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TH3203- PCT PROCESS FOR THE CONVERSI ON OF ETHANE OR
M XED LOAER ALKANES TO AROVATI C HYDROCARBONS Fi el d of

wo b@obmesent i on The present invention rel ates tBCHUS2008/086147

éﬁ%ﬁﬁﬁi’&or produci ng aromati ¢ hydrocarbons from
are or m xed | ower al kanes . More specifically, the

invention relates to a process for increasing the
producti on of benzene from ethane or a m xture of

| onerpralckanesok Nrige dehyaizeanQnat | ZatAnen Jgpr MCe8S . LOWER

Background of Arenkpvent irsmaiher evbsoaapE@ject ed
gl obal shortage for benzene which is needed in the

manuf act ure of key petrochem cals such as styrene,
of n yur et hanes , anong ot hers.

Genermald yrebeRZENS, BN 2t Rel s 8L 9MBd i L HYAEasarhPNS AR ing
obt ai ned by separating a feedstock fraction which is

G AVERATRER (PRd§ FRane P agiireol R Esal kanes .

weduced  FhEQuoh, & 1catialvhi¢ohef Or NG tBr ac8ssca for
pyrolysis gasolines produced through a naghtha .
ErEEASG IprbE RSOGO 6A- AFBARES cf 1deGEarBons udiingure

& sehyent1@xheacth on PSS rofQr MBat drhissPEQL ect ed
supply shortage, nunerous catal ysts and processes for
©)

ifonar omat i cs (i ncl udi ng benzene)

frommglkanes coptynifg ShxpQl L&sSs LArken BLANE,PEM:ch

nmol ecul e have been investigated. These catal ysts are
Usualddpdbirhuhie i oral faccomtab i gy <evidheaiepls such as
sob.eaul apnsheye AL 1l 18196l ACT dibkgapdhone or
nore netals such as Pt, , Zn, Mo, etc. to provide
Cretyrdrldgendenpanactidiote rrar oexahpl e, drdc8rbpas emte
é‘btﬁh’%%%% dgég&él@fhga aprf%‘égéﬁo&?rf&%‘ﬁ%%t WA9ch is rich in
et hane- cORt ai I Nng gaseous feeds to aromatics using a
Trysttalcl icnerzendis t eswdt alby sefofmates Z8MdBceypehfanit ya

P ene P BE T ascPrhoey & o Sa an ot B Spped
‘ahkards auskpytiaa catalkisty pontassi ngrdRt non-aromatic
hydrocarbons using a solvent extraction process.

To meet this projected supply shortage, 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. These
catalysts are usually bifunctional, containing a zeolite or
molecular sieve material to provide acidity and 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
another example, U.S. Patent 7,186,871 describes
aromatization of C;-C; alkanes using a catalyst containing Pt

and ZSM-5.
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and ZSMr 5. TH3203- PCT The ease of conversi on of
i ndi vidual al kanes to aromatics increases with

W(i)mtmmrspmg carbon nunber. Hence, aronmati zati oPCHURNSE36147

%ﬁ%ﬁﬁ g, nmet hane and/ or ethane as principle feed
conpone ts may include nore-reactive hydrocarbons such
as ol efins, and/or paraffins of higher carbon nunber
than t he principle feed conmponent (s) , to |lower the

t enmpenat ueeer €guidett sQ cacbireved sy aesilr ed kepayetsi on
| evel .. For exanple, U.S. Patent 5,936,135 describes a
i‘f’r%%a@é?sf O CRBRT Y e OnERCES 2 o GRS DEBRE AT ni Hgrees

ONEn QT ZABAEn| OWEEnA] kakRes vhYgCrabi Hdathibs Eeeghaiddh
at | east one olefin and/or at |east one higher

ParsfiEile AREC paSHHE T §4M i(?%%léd%\?@rrearﬁﬁf:ﬁhﬁ?l onal

RSirboz8okiit e Latalafstsat afapsessieriiRst Be Kangs
100 to 500 kPa and a terrperature in the range of
%@Oﬂ’o ngEoeoCRan s FERNCAP L eBRYF €BPOPRIS (Pt ocesstover

#15%e thepkhaat iEnteQfi Ahe teatahyste W tde 3 X EUA GO ion
hydr ogen, steam and an optional inert gas at a

tSter atFQFee?iéfﬁ@Jr?vg Y-fomFa0ent o 80t 0G5, Ir6FFoRd Dy a

treate it Rarifg A rdergen atoA0D o BORL0Cini PG Be to
exposure of the catalyst to the feed stream Sone

ROTATECECE] 2 BRI dY Clo@ii e PP zER orf 9o géssest f bpast one

Sk ties Ik t p
oscr 5o h. Ui o S aten Parent e 528 969 haa s o1

Ib@ﬁz)é?fﬁeOﬁﬁéd@ld?lflﬁ?ﬂtW@ﬂapﬁét@&%%s@%tﬁrréahﬁkyf@f at a
;E‘P&,ﬁr%ﬁ%' En&bity ‘%0%60% whd chp makey Lt Qﬂﬁ&fé@lﬂ'e in

use I n sone pe rochem cal processes SUCh
@yr@m@eopfc%@ otexaiteCpr oducts semt 1Tk §e@*a1ﬁ1efhtof this

&f&&e@sb%% afdi £1onale fr %‘fe%eséﬁp\/\%%‘?%ﬁ%ﬂ Ehr‘ﬁl;?{&déJ%t

nto a fractionation zone i'S operated at
lohdigeronstsach artratan etrapet i tyeof ddseaCb@ temperature

%&@rgﬁ”% i M@”P&%&PES aleng, tog} 4 E?éé&%? tOfln“%};f‘_ or
product s remdVed Via an overhead stream he
@me;rdmaldt BPOcess8El Ceaprioomd lxpobuaet pOnate arrtzdyet to
ﬂ d Os@ream.

Some commercial dehydrocyclodimerization processes for
making aromatics from alkanes, such as the process described
in United States Patent 5,258,563, make a benzene product
that contains excessive amounts of non-aromatic Cg
hydrocarbons which make it unsuitable for use in some
petrochemical processes such as styrene or cyclohexane
production. This patent describes additional process steps
wherein the product flows into a fractionation zone which is
operated at conditions such that the majority of the Cs: non-
aromatic hydrocarbons along with a portion of the benzene
product 1s removed via an overhead stream. The overhead
process stream from this fractionation zone flows to a

conversion zone, along with a hydrogen-rich gas, where the
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conversion zone, along with a hydrogen-rich gas, where
t heTH3203- PCT non-aromati c C6+ hydrocarbons are

waeomweerasesl to |ight (G _ 2) hydrocarbons . |t ROUUS200&086147

fﬁ%?ﬁ? gous to provi de a |ight al kane

roaromati zation process wherein (a) a hydrocarbon
feed additive or additive mxture that facilitates
conversion is optionally generated as part of the
roceShatlib) cl hayaadad ysdnLenployedvdoesd nat 1readi e, a)
conpllcated pretreatnment , (c) the ultimte yield of
hEHATEPESgreat er than that of any other single

ar omatd 6opladustaaait agdbuki £ Er&Fi R0 0ot gReNATIRaRL i C
hydrocarbons is produced. Summary of the Invention The

PO TPRG B AE R b HrAACESS ‘é{h%F%Jcrés%a f 6r hyFsateT e feed
A PMakieC ohy drgcarRons < tsRecthhcatd yihenzenecombh £fion is
conprises: (a) optionally splitting an ethane feed
PRUETELLSt JaRAr 3RO P EPRanel sthedmOcessy dpt i bl ¢3Falyst
&atial Wy eabkynsf Eé’tﬁiﬁ%' Ly cehpekingd heckiregt nethang) the
streamor the m xed | ower al kane feed to produce
@Waéﬁeyéﬁélﬁo@fab%ﬁ%&“@r éSofrpavRr HElayteaesOf (@)Y other
%1@1%&'0)@99 Mg, hengt hyl ene: Ore lewan @L kybgnes

t he second ethane stream or the m xed I ower

%W(%ﬁ?éof sgdrogpecqth GoRraetrag- et hane or the conbi ned

siheam ok the mxed dpwer al kane feed with an aromatic
hydrocarbon conversiomn

catal yst to product reaction
pr odUdtes PiragEuEi Wy Perigenerovhdes pr efreiceéd Eabaelf erlimin

éf@ér&aﬂ% nf¥d50965,,4nd @%c?f??gi%%&&%% ar gnf 40 &Qprlses

fromthe reaction pro UCtS (0] step . I n anot
pr ef elen) ed cefrbodkd Mentseltie ingnain m‘efrifgarm deect snhe eflrst and

Q@/Cq;n%d%%lgg%agggegnps produce benzene. | n another

preferred enbodi ment’, the reaction products remaining
af t er(theopet hiankly e?tactalszepaahtycw arrergabjlectedcitiong the

§§gﬁyékkggetgtream or the mixed lower alkane feed to produce
ethylene and/or a mixture of lower alkylenes,

(c) optionally combining the ethylene or lower
alkylenes with the second ethane stream or the mixed lower
alkane feed, and

(d) contacting ethane or the combined stream or the
mixed lower alkane feed with an aromatic hydrocarbon
conversion catalyst to product reaction products including
benzene.

In a preferred embodiment, methane, hydrogen and Cj;_s
hydrocarbons are removed from the reaction products of step
(d). In another preferred embodiment, the remaining products
are hydrodealkylated to produce benzene. In another
preferred embodiment, the reaction products remaining after
the methane, etc. separation are subjected to separation to
remove benzene and the remaining reaction products are

hydrodealkylated to produce additional benzene. In other
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renove benzene and the remaining reaction products are
hydr odeal kyl ated to produce additional benzene. In

WORWenTd33P03- PCT enbodi ments, the benzene i s rREDUS08/086147

ﬂ%#qag_r%%yl ene to make phenol or with ethylene to nake
e zene and then styrene . Brief Description of

the Drawings Fig. 1 is a flow diagram which
illustrates the production of ethylene and conbi nation
afbetiehene an@l wihae 118 thecteactiadh e opk0dhseto make
benzene. is a flow diagramwhich illustrates
Rt ﬁ’&né’lgP AP 10 wer mﬁkﬁaﬁ%}%ﬁtk@“&@ﬁ?eﬁé re3et i on
§o)dowed by hydrodeal kyl ati on of the non-benzene
aromatl c products Fi g 3 is a flow diagram whi ch

$D OEAHIEREd | ower al kanes to

benzm% r eacti oncfal |<ﬁ\é%@aﬁywﬂ¥91{ meiaJs@Ia@bboah@f the
aromatic products. Fig. 4 is a flow di agram whi

PTYst i arne s f ac S akiEd an€actBPisEhetfe Atheirevhcas| aréﬁ ethane
1her oduet - of o thesglihapenotndl xed | ower al kanes to
benzene reaction are hydrodeal kylated . Fig. 5is a

f | owEdidagrant whi £ [A1gerpat B31¢hel Prisddétrentesp ethane or
ﬂM'l%%raQ@kMe&ﬁ b%@l‘%eh@ekéa&@ﬂi}! nahhefReliopproduce
phenol . Fig. is a flow diagram which illustrates
hmqﬂe@d@c’ﬂ-ﬁéh%fofprtém|n@ﬁeb9ﬂae%rﬁz@ﬁ@taﬁdpm@wts

conbignat i gn; {0, NBkS, RReROLWR! & M 1he (RERZENEHL Sethane or
separated fromthe toluene and xyl ene which are

st deakeky pakanes Riqgbepzegear #4ew i derlanafi oh
1idudeaigs st he, Eodugl boRnat; propydene and benzene,

uene, and xyl ene, the hydrode ylation of the
ar onﬂﬂgc |§r bduzt SLaw O}}ﬁ@da@eWEemeﬂrﬂeanﬁtdatthe a stacked

' [ f ; n joJo)Y r-0 e.phenol,
B e Sramwhi o T et St es e he
p¥=otu dlowe m @ftk@mefpytlce@@naﬁdebemcetrﬂ@r\meemdth@e@mylrae:ed-

Fig. 5 is a flow diagram which illustrates the

production of propylene and benzene and their combination to
produce phenol.

Fig. 6 is a flow diagram which illustrates the
production of propylene and benzene and their combination to
make phenol wherein the benzene is separated from the toluene
and xylene which are hydrodealkylated.

Fig. 7 is a flow diagram which illustrates the
production of propylene and benzene, toluene, and xylene, the
hydrodealkylation of the aromatic products to produce benzene
and the combination of benzene and propylene to produce
phenol.

