PRODUCTI ON OF ALKYLATED AROVATI C HYDROCARBONS FROM
METHANE Fi el d [0001] This application describes a
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met hane and, in particular, fromnatural gas.
Background [ 0002] Aromatic hﬁdrocarbons, particul arly
benzene, toluene, ethylbenzene and xyl enes, are
i mportant comodity chemicals in the petrochem ca
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of processes, |ncIud|nE____gﬂEﬂELAILjorn1ng and
catal ytic cracki ng. However, as the world supplies of
pet rol eum f eedst ocks decrease, there is a grow ng need
t Griélgnd al ternative sources of aromatic hydrocarbons.

[ 00U3] One possible alternative source of aromatic :
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tituent .of natural .gas and.biggas. | d reserves
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natural gas is currently bei ng di scovered than oil
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particularly at remote places, is flared and wasted. Hence the conversion of

alkanes contained in natural gas directly to higher hydrocarbons, such as

aromatics, is a particularly attractive method of upgrading natural gas, providing

the attendant technical difficulties can be overcome.

[0004] A large majority of the processes for converting methane to liquid

hydrocarbons involve first conversion of the methane to synthesis gas, a blend of

H; and CO. Production of synthesis gas is capital and energy intensive; therefore

routes that do not require synthesis gas generation are preferred.

[0005] A number alternative processes have been proposed for converting
“methane to higher hydrocarbons. One such process involves catalytic oxidative

.coupling of methane to olefins followed by the catalytic conversion of the olefins

to liquid hydrocarbons, including aromatic hydrocarbons. For example, U.S.



nmet hane to gasoline range hydrocarbons conpri sing

aromati ¢ hydrocarbons. In the first step, nethane is
waeeoveesssed t o et hyl ene and m nor anmounts of C3PemnuSinds/043523

olefins in the presence of free oxygen using a rare

earth netal pronoted al kaline2earth netal oxide

catal yst at a tenperature between 500C and 1000C. The

et hyl ene and hi gher olefins formed in the first step
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one bed of solid catal yst conprising ZSM5 and

p hoslp$H Cus-the mbsanae 0§ calygen with at catalysi eogiposition comprising an

conditions whjch inclyde a t erat yre of 5850 0 .
Tteminesfiealohifng destihaf 1EMRESiertte 305, b i1, seid
( 190QidosaR e R IchASd REtH W galfiafon 8lcefipbin® thefdd? 4nd (ii) a
7,500 hr 1. The product effluent is said to include
meiigher a ¢nrapaygd nhergef fram Sirow WhBeofthePenyatiodablbons

an | east Y A i.c hydr rbons. .. .
R0 ondont 2 A o S03 e TRy St RO Mmatization
cr yOgeibte Waithriogipeeathe spope pdpastirigon fePatraimg, Whith comprises
hydrogen and |ight hydrocarbons (nethane, ethane, )
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Pat ent 5 35 disgl ase I er at L e, :
nors §ifing ot Mact Sonel 136 RYRolM, P BERAIHE ZSM-S and
al flessphorduistorsiningt hivmeinar atetcbaveesion conditions which include a

temperature of 550°C to 750°C, a pressure less than 10 atmospheres absolute
(1000 kPaa) and a gas hourly space velocity of 400 to 7,500 hr'. The product
effluent is said to include methane, hydrogen, at least 3 mole % C, hydrocarbons
and at least 5 mole % Cg -Cg aromatic hydrocarbons. After condensation to
remove the C;+ fraction, cryogenic techniques are proposed to separate the
hydrogen and light hydrocarbons (methane, ethane, ethylene, etc.) in the product
effluent.

[0008] U.S. Patent No. 5,936,135 discloses a low temperature, non-
oxidative process for the conversion of a lower alkane, such as methane or ethane,

to aromatic hydrocarbons. In this process, the lower alkane is mixed with a higher



to aromatic hydrocarbons. In this process, the | ower

al kane is mxed with a higherolefin or paraffin, such
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with a pretreated bifunctional pentasil zeolite

catal yst, such as GazSM 5, at3 a tenperature of 300C to

600C, a gas hourly space velocity of 1000 to 100000

ang lhr 1 and a pressure of 1 to 5 atnosphere (100 to
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non- oxi dative aromati zation of met hane, in whi
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[0011] Russian Patent No. 2,135,441 discloses a process for converting

methane to heavier hydrocarbons, in which the methane is mixed with at least
5wt% of a Ca+ hydrocarbon, such as benzene, and then contacted in a multi-stage
reactor system with a catalyst comprising metallic platinum having a degree of
oxidation greater than zero at a methane partial pressure of at least 0.05 MPa and a
temperature of at least 440°C. Hydrogen generated in the process may be

contacted with oxides of carbon to generate additional methane that, after removal



tenperature of at |east 4400C. Hydrogen generated in

the process may be contacted with oxi des of carbon to
w@eovenesser addi ti onal methane that, after renovetDUS1008043523

co- produced water, can be added to the nethane feed.

The products of the methane cénversion are a C2-C4

gaseous phase and a C + |liquid phase but, according
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hydrogen by-product. Since natural gas fields are frequently at remote locations,

effective hydrogen utilization can present a substantial challenge.

[0014] A particular difficulty in using natural gas as a methane source
concerns the fact that many natural gas fields around the world contain large
quantities, sometimes in excess of 50%, of carbon dioxide. Not only is carbon
dioxide a target of increasing governmental regulation because of its potential
contribution to global climate change, but also any process which requires
separation and disposal of large quantities of carbon dioxide from natural gas is

likely to be economically prohibitive. In fact, some natural gas fields have such



contribution to global clinmte change, but also any
process which requires separation and di sposal of

wo arogeesso@nt i t i es of carbon di oxi de from nat ur BET/g8=05/643523
likely to be economcally prohibitive, hi fact, sone
natural gas fields have suchti gh carbon dioxide |evels
as to be currently considered economcally
unrecoverable. [0015] There is therefore a need for an
i HpLOV. ro f onverti e ' :
ittt RS0  RfvefSo Bl N0 SHRERR) P cotflerd CcBhonbically
hyefeeeedrisies, particularly al kyl ated aromati c
hydr ocar bons. Supmary [0016] I nh one aspect, thi .
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conprising: fa ontacting a feed conTai ni ng net hane
Wiliylrceaxbehy eyt iyzditylatad emneltiy ydongbongsondi ti ons
effective to convert said nethane to aromatic
hydr ocar bons and produce a first effluent stream
c i Si4g aromati ¢ hydrocarbons and hydrogen; and (b)
cﬁ%hﬁiﬂ g at least a portion of said aromatic

hyj@@bdar bon Ihraw asped, fhis spplishtion describes @ process foragpnverting

al k ating %lga%nci und e nditiong effective to

al Rethanedo 2livipted Fomaie iYderEeans Bif PIRGSH FOBRIE Sin

al kyl at(tﬁﬁ ar Qapictifig Y fHe@ RIS aNdthehe W 2 dkidrsdydBzation
chai ns an said aromati c hydrocarbon prior to the

al deydlyst i noder [ ooudifiongorefsativnttpy comveitd spisle dnethareq )to o prpgnatic
t ai t | t f .0018 .
CR B , TS beEe b, o R Cr 08 EBmph R Shromas

Nl%?&éca%hs'ﬁﬂdihﬁﬁ@gaﬁfaﬁd As used herein, the term"C +
h

ydrocar bons" neans hydrocar bons having 4 or_nore

car bon @b onsconfasting pt @Q@qu}ﬁ?idéﬁ?raa%hﬁ(ﬂr?qwlﬁrgn said
i 09950 35 s K 001

megaid aroxiade dyidocabon and pridecsa alkylged atamatid ldidrecarbon having
met hane to. are present at_|ess than. 5%

COx % .
prBPE %Eylﬁldé’tCh%‘@ harseid aromefihydrpraghad BigRyo the Hlpdating.
P no; _ m Y .
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on of t ane. ypi cal l'y sai
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hydrocarbons. As used herein, the term “Cs+ hydrocarbons” means hydrocarbons

having 4 or more carbon atoms.

[0019] Conveniently, said conditions in (a) are non-oxidizing conditions

By “non-oxidizing” is meant that oxidizing agents ( such as, O, NOy and metal
~ oxides which can release oxygen to oxidize methane to COy) are present at less

than 5%, preferably at less then 1%, most preferably at less than 0.1%, of the

amount required for stoichiometric oxidation of the methane.

[0020] Typically said conditions in (a) include a temperature of 400°C to
1200°C, such as 500°C to 975°C, for example 600°C to 950°C.
[0021] Conveniently, the process also comprises recovering said at least a

portion of said aromatic hydrocarbon, typically benzene and/or naphthalene, from

said first effluent stream before said contacting (b).



[0021] Conveniently, the process al so conprises

recovering said at |east a portion of said aromatic
whyaeocmpbon, typically benzene and/ or napht haP@nes2005/043523

fromsaid first effluent stream before said contacting

(b).[0022] In one enbodiment % the al kyl ati ng agent

used in said contacting (b) conprises ethyl ene

produced in said contacting (a). [0023] In another
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hydrocarbons and hydrogen; and

(b)  contacting at least a portion of said aromatic hydrocarbon from said
first effluent stream with an alkylating agent under conditions effective to alkylate
said aromatic hydrocarbon and produce an alkylated aromatic hydrocarbon having
more alkyl side chains than said aromatic hydrocarbon prior to the alkylating;

(c) recovering said alkylated aromatic hydrocarbon; and

(d)  reacting at least part of the hydrogen from said first effluent stream
with an oxygen-containing species to produce a second effluent stream having a

reduced hydrogen content compared with said first effluent stream.



(c) recovering said al kyl ated aromati c hydrocar bon;

and (d) reacting at |least part of the hydrogen from
wa@aood/obssnet ef fl uent stream with an oxygen- conP@i/nsrog5/043523

species to produce a second effluent stream having a

reduced hydrogen content conpared with said first

effluent stream [0027] In yet a further aspect, this

appl i cation describes a process for converting nethane

t Lkyl ated aromati ¢ hydro bons.. .t h :
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to said contacting (a). Brief Description of the
DrigurorgebonO@®B] Figure 1 is a flow diagramof a

process, for converti net hane t ro ' .
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process for converti ng met hane to arommtic

hydr ocafbonsreaydimgaptnigast pagt ek thsnbydgearpre iy saidyhird effluent
i nyention,. . Figure 3 is a flow diagramof a
prSoEegglstg %lrd c%g%\gaérrl{ {aﬂ'g met hane to aromatic

hydr ocar bons according to a third exanple of the
invention. Detailed Description Of The Enbodi ments

[ OBgief I onpfithe Drawingsscr i bes .a process for

B PN :
¢ oﬂ)\ﬁ%]t I ng nPfg'ﬂi@?istaoﬂow diagram of a process for converting methane to

aromatic hydrocarbons according to a first example of the invention.
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[0029] Figure 2 is a flow diagram of a process for converting methane to
aromatic hydrocarbons according to a second example of the invention.
[0030] Figure 3 is a flow diagram of a process for converting methane to

aromatic hydrocarbons according to a third example of the invention.

