital and operating cost of the ethane cracker complex is
significantly reduced by eliminating the necessity of
separating small quantities of propylene from the ethylene
which would be the case if the feed to the cracker contained
a significant amount of Cs; 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.



thermal ), to produce ethylene. In this manner, the al kane to benzene
reactor functions as a neans of renoving essentially all C3+ hydrocarbons
from t he weadavatkogoi ng to the ethane cracker thus si npCirfus2eny/ 053786 desi gn
considerably. The capital and operating cost of the ethane cracker conplex
is significantly reduced by elimnating the necessity of separating small
quantities of propylene fromthe ethylene which would be the case if the
feed to the cracker contained a significant anount of C 3+ hydrocarbons. In

addition, the ahkaned @rbanzenecpy acessital§otssnay b glsedpassppsRsess (no
recycle of unconverted feed) resulting in further capital and operating
cost reduct!BnT#Brti%e BverPErF FHEEHated 2preeessi v Réhe descrbed. Any

one of a vauketyafl At alsystscryede sed .t o, pyoppie, t heer eacti pge of | ower
al kanes to aromati c hydrocarbons. One such catalyst is described in U S

4,899, 006. FTH@O%ja’%jaCFyﬁesééﬁﬁ@gi *%}il%l’r?jdb%’ﬂi%éae% h&t e%W“EL@ﬁﬁliiléé%_t%n o

al um nosi | heat &5 havingrgakbbym deposd el thareensand/ ofindnialugioosilicate
in which cations have been exchanged with galliumions. The nolar ratio of
silica to HPUR N H T PPEGsPesn 19X Aroteer el al §sti WhileRSmayThe used in

the procesgoofthe: RF exent 1k pyent i onilisidescribedhdim £R 0 244 162, This
catal yst conprises the catal yst described in the precedi ng paragraph and a
Goup VI metabneelectcedatvom ¥ivodl davakg prati HumbeThecarani postits cat es

are said tg.preferablondienMel o s MalhdyRe sbrychyg esand iy be ZSM 5,
ZSM 8, ZSM I, ZSM 12 or ZSM35. O her catal ysts which nay be used in the

pr ocesdlof cehel prlesemrrilAgent Poncalrel wiés cepbedPed 1 She7 prgecgygand U. S.
7,186, 872. pIhe fanstaf o BeSEp PR LNLR108SCEL BES@ AR MM un and

platinum. The aluminosilicates are said to preferably be MFI
or MEL type structures and may be ZSM-5, Z3M-8, ZSM-11, ZSM-
12 or ZSM-35.

15 Other catalysts which may be used in the process of the
present invention are described in U.S. 7,186,871 and U.S.
7,186,872. The first of these patents describes a platinum
containing ZSM-5 crystalline zeolite synthesized by preparing
the zeolite containing the aluminum and silicon in the

20 framework, depositing platinum on the zeolite and calcining
the zeolite. The second patent describes such a catalyst
which contains gallium in the framework and is essentially
aluminum-free.

Additional catalysts which may be used in the process of

25 the present invention include those described in U.S.
5,227,557. These catalysts contain an MFI zeolite plus at
least one noble metal from the platinum family and at least
one 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. 61/029481,
filed February 18, 2008 entitled "Process for the Conversion

of Ethane to Aromatic Hydrocarbons." This application



containing ZSM5 crystalline zeolite synthesized by preparing the zeolite
containing the alum numand silicon in the framework, depositing platinum
on the zewbizow/@amdocal ci ning the zeolite. The second paremtUusd@omsi’es 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

pl ati num f aaktyicedl Atcateaghtonsn@eidiitiqnal aedat chasenrof beput he. gr oup
consisting_of tin, gernaniu | ead, and indium One preferred catal yst for
use in thi s¥Fnienty oifli%dtdeBer FHedYi PAILS. Opr YT STOM REFEFEAPT BN No.

61/ 029481, sbhbhedy Febrannyoh8, 02008 ant il edanPaasess Jonnt he Conversi on of
Et hane to Aromatic Hydrocarbons.”™ This ap% cationdescri bes a catal yst

conpri si ng2tFayuabbit 55t b abelitt 1PM LUt I DY RSGHENIpPat Fhvm  based

on the getakbaqpreierahinsnabgut 0 O o abautc 005, WMo 2) aBsanpwyyt of an
attenuating netal selected fromthe group consisting of tin, |ead, and

ger mani um TR FOYRE (RS FBREIDREN DEURTWLY| 885 T 1RE akeuhtOef pl ati num

preferabl y-pot,pofie tc'?a%%lngQUtst@d %W ok hbeacat alysiboukasedegn the netal;
(3) about 10 to about 99. %t of an al uminosilicate, preferably a zeolite,

based on t RECAF utd nosiit €at el prerErasily cabsut PBOT T FAboat 2991 Dtomt |

preferabl y,gelgcied g %Tuh*i‘ﬁo%?i’@at@”?x%%@gb@f £NH2,30Z8M bboudSM 12,
ZSM 23, or ZSM 35, preferably converted to the N form preferably having a