Fig. 8 is a flow diagram which illustrates the
production of propylene and benzene wherein the entire
reaction products of the ethane or mixed lower alkanes to
benzene reactor are hydrodealkylated to produce benzene and

separate Cqop products.
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reaction products of the ethane or m xed | ower al kanes
to benzene reactor are hydrodeal kyl ated to produce

whem2ensdnnd separate CI9+ products . TH3203- PCTPEI/{jS2088/086147

| | di agram which illustrates the production of
%@%@Fﬁﬁgﬂgnd benzene and their conbination to produce
et hyl benzene and then styrene. Fig. 10 is a flow

di agramwhich illustrate the production of ethylene
and benzepneifok| oved Qwdhydr edeah kyliatdteatet the

non- benzene aromati c products to produce nore benzene

R €17 G190t RENC Eoritied Wi PRV EERY I Fite 106 1pr 6alieenation to

gtdldlerzepevantkthemstyeanecyRige. 11 is a flow
di agramwhich illustrates the production of ethylene

and tthe -prBdiigt ¥ ont Uf WPeAzafe " &t ueneistariexyiene
whigchace bheachydnedealkybatede t & prnduceybenzene

which is combined with the ethyl ene to nmake
%ﬁqﬁHQ9§ﬁféﬁéta%@ Q%éﬂ“%?@ﬁéﬁ@?z¢mﬁ.a%R?ﬁtPPugf@%W%%ftqﬁa
Product eReofcgtdvd ene @andsethane:diberzenenr eaciian to
products whi ch are hydrodeal kyl ated to produce benzene
M EIFS Steghbenetnsvay tthened yterfe to neke

et hyl:henzene; and £hgn Skyranewn Del ailledPasesi ptd on of
the I nvention The present invention is a process for

R SHFERG af ofalRY ke Ty didlc &R BoRBO GG P Tc OFpPEB ESNE

051 NGiNg aaqhydrocarhonf eedst ook CAMAIAIRG) at o east
about 50 percent by wei ght of ethane or other C2
fscaPBoAsnor vini ded S eraplatRands) wich eghgaeag yist make
Sonpesitign sHhtable forpromting the reaction of

such hydrocarbons to aromati c hydrocarbons such as
benzéng.i Aol tonttacttest taet enpératinre odf e5801lene 7801 0C
BB RLCESHEE 07l O 10005, 002 s0] ute. The

prinmary desired products 6f t he process of this
hynremciadvapeeherz e ducel benecandihiydhens coffhened with

1A' Q581008 L A he J8898ERsK, IBY, PE1RENANG, e .

Detailed Description of the Invention

The present invention is a process for producing
aromatic hydrocarbons which comprises bringing a hydrocarbon
feedstock containing at least about 50 percent by weight of
ethane or other C;, hydrocarbons or mixed lower alkanes with a
catalyst composition suitable for promoting the reaction of

such hydrocarbons to aromatic hydrocarbons such as benzene

into contact at a temperature of 550 to 730°C and a pressure
of 0.01 to 0.5 Mpa absolute. The primary desired products of
the process of this invention are benzene, toluene and
xylene.

The hydrocarbons in the feedstock may be ethane,
ethylene, mixed lower alkanes or mixtures thereof. 1In one
preferred embodiment, the majority of the feedstock is ethane
and more preferably, from 0 to 20 weight percent of the
feedstock is comprised of ethylene, preferably 5 to 10 weight
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et hyl ene, m xed | ower al kanes or m xtures thereof. In
one preferred enbodi nent, the majority of the
w0 ewdstsek i s et hane and nore preferably, fronPQr/U82088086147

y%égq@t_]?%rcent of the feedstock is conprised of
ethylene, preferably 5 to 10 wei ght TH3203- PCT percent.

Too much et hyl ene may cause an acceptabl e anount of
coking and historically, ethylene has been higher in

paddie . hamobefzemnes tyl enbi 5a@nbockddret acthetable amount of
hydr ocar bon feedstock preferably contains at |east 30
(e den e NEy e F ght CoFL a2 Shjdl 8Rar bvhLeSpr f-8Pabl i atelue

tieastobleper cent by Ringhbi kAt Anatder,pbekepbfdreedstock
enbodi ment, the nmajority of the feedstock miétl ncl ude

i ST Adwe FORFR AN ™ 16PRANED PR BIRIHe PYbutaRRt @hdi-or

IGRir RlkaBes, op rafyr LanbizRat beb: t fiereafcenknpthisSight. 1n
enbodi nent, the majority of the feedstock is ethane

MRFFropaREST THE HRRGERPBont ke dRRIUEK YpPéf Rabfgedstock

fOntRiNsdat nh gasgt1 A Pencantsby yeight, of-oghhanesudine,
| east 40 percent by wei ght of C2-4 hydrocarbons, nost

Prefar &bl P lAEIPEaSE BOY perdene thynwelgitolof E2- 4his
MHQGANRONS e | R R ther gnbadi FBM st ddie ibeedst acks Yy

contain in addition other open chain hydrocarbons
Rieitaioni nghbelb iderr 3rhard f8eeak poh iU 2R3 YeopRrBRI NS

reaRedof e exambes,ofrsuch additd onal jcoreashant s-alfiepy
propane, “propyl ene, n-butane, isobutane, nbutenes and

VSt edeC2-A Ay Xeekd pees - alfRaherst femnplivay tcoatal P2,
ﬁg%cé%% %@d@gagggtx@kﬁgpﬁ§déggaP@&hpg’Jﬁpgi@ﬁégpéﬁho&yhent,

et hane/ prop utane-ri ch stream derived from nat ur al

gos, faeglitnekynay gpattrageheni edfisteraidicirnebadi algewast e
eans ., ; i akl j t f

@ﬁ eamns bioﬁglx gg}e%%gnultqga?%ttﬁgtghl #rﬁy ?%? t%)qlb?rels?gg% s

et trsve sand - pr opediet fa emanat as abf gasc retdhanehal

| £ [ th t ar
O Pl e Rl e R PGS A SRS R -
butguefs eddnasopatergas (LNG site, C2-C5 streans from

assoql leda0Rsee: SnlRdueeda ALy (ISR b, PrOdUEL iy or
Cs+ alkanes and may be, for example, an
ethane/propane/butane-rich stream derived from natural gas,
refinery or petrochemical streams including waste streams.
Examples of potentially suitable 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
liquefied natural gas (LNG) site, C»-Cs streams from
associated gases co-produced with crude oil production (which
are usually too small to justify building a LNG plant but may
be sufficient for a chemical plant) , unreacted ethane
"waste" streams from steam crackers, and the C,-C; byproduct
stream from naphtha reformers (the latter two are of low

value in some markets such as the Middle East). The use of
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are usually too small to justify building a LNG pl ant
but may be sufficient for a chem cal plant)
wapreanddesl et hane "waste" streans from st eam cPGEKE2088/086147

OI%W_%C(E - C3 byproduct stream from naphtha reforners
e latter two are of |ow value in some markets such

as the Mddle East) . The use of TH3203- PCT m xed | ower

al kane feed may save consi derabl e energy because the
Bie afbwsepal Rihd I de nafdisMirduadn §i@lcatabuel ¥npf @ because
al kanes fromeach other is elimnated and, in the case
e ad$EciPat EAPYReT T Fr d8HEBHG t FdrPhdgedy| Pure alkanes

PraducicnoBe nt hei gastidfnatebnp£6f i N 0fc sUEh gasgssdSiated
el imnated. The m xed | ower al kane feed ma¥ be
%ee?eispéifoéipé%}u%l‘?@ d‘f]éd1 WERer _@Fét?@%ﬁqlﬁ@rt §asesssith
AsiMjddragancanghor gMddy varbousi hdght. hydeogarbonsower
and/or with low | evels of additives needed to inprove

Tty decpefrbrivaritedl iesaarly Abtired “ga&s, redbaptysihgrert
PredomgpRanthyn et hane arenber i an +NGRlant gat gl evatadons

pressures and is pre-treated to produce a purified
TP srEER SOVt BT T Of PRghetdet itiecd &Py oRAPES

tenpesat yeesorkihane, propane, butane and other gases
are separated fromthe nethane. The purified gas

( et Kane) Ly s pf veels SE¢ -t kPBnghs B plrmesloriyapt L¢ oot iirge,

Si@ages UsiRg peatt exchangarsqyt 9 ogressihvely feduce  iqq
its tenperature until liquefaction is achieved. The

separcatied gasesi el Feedsedoas thetadtlifaerot igigerrtion at
|k eed. str t e Lnvent i

éI'hge I;Le;%rc 0 Eg eIst reae:rSts' %?ggg%édgg?ﬁ{rﬁez %&%gggs%odfi ﬁheer

pressertrel Aerar{ord neyprnave nethencoolTdd oristed agrs or

Le . ar . b . .
R angRr = Dok 1o e o oo Pe I3h P o
netiahe agasxchdmye ongcoforagvas s etyl wfredatcal yss stermyetpgure

&?{ﬂ tQ RLRURE .4 N, reactlan of el ?‘%g)%r%[tﬁwéggg L Qper pe

al Kanes to aromatic hydrocarbons. suc a?yst 'S
destraspedel athhiS: o 89%c0060owhr chl kadrerfeied stream of the

ﬁﬁ&gﬁgpﬁ%%ggtggnre%ﬁk@@%%rgaugEsstreams produced by the
process of the present invention may have to be cooled for
storage or recycle and the cooling may be carried out using
the heat exchangers used for the cooling of the purified
methane gas.

Any one of a variety of catalysts may be used to promote
the reaction of ethane or mixed lower alkanes to aromatic
hydrocarbons. One such catalyst is described in U.S.
4,899,006 which is herein incorporated by reference in its
entirety. 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.
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entirety. The catal yst conposition described therein
conprises an alum nosilicate having gallium deposited

WO bepoei3dand/ or an alum nosilicate i n whi ch caP@CDENS2008/086147

{ﬁéﬁﬁﬁyﬂ%% exchanged wth galliumions. The nolar ratio
of"silica to alumna is at |east 5:1. TH3203- PCT

Anot her catal yst which nmay be used in the process of
the present invention is described in EP 0 244 162.

Thi s eattakbysta €Mt seS chheagabal ysdd desenkbgdoddisd her the
precedi ng paragraph and a Goup VIl netal selected
PrOIRThdVERT and Pt ASSarPeFhe” afuMl rdshi 1Ltéat eS 4t e

sald e pheber abl yrrhe cM%lal?Et Mrdsd ¥ SthUehHr 88c @i ng
may be ZSM5, ZSM 8, ZSMII, ZSM_ 12 or ZSM 35. O her
Eﬁﬁ%ﬂ%ﬁ?@saﬁﬁi%hGﬁﬁ¥>Bglésgét?h %%%aﬁﬁﬁké§§mofh?@%ﬁm and

Preseiin.i nvedt i oinaleidesaribbedrd nsdd S0l p186e Bl ANk MrI
U S. 7,186,872, both of which are herein incorporated

by MEf erBRcETTRCEHE T 28Rt PRELYS FHE i rXStl-6f Ehéskl, 25M-
patentzgvdescri bes a pl ati num contai ni ng ZSM 5

crystalline zeolite synthesized by preparing the

zeol A& eEoRBARAY T t"HE CAl BAY nBitn ginl it&éenPrace e of the

o ABWOT Ky HEPOST I GicRI-at bBYM o1y the Zaalsl b1 andy u.s.
calcining the zeolite. The second patent describes
SuchP /3 72at BPYRt o WHiteirhc grealAse gal dnapancratRé by reference

£ ampwer knandei g, esgentdiakly al um numpfiees Additional,
catal ysts which may be used in the process of the
pYasanm pﬁ@éﬁtm%ﬁg!Zﬁﬂ?@d@rvﬁé@blﬁéséﬁﬁﬁé@eiﬁyﬂFEESlzed by
5&&%%&@%@7thQGEé%W&ﬂé“Eyﬂ%gﬁﬁﬁﬁg bye refgrienge-hl §18icon in
entirety. These catalysts contain an M-l zeolite plus
dte | feasevwons, ndbives itetral Pfipommttheopltdts ramlfaai #1yd and

@glél%%‘%tg gﬂg Qggilt‘éeonalTh@?Eétof@?ﬁkgfg %@sé??be% OO%gCh a

consisting of tin, gernmani um nd i ndi um
prigflersteghcah at ystafror gadéiim tiitshd fwemeiwonki gnd is

SN, AR e Sl el on e

for tdeli€Convelsiamrelysts which may be used in the process of
the present invention include those described in U.S.
5,227,557, hereby incorporated by reference in its entirety.
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.