Detailed Description Of The Embodiments

[0031] This application describes a process for converting methane to

alkylated aromatic hydrocarbons. The process involves initially subjecting a feed
containing methane, typically together with H;, CO and/or CO, to a

dehydrocyclization step under conditions effective to convert methane to aromatic



al kyl ated aromati c hydrocarbons. The process invol ves
initially subjecting a feed contai ni ng net hane,

WO yo688hy t ogether with H, CO and/or CQ2, t OP@I/US2005/043523
dehydr ocycli zation step under conditions effective to
convert nethane to aromati chgdrocarbons and produce a
first effluent stream conprising aronmatic
hydr ocar bons, particularly benzene and napht hal ene,
and hydrogen. Wth or without an initial recoverin .
shygrocagbonsed Pradicei gn yst %f?]ﬂe‘gr &&Fﬁfﬂpc RIS TEr %‘B%Ham
i | 1S i §0RME Gl abewh.t TWath or
aﬂ¥%§¥§é‘rgs, Sgtgcﬁlh%%té?ﬁggﬁgﬁﬁ?l %ﬁgmg%? ect i vetyt o_g
akkthbat  inktial acconeting stay,cit deat bportiandfsaidduematic hydrocarbon

SLRIE S 13 MBS N bt
gl\é%cﬁﬁ&{sb%ctibg 03 %h(ﬁ/!efﬂe thed MotBE hoaiRestbeRAhd prdtdice alkylated

ated aromatic Nydrocarbon is then recovered, and
t heomativeiyddemarteh having inoss allsy¥ side phaing them sriguyitislly produced
subjected to hydrogen rejection step in which at
|@§§{13t1§j}}’fh%iﬁl‘ e hydrogen fromsaid first effluent

StpeN 1 S 1 eRG adihd tdhmRdimeitgeR- ARkl nirogatio dgi®earbon is
produce a second effluent stream having a reduced

hytheroigeoveresh ead thecrsmpinderiofihe Hirstredtlugnt streasp maydigrsubjected to

t Typically, th . ' [
SRRy sy B Sicp o A 30 B! BCE W R BRaDA L G
ar FNSE ¥t id Raktbe withudsoeys comainingrspatiepto preddst osdcond
[ 0033] Any net hane-cont ai ni ng feedstock can be us

d.in
t hesflping cieemohaving 4 edueed JHORREEN | GPIHDH ORIPAF e with the first
presen rQcessni §.J d CWNY I
f €% %?n&)c Feg‘a hzlrﬂglpé%%l{ya@%e%g%{ogé}l @?%tm&a?%' ngﬁ;d%& adfifional
f agdsdcardon idpetissle #uvhseasobmathare) fwhichscuwe cescysledh tas the
coal beds, landfills, agricultural or nunicipal waste
f edehigdrogyGliBationssien-or refinery gas streans. [0034]
Met hane- cont ai ni ng feedstocks, such as natural gas,
typically contain carbon di oxide and ethane in
adpéddstookt 0 met hane. Et hane and ot her aliphatic

hydr ocar bons  t hat be, pr.esent, in the,feed of
o3 be contrRebesoaiEStFe o BR it b° JFeh LR prgoess of
t h&xe%@ﬁﬂ()g SYCinl bt MeShi8font bdcards trteitled @Br Wdel witlhe natural

di scusse el ow, " carbon 'di oxi de can_be utilized in the
pr gabudigedstocof  Otlarasuitablee metkanegppiaiing fpedstogks include those

TR TR TR TR ————
I e mbhi@fiors af®or refinery gas streams. .
[0034] Methane-containing feedstocks, such as natural gas, typically
contain carbon dioxide and ethane in addition to methane. Ethane and other
aliphatic hydrocarbons that may be present in the feed can of course be converted
to desired aromatics products in the dehydrocyclization step. In addition, as will
be discussed below, carbon dioxide can be utilized in the production of aromatics
either directly in the dehydrocyclization step or indirectly through conversion to
methane and/or ethane in the hydrogen rejection step.
[0035] Nitrogen and/or sulfur impurities are also typically present in
methane-containing streams and may be removed, or reduced to low levels, prior

to use of the streams in the process of the invention. In an embodiment of the



[0035] Nitrogen and/or sulfur inpurities are also
typically present in nethane-containing streans and
worgosloessp@noved, or reduced to |l ow | evel s, priBCTUS2005@43523
of the streans in the process of the invention. In an
enbodi nent of theinvention, ©he feed to the
dehydrocyclization step contains | ess than 100 ppm
for exanple Iess than 10 ppm such as less than 1 ppm
each of n|t

aHYERiQh tlixeo luh gaﬁe(ijehy#rgqcélgau r;gq% 8ontalgus €ss lhannl 00 ppm, for
ge&gﬁleqyﬁltbmo OB lshidh BR)esS @A Pl eak BRF initespRnGlbd sulfur

gen, water, carbon nonoxi de and carbon dioxide in
ocoiapommlsa55| st in coke mtigation. These additives

C i ntrodu as separate gosfe -be.
o, | " IR Rh BEBRIS s £ I BEReRarSARuDEian step may
W& 8int eﬁ%eﬂi@ bﬁé‘ )2 h§&r6§éi{nW2&end Qlrb¥e tndrioRidenat Ltfaﬂdongﬁﬁmde in
contai ning carbon di oXi de. her sources of carbon

diotderr de aqmgt in wokamhitigation. a}hesm@ﬁdlm‘r%qaéé)et@trmce@ as separate

gICQS%‘FdSpﬂr zgﬁlﬁ)bgg%}%ergﬁ%{ﬂ%o ¢ an‘%a ra8"p ah?&%‘%@%ﬁ%ﬁe the
ORe:tRAAR ORI, ddrived ffegs ﬂaﬁualhgasd@imdnmgy@kﬁmaﬂﬂo@me Other

step contains carbon di gxi de and conprises, 90 to 99.9
mebWicess of parhen dioxids WY o %‘e it ereotdimitest 1o, dlye ggses, LNG

s AR el SmRAY ISR, hBoRpRNb el RRRg TR cride

czﬂgﬁ@ nonoxi de and conprises 80 to 99. 9 nmol % such as
to 99 nol.% nethane,and 0.1 to, 20 | %, such

1
t 083l 9% do. ops, enbodimenty thesed fenthe dphydrasygligagion step
t ) 0
C%ﬁ'ﬂ%ﬁ{s}%s lg%%ﬁbhgg%@ Qor'ri@l(?&g %’?EB?E"QS@%%%%H@Q 97 to 99 mol%,
rr&hétham: zajdc() Dtdl1@ mol%d, stwh%s 1308mel$s, COn B amothey embodlment

st ea t furt t.he feed

e g e SeRaRYLREOR GRS A BTEOa A abd Comprises
C OJIPlo! GRS nid P! Qlcﬁ%s @4%"9%111&%9 Phelt$and inHQ 199 20842, such as 1
met hane and O. nmol % such as to 5 mol %

hytd réomele, @oom]a ﬁrﬁberfmdmenth@e (ﬂ@dﬁiyté ﬁmwydmwlmatwn step

S R A A 90 DRSS 80 mo,peane

hyﬁ{dqy‘ ED PN E0PRNSURE af @QU§|11%1°/J ktefm! e fyétyadmgmmbodlment the
rejection step, added as separate co-feeds or can be

prisséite thendahiydrospelivaien siep caniains isregen and cogpsisen 80 to 99.9
wh th .
yEPEE e s OF LEST e Ponadlq 6 8o 85 Ao tion NG s mots,

(ﬁ-agény i ncl ude one-ring aromatics and/or paraffins
an o
[0038] The feed to the dehydrocyclization step can also contain higher

hydrocarbons than methane, including aromatic hydrocarbons. Such higher

hydrocarbons can be recycled from the hydrogen rejection step, added as separate

co-feeds or can be present in the methane stream, such as, for example, when
ethane is present in a natural gas feed. Higher hydrocarbons recycled from the

hydrogen rejection step typically include one-ring aromatics and/or paraffins and

olefins having predominately 6 or less, such as 5 or less, for example 4 or less,

typically 3 or less carbon atoms. In general, the feed to the dehydrocyclization

step contains less than 5 wt%, such as less than 3 wt%, of Cs+ hydrocarbons.



ol efins having predom nately 6 or |ess, such as 5 or
| ess, for exanple 4 or less, typically 3 or less
w@ 200bo68sat ons. I n general, the feed to the PCT/US2005/043523
dehydrocyclization step contains less than 5 wt% such
as less than 3 w% of C3+ 10 ~
hydr ocar bons. Dehydr ocycli zation [0039] In the
dehydrocycl i zation step of the present process, the

ining feed is contacted with a
ggﬁ%‘? @ 38& on catal yst under conditions, normally
nmgr' d' zi ﬂgtk&odb%yﬂfo@?cﬂlz@ﬁ&t Bep fo€ lﬂf@ﬂ)&sd‘n@@tﬁdem the methane
conditions, effective to convert the nmethane to hig

hydutaﬂmmgbtbné is contaatell Wwithredehyfrocyeliration Rrtakysioynder ‘F‘Pﬂéhtlons

S S P A AP e,
1 QCHonven: G0 HBethadS H %E%ﬁﬁt hydto@ybdriP 4t lu@meb denzene and

nonoxi de and/ or di oxi de t may be roisent in the

f mephthatpieo vy m’atcmaifsqacta@tsmwlyeda% agfolloMisi ty by
facilitatin actions_suc + cok

(Reacti on 4%d§t negat i Tvel ;bl ﬁp ﬁ% equi | i rii&tﬁlr%aq?

al | owi ng com@H, ng reaet i orGHssWAH, as; COXReadddd 2X(r)

CO + 2H2 (Reactl on 5). [0041 deh ocycli zation
cat al yst eff@@tHN? to Q@H&/é’ﬂh@& g aromati cs can

j()b‘ in ey e %§§1de PJIBF dﬁcﬁ(‘(@é‘iﬂapﬁl el RSAR in the feed
ner T St al

[y the cata yst Wi I nclude a ne conponent,
pahiprcmeh aathlystaactwﬁ}n and stablllrgét)afacmrtatmgnmnm suchraeiof |

on an inorga ort niently, the netal
component sé] iT an %unt bet ween (8‘ FHn. zﬁ%d 20
% b W@c Badiliffian by HPo¥in tiflp teatfiodshSuch as;
to‘ttuy{8 g?gyysﬁ) F %421 Sui tyabloe r?é%bg%co%ponents for
the cat al ystC@nﬂ:I(IHie c<aa| ci ua® mildmesi um d&eﬁﬂmn 5)-

ri sca d| um ri,u

8 i um hé’f‘ %ﬁﬁg(dr a?tmrh aﬁ:«lﬁg%t r&ﬁ é?@ ﬁmfert methane to
Cfureﬂilatféﬁl c0by REED ENthd PRESEsCHE tHEpgemme ,a1thdsngm pidtierally the
iron, ruthenium cobalt, rhodium indi um ni ck

patataiyituwill cocpipécr a gngtglepompenedt, parfieulagly Lﬁmtt?@ﬁatwn metal or

g?éqlﬁﬁogﬂqgﬂﬁer?? 5 Q8 % éﬁ(%)rg n‘fig g%lgq;io?td ggﬁveﬂeﬂ 1¥1I tﬁ@%etal com gnent

By JogseRY iSBHmdunt BE@REN DAl %faad 204, sush aebabVeen 1 % and 10 %,
conpounds, such as oxi des, carbides, nitrides and/or
phbe prigheef tha tefakfa{alysé enpl oyed al one or in

Comﬁ]at' on. ofi ltaﬂ)tlé %%ﬁ%ﬂﬁ%ﬁ%ﬂ{@ for the catalyst include calcium,

magnesium, barium, yttrium, lanthanum, scandium, cerium, titanium, zirconium,

hafnium, vanadium, niobium, tantalum, chromium, molybdenum, tungsten,
manganese, rhenium, iron, ruthenium, cobalt, rhodium, iridium, nickel, palladium,
copper, silver, gold, zinc, aluminum, gallium, germanium, silicon, indium, tin,
lead, bismuth and transuranium metals. Such metal components may be present in
elemental form or as metal compounds, such as oxides, carbides, nitrides and/or
phosphides, and may be employed alone or in combination. Platinum and osmium
can also be used as one of the metal component but, in general, are not preferred.

[0043] The inorganic support may be either amorphous or crystalline and
in particular may be an oxide, carbide or nitride of boron, aluminum, silicon,

phosphorous, titanium, scandium, chromium, vanadium, magnesium, manganese,



can al so be used as one of the netal conponent but, in
general, are not preferred. [0043] The inorganic

WG xpposssooay be either anorphous or crystalli nPCEOS2005043523

particul ar may be an oxi de, carbide or nitride of
boron, aluminum silicon, phddphorous, titanium
scandi um chrom um vanadi um magnesi um
manganese, i ron, zinc, gallium germanium yttrium

zi.r conj. hi b t ar
F Pnatn AR Bt R, dRCMEh, b2 b bdenu,
Otifditimt i) patiani, UstRareimg Miafuium) cadin Itﬂnaluinb ewisdstapp bt other
may be a porous material, such as a m_croporous
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R 8] BEyrRTRAEK MRSRIE) ot Balfpe AR Bilyde matertals

TONving, the  frantiwddR )typaWMIF] ée.g, ZSKBMa28)silidahiRe),( ®HE]). (e.g., ZSM-

s ourvees, 7b), THREE: Mk S0 MR B0 SR Fik o5,
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(eflgds) dﬁﬁ.@ ﬁ;]lz%%ep(ega) ;l]PH ot gxoTQ%ggE‘]t\h{)g (ls)g hoMlnite), FAU

SA{E’% | deblitodBt, ‘(’eulﬁasta‘dihﬁ’é& ¥) an@%alﬁﬁfﬁnﬁ&ﬁ H’ﬂ-l), {(e.8$ zeolite L),

as materials such as MCM 68,

EMM
| T P5(e.8-TDR22), Vitkess, VP, 6L E1s. &AP@ﬂSL),I @f (e.g., ALPO-5)

S458 Afp SR, Wi B AL ATRIERNE ) v

[ O3 EXPQidde T2 yr HIGR6 ®# TSR, aEYSLle, iSaa@de, SAPO-34 and
rmlﬁﬁgdenug%}é‘tungsten rheni um and conpounds and

Rata ovitablieinesoporss zatersls Wiclude MGM-4l, MEk48, MCM-50
[ 0Q4bdp AN netal component can be di spersed on the
i norgani c support by any nmeans well known in the art
sutﬂﬂ44|]s C0- pEranplet @i |pmf,erred1 cnamlystst 1nma1deesm1ybdenum, tungsten,

t t | -.gel , .
 oHCE Eh oA ) cop opR st PE SNy HGh dirtupiae
ph}(ﬁ)‘ﬁig]al m XTHQ me&!l cé‘xﬁﬂbﬁe‘n@@an B @ sp QIR thE ufdi‘ﬁﬁﬁ’é Support by

can be nodified by known nethods, such as,

exanmp heans tweedinkmeyyn awithie \nasﬂmhgas c@pmmp@tam hnnnlglent wetness,
and/or treatnment with sili.con-co i nin

SR BEe bRl SSAOAGE <Shaah b SrGABRy ¢ Agpical vapor
COaRdINGS, @ffusdorWRd physidal ndix@pd ThAdeftion, the inorganic support can

be modified by known methods, such as, for example, steaming, acid washing,

caustic washing and/or treatment with silicon-containing compounds, phosphorus-
containing compounds, and/or elements or compounds of Groups 1, 2, 3 and 13 of
the Periodic Table of Elements. Such modifications can be used to alter the
surface activity of the support and hinder or enhance access to any internal pore
structure of the support.

[0046] The dehydrocyclization step can be conducted over a wide range of

conditions including a temperature of 400°C to 1200°C, such as 500°C to 975°C,



the Periodic Table of Elenments. Such nodifications can

be used to alter the surface activity of the support
w@naehsssoer or enhance access to any internal POT/ES2005/043523

structure of the support. a 6] The

dehydr ocycli zation step can conducted over a w de

range of conditions including a tenperature of 400C to

1200C, such as 500C to 975C, for exanple 600C to 9500C

for B@§H¢ 660 101950083 al Resk@RbKPEPa BUII00dPa] SudhGsT0Co 500

kPa for exanple 50 kPa to 200 kPa and a wei ght hourly
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rocy et T Zation step s sence o

O2iehfy@0dydlizdiien dehidonadytdd inahd meﬁdeecﬁ @zan be
conducted in one or nore fixed beds, nDV|n& beds or

f|[994ﬂlz ed bekher delydiopyclizpfiomsten £a Y eondueied é ang gjrnore fixed
duyc i ex; ] .
GPERTHES donfididd NealieaSld, il Burdlie x2HERRon being

[ Q(Ml&ﬁctéfd] in-siahydeosipe withadit, oxygas ciatbon leXIGB,d@iﬂbt&f moﬁox1de

and, henc e where the reaction is conducted in a
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in t age hﬂ@et
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| nthe redctige memtdmm@dnn)a monlignosisges, Ibhney bededpysary to employ

renmpvi ng .and conb a, si estrea

e o BB (B o (1S el acseoy f<gpegttuien The fuel

arl‘éﬂﬁﬁ'é&t&iﬁ‘@ﬂﬁé‘ gialifitepMslcHeadld Rby %Mﬂ? RbRindds removmg
al kyl ated "aromati c conponents. In addition, where'the

r ezt icombusting 1 i sidastreampr §onndhe odelardmvcln@tlbedeﬁhlent after
cat a ortion.or _all of

oSt o e eloriierforRbanp Rt i for it PP ShiRL uERated
heﬂbhﬁﬁc thap&ingl Yitadaition] Wher@ tBéRIabliort SddRLESH tBE pfkence of a
coke on the catal yst, and then returning the heated

camavipgt bed of heatalysi ﬁgp@élpal 9is ellpel thg deatomayh be napplied by
Co%ﬁ&}g%rf%/éd)rpo}t{b% c?{) “c%&‘i ot E{}#}Léal? i &ﬁ&g%{é' sk 99, for

step are enzene,
noaexipls, catitistien e f aﬁdeeoram@h uﬂlﬁBﬁC}tﬁﬂ theh hengning the heated
Typically, the effluent contains at |east 5 w% such

ascaé@lyqstéggte moving 9gtalysbedxanpl e at | east 20 wt %
bl
Ef 45 yl ?ﬁ“hés ﬁlt%_gﬁ‘ bcgglg\%e{?ts OPhe g?f{i\%g? gafﬁlla 496y drB@R1ization

d. [ pprecl ate erences
hestep fard hydrbger, |b|eﬂzene;f ﬁdtp]mﬂmler&t cahon moompkide] ethykne, coke and

| noasde CIUBEn TR e SHAF FABES Brea ortfjocsuch as a

Fi Qs 10" wiire b EdmAE fak YERE 20 wi%, preferably at least 30 wi%, more
aromatic rings than the feed. It is to be appreciated that references herein to the
first effluent stream comprising at least 5 wt% more aromatic rings than the feed
is intended to mean that the total number of aromatic rings in the first effluent
stream should exceed the total number of aromatic rings in the feed by at least 5
wi%. Changes in substituents on any aromatic rings between the feed and the first
effluent stream are not included in this calculation.
[0050] The benzene and naphthalene are then subjected to an alkylation
step to produce higher value materials, such as xylenes and dimethyl

naphthalenes. This is conveniently achieved without prior separation of the



stream shoul d exceed the total nunber of aromatic
rings in the feed by at least 5 wt% Changes in

WG nmsiegsaent s on any aronmatic rings between theCT/@smos/043523
and the first effluent streamare not included in this
cal cul ation. [0050] The benzene and napht hal ene are
then subjected to an al kylation step to produce hi gher
value materials, such as xylenes and di net hyl
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prior separatlon of thebenzene and napht hal ene from

t lesitrelhny dheo c pendenat and emarnhd@&nne Hesmev e | sppar@reéu rfeam  the

nze e and hal ene d fro he
LR ARBACRE O oARREL 'R SAETRE BE SRRRL Ycfotloh PulobRa by
eﬂabﬁsﬁat@ﬁbfeﬂiré@ﬁwgdaﬁgﬁmrahb@natI on before under goi ng

atkylation. Aromatics Al kylation [0051] The al kyl ation
process of the invention involves contacting part or

i ¢ hydrocarbons in the
ﬁro%}%ic%lﬁg%ﬁﬁ%n effluent with an al kyl ati ng agent,
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effluent and then Ikylated with an o efln such
et S 8n8S46R25 iR, EHQ: 1, THR-2 MEMm G C ?IMQMSQ}, a
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hi I I f
coﬁ?‘@n@?|d8hy4£P‘f3f‘Fﬁ?ﬁ@nd%fﬂgﬁ?‘tl trhrnz 3“1%&2@2@8 an olefin, such as

ethylene or propylene. The olefin may be produced as a by-product of

—‘

dehydrocyclization reaction or may be produced through thermal or catalytic
cracking of hydrocarbons as is well known to those skilled in the art. A means of
producing higher levels of olefins in conjunction with the dehydrocyclization step
is to inject C2+ hydrocarbons info the hot effluent of the dehydrocyclization
reactor. Steam may be co-injected with the C2+ hydrocarbon to reduce coke
formation. Olefins useful for alkylation can also be produced from dimethylether,
methanol or higher alcohols. t

[0053] Typical conditions for carrying out the vapor phase alkylation of
benzene with ethylene include a temperature of from 650 to 900°F (343 to 482°C),



is to inject C2+ hydrocarbons into the hot effluent of
t he dehydrocyclization reactor. Steam nay be

W@ o0b/0ps80dt ed with the C2+ hydrocarbon to reducECT/OR®05/043523
formation. O efins useful for alkylation can al so be
produced from di net hyl et her, lAet hanol or higher
al cohols. [0053] Typical conditions for carrying out
t he vapor phase al kyl ati on of benzene wi th ethyl ene

i ncl a r f t (

Ao BB S Sho SHRrY 00012 B0 (Z S0, s o

2Q1180ekPaom 0.5\WI3\) lndwmd aanoletritid efitenednefto ethylenb of from 1:1
1 and a nole ratio _of benzene to ethylene ¢

4.0 h f
f AP, Lidgdgpase alkylgiiemiolpeagencay ity ethlegn myp Ysetisandeout at a

beRghili GRS AP AP ® Bidbr s G i a8, & BRBELELH | about 3000
a?@igt (26300 KP3), 0 (A{5BBAsRA) cthicHENTbas@U ton0dtrhyh@aanole
of fromO0.1 to 20 hr 1 and a nole ratio of benzene to

etIAe eifzenggnertp ghayleng of Gomok:h to 38;bi Expic sapditiprsfer gagrymg out
. L ._ :
b M B Bl bR Ry BRARE iy e 1BARERRES of from

t b3R8 B03900F 28DRC00°@), pr wesstifeofadtmatphiefip ke 8O psde (100 to
3000 psig (100 to 20,800 kPa), a WHSV based on .
prR00dia), ¢ WHSOh @ edon propyigheef forgdeb t 4 andrajmpolgfatio of
benz I fifrom1:1 to 30:1 [0054]
P?beepgérhggigﬁfd%&ﬁeglgggﬁgrgﬂél {é)tﬂ{/q ation is conducted under
at[obs4ist parPriefdradly,qtiedbalese etioiation tnsonthicted ander at least
catal yst conpri si ng at |l east one of zeqgl.ite beta, .
z ersrtigldioyid phage pondificps Bsingsgzatalyst peyppysing gilepst qnpgfzeolite
| T 1S MYAMpREy.3 MY ]ﬁg_l\/ﬁé_6 Q0bid. ;
be%aér%g‘ﬂétt%hw a% on ‘can %’e co%%uct ec]J’ at ?hIeT(g?f gl‘i%fﬁfh‘ﬁ%M >
d eliyIM-36yRIGM 210 amd/NIGNI-6@en rej ecti on process or the

be e can he shi pped to another_ | ocatiaon, for . i
co%gg]si on t %t%rwg%‘@ni ylationrfan, be u?‘l“&ﬂ‘fte%t%yp‘ﬁeﬁ‘?erﬁ’é the
fﬁ%h&?ﬁ%ﬁ&%ﬂﬁ%/ﬁydﬂé?&%@?&ti@n REESS 8P thel Bbnzbf e Mifped to

ction o yrehe or ‘i sonmerized by methods
wedrotherdowation foheoraetsianctorritixdbenzgnae n€be 1¢s0lb@s jethytbenzene can

t h di t of the . t h
o R e e s PR T S 101 St Eonpfstyrene or
anflomerik&Esl hetheldtRkeowe ivapartan diiedd faatkhal ene

recovered fromthe dehydrocyclization effluent to

pr BW&a6E t ol ubmenotheyleathedimarp of {herapienhploeersstha mtlfydating agent

di hyl h | ‘ :
O A TSt B R R
ef hashiiefericnrebs R8N G8mOthe CithpdrySyclicatiqr eSiusg @ Fredide! ®luene,

such as ZSM 5, zeolite beta, 1TQ.1 3, MCM 22
xylenes, methylnaphthalenes and/or dimethylnaphthalenes. Where the methanol

or DME is used to alkylate benzene, this is conveniently effected in presence of
catalyst comprising a zeolite, such as ZSM-5, zeolite beta, ITQ-13, MCM-22,
MCM-49, ZSM-11, ZSM-12, ZSM-22, ZSM-23,‘ ZSM-35, and ZSM-48, which has
been modified by steaming so as to have a Diffusion Parameter for 2,2
dimethylbutane of 0.1-15 sec"l when measured at a temperature of 120°C and a
2,2 dimethylbutane pressure of 60 torr (8kPa). Such a process is selective to the
production of para-xylene and is described in, for example, US Patent No.
6,504,272, incorporated herein by reference. Where the methanol or DME is used

to alkylate naphthalene, this is conveniently effected in the presence of a catalyst
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Hydr ogen gas and/or steam can_ be su? t he
r e@@qth)dﬁmgsaggn]t can vary and will usually be from 0.1:1 to 20 1 preferably from

2:1 to 4:1. Hydrogen gas and/or steam can be supplied to the reaction as an
anticoking agent and diluent. The methylating agent is usually supplied to the
methylation reaction zone through multiple feed points, e.g., 3-6 feed points. The
reaction may be carried out in a bed of stationary catalyst, a moving bed reactor,
or a fluidized bed reactor. Due to the exotherm of the reaction, heat removal or
addition or low temperature quench may be required.

[0060] Typical methylating agents include methanol, dimethylether,
methylchloride, methylbromide, methylcarbonate, acetaldehyde,

dimethoxyethane, acetone, and dimethylsulfide, with methanol and dimethylether
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framework type molecular sieves. Examples of suitable small pore molecular
sieves include ZK-4, SAPO-34, SAPO-35, ZK-14, SAPO-42, ZK-21, ZK-22, ZK-
5, ZK-20, zeolite A, erionite, chabazite, zeolite T, gmelinite, and clinoptilolite.
[0062] Other molecular sieve catalysts particularly suited for the
methylation reaction are zeolite bound zeolite catalysts. These catalysts, as well
as their method of preparation, are described in U. S. Patent 5,994,603, which is
hereby incorporated by reference. The zeolite bound zeolite catalysts will
comprise first crystals of an acidic intermediate pore size first molecular sieve and

a binder comprising second crystals of a second molecular sieve. Preferably, the
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and/or magnesium and/or various metal oxides such as alkaline earth metal

oxides, e.g., calcium oxide, magnesium oxide, etc. rare earth metal oxides,
lanthanum oxide, and other metal oxides such as boron oxide, titania, antimony
oxide, and manganese oxide. Preferred ranges for such treatment are from 0.1
wt.% to 25 wt.%, more preferably from 1 wt.% to 10 wt.% of such compounds
based on the weight of the catalyst.

[0065] The selectivation may also be accomplished by depositing coke on

the catalyst. Coke selectivation can be carried out during the methylation
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|
. R,
wherein R, is hydrogen, fluoride, hydroxy, alkyl, aralkyl, alkaryl or fluoro-alkyl.

The hydrocarbon substituents generally contain from 1 to about 10 carbon atoms
and preferably are methyl or ethyl groups. R; is selected from the same group as
Ry, and n is an integer of at least 2 and generally in the range of 2 to 1000. The
molecular weight of the silicone employed is generally between 80 to 20,000 and
preferably 150 to 10,000. Representative silicones include dimethylsilicone,
diethylsilicone, phenylmethylsilicone, methyl hydrogensilicone,
ethylhydrogensilicone, phenylhydrogensilicone, fluoropropylsilicone,
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substituted silanes having Rhe general formula: R i |
R-Si-R3 1 R2 wherein Ris ajreactive group such as

hydr ogen, al koxy, haloge@H,gnggxy, am no,

]
Ry

wherein R is a reactive group such as hydrogen, alkoxy, halogen, carboxy, amino,
acetamide, trialkylsilyéxy, Ri, R; and R; can be the same as R or can be an
organic radical which may include alkyl of from 1 to 40 carbon atoms, alkyl or
aryl carboxylic acid wherein the organic portion of alkyl contains 1 to 30 carbon
atoms and the aryl group contains 6 to 24 carbons which may be further
substituted, alkylaryl and arylalkyl groups containing 7 to 30 carbon atoms.
Preferably, the alkyl group for an alkyl silane is between 1 and 4 carbon atoms in
chain length. Mixtures may also be used.

[0070] The silanes or disilanes include, as non-limiting examples,
dimethylphenylsilane, phenytrimethylsilane, triethylsilane and hexamethyldislane.

Useful alkoxysilanes are those with at least one silicon-hydrogen bond.
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prﬁ?c%ﬁﬁl s%%ﬁm% %élﬁ esd?éefﬁll néné@at LAFdofta. | L lh%lecular

clays, alumna, sil , sillca-
si $1e‘¢famaﬁgfseéaeaz,ongjolslltaﬂawﬁh zealiticanatsfibli mah b the| z;:phtlc materials
a, .as wel

silica-beryllia,..a il -tia
? by dIRSEb IV o et O34, The el ReerERy gtnoteoulr
51 b2l WRAAZRAEAN Fill by GA0AY UTHHATIHESNG: GB6% conte

silica- magnesi a- 71 rconi a ecul ar si eve may al so
berangimgdsom détwient toe91% by ovenglttemprd preferdblpén thegange of 10 to

5. 9 i RhF bt Pt B bieh dpf BFoRE S G Rt By 2L Fixigs by

angefihpder material will vary widely with the
nol ecul ar si eve content ranging frombetween 1 to 99%

by [Qﬂaﬁb ht, ndhe mathlaticajelysh mavealsareetainfa hylrogenzos metal,

pr & g‘g%; Y rp@ée%ﬁ{ 5%%}161%1{;31\,\,52&% h(f £ %%%%{e?@ or in some other

Webitﬂyﬁbal%oﬁ&b #dntsduchay ambside CSQIﬂc&L Haliiieh&edb@g%ﬁhmd)ﬂie like.
netal, which nay be present. in the elenental stat

(. Peeferahly tb@lfé?ﬁﬂ) Tt g 15 e clsmeaial iais y Exampley “of suitable
h
car k%‘?%%r%%z‘tﬁ%ﬁ% ﬁ%lﬁ%k(%).éhﬂr efer a%tkgil f ?{ 'Pqeh Rh OS Ru, Ni,

ate The’met al
us €k dnd ]Fd)sGedmnE\rB atetalt Gites, SIExmier)es’&roﬁp 318 tmhilss(l e., Sb and

hy%r ogen rlcn?n m Sq:]éjl(’ll%hl n, Tc grlfldDRé:sl. III\I lgentle%lg (ie., I?t Pd, Ir,
Rh, Os and Ru) are sometimes preferred, most preferably Rh. The hydrogenation
component may also be accompanied by another metal promoter.
[0074] Typically the hydrogenation metal is present on the catalyst in an
amount from 0.1 wt.% to 5 wt.% of hydrogenation metal based on the weight of
the catalyst. The incorporation of the hydrogenation metal can be accomplished
with various techniques known to those skilled in the art. For example, the metal
can be incorporated into the catalyst by impregnation, or by ion exchange of an
aqueous solution containing the appropriate salt, or by a combination of these

methods. By way of example, in an ion exchange process, platinum can be



Co and Fe), Goup IVB netals (i.e., Sn and Pb), G oup
VB netals (i.e., Sb and Bi), and Goup VII A netal s

wQ 2006/0688MN, Tc and Re). Noble netals (i.e., PtPCPRPUS2005/043523
Rh, Os and Ru) are sonetimes preferred, nost
preferably Rh. The hydrogenalon component may al so be
acconpani ed by another netal pronoter. [0074] '
Typically the hydrogenation netal is present on the
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ot asve ciabR e A Be mipiste Vg 1 GRearmata duncton
PIAdel 4 LRBIEAGRy S Etalb S IR BRbhR Phhy R Enblidn metal

ni'trate. I on, the hydrogenat| gn functi oh can
becap be smpteghated hytoi apaimomphousstuppertl thag isnep-minghtd with thehastive

CEEPIBHGE Vg el i s accear e Ayt o Ko Fhi o Buttr
acirigK] iRebrpeated by defeforc@Reitést. €d by incorporating the

hydrogenation function on a particle separate fromthe
ad007A cat allpgme embpdiment, thremelaculat Isieve arsed, im ghet methylation

hydr ogenat i qn .f unct.i aon ced i.n_close pragximty.to ..

{ HERIRRTRS e Mot ah o Plaf S5itatiflnd FEE Y b ek o ifogiym os
bethé mpdiRgatiefl coffpenéit REBea GimdIURPAIce théatnotst of synthesis
co-mngled wwth the active nol ecul ar sieve catal yst

sueas fanededsiertp flaqideqompositiopaf dha alkylating agend (igg gnatlganol in the
B t i LIIC OO, ence 0. .
r o Efref onflegimiECIRORPUR, o B B nld el sy, yeed i
t haeecodhind with ahis rievcition rhab ash@irbgeiige netal @ompeikiak platinum,
conpri sSi nq_ rhodi um The use . of rﬂod' um as_t he

hy#itdod, EFladtivatng SrmBAwHt CHBRIBRE RIIBORYSt oV PeRSHch § mrolecular
anpuY is %Eecfﬁﬁr{ﬁ@?fdc SS is ‘?ﬁ%ﬁoﬂ%dt%e%aﬁ water is co-feq into the
deconposition of the al kylating ‘agent (1.e. nethano

i nreatter, pthefagrouat of shuitiesie ppy fotnmedadad e thee dbmaiposition. of the

th |.ecul ar sieve used.in, accordance with thi.s
| P RiS et (erpRrbohh | e Meedrd cmmdieny i found to be
pl aqbsgm and a sel ectivating conpound conpri sing

phosphorus. Wen such a nolecular sieve is used in the
pr AdedationfwithhSwngasivent i on, and wherein water is co-fed

i f. hesi f . '
QulIA7E'S he oBiedle, BB Ob Dy fels HoR0 15, R ARG Eitein the
MepRRelof ki ihtintioheit 8k Beiprotided ase Bépardts fde@ td thelRodeSs or can

at least partly be generated in situ by adding a carbon dioxide-containing feed gas,

such as a natural gas stream, to part or all of the effluent from the
dehydrocyclization step. In particular, the dehydrocyclization effluent, prior to
any separation of the aromatic components, can be fed to a reverse shift reactor
and reacted with the carbon dioxide-containing feed under conditions to increase
the carbon monoxide content of the effluent by reactions, such as Reaction 5, and
the following reverse water gas shift reaction:

CO,; +H, « CO +H;0 (Reaction 6)



reduced. Al kylation with Syngas [0076] Were net hanol

or DVME is used as an al kyl ating agent in the process
wobkookloessomventi on, it can be provi ded as a SepRCEUS2005/043523

feed to the process or can at |east partly be

generated in situ by adding a2carbon

di oxi de-contai ning feed gas, such as a natural gas

stream to part or all of the effluent fromthe

d ocycl i-zati-on Lln ticul th

QIR 00y <) 18 83d:iBh, Shefane dhaRRS: difirHfeanl MGy be o to g roverse
okhifthadtod @ gbierato PRRL NYisich ¢an (e beehikdl witheVpdrtien of the
shift reactor and reacted with the carbon

dideydecyshrtipnneifiyentdedadivgl dhe dbAePIGQemnentipy ap fequitgdefor the
t nonoxi de content of the effluent by

rgg{ ?alq%ﬁg?ép'such as Reaction 5, and the follow ng

r §805i83 e wat diypipally,shé fdverseanifi actoEEhtaind2 catblypt é8thprising a
H20 ([Reactiqn 6)[0077] In addition, nethane and CO . .
at@RH OB fskah oRed SUPROToFHCh 38 Aer B drls Enco 3lymingggifies of fitania,

Sgif i femaRbAl SIS Eppatatt L sppeotd it
e et et s
Eggeﬂ%ﬁgﬁ 2 ioﬂé t@aﬁq 15,058 B fﬂrewrnpi%?é{)oslg?apte r5e0,008i<Pa-

SR 121§ padd velbditiesHRaPRadl i&?eﬁﬁng ilipbh G Bfpe drlAdtieds used,

and i s operated under condi'ti ons 1 ncluding
t dupgensrallyghe gasionolg spacelvd@iiE, of flowhofigas6O0gh the catalyst bed

10000C, for e | @ 70, .95Q0C a pre of; 1
cBh T gher 5985 G BRa o0 o ilicad 250 BB 6 SR B, fore
f kefEraBRPI0D OGP 16600 ho'. 5, 000 fcPa. Gas hourly space
velocities may vary dependi ng upon the type of process

ud@9but gdheredflngnt tinen gl redverse | shift peastor wah dlagrt he f4d to an
fl h h talyst bed is int
o B op el ok P Bpdbag 6 iy oy 388G, the

hrfolldwing®s 6cquief erably 500 hr 1 to 10,000 hr 1 .
[0079] The effluent fromthe reverse shift reactor can

then b&CPe&dHo an al kytati &HiQFct or oper 4RPasoRAder

diti ti t he QWM to
condiggiog gaee " A MaeEugs (e (ROLLAHSDY,
(r) tol2Eh©B+28, ( Reaot i onxykne HIDO + C§RGaction 9)

Xy[&)(?&) S *2 %s(t gar%tethg)lﬂtigé agent includes CO, CO, and H, and/or

CH30H and derivatives thereof. The methylating agent reacts with benzene to

form toluene, whereas toluene reacts with the methylating agent to form xylenes,
preferably para-xylene. In one preferred embodiment of the invention, methanol
as the methylating agent is not separately added but is formed in situ. The
methylation process can be carried out as a batch type, semi-continuous or
continuous operation utilizing a fixed, moving bed, or CSTR catalytic reaction
system, with or without recycle. Multiple injection of the methylating agent may
be employed. Suitable conditions for the methylation process include a
temperature of 100 to 700°C, preferably 200 to 600°C, a pressure of 1 to 300
atmospheres (100 to 30,000 kPa), preferably 1 to 200 atmospheres (100 to 20,000
kPa), and a WHSV for the aromatic hydfocarbon of 0.01 to 100 hr™', preferably 1
to 50 hrl. The composition of the feed, i.e. the mole ratio of H,/CO (and/or



[0080] Thus the nethylating agent includes CO CO2 and
H2 and/or CH3OH and derivatives thereof. The

worea0apbssod Nng agent reacts with benzene to fornP¢DUSEN®)43523
whereas toluene reacts with the nethylating agent to
form xyl enes, preferably para@3xylene. In one preferred
enbodi nent of the invention, nethanol as the
nmet hyl ati ng agent is not separately added but is
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opgy@ii1em. 1ip! i zing a fixed, noving bed, or CSTR
catalytic reaction system wth or wt hout recycle.
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BT ey, bty dRfthe TR o0 orontaB CroBRl oRides, such as
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at m)spher es (100 to 30, 000 kgﬁ’? preferably 1 200
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of 0.01-10/0.01-10/0.01-10, referablétfromo 1-

107eglites figsagibed phove mosha}ww% alkylabios with miethapol gwcht a5eZSM-5,

ne Lo ¢ i ey .
L P SRS R, TR Rlogth il S i
sughalés haoplewer atiditg dompartd/ @ siicaie-taxed enatdrjgds. c alley lower
the. al kylation catalais)t contains from5 wt . % net al

or
TERch ltyos‘éira@a?@ﬁ MR3NYCH{ EREHRTSO BRISRS, @@Wtécﬁtﬂlé%atlgi%e%ﬂé extends
Se&?eﬂ t GPEPOfif Q&idltﬁ)ﬂ gén%f f‘%&h&m or@%hﬁﬁm&ﬁﬁdg e—based
first” conponent % nol ecul ar si eve conponent
nohetetiblarhase eugjue ahaie] atyctoks dat wbuldsgenemid themsﬂra‘ul@ shape
(ﬂgsfe%h d above in relation to alkylation with

ES’I such as ZSM 5, or can be an al um nophosphat e

najoesral - Al NIRRAOHRIPRAL-Baba SRS QFd Made lb?uaﬁiel'ﬂétmg AlQy
have l'ower acidity conpared to silicate-based

nearsl PQJ tstralideea. Newsbera of thit family ava &t ésg.ndissiZdel 7, -21, -25,

2 Ses 6% ARTDLTEHE. ebbnord? (Bt g S bered

é‘;f?g@ﬂ @iﬁg%ﬁﬁﬁ&s baseugAE08lafe Heutrl, mebﬁtitﬁtl&h anAeknd/or P
structures that coul d generate the desi rabl e shape

sebeetianst yith [lopgp phaxge intrrsyness p Hpgati v skatgerdn dhe dlagework,

PRI PP LR B BT S o o

- 2dnd/orZbP-AlJhir tufhd theheutral bﬂaﬂry c(om;@sméhl'(’m -Al, P) #io a series of
etc. ()1 or 12- (AIPOX-5 nenber ed
acidic-ternary-composition (Sl Al P) based APO matenals such as SAPO-5, -

11, -14, -17, -18, -20, -31, -34, -41, -46, etc. Acidic ternary compositions can also
be created by substituting divalent metal ions for aluminum, generating the
MeAPO materials. Me is a metal ion which can be selected from the group
consisting of, but not limited to, Mg, Co, Fe, Zn and the like. Acidic materials
such as MgAPO (magnesium substituted), CoAPO (cobalt substituted), FeAPO
(iron substituted), MnAPO (manganese substituted), ZnAPO (zinc substituted)
etc. belong to this category. Substitution can also create acidic quaternary-
composition based materials such as the MeAPSO series, including FeAPSO (Fe,
Al, P, and Si), MgAPSO (Mg, Al, P, Si), MnAPSO, CoAPSO, ZnAPSO (Zn, Al,



oxygen ring channels. Although Al PO4S are neutral,

substitution of Al and/or P by cations with | owner
waeb@e®essomt r oduces a negative charge in the frpoewsIks;/043523

whi ch is countered by cations inparting acidity.

Substitution of silicon for R4and/or a P-Al pair turns

the neutral binary conposition (i.e. Al, P) into a

series of acidic-ternary-conposition (Si, A, P) based
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(TR, O OHD RSN OliurnBitohOGhale WL Inb@railor. tis

n and riral's suc
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( MatERbbe “Suat MRABSC bt FHE ettt (HlsdJABSE-11, -
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12-menbered ring materials (SAPO 11, - 31,

lvbswfacnor g the pane mgspsof |the majgculary SleEEP,A#!OdF'ﬁCHbB@ 1above.
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signi ape s Ivity due t narr ow

¢ hagasdmeéthlli Céomipunfld ddiddh A& cesbulkbeid adiew ehe vhamels of the
t he al k%/léatl on catal yst_ includes a nol ecul ar si eve,

th@oie&tl sickay One txed efbylliy cszmemetahicnepanpouad gpitahle fopara-
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rodu eaction”9 I's paraxyle
meammnf andof faasi bﬂn snia:dieﬂl frami omldcnlzk umtamagman'm?a’ﬁd and/or

exsjtu,or in-sit osition of sj |ICO C 0
COR enofifo, ﬂl}éﬁ tj St h’é‘CE’L‘i‘F’fga oy ‘? f‘E’gt ‘gortg phthalate,

I%n@cﬁa&ﬁﬁte@ﬁh&%@la%{d SEISYR), ABnAR SIS %?yd?&f?’ Benzoic acid,

AI te natively, selectivation can be achi eved
deppogtliae csrahoyi@teor sutﬁIS@llcofﬂajan otiate Inaph&mﬂqmu ndlearboxylate,

rorEBmRas; il 09 g BT RSRERGHERSEa PF cetected rom

Com%laﬁerﬁ(éb bﬁbilr&lﬁsqn 2p@,r4:}85, 6yY, 8,9, 10 11 12, 13, 14, 15, and 16 of
the Periodic Table of Elements (new IUPAC notation).
[0084] = Para-alkyl selectivation with the above mentioned organometallic
salts can be accomplished by various means. For example, a solution of an
organometallic salt can be impregnated onto a silicate-based material or
aluminophosphate-based materials. Either water or any suitable organic solvent
can be used. Addition of non-metallic salts and/or adjustments of pH to facilitate
the treatment are optional. Heat may be provided initially to drive off the solveht

and leave behind a material coated homogeneously with an organometallic salt



selectivation is the salt of a |large organic anion and
a netallic cation. The organi c anion can be sel ected

wo c@aiosssh@ecul es cont ai ni ng carboxylic and/ or pkenob1005/043523
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f anoleculat sevehso bs tmbsaterate anoee bjghly nedctivésprciaspyudbeas olefins,

pravided initial to driye off the solve and | eave

D i i s Piafel s By O D s WG g e e cal Chralyst
orgaspaebal 11 c saltand to then convert the salt into a
metal oxide. Alternatively, a dry-m x techni que can be
ud@086]whi ch Rrorotos @xpesing rihe déatalyti¢ yreactivnobystems rotthe feed

formof po r,..or rticles w.t or gan tallic salt
i orneRlf &% Fdipee PRich afehey .00, BARNCOE HBtpt Fiinbl e
USRitafticA ¥adtidhV 8ftemd heanMoptibfifllyMded dctieted urideb] £Ctelbcing
to heat treatnent, which facilitates the di spersion of

t Favganmerh(eg. {196% Mt BrNaat 45580 Ehandil ity 209, aim (198 to 20,000

Saklﬁa '&tzom%t}ﬂ)'lmoxi de. [0085] Also preferred is that
an a?: Ve et al be i ncorporated into the nol ecul ar

Si[@087]s0 as Telusst aHdAdrebemdére MdtHeymebghiting @gapEy adsSusually
such as ol efins, ich may be generated as by t?Eroducts

whi ch - | .
arﬁfewmeérﬁl@o@ﬂd%qthéﬂmos@% aaRRsen sl R MaEaia: o desied, ratio
[ OQEQEer MR Wit £ BRI &Qlct:llﬁ?atfbﬁt(?ﬂ %ﬂl‘ie? réfetnt 4P Qisrupt reaction

systens to the feed conponents o ol uene and/ or
bekinetins, Oti2ionflG, imstaitameoE@nesmdration wEtdethytdting lagent can be kept
c

talytic reaction systens can optional e activated

crlagr D e RS I B g e BRa 9F pebos bt pjenggandior
150s2 800 RO l%ti%gagegpc&ﬁc@ﬁt('&ggs oh BO Bk &Rt pPinutn levels
to 48 hours. f,OO ]~ Tol uene and/ or benzene and the
metohgiva goodjarageatic cetnpeuns epauersiops and better catalytic reaction system
stability. Hydrogen gas and/or steam can also serve as an anticoking agent and
diluent.

[0088] The method of this invention is capable of producing mixtures of
xylenes where PX comprises at least 30 wt.% of the mixture, preferably at least 80
wt.%, and most preferably at least 90 wt.%. The method of this invention is also
capable of converting at least 5 wi% of the aromatic compound to a mixture of

xylenes, preferably greater than 15 wt.%.



prem xed and fed together into the reaction vessel to

mai ntain the desired ratio between themw th no | ocal
wa@eoveesssn@t i on of either reactant to di srupt rPEDUSING/043523

ki netics. Optionally, instantaneous concentration of

nmet hyl ati ng agent can be kep®6l ow by staged additions

thereof. By staged additions, the ratios of toluene

and/ or benzene to nethyl ati ng agent concentrations can

be i nt%)i nﬁd gt oEtimeIeveIs to give good aromatic

céﬁgg@ Frv and better catalytic reaction
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serve as an anticoking agent an _ ] 088] The _
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and a second effluent stream having a reduced hydrogen content compared with

the first (dehydrocyclization) effluent stream.

[0091] Conveniently, the hydrogen rejection step may include (i)
methanation and/or ethanation, (ii) a Fischer-Tropsch process, (iii) synthesis of C;
to Cs alcohols, particularly methanol, and other oxygenates, (iv) synthesis of light
olefins, paraffins, and/or aromatics by way of a methanol or dimethyl ether
intermediate and/or (v) selective hydrogen combustion. These steps may be
employed sequentially to gain the greatest benefit; for example Fischer-Tropsch
may first be employed to yield a C,+ enriched stream followed by methanation to

achieve high conversion of the H.



t he dehydrocyclization step and to maxi m ze feed
utilization. Typically the hydrogen rejection step
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of required fog thedegired Regsdian 19i0e Repelianigdn althgughisma wapigfions can
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ratio close to the stolc ric proportions
r ewuomdeefﬂhmt strbam d@he hpdioRemejdction 46p ¢ pledact methardelor ethane

aIIhou riations can e i.n the . .
o i R oETD el B iR esence AEai oot dhah galik comprising a
CQRefal Q:Bm‘ﬁ[méf@, pAfiBularly a transition metal or compound thereof, on an

inorganic support. Suitable metal components comprise copper, iron, vanadium,
chromium, zinc, gallium, nickel, cobalt, molybdenum, ruthenium, rhodium,
palladium, silver, rhenium, tungsten, iridium, platinum, gold, gallium and
combinations and compounds thereof. The inorganic support may be an
amorphous material, such as silica, alumina or silica-alumina, or like those listed
for the dehydroaromatization catalyst. In addition, the inorganic support may be a
crystalline material, such as a microporous or mesoporous crystalline material.
Suitable porous crystalline materials include the aluminosilicates,
aluminophosphates and silicoaluminophosphates listed above for the

dehydrocyclization catalyst.



second effluent stream The hydrogen rejection step to
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[ 0096] The main products of the reactlon are water

anaiditteypbadimatic produbte. H2: CO2 nol ar rati o, net hane,
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adglrhffiahd ateii®t i ¢ products. Fischer- Tropsch Pr ocess

[0098] The Fischer-Tropsch process is well known in the art, see for
example, U.S. Pat. Nos. 5,348,982 and 5,545,674 incorporated herein by
reference. The process typically involves the reaction of hydrogen and carbon
monoxide in a molar ratio of 0.5:1 to 4:1, preferably 1.5:1 to 2.5:1, at a
temperature of 175°C to 400°C, preferably 180°C to 240°C and a pressure of 1 to
100 bar (100 to 10,000 kPa), preferably 10 to 40 bar (1,000 to 4,000 kPa), in the
presence of a Fischer-Tropsch catalyst, generally a supported or unsupported
Group VIII, non-noble metal, e.g., Fe, Ni, Ru, Co, with or without a promoter, e.g.
ruthenium, rhenium, hafnium, zirconium, titanium. Supports, when used, can Be

refractory metal oxides such as Group IVB, i.e., titania, zirconia, or silica,
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step conprises reaction of at |east part of the
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car bon nonoxi de according to the Fi scher-Tropsch

process to produce C2 to C5 pRaraffins and ol efins.

[ 0098] The Fischer-Tropsch process is well known in

the art, see for exanple, U S. Pat. Nos. 5, 348,982 and
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Fischer-Tropsch reaction whereby the carbon dioxide is converted to carbon

monoxide by the reverse water gas shift reaction:
Alcohol Synthesis

[00102] In a further embodiment the hydrogen rejection step comprises
reaction of at least part of the hydrogen in the dehydrocyclization effluent with
carbon monoxide to produce C; to Cs alcohols, and particularly methanol. The
production of methanol and other oxygenates from synthesis gas is also well-
known and is described in, for example, in U.S. Patent Nos. 6,114,279; 6,054,497,
5,767,039; 5,045,520, 5,254,520; 5,610,202; 4,666,945; 4,455,394; 4,565,803;
5,385,949, the descriptions of which are incorporated herein by reference.

Typically, the synthesis gas employed has a molar ratio of hydrogen (H;) to
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in the dehydrocyclization step. If required,

addi ti onal carbon nonoxi de cdf be generated by feeding

carbon di oxi de contained, for exanple, in natural gas,

to the Fischer-Tropsch reaction whereby the carbon
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t aladions loymwen ghd zitsesiah. o onvera¢ntlye itheh catalfystt ¢omtains copper

. 100103] T t al yst din th t hanol :
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of copper, silver, zinc, boron, magnesium _al um num
v anatadyst g sedestashirenm thengreymneessisting pf:icgnperidesdrinmoxides and
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oxdike, optionally in the presence of an oxide of at
| east one el enent selected fromsilver, zinc, boron,

Hdlum  ahenmsthepol, sydssiinprogsis orRoubs cradRpisdeseer a wide
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zi nc oxi des and al’'um num oxi deS. Nore preférably, the

caspate elogities avang dspeniing apon dppeyparnd proeess that is used, but
generally the gas hourly space velocity of flow of gas through the catalyst bed is
in the range of from 50 hr! to 50,000 hr'l, such as from 250 hr! to 25,000 hr'l,
more preferably from 500 hr' to 10,000 hr'. This exothermic reaction may be
carried out in either fixed or fluidized beds, including multiple catalyst beds with
heat removal between beds. In addition, the lead bed(s) may be operated at higher
temperatures to maximize kinetic rates and the tail beds(s) may be operated at
lower temperatures to maximize thermodynamic conversion.
[00105] The resultant methanol and/or other oxygenates can be sold as a

separate product, can be used to alkylate the aromatics generated in the

dehydrocyclization step to higher value products, such as xylenes, or can be used
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ecfiescn ecsea l%cgsscfgpﬁl ne?%atal ic oxidative dehydrogenation of alkanes to
p g

produce alkenes. The process involves simultaneous equilibrium dehydrogenation
of alkanes to alkenes and the selective combustion of the hydrogen formed to
drive the equilibrium dehydrogenation reaction further to the product alkenes. In
particular, the alkane feed is dehydrogenated over an equilibrium dehydrogenation
catalyst in a first reactor, and the effluent from the first reactor, along with
oxygen, is then passed into a second reactor containing a metal oxide catalyst
which serves to selectively catalyze the combustion of hydrogen. The equilibrium

dehydrogenation catalyst may comprise plratinum and the selective metal oxide
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Aromatics Hydrogenation

[00111] In addition to the alkylation step, of the aromatic components in the
dehydrocyclization effluent can be hydrogenated to generate useful products such
as cyclohexane, cyclohexene, dihydronaphthalene (benzylcyclohexene),
tetrahydronaphthalene  (tetralin), = hexahydronaphthalene  (dicyclohexene),
octahydronaphthalene and/or decahydronaphthalene (decalin). These products
can be employed as fuels and chemical intermediates and, in the case of tetralin
and decalin, can be used as the solvent for extracting the aromatic components

from the dehydrocyclization effluent.
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C kmbwhen direegrt dndiyghicatis ehtphat mnﬁa]@biecrmyprmyt@ Nh@&deRg)Ni/Mo or

t et ht hal ene (tetralin hexahydr ongpht hal ene

(&Pﬁf@g?{% pé‘)‘PPOBtE aﬂ}(/ R Hth SiliEh SUBPRIF-or Slitable” oporating

d%%ﬁ&iﬁéﬁ@fb@%ﬁ‘@: aﬁ&ﬁg@cbﬁ)mcﬂ&@é %engse%ul%t&f o ! B&00°F
s and c

enpl oyed as fu m cal | nternedi ates an
t (&5Q &5 845C) 1 srch ak i 50020 F 00 A6G0rtp TAPCh e presstreast fhe 2,000

C ReTERy T G280 55 e 150 FL AT g (OB FS0 hba) a3 wsv

hysFOoRFLHIONsulch 2§ 2RY BOheNt | Y, but not necessarily,
conducted after separation of the aromatic conponents

f 803 k3he deMBadiad dyydtogenationrio dédvie mator amete odafinin cahon-garbon

f.1h d
aayfy B B2 rodibt B oY PR R B oot fgrias suitable for
hydlag&iatib® NorP bﬂ@e&&ﬁmsae;ﬁnv@dmlmomwefmdme gﬁﬁab?eﬂ Gartial
typ| cally enploy a catal st co

SEPation) FTPeRSERSNIS Well kuppa in I%éﬁr}%l tunicﬁléy empkemaq c@éalyst
T SR

1 &MB@FSI(CE&@ Uag()g':SZﬁD CHorsopeheds B2 rhetal/ €4d41¥st (s3:68mb @an also

3700C), a pressure of 50 to 2,000 psig (445 to 13890
Fbci’)useé*uch as 100 to 500 psig (790 to 3550 kPa) and a

0.5 49 aAtriMtivt: h§1i‘t‘egerf’a§wﬁ bfbetd IHwo]} es[ qg@zlfﬂlessure

Part| a hydrogenation to Ve one‘or more ol
c dnybloovrackitpoof Henolaphithaldneecqmapmaentt tonprpdades alkbrlbenzenes over a

desirale 0 as suitabl e for
o R SEded RO S aley SNE sihpertid on' & amorphons
Coﬂﬁﬁ%{rﬁ'si@i@ate%watzéght% BRbtds 3kolt¥ o, %&%W 8p z&flﬁ’@ Séﬁe%ultable

are well known in the art and typgically enpl oy

c aapsrapmig conditions for low pressure hydrocracking include a temperature of 300
to 1,000°F (150 to 540°C), such as 500 to 700°F (260 to 370°C), a pressure of 50
to 2,000 psig (445 to 13890 kPa), such as 100 to 500 psig (790 to 3550 kPa) and a
WHSV of 0.5 to 50 hr'!, such as 2 to 10 hr'.

[00115] Referring now to the drawings, a first example of the invention is

shown in Figure 1, in which a natural gas feed 11 together with a recycle stream
12 from a reductive coupling reactor 13 is fed to a methanation reactor 14. In the
methanation reactor 14, carbon dioxide in the feed 11 reacts with hydrogen in the
recycle stream 12 to increase the methane concentration of the feed 11 and
produce water as a by-product according to Reaction 10 above. The effluent

stream 15 from the methanation reactor 14 is fed to a condenser 16, where water



conprising noble netals wth rutheni um being preferred

supported on netal lic oxides, such as La2(3-2ZnQO.
woleomegesseous nobl e netal catal yst systens can BPCBHOSIE5/043523

used. [00114] An alternative hydrogenati on . process

i nvol ves | ow pressure hydrocPécki ng of the naphthal ene

conponent to produce al kyl benzenes over a catal yst

such as sulfided Ni/Wor sulfided Ni supported on an

anerphaHsydl HH«} RRRI th ¢@hSinBe Fna&R'iE "f&lt &Péc% 18 where the

zeolite X, zeolite Y or zeolite beta. Suit e

0 pxﬂnpmahuge cftthel |efﬂ1mn’61sframsed be/ﬁomm@pzssmnhe reslokdtivegcoupling

ISE%J(?%)T éhs s at ur I‘E@(gée gtge%g{;é gadato furnace 18 to

%&gﬁe%el%&gf&n%o pSI g (445 to 13890 kPa), such
100 to 500 psig (790 to 3550 kPa) and a WHSV of 0.5

60@16I1r -1, Isutile asac®rt 63,10hrmdthaje0(d 18k Retealr | gzsg feed is

" o AL A SR S R Phen

t eaetpehthwichh, By TRENHINE BhA®BMHR el 40WeR dseiiotiNGs such as
coupling reactor 13 is fed to a nethanation reactor

14thylenet pad rmtbopanmon@?ﬂdfp gact gesuily of Raagiensdil 0¥i aed i5n above.

1 35pis G SAUEREL 3 Wathimnt abnEomieR el 15 o5 G ¢ ERBT 18

1 betpthroviddd betwaah eliccassive 1e¥ctdrs ABUS tmABIGEN e Febdl# the desired
Reaction 10 above. The effluent stream 15 fromthe

wé?fﬁﬁﬁa‘i“r% as dlewrdesgoey 4hg gndathpriic delpsslieryslizationgeadfjgaria the
%]H kS renoved, and then the remaining effluent is
to a ’furnace 18 where the tenperature of the
ef[ﬂOllth i s Tiei effakbnib et droen theiredycros saglibg rédodr(s) 13 is fed to a
red ctive coupli actor 13. A sjde stream19from
t 158 VP@E;’?’&WT"@“‘QE t@%{% 23 Whete e apmationsmapopnd § 315 Aisyelyed and

tl}@mBV&Lasf QBO&J}S Ehese. ﬂlgodllé-?éerré C}ﬁcl;lésrh)g tﬁee hgﬁt(ﬂ: %%smg

ane i n the natura gas rocyc
t dydragsdugcearbem nmgemda,nezthmeo etiylene candpmmdted Bethimep passes as

el By P 2T phe ot sl 12 € B Steans 23 s

NGRS D8P dhelo Eldrd ercftloB%ﬁst 2ORRerd thfstRAmh 13 :8BGH4Lated into a
Typically, a plurality of reactors 13 are connected in

sé}en@@levamtanang uirartion 28 benaphthalengicduidinieg Viesstion 26 and a

OFRRG A Gider A Bock Bart Be BR B BbibcColRu B8 ol i moror e

Gl{h?ﬁm@léﬁélcbﬁtaﬁahﬂgnfrioﬁaﬁ 06 et fécht@ dh%@}flﬁ[o‘h ré&,tor (not shown)
17] The effluent. 2 1 fromthe reductive coupling '

tt]@@ sajyent fraptéor 2isgerygled to tower 22.
[00118] In a modification (not shown) of the embodiment shown in Figure

1, the effluent 21 from the reductive coupling reactor(s) 13 is cooled to condense
out part of the aromatics component and then the remaining effluent is
compressed before being fed to the extraction tower 22.

[00119] Referring now to Figure 2, in a process of a second example of the
invention, a gas feed stream 31 containing CO, and possibly methane is fed to a
reverse shift reactor 32 together with the hydrogen-rich, aromatics-containing
effluent from a reductive coﬁpling reactor 33. In the reductive coupling reactor
33, methane is dehydrocyclized to produce hydrogen and afomatic compounds,

such as benzene and naphthalene, by Reactions 2 and 3 above as well as by-



sol vent extraction tower 22 where the aromatic

conpounds are dissol ved and renoved as a bottons
wa@ooeasss2B, whil e the renmi nder of the effl uenPCT/US2005/043523

(conprising hydrogen, carbon nonoxi de, ethane,

et hyl ene and unreacted net had#) passes as overhead

fromthe tower 22 as the recycle stream 12. The

bottons stream 23 is then passed to one or nore

rac nat.or e stream eparated into

pp«i}ﬂf’%ﬁgcl& %gc' ?tézl}?fl% an(f ?agﬁ'?r} @ﬁn% aresul% P RE& s AIand 5
napévdI al |ieal g0 B pRirdlity B réR s 93 al%ﬁso@ﬁébtéd Hodevie®vith a furnace
fraction 27. At least part of the benzene-containin

f Aécbeu@m preyidasd befiveeh sueraptitch edactess 33 rip anpinkgn ftheaiqeﬁoaﬂi the
2o OB Be P COHIA B SRR et BRlgEAE) eaion

[Qﬁ)ﬂlib&]sadtdsrsasrmdlfi cati on (not shown) of the
enbodi ment shown in Fig 1, the effluent 2

t H80R20uct i VB thergpeise ghlﬁéa%,ewr%yaﬂnen F‘@Xédc?dpé‘ée f66d Stream 31
REAELNAO ol ldE GO SRGARREY oMital M o
t aeddvevexcoupliig ocactooVEs; (8produdd 1ddhorRefamokideganidolydrogen by

Figure 2, in process of second exanple of the
i mcﬁlppwchés ngféc‘ffc@eial&"?e b Siticptfipuaithe W@cte@? Hyfhen fed to
p ek 4 fnbRbehRind Ah EHESREAISY frbdd R
t%%ﬁ“ﬁjé%h Wi t%ﬁ?ﬁe ﬁ’ydxr%ogen-nri C %gr omat |I§:rs COE%?{?E%MWG
efdolipléng rebctonBa araaaikylatedacc@dimlg tngeaotians euch3B. Reaotiorise7 to 9
a%uct ive coupling reactor 33, methane is
0¥tocycl i zed to produce hydrogen and aronatic

Cqoppesnds, Skieh eﬁheﬁ?rﬂcﬁﬂealﬁﬂgtl&@%ﬁéi&l S2eis B¥d to a solvent
React| ons 2 and 3 above as wel | ul@(éproducts such as

etexyrheitom topgr Sarwagme m@?@mgc @gmiao wre difsolRed end passed to
S ERTam R Where PHOLFS cepuim B s 7 e Haalaf iy oction 37,

pre@ﬂ%pﬁﬁﬁlé?@tdbﬁﬁ‘:ﬁmﬁgl Gaes6 Y8 4 S516émIfFaclen BO, AR61AEM-ddntaining
t he ed at the desired temperature as it under goes .

t Heactind dtlhadr CaEpstionotd; c (Tihg dolugne-eeainingniragiionhdl is either
r er@ c%dsto?tﬁe a&?&ﬁ%ﬁkeak t3g%r r@ﬁﬂg{; ssﬂ}b&ﬁct \Sﬁ‘l&é ?’ﬁ (ﬁngractlon

di oxI
matm &n&d fong Icuiyhitailizen mewhémthMmE isnnteh g@s eérﬁd)\tbﬂnﬁrom the
fromthe reductive coupling reac or. 33, to produce
car.e@awdﬁbﬂfgsdbp&fs fEaction e rprwal igation; o5 serrdigariechgology. The
Vi reactor 32 is
t hen e#lpga%bﬁ?r? 1§ T?}-Plg? ?%ﬁ%:égg%%hg?q‘g%éﬁer e benzene and
na[phll%]l ene ’Dha)dm]midlfmrn e extcdoindn wsvemdﬁp(bomgnmnghydmgen

| k
Re‘é?é qeno%gngma %hagl%go ylen ene 3.1!:1({) uﬁr%;‘{lc% me aneCPs passed partly as a

recycle stream 45 to a methanation reactor 44 and partly as slip streams 46, 47 to
furnaces 48, 49 for providing heat to the reductive coupling reactor 33 and the
reverse shift reactor 32, respectively. In the methanation reactor 44, carbon
dioxide, carbon monoxide and hydrogen in the recycle stream 45 react to increase
the methane concentration of the recycle stream and produce water as a by-
product. An additional gas stream 50 containing CO, and possibly methane may
also be fed to reactor 44 to accomplish greater conversion of the recycle hydrogen.
It will be appreciated that at least one of the gas stream 31 and 50 contains

methane and may be a natural gas stream.



[00121] The effluent from al kylation reactor 34 is fed
to a solvent extraction tower 35 where the aromatic
W@ ovpoessds are di ssol ved and passed to fracti oper/os1083/043523
36 where they are separated into a benzene-contai ni ng
fraction 37, a naphthal ene- coPt ai ni ng fraction 38, a
sol vent fraction 39, a toluene-containing fraction 4 1
and a C8 fraction 42. The tol uene-containing fraction
41d0123) i t hepe r gayedtest torh NBealkihhRdtioANrdaBRE LA iBdeP o a
renoved as product, while the C8 fraction 42 is fed to
acondenserl 32i wheresgatghéd és renvgd.xadethen theowmaining eBlwentc fed
fromthe remg nder pf the fraction,by. either .
i B, Pt T RS B Perirs o e SRt L MG e being
fg@ﬁ%ﬂRﬂh@?edu@tifr@&ﬂ@aliﬁgréa@tdrbs. extraction tower 35.
0122] The overhead fromthe extraction tower 35

[ : . : :
( dM2A] si ng Rejaaringanw tedripei Jrdnexiraesss ef Rdhied example of the

- R TEE o0 O ERE e B R Rerly s TRERER, £ Rt g Rictor

pa&Rtloyethsr Githin Bl daemridl, ardrhatibs-feplstad @idedstreaftd 68 Gfom the
provi di ng heat to the reductive coupling reactor 33

asfflucnb 6 dipet 3acdiistive cpeplgoicadior 6t.e dpEEs Fyample, hawaver, the
rOrARAGES Honl RRGEMo cchHRARatbOSS Wby WBled 19 cpndense
t @ut Bdredsazdnbendebpliathslens oaenningtsheanado dddeis tegy@ngpressed
stream and produce water as a bﬁ product. An -

adiicondsiss otfad seond henzme B aphibalsneepntaipg, ey py before
MeLRang of B steSBel G%J_ed to reactor 44 to acconplish

greater conversion of the recycle hydrogen. It will be
afPe2s] at ed In likzt resersé ehisit reacter 62, datbenghexide irethe iitukal gas is

and 50 cont ai.ns t hane and,may be a, natyura as )
2 bncten, TP rpeiang o Bripes Rrban meogia e REtTRBeth Py gractions
r ea6t 95 Ridctich § @8ot@ The UFHES Fron? 4he YRIRIR GOLRT t}é:”fth‘ﬁg and

renmoved, and then the remaining effluent is fed to
f secradebengenchande naphdhalenepeontaining soeamb §6e 67 | arerther ed to an

rai.sed. bef or.e i ssed to.th ducti ye coupling

" A TdioRsREE B i RBRERe i nafpbEC LG SRR &RY 67 are
Prapigafsd Adcottihdtio a@ioalBhdh RIRdaborsME dvdRe. B desired, part of
CCQ-cpntalnlng natural gas stream6 1 is fed to a

r éhepide sggelmi@ rcga&eaop@nqdo‘ggb ﬂ@(efﬂpgm fgom reactor 62 and/or the
[‘ﬁﬁ&&%? 5's ?ﬂg ﬁ][tg o’EﬁjdsF ﬁfegtﬁ’iug{:@/@% e rShe 22T t? gﬂrlé @g_maﬁon

e e uen are I've toupling reac

| reddiorsoSeandrap e rehervestdft redche6®f f | uent 64 from the
reductive coupling reactor 65 is jnitial Ib)é cool ed to

cdRBB e outThs efflvent 7¢ &onpthe alkydation reactor 68 is the combined with

oA BB UGN OO AITLAS, SABEARBIER e s 66,6

namidtreabed of derside sticag GStanddhe fedulbiag oombined stream 69 is fed to a
solvent extraction tower 71. The aromatic compounds are dissolved out of the
combined stream 69 in the tower 71 and are the passed as stream 76 to
fractionator(s) (not shown) for separation into a benzene-containing fraction, a
toluene-containing fraction, a Cg fraction, a naphthalene-containing fraction and a
solvent fraction. Thesek fractions can then be handled in the same way as in the
second example.

[00127] The overhead from the extraction tower 71 (comprising hydrogen,

carbon monoxide, ethane, ethylene and unreacted methane) is passed partly as a



renmoval of the side stream 63. [00125] In the reverse
shift reactor 62, carbon dioxide in the natural gas is
WO e@eessomi t h met hane to produce carbon nonoxi BET/aRm05/043523
hydr ogen by reactions such as Reaction 5 above. The
effluent fromthe reactor 623and the first and second
benzene and napht hal ene-contai ni ng streans 66, 67 are
then fed to an al kylation reactor 68 where benzene and
n
ALQeR A 7 IS b SRR ribior 10 BDBUIY il Goepm 74 to o
| furdless (nedl shgvam)t fod kuppiging ihdet ©t theaadelve aougimgaeattomed! In
with the effluent fromreactor 62 and/or the natural |
gl wethanation reaqtey el pareen fivsidg Fasbpiomenp3ide gnhydtpgen in the
s e o0 hoF REE YR i ARUB erthifioh SYHS Srecycl
sﬁ‘f%f;’tc rsétg%?%)?z;%h O%)l%é:f %e ef 1l uent 786 ror%ﬁl]tg eeyele
alstegdnat amaln praxfce owatéi8 ak sa thyeprodudii nekh wvadtihiohkle gporstrean 77

of the.effluent 64. remaining after condensati of the..
stCP’étﬁWén%é_pz g BTN AstRane g?aytqi@_ b6 76 18 <aeiahy 640 sipgrplish
! feaf @t 38 CAMBE YR ARABIAD The EAehOnSmAL Hiihanation

extraction tower he d@romati c conpounds are
diresstdrvedl iped a6 a kendsosdsi edwhercewntetds iremo e, tandether the

1 and _are the pa d.as str.eam 76. to fractionator(s)
(AR s s i B SRt Bl APy Rling st @Sc ont ai ni ng

f neet2spn, a 1Rl upRBHEP iRl RbRIbET Mekd Particaladyf Hasktibed, with
a napht hal ene- contai ning fraction and a sol vent

f refsranoeto thadelbowingExamplss.can t hen be handled in the
sane way as in the second exanple. [00127] The

overhead fromthe extraction tower 7 1 (conpri sing

hyeka@gfie1 car bon nonoxi de, ethane, ethylene and
unreact ed net hane) is passed partly as arecycle stream

740029, et Harmprastical cartodimens ofndye st pyample fofidhe invention
;SR Bl FUCERTR 1oLk SRRl R85 ton

melitrddat Thereaetac i Hcontdns & Quincatalgstiafé is Gprerdiedat a temperature
nmonoxi de_and hydrogen in_the recycle stream 72 r

t #LigheredQEC #i Harense of SHR @sier GPTQKPRF The rngetg‘%cgémpling
Z tcfg&%ll BNGRGAIY SR AR S  catdyst aRY 1@&%%& at ft@mgeratué‘f of abopt

iItional gas stream 77 containin and possibly
m00a0eamipy plessordbef f¥dkPa r EhetaoomatB poodacisosgphiatdd by the

reater conversion.of the recycle hydragen, The
HFRHGHORPoRY SPEPHS: LAY OF bFzes G 49 Psralce pephghalene
CRABNARE hdfy MeREEe Water is removed, and then the

remai ni nQg effyl uent is fed to the reductive coupling

r 8013 65. 1000k2d]thahendeny prodiuoed isicombined wigh ke of syngas
pa(%rlngclilsle%r clny Sqeﬁ'é: 'of b68, Vlmltlgg of Hy) and fed to an alkylation reactor

containing a supported Cr;O3/ZnO catalyst mixed with a silicon-selectivated

PZSM-5 catalyst and operated at a temperature of about 500°C and a pressure of
400 psia (2760 kPa). The alkylation effluent is separated to remove a Cg product
stream comprising 136 kg of xylene having a para-concentration in excess of 90%
and then the Cg-depleted effluent is separated into a benzene, toluene and (heavy
Cgt) stream, which is recycled to the alkylation reactor and a lights stream
comprising 45 kg water, 2 kg CO; and 9 kg of Cs-. The Cs- component can be

separated from the lights stream and recycled to the reductive coupling reactor 13.



reference to the follow ng Exanpl es. Exanple 1 [00129]
In a practical enbodinent of the first exanple of the
WO pwe6880n shown in Figure 1, the feed 11 i s aP@BEUSI085/043523
gas stream cont ai ni ng 30. 5m % car bon di oxi de. The
reactor 14 contains a Cu/Zn 8&talyst and is operated
at a tenperature of about 300C and a pressure of 300
psi a (2070 fcPa). The reductive coupling reactor 13
|Iﬂ 28 MbZSM 5 catalyst and is operated at a
ten'pe ature of about 900C and a pressure of 50 kPa.
Tlmﬂlaﬂb mat | Exprpthuttisrepegad atetDbkg bf ¢hd baztrop@idacedsih the
rise 90 wm % af .benzene an wt % of  a
?sﬁ*m emwlipa reackrdg inednyined ¥ 1@8 keopaetmnol gnst kg of Hz
ofana &1 Qeﬂlzﬁpﬁaﬂ&pfeaa%g cblﬁala%g‘fa aﬁéon%emt gzte& @z@ﬁv{ 5 catglyst
syngas (conposed on (51
t @ménpa’atcgllaamt@nparem @Eaboohi(ﬂfﬁl amg aaprsssppaomﬁ Hdp81g (177 kPa)

“g&%%ﬂ%@ oY S et BhchOