WD 2009/ 076393PCT/ US2008/ 086147 TH3203- PCT PROCESS FOR THE CONVERSI ON OF
ETHANE OR M XED LOVNER ALKANES TO AROVATI C HYDROCARBONS Fi el d of the

I nvention 5The present invention relates to a process for producing
aromat i ¢ hydoaesanbans from et hane or m xed | ower al kanaﬁ,mlmm@/{)mﬁ
specifically %g(ﬁjzl nvention relates to a process for increasing the
producti on ofm éé fromethane or a mixture of |ower alkanes in a
dehydroaromati zati on process. 10 Background of the Invention There is a
proj ected gl obal shortage for benzene which is needed in the manufacture of
key petrocheni calmosgch HR Styre@nwErph@nalr, cnyim candixyml yowek hanes, anong
ot hers. General ly, benzenasimm@dsorbhexrrapoMatIORIVERBSE bons are 15 obt ai ned
by separating a feedstock fraction which is rich in aromatic conmpounds,
such as refopmates produced thypugh a catalytic reform ng process and

pyrol ysi s _gasofines produced through a naphtha cracking process, from

non- ar omafi ¢ hydr'd€aPBdifa tusP TRy td 0§ of etite Sekp raad’crpﬁﬁsﬁr%e%(’d%‘r@ meet
this project gdosdtap! ¥y&h:t-88€s mme&mecamwﬁetdsmm preggsses for

on- pur pose production_of i | ncl udi ng. benzene) from al kanes

cont ai ni ng sl'% orsAeELE ¢H Eiog%ﬁ ‘bie}onnﬁ?é%uﬁs *Ra¥ L 1EER i nvest i gat ed.
These cat al yshsrarsenystal Ipyobmdummt bonainzecont:@micAfa@ zeoki hie:tQire25

nol ecul ar si e to vj de [ n re metal s such as
Pt, G, Zn, ﬁ/}éelgelt%% gjf]ggnﬁesml/gdaod% 9%‘%%&“% i@%%og]c?f %S;/ED For exanple, U .S
Patent 413508 3 PES e rap¢ess for converting ethane-containing
gaseous feeds tofhage@gl Cﬁrb’fé&gsdagf&%%t @hgf%g@eklg&z%%%yééh of 30 the
ZSM 5-type fam |y contal ning a m nof anpunt anot her exanple, U S
Pat ent 7, 186:i871edesct b&s ArIHECIEPAE | On k6¥ @tr@ghgan%ssugqlr@ a catal yst
cont ai ni ng_ Pk« antheZ Shhdno1VW0h 2009L046393RCOUS2008/ 08644 7,<THB203- POT The ease

of conversion of individual al kanes to aromatics increases with increasing
car bon numbefP® HENCE: AP Emati Zut GRSk CHENEE § MO A et Adfie and/ or et hane
as princiipl eoﬁeﬁd]edonpmwtw al Iﬂ@é(ﬂid;@)cllrofﬁid’tﬁ@@twwﬁzlﬁ ihydrcﬂcambons such
as olefins, and/ rlc)pg(g af fins of higher carbon nur C% lm aDrl nci pl e
feed corrponenﬁ 05 o TFower -t he t'enper ature Fedur’ re éve a desired

conversion | e&'@ly_tﬁorr@ﬁoamph@ prl.dcsss Patept r6} 936, @SSOUe@erpb@@c&dpr ocess
for making arompihcs (4 Mha LRGN AIJUAY ARG Qbn-aromatic

hydrocarbons using a solvent extraction process.

20 To meet this projected supply shortage, numercus
catalysts and processes for on-purpose preduction 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

25 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

30 the %SM-5-type family containing a minor amount of Ga. As
another example, U.3. Patent 7,186,871 describes
aromatization of C;-C4 alkanes using a catalyst containing Pt

and Z5M-5.



10 nore | ower al kanes by conbining this feed wwth at | east one olefin

and/ or at |east one higher paraffin and passing this m xture over a

bi functional pentasil zeolite catalyst at a pressure in the range of 100 to
500 kPa andwa t@mpebature in the range of 300 to 600C. pnrR3smendsial feature
of this 15 pro $$ is the treatnment of the catalyst with a m xture of

hydr ogen, sté"ggr? Hi¢an optional inert gas at a tenperature ranging from
400 to 80000, followed by a treatnment in air or oxygen at 400 to 800C,
prior to exposure of the catalyst to the feed stream 20Sone commer ci al
dehydr ocycl odi meritzatbon qir ooesses.ofosf nakii ngdarlomkacs fovom al kanes, such
as the process.descri bed dn i Led oLales BaLanl. 5, gn S63x ake a benzene
product that cont ai NS eXCessi ve amduRt s of >non- ar omati ¢ C6,. hydrocar bons
whi ch nake i trunsuizeabbe sfcdergsanvalsone m25hpet rrodhenidlanprocesses such as

styrene or cyelohexane.af odustian.s 18 s Ratgdtndescribes,additional process
steps wherein the product flows into a fractionation zone which is operated

at condit Pon8YSIRIFTPRAE THE ) OrFift)s ofa i er G rafdnt ardnit FEShydr ocar bons
along with acpesdd enned: tdranbenz erendtRr adustcdrponemdMed vbal@nover head
stream The overhead process streamfr qmttli s fractionation zone flows to a
conver si on z6H®, "APERET WG AT HYEr 6§t Tit¢h G4 AR & RES 1 WD

2009/ 0763931 C3+#4JS2008¢ 086 Te TH3Z .08a RCE nAohsari@satieccibeshydr ocar bons are

converted to_|jght - 23 .hyd r Sa. Lt v.ant ous to provide
a light al kaﬁg)cg%ﬁo’yg?%anr?%{ffg%i‘gzlgot%l%cggggrforé%"sgmp\/\%eggé:?ﬁt%%ﬁg ﬁggr%car bon feed
5 additive omcraldioreyeaiaxeariky tdeabithrd Ithi at Esedcyatierasi daads @ptional |y

generated as,pari, Qhaldie Rr LSS onkb)ide caL A HS! a8AMlQ¥ed dogs not
require a conplicated pretreatnent, (c) the ultimate yield of benzene is

greater than™Hatr®oPvahy* Sfhercidiongl ecHrdmat i LePrdauedtaafld ¢d)2 little or
no 05+ non- APeareanth ey defgardronso is pnoduee dnaSumaiy raf utdanl nventi on
The present invention gr i des_a process for produci ng aro tic

I%%;/? b&nZen

hydr ocar bons M'% gé&ofi ¢ © Wi BRS T segture of this g
optional lly spléddsisngs arheet:ramendreedr | theo chiasgstandtl: seeonde etthane

streans, b) optionally catalytically or thernall racking the
first et hanehg(%rroéénf of “the ‘rﬁﬁ]%e‘aél IOB%(%H%I I%g%lfet fgéaésdg{ o ﬁr%ﬁ%%%uertehyl ene
and/ or a m xtar@E.rgf fFronellatkyd®@ies,followed by a(tyeadperbnat [airconbi ni ng t he

ethyl ene or Lower, 20 aldylepgsc Lh d.he,seqond et hang SLEeanQr cLhe m xed
| ower al kane f'eed, and
the feed stream.

20 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 Ce
hydrocarbons which make it unsuitable for use in some

25 petrochemical processes such as styrene or cyclohexane
production. This patent describes additional process steps
wherein the product flows into a fracticnation zone which is
operated at conditions such that the majority of the Cyg non-
aromatic hydrocarbons along with a portion of the benzene

30 product is 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



(d) contacting ethane or the conbined streamor the m xed | ower al kane feed
with an aromati c hydrocarbon conversion catal yst-to product reaction
products including 25 benzene. In a preferred enbodi nent, methane,
hydr ogen angoGaih d3ydr ocar bons are renoved fromthe reagtiyggoRisaduct s of
step (d). In gg%t?er preferred enbodi nent, the remaini h( products are
hydrodealkyl§ 3C5roduce benzene. In another 30 preferred enbodi nent,
the reaction products remaining after the nethane, etc. separation are

subj ected to separation to renove benzene and the remaining reaction
products arenhydnmﬂeatkyhaﬂe@rboa@mndueeeaﬁdﬁekumahobem@enaﬂrhm ot her WO
20091076393P Qg§A986147 TH3 2 03-PCT enbodi nents, the benzene is
reacted with ropy ene to nmake phenol or with ethylene to make et hyl benzene
and then styrene.’tBrpeid Desefvpttisgrond tcherDravd mgdiglbFiegkateis a fl ow

di agr am whi chej dmtsﬁteszatthen pgym;téetlm&flnethylaengdmr%eﬂbw@' on of
et hyl ene and et%ane in the reactor to produce benzene. Fig. 2 is a

flom1dlagPanﬁgﬁﬁ?ﬂYelPFu%FPéﬁé%rFﬁé“é?Héﬁ%—Sﬁctﬁ%&%ﬂchwewﬂéﬁk@ne§*to benzene
reaction fol bﬁt\i\zﬂﬂjab)lylébr{b)ﬁil{:@@leﬁ lﬁ)&élratdno&h@fpfétﬁas@@ntlbﬁrtb@n@a@él%ﬁt| c
product s. g 3 ranh_ strate the el hane or

m xed | ower 8?%%%@’ F%F%éﬁ’eﬁ%@tégct 8%“tdfﬁbﬁ%d”8§ #/di0deal Ky 1"8€i on of

t he aromati cuprioguet giel @f deirzmra fb owedaltagratmrvmbeh of leogt p@tees a st acked
15 reactor s pr.ad t e or mxed | ower
al kanes to b%g@%ﬁggggéiyﬁgﬁké?ﬁﬂh %?%dgglnggtg ES & gﬁﬂg a flow di agram
whi ch |IHGstﬁé@eﬁﬂﬁheY®W6@ﬁéP$%nfbpre@@ﬁvﬂene and benzene and their

conbi nation tonRQducerphenobar2@Fig. 6 is a flow diagramwhich illustrates
t he productioniof propylene and benzene and their conbination to nake

phenol wherein t HEChBRZEHE 87 YUFEFaPEY FeEnT tHE CEF uetie PaRE %Y 1%ne whi ch
are hydrodeakkyhatiedhydidtaribohs, apkkon dilagr aenwnec hvitd diusbinat B&st:he

{a) opticnally splitting an ethane feed into first and

15  second ethane streams,

(b) opticnally catalytically or thermally cracking the
first ethane stream cor the mixzed lower alkane feed to produce
ethylene and/or a mixture of lower alkylenes,

(¢} optionally combining the ethylene cor lower

20  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

25 Dbenzene,

In a preferred embodiment, methane, hydrogen and Ci.e
hydrocarbons are removed from the reaction products of step
(d). In another preferved embodiment, Lhe remaining products
are hydrodealkylated to produce benzene. In another

30 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



25 production of propylene and benzene, toluene, and xylene, the

hydr odeal kyl ati on of the aromatic products to produce benzene and the
conbi nati on of benzene and propyl ene to produce phenol. Fig. 8 is a flow
di agr am whiwb 2bdeloustr at es t he 30 producti on of propyl enerarsdeobeszene
wherein the ggg;&gmyﬁaction products of the ethane or m xed | ower al kanes
to benzene reéactor ‘are hydr odeal kyl ated to produce benzene and separate Cgd
products. WD 2009/ 076393PCT/ US2008/ 086147 TH3203-PCT Fig. 9 is a fl ow
diagramwhich illustrates the production of ethylene and benzene and their
conbi nati on eobpriggute, ettty bbenzenesandadikenvwstly reneyidiegtolfaks a fl ow

di agr am whi ch, il lustr uct i l.en enzene foll owed
by hydr odeal §%%¥i§% g%g%%E%%%ﬁ?%g%zg%%ggfgkéﬁ%%%ggo%ﬁ%?%e?o produce nore
benzene whi cht¥%eitthen conbined with ethylene to produce ethyl benzene and

then styreneg:Fi@.peldriscianf bowdi agramgshich illustrates the 10 production
of ethylepe and the production of béenzene, toluene, and xylene which are

t hen hydrgdeal kyl"ated' t0° fr 64Tt S HBERZBAE R Sh L @6RDI HEd with the

et hyl ene t o pakeuetibyl benrzenecandnbhesnsingteae.cf ethyliene akbgetilde
illustrates Eheugggdgc%égqﬂofrng%l ”Emﬂﬂg 15 et hane to benzene reaction
products whi ¢h are'ﬁy%rodealﬁy?a ed to produce benzene which is conbi ned
with the ethyl en€itwo bake setfhyt bbnzeae wridht hehgtrypkenecheDethdtedr