Si 02/ A0 208%rb| aif't r attied egBOLF ope Bboid Zoor tbe aeritr S®NELIs&AEI(4) a bi nder,
preferably sgl ected, finomysili sa, ;@hu na apduDb Xt Y eSreranly
converted to the H+ form, preferably having a Si0O,/Al1,0; molar
ratio of from about 20:1 to about 80:1, and (4) a binder,
preferably selected from silica, alumina and mixtures
15 thereof.

Another preferred catalyst for use in this invention is
described in U.S. Provisional Application No. 61/029939,
filed February 20, 2008 entitled "Process for the Conversion
of Ethane to Aromatic Hydrocarbons.”™ The application

20 describes a catalyst comprising: (1) about 0.005 to about 0.1
gwt (% by weight) platinum, based on the metal, preferably
about 0.01 to about 0.06 %wt, most preferably about 0.01 to
about 0.05 %wt, (2) an amount of iron which is equal to or
greater than the amount of the platinum but not more than

25 about 0.50 %wt of the catalyst, preferably not more than
about 0.20 %wt of the catalyst, most preferably not more than
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 99.9 %wt, preferably selected from the group consisting
of ZSM-5, ZSM-11, 7ZSM-12, ZSM-23, or ZSM-35, preferably
converted to the H+ form, preferably having a Si0O,/Al1,0; molar

ratio of from about 20:1 to about 80:1, and (4) a binder,



t hereof. Another preferred catalyst for use in this invention is described
in U S. Provisional Application No. 61/029939, filed February 20, 2008
entitl ed wBnowaesthor the Conversi on of Ethane to AronmaPCt/usgawosanbons. "
The application describes a catalyst conprising: (1) about 0.005 to about
0.1 9%t (% by weight) platinum based on the netal, preferably about 0.01
to about 0.06 %w, nost preferably about 0.01 to about 0.05 %, (2) an
anount of iron which is equal to or greater than the anount of the platinum

but not nopectbaf B B+8Q Pm ofitihe,catahyss , afd efierabky not nore than
about 0.20 %w of the catalyst, nost preferably not nore than about O0.10
ot of thet8afaP¥yst, based on the netal; (3) about 10 to about 99.9 % of

an al um nosi | i cat&sndyr efrerablygaczeoljde robaged on e akhyahposihligcate,
preferably about 30 to about 99.9 %, preferably selected fromthe group

consi sti ng98FCrEMS IrZEWPI| PreoMazalzamri3cabtozSie 3% /greféfabl y
converted tQ)therdbrfor,misprebes ably; hav ngra-StO2%A 2@Bcpplarsi@tio of
fromabout 20:1 to about 80:1, and (4) a binder,preferably selected from

silica, al Gfi RERANRI 4 AEOPES1ENRYSETCatReaeher Pret eriidd c@ataryst for use in

this inventign: isedescritiegdsi nobhS i RrM §ionaboAPR! iRat ikan oy« 61/029478,
filed February 18, 2008 enfitled "Process for the Conversion of Ethane to
Aromat i ¢ Hyd@rotarbons9hthi 8lapptitatiassddescirdesctarlcaarystakbyipri si ng:

(1) about Qp005 ¢ maRGHLLBLL W 364 %Dy aeikgptd sl atihumshaged, o, t he
nmetal, preferably about 0.01 to about 0.05% wt, nost preferably about 0.02

to abod? 02D59% wt ;0 2)"tan (@hoantawfurgaldfi gmlwhie hischedisakatal ofo gireat er
than the agpunt.pfiihe tRleabhBUm OF &S 3hLY; A0 ML ferably no more
than about 1 wt%, most preferably no more than about 0.5 wt%,
based on the metal; (3) about 10 to about 99.9 wt% of an
aluminosilicate, preferably a zeolite, based on the
15 aluminosilicate, preferably about 30 to about 99.9 wt%,
preferably selected from the group consisting of ZSM-5, ZSM-
11, ZSM-12, ZSM-23, or ZSM-35, preferably converted to the H+
form, preferably having a Si0,;/Al1,05; molar ratio of from about
20:1 to about 80:1, and (4) a binder, preferably selected
20 from silica, alumina and mixtures thereof.