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 is
hereby incorporated by reference in its entirety. This
application describes a catalyst comprising: (1) 0.005 to 0.1
gwt (% by 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
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of Ethane to Aromatic Hydrocarbons." This application
is hereby incorporated by reference in its entirety.

WaRog/0x3pd i cati on descri bes a catal yst conpri SPEIUSZ00§/086147

%ij 0.1 %t (% by weight) platinum based on the
ne greferably 0.01 to 0.05 %w, (2) an anmount of

an attenuating netal selected fromthe gr oup

consisting of tin, lead, andTH3203- PCT ger nani um

§hrinChh g, NQLIBK 14 ha ndr 82k b ess Jm"tafletshetﬁﬂfﬁ)uﬁﬁe of
platinum preferably not nore than 0.2 %W of th

Tty pgﬁ%éﬂu% Riird SrePaly; neB) A tt61a§90920/@0t’t ot drie
S Resi bheabeon piref elcabhy azzend ide,odhasedtopr the
alum nosilicate, preferably 30 to 99.9 %, preferably
eI EOSd L FBRT h%fegfre&@ﬁléfoﬁsF%?Jrh@e'ofbaZSM 8“ ISR | |

oM ik, 14SM 28, 9Fc Z3M39, 30T ef egabl W&O%%E@Qakgpyt he

H+ form preferaly having a Si O2/ Al 2 nol ar ratio of

$¢ IR0 £1PB BOS 19T AR COAP Latbrader Zsﬁ’# eb efaliryl, 25M-12,
sah-ect edf Lom s | i 0@ ralumynacARd-TH Xt @t her 80fn,

Anot her pr eferred cat al gst for use in this inventi on
Pie ifeedrivhedving (B S0/ ovi%si Babkt Appliccafi 660R020:1 to

@91/ 1029939.(4% 1 b egs feehr U%{rﬁf%@ab?@%l@@t‘eﬁ' edomPs OLESS

for the Conver3| on of hane to Aromatic
HydHocarbensi *t i S Hsplecéat i on is hereby incor por at ed

by refgrence in-dtsentihety, fhe 1%@' ' C%&innventlon is
descri bes a catal yst conprising: (1) 0.005 to 0.1 %

@y bwel ght Y - pi a1 9P obas eliPbhi ¢ e aretal-, 6&){@2%%% y
%Egii%%bngﬁ 9@6 jﬁﬁ% d%%gggéébLﬁEé%ég% %@rotgé 8@%version

an anoun iron I'S equa to or ar eat er
Qhaﬁ*thalm@ annancom@tflq Wey dploatichoms bUt Thots poprélthane.150

1%%8r 8£§%&§HJ Q&ﬁg %ﬁp ylﬁ %1&@ .0' e@@w
P st R4 071

e catafyst, no pre erably not nmore t
%mllcﬁattlhe dasatifxts chasédlyatt tengmetsalng:(3)) 10.@@ to 0.1

el o fridh fr et 38, & S R 7 BBty
04l tor &f.efabliy, seisactp&@fémmy h@. @r cup Oc@ﬁs?st: ng2 Jofan

g%%%é% d%syhgh wgg%ﬁ]f% éé%yhng 54 égggfg%’than the amount

of the platinum but not more than 0.50 %wt of the catalyst,
preferably not more than 0.20 %wt 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 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
S10,/A1,03 molar ratio of from 20:1 to 80:1, and (4) a binder,
preferably selected from silica, alumina and mixtures
thereof.

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
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preferably converted to the H+ form preferably having
a SI2/A 2038 nolar ratio of from20:1 to 80:1, and (4)
wa2bpnassy preferably selected fromsilica, alRei/ns20a81e86147
3(%%;%% thereof. Another preferred catalyst for use
| $%nvention is described in U.S. Provisional
Appl ication No. 61/029478, filed February 18, 2008
entitled "Process for the Conversi onTH3203- PCT of
&t aneinko tAr @ﬁ@fﬁé@lcﬂr@rdeeaébe@ﬁs ' Thirs sappbil €a& Doh i1Ss
her eby incorporated by reference in its entirety. This
BARYC dCORPEERETT Buk & FEARAFY st cidrmprinSitAgGEY ¢ 1)T}€)15005
41910 ch Wi (&6 byiwel ghtohtph abi nibpbased onil he. ot alo 0.1
preferably 0.01 to 0.05%w, nost preferably 0.02 to
0 05% WY, YE2yPBh RrUR Tof b@%?‘ljr ernW‘ﬁ Gﬁ‘tﬁ%' egtafetdLly

®rogreabensthan, thesamunt -ab1 4 he. @ atd nuak: pref erablas
no more than 1 wt% nost preferably no nore than 0.5
FRWUhaded2bhi the' gthalls £3yaL0tt PO IGaREY, BRaANTE

AUMANRS kheabeat P1ef erablryrapzeold terbased onythe nost
al um nosilicate, preferabl y 30 to 99.9 m% preferabl y

R feepdd v PENTeFR (grasupy - Sohst st hare bozSkesme YaM 43D, 10
1,203'\491% SV, 2351 OF 1 #5321 1 PREE m@béﬁér%weét gdo10. 4 he

H+ form preferably having a Si Aol ar ratio
RAsET o 2 ela%@nwsella?ﬁaemyref%r%rdlér SOpicef 8P ablwrs,

ﬁﬁéfé?}a%q temsidd caoplumi pasand-JAxtunes thepaefs, zsu-
One preferred enbodi ment of the present invention i's

EhowtM—A 2Fi §SM123, AT &SNané., fee@ferakledrcem@reat@%t@tw H+
§<Efr@a'£§'efe9§bi§/fr§§mﬁi% %Ebeﬂm bS pditoduced thPré}n 20:1

catal ytic ethane crac which’ produces ethyl ene
st réderh, 8 andEL Ay %rielfsierreawsfesalebmﬁai@@tﬁﬁt hrehesilica,

ﬁﬁ&r}% et hape.feed stieam-4 and introduced into the

ane to benzene reactor 10 (hereinafter in the
descrdnst ponfefrehesnficgumest ohetidesoraspriconnwentigrefier

LR g AR Bt LN s, Iuinbended 40 d nalideomxed Laver

Intro uction of e ehe Into the ethane to
Perzerse teactbrst(Fdart seases thelmmcaiudeyidnotar@ocrﬁtalytic

&gﬂﬁﬁg%h%gker 6 which produces ethylene stream 8. Ethylene

stream 8 is combined with the second ethane feed stream 4 and
introduced into the ethane to benzene reactor 10 (hereinafter
in the description of the figures, the description will refer
to ethane but this is intended to include mixed lower
alkanes). Introduction of ethylene into the ethane to
benzene reactor 10 increases the total hydrocarbon conversion
rate and/or the aromatics yield. The reaction products are
transferred through line 12 into a separator. The separator
removes methane and hydrogen through line 18 and unreacted
ethane and ethylene through line 22 which optionally may be
recycled to line 8. A portion of line 22 may optionally be
diverted in line 24 and combined with the first feed stream
which enters the catalytic cracker 6. Optionally, Co

materials may also be separated in separator 14 and leave
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rate and/or the aromatics yield. The reaction products
are transferred through line 12 into a separator. The

WGepanai3er renoves net hane and hydrogen thr oughCT/USz008/@86147

@ﬁgqur cted et hane and et hyl ene through line 22

%5 tionally may be recycled to line 8 . A portion
of line 22 may optionally be diverted in |line 24 and
conbined with the first feed streamwhich enters the
catRlgH i1ener ackerrihal11@pt benakhy, i CPrormiceni ahs Mes
al so be separated in separator 14 and | eaveTH3203- PCT
??ﬁ%ﬁﬁﬂ?rlﬂﬁetﬁﬁougﬁrﬁﬁqey ®benzene is produced and

I eaves&o%a@@rgk@ferlfed Ri@dahnt hheo A GhARRtReht I ef&fteth is

enbodi nent of the present invention is described in

t g riped AR EBthane f@éue&héﬁﬁu Epedrety Wlﬁﬁym%t%é“ay not

pardd.alily 19i vevd ech 4 hiroudabnagn et hane caeker) |

i ntroduced into the ethane to benzene reactor 10 The

FeacduerplBHEACERS ftdomed tehPoutr infect2ri Ao tHee

SeNa0hrdducOptd analdyy cnethaner and et hnkenenar feparator

recycled through line 22 to feed line 4 . tionally,

o+ ﬁﬁﬁéppaﬂéynﬁvjbﬁmS@ﬁérﬁﬁéﬂl?mﬁcﬁﬁﬂwqepﬁé ©@, through

Benzene s rpeQduced andd.eavgsiihe senaf@lQhik4nay be

through I'ine 16. Tol uene and xylene are al so separ at ed

fenatee behenk BrtP 1“PaveBERAFOUYhtd RFe@IPgeandndrkeaves

i reducedoint o éhJBUE%OQQﬁEKYEat'ﬁthé%%CEQB 321 0hereidn

the toluene and xylene are reacted with hydrogen to

@#%ﬁG@@aﬁﬁﬁ@dbéﬁ%@ﬁémmﬁﬁ@ﬁepéa@@@ kﬁ%@ughrppﬁb Bine 28 and
Hohtendaomat eii Al s deayactiie, fwdipdealkebal boMmecein

reactor 32 through line . The net hane and hydrogen

gte darhug8ef pod zsyélpfa”reatame macse@pftﬂttdhémdytogﬁeat@opmduce

IﬂXngggﬁgkgcgﬂféﬁ ngJéSZQ %@8 ﬁ' dg hydﬁ?gﬁﬂ é§ds
uce e

recovered and 1s op tlonal tro into

mgﬂhnﬂﬁéalRybaeltWErkMﬁﬂQ@EaEZylhtxmnﬂrdacm@rsaz Metdragie 1ine
o] g VEer ni .

% %Haﬁé %Lsc C%¥%'gngg %?ﬁ%fﬁ%g%eﬁ%gé?%gﬁgquls

ﬁtmonmiigrtbedt$® F guwyd2ogehnrédtweemnboditngat yhéhein the
1@% eog;eelegaggl E?%c?l\ggreedaraendngts SEPRLAL £, TR QM BENZEN 16 the
hydrodealkylation reactor 32 through line 30. Methane is
recovered from the hydrogen recovery unit through line 37.

Fig. 3 describes an alternative embodiment to that
described in Fig. 2. 1In this embodiment, the xylene and
toluene are not separated from benzene. Instead all three
leave the ethane to benzene reactor 14 through line 28 and
are introduced into the hydrodealkylation reactor 32. This
embodiment provides the advantage of eliminating a separation
step and increasing overall benzene yield.