Description pf,lhe loyenti0ns Jhepres h'}teaicEYc%‘tﬂoci@o@«éd yProcess for

producina 20 aromati c hydrocarbons which conpri ses brlnglng a hydrocar bon
0 -Set hane or ot her

f eedst ocKPcoRY T tfiedg kata1i@as L dBBuroBsPPereent t BF bhei Bt
C2 hydrocarbons arigm xeds l.owesy alikanes witth a1 cafrabyst aeMpesitd @ suitable
for pronnting,the reaction of such hgdrocarbons to_aromati c hydrocarbons
such as benzBhE28 Rt A IdGALACT® & E°temSérht Ut & 0 °B%H Fo 730C and a
pressure of By@&lodeal@ybaivpa abslcuteondtie: prot®rys.desired products of the
process of this invention are benzene, taluene and_xyiene. The hydrocarbons
in the feedstock iy %é“%ﬁhég%v(ﬁﬁgé?%y}gﬁg,lﬁ$§£‘aFoﬁé?Sé ‘gﬁ%s or

m xt ur es ibhereaftcrd ncome: pheferr ed lenbodiementdudttse ofiafior iettpant drhe

feedstock !Sm§£Q§GSw§P¢nE%%8 p%?&%%@@ﬁ&um%ﬁ??&@ LQ gngﬁkﬁ@h parent of the
feedstock is conprised of etﬁy ene, preferab 5to 10 wel g {
Fig. 5 is a flow diagram which illustrates the

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

20 Fig. 6 is a Fflow 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

25 production of propylene and benzene, toluene, and zylene, the
hydredealkylation of the aromatic products to produce benzene
and the combination of benzene and propylene te produce
phenol.

Fig. 8 is a flow diagram which illustrates the

30 production of propylene and benzene wherein the entire
reaction products of the ethane or mixed lower alkanes to
banzene reactor are hydrodealkylated to produce benzene and

separate Cq4. preducts.



WO 2009/ 076393PCl 7US2008/ 086147 T113203- PCT percent. Too nuch et hyl ene may
cause an acceptabl e anount of coking and historically, ethylene has been

hi gher in value than benzene. In this enbodi nent, the hydrocarbon feedstock
pref erably wonbtmiomsezat | east 30 percent by wei ght of 02cS/Usymsomarbons,
preferably a&l%ﬁﬁﬁgcgo percent by weight. In another preferred enbodi nent,
the majority 6 e feedstock may include m xed | ower al kanes - et hane,
propane, butane, and/or C51 al kanes or any conbination thereof. In this
enbodi nent, the majority of the feedstock is ethane and 10 propane. The
hydr ocar bon f eedstiack? prefkerfapl ylicontmiwis.cat illeadtraB@ pérecent by wei ght of
ethane, al | 8254 A0REL € Ak D delngNbe 0l 025 Ao Ml OCALAARS 5 BPS, Pref er ably
at | east 50 percent by melgﬁt of C2-4 hydrocarbons. In either enbodi nent,

t he feedst ocRrediyFec 6AbpierzANQdIY LB#n GtYée"®pen chain 15 hydrocar bons

contai ni ng betweeng3 and B8 carhpmialos A3ce0f eackants. trapeci fic exanpl es
of such additional coreactants are propane, gropylene, n- but ane, isobutane,
nbut enes andPFLYBUTtERES T ARV XY 1PERere I RENEC 51T E4nPmy contain 02, C3, C4
and/ or 20 Coayaldkrpesybndomayf bee hofi-wxawpkesra@ddtic products to

et hane/ propane/ put.ang; ti,eh shieamderi ved [ Lomnatural, gas,, Lefimery or
petrochenicaF Streans including waste §treans.3é&anp €s 0 pd%entially
sui t abl e feedrstucgapshyiginades (dogt thee atottehénmited to) residual ethane and
propane from natyrgl 25 .gas ¢1®f RA0s) .PUiifthCALILQR, AP & ret hane, propane
and butane streans (al so known as Natural Gas Liquids) co-produced at a

| i quefi edOnaPtr@ictgas CLNGRYE% 2Estipb PICFBaRE Y PENPYESHEr at ed gases

co- produced wbi-ferel UGS iyl cRE OfIGH QR (MM Chy @ RicusUaldeat @@ smal | to
justify building a LNG pl ant  but, ma be sufficient for a chem cal plant)

. but, 30 .
. unreact ed BIFHITE P&t VBt T dis CPP oMt 8am dMeckerS: e 4n° t1E%01- 03

byproduct st eeamdeh0andaplit baert efroreess (the latter two are of |ow value in

some markets such,.as the Mddle Ea . The use of. 'V

2009/ 076393PC F/ %&%2o%/ﬂyéig?ae“ﬁﬁsg%}%-ﬁétﬁ%yi%“d qioﬁeygfléﬁnl?aﬁ%dfeed my save
consi der abl ecemergyobevarse tdetspeprofduseparatimgrehe indivi dua

relatively pyr @lkapes, koom each.ol el s elimnat edodndeal i hhe case of
associ at ed gases co-produced wth crude ol l production, the cost of 5
reinjection dfe sidhlgesds makeldthivhbeerereThrd nibédd st owere -al kane feed may be

del i ber at el ypgid:utgdpmid:nkebatdvehy tngLtigases such as nitrogen and/ or
with various Tight hydrocarbons and/or with Tow | evel s of additives needed

to inprove catal Y€ PEFTOrnaMed - PUsuA FY RSt Urtar §EUSt8hpri si ng
pr edom nant | yrémefthaneyd:enbersnanhiNG lrantisaé wlievated: pryesstesnand 1S

pre-treated Lo prodyce o purifiedfeed stopkssuilable for Liguefaction at

ethane or cther C; hydrocarbons or mixed lower alkanes with a
catalyst composition suitable for promoting the reaction of
such hydrecarbons to aromatic hydrocarbons such as benzene

25 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 cf
the process of this invention are benzene, toluene and
xylene.

The hydrocarbons in the feedstock may be ethane,

30 ethylene, mixed lower alkanes or mixtures thereof. In 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



cryogeni c tenperatures. Ethane, propane, butane and ot her gases are
separated fromthe nethane. The purified gas 15(nethane) is processed
through a plurality of cooling stages using heat exchangers to

progressi velg zoeauces i ts tenperature until |iquefactiomrdrassasmboayed. The
separ at ed gazg d’?_é Ee used as the ethane or m xed | ower al kanes feed
streamof th %% Sent invention. The byproduct streans produced by the 20
process of the present invention nmay have to be cooled for storage or
recycle and the cooling may be carried out using the heat exchangers used
for the cool pagcaft .t hecpunichi ethyienhaney gasse Any aonep'ofbla wapnet yiof

catal ysts ma 0..pr 2 e i of . 1 xed | ower

al kanes to a%%ﬁ%gr%%ﬁy}talr%(%érggg% S %gpgeur%hﬂg%t%&fs%l?%é%ggc%]blgd in U S
4,899, 006 whitk#r ibenEerei n linnEdrperapetdy: r ehereweecerbdnt Seedttiaedty. The
catal yst conpesid.i8nydesaliRedst hersl N QRPELSES @R Bhmorog] | i cate having
gal I i um deposited thereon 30 and/or an alum nosilicate in which cations
have been”exEKIFFEIPRIE h BGAERT Y Bhsteaftie CHOPHCPAL PO 67 98Ft i 4! to al uni na
is at | east 5adthdl0p2009/:Q463BIRCHLWS2008/ A86d4 L yTHB 26k PEEdstock AnOt her
cat al yst whi pﬂh rr%%.bgeus.e%di n the_? ocess o“htnhe resent itbn_enti on is
described i n"EP 244° 1BF TR AT AT VST cOnpTiseS PHE Cataly4%’ descri bed
in the preceditwpmpéragibhpiesand anGaonpiMiilonnthatecsl et edhifsr om r hodi um and
5 platinum l.uninasi| i S. . Al i a e | or MEL type
structures a%ﬂ&’r?‘g&“g?é’ %%{I\% ggﬁé%iﬁyg(ﬁz%% %f%gszt%%v%fz%%r %%MQS%%Q her

cat al yst 30whPeprangy bBrededrpppitee peotdsskoprafpeaptesentainyeriti on are
described inikhs3: 36, p8GBfloanehidn®. o4 Q1had86, £72cabothy ?tethC%yare herein
incorporated by reference in their entirety. The first of these patents
describes a PBFEITNGM Cont’APRP TR P2ERE 57Ty S af F13%e Y28b1 1996 syt hesi zed by
preparing thpezeohi be wonrfrai of ng_4 hedaddarboum and sitieornkbadidhetf r amewor Kk,
deposi ting pL}gt i{lumgn k’ghe zeolite and %jS cal Citr}‘i ng t he %eol ite. The second
patent describes SUER H FAVaf YEE Wni ¢ H€ont aF nd"Gal PR Um A Ehe framewor k
and i s ed§enbyatdoprabusricounminiee between Addid i onakboatalopst gswhi ch may be
used in the t sent .| ti-on . i.nclude. se described in
US. 20 5, 2257)?}5)%%%%2% ébt}%ﬁgggfgp%%gingiéee%ffrg c'ei{r1%r(lilctzigg“lul';rlrnilqts entirety. These
cat al ysts coftxiastantVRErez eoppane, pbusraterkeastbwdnee nobicduireral fromt he

pl ati num f am,|y.aRd-at 18ast.one additional netal chosen fromthe group
consisting of tin, germanium |ead, and indium 250ne preferred catal yst
for use in this iﬂngéﬁﬁq(%qug alkane stream may ccntain C,, Ci, C4 and/or

20 Csy 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

25 gas (methane) purification, pure ethane, propane and butane
streams (also known as Natural Gas Liquids) co-produced at a
liguefied ratural gas (LNG) site, Cy~Cs; streams from
associated gases co-produced with crude oil production {which
are usually too small to Jjustify building a LNG plant bul may

30 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

6



described in U S. Provisional Application No. 61/029481, filed February 18,
2008 entitled "Process for the Conversion of Ethane to Aromatic

Hydr ocarbons” This application is hereby incorporated by reference inits
entirety. TRipSdQ&epl i cation describes a catal yst conpidraisp@sogsldy 0. 005 to
0.1 %m (%bér wei?ht pl ati num based on the netal, preferably 0.01 to 0.05
o, (2) an Hothi %6F an attenuati ng netal selected fromthe group
consisting of tin, lead, and WD 2009/ 076393PC0OUS2008/ 086147 TH3203- PCT
germani um which is no nore than 0.02 %w |ess than the amount of platinum
preferably netxedriewvehan 2 $wid ekyt bevecababysivabbaseten bbeawet al ; (3)
10 to 99.9 ¢ of, an alum nosilicate r ef er abl . i sed on the 5
al um nosi | i (ﬁ@%, S%epefgr%%qafagbn? %%59?58%Md?a%r%%l§r%é%%§} s?téll%gc‘?gkcfa[}%rsom t he
group consi stficng afchZShhdy; 1ZSMA MM naZSM R, ZSMIE3 cape ASKS36¢1ipreaf er abl y
converted tothes bt Lorm R ¢fer abhye havi ngoa, S0/ ALRO3.Jael g¢ ratio of
from20:1 to"80:1, and (4) a binder, preferably selected fromsilica, 10

al um na afd APXEUFEdOthet sofh MfcheP Prarepred cabal Jsied of“eSe in this
invention isatesedided hdy WeSse PiRvkstonal: 10ppk ivGahi em Mave®}/ 029939, filed
February 20, 2008 entitled "Process for the Conversion of Ethane to
Aromatic HydPBEar bos. #° Thit& CRPpIFE4LT o‘F%‘ihsV%l%érZE)Wi ?{3 SFRo? I8 by
reference inzahigoentithetyw ithelapp kcattiorsdessiddes anmpatral yst conpri sing:
(1) 0.005 to 1 9% (% pght) platinum based on the netal, preferably
0.01to O.OGCQ/Q?%YS%E%r%r%F\é?%bI y 0.01 to 0.05 %, (2) an anount of iron
whi ch is l@qual td'serlgy estterat heers .t hempnipdne ROedhinhetni astnemm but not

more than 0. 30 M ,0f 1508168t alyShevRE&S 8R0LY N0k AD1 & Jhap 0,120 % of
the catal yst, nost preferably not nore than 0.10 % of the catal yst, based

on the metal to(Byoctgetd PYIGIogtiesr ard FRihasiq ifeat BEIYSEarktdbId a
zeolite, basedy@iedibe:alidAan0séd | cahene 2pPpeher akind®i0o98:9 %,
preferably selected fromthe group consi %ti ng of ZSM5, ZSM 11, ZSM 12,