The hydrodealkylation reaction involves the reaction of
toluene, xylenes, ethylbenzene, and higher aromatics with
hydrogen to strip alkyl groups from the aromatic ring to
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
are 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 about 500 to about 800°C at the inlet to the

hydrodealkylation reactor. The pressure may range from about



than about 1 wt% nost preferably no nore than about 0.5 wt % based on the
netal; (3) about 10 to about 99.9 wt % of an alum nosilicate, preferably a
zeol it e, Wwazed/mmivhe al umi nosilicate, preferably about P8O/USe0ME3TI6 99. O
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 Sig2/ Al 293 nolar ratio of fromabout 20:1 to about 80:1, and (4)
a binder, preferably selected fromsilica, alumna and m xtures thereof.

The hydr odeabkykad itan deaet 7000 i avo) ves 1tihai reastivn Yadkokueseitxyl enes,
et hyl benzene, and hi gher aromatics with hédro en to strip al kyl ﬂ%oups from
the aromat fE FFhAg-3Drddaeevaddi T ifch@Porenz eReP iRy IURRt 28AdsePHeI udi ng

nmet hane andpethane whigR arecsepadatedf vassthenbgnzene.i1This. step
substantially increases the overall yield of benzene and thus is highly

advant ageols® BdtH® FerrRrrang eatwlSdfc thydrsdeal ¥yl atti 68 prbtesses are

known i g theqafteq Thergmlrodralkyl atdan sy nbeysass igd Out 188sdgser i bed in
U S. 4,806, 700. drodeal kyl ati on operation tenperatures in the described
t hermal pr 68ESE™ fCakge Lt PEN? ABIR" BO0 %t 6T abbut T BO0GC &t thEciafet to the

hydr odeal kyhati of n@ac Qbacthen PrEssure 1By t hahgeo £4 o8 aheut 2000 kPa to
about 7000 kPa . A liquid hourly space velocity in the range of about 0.5

to about 5S6rbased Uorrcavaryabte hhtaetiaredoPumendfratie heedct i on vessel

may be utibizgd Dus tiobhergxothesm ¢ najleg ofo the 8agct i,eBscif is often
required to performthe reaction in two or nore stages with internediate

cool i nd0 or 2B ededt it Ofint heer badtetns kY1 Frdobr 29 tr eel tort snbrefeeaed i on

Yﬁg??;it”ﬁgg%@e{ﬁg(¥f%sQer%§@9i&ﬁ s&IdaspeThescpol i ng, nRY,Bg aehigyed by
internal structure and that the second vessel contain

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

15 Alternatively, the hydrodealkylation zone may contain a
bed of a solid catalyst such as the catalyst described in
U.S. 3,751,503. Another possible catalytic hydrodealkylation
process 1s described in U.S. 6,635,79,. 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, liquid
hydrocarbon feed rates from about 0.5 to about 10 hr-1 weight
25 hourly space velocity, and molar 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 (ethane, propane and butane) by
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.



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/adesoi d of any internal structure and tharCrhs2e00637d6 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 in

U S. 3,751,503. Another possible catalytic hydrodeal kyl ati on process is
described kBnkhS H:39el9putdhe Sopatent- desentbesame mrdnedeabkyl ation
process carried out. over a zeolite-containing catalyst which also contains
pl ati num ar8tPi FMdrl9eadSThET prot ds& o8 apPaf er eht§ aldly fgart 8rfed at
tenperaturggdfggg{ng from about 250 OC to about 600 OC , pressures ranging
fromabout 0.5 MPa to about 5.0 MPa, |iquid hydrocarbon feed rates from
about 0.5 to abButSTFThCrECherght tHo sy csfatecy elvtitdy dLdrae ol A

hydr ogegs/ hydeggashon Heedst eek, raddQsy nangi pg-fLom abaulo@. dhto about 10.
Lower O efins, i.e. ethylene and propyl ene, may be produced from | ower
al kanes (ePRaRRLCHrpaEdI&nd - but ane)2 1By eittReF ot HerdralteaPeEaE ar §t1ay

cracking prpacessesnigthe theunal 766 ackigg -procgss fay Apigahl ysbencarried
out in the presence of superheated steamand this is by far the nost conmon

commer ci al Pylpre@ticdd or 6éess. vatediictacki ng i BodE T hermmekiegacki ng

process i nephiche satwyrated; Rydrocarbons [ bvenethang Jyopane, butane or
their m xture) are broken down into smaller, unsaturated hydrocarbons, i.e,

ol ef i nd0andihydrogids (ressteany ciackisngelrhét §aserasrfiegdsragdpve dil ut ed
with steamyapdndhan tidell ¥eheated) i afurnace; (i dhoutht heerq 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 conditions are
designed to minimize this. Nonetheless, a steam cracking
furnace can usually only run for a few months at a time