Fig. 4 describes another preferred embodiment of the
present invention which has a stacked reactor configuration
and wherein all of the reaction products of the ethane to
benzene reaction are introduced into the hydrodealkylation

reactor 32. Ethane feed 4 enters ethane to benzene reactor
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| eave the ethane to benzene reactor 14 through |ine 28
and are introduced into the hydrodeal kyl ati on reactor

W@2009/016383 enbodi nent provi des the advant age of PCT/US2008/086147

|nating a separation step and increasing overal
@%%%%ﬂg%?ield. Fig. 4 describes another preferred

enbodi nent of the present invention which has a
stacked reactor configuration and wherein all of the

1@acld encpredueisn afrdheret hanee tnhenzenenceagtiad are
are introduced into the hydrodeal kyl ati on reactO{hSZ.
e

BtHae creedn 40 ehiter’yy ngRe <Y b2 btz erfe ctor 32
h
t

RETHZ2081 RCT--ransh bheateastd.an pheddctsd! €aMaigh
.rog%h l1ne 38 and are introduced into the

ealk§| aePofF rTactor 32-. FhEdPeaearkyPar FGiE

Teacdd emBLedUCt S af@ | Ahrodused AW aughtl hBee 4051 Nt ave
separator unit 42. Primary product benzene | eaves

Hhrolidh LEPRe? 462N THE g ASET YaRat ¢ T ghtS MRt ePi aPEPTEHVE 7+

dheugh sl hpgvd4ciand,drhe iheavy , materd algowhineRe comprirse
C7+ aromatics | eave through Iine 48. This enbodi nent

i HRecafv ARt Byel o iSFVRAPLNECREVEr D SEFRFalPON BT EFSIng

&d-dincreaskpg pyveral | benzene yield. The unreacted
nmet hane and byproduct C2-5 hydrocarbons nay be used in

ot her'hst 8pscast et etbtdrvdrop N febyRT @M CH ComplyyBeocarbons may

NeGessany Lengpoldhese byprodugts, o diquely themy ne
When the ethane or 'm xed | ower al kanes “originate from

RECANG P! At ca’l aressulyraPdrfes pur i flicgetivohhen - t HEhen the
@@&Hﬁﬁbrgﬁ§xeétl&&ﬂ?%l%%ggsogr£€§§ﬁxpﬁﬁ%%dgﬁtﬁN@ﬁ%ﬁQﬁbas

cool ed and 1 quefied using the heat exchangers use
4 icprefly thetparpdiidd aeationabf gblke (mastiradepas, The least
af | ti |.av t I '
A eme ey Fened b LR pan R LAY P Sner bt o
wid Maayrdesgbantor stusqpl ok yiage dypshe romithed anammtdlc gas
f& %ﬁg produce additional benzene and |ight ends
I nclu |%g met hane and et hane which are separated from
t he Dérzégdrodae skstadp osubstant ol irywdlversedsesredetion of

é%%%éﬁg, E?Egegf é%ﬂ?%%&%zéﬂg,tgﬁ§ higher aromatics with
hydrogen to strip alkyl groups from the aromatic ring to
produce additional benzene and light ends including methane
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
out as described in U.S. 4,806,700, which is herein
incorporated by reference in its entirety. Hydrodealkylation
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
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Is highly advantageous. Both thermal and catal ytic
hydr odeal kyl ati on processes are known in the art.
wab@pmed3zieal kyl ati on nmay be carried out as deRCT/UkA8/086147
+ﬁ§§é3 806 700, which is herein incorporated by
Fetetence inits entirety. Hydrodeal kyl ati on operati on
tenperatures in the described thermal process may
range from 500 to 8000C at the inlet to the

s Ddgahkylat 1 s 4 eatleenhal Thel pfiessur@cmayatange fd9yal
2000 kPa to 7000 kPa . A liquid hourly space velocity
T3 t4%e W4ngé°6f 0.5 to 5. 0TH3203- PCT based upon

avai lralal eoi aher&adcneahunengfutbesf eatd i-eacvessel i frays
be utilized. Due to the exotherm c nature of the

PiEct iTGRN L BY] 5O g1 e GliFr 82 ot Perfoltifft Re FeaEtitowes

W H Wo tRhmEBE 8t StAGES W bl hhtesmadi alre teQokbASt Hts. Two
guenching of the reactants . Two or three or nore

?%d@ﬁﬁ@nOﬁe@@é?sr%%yﬂ#ﬁeW€§6?esU@“U§@@Ieﬁ0§@rp%sUSQ%éﬁ

&o0ldng Ry Q@oﬁﬁﬂj%%ﬁdb@yabﬂgé§@§Unh%%Hl%é§BaHQ§tOr
i nterstage coolin en two reaction vessels are

SHlasEed OFnlflher%w%@eﬁlkwat | BRe i, fepcison vessels

Prefernedetihal EM@rﬁkﬁ%beéﬁﬁgié9ﬂn¥%§§%| Be is preferred
essentially devoid of an ernal structure and that

The SeCoRdT9BSSel OO AERSSU be o et imtapmapvoid of any

SITUGEUr €L Ph LML Sy RiUG Lhowofotdhe Jgact apLsain
through a portion of the vessel. Alternatively, the

hyldricdealtk yhae fonl zﬁ@cﬁﬂyecéﬁtm@m%@b@dum faogob§ d-he
£@atcaéa36%ts SHEHL a8 5%&%%' ystrdesgrdhad in U S

, 751,503, which is herein incorporated by reference
|n |wétemnatevglyAﬂ@ﬁhemygesse@l%ykﬁnxmnyﬁpee may contain a

%@,/ngog,j IE%X\/\gt &%{]al?ﬁ%e%%%hl gsdgﬁgréépte‘d S[E He§ ribed in

rein I ncorporated by reference
WHSiﬁ%7éﬁt59étyWhﬂﬁlSSp@EeﬁEndEBQWHHﬁ¥§U§d by reference in

PMQQQQ%%E%%'atAﬁ%Eﬂ%} %%élﬁﬁér&§ﬁ.§#%o e drgdealkylatlon

zeolite-containin wWhi' C ntarns
mﬂqnasmuaﬁadGSCInb@d:MeaUS TheoprotESs vibgch is herein

Jgrg%)f re%'g %y %?%ef QR At %S”@erate‘{r es Langi ng.from

0C " 0 pressures r angi

describes a hydrodealkylation process carrled out over a
zeolite-containing catalyst which also contains platinum and

tin or lead. The process is preferentially performed at

temperatures ranging from 250 °C to 600 °C, pressures ranging
from 0.5 MPa to 5.0 MPa, liquid hydrocarbon feed rates from
0.5 to 10 hr™* weight hourly space velocity, and molar
hydrogen/hydrocarbon feedstock ratios ranging from about 0.5
to about 10.

The integrated process of this invention may also
include the reaction of benzene with propylene to produce
cumene which may in turn be converted into phenol and/or
acetone. The propylene may be produced separately in a
propane dehydrogenation unit or may come from olefin cracker

process vent streams or other sources.
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fromO0.5 MPa to 5.0 MPa, liquid hydrocarbon feed rates
from0.5 to 10 hr 1 weight hourly space velocity, and

W(Imma,mrt’py&jr ogen/ hydr ocar bon feedstock rati os reeUs2H08/086147

{ oyt .5 to about 10. The integrated process of
'S |nvent|on may al so include the reaction of
benzene with propyl ene to produce cunene which may in
turn be converted into phenol and/or acetone. The

pr opydigne smay1 ber priaduced sepasatelty dm taeppBPatE
dehydr ogenati on unit or may cone from ol efin cracker
B PeAPPSE T e Pé?ﬁ@Ptsb%‘f@c%tswﬁmzﬁﬁow F.

i dddislat eso0qne BodioneAt o opr shieh PhRMQUrBEOEMELdOMini t
aspect of the present invention. Propane is introduced

%raduﬂgwrppﬁée% 1349 t@r@éﬁéﬁefa%%%/dfrb&w&t LoAS uf t 152

Sichr epylene: drde, diher eicn f bausot ugh thibpespdedtaxy may
phenol production system 56. Phenol production system

5% GREpPrBEcofprided oftianyrefeetrs prdc 8s<esaf Bremrkifiym

phengle hem henzene such ragctihgseowesaribedbghovw: 1ecaves
Product phenol |eaves the phenol production system 56

thy Gl oli RECYTCE Eha&vsterons ERFoisgh 1ince>88 into the

et hang npcbenzpne- N RACHON 160 8ndi benzene RLAHNCEH penzene
therein flows through Tine 62 into phenol production

Ba1TEn $6. 2Tl hemE N prefe cafdticoae idr dirtiscEhapegh line 62

seRaralkedapdobeavet ruah bkne B4 Hhese, my. beg ¢,
further processed to produce nore benzene 7t desired.

gpriedrialsl yreaspertdtad ¢hdt heape opyi®nd daypepbe4. These may
%é‘tf&%%%dpw&&sé&? £ hang, ke henzene feacter Lhroygh

I ne 66. Line 66 could be a vent stream contai ning
Q@ﬂmr@lémauﬁt Boofiqr @ﬁylt@ﬁepmhpxckemes raypibealhyreédyged into

vl ugd,, 8 Ftbé’ﬁ‘zé’ffe ARy Le QEE&&D% &lhape tEu?@”éeerb%uld

reactor cou I NnCr ease total droca on rate and/o
QHCHHMQHGSSYEeh@ C¢ntaﬂmanenﬁ@ﬁuh%rﬁmqna§®rb@egropy$@@p wgrich

5 SRR P PR D PSSR TR siane
mhQXUaﬁmeneeandOhyﬂmddbahkybasedt@tﬁl hydrocarbon rate
and/or aromatics yield.

In the embodiment described in Fig. 6, the reaction is
carried out in the same manner except that the toluene and
xylene are separated from the benzene and hydrodealkylated to
produce additional benzene. The products of the ethane to
benzene reactor are separated into benzene which flows
through line 62 into phenol production system 56, toluene and
xylene which flow through line 70 into hydrodealkylation unit
74, and a Cgy aromatics stream which leaves reactor 60
through line 68. The xylene and toluene are hydrodealkylated
to produce more benzene which leaves the hydrodealkylation
unit 72 through line 76 and is combined with the benzene from
ethane to benzene reactor 60. Hydrogen or methane plus

hydrogen are introduced into hydrodealkylation reactor 72
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produce additional benzene. The products of the ethane
to benzene reactor are separated into benzene which

WO b@®7430F ough |ine 62 into phenol production BYEUS008/086147

f?E &éyﬁ%%ne and xyl ene which flow through Iine 70 into
yd%odealkylation unit 74, and a C9+ aromatics stream
whi ch | eaves reactor 60 through line 68. The xyl ene
and tol uene are hydrodeal kyl ated to produce nore

Henzeme 1whkchs | eamesyddie phydpodead kad athiecophbnbl gZoduction
through line 76 and is _conbined with the benzene from
BIHETe 2o thEAY@hel ¥¥act/or 60 . Hydrogen or net hane

pl us Mhydnegesr afodditdedueedshdt® hydriodeal kybati @hpt is
react or 72TH3203- PCT through |ine 74. Product pheno
TR &9 tRB2pABAOH DrEdFerFont eyst 36! EHE60ghCPTRINents

&fa drianet heh-&MpdHmNy a8 sNPWYL IthdFingdrddeaM@ylation
attegg}é]s made to separate the benzene, toluene and

Wi te grpoaent Sand tHerr R xtture Rersent gperetdd yO-

b dhe hydredeal kwl atiion wRkbudR tiHoughihipe-d8 fram:
et hane to benzene reactor 60. Product benzene then

PISWS HRPOBYRTFT Ne® 76 into the phenol production
syst em 360t hBr aBtemeenbadi BBA N a8 showngi NnEi Ge+ Bupt 15

no attenpt is made at separating any of the ethane to
etz érte Seeactt ord prrodwdt $PRhPERCRE &S avNnza8car st figh®

@EJ&%%PstQEQHHhaiérgbﬁﬁ)ééoatB?n@ygr§¥¥3§mk¥h§BL8H_iHHé 80 to
2. Hydrogen or nethane plus hydrogen produced in
Malrodealdry il by 1 ohl areadticr 772 i BYdexg/s] ed rREbagh pidfe

ﬁ?ﬁﬂd&é% %EgaﬁgﬁaQMPQH%S%%eQﬁ9?9&%§m§%&%@%b§072C&Q*kecycled
hydr ocar bons Ich are separated fromthe benzene

Heawwht Henhy 8¢ oblet kgHharieonor eactore T2 odhcoaghttéare B4
-9+Pﬁg<§%9<lca%%ngewﬂ§9ﬁ i%é”gbe;p@%a%at Eal, axidationaf Leave
enzene or benzol c acid, t he cunene process or by

thre 'Rakokieglprbeeiss Haactam &k sohibmidhodndeas84a product

of C%%len?))fi 9%%9 madie f‘i»%!{e@fx‘e pé%fteisasi io%iégtk&qué% Wl ene
process tor devel opl ng phenol and acetone from benzene
andgrzopyl enédj nrowhiteh cooreneprscdde dmtogr redi Bédechig

§¥gé%§sQ'1%“E£HQaIJEEH%' %%é'as a product of coal oxidation.

The cumene process is an industrial process for
developing phenol and acetone from benzene and propylene in
which cumene is the intermediate material during the process.
This process converts two relatively inexpensive starting
materials, benzene and propylene, into two more valuable
ones, phenol and acetone. Other reactants required are oxygen
from air and small amounts of a radical initiator. Most of
the worldwide production of phenol and acetone is now based
on this method.