ZSM 23, or ZSRESS 27Hr BTRAGLEY LUV EPE JIF 6 Ehe 1 PBFhY TS5y P&rabl y having a
Si 2/ Al 2Q3 noharharal i 0s froiceem@Antotgh 80 plprand W 4F ediiindestagersef er ably
selected fromsilica, alumna and m xtures t her eof , ; Anot her
preferred cafjgfril%thefagre}ﬁcsgn?%r? &Os P reenbtbll(‘)r%%( srt%giéjggr} Se&elmﬁeffqé{r{’

Provi si onal Applli datihefedNoonbld ORG4F8ed f | ITed Falprasey 4Bes2008 entitl ed

"Process for uggcs}ha@@xgr han. JH32034PC,.of JEkhane .o ALamBhi &5 the

Hydr ocar bons. I's application 1s hereby incorporated 2% reference inits
entirety. ThPseggpl ieatioR destis BEBratwdt AFySINTcHFPFIEIhEY 19 0.005 to
0.1 w % Gfo by yaight)y plati-pysm: hasesd: o Hhe meiake ps efrnabl §::50. 01 to
0.05% wt, nost preferably 0.02 to 0.05% w, 52) an . ‘
storage or recdycie 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
25 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
30 and/or an aluminosilicate in which cations have been
exchanged with gallium ions. The melar ratio of silica to

alumina is at least b:l.



anount of galliumwhich is equal to or greater than the anmount of the

pl ati num preferably no nore than 1 W% nost preferably no nore than 0.5
wt % based on the netal; (3) 10 to 99.9 wt % of an alum nosilicate,
preferably wozeeldézes 10 based on the al um nosilicate, wpreii@bbye30 to
99.9 wt% pref 35@)'9" selected fromthe group consisting of ZSM5, ZSML1,
ZSM 12, ZSM 23; “73w 35, preferably converted to the 114- form
preferably having a Si 02/ Al 203 nolar ratio of from=20:1 to 80:1, and (4) a
bi nder, preferably selected fromsilica, 15 alum na and m xtures thereof.
One preferred enbodichent cafaivhe priesenty iveventd omn kaeshowzsisnoFiithe 1. An

et hane feed i ivid into. t St. ns h I feed .streamis

i ntroduced i trgg%rgccaltngl%gﬁ% é"?h%%ecré%ggkjédr E% ?\h%%%%tggbdﬁlglel} et hyl ene stream
8. Ethyl ene 28tstywanr8risscconbé nedalvsh deverseedrnad shhamsckdédsstream 4
and Intrpduc%rgﬁf@h_t heqel hang,te: enzese deactor AQ.(healsipatigr in the
description of the figures, the description will refer to ethane but this

i s intendéd ®PdaFHeIude™ HE AT bk igPkanew)e. st riodicef ool BeMYfilene into
the ethane ter2grubenzene: FeAGESS 4 hAGNRASEH-t herdvobal zdwdnocasnbon

conver si on r?%e and/or,_the aromatics yield. The reaction products are
transferred thr3tgh™PRe 12 into a separator. The separator renoves net hane
and hydrogen t hr ouglrl a8 tang:iunr pagtipd vethate tardpetdyssené thw ough |ine
22 whi ch opti y . e 3 ecycl o lin p [ f.line 22 may
opt 1 onal 1y bE2arvy ¢ TG R e 3PP et a8 W ER PR Fed st ream
whi ch entlér s 7t héf datzal et odr abkedr a6 Gptdignahtgrr@9leddteriedbsermey al so be
separated in;separat @he 4 @nd keave . Y0Q 20091076393RCTALB2008L 086147
TH3203- Pur through line 20.” Final ISy, benzene i s produced and | eaves

separ at or 14 PERAFOUGh CPPRELPERS 25M-5 CamptHer NAr et eritad s enbEdi-AeRtbYof t he
present inveptbpsrirgy dRSCIdNEHs i dhth@nidy AB el haneaf eed A 1(wbhch may or
may not 5 be _ﬁar%i al | ﬁ di verted_,throggh, an et hane cracker) is introduced
into the et h&f® T BERZENSPEALEGH POt FHE Pdak ﬁ’&ﬁ’og?"b%l are fed

t hrough lisne ci2cimie the separat orrhtdsefptd ppadily deethame andred hyl ene are
recycled through, line 22 to feed |] 4. Optionall 09+ terials may be
10 separat ed%fag?%{usthwf]f'(ﬁYIe cfélf:aﬁjebnzggrqgl}l% l%g%ﬁcg?%ﬁar?e%\%ébt he separat or
14 t hrough | ieneen.alTel sleme nandisgd.ene are al so separated fromthe benzene
and | eave through,d4ine,28 and.ar& J nhioducedphnt o ;hydrodeal kyl ajgd on
reactor 32 wherein the toluene and xylene are reacted with hydrogen to
produce 15 mbfe BeaPLehel WHNEHOD easidehtlifgh peete4. 1L Gt ends naterial s
| eave theohydr ogealkyl aéily K88GH 282 I QUgbrdide i86:icsThatieéhane and
hydr ogen st ream 18 frgm separator 14 is o ti,QnaI]L:%6 treft ed in hydrogen
recovery uni t 98 WifeY it K€ h§Ut Syel’ T 25%8¢6Gered ahd s optfonal Iy

i ntroduced i nbbld het20 hydr edeabiydiatinofemiegctos 32 1bhsougl | i ne 30.

Met hane i s recover ed.from.the h dri_or%%n recovery. uni.t . thr oOL{_gQi]IJ ne 37.

itichal metal chosén the” grotdp’/consisting
germanium, lead, and indium.

25 One preferred catalyst for use in this invention is
described in U.S. Provisional Application No. 61/02%481,
filed February 18, 2008 entitled "Process for the Conversion
of Ethane to Aromatic Hydrocarbons." This application is
hereby incorpcrated by reference in its entirety. This

30 application describes a catalyst comprising: (1) 0.00% to 0.1
wt (% 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



Fig. 3 describes an alternative enbodinment to that described in Fig. 2. In
this enbodi nent, the xylene and toluene are not separated from benzene.
Instead all three 25 | eave the ethane to benzene reactor 14 through |line 28
and are int patieeedcdont o t he hydrodeal kyl ati on reactor 3@ siii@eedipodi ment
provi des the aggggtage of elimnating a separation step and increasing
overal | benzen Fig. 9 describes another preferred enbodi nent of the
30 present invention which has a stacked reactor configuration and wherein
all of the reaction products of the ethane to benzene reaction are

i ntroduced i nfeontuhoanhy dhodeadlskyb atdrentheadt.6r 320 lEtshanesf eéd 4 enters

ethane 1o berzene, reachor, .40 £0091019390) T7LUSA08/ 98514L Tegpa- PCT 10

and the reaction prodac rou are introduced into the
hydrodealkyIaﬁWahYﬁea®@@¢d321tmheMﬁydroﬂ@aH@ytathﬁ reactfi ¢ products are

i ntroduced t@rlgmgrkbélm@aé@ 'gﬁ%@eﬁ;ﬁ:ﬁ@f @t%ollf[@'et ¥ePoh My product benzene
5 |l eaves through |ine 46. ases and %ﬁt materials | eave through |ine

44 and the hééV?LWﬁPéFFéP%fﬂHP ﬁ“ﬁﬂﬁb?Ps%D 19 ‘Bf'onBEPEeraedve through |ine
48. Thi s enbedhpenic Fasnthe @;@Ma@t@g@@tim Iaatzm—sse\zsmaﬂ] ,Separat,i on steps
and increasin raII ene 10The unreact hane and bypr oduct
2.5 hydrocaﬁ%g ggsiédpr E%%V'%ﬁ%y e%f%?é a d/of fecycled. |t
may be neces$aeyetnﬂqobhvhheﬁeSbyphmﬂucm@hﬂnrhtqueﬁyftheﬂﬂlVMEQ t he et hane

or mxed |owgp .al kanes,ord %ﬂéé? f &%@%HE‘%EE@E& ?§?‘ﬁ Jasukt of the

purification of t he "nat ur al I'east sone o ese byproducts nmay
be cooledﬂanélhmqﬁeﬁmédmuﬁﬂﬁ@Stﬁ@ﬂﬁ@ét exchangers used to liquefy the

purified natural gasntiethane)eq Thehydr oﬁﬁ@hgalﬁtlmsr%&%n fwol ves the
reacti on of toluene, xylenes, ethylbenzene, and rbI%her aromatics with 20

hydrogen to SEFFpRAKYD %ﬁbu5§OY%%H¥PHeN§ﬂdﬁﬁ%%@“ ng®t 0" 9°dduce additiona

benzene and Ifllg@& z@mgamdwdmgs @ILEI@HJ@d andoethane woh€ lvoarker sgpar at ed
fromthe benz hi s St?P sybstantially incr ases the overall yield of

benzene and f’u@tW%“%F@h% GV AN EGEGEE B Bot A théPREt “HnE cat al yti ¢
hydrodeaHKyIameMypnmces&e&earayhnﬁMMen@aUmelasuﬂmlhetﬂalideanylatlon may

be carri od oubeas. 36 iaad ik, Uy S04: 006, 108, ilah 4o Dol b gor porat ed
FRTYT &ea Vi at

by referencef sTentirety. on operation ténperatures in
t he describeﬁWthé%¢H1wgt@@@sglﬁﬁyNEO pasrye ofr bhe 380 afle BOUCrablthe inlet to

the hydr odealpkyl atd @nokeaGt Ok s I NG REEISL @ BBYLS anas i&toméQOQn kPa to 7000
kPa. A liquid hourly space veIOC|ty in the range of 0.
amount of iron which ig equal to or greater Lhan the amount

20  of the platinum but not more than 0.50 %wt of the catalyst,
preferably not mcre than 0.20 %wi of the catalyst, most
preferably not more than 0.10 %wt of the catalyst, based on
the metal; (3) 10 to 99.9 %wt of an aluminosilicate,
preferably a zeolite, based on the aluminosilicate,

25 preferably 30 to 99.9 %wt, preferably selected from the group
consisting of ZSM-5, 2ZSM-11, 88M-12, ZSM-23, or 2SM-35,
preferably converted to the H+ form, preferably having a
S1i0./A1,05 molar ratio of from 20:1 to 80:1, and {4} a bhinder,
preferably selected from silica, alumina and miztures

30  thereof.

Another preferred catalyst for use in this invention is
described in U.S. Provisional Application No. 61/0292478,

filed February 18, 2008 entitled "Process for the Conversion

9



WO 2009/ 076393PC / US2008/ 086147 TH3203- PCT based upon avail abl e i nternal
vol unme of the reaction vessel may be utilized. Due to the exotherm c nature
of the reaction, it is often required to performthe reaction in two or

nor e st agesw® wbdidrsdont er nedi ate cool i ng or quenchi ng ofpdhesiRasdiants. Two
or three or rmggeé]eac_,ti on vessels may therefore be used in series. The

cool i ng may e i ‘éved by i ndirect heat exchange or interstage cooling.

When two reaction vessels are enployed in the hydrodeal kyl ati on zone, it is
preferred 10 that the first reaction vessel be essentially devoid of any
i nternal strudtbtiesandot hainatthe sebondrvessel Tom applswddicei eat | nter nal
structure to.pr te pl fl of the reactants through a.portion of the
vessel . A terh%é{??oe'llvl,%r#%%atﬁ%\%%dreeaf:%@?g ilélnl!iz'%n%nnﬁﬁég{ébnt%lﬁ a 15 bed of a
sol i d cat al ysrrsuet-ias thecdaral ystatdeset idvegrinind:S(18, FBD5508,0vhich is

herein incorpeEai£d, by.f &f8r eRGe: ik, bes &Nl eLY - ARYL Nere ROSSH Pl e _
catal yti c hydrodeal Kyl ation process is described in U S. 6,635,792, which

i s herei n3i nfofporated by refieperivefienapts tefti Fetly O5Fhits pab ept 20
describes a hyduedeal kyh atu0RhPEOCES $qGAT MNied rOfite LV ti1dZ @0kl t €- cont ai ni ng
catal yst which al so _c%‘gt ai ns_,gl ati nury ang tin or lead. The process is
pref er enti al FFOPRF ©dr rB8 R BRPerdCiFES Pangi By s rof 250" ¢ t 59800 C,
pressures ramgeagrdoigme. woiPanto B.50wiPa,baskequind dhpdrecar:ban) f eed rat es
from25 0.5 &g 49 dnhourty, sBace: velioehiys 20d-0plar, ydragen) hydr ocar bon

: o abou .

feedstock rati oS ranging from about hé 1'ntegrated process
of this ilvekeren arayhal somiinebidecathe pedcribhay of¢ ben2erfe wiitt h propyl ene

to produce 3Q,gHrEng ML L HIRY £ 18k N P&, S eBYE! d8d4i BE Ozdanenolg@and/ or
acetone. The pr og%ll ene rr%g_f%e produced separately in a propane

: P
dehydr ogenat i*én ittt 2or coffe $3orr ol BfATRrePREKENVBF Bteds Ventli'str eans
or other sourees, prdB:-2008/ QA6393RCshbY 12008608647 : THIR2A3vRCIo:1 Fig.

5 illustrates o enbodi nent of the phenol productio spect of the present

“nvent ton. PEEpARE T 87t PoduBLE Tiir BGH e SO.AHEY prBharecce:

dehydr ogeat m0nmmd tan82manichrpe opydene . made therein flows through ine 54

Into One preferred embodiment of the present invention 1is
shown in fig. 1. An ethane feed 2 is divided into two
streams, the first feed stream is introduced into a catalytic
ethane cracker 6 which produces ethylene strxeam 8. Ethylene

20 stream 8 is combined with the second ethane feed stream 4 and
introduced inte 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). Intreduction of ethylene into the ethane to

25 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 Chrough line 18 and unreaclted
ethane and ethylene through line 272 which optionally may be

300 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, Cu

materials may also be separated in separator 14 and leave

10



5 phenol production system 56. Phenol production system 56 nmay be conpri sed
of any of the processes for naking phenol from benzene such as those
descri bed bel ow. Product phenol |eaves the phenol production system 56

t hrough | i n@&oSdevtsbane fl ows through line 58 into the mhhanesheibenzene 10
reactor 60 and 2 zene produced therein flows through Iine 62 into phenol
producti on s §§ B&L Tol uene, xyl ene and C9,. aromatics are separated and
| eave through line 64. These may be further processed to produce nore
benzene if desired. Optionally, a portion of the propylene may be

i nt roduced imhmo&ﬁ1uheeemhanelthhﬁnbemﬁymeaehanxmhedughinhaee§6 Li ne 66

could be a vent_strea tal Jdilute anounts of propylene which is
typically Io%'éafﬁéﬁ Tk 3@ gﬁupropylene to the ethane to benzene

reactor could |no%éﬁ@@rtmﬂaﬂerhvﬁﬁaéaﬂb@ﬂﬂr@ﬁeU%hdﬁ@ﬁeaﬁOWWFPESmyH@Id 20l n

the enbodi mentdesgld 9§dr ik ki g Arﬁ,ethgﬁe r@@athomﬂl%h &2y rdreglagurﬁoti h the
sanme nmanner except that the toluene and xyl ene are separated fromthe

benzene and ﬁ?d?%ﬁé&ﬂk?l%?@ﬂt€6 %Pﬁﬂ@ﬁéﬂh&ﬂpﬁp%ﬁ§ﬁcﬁéﬁ&éﬁb The products of
the ethane tanbenzere [gactioe arirseparaiednentedienzene whch flows 25

through line 62 into nol production sys en156 | uene and xyl ene which
flom/?hroughIF?%%”ﬁprﬂg 8?%d§%¥&5F%&¥“ lﬁﬁl%zfﬂ? @558%?bnatlcs

strean1mh|chlheawaglpeahuoreeﬁathUMthijMBLGSﬁaEﬁeyxy&EHQrandhtoIuene are
hydrodealkylﬁggg %ptgrgg%%qlggrg gﬁg&%d Ig G§§aﬁgqmgyg}odealkylatlon

30 unit 72 throu '’ ne I ne e benze ‘om et hane to
benzene H@acﬁ@PaEﬂEdeﬂrﬁgéml@ﬁOﬁﬁkhaﬁ@ﬂmﬁﬁslhw@ﬁ@@éﬁdaﬁéiﬂﬁﬁv%ﬁuced into

nydr odeal kyl a6l apaigas ofy TR:oV 20981076393PCH 15008/ 0BG 47 THE203- PCT

t hrough |ine 74. Product phenol aves the henolﬁgroductlon system 56
t hrough |i ned5yo separated f&ﬁ’ﬁth@ RERBBEF Nt LA’V HORAYIh 1RPG. 27,20 at t enpt
is made to sap@rﬂ;&ohhee@qmaeng hﬁcﬁbd@@ﬁ{y&ﬁﬁlﬁy|M@t@ﬁnﬁl)ﬁlﬁ@ﬁ:élﬁ and their

m xture is sent directl rodealk latiaon unit 72 through line 78
T hare EBE GRS Jnd i e i bokh dneBhen & SRSt R ough' | oe
76 into tlhe pb&mabnpeadumhxmnLsy@ﬁﬁﬂhsﬁmﬁinlaadvherLe@dehmmnt as shown in
Flg 8, no at&@ JﬂlS 1 awa %e ﬁkh%%@gl%pfqgogneﬁmmo&h 2%%&% ﬁlhgulenzene

reaction prog whi ch™ are sent "as a ream t hf ough 0 to the
hydr odeal kyl éﬁ; orﬂ‘h@nm@tW@e g driagergen melaalnw piugs hyeriadgen pt dduced in

hydrodeal kyl %tp&aﬁ@g%%a&% LS HReyebed-dhneugh,diings 84,4t q afhane to
benzene products stréam 8
hydrogen is recovered and is optionally introduced into the

20  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. Tn this embodinment, the xylene and
toluene are not sceparated from benzene. Instead all three
25 leave the ethane to benzene reacter 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 yileld.
Fig. 4 describes another preferred embodiment of the
30 present invention which has a stacked reactor configuration
and wherein all of the reaction products of the ethane to
benzene reacticn are introduced into the hydrodealkylation

reactor 32. Ethane feed 4 enters ethane to benzene reactor

11



15 Cg+ hydrocarbons which are separated fromthe benzene | eave the

hydr odeal kyl ati on reactor 72 through |line 84. Phenol can be nade fromthe
partial oxidation of benzene or benzoic acid, by the cunene process or by
t he Raschi gwpre®®sses |t can al so be found as a product wfrigeskogpiidation.
20The cunene Béocess is an industrial process for devel opi ng phenol and
acet one from'Bénzeré&’and propyl ene in which cunene is the internedi ate
material during the process. This process converts two relatively

i nexpensive starting materials, benzene and propylene, into two nore

val uabl e 25 OﬂeﬁﬁimhenﬂtuﬁﬁdnaﬁﬁREMES Iﬁdvy'theaqﬂamESehEQHhﬁeﬁmare oxygen

fromair and, ga |n|t|ator Nb of .t he worl dw de
% uc zo atio react § o} .
producti on o# p enol ace o |s no ase I's” et hod. Cumene is the

conmon nane ﬁm@rwdaa@km¥QMMmanzemﬂ;lONear¢quc3© ar¢ nﬂteO@uﬂﬁﬁnéhtbmﬂhi s produced

as a pure conpoung QP anJ RIYsLy i ali+Seal € ph$, CaANYRLLEd: tb%n%HH?”e
hydr operoxi de which is an’internmediate in the synthesis of other

i ndustri aPl y P#oT tARPuEhereal s sTBR FRSG5hendl Jiand BRietdreés Legoe

2009/ 076393P@M&i%OQBAQSﬁﬂéKdTtﬁQ%aE’@Tma@ém@ﬁlﬁb wWas chofoni¥eYERr s been
produced commercially g F al kylatlﬁf of benzene . wth rog Iene over a
Fri edel O af t 8" CRAECYst e Fart eulartyesot i dTBﬁ%s SFH e PdS ot Al uni num
chl ori de suchdasntdescelbedainnd. SvePat Nparbt 4843£P57andVbnersecent | vy,
however, zeollégﬂga%ggzrggﬁ ysi systens have been found to be nore active
and sel ective for tiron of benzene to cunene. It is known that
aronatlciﬁydrocaﬂb@nsnb%nibé adihEngt edd inverhéupr ésencwirofageird- treeat ed

zeol i te. U SpcRalog M. o393, 262 (1983) JeAches.Rakecumeng, 4G, s prepar ed

by the al kyl ati on of benzene with ne in the presence of a specified
zeol i te cat aP§stssagysto prrel Neeswy ngE"%-%%é@cH%’@@t‘HémUseWB‘?“ NERE 22

zeolite in taehaadé%hca[&im obwbenzenge 6ﬂ1g@h@@é’|mﬁ £ hews peihods are
described in U S. 627 525, 2%6 15 and

Pat .
6, 888, 037. AF‘Ir‘?ﬁ“ltLh% *ﬁa?@ﬁf%l%?rtéoﬁe?‘gu%eu AT 8?%da6y Fatlerence in
their entifr etyme .of these|U?p®ﬂﬁmaﬁmb@dyMBﬂkmOEH@EHnE mmguémaeﬂroduQﬁd by
contacting bg?z ne. gglene in Iatlon c % ctor

containing a P XE aC| g e céialytl ?ﬁé%flfl IE%Pﬂ% ur'e

conprising a w@ﬂemabar sieve in a dlstlllatlon reacti on zone thereby

catal ytically reagl HQ@M&%a?QQfaeﬂ%naPQa&)&%Byh‘?\%vfeQ produce. al, alKyl at ed

benzene product including cumene. Cumene may be produced in the catal yst
bed under 0. 28lue50xatFESphet sl tehzpres stifen P rat reetipérariifes in the

20  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.

25 Both thermal and catalytic hydrodealkylation processes
are known in the art. Thermal dealkylation may be carried
out as described in U.3. 4,806,700, which is herein
incorporated by reference in its entirety. Hydrodealkylation
operation temperatures in the described thermal process may

30 range from 500 to 800°C at the inlet to the hydrodealkylation
reactor. The pressure may range from 2000 kPa to 7008 kPa.

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

12



25 range of 50C to 500C, using as the catalyst a nole sieve characterized
as acidic. Propylene may be fed to the catal yst bed while benzene may be
conveniently added through a re flux to result in a nolar excess present in
t he react or wighobdaptses equired to react with propyl ene, tianebyoseasti ng 30
substantially all_ of the propylene and recovering benzene as the principal
over head and "¥dreneddnd dii sopropyl benzene in the bottons. Concurrently,
in the fixed bed the resultant al kyl ated benzene product is fractionated
fromthe unreacted WD 200910763931' CT/ US2008/ 086147 TH3203- PCT materi al s
and cunene i Sasepaimiedviriomlthenad hyll at@direens etie peoducin (peederably by
fractional diStiﬁé%}GRQZQd The principal alkylated benzene product is
cumene. I n addrtron thére ‘may be ot her al kylated products including di 5
and tri isopropyl Diserizehies exophopyic behzenef ehhydeasbhzendt t6l uene,

di ethyl benzepe.and i+ 03 RIORYLrDENZERE MHiCH Al q.RELE eYad LRaHS,

di sproportion and isonerization products of cumene. In a preferred process
the residdal "alRy}Hteeaeptdducrs: Peh®i nfR AfLer Ot itenECdEFaat i offdmay be
loassedI L 0I a 19 t:ilﬁﬁélelsglrrm&laé ixgﬂcfﬁﬁﬁtv@&s@IEﬁr@Fy_eﬁilnéM@&?deisbﬁoﬂr$ ; 0

transal kyl ate pol ya ated .benzene, e.g., dijsoprap enzene an
triisopropylSﬁghi%neF¥FoC% ﬁﬁﬁemﬁhg@haﬁgvmﬁ% é%ﬁgFgféatf “6m t he ot her

mat eri al s i nekkhBatgeaansalkydratbon @roodugt Stheeatvangamayorberecoabs ned wit h

t he cunmene fromithe 15.f] S L.op. n y .be. oxi di in slightly
basi c conditﬁgﬁs&ﬁﬁﬁﬁggsgigémo ﬁgkggg?ggvgﬁgﬁt?§%%rl&hf%ﬁh%gégg%% t he
tertiary Wenzpkt ctivy diogendacoipr wenel arrl diepceliflidyndewicumenany adi cal .

This cumene radieal; then.0ardsnydh a0 0xygeRa20 Jmhecyl & :t0 give the
cunmene hydroperoxide radical, which in turn fornms cunene hydroperoxi de

( 06HSO( CH3) 2505 b1 H)e by L abstieac B F i 'HERZYT iIRFORGE? dyed FHImEndbher cunene
mol ecul e. Thisasthmne thyslipper pxidencenveld seck 0. cunmene radi cal s and feeds
back into subsequent chajn forpations of c ne, 25 hydroperoxides. A
pressure of at | ehetT8 atihiay Ko GYEHSIY AHAET &L KAL LR GROTABT & per oxi de
is kept i1 | bguidf st abkid catalyForsvexaaplee cuneEnethydsoperoxide may be
made accordi%g thQQS Qggc%§§cgescribed in Uy 1,703, whi ch

is herein inco?porated y re ereﬁ%émfﬁl?fgmgﬁg??%@%?b h§3§%%§rocess
conpri ses pravbdémg rahyoxifdathen feedbtonsitetivhye dvsentealdnabioran or ganic
phase. The oxidalion .f sg&ﬁ%erié%ﬁs@n@, &is,mene @lkyl benzenes such as
cumene and a quantity of neutralizing base having a gH of from8 to 12.5 in
1to 10 incorporated by reference in its entirety. This patent
20 describes a hydrodealkylation process carried out ovexr 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, liqguid hydrocarbon feed rates from
25 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
30 cumene which may in turn be converted into phenol and/ox
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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WD 20091076393PCT7US2008/ 086147 TH3203- PCT wt. % aqueous sol ution. The
quantity of neutralizing base is effective to neutralize at |east a portion
of acids forned during the oxidation. The oxidation feed conprises up to an
anmount of weiesedteeti ve to increase neutralization ofp@gigsismsdiar med
during the oxidation without form ng a separate aqueous phase. The

oxi dati on feéﬁﬁ¥g3é§ﬁ%sed to oxidation conditions effective to produce an
oxi dation product stream conprising one or nore product hydroperoxides.
Cunmene hydroperoxi de may then be hydrolyzed in an acidic 10 nediumto give
phenol and acet oneig Addiitienalattechrokogs@sesticht ahebenaere

sul fonati on/ hydrolysi:s .apd. benzepe chl.or] nati.ani fiy dr glysi s, Rrocesses may
al so be used 0 conveér £ the Benzend into phenol”, "al t hou currently they
are not as eciorigniteedd yhidugiodpeti 1l vetasprdrene uwenelrpgocdssn Thet di r ect
oxi dation of Henzens Jshoge AlducObnYger bt ANOLAGY 14AY &0 whi,ch benzene
may be converted I nto phenol according to the present invention. It does
not require rP&8eL RFORERIPE GPVFEhe’® -FoPreednpredudligr pattemgt may

4,992, 600, whicChokseiheuebn d4iCor poiatedcdysdseler anoa@nynphdrmientbdiety,
descri bes a process fo% t he oxi dation og Qgpzene to phqul mhhch conpri ses
contacting anf"ERRF eyl 8ACTIONG PRHZERE ditt C8xy e Wt WP 1 Pol §5 Het al  sal t
of a di hydr oditkydnenoraptbtacene( podtes 6k fonatghhaieng7at | east one 25

sul fonate moiety pn, thee2, 3..8,00, 4:R2SE4 'i%%sé?ea%%%ég& $aLLels

di ssolved in water, optlonéily In Qhe presence of an oxi dation cé%alyst,
and subseduentekyteepdr ati ngprizeom pivalucedctliconipr odust thherndl land ¢he

cor r espondi ngn(tgol%]ry@)noq%réﬂotueiq aptnagyi nangnéRol ) suhd opat e, The

by- product 30 ant’hraquinone salt I's suitably recycled to the benzene

oxi dati on stéﬁoﬁ?tﬁyﬁﬁégeﬁﬁﬁﬁﬁﬁe@H%“hﬁ?ﬁ?%d%FﬁBﬁ%]§§Pt?apré¥@?ahmﬁi

di ssol ved i npaaEefthdrOptbee 803200910 40393REE LeRANR 08644 rEH3203- PCT

di hydr odi hydr oxyant hracene salt by contacting it with hydrogen in the
oresence of Loy UGt G WAl aPy e PrOPYLSRAATTY Gifal Ty oUNes FAEC No.

6, 900, 3585 whihehetlsarkerei rerdzreor porabedt youyaf erenee . i NLites centoulet y,
describes a %epgq&glsOQQQm%Q% géigﬁ%igglgﬁaggnzgqgcko PhquheMQEQQa
conprises coriti huousl y "cont act I'hg, % YA A O IAET S Boriuim FeAct or

conpri sing aimsetgpimnlzohe’ andued di Pdktati of pore/lebenzendewetharg zeolite

catalyst and.an,oddant ale 4 LEIRENALYELsd Nkhe KANGe.0hof ramabove 100C to
270C thereby 10 producing a hydroxylated product,” wherein at |east a

portion of tRedbenzZensabeingiPhda |iquid phase; continuously separating the
hydr oxyl afped product:nbr emdhecun-doact péa benzege ¢,n thherditich! ation zone
under conditions effective to vaporize sai d un-reacted benzene and mai ntain

the 15 hydr oS¢Fat¥ Sprotitct’s AS° IT9GUrd PHESE; TaHd T EcbYEIT Fg? P he

xylene are separated from the bkenzene and hydrodealkylated to
produce additional benzene. The products of the ethane to
benzene reactor are separated into benzene which flows

25 through line 62 into phenol production system 56, toluene and
xylens which flow through line 70 into hydrodealkylation unit
74, and a Ca. aromatics stream which leaves reactor 60
through iine 68. The xnylene and toluene are hydrodealkylated
to produce more benzene which leaves the hydrodealkylation

30 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 hydredealkylation reactor 72

14



hydr oxyl ated product fromthe distillation colum reactor. The

i ntegrated process of this invention nay al so include the reaction of
benzene with ol efins such as ethyl ene. The et hyl ene may be produced
separatel y b Aam@theet hane dehydrogenation unit or may aneszhidsansiel efin
cracker process vent streans or other sources. In the enbodi nent
illustrated iTW°BPg.FY, ethane feed line 100 is split into two streams. One
stream flows into ethane cracker 102 and the other into ethane to benzene
25 reactor 109. Ethylene | eaves cracker 102 through line 106 and flows into
styrene produttrbosh Syistem 10&rboem whiechl Steprenetiss ppeodugaddandidreaves

t hr ough |in95}%9-m§&¥Q ne. rq%uct%pn system 108 may i nany of the processes
descri bed bel®dWw For’ T edcti g epﬁy ene and benzene to product 30

et hyl benzene and fhemoshyry emméodiment aBemreme iprbducéd e attkane to benzene
reactor 109 fl.qwscd NgUohd Ihg 442 drlt OcSTahens, PLAAUGL | AhSKshem 108.

Tol uene, é%lene and C9+ aromatics are separated out and | eave WO
2009/ 0763F3PETAUSXDI8OBEIAT7 1THIZDR - IPETC eadoka AW IrRFRUGH IPEhe® 114. These

materials maynhe furdhengPracessed e pradiceomes:e.denzena.orSene et hyl ene
may be taken fromline 106 an L_trodﬁced igﬁo r gctor %04 hroggh l'ine
e I

d i :
116. As descriBeCalsvact Hifs chn e LUERH™ 0 Mhct dd&° 5" th& FBY

hydr ocar bon genuestsicensyaite &id/ or aromatics yield in the reactor 104.

In the enbodi ment. jl]| t Lh Fig.. 1 enzepe is S at from xyl ene
and toluene in etﬁéﬁ@gféé é%%gﬁﬁ“;gaé oghﬁgﬁléngw?hz’tgfggﬁg%gﬁdliylene
f1 ow t hr olifgh rlhidpeat] ¥8pabatimoo ahy driodéal kKyiadei b kmizend 20:aa3iproduce benzene

which flows thraugh Line, 122 apgh is goobiged Wik, benzene iiinel he.cl12 for
introduction’into the st%rene production system 108. C9+ aromatics are
separ at ed fr ¢t herofhat Fardiati e ifatér i al $irpractHafet g b&dPene react or

104 and |eaV%yﬁPéc%i‘QErbﬁMdlaﬁ-hﬁ&dﬂﬁ@i@)@ﬁli@h reidraner plius bydengen are
introduced into the ,ydrggealkylntion_u It 120 through | i ne 1%@. In
anot her enboditARHE" ddPEhbtn AR BHY 10 HE7APE PSS nilde o Separ at e t he

benzene,JBOIu@neyaﬂ&;wwbeaaﬂmmmpeaenﬂgmaadedhﬁbm ﬂi«ﬂmmeehsiﬁgmb to the
Py et K B L RSP B LT BpggeneL ey, I it 120 flows
Phenol can be made from the partial cxidation of bhenzene
or benzoic acid, by the cumene process or by the Raschig
process. It can also be found as a product of coal oxidation.
20 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 inexpeénsive starting
materials, benzene and propylene, into two more valuable
25 ones, phenol and acetone. Cther reactants required are oxygen
from air and small amounts of a radical initiator. Most of
the worldwide production of phencl and acetone is now based
on this method.
Cumene is the common name for isopropylbenzene. Nearly
300 all the cumene that is produced as a pure compound on an
industrial scale is converted to cumene hydropercxide which
is an intermediate in the synthesis of other industrially

important chemicals such as phenol and acetone.



I n anot her enbodi nent as shown in Fig. 12, no attenpt is nade at separating
any of the primary reactor products which are sent as a single stream
through line 128 to 25 hydrodeal kyl ati on unit 120. Benzene produced therein
fl ows througép divhesk22 to styrene product system 108. Hychogeds@siamet hane
pl us hydr ogenq%r ro)guced in the hydrodeal kyl ati on reaction is recycled

t hrough |ine 6°¢ 5" %4 ne 128. Cgi hydrocarbons are separated from benzene
and are renoved 30 through Iine 132. Et hyl benzene is an organic

chem cal conmpound which is an aromatic hydrocarbon. Its najor use is in the
petrochem cal i ndostane ass afvr nhey nedirat ieegoppodunckd opmtdresiproduest | on of

WO 2009107639 US2008/ 08 P igh in,turn is used
for making poﬁ gﬂk%ﬁdg,lgg %%JD% %-Ill_g,%q% ép%ra@tll}%gnn'&eg\rl\?afﬁéﬁ{%tlhough of ten
present in srﬁa;lalftanmmtls'Si::n I@rrmel@u@rlly erhiyl bepzere icsaprbdduced in bul k

quantities byalgamrm'aagouwe Rethochemical isePenzene and Hethylene in an
acidically-catal yzed chem cal reaction. Catal ytic dehydrogenation of the

et hyl benzenhe 4Ké %ﬁVeSMﬁWr%éﬁt@és NgHEY Sty Fefe tRERd | A FF benzene.
Eghylhblegzene dy%t@{lf@(haar@ bagGr &dumg,d BeSAPR: RaALNVS. aéid S&Ldrtyu ﬁQHZ@ﬁeStyr ePe
10Et hy enzene e produce accor |ng o the process o
U.S. Pat. Prgp ?%%LTTGO?%@:}PF?”FSL%&P@‘FHGI ngéir por’stosd by? %@F@P%L einits
entirety. Thmypmocers:smsonm itees ]l gy kytledt i mg-Hee pzesmndsy o€ omtiaict-rpgtdde
benzene wi th gbbylene o the Presencesolsa Gahal yaloansiali ng.easentiarly
15 of an aci di G rmrdenl e zeol | aving a silica um na nolar ratio of at
| east 30: 10 arnid areparsdabyitie §ﬁ~}<ﬂ7€ﬁttl}|oé V\hlktﬂiil?ﬁé@ deitér preied Sy Xor ay

di ffracti on tQ.bg &MMErbx His QBPf@e%YHHEH% havingdi speg sedt hggsei n

dormai ns of Onmm symmetry and havi ng Symmetry Index of at |east. 1.
20Anot her pr deédé @Qﬁr dﬁ?%’dﬁﬁsnbh%tqﬁﬂ Bénbi@’h@zf FeMBén2ene'S s described in
U S. Pat, No.aioy84tic3/0r mRRei s:thepebpyidiear posaiednbynsaf arence in its

crt ety TNS.BLORESP SOUBL! 3e3 gss 19 benepey sihybone.; and gt vent
al kyl ati ors zane; 6rmt08mg tdie bem—ztm@ aamlerttheaeete hydrene imcddperatdyl ation
zone in the Q&G%g &&HBE E§QJeE% Q%E%e&?.alkylate
In one embodiment, cumene may be produced by contacting
benzene with propylene in a distillaticon column reactor
containing a fixed bed acidic catalytic distillation
20  structure comprising a mclecular 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
25 range of 50°C to 500°C, using as the catalyst a mole sieve
charécterized 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 ln the reactor
to that required to react with propyliene, thereby reacting
30  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 fracticnated from the unreacted
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WO 2009/ 0763931 TT/ US2008/ 086147 TH3203- PCT t he benzene to form

et hyl benzene; and withdrawi ng fromthe al kyl ati on zone a product conprising
et hyl benzene. Styrene may then be produced by dehydrogenating the
et hyl benzen&o neo7pwdcess for produci ng styrene i s descrdivgdo®/osgia). S. Pat .
No. 4,857,498, §@gqgjls herein incorporated by reference in its entirety.
Another process tor producing styrene is described in U S Pat. No.
7,276,636, which is herein incorporated by reference inits entirety. This
process for producing styrene conprises: a) reacting benzene 10 and a

pol yet hyl benz@fierial sa apf agigignRy L atdepa reeae tfoent 29 gl 1infl benzeire; b)

dehydr ogenat ijagqgthylReprzena v By a: dehydrogenati ofrdieastor to formstyrene;
c) withdrawi ng a dehydrogenation reactor effluent conprising styrene from

t he dehydrogenat i Bif PeagtHial 3%6W%ﬁ%§§lﬁ%ﬂ%ﬁ?el85%?“9% por ¥ Reof 105 t he
dehydr ogenat izaRiteact-aerefifdyuent oiie raadefdeagenadicas sepakahtom secti on
d) recoverln%_gtgrene fronlt e deh dro enatl n se araéﬁ n sectlon e)

i nt roduci 1 5t 4°RRF9 %o e%f ﬁ? Tt Re" HehFdF5enat i on
separati on sectiem, kWOtkﬁb&enzm@aEmdnﬁthepdehydﬂn@enaejoﬂnsepamatlon 20

section ar e%\éﬂ@vﬁ%ﬁﬂ%é&@@?b%ﬂ%ﬁ §§&%@ﬁz@gmﬁ Bﬁrp&ia%%%moﬁonpo”e”t

and g) passing at e second In Itor elenment conponent
recovered i noyerd tifedt PEHSAN RY | BICGCEAS ridc £6F L ARRARPKER t2H Exanpl e 1

The concept ugl-ogxanpl-enplovigded: belowehs daphendead tayibd yskeaechyt not
limt the scope of the invention. In this exanple, ethane is converted into

aromati ¢ 80 ﬁ?ﬁ?%%%%ﬂ@ﬁéoﬁHxﬁﬁt%ﬁﬁﬁﬁfaﬁﬁdSﬁﬁﬁrtﬁﬁghﬁé?n%&f usi ng a process
configurati onrassshgwaté rpdiiyglkillatBausen30Q0 éoﬁs/dayséﬁﬁuywe stream

cont ai ni ng nor %g%uptgjvso Wgﬁp% nbgtan ang ggt ane shomg in stream 2
i s divided i €0~ TWo “8t'r eas T rEfstr 8 Y OF aboUt “606 ¥t 6fs/ day is
i ntroduced i sepaeat3s thennde ethaneateatker 16 Opertatedabtylbypeecal process

VO 2009/ Q7OSRIES 41131\%%99@/51 B4 ol sl fgrngQdL i 0n3. 9f (3bguty, 850C, 0.3

MPa and stea rocarbon ra The resul ting product
m xture ilg Sﬁﬁéﬁhﬁ8¥“€®ﬁﬁQﬂlﬂ ng about 50% et hyl ene, 30% et hane and bal ance

bei ng mai nl'y et hapgnang. hydr 098 Je3 €M :Red: Wil ith8onditions in
presence of a radical initiator which removes the tertiary
benzylic hydrogen from cumene and hence forms a cumene
radical. This cumene radical then bonds with an oxygen
20 molecule to give the cumene hydroperoxide radical, which in
turn forms cumene hydroperoxide (CgHsC{CHj)~0-0-H) by
abstracting benzylic hydrogen from another cumene molecule.
This cumene hydroperoxide converts into cumene radicals and
feeds back intco subsequent chain formations of cumene
25  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 hydropercoxide may be made according
toe the process described in U.S5. Pat. No. 7,141,703, which is
herein incorporated by reference in its entirety. The
30 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 guantity of

neutralizing base having a pH of from 8 to 12.5 in 1 to 10
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5 remaining ethane feed in stream4 and sent to the ethane. to benzene
reactor 10. Additionally, a recycle stream 22 in an anount of about 1300
tons/day containing primarily ethane and ot her components such as et hyl ene,
propane, prapyhenessoet hane and hydrogen is al so conbi nedywdtdesdifeam 8
which is 10 ?“?:32 _q)rcpfcessed in the ethane aromatization reactor zone. In
this non-1imti (83 T1Tlustrative exanple, the reactor is operated at about
675C and 0.15 MPa with a feed rate of about 2 H (Wi ght Hourly Space

Vel ocity, or 2 tons of feed per ton of catalyst per hour). 15The et hane
aromat i zat i owtr eactareonaysdleat on e hef pxed: ibedodfncat-al ysingparte clses

cat al yst bed WA . - C i nj eed fl r Vi ng- or
fl uidized- be(???%%%l}t[‘\%r %?nﬁ%ﬁﬁrg%ﬁ?%:atcg?% yglt ggg%f(%cloéfsg%@dcﬁ goé €(3)(\§/Tvlny or
rapi dly, resgeetiydhyg, chietatden- allreegatfionicrofeehiorer Ao zatdon of 20
the feed takesophice® ARLeA JreEENRFALLOMLZQNREWMEIE 8¢ CHMYabed, coke
deposits forned on the catal yst surface under aromatization reaction

condi ti ons ar@ F¥BVEdnHy-FCoRt+GINed Ebmudt F8F 1Y anS¥B/géR- cont ai ni ng

at nosphere. Eyasplephote such sokerdiunnisepgeneeatdr pboseduresnare
25descri bed in (gl_ts. PatflptsﬁA 724, 27%i 4,705 9&_81. and 5d0 3,270 whi ch are
herein i ncor POP&t e By et erSRce iFACHHET e RET Rty PTOMCITRE Q3R al yst i n
t he reactor zomeriprieberentirahbye qompriseydacpeystialekine acidic zeolitic
material, one or r ti ts. i 1.nor

anount (s), and an%ﬁ??ﬁ%%%?%%%ﬁ%&%ggﬁ{ﬁ ?g%&%&éﬁg??@;} 39 g%%l%ncna. For
exanpl e, Whereatat st ghesy reenpt i e 8cstene.5. OP6w gal | i um pl us about 655w

ZSM 5 zeolite havidagta,$dl iteahAb Y08 SRdakhsr 8L4.Q@f 40, with an al um na
bi nder. Catal ysts of this t){pe are 35 described in U S, Patent 4,350,835

referred to aBOVRNLPPRGRYRGLYALE 8410 BRPG\Gr 614 ¥IRE1PRABIEAYE82d, and/ or
after a cokepbufdsefsf nst ef,sot be watakystormy:opid erakbye betbreat ed at

el evated tenperature with air, nitrogen, hydrogen, steam WO

2009/ 076393PEUNSI008, DEEHET CHEEDUZIPEIT HidH it B Ryttt SBROBUE e i n hydr ogen
or nitrogen, corpdyyitany ahemecalitgneconpatddl e m xtures thereof, or by a
sequenti al proced#“éedkpé/cbj %&E!Q?Jgﬁ%&g%ﬁ?rr?e&z%n‘é' {éltn P& 5?%&3@59%‘3‘9? of

t hese. Exanpl es of 'possible ca t treatnment schenes are escribed in
U. S. Pat ent sa80@%3, 728, 119 wh20h 91 ze0e 808, PE3COBIBRE1830 ahedngl 186, 782,

which are al Loherging Localperataed heveeference: inhebs grfiLety. The
reaction products in anmount approximtely 9300 tons/day are transferred
t hrough | i ner$2°H@ravpodiery1ePSepdPat$ifPsection 9t which consists of

Conpr essQus, 4yaPnreoloi, Gt thrs epakateans i ngh:gddrbbad ign reebtsms ehcizd n this

tion, jorjt f th d hyd oved f th duct
Stream 18 | h°AH St X7 LS AnBUNCTE00 e aay- SHA P8 br SCHESEY Furt her

downstr eam i Pheeguivhédn cE@rises contacting and thereby reacting

benzene and oxygen with a (poly)metal salt of a
dihydrodihydroxyanthracene (poly)sulfonate having at least one

25  sulfonate moiety on the 2, 3, 6 or 7 positicn(s) and which
salt is dissolved in water, optionally in the presence of an
oxidation catalyst, and subsequently separating from the
reaction product phenol and the corresponding (polylmetal
salt of anthraquinone— (poly)sullonate. The by-product

30  anthraquincone salt is suitably recycled to the benzene
oxidaticn step by hydrogenating the anthragquinone salt,

preferably dissclved in water, Lo the
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15 unreacted ethane and ethylene along with any remaining G..5

hydr ocarbons are sent for recycle in stream 22 nentioned earlier. Benzene
is recovered and | eaves the separation section 14 though stream 16 in an
anount appr e sm@biys 1000 tons/day. O her byproducts suedvésoedseksiene,

xyl enes, and 0% %0 aromatics in an approxi mate anmount 1100 tons/day | eave
the separati on-é8¢ti%9n 19 t hough stream 20. Exanple 2 Catalysts A and B
were made with low levels of Pt and Ga 25 on extrudate sanpl es containing
80%wt of CBV 2314 ZSM5 powder (23:1 nolar 5i02: Al 203 ratio, available from
Zeol yst Int erdiayammlhydaMyaZ*&Wﬁcalwmhma Iy ndetacthngseét caftdl ysts were

prepared as q;{ggéé&eqn % 9%5355? s gnglf%f%%%gggd Qn. N, 61/ 029978, filed

February 18, entit rocess for nversi o of Et hane to
Aromatic HydrocarbdhdionThley eXt fuddtte BanpltesOiere cahetined harair up to

650C to rerm\é%csg_éaldd%b PP SIAEEn B 11Qr 110 48€ Lfy, caate@t:y%eaogepar ation. The
target netal |oadings for catalyst A were O. 0255w Pt _and 09%t Ga. The

target netal Hrﬁéﬁ?%g%@ff bhe Catarystn BLweree0 8 omte et %&1‘350 159t Ga. WO
2009/ 076393PCAS2008/ 0864A4R1oTEB203REELing, inMetad s ineseidepoesiied on 25- 50

gram sanpl es of the above ZSM 5/ al Cﬁm na, extrudat e, bé ;gr st ncorr‘m ni ng
appropriate dfBlht’s GFPELHER qtiedis “Sof UtT SRS bf vt né°Pfati num
nitrate and gehkéner(dikh)a nidoiate, cadialyst ngpad bnsoxidentir et i t h dei oni zed 5

water to a volype Just SUTRICLERL: L FLbh JliscPoree of Site exhiudafe, and

i mpregnating t extrudat e wit s solution at room tenperature and
at nospherilc predsuime al hptegmaeed sanghes wheeeaged aeasbomprehperature for

2-3 hours and st ben Wi ede QY¥8HBI ghts At 109Gn10CaldsLsusmde on the

ZSMt 5/ alum . na extrudate were tested "as is,” w thout crushing. For each
per f or mance tS6BRratynpsthe TKEPEEL Tk PESH ST OPrid\ dUsTSPYESt ed) cat al yst
was | oaded i Be@zanclypetBd 6H sstiainless zSh@@ndeb@or(dhiA@n@mﬂf.edi,lv@.nd

posi ti oned |n a four-zone, CLurnace con ected to_ a %ﬁgflo 153ystem

Prior to perfrhdnde “Cedtihg™” trﬁ%theéjt Pyst e RAF “treated in situ
at at nosplyer |h@dpas;e581$emteé poaiuch. in MPd iabsolwitze) ; a&ncf ekkowssinga)heal ci nati on

wihalr al 80qLLLALSReL-DRUE ELih, 20AURLA0: AN G hhe Jeagtor wall
terrperaturevvg crease to El In rs, R 0C for 4-8
hrs, then furtherThmGﬁéa@weﬁr PPP&EEG 6 BBECipvertion, mghertsivel d at 630C for
30 nin; include the reaction of benzene with olefins such as
ethylene. The ethylene may be produced separately in an
20 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 cother into ethane to benzene
25 reactor 104. FEthylene 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 systemn 108 may involve any of the processes
described below for reacting ethylene and benzene to product
30 ethylbenzene and then styrene.
Benzene produced in ethane o benzene reactor 104 flows
through line 112 into styrene production system 108.

Toluene, xylene and Ce. aromatics are separated ocut and leave
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(b) nitrogen purge at 60 L/hr, 630C for 20 mn; 25(c) reduction with
hydrogen at 60 L/hr, for 30 mn, during which tine the reactor wall
tenperature was raised from630C to the tenperature used for the actual
run. At thewenmowfsiohe above reduction step, the hydrogean/édzmsndQsmas
term nat ed, 6}”% hge catal yst charge was exposed to a feed consisting of
67. 29t et hamé”aRd %7, somt propane at atnospheric pressure (ca. 0.1 MPa
absol ute), 650-700C reactor wall tenperature, and a feed rate of 500-1000
GHSV (500-1000 WO 2009/ 076393PCT/ US2008/ 086147 TH3203-PCT cc feed per cc
cat al yst per demprdhridd nhrutees iafid drldi nt Tedec heorriefl st hey feedprtive t ot al

react or OULl el SLLEAM RS, SRl 80, DY cAD.onl | B, gaschLaal.o0raph or

anal ysi s. Based on conmposition ned fromthe hromat ographic 5
anal ysi s, i nitkah &tdvapéne pridpane andotetel iebnvesssitonsl Wertérevmput ed

according to bR {0 oWng. Q% BUL AFove, thiLLRANG: GOBMELSIQRredas 100 X
(%% ethane in feed - %W ethane in outlet stream)/ (% ethane in feed)

propane conver§i bata o ¥ e Rop R NSESPAhE R FRUPT- 2oRRAEE pY dpithe in
outl et streamy/ (fm-rpr-opaneg.n feed) total ethane + propane conversion =

((%w ethane in fﬁe | X % et ane_c_o]]qversi on) .+ (% 1@ro anzeenienifeed X %
propane conver si off) )08 ™ 4BIE™ L H1'SPE T HE FEstifs 'of BRITRE §3s
chr omat ogr aphicpa it andl-ys esy lohe sanpltesvefe tineetlvdrad tproeguctnest r eans of

these react of,s,taken gt oy MHULER,AL! ghal RhAduEtd PNk, NG heeth, Under

these conditions, over 0  propane in the feed and over 55%w of
t he et han® i Arthehfdedepblsrlesnoertdd LA dld repditrdengatalystper f or mance

tests. The pradystoabineam2R ¢ontaingshentaneqand hivgheinanamtics, al ong
wi th hydrogen and |ight hydrocarbons, including sone ethane which can be

recycl ed. FurfRefHoretrpRiddnnpensedheot Haf=eshl §= a1y 1ehai i tahotts of C4
non- aromat i ¢ chy de-eearhens ravessaphoducednantk RELED Nosal oNMMedticaiRydr ocar bons
were prOduce%h gg%aégogguéé%%%%g1£L;£tor 104 and leave through line 124.
15 Hydrogen cr methane plus hydrogen are introduced into the
hydrodealkylation unit 120 through line 126.

In another embodiment as shown in Fig. 11, no attempt is
made to separate the benzene, toluene and xylene components
and their mixture is sent to the hydrodealkylation unit 120

20 in line 127. Benzene made in unit 120 flows through line 122
to styrene product system 108.

In ancther 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

25  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 recyceled through line 130 to line 128. Cy
hydrocarbons are separated from benzene and are removed

30 through line 132,

Bthylbenzene is an crganic chemical cempound which is an
aromatic hydrocarbon. Its major use 1s 1In the petrochemical

industry as an intermediate compound for the production of

20
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styrene, which in turn is used for making polystyrene, a
commenly used plastic material. Although often present in
small amcunts in crude oil, ethylbenzensa is produced in bulk
guantities by combining the petrochemicals benzene and

5§ ethylene in an acidically-catalyzed chemical reaction.
Catalytic dehydrogenation of the ethylbenzene then gives
hydrogen gas and styrene, which is vinylbenzene. Ethylbenzene

ig also an ingredient in some paints.

c\sqz
CH
+ Hs
hydrogen
Ethylbenzene Styrene
10 Ethylbenzene may, for example, be produced according to

the process of U.8. Pat, No. 3,243,116, 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
15 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-rvay diffraction to be a matrix of Cmcm
symmetry having dispersed therein domains of Cmmm symmetry

and having a Symmetry Index of at least 1.

20 Another process for producing ethylbenzene from benzene
is described in U.5. 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

o
(%]

alkylation zone in the presence of zeolite beta to alkylate
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the benzene to form ethylbenzene; and withdrawing from the
alkylation zone a product comprising ethylbenzene.
Styrene may then be produced by dehydrogenating the
ethylbenzene. One process for producing styrene is described
5 in U.8. Pat. No. 4,857,498, which is herein incorporated by
reference in its entirety. Another process for producing
styrene is described in U.S. Pat. No. 7,276,636, which is
herein incorperated by reference in its entirety. This
process for producing styrene comprises: a) reacting benzene
10 and a polyethylbenzene in a transalkylation reactor to form
ethylbenzene; b) dehydrogenating ethylbenzene in a
dehydrogenation reactor to form styrene; ¢) withdrawing a
dehydrogenation reacteor effluent comprising styrene from the
dehydrogenation reactor, and passing at least a portion of
15 the dehydrogenation reactor effluent to a dehydrogenation
separation section; d) recovering styrene from the
dehydrogenation separation section; e} introducing a first
inhikitor element component to the dehydrogenation separation
section; f) recovering from the dehydrogenation separation
20  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) toe the

transalkylation reactor.

EXAMPLES
25
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
30  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 amcunts 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
35 thermal ethane cracker 6 operated at typical process
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conditions of about 850 °C, 0.3 MPa and steam to hydrocarbon
ratio of about $.3. The resulting product mixture in stream
8, containing about 50% ethylene, 30% ethane and balance
being mainly methane and hydrogen is combined with the

5  remaining ethane feed in stream 4 and sent to the ethane to
benzene reactor 10. Additionally, a recycle stream 2Z in an
amount of about 1300 tons/day containing primarily ethane and
other components such as ethylene, propane, propylene,
methane and hydrogen is alsc combined with stream 8 which is

10 being processed in the ethane aromatization reactor zone. In
this non-limiting, 1llustrative example, the reactor is
operated at about 875°C and 0.15 MPa with a feed rate of
about 2 Hr™' WHSV (Weight Hourly Space Velocity, or 2 tons of
feed per ton of catalyst per hour).

15 The ethane arcomalization reactor may feature a fixed bed
of catalyst particles catalysti bed over which the ethane-
containing feed flows, or a moving- or fluidized~bed reactor
in which the catalyst particles cycle slowly or rapidly,
respectively, between a reaction zone where aromatization of

20 the feed takes place and a regeneration zone where
accumulated coke deposits formed on the catalyst surface
under aromatization reaction conditions are removed by
contrelled combustion in an oxygen—containing atmosphere.
Examples of such coke burn/regeneration procedures are

25 described in U.3. Patents 4,724,271, 4,705,908, and
5,053,570, which are herein incorporated by reference in
their entirety.

The catalysit in the reactor =zone preferentially
comprises a crystalline acidic zeclitic material, one or more

30 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 Lo 5.0%w gallium plus
aboul: 65%w ZS5M-5 zeolite having a silica:;alumina molar ratic
of 40, with an alumina binder. Catalysts of this type are

35 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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35

dilute hydrogen sulfide in hydrogen or nitrogen, or by any
chemically compatible mixtures thereof, or by a sequential
procedure involving exposure to first one, then ancther of
these. Ezamples of pessible catalyst treatment schemes are
described in U.S. Patents 4,613,716, 4,120,910, 4,808,763,
5,157,183, and 7,186,782, which are all herein incorporated
be reference in their entirety.

The reaction products in amount approximately 4300
tons/day are transferrved through line 12 to a product
separation section 14 which consists of compressors, vapor-
liquid separators, distillation columns etc. In this
section, majority of methane and hyvdrogen is removed from the
products as stream 18 in an approximate amount 200 tons/day
and is processed further downstream if required. The
unreacted ethane and ethylene along with any remaining Ci-s
hydrocarbons are sent for recycle in stream 22 mentioned
earlier. Renzene is recovered and leaves the separation
section 14 though stream 16 in an amount approximately 1000
tons/day. Other byproducts such as toluene, xylenes, angd Co
aromatics in an approximate amount 1100 tons/day leave the
separation section 14 though stream 20.

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%wlt alumina binder., These gatalysts were
prepared as described in U.S. Provisional Application No.
61/028478, filed February 18, 2008 entitled "Process for the
Conversion of Ethane to Aromatic Hydrocarbons." The extrudate
samples were caloined in aiv up to 650°C to remove residual
moisture prior to use in catalyst preparaticn. 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.