25 Dbetween 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
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 operations, ethylene and propylene
are separated from the resulting complex mixture by repeated

compression and distillation at low temperatures. 1In the

10



presence of oxygen) . Typically, the reaction tenperature may be very high
- around 750 to 950 OC - but the reaction is only allowed to take pl ace
very bri evDyoiovz19moder n cracki ng furnaces, the residencectriuseoommy3’even be
reduced to mlliseconds (resulting in gas velocities reaching speeds beyond
the speed of sound) in order to inprove the yield of desired products

After the cracking tenperature has been reached, the gas may quickly be
guenched to stop the reaction in a transfer |ine heat exchanger. The

products ppedused 4m drke pr-eaeht om-glepanrsh, ornt bengpmposintieensekriyhe feed,

t he hydrocarbon to steamratio and on the cracking tenperature and furnace
resi dence PPABUSTHE HriGEEs§ONnEYE t A TR Y ShBOBpeY fE S Fofif pr essur es,
around 140.tp-500 kPa depending on the overall process design. The process
may also result in the slow deposition of coke, a formof carbon, on the
reactor walls. T sfidegr &4eget hel et9idireREPIBFLEPre FEhEMGrfe62F @t on

conditignsiarg designedch@1akni maze thisscaNopekbel &ssin ausheasy csacki ng
furnace can USUQJ%X only run for a few nonths at a tinme between de-cokings.
De- coki ngs IPEgEHPE tIReVRUr RAcBT 87 e drsblsaredds ¥ bridte HSICOEESE %hiel t hen a

flow of steaphek; &3)steamabh BxiMredsiRagsededhraughr the turnage coils at
hi gh tenperature. This converts the hard solid carbon | ayer to carbon

monoxi de afifiecarduH: diveticde. 4 Oneelndis COBREEFHRCT LT dMsl ereckeReddur nace

can be ret%&ﬂ@@i§£b5§%%$e%eof|80&5¥B%§%8%W$r%5ahy&%%ﬁéﬁié@T%id@tQM&e”e and
propyl ene are separated fromthe resulting conplex m xture by repeated

conpr ed$8i ofAaaRd” distiidearenavat (oW d afserabares)’ N t9eproeess of the

present inugptions;dhig Ry besnnecessany begayse e feedqtgathe cracker
is nostly conprised of
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,

15 consisting of hydrogen and methane, is treated cryogenically
to separate the hydrogen and methane. This separation step
usually involves liquid methane at a temperature of about -
150°C. Complete recovery of all the methane is critical to
the economical operation of the olefin plant.

20 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

25 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
depropanizer tower but this may be eliminated in the process
of this invention. The overhead stream from the depropanizer

30 tower consists of all the Ci's that were in the cracked gas
stream. Prior to sending the Ci's to the C; splitter this
stream is hydrogenated in order to react out the

methylacetylene and propadiene. Then this stream is sent to

11



ethane . The first stages of olefin production and purification in a
cracker conplex are: 1 ) steamcracking in furnaces as descri bed above; 2 )
primary amoemoandary heat recovery with quench; 3 ) dilpariusaomtssns r ecycl e
bet ween the furnaces and the quench system 4 ) primary conpression of the
cracked gas (nultiple stages of conpression) ; 5 ) hydrogen sulfide and
carbon di oxi de renoval (acid gas renoval); 6 ) secondary conpression (1 or
2 stages); 7 ) drying of the cracked gas; and 8 ) cryogenic treatnent of

the dried, teeackeg1gaser Then€alvbrnebackede gase st eam ts ddientheated in a
denet hani zer . The overhead stream from the denethani zer, consjsting of

hydr ogen aRECHBEhaNEPYIENEr BRE et rRRIGER EaFPF™t of Separate Tihe- tiydr ogen and

net hane. This §§%&[@Mkﬁ@hstc§ﬁ ysuaddty darwokvesnd i guithomt hape at a
tenperature o? - 150 0C . Conplete recovery of all the nmethane is

critical t6TEREIREGHOMSESl 28pEration of the ol efin plant. The bottom stream

fromthe denﬁth@ﬂé4§ﬁjkﬁM%Erb§mtfﬁﬁﬁ%%é @e§r6§§ﬁhﬁﬂ!4%MeE0m%§ th@DOVerhead
stream fromthe deethani zer tower consists of all the C2,'s that were in

the cracked galustiesh tPWérCQUHS?W%%ﬁE@baﬂéoabﬁzﬁ%ﬂﬂ%qﬂPQQ 1Thelpr oduct

ethyl ene i g baken 4 amithengugrhead ofnd Rectaues andd-heekhhane com ng from
the bottom of the splitter is recycled to the furnaces to be cracked again.

The bott onP8Preaim 730 mhst Ré ldeét Hemizef Foakraffayngdleocas dept offeni zer t ower

but this ”%¥r9§m9|THQ'ﬁ@%%@m'Qt%@&npﬁRﬁ?%%eOEeEhténiﬂﬁﬁﬁkk@@stlhgfOVerhead
stream fromthe depropani zer tower consists of al
10 everything in the cracked gas stream that 1s C5 or heavier.