Cumene is the common name for isopropylbenzene. Nearly
all the cumene that is produced as a pure compound on an
industrial scale is converted to cumene hydroperoxide which
is an intermediate in the synthesis of other industrially

important chemicals such as phenol and acetone.
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This process converts two rel atively inexpensive
starting materials, benzene and propylene, into two

worne/0ugbiabl e ones, phenol and acet one. O herPCT/US2008/086147

%%ﬁkgg%ﬁ‘reqU|red are oxygen fromair and snal
ts of aradical initiator. Mst of the worldw de

production of phenol and acetone is now based on this
nmet hod. Cunene is the conmon nane for isopropyl benzene

Nearungnal rat heo € uieRe yehat bseProaditeddasodmPréfally by
conmpound on an industrial scale is converted to cunene

TRRIFOEIEXIE R Hhi RAH A5 eai 1T Rt BF PR St OVR It ReFriedel-

SYAHthesias 201,50} hesrdindustniyakbyid npIdant-iehgnigads
such as phenol and acetone. TH3203- PCT Cunene was for

TR Y s L BEERS pTioduced Jesrrered allt Y By FRE NO-

2] ki, atsi7on Qér@eﬂiﬁﬁﬁjWﬂthoﬁéQ@N|Qﬂﬁﬂg%%Lbasgaléﬁ%ﬁlyst
CGraft's catal articularly solid phosphoric acid or

%Niﬁﬁ“?uﬁ?Eﬁlé??@ Fch tos PAeSFT beefivie BRG. sPagciNore for

B 3329960 Mergek£oaNtdy cuhevevers: zeoldnbenbased aromatic
catal yst systens have been found to be nore active and

%Xﬁﬁﬂﬂﬁﬁ@@nﬁo?a%rQﬁnﬂ%ﬁyLﬁﬁeéfl%e?ﬁ@nﬁ?%%?“@@n@ﬁe@¢%@_ﬁ%?ated
xnown & haty, ar opRt | gy ydr gagar bens (tafs)be cakkybatede i imene
the presence of acid-treated zeollte U.S. Pat. No.

s 39Fr2e2d( p9sBYe tdldones 1oRabt chrreifd §isreparRd Bye 1n

the aldodhati gp ofshenzene wibhi pr %@a@%t‘ n Eh§ b et No.

presence of a specified zeolite catalyst. U S
N2 92,6662 d606+ Hest riltsesisehe f U@ TI2 Ma#L22 ez &bl tltleé in

zgﬂaeyl a;lsﬂélnagkol@ex@ier@%ec@leg%sfsgl&q@pyl %%erqnggﬁ%%% are

metho are describ
& PB5.6271in B, 52509236 Narsd 6, 888, DF7.. @Mq55®62ﬂhes@,525 236

hal %”ts%sabﬁnherﬁifr%f“g; LRar gt ed, by a[r%f % Saias H&‘cé%\%!]{)ayted

entirety one e nment, cunmene °be pr oduc
bxnﬂaﬁﬂmengebénzthﬁﬁRMaﬂtlgeopylene in a dlstlllatlon

col unm, 1.8acLer & r%”'c[&%eﬁefﬁnéﬁdo@epdf Ichar§a$&Léla¥dt%ng

di stilllation structur'e conprising a ol ecu sieve in
leerdiestal Wliahi pnopelotd am zonest hetabiorcatdhyphi cadd¢tor

&nﬁ?ghqggthef9§g§%ﬁxi%%1dlc catalytic distillation
structure comprising a molecular sieve in a distillation
reaction zone thereby catalytically reacting the benzene and
propylene to produce an alkylated benzene product including
cumene. Cumene may be produced in the catalyst bed under
0.25 to 50 atmospheres of pressure and at temperatures in the
range of 50°C to 500°C, using as the catalyst a mole sieve
characterized as acidic. Propylene may be fed to the
catalyst bed while benzene may be conveniently added through
a reflux to result in a molar excess present in the reactor
to that required to react with propylene, thereby reacting
substantially all of the propylene and recovering benzene as
the principal overhead and cumene and diisopropyl benzene in
the bottoms. Concurrently, in the fixed bed the resultant

alkylated benzene product is fractionated from the unreacted
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propyl ene to produce an al kyl ated benzene product
i ncl udi ng cunene. Cunmene may be produced in the

w@ 20000993 bed under 0.25 to 50 atnobspheres of PCEHES20%086147
fﬂ%&&g enper at ur es in the range of 50 O0C to 500 OC,
using as the catal yst a nole sieve characterized as
acidic. Propylene may be fed to the catal yst bed while
benzene may be conveniently added through a reflux to
fesditalisN addNBhdn€XGESSpRFeseAt fidh the Beaglefed enzene

t hat uired to react with prop %iene thereby
E%&&%$hgp§85%¥%%t¥éﬁifréFFl8Fa%h teRB) and

r ecovigll @glbengepeala@ltamedpbéﬂgéwlp&\berclﬁeag afikene. In
cunene and dii sopropyl benzene_ in the bottons.

THIUPertPyS 1Y te Oftlhﬁédaﬁeﬂlﬂf%d REQGUCEAt 1 aFkyiatedt

benzene ipk g@ﬁ%llﬁeﬁﬂéﬁgl Qnﬁkgﬁyifﬁﬂﬁﬂéﬁe, ethyl benzene,
unr eact edTH3203- PCT materi als and cunene is separated

FPl6Hiehe dAPKYY At A56Yez 8RE P OBTRICKWr SFEEgBPY Bylch are
Bdacticenab distidbaldon)kion The psdmciipaliahkylabesd s or

benzene product is cunene. In addition there nay be
B -allky PaPBRlf Prioffu P CRAg| tiae nee didvadd atkylated

ﬁw&%ylreggﬂﬁﬁﬂf’af’ceqr QRY¥EnBeHZENE: t €%k DEBZENE eq to a
t ol uene, diethyl benzene and di-n-propyl benzene,

W ot Lard abePT eVt 1 eedpEpe opeted iwrgdagions to

Eml'@gtgnp@I%Wl%t%% CURBOS., 1N A Preh eppedsy1
process the residual al kyl ated product’s remai ni ng

Rtzanec @rener sep et yan Prayebe, passetheng ghich may be
toansald ‘&Wf%tn‘)@h% e@cﬁ{&f meta raked yndef. ¢oadili PRSLQ

transal kyl at e pol yal kyl ate benzene, e.g., diisopropyl
beriiere sandanr G apriopyE chehzeae, Wit ¢Urenenahe chrgmyche

f@ggﬁ@%&g%gg fromthe other materials in the

transal ation product stream and may be conbi ned
MAthChMeneumemebéﬁvwmhhedfﬂnsslsypdna&w@nc Conenelgrey 1n

;g]fes di zed. i p, g1 1 ghtly V\Eg%h% Gondi tig Q@ee's”t%eégﬁ&%ry

radlca Irnrtiator renoves tertrar
hﬁﬂﬂ@ﬁhwchhﬂdpggenfﬁqmnnwmenenenaddﬂhend@rmerﬂscamQMﬂene

aaqglcai Rt s cynsne radical EQ%%&%"% Wt h 20 °<§<é’rge”

X
e t0 give the cunmene ydroperOX| de 't adi ¢ca
mhlicgchiliento give the cumene hydroperoxide radical, Wthh in

turn forms cumene hydroperoxide (CgHsC(CH3),-0-0-H) by
abstracting benzylic hydrogen from another cumene molecule.
This cumene hydroperoxide converts into cumene radicals and
feeds back into subsequent chain formations of cumene
hydroperoxides. A pressure of at least 5 atm may be used to
ensure that the unstable peroxide is kept in liquid state.
For example, cumene hydroperoxide may be made according
to the process described in U.S. Pat. No. 7,141,703, which is
herein incorporated by reference in its entirety. The
process comprises providing an oxidation feed consisting
essentially of an organic phase. The oxidation feed comprises
one or more alkylbenzenes such as cumene and a quantity of

neutralizing base having a pH of from 8 to 12.5 in 1 to 10
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turn forns cunene hydroperoxide (C 6H5C(CHs) 2-O-OH)

by abstracting benzylic hydrogen from another cunene

WWO&/@M3&3 Thi s cunmene hydroperoxi de converts PEIL/US2008/086147

f o dlcals and feeds back into subsequent chain

or tlons of cunene hydroperoxides. A pressure of at
least 5 atmnmay be used to ensure that the unstable
peroxide is kept in liquid state. For exanple, cunene
hydropefesidesamy: heh mate geeof dit Pt dchiteaPl €S oase is
described in U S. Pat. No. 7,141,703, which is herein
??ﬁﬁﬁﬁiﬁ?a?@dn%9t¥%ﬁ%ﬁﬁéﬁ&elPﬁSFt% QﬁﬁﬁHQQtﬁf Fhedprigrdss

GO 388 BLRO¥LEI A, amcoxkeakt oo feed CoRksEENGup to an
essentially of an organi c phase. The oxidation feed

THHIYT s Voher of f ifsiie V&l kyl bRAZeHES "SUcH2ad 2 e tinthe® arff+ds

ﬂm%%ﬁﬂbh&ﬁn%ftH@u&&&k&AbﬂgwbaﬁgubaMhﬂgn% BHsebaf4@m 8
to 12.5 in to 10TH3203- PCT wt. % aqueous sol ution.

IHE GFambPE§ - of Mhetithd@iPPn§epasts i S RespecfPvexidption

asltiralinzecakebeasd @ RebhLes 9f &cids iber prdadyr i Ndeam
t he oxi dation. The oxidation feed conprises up to an

FHRS 100 RAEePT dlFectinedues PHEFR®I€66ral i zati on

of acigentonpBL, i .ng et nﬁyot%hgﬁtkg@my@ﬂoﬁg%df of ramgachlc
separ at e aqueous phase. The oxidation feed is exposed

1RAIORT d&t PoHe coril omsl éFPEeRfve to produce an

oxi datdQn ; BROHUCL 181 18RAMCO0REEL SL NG, QN H@r DT e
product hydroper oxi des.” Cunene hydroperoxi de may then

el tyditdloyz Bddr ol e acingi eeredhamhtlegingé 1phéhpiir &b 1s
gestane.s Addi %19&3‘% tugf‘e'an%oeb%? %%ea%e%?é@n&?&'f

onatlon/hydro ysi s and benzene c [ orination/hydrolysis
processes thayshal sor tsntuyedhes eohvert ashechbearenelint o

o 111@'tQQUQﬁeQHhk%%t%¥OEQﬁ¥_are not as

econom call etitive as the cumene process. The
d|redmeoﬁndatto%xxﬁaﬂ@emZQﬁebQSZ$mpznain@ra@xygen®$§gen is

&ﬂooé ‘%‘_»r é %ﬁ:% *?%%%%”Sag%e be, GRpyent fEQtJS %nol

I ng e present 1nvention. It does not
a@ﬂpndmagrEacth©npmwadmtpﬁopyhehen.Fdﬁ:ek@ﬁphep Y@iire
Eggdtfg% with propylene. For example, U.S. Pat. No.
4,992,600, which is herein incorporated by reference in its
entirety, describes a process for the oxidation of benzene to
phenol which comprises contacting and thereby reacting
benzene and oxygen with a (poly)metal salt of a
dihydrodihydroxyanthracene (poly) sulfonate having at least one
sulfonate moiety on the 2, 3, 6 or 7 position(s) and which
salt is dissolved in water, optiocnally in the presence of an
oxidation catalyst, and subsequently separating from the
reaction product phenol and the corresponding (poly)metal
salt of anthragquinone-(poly)sulfonate. The by-product
anthraguinone salt is suitably recycled to the benzene
oxidation step by hydrogenating the anthraquinone salt,

preferably dissolved in water, to the
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4,992, 600, which is herein incorporated by reference
inits entirety, describes a process for the oxidation

w@toobensene to phenol which conprises contact i PQI/ES2008/086147

eacting benzene and oxygen with a (poly)
@%ﬁ%ﬁgggﬁt of a di hydrodi hydr oxyant hracene (poly)

sul fonate having at | east one sulfonate noiety on the
2 3, 6 or 7 position (s) and which salt is

&iwoﬂaﬁyﬁﬂom@éﬁhr&@nieo@éht)’bj{/ ncdhe presenceyofn an
oxi dation catal yst, and subsequently separating from
RHE YAt oh PriotiA" FhenoP BRd 2 HE Ao P e SPEALY Hy-

(pol yaanet ahasalt wfs anthragyi nonesod,pslsy) wsubh onatie rein
The by-product ant hraquinone salt is suitably recycled
IR BERZeRE BT YR 6n 18t &pS b§ hyfioge AEEFRgPThe?

S Y RAqUR0REe Sk fdatdlcef erabby-dissol vednbn water, to
t heTH3203- PCT di hydr odi hydr oxyant hr acene sal t

. . . . by
cIHtEEESn§ONE LW Hy dodgeRt ATt hig) g s4ehéélaFign column

hygregenahbens cad al VistactAddi tbepnally.a WiSciPabeidNO.zone,
6, 900, 358, which is herein incorporated by reference

pnAnge @Rthr et o0 s Gahes VAL pret et Ferabheabxd dat i on

aindenzene tQ phenolnqehicgh FeoRPLH SRS 1GORE RYOYSHYC thereby
contacting, in a distillation colum reactor

RIGHPIIiSiong BYFeetaoir onedant arthstin B4t L6asEoneortion

benzene w.thoa,2e0l iite catalystpd anoxidabts gy a
tenperature in the range of from above 100 OC to 270

PO atvereby tpe oduer oy la UedPoyr &t eld- Pr ddect! - wheteth
nd£RSL @ ROr§i om of, ke bepzenesbeing ik anki G-t ive

phase; continuously separating the hydroxyl ated
oy othrotr izeofRt eunum-aegdctiedehedzemnd matihgain the

'&¥3491%%E89%%865%é“H%e% %ggghéiﬁﬁg%éaftﬁ§§:Eggoggiépg the

aporize said un-reacted benzene and maintarn t
IytircosptleaedderpedaductiHom ahkei qusdl phasien ardunecovertiag

the Rydr %)ﬁ%aﬁfec?r Qfdo%%ts o bem i he distidihat EQQ. colym
reactor. e 1 ntegrated process of this invention my
alslodenchadect beigreact ivenzehe benzenelafiinls ebiehias such

Tg’cﬁly%e%l.en%he-rgghﬁehryel G WRY, PEsPLoAuced, separat el y,
ethane dehydrogenation unit or may come from olefin cracker
process vent streams or other sources.

In the embodiment illustrated in Fig. 9, ethane feed
line 100 is split into two streams. One stream flows into
ethane cracker 102 and the other into ethane to benzene
reactor 104. Ethylene leaves cracker 102 through line 106
and flows into styrene production system 108 from which
styrene is produced and leaves through line 110. Styrene
production system 108 may involve any of the processes
described below for reacting ethylene and benzene to product
ethylbenzene and then styrene.

Benzene produced in ethane to benzene reactor 104 flows
through line 112 into styrene production system 108.

Toluene, xylene and Co, aromatics are separated out and leave
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et hane dehydrogenation unit or may conme fromolefin
cracker process vent streans or other sources. In the

weeodrasent illustrated in Fig. 9 , ethane feebCI/Uf208/086147

d§i§§ﬁit into two streams. One streamflows into
ethane cracker 102 and the other into ethane to
benzene reactor 104. Ethylene | eaves cracker 102
through Iine 106 and flows into styrene production

sysden 108 EreswgwhichestiyneneThssPreduced1andal esyveSirther
through |ine 110. Styrene producti on system 108 nay
PIRAASFEaRy BFCTHe® prdcessacdescriBed SHaVof e oray be

toact imgmet hyt engs and henzenect® preduchcebhyl benzenaign
and then styrene. Benzene produced in ethane to

bEHz e r eAEt BPSADPTA GRS VENr brgh Fathee1¥sefnte increase

@ﬁdHﬁﬁ%1ph9698&£ﬂﬁn§X§%@%k%@§n Joldieng; oxykepsgaands GB+i1q
aronmatics are sgﬁarated out and | eaveTH3203- PCT

Freddiorre#04°thtdigh line 114 . These naterials may be

further peocgssetnd @ RNAdUEe- DY € benzeney, SPBBzene is
et hyl ene may be taken fromline 106 and i ntroduced

$9RT FedcfoPm 104 4 Giigh tPILHERa 18! Alhsergeser Poeecne

ADOUGr RIS 68N Ae USRE N0 ahACLEASE 8wl @hdbugh 1ine 118
hydr ocarbon conversion rate and/or aromatics yield in
e redereraibulatipn e lénboli ket ddudass beatede i mikhy.

éﬂnmp%%%%ﬂghi§i§§9ﬁkﬁ%ﬁ@_EEOB%%ML%ﬂﬁw%%% tehUene 1M 1ine
et hane to benzene reactor 104 and the tol uene and

XV éve flnswetheough Antve the8st ntonhydrcsHesiRy| aysierm 108.
ni r ﬂ e d . . ri
S Bl et W th bensonei n T ina 11 for oherials
+ntatdduet tonbemtend heasttyrehd productaven toystem 108 124.
+ i r 0
e i S S
himoggla Lkivhet 104 urtHptdriedenhopuaiet haree 1glous hydr ogen

are intr into.. hydr . dlon.unit 1 ,
e odon T HEE S O e nd T e et £
e thl seperat¢ enipt desizemde tolseparaatde xtyhenbenzrepmmients

gﬁ%l%ﬂg%raﬂ9x§gkgnﬁs%%gﬁpggngﬁe hydrodealkylation unit 120
in line 127. Benzene made in unit 120 flows through line 122
to styrene product system 108.

In another embodiment as shown in Fig. 12, no attempt is
made at separating any of the primary reactor products which
are sent as a single stream through line 128 to
hydrodealkylation unit 120. Benzene produced therein flows
through line 122 to styrene product system 108. Hydrogen or
methane plus hydrogen produced in the hydrodealkylation
reaction is recycled through line 130 to line 128. Coq
hydrocarbons are separated from benzene and are removed
through line 132.

Ethylbenzene is an organic chemical compound which is an
aromatic hydrocarbon. Its major use is in the petrochemical

industry as an intermediate compound for the production of
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and their mxture is sent to the hydrodeal kyl ati on
unit 120 in line 127. Benzene made in unit 120 fl ows

W(Dmoemgﬂrs% ine 122 to styrene product system 10BCT/UB2008/086147

C%nbodlmsnt as shown in Fig. 12, no attenpt is
made at Separating any of the primary reactor products
which are sent as a single streamthrough line 128 to
hydr odeal kyl ati on unit 120. Benzene produced therein
o, hiaugh 1hneudR?2 ot asstiyrenendiiodueblsysyesmd 08
Hydr ogen or et hane pl us hydrogen produced in the
Hyd PE?PaP%%%tVbéﬁF@6ﬁaﬂs g%@VEFEUOFﬁPBUQHG???ﬁelH

3430 1t arlounes 128. c Gk hydr oeanbons, A separaligded rompulk
benzene and are renpved through line 132, Ethyl benzene

W& tdegaRy cCeRemicsl TO6nBBEReC kI iSs PaRzarentd ¢

E@ﬁ%r@QnanlééléﬁﬂéM'gu%ﬁtb§ykébtJH%ﬂ%@éﬁ°9@§8%£@%
ustry as an intermedi ate conpound for the

?ﬁ?ﬁﬁﬁﬁﬁcoﬁeafq¥ﬁﬂﬁﬁ?qmgﬁ StyFenestniRaRZenet RN | 31 ked
A RIrJRK BEsPRhY Sty e, ancenmDaly; Usedpkastifthylbenzene
material. Al though of t en present in small anmounts in

£ (e Coin, 18ORyP Rtz éife SPEepPatiieed i n bul k quantities
b y combining the petrochem cals benzene and et hyl ene
in an acidically-catalyzed chem cal reaction.

Catal ytic dehydrogghation of Qﬁe et hyl benzene then

gi ves hydrogen gas @nd styrene h gwhich is vinyl benzene
. Ethyl benzene is also an ingr dlent in sone paints .
Et hyl benzene Styr , yfor exanple, be
produced accor di of U8 Pat. No.

5, 243, 116, which? ram§@ﬁgm ref erence
inits entirety.™{eprocess™e0ipri ses al kyl ati ng
benzene by contggﬁngHEhe benggne with ethylene in the
presence of a catalyst consisting essentially of an
acidic nordenite zeolite having a silical/alumna nolar

rati %t%&lgénkgﬁétm ]fo%”gxémﬁié(St@é éﬁtr'%%u%%“%&eggﬁding to

whi ch eterm ne X-ray diffraction to
e mneceksConEny - S. Pat No 5, 243 116, which is herein

incorporated by reference in its entirety. The process
comprises alkylating benzene by contacting the benzene with
ethylene in the presence of a catalyst consisting essentially
of an acidic mordenite zeolite having a silica/alumina molar
ratio of at least 30:1 and a crystalline structure which is
determined by X-ray diffraction to be a matrix of Cmcm
symmetry having dispersed therein domains of Cmmm symmetry
and having a Symmetry Index of at least 1.

Another process for producing ethylbenzene from benzene
is described in U.S. Pat. No. 5,877,370, which is herein
incorporated by reference in its entirety. The process
comprises passing benzene, ethylene, and a diluent comprising
at least one phenyl group and at least one ethyl group to an
alkylation zone; reacting the benzene and the ethylene in the

alkylation zone in the presence of zeolite beta to alkylate
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symretry having di spersed therein domai ns of Crmm
symmetry and having a Symmetry I ndex of at least 1 .

W@ EB9IPpr ocess for produci ng et hyl benzene f reeT/US2008/086147

ﬂﬁﬂﬁﬁﬂ%c%s described in U S. Pat. No. 5,877,370, which
I'sTherein incorporated by reference in its entirety.
The process conpri ses passi ng benzene, ethylene, and a
di l uent conprising at | east one phenyl group and at

tieadererRecet By fo g cih ti®ecancat Kydad iWaR ha@AR L n§ €8Ldn Nhe
t he benzene and the ethylene in the al kylation zone in
FHe IGresanéansf @ Z8AdUE berRr + o1& IGH R ETRE2DS: PCT t he

benzene tacf Ra eidly Repzengccans, Wdhdi-aweng: f@muhe

al kyl ati on zone a product conprising ethyl benzene. .
SthpHdwe Z/E§ - t NePe B& esduéed B?O%Eﬂﬂﬂﬂ'éééﬁéﬂ?nbst¢ﬁ§crlbed
et hylderzeneno Ong, process fafcproducd.ng StuEEREotSted by
described in U S. Pat. No. 4,857,498, which is herein
TG ratedL by ?%H%%%mme AHOF?%réﬁ#FKéﬁyfoFm6¥?@#Clng
Prcess 150re PEPOYC NG, St ¥rengt i sydescrikedsin th&h is
Pat. No. 7,276,636, which is herein incorporated by
?%ﬁ@%@e&@éoFﬁof%Ee%Hﬁﬂﬂéﬁ??emﬁ?sl%rﬁéé§§tﬂé?tﬁrodﬁ%ﬁ%g
ﬁ%d@é@%ef%QnEEbéﬁ%ﬁnéithf%%%tb@ﬁ?£E%E%§n%)aQ@a@ting benzene
pol yet hyl benzene in a transal kyl ati on reactor to form
thyA pedzenbylipenzeiehydr GgERat f agk etdiyiobeizefgoF nt@ form

dehydrogenat i gn & gehQf B M S YIRACene In a
wi t'hdrawi ng a dehydrogenati on reactor effl uent

egnpstricsieng ts oy r e farorct Rerdehydrogenali gathéaetorg a
@&ﬂ;&%ﬁ%&?gﬁéﬁ Leastcapentbop Ofnthe dghydrogenation tne

reactor e uent to a ehydrogenatlon separatlon
ddotdrpwendtyon ecod@rdmg agtlypenelifs orh tisgst a portion of

wg%‘ yo%’h%%ﬂ%?%&hé’@iéf PALALIQN FEEHL AN toetaz] gieﬂE;&Q%‘&M‘tgio%

irst i I'tor ement conponent to

shelydrtogenatetbhose pdr atticomesent | oryrene) frewoveei ng
t aydr P o) [ ecyel

R PR JEPELA 1, Sefesanp et (VAR
Tononent plameny Jongagsinng tat theasth3B%gehat hen seaenaition
Lo i or elemenl, comongnt L eGaYRTeddilehioh L8piNfion

ranséﬁkylaflon react or
section a recycle stream comprising a second inhibitor

element component; and g) passing at least 33% of the second
inhibitor element component recovered in f) to the

transalkylation reactor.

EXAMPLES

Example 1

The conceptual example provided below is intended to
illustrate but not limit the scope of the invention.