24



OE--10 C.) .-ci4,-) 0(1)dci E)-10ni 'O '"0CO1IE O O 00 cl)0 00 4 0 0 CDGQ
-00) 0C) ¢V -1 Gecook -1-1 4--)00.)0.) 00 M- 0 :>, MNCO EC +l 4 ;-m
cc co44 ici r-fO Mov))- 4.1 0 > MO-, 04:1 g >1>10(0 240 '0 -1-) ,C,CO
00H+H4-i --1wodddrwsd --1)0 0 E-10 > 0 0 -4-) 41 | c Btcivoszegsio8sieo cm 0 r0
rilo M M-) Ergg 3(035 ETC 14 al 04 C) UEO HUO) EH 4--) 4-.)M4-4 .440

| A, -4410 (O 6FC) 00l ZHHO)) 0)0 EHn4 WO

2009/ 076393PCT/ U82008/ 086147 TH3203- PCT Exanple 3 Usi ng fresh (not
previously tested) charges of catalysts A and B described in Exanple 2

addi ti onal perforhrde vast depoyvigree eoridubl exkeassausieri pedhenakbxanpl e 2

except that gt aadusonshated.of pi2eAu ethane.and 0l 2 pLapane. Tabl e 2

lists the resu ine gas c romato graphi ¢ anal'yses of sa
total pr oductOst‘F%rré‘q@@FOWShég@trJ@aét%fr §ef:éékéérﬁua? @%ﬁlﬁﬁ‘f‘é‘sltéﬁf%rand

i ntroduction @ 1therkepdidader dihesmlOneondi-tihens: tavesiA9% g of the
propane |n the feed and over 20%v of the ethane_ in the feed was converted

in all of °t h&8EeEdtCaPy st Per F 6T aHEE ¥ESE stC THe ! prfudet e st et cont ai ns
benzene and hixghedatar osred ii€6ye@la@igg WHehehydrdagenwiamd thighblbhydsocar bons,

i ncl udi ng sone J(f;(t)ohar%gmv\,h| grgan dbeugloesc %'r%‘:j A9, Fg@rth L?De hmé can be seen
that only very s nal | %Dunts 0 aromﬁ ® ydr oca ‘bohs "Wer e pr oduced
and no Oh nomsagpbimtipce mg@rio@@r@@msiweapmmd@e& 3 hours and then

dried overnight at 100°C.

10 Catalysts made on the ZSM-5/alumina extrudate were tested
“as is,” without crushing. For each performance test, a 15-cc
charge of fresh {(not previously tested) catalyst was loaded
into a Type 316H stainless steel tube (1.40 cm i.d.) and
positioned in a four-zone furnace connected to a gas flow

15 system.

Prior Lo performance testing, the catalyst charges were
pretreated in situ at atmospheric pressure (ca, .1 MPa
absolute) as follows:

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

20 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° in 1 hr, then held at 630°C for 30 min;

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

25 (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 filow

30 was terminated, and the caltalyst 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 GH3V {(500-1000

25
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cc feed per cc catalyst per hr). Three minutes after
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
5 analysis, initial ethane, propane and total conversions were
computed according to the following Formulas:
ethane conversion, % = 100 x (%wt ethane in feed - % wt
ethane in cutlet stream)/ (%wi ethane in feed)
propane conversion, % = 100 =z (%wt propane in feed - %Swt
10  propane in outlet stream)/ (%wt propane in feed)
total ethane + propane conversion = {(%whk ethane in feed
®x % ethane conversion) + (%wt propane in feed x & propane
conversion)) /100
Table 1 lists the results of online gas chromatographic
15 analyses of samples of the total product stireams of these
reactors taken at 3 minutes after introduction of the feed.
Under these conditions, over 99%wt of the propane in the feed
and over 55%w of the ethane in the feed was converted in all
of these catalyst performance tests. The product stream
20  contains benzene and higher arcmatics, along with hydrogen
and light hydrocarbons, including some ethane which can bhe
recycled. PFurthermore, it can be seen that only very small
amounts of €, non-aromatic hydrocarbons were produced and no

Cs non-aromatic hydroccarbons were produced.

25
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10

I5

Using fresh {not previousliy tested) charges of catalysts
A and B described in Example 2 additional performance tests
were conducted as described in Example 2 except that the feed
congisted of 32.8%w cthane and 67.2%w propane. Table 2 1lists
the results of online gas chromatographic analyses of samples
of the total product streams of these reactors taken at 3
minutes after introduction ¢f the feed. Under these
conditions, over 99%wt of the propane in the feed and over
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 scome ethane which can be recycled.
Furthermore, it can be seen that only very small amounts of
Cy non-aromatic hydrocarbons were produced and no C, non-

aromatic hydrocarbons were produced.
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2009/ 076393PC T/ US2008/ 086147 TH3203- PCT CLAI M5 1. A process for producing
aromati ¢ hydrocarbons which 5 conpri ses: a) splitting an ethane feed
or a mxed vowesocadkanes feed into first and second et hanewbswkeied | ower

al kanes strea b) catalytically or thermally cracking the first
10 et hane or ﬁ?%%%q¥%her al kanes streamto produce ethylene or m xed | ower
al kenes, c) conbining the ethylene or m xed | ower al kenes with the
second et hane or m xed | ower al kanes stream and d) contacting the
conbined streamw th an aromatic 15 hydrocarbon conversion catalyst to
produce reaction products includin%%gegz 2. The process of claiml
wher ei n net hane, hydrogen and C2-5 ydrocarbons are renmoved fromthe
reaction products of step d). 20 3. The process of claim2 wherein the

products of gl ai na%r%egsilyfd)rrogéééwhet%ﬁa@ler@ﬂ%%aps&@%l% wher ei n
benzene is separatéd fromthe products of claim2 and the remaining

reaction prodGePsisgSe hydrodeal kyl ated to produce additional benzene. 25
4. The process of Pl ai pp2iwhegesn Lhinkeasdd on produat sowde asepasat ed from
the products of claim.2 and the remaining reactio roducts are
hydrodealkylgFg%:Vgopgﬁﬁﬁcgngeﬁi 5.eg%ﬁgbﬁécgggup#ggfﬁfﬁﬁf "Wherei n 081
reacti mm productsnzare separated fromthe products of claim2 and the

remai ni ng 30 reagt,i on G hydr odsal kyl.at,ed tgh@qgggge benzene.
6. The process ofq%Ialn1%£§#é%§%%;$ﬁé¥r%acﬁi n prgg cts
10 ethane or mixed lower alkanes stream to produce ethylene or

mixed lower alkenes,

c) combining the ethylene or mixed lower alkenes with
the second ethane or mixed lower alkanes stream, and

) contacting the combined stream with an aromatic

15 hydrocarbon conversion catalyst to produce reacltion products
including benzene.

2. The process of claim 1 wherein methane, hydrogen and
Cz.s hydrocarbons are removed from the reaction products of
step d).

20 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
reacltion products are hydrodealkylated to produce additional
benzene.

25 4. The process of claim 2 wherein (s reacticn 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 Cy reactlon products are
separated from the products of claim 2 and Lhe remaining

30 reaction products are hydrodealkylated to produce benzene.

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

step d) are hydrodealkylated to produce benzene.

30



step d) are hydrodeal kyl ated to produce benzene. WO

2009/ 076393PCT/ US2008/ 086147 TH3203- PCT 7. The process of claim6 wherein a
stacked bed reactor systemis used. 8. The process of claim3 wherein the
hydr ogen r ewoveeh dE0m the reaction products of stepp@yudrgoswsad; to

hydr odeal kyl ate_5 the products of claim3. 9.The process of claim1l wherein
the reaction TB?%QI%J”CB(%F of step d) are hydrodeal kyl ated and both steps are

carried out in the sane reactor. 10. A process for producing aronatic
hydr ocar bons which 10 conpri ses: a) contacting ethane or m xed | ower
al kanes wi th7an aremgtbcedydifocarbonm ebaveirrsiaont oatedl ypst temcproduce
reaction pr ogu%g i.rg;cl ls,lgéng benzene, b) separating net hane,

hydr ogen, an Mo lhyéiroc'ar bons 15 fromthe reaction products of step a),
and c )8 -hydiredeabkyd atifnglaire I ghai qlimmghe dactyicoan pravguwetisftan pr oduce

benzene. 11. .Jhe, pIQG85S,QAachal 52 1QWhey ein Lbe éﬁ@@g?&&@d&}%@a% ep b)

i ncludes separation of benzene produced in step a) and the 20 remai ni ng
reaction prodlietBra@iedenl Kyiated in step c) conprise toluene and xyl ene.

12. A process . formpr eduetdg ar onRid a hyerocarhenscauti6h SQMIL 5 est

a) contacti n%_eth ne or n xed I]ovver_ %I kanﬁ)s g‘/ith an 25 aromatic hydrocarbon
conversi on catgPy$t A6 p¥ 8L B oA Pr&dlc E SR HhEFGdF HY 5EnZ8ne,

b) hydrodeal kyl at¢ ngral keaftoarhe reacti on products fromstep a), and

c) separating,bengzene f 1t h ction duc f ) from gases
i ncl udi ng rretqrqane],g%ﬁﬁﬁéggnoraﬁag$‘%m%g &E%Qﬁ%%’g%%cﬁ%%@%ﬁ@“@éavy aromatic
hydr ocar bdns comgBise:process for produci ng phenol which conprises producing

benzene according,fo LRRPAGESS1neARY RPN O fdAITRALsd S :aRd L hen ei ther:
1) reacting benzene with propyl ene to produce cunene, oxidizing the cunene

to produce c@ABHECHYH¥EpetB¥CHeCURETERRN TFdr8F Yy ZAh§rofecT ditgreion
hydr oper oxi derbauads aekth&i dedene iy produce phenol, or

D) separating methane, hydrogen, and C:.s hydrocarbons
15 from the reaction products of step a), and
) hydrodealkylating the remaining reaction 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
20 remaining reaction products hydrodealkylated in step c)
comprise toluene and zylene.
12. A process for producing aromatic hydrocarbons which
comprises:
al contacting ethane or mixed lower alkanes with an
25 aromatic hydrocarbon conversion catalyst to produce reaction
products including benzene,
o)) hydrodealkylating all of the reaction products from
step a), and
c) sepavating penzene from the reaction products of
30 step b) from gases including methane, hydrogen and lower Cis

hydrocarboens and heavy aromatic hydrocarbons.

31



2) directly oxidizing benzene using air or oxygen, or 3) sulfonating the
benzene and then hydrol yzi ng the sul fonate product, or 4) chlorinating the
benzene and the hydrolyzing the chlorinated product to produce phenol. 14.
A process for producing styrene which conprises produci ng benzene according
to the priocesgspobcesaimy bri2ycimeapheng! tuie dienzemel st bretthylmene to

produce ,etbul enzens, and. hsn dehydrogsnatng. he: etyl.penzene Lo produce
I C S

styrene. ocess”for pro ucirng arona roduc rom natural gas
whi ch C@nmhﬁses |ntrodUC|ng natural gas to a Ilquefled natural gas plant at

el evated pressures.. Ay p@?%%@gtﬁahgaﬂﬁz%@ +ga x?é/uéee%}ﬁkﬁg t her ef rom

et hane and/or "a nlxture 0 to pro uce a puri led feed stock
sui t abl e for okiiquefmcttihen carery yogenpéutenpeeaturesronsrosedsi aef tihen

puri f1.ed gas {REGUAN. @ RhUT abidi ofacanling 8! ages, usling neay, exahangers o

progressively reduce I'ts tenperature until liquefaction is achieved, and
produci ng ar grafhee gricagét scfrom et hane or mixture of |ower al kanes

accordi ng tooyt h@lpé&cl%sgx@algi@ Rnlezdd @mgwﬁaegew ARljegnably at | east
sone of the unreacted met hane and byproduct C2-5 dr ocar bons are cool ed

usi ng the heat e%ttaigers H%%d“ﬂﬁfpﬁqﬁ@$yJ¥%bhﬁﬁF? Y on&ber at! gaste
16. Phenol pr?QQggngynihe process of claim13. 11. Styrene produced by the

process or aiml14. 18. Aromatic products produced by the process of any
one of clalnﬁ 1cﬁ§oQﬁnai5ng 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 ethylibenzene 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 of the
unreacted methane and byproduct C,-5 hydrocarbons are cooled using

the heat exchangers used to liquefy the purified natural gas.

i6. Phenol produced by the process of claim 13.

1. Styrene produced by the process of claim 14.

18. Arcomatic products produced by the process cof any cne of claims
1-12 or 15,
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