This could be called a light pyrolysis gasoline.

Since the production of ethylene is energy intensive,
much effort has been dedicated recovering heat from the gas
leaving the furnaces. Most of the energy recovered from the

15 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, the propylene
refrigeration compressor which may be unnecessary in the
process of this invention, and the ethylene refrigeration

20 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

12



1S that were in the cracked gas stream Prior to sending the C3 1S to the
C3 splitter this streamis hydrogenated in order to react out the

met hyl acew9l2ervg2a1d propadi ene. Then this streamis senPCrash@oas37eel itter.
The overhead streamfromthe C3 splitter is product propylene and the
bottom streamfromthe C3 splitter is propane which can be sent back to the
furnaces for cracking or used as fuel. The bottom streamfromthe

depropani zer tower may go to a debutanizer tower but this nay al so be

el i m nat edci-Bckée) pracess @bréhisnidivent isoan Fhecoyerheadpsbagam diom t he
debutanizer is all of the C4 1S that are in the cracked gas stream The
bot t om st r &8RP T BrRIMY [GEBUPAn? 2P B STt £8 TBET ety thithg SFRYE RS cr acked
gas streamyhhabrbsy1@0r heavier. This could be called a light pyrolysis
gasoline. Since the production of ethylene is energy intensive, nmuch effort
has been dedi cat®® FEEVEFPRgOReEe fGBCPReC§att e aVitfg ttRE t&rnaces . Most

of the gnergy,seconesl edy fthemsthe cfacked -gas gy bedised ihormgkes i gh
pressure (around 8300 kPa) steam This steammy in turn be used to drive

t he turbinés Fo¥u%dnpr é86i A§hePACKEPaged PutRBe pf BpY | Eriearef i §er &t q on

conpr essor +whj; Che dvaY, D& 2URBECESSAL M iidY LNRARESCES SHoaf-drhi Sohayentipn, and
the ethylene refrigeration conpressor. The et hyl ene manufacturi n% process

may al so aécewplisted By VATt ke rieseiide ok tareat alystrearherabvantdges are
the use of spuchy | oner, frenper ab v escapd pessi bhy &he, i gnee Q) steam In

principle, a higher selectivity to ol efins and possi
10 plus hydrogen, methane, small amounts of C3;-Cc hydrocarbons,

benzene, toluene, 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 is
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 toluene and xylenes co-
produced are recovered along with the Coy aromatics. 1In
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 to the benzene produced
in the main reaction. In another wvariation (not shown), no

attempt is made to separate the benzene, toluene, and xylene

13



| ower coke nmake can be achieved. Though it has not been practiced
commercially at a world scale plant, catal ytic cracking of ethane has been
an area ovoi2nteemedd for a long time. The types of catal peTaISe@ems3706 cr ack
hi gher hydrocarbons include zeolites, clays, alumnosilicates, and others.
It should be nentioned that this process is practiced commercially in
several oil refineries for high nolecular wei ght hydrocarbons which are
cracked over zeolite catalysts in a process unit called FCC (Fl uidized

Cat al yti cCragkéfidnts ldnd $hBDFEnCONIMN iish sSHENt P OELISRE dde apk pUsER AN
recover propylene as a byproduct rather than both ethylene and propyl ene.
One enbodi HBAt - of the concept of this invention is illustrated in the

sinplified blockyfdomdi agr aehiondigure sb sepArtQurech tothéne and _
et hane/ propane/ but ane-rich stream 10 is fed to a reactor 12 for converting
al kanes to*BéRzene’ CHAPALAY B Sit%bl éReaParyete orea/atal§Pual xt ure. The

reactorsprodyet 2 styeamnt4 160Dt AL Nsndnreackedeghbane-ang diihdeny 44d any)
pl us hydrogen, nethane, small anounts of C3-C5 hydrocarbons, benzene,

tol uene, xyFen@srefihéavicer BYSrRASELYIRER el Betidiany cembenzene

pref erabl y,great ir-ddean rabaut 1 0% 4 Thirg,predyste ssﬂcﬁagnﬂeﬁep%ées through
appropriate separation and extraction equi pnent 16 and the unreacted et hane

18 is fed REdrpecetdimdctr &EKRFOPO-MPENESTE 18 toiRveth &dich Behyteie 22.

The H2 maypbe.recove! 6d topbbanahd vi {hutgnot xpgeessalily) ckromthe C i
(et hane) stream 24 from separation unit 16 and/or the simlar stream 26

from cr@ckeropat ikt my pregsuee Swhgadsetpbnonndr & rémerahel prdcess and
may be senkgto a hydrodeal kyl ation unit as described bel ow. The aromatics
| eave separation unit 16 through |ine 17.

EXAMPLES
The examples provided below are intended to illustrate
15 Dbut not 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 Si0,:Al1,0;3 ratio, available from Zeolyst
20 International) and 20%wt alumina binder. These catalysts were
prepared as described in U.S. Provisional Application No.
61/029478, filed February 18, 2008 entitled "Process for the
Conversion of Ethane to Aromatic Hydrocarbons."™ 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 25-50 gram samples of the above
30 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

14



There are several variations to the process whose nain objective is to
produce ethyl ene and aromatics froma single m xed feedstock 10 contai ni ng
et hane amsiohlgier9thydr ocar bons. I n one version as shownPCm/uSe@ai0e3786 of t he
aromatics, only the produced benzene is recovered. There is no

hydr odeal kyl ati on unit and the tol uene and xyl enes coproduced are recovered
along with the CO+ aromatics . In another version, as shown in Figure 2 ,
bot h tol uene and xyl enes are selectively converted into benzene and

nmet hane. Thisragdlid,i anal ikerzene ing thern.addedctovide derzepeupraduced in
the main reaction. In another variation (not shown), no atte is made to

t
separat e t RE BeMZ &fEPSEBf teh R R yPeeComFEAaRTS: aHHWFﬁgpgﬁ%ﬁxture i's

sent to th@awﬂé@mekxl;@alw ARt tembdl QW €02 2-DenzenRe hs ehso
separated fromtoluene and x é ene in separation unit 16. The benzene |eaves

t hrough |i A8198 Affd tRett af Cand xyl ene | eave through line 30 and are
directed to thechydredealkysatd ameunkii- 32, aRd ngoabt pedhu th-hydeogen from

line 34 . The toluene and xyl ene are hydrodeal kyl ated to produce benzene in
line 36 whieéh hay' tHEACBE ¢oMBilmed wWeh etz ERETPTREIZB.LeAldI #ibald y, C9+

aromatics @BQré@QBV%QeEEOnﬁ&@@ﬁk@&b@@l&”ﬂést%@.tBéE&EﬂEﬂ'w@% 38agdXAMPLES The
exanpl es provi ded below are intended to illustrate but not limt the scope

of the invéRtPoh.TYReanpPB AtTCAtlglSyseEeA dritheB (hef@ ¢ade Wt Anflow | evel s of

Pt _and Ga ges%mgéﬁtl% sapples sentalning SOUL+of BV 2314:ZSW 5 powder
(23:1 qglar Squ Al 23 ratio, available from Zeol yst
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 510 to
630°C in 1 hr, then held at 630°C for 30 min;

(b) nitrogen purge at 60 L/hr, 630°C for 20 min;

20 (c) reduction with hydrogen at 60 L/hr, for 30 min,
during which time the reactor wall temperature was
raised from 630°C 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%wt ethane and 32.8%wt propane at
atmospheric 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

30 introduction of the feed, the total reactor outlet stream was

sampled by an online gas chromatograph for analysis. Based on

composition data obtained from the gas chromatographic

15



International) and 20%w al um na bi nder. These catal ysts were prepared as
described in U S. Provisional Application No. 61/029478, filed February 18,
2008 ent iwbedio/21meess for the Conversion of Ethane to RCOMABRIG/053706

Hydr ocarbons. " The extrudate sanples were calcined in air up to 6500C to
remove residual noisture prior to use in catalyst preparation. The target
netal | oadings for catalyst A were 0.025%w Pt and 0.09%uw Ga. The target
netal |oadings for catalyst B were 0.025% Pt and 0.15%v Ga. Metals were
deposi ted @Ra2bsHf grhamisanpliescof ptbgambove ZSWh5/ &limmacext taat e by
first conbining appropriate anounts of stock aqueous sol utions of

t et r aanmi nECPPALS hARCAFEFRY ecandegdPH A FPF Ai¢fate, diluting this

mxture with deiomdzedonatesid® a vohyoex ] ust suhbheigntrea fLld e pores
of theextrudate, and inpregnating the extrudate with this solution at room

t enper at ur 8LBARE athespheri et duret ¢regAat é8cdanpl es were aged at room
tenmperagure f Or'\;fl?dp;)aﬁéo'éB§V@f‘§ic§rhe'% dri g QV@Jw@ijggép%e 1000Ceqg Catpl ysts

made on the ZSM 5/al um na extrudate were tested "as is," w thout crushing.

For each p&FPBiffarice otéset Lrpsved (ehargeershef feshegHot previously tested)
catal yst was | oaded ithand TP 3LeH-st&d N iess=steelr tubenel:A0r&mi. d.)

and positioned in a four-zone furnace connected to a gas flow system Prior
to perfornincecteNts rgPVERRI @Rt dl STT CPERRFES Wwer ESpit et rre®EEEETR situ at

at nospheri g pressiy.g)(eap 0.1 MPa absolute) as follows: (a) calcination
wth air at 60 liters per hour (L/hr) , during which the reactor wall

t enper &P ur e wasTiks dadédter bt 25210 BLOFCONALR ¥ ChierdtagrsrinoT

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
15 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.

20
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for 4-8 hrs, then further increased from510 to 6300Cin 1 hr, then held at
6300C for 30 min; (b) nitrogen purge at 60 L/ hr, 6300C for 20 mn; (c)
reduct i orweizotv/dzydnogen at 60 L/ hr, for 30 mn, during waras2emesesvée
reactor wall tenperature was raised from6300C to the tenperature used for
the actual run. At the end of the above reduction step, the hydrogen flow
was term nated, and the catal yst charge was exposed to a feed consisting of
67.2%\w et hane and 32. 8% propane at atnospheric pressure (ca. 0.1 MPa
absol ute), 650-700 OC reactor wall tenperature, and a feed rate of 500-1000
GHSV (500- 1000 cg feed per ec cat al yst per ohr) Throee m putes after

i ntroduction of, the gae(ﬂg t he t@t al roeargttwf" @uﬁl et s’%rceaﬂry\/é:s sanpl ed by an
online gas chrongt ogr aph f o an;&l ysi So iB&sQﬂooa @orrp‘@sabu on<dat a obt ai ned
fromthe gas chromatographi canalysis, initial ethane, propane and total
conversions were conputed according to the follow ng fornulas: ethane
conversion, %= 100 x (%v € hafe in$eed ) hmovetfared f putl et stream /
(% et hane i nef eed)oppopane: gonver si‘on; "% : _“*mooxogﬁ{ﬁ “propane in feed -
%t propane in oat | et stT ean‘)m/oo(%!vt ‘Propare<i 0 Pee T 6t & Lnet hane +
propane conversion = ((% ethane in feed x % et hane conversion) + (%
propane in feed x % propane conyersion) )/ 100 Table 1 lists the results of
onl i ne gas chrorrat o;n?; rﬁc &n@l yses df <sa3“rp1 &gsTof thceSt@”; oproduct streans
of these react ors+ t aken at 3 mﬁut es @fctg{m At gogucqucpfw hhe feed. Under
t hese conditions] over 99%M &f “t he pr opané in the féed and over 55%w of
the ethane in the feed was converted in all
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of these catal yst performance tests. The product stream contains benzene
and hi gher aromatics, along with hydrogen and |ight hydrocarbons, including
sonme et hawo 2afweivwiecan be recycl ed. TABLE 1 Catal yst A B BCAUB200905378¢ ySt
charge weight, g 11.58 11.52 12.36 11.43 11.51 11.73 Reactor Wall
Tenperature, C 650 675 675 700 700 700 Total feed rate, GHSV 500 600 1000
800 800 1000 Total feed rate, WHSV 0.89 1.07 1.67 1.44 1.43 1.76 % Et hane
Conversion 56.38 71.07 58.22 77.16 77.05 65.77 % Propane Conversion 99.3
99.48 99. 1149864 £9.61 99.5 Total % (Ethane + Propane) Conversion 70.51
80.4 71.64 84.53 84.45 76.84 Reactor CQutl et ConP05| tion, % Hydrogen 5.31
6.29 5.71 6.48 6354 579G VEPRANET 7 WF 170 T8t e8] 36" AT 030255 17513

Et hyl ene 2a13n8. 8338910247 6nSudmnf.H9 EbanecR9 36 A 4dn28. B6sdS. 34 15. 42
22.99 Propylene 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 C&TH. Y T2 263965951 D510 Fgomese ol (PP Pto thaBehbenec b, 97
29.68 27. 45039&@@%5%2%/%%&%&@%@ 64228vw28r ol 7. Th1p1c92 §1§c9s C3
Aromatics 0.74 0.83 0.79 0.94 0 06 CO9+ Aromatics 9.06 11 9.88 12. 33
12. 58 12. 1?h¥ora$u Aot ces1a4. @%S 5@118)415‘48938?]5310 FNTYSES 26, Si@%ﬁﬁ)l e 2
Using freshe(ped previ Quskivctest ebnchar gassef catal ystsxAnapd B descri bed
in Exanple 1 additional performance tests were conducted as described in
Exanpl e 1 @*@@bgstqﬁﬁeq:H@tﬁ@@gctlon of the feed. Under these

conditions, over 99%wt of the propane in the feed and over
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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consi sted of 32.8%wv et hane and 67. 2%wv propane. Table 2 lists the results of
onli ne gas chromat ographi ¢ anal yses of sanples of the total product streans
of these woaotinsdiwaken at 3 m nutes after introducti onpPafi/usb@diosssde Under
t hese conditions, over 99%w of the propane in the feed and over 20%w of
the ethane in the feed was converted in all of these catal yst performance
tests. The product stream contains benzene and hi gher aromatics, along with
hydrogen and |ight hydrocarbons, including sonme ethane which can be
recycl ed. TABLE 2 Catalyst A B B B B A Catal yst charge wight, g 11.58 11.51
11.52 11.93 12.36211.73 Reacfor Yal | Temper gture, <C G50, 67 §75 675 675 700
Total feed ratesg GHS\W500: 500 600 800 "1000. 800G Totab feed rafre, WHSV 0.99
0.98 1.22 1.57 1.9 1.6 % Et hane ©onver3ico 23°73 B9. 12748 81142, 53 36. 17
66. 32 % Propane Conversion 99.65 99.84 99.78 99.74 99.68 99.85 Total %

(Et hane + Propane), Conversiopn £4,,55 86. 38 83.09 81 78,88 88, 86 Reactor
Qutl et Conpositj,on, %MS Fydrogen?4. 79 5.7 bovus §.61 5, 7895978 Met hane 19. 65
23.7 22.34 19.64 ﬁ7-05§14154«> hyl ene 28& 2 8553:1 32 67 417 4. 44 Et hane
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 G 0

0000 0 Benzenel27.23 31. 72 30. 71 29, T4 26 99~20. 44" Tobugh€ 9.28 7. 75

T Ny 1O @
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C9+ Aromatics 9.34 13.61 11.52 11.51 12.82 15.66 Total Aromatics 46.93 53.8
51.9 51.65 51.37 53.69C L Al MS 1. An integrated process for producing
et hyl ene wocdosvanmadi ¢ hydrocar bons whi ch conprises: (a)PcontSaawiossyo@ m xed
| ower al kane feed with an aromati c hydrocarbon conversion catal yst to
produce a product m xture which is conprised of aromatic reaction products
i ncl udi ng benzene, unreacted ethane and non-aromatic products , (b)
separating and recovering the benzene and any other aromatic reaction
products, (c) separating and recoveri ng it keset hane, and (d) introducing the
et hane into an al kane cracker preferably a thermal or catal ytic cracker,

to produce ethylene . . The process of claim1l wherein the majority of
the lower al kangs imd h%t@?%@geéoﬁﬁfce%'skﬁﬂ% besduissemrhsaed ghget hane and
propane. 3 . The process of clains or 2 wherein the m xed | ower al kane
feed i s compPTakl- dtvddtocpeRst s 3R Pt cafPrByewei ght of C2-4 hydrocar bons,
preferaply at |east 0 Rercentahy; el Alierdal ke | iLIrAL@d process for
produci ng ethyl ene and aromati c hydrocarbons which conprises: (a)
contactlngaéoﬁﬁ&%ﬁ h%ﬁﬁﬂcaéPRan%OW%%ﬁf%mntﬁaéﬁlé?Enﬁﬂ|R?QQW§ﬁoéan%ﬁPCt

conver si onpeat 8y sinid RIOAUGE b P Q%J%tromb%wr@egml% ib30e@ppsi sed of
aromati c reaction products including benzene and tol uene and/ or xyl ene,

unr eact ed ePRaRGINAMENTERSar BREERCC Pt cdlers, ¢bY R&EpaAriafgCand recovering

the aromati,¢c,56a€t | on

10 (b) separating and recovering the benzene and any other

aromatic reaction products,

(c) separating and recovering the ethane, and

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

15 ethylene.

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) contacting a mixed lower alkane feed with an
aromatic hydrocarbon conversion catalyst to produce a product

30 mixture which is comprised of aromatic reaction products
including benzene and toluene and/or xylene, unreacted

ethane, and non-aromatic products,

20



products, (c) separating benzene fromthe other aromatic reaction products,
(d) hydrodeal kyl ati ng the tol uene and/ or xylene to produce additional
benzene, wWolowapariati ng and recovering the ethane, and @Cx/useamnaireé ng t he
et hane into an al kane cracker, preferably a thermal or catal ytic cracker,
to produce ethylene . 5 . The process of claim4 wherein the magjority of
the I ower al kanes in the m xed | ower al kane feed is conprised of ethane and
propane. 6 . The process of clainms 4 or 5 wherein the m xed | ower al kane

feed is conprises) ofscpfarkeasty 30d parceririby wek ohtoreft iG2+4ahydsecar bons,
preferably at |east 50 percent by weight.

products,

(c) separating benzene from the other aromatic reaction
products,

5 (d) hydrodealkylating the toluene and/or xylene to

produce additional benzene,

(e) separating and recovering the ethane, and

(f) introducing the ethane into an alkane cracker,
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 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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