In this example, ethane is converted into aromatic
hydrocarbons in an amount of 3000 tons per day using a
process configuration as shown in Fig. 1. Thus, 3000 tons/day
ethane stream containing minor amounts of propane, butane and
methane shown in stream 2 is divided into two streams. The
first stream of about 600 tons/day is introduced into a

thermal ethane cracker 6 operated at typical process
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EXAMPLES Exanple 1 The conceptual exanple provided
belowis intended to illustrate but not [imt the
weewpe7ed3 t he i nvention. In this exanpl e, ethaP@l/US2008/086147

g%%%ﬁﬁgﬁ% into aromatic hydrocarbons in an anount of
tons per day using a process configuration as

shown in Fig. 1 . Thus, 3000 tons/day ethane stream
cont ai ni ng m nor anounts of propane, butane and

nmet hane _sho in_st 2 ivided into two,strea
e A b I TRt oo EEnaraay i rREaaPeon
i3l @t hepnal 0 et hadeciracker 189 aperdtcdd maxtuypi talstream
PF a8 ThH3203aR6GIt candictcngnsnef aowtB9Q A&d, b shdéPa

and ste nhto derocar%p%_ratio of abo%gn%ds.igggjm

belin ma%n methane . a drogen "1s ¢

reséitlng ﬁroduc mXture in°streams , contalning

Ut 150%seh Ay efred 30%sérRaned amtd Findnce beengthane to
e A e rf@blataﬁe and mazlfd _i@@@?alﬁyﬁiﬁ@d&d @wit EFr&%‘Iﬁ 22 in an
remal ni ng n | stream 4. and sen 0 e
itk ellg ORI il il bl Al LTS
SthreeamopRonanan Spus efthabene, I30®arensPdayylene,

rﬁé)cr]{a?jhen:aﬂg RUEPBgdA y&setah@)aelcaﬂm@wt%&owgggmt% WG is
as. e ene ro e, 0 ene, netnane an roge
P S5 ERRbrRett i th B0 PBbnt BOUH HiF 8 barAg o Sohe 1o
Prictessedinntihe etharsg ratomat ¢zztlon réactreackzoneis | n
éﬁ@rﬁat@@ntaltij%&i;@%75'tob|6g§% rat 1& W%E%é@rm@hea_ fi@j rrsaa%g ol

1.S Qper ef abou a . W, afle

15878 TbolF3” KPS 1WHST (el QR Polt 19 Space™ 2 tons of
M daetry toorof tamslywsft foeadhper) ton of catal yst per

hour )rne ThEaBL haNeATioMRYE baatl b & Lagt,OrrcrRY & eat #H:8 B bed
articles . catal

i1 TRE P AEREEA A F el 1 Bl P ra. HoVE TR o1
foniiadinzed- beddr Bawtor damawhpehnyheocdtlaliyiszegaped ciegs-tor
LYGhe Sl eWkYc8F a1 @Rl dalhr ibespestd el d.oet weena@idly,
reactian zone wher e aronatlzaﬁlon o&vthe f eed tgkes 0 oof
PTHEE NG o r Byeeratd Sirazon8? whete "Bdanar 8te! toke” ©
depasiads thoepedl ore tédnel eatrabyserasurdragene where
accumulated coke deposits formed on the catalyst surface
under aromatization reaction conditions are removed by
controlled combustion in an oxygen-containing atmosphere.
Examples of such coke burn/regeneration procedures are
described in U.S. Patents 4,724,271, 4,705,908, and
5,053,570, which are herein incorporated by reference in
their entirety.

The catalyst in the reactor zone preferentially
comprises a crystalline acidic zeolitic material, one or more
metal dehydrogenation components in minor amount (s), and an
optional binder material such as silica or alumina. For
example, the catalyst may comprise 0.5 to 5.0%w gallium plus
about 65%w ZSM-5 zeolite having a silica:alumina molar ratio
of 40, with an alumina binder. Catalysts of this type are
described in U.S. Patent 4,350,835 referred to above. Prior
to initial exposure to the reaction feed, and/or after a coke
burn off step, the catalyst may optionally be treated at

elevated temperature with air, nitrogen, hydrogen, steam, or
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under aronmatization reaction conditions are renoved by
control |l ed conbustion in an oxygen-contai ni ng
waeomwepdser e. Exanpl es of such coke burn/regenePGk/UH1908/086147
ﬁﬁg@g@g s are described in U S. Patents 4,724,271,
6 and 5,053,570, which are herein
|ncorporated by reference in their entirety. The
catalyst in the reactor zone preferentially conprises
crys IElne aCIféC zeolh ng%g&gq! %ng oro an
dhydrogenation conp 3nen W mNer Sahbufit % Y
@wwlém p@mmtmlrﬁjérlXﬁmfém Bhexech &5 @M acae%trfentlal
}aﬁw@'onu&e Eﬁffo@%ﬁrﬁ@|e$§pdshh%ecabafi/§§t e, CORRh §806hdr tuF
B, aglLium plys aliout 653 ZSM 5 zealite havinga ..
si1ica AUl ha Toltar “EREI Ui R
@ﬁ&ﬂnybedcaﬂaUy%tsP&ﬁeﬂﬂﬂ 69§e7h§e‘ﬂéé@n9@§d fn8Qe.g63,
ERaE?ﬂtl 4, 320a83p1 g &farr, edfh‘i@h abey 1 1PHeeE 1h0i hBbipdated
xposure to the reacti %ed and/or after a coke
%urn SFEOSEep” tHe catd y?t ey optionally be treated
at elldvatredcteppearardncd swilthampunt rAnorogenataydr 6Yeh,

&mayo@bl?»z%n?gn@d %@ohgﬂrpg%l 1szultfol depwduct
en or

t
TSGR el Bbr o1 "y i LeqUEHET al- or BEeaorare, varor-
11nuﬂdn8ﬁ@aéﬂp95$ueﬁlainﬁlagﬂoon@olmmnﬁwam@othén bifiis

éé&slabn ,Exa l_’ﬁ@y off Qr%‘t%la?beﬁﬁéa }@%df%igetr{ eat Bf%%vé?@ henRs the
are Scri alt ent s ,

R YO8 7635 8 %8?3 "afd ?pi?ﬁ‘é%m?‘%azﬂe \ﬁﬁ“ioéfﬁt %QO a‘f?ﬁS/ day
¢mﬁeyawmr@@esp©da£@ﬁtﬂﬁ; Kefrepenean i If treaivi reft i r By .

Jihe Jeact LORaRE omt&wyneaaognén@wmla&@t eb¥a 430y ¢ .-

to s/d are transferred through |ine roduc
et Rl S e L R RE T bR e
@@ﬂﬂﬂdn quBdnsepariat orsovdirstli fha@tieavesoltbenseetcatian

éélitslo%eqw QRoudB Hidaw afs wBt hang,and %@E@Q%ﬂatély 1000
roducts as stream.18

renoved f e
SbT St B BRDUAE 600 oS P By and 6B ofgbgges and Co
dummtaierc sdomwnst r égwm dfimegguienednt Thd uriceactied e¢dranehe

a0 -etrhylhenecal ona Mty skesdhning G -5

Example 2

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 Si02:A1203 ratio, available from Zeolyst
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
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.
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hydr ocar bons are sent for recycle in stream 22
mentioned earlier. Benzene is recovered and | eaves the

WG panai3ddn section 14 though stream 16 in an BEOUHL008/086147

O%)giP%tely 1000 tons/day. O her byproducts such as
ol‘'uené, "xyl enes, and C g+ aromatics in an approxi mate
anount 1100 tons/day | eave the separation section 14
t hough stream 20. Exanple 2 Catalysts A and B were

made Maithhs| owd exelosiebd Rin aryd sGagesm exdripidat ef saplLsve
contaj ni ng 80%w of CBV 2314 ZSM 5 powder (23:1 nol ar
G/ RIPERNT &1t Ndavai Pabi e St GRTZ B Y EPPropriate amounts

dntprnat hgnabys ardu20%ME S WacRaabhNEerp12ThesR nitrate and
catal ysts were prepared as described in U.S,

THoViSi(dhal BpplatEat PohVNG'9 6262047 EI S Miled FRbtiway
Weber20082enb1 drled usPr 9cess:ifor ther ConuelsikbeRe8for the
Et hane to Aromatic Hydrocarbons." The extrudate .
FEpIces enered caIREcABAT 70 dilte @FTEedBBD0C Ho thefpiR-ution

Lesiddhak Pl SR RhHOLt e ibNpe@d AMSt  Impregnated
preparation. The target netal |oadings for catalyst A
L 0. U25%ATRI atd TOOD9%IMPeGa tUThel ¢ arget haBFaland then

doadi ngs fosncatalhystc B were 0. 025%w Pt and 0. 15%u
Ga. TH3203- PCT Metal s were deposited on 25-50 gram

sanpl@§asfstheiaglrors ZSRt S UrilHEl exteidacethywerg stested

€amini-ng; approR,ahenaMURLS QEn SEOLK, AQUeQUSest, a 15-cc
solutions of tetraamm ne platinumnitrate and gallium

¢hange pift Faed) didtuprAgt Ty fertarle ot vdéi ont Zegded
watern §ona ypékygﬁcgji}l§és§u§géeﬁ| %Gkﬁt e fdd logt E?dppfﬁﬁd of

t he extrudate, I npregnating the extrudate wt

v i iookdt fore dourosame ehpereaturenag-at rospheas cflow
presgure. | npregnat ed sanpl es were aged at room
tenperature for 2-3 hours and then dried overnight at
1000CrioCatal ystiormadec oresthegZSVhS/ adtativisd ekbrastatiere

e L

Preavdivges| ystestleds:cat al yst was | oaded into a Type

316H éBaigg?gfng%f%ﬁ wE%Qea£§"5g)6%nhkt£Eg ﬁgyjhour (L/hr),
during which the reactor wall temperature was
increased from 25 to 510°C in 12 hrs, held at 510°C
for 4-8 hrs, then further increased from 510 to
630°C in 1 hr, then held at 630°C for 30 min;

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

(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
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
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positioned in a four-zone furnace connected to a gas
flow system Prior to performance testing, the

W@ 2000009693 char ges were pretreated in situ at PCT/US2008/086147

fﬁ t%%%l Cc pressure (ca. 0.1 MPa absolute) as
ollows:""(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,
heltbeat pp200E f01214s8 hes,hit)hen furddedi dureseases: from
510 to 6300C in_ 1 hr, then held at 6300C for 30 mn;

1) WIEFogR P e f5pdeotiy HPF26308TS FYr Oﬂélﬁ?nsuie@)m was
s8dICd 89 W tdhiydr ggencitor®@obbbpn for 3Q14k0s . dWdded on
which tinme the reactor wall tenperature was raised
FVHIABI00C (-1 KR TRERper HEUr dRGsEAS f O YRECTELRIAIC r un.

ﬁtaltyl@ﬁsengnglflatlh%tﬁgﬁe\!edé%é%@ angst &bl thevbysdrQgenere
fl ow was termn nated t he catal yst charge was

exposed pecardiesd teohae st Hevér9I670 2% 6t hane and

32. 8%MnaBEOPENE: AL oal MBSPheS] & RERESE I {LAn PedaMPa s i
absol ute), 650-700 0C reactor wal | tenperature, and a

ideder aPeCBFLB00-LTE0D) GHSV: (%@@DQOB@TMS PCT cc feed

per atal ystvdearioir ) « .= Thyee miput fle€hn feed - swt
mtrgﬁ:&%tl on othhelo eed the totm;I r%éocgfagr oatlee? "

REREEh WasO$aifil é&rﬁ?mbh Prergas vhrigwal ogr aph for

anal ysj-31 Based mp@c%@%'édrﬂ%r@%ﬁ obt gi,ned from theeeq
gas chromat ographi ¢ anal ysis, initial ethane, propane

and Athear eonvassioanst were Gﬁ@ﬁaﬂ%dlfacf@ﬂddkng PePRAE
{alJow;ng, ;Pﬂmjl as: ethane conversion, %= 100 x (%
ethane in feed - %w ethane in outlet stream / (%

et harf@bile feédjtpridpanesvonversion,ims gat00hgofghpgraphic

BLoRAne 1R %grg%es WY RIORAPE: | B OHIE SELRAN ¢ /1 (I

propane in tot'al ethane + propane conversion =
({dmorst hakeni at f 2adinutHsethane mmt@n)l of (Ohe feed.

[B&%BgQ%egg Egggi%&éééer%g%ge99%wt of the propane in the feed

and over 55%w of the ethane in the feed was converted in all
of these catalyst performance tests. The product stream
contains benzene and higher aromatics, along with hydrogen
and light hydrocarbons, including some ethane which can be
recycled. Furthermore, it can be seen that only very small
amounts of C, non-aromatic hydrocarbons were produced and no

Cs non-aromatic hydrocarbons were produced.
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conversion) )/100 Table 1 lists the results of online
gas chromat ographi c anal yses of sanples of the total
wEe@dont3sst reans of these reactors taken at 3 PCTUSHS8/086147
after introduction of the feed. Under these
condi tions, over 99%wt of the propane in the feed and
over 55%w of the ethane in the feed was converted in
all of these catal yst performance tests. The product
stream cont ai ns benzene and hi gher aromatics, al ong
wi th hydrogen and-light hydrecarbhons, inckudi ng-saone
et hape, whih &an he.recycl ed- Bufither mored Bt Scarbe
seen that ToAl ¥ vegysstml | ahbusty 6fc G4 nghearonegi c
hydr ocar bons were produced and no C5 non-aromatic
hydr ocar bons were produced. TH3203- PCT TABLE 1 Cat al yst
A B B/A B A _Cat algst £har ger feinghity g 11, F8ald. FZX°
12.38 11.431T. 51 *11. 73 Redctor. \all .férrpgralfir(g,ﬁ-c
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1.44 1,43 1.76 % Et e Conversign 56. 38 .07 K78.22
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Qutl et Conposition, % Hydrogen 5.31 6.29 5.71 6.48
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C8 Aromatics 0.74 0.83 0.79 0.94 0.88 1.06 Co+

Aromatics 9.06 11.86 9.88 12.33 12.58 12.17 Tot al
woe@amraes 44.93 50.84 46.33 51.31 51.73 PCT/US2008/086147

é% Tg% 03- PCT Exanple 3 Using fresh (not previously

ed) charges of catalysts A and B described in

Exarrpl e 2 additional performance tests were conducted

as described in Exanple 2 except that the feed

consi sted of 32.8%v et hane and 67. 2%v propane. Table 2

tistsd he results of online gas chromatographic

anal yses of sanples of the total product streans of

t hes&St@gc RS8R t Hkdn P&teVSOHFhlﬁt‘é%Staefq erCTPAPRBIREL FHFLYSTS

ofadde feedribhder, these1eondigd oNSn0Vee r99Wtned tde s

propane in the feed and over 20%wv of the ethane in the
fEEd WRSVEORTeR T P IGTIRIE 6F Eravelat &ryspt that the feed

perdornmnce tests, hedRradycty Si%vﬁgmo%%%al NS ENZENE st 5
and hi gher aromatics, along with h en and |ight
WRIrsEatbenst @%4%.%@ §6ﬁ@m@‘f%ww GRag¢HpeHePL samples

SO edc aTUPL DRI L rdatisCBR PR SeeR dNRat-s0pLYe Y &It 3
smal | amounts of C4 non-aromatic hydrocarbons were

Proteced fand ot O UfoR&@roRat Fee hirRbc drsens these

aspduced  TH3203- mtT%%L%h% %g&ﬁétlrﬁtﬁer@eé &hd over
Cat al yst charge weight, g 11.58 11.51 11.52 11
AP:36 F1 the3e Reart orn ISl fq?éﬁp‘emtmréfer@e@ls@%%l 6715 these
@a7‘gé1$(7 g@@ﬂ%&kcé et%%tf at em@@/ LR %Q%QB%@Q&E&OO
otal feed rate, 98 1.22 1.57 1.
veEtdvenendohvensy owozf@ti@swamn@f&u&b AYI53986. 61r7d llght

%, Propa [ 78.9
TR X T R
55 r8®r88 88. @@81@ 75@688t88t8<6ﬂRea@tm’r s@at l eamounts of

PIRALHLON 2 IS 0080 72 BchnoA%: 8 3. o

&Etdndtenme hgd88c2ri95 B .wkrd. §704udgd 4. 44
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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
wO2M%/00321 0.1 C4 0.03 0.01 0.02 0.05 0.06 0. OECTZESD0086147

0 0 0 0 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 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 53.69TH3203-PCT CL AI_MS _ 1.

procesg? for, produchng sar omatd g hygrocarbons wh c@ 2

conpriises: cag) splitting an"ethdne Teed er a“nfixed;

| ower akkanes feedomto@ fir&tcandsecon ef‘\h’ﬁn‘é ro

m xed | ower al kanes streans, b ) catalytically or

thermally crack| ng-the,first gt hage or mxgd | ower.

al kangs” st q{eam’“t o preoduce ethyl ene ¥ @ xed, Fower,

al kenesy c¢'9 Zconbigiqgethe et hykepesab 4 xgde over-

al kenes with the second ethane or m xed | ower alkanes

stream and d ) contacting the conbi ned streamvvlth an

aromat i hyrplgoear (ofa] N conver Si @nl\cﬁtoal%srt r@d];Jc@

reactfon pEpRUCts (:ngladi ng g;nzeCQe Cfl'gue progegs
of clairm 1 wheFei nemet hane, “hy'drogen and Cx-5

hydr ocar bons are renoved fromthe reaction products of
step dg . 3 . The precess of wclaim 2 wherein the
produgt‘s of? ¢ ai m® are hydkrofi’e”dl rkyha?ﬂ ed . pr‘adﬁce
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products are hydrodeal kyI ated to produce additional
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4 . The process of claim2 wherein C g+ reaction
products are separated fromthe products of claim2

W(amw%tfrs% emai ni ng reaction products are PCT/US2008/086147

{agg Hkylated to produce benzene. 5 . The process
q 2 wherein C8+ reaction products are separated
fron1the products of claim2 and the renai ning
reacti on products are hydrodeal kyl ated to produce
benzene. 6 . The process of claim1 wherein the
reaction products of stégiﬁ ) _are hydrodeal kyl ated to
produce benzene. TH3203- I process of claim®é
wherein a stacked bed reactor systemis used. 8 . The
frocess of claim3 wherein the hydrogen renoved from
he Féé%??@ﬁspf%ﬂdiﬁ%gqﬂ&ngtéEO@aSlQ:$M9§€&aFBOHS which
bydadeal:kyl ate the products of claim3 . 9 . The
process of claim1l wherein the reaction products of
stepad ) aPélhythodealdyratedcand®bot Misedpsorpe alkanes

£ald iied 0ut rip Lhe SRR eRELRE . 01 0ni-APNBGESSaf Rines
produci ng aromati ¢ hydrocarbons which conprises : a )

%ﬁﬁﬂ%ﬁ%ing et hane or m xed | ower al kanes with an

ar ongyyi c lax%pw{&myc%&V%ﬁémgwﬁt@ﬁa@&n@ot% OfLCS:
reactlon products including benzene, b ) Separating

HEtdENer Aydrdghecand KePes Ayt Ot drbaredpEentEhelene or

f8act 1oRepr odictss of step a ) , and c )
hydr odeal kyl ati ng ‘the remmining reaction products to

produyde beazkheindg ItheTiRehylepeser gilxdcilnie0 dheredh with
%ﬁ@ SeRAALEANLL N SEER R ) ol BE! MOes, SeRanaLj,on, 0f

enzene produced in step a ) and the remaini ng
reactd)on peodactsnhydreodeabkydat sdrdan stigp en)aromatic

ﬁ dé?%o%okgﬁggE 'ﬁ% %E%Q tlgové} Q%e§§aggﬁon pro%ucts

ucing aronmatic roca Bons conpri ses :
Uuﬂnabm@n@eezha@e or m xed | ower al kanes with an

2. The process of claim 1 wherein methane, hydrogen and
Cs;-5 hydrocarbons are removed from the reaction products of
step d).

3. The process of claim 2 wherein the products of claim 2
are hydrodealkylated to produce benzene or wherein benzene is
separated from the products of claim 2 and the remaining
reaction products are hydrodealkylated to produce additional
benzene.

4. The process of claim 2 wherein Co, reaction products are
separated from the products of claim 2 and the remaining
reaction products are hydrodealkylated to produce benzene.

5. The process of claim 2 wherein Cs, reaction products are
separated from the products of claim 2 and the remaining
reaction products are hydrodealkylated to produce benzene.

6. The process of claim 1 wherein the reaction products of

step d) are hydrodealkylated to produce benzene.
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aromati ¢ hydrocarbon conversion catal yst to produce
reacti on products including benzene, b )

whyweodasad kyl ating all of the reaction productBCT/D82008/086147
1. )., and c ) separating benzene fromthe
ek

products of step b ) from gases incl uding
nmet hane, hydrogen and | ower C2-5 hydrocarbons and
heavy aromati c hydrocarbons . TH3203-PCT 13. A process
for medyebbgsphenall i chweesPlih SESstHRICRdUChHag benzene
according to the process of clains 1-12 and then
B H58F LS1UF°Feacti ng benzene with propyl ene to produce

gunende @xbakzi Ngr td1e iGUNERB 101 PradlGE CUEBACrenoved from
hydr oper oxi de and then hydrolyzing the cunene
RRIrGRETaRPde=PRIGT £ diEPnBll i 155 pradaeer phetbiyLace
e oddickectEy-pxidiZi ng benzene using air or oxygen,

or t) sulfonatigg t he benzene and then hydrol yzi ng

the difer prafesproducedimor Ahgreht orfithatteRgiPhel bedyere of
4 e %dﬁgﬁyéaééhﬁjrét%ﬁ|Qﬁar%gﬁﬁiéﬁé@@uﬁketgapfﬂgﬂQﬁw

phenol . 14. process for producing styrene which
Torprd $égeprodte?hg benzene according to the process

of . claii® cL5d2¢ o F 8ACIINA nbherbepzane, WLk sebbyl ene &ip
produce et hyl benzene and then dehydrogenating the
e«BAIFERZene to produce styrene. 15. A process for

prodygi ng.aronet .6 RIeduet 8-f hompatdfal 9as wbiehn an
conprises introducing natural gas to a liquefied

wAAnatdlc Jasrpramontcasivevated prieskiftedo predueeatsanfion
éﬂﬁhﬂﬁkuEﬁklgé§n§ﬁfﬁﬁﬂﬁ%ﬁng t herefrom et hane and/or a
a

m xture of | ower anes to produce a purified feed
st ock)sui sabkeatorg Inaflehact hpdrederor yogefi-¢c hydrocarbons

bfc!ﬁpﬁ{h%t %S?ti&’ﬁ%ﬁﬁ:ﬁf&% B?esw?é’%ii)i,edan%as through a
plurality of cooling stages using heat exchangers to
prograssi rebyodeducd dttisigt ehperetafrerngntriebction products
to produce benzene.

11. The process of claim 10 wherein the separation in step
b) includes separation of benzene produced in step a) and the
remaining reaction products hydrodealkylated in step c¢)
comprise toluene and xylene.

12. A process for producing aromatic hydrocarbons which
comprises:

a) contacting ethane or mixed lower alkanes with an
aromatic hydrocarbon conversion catalyst to produce reaction
products including benzene,

b) hydrodealkylating all of the reaction products from
step a), and

c) separating benzene from the reaction products of
step b) from gases including methane, hydrogen and lower Cj_s

hydrocarbons and heavy aromatic hydrocarbons.
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i quefaction is achi eved, and producing aromatic
products from ethane or m xture of |ower al kanes

Wiy to the process of clains 1-14 and WhET/B52908/086147

édgyﬁc%y at | east some of the unreacted nethane and
yproduct C2-5 hydrocarbons are cool ed using the heat
exchangers used to |iquefy the purified natural gas

13. A process for producing phenol which comprises producing

benzene according to the process of claims 1-12 and then

either:

1) reacting benzene with propylene to produce cumene,
oxidizing the cumene to produce cumene
hydroperoxide and then hydrolyzing the cumene
hydroperoxide in an acidic medium to produce
phenol, or

2) directly oxidizing benzene using air or oxygen, or

3) sulfonating the benzene and then hydrolyzing the
sulfonate product, or

4) chlorinating the benzene and the hydrolyzing the

chlorinated product to produce phenol.
14. A process for producing styrene which comprises
producing benzene according to the process of claims 1-12,
reacting the benzene with ethylene to produce ethylbenzene
and then dehydrogenating the ethylbenzene to produce styrene.
15. A process for producing aromatic products from natural
gas which comprises introducing natural gas to a liquefied
natural gas plant at elevated pressures, pre-treating the
natural gas by removing therefrom ethane and/or a mixture of
lower alkanes to produce a purified feed stock suitable for
liquefaction at cryogenic temperatures, processing the
purified gas through a plurality of cooling stages using heat
exchangers to progressively reduce its temperature until
liquefaction is achieved, and producing aromatic products
from ethane or mixture of lower alkanes according to the
process of claims 1-14 and wherein optionally at least some
0of the unreacted methane and byproduct C;.s hydrocarbons are
cooled using the heat exchangers used to liquefy the purified

natural gas.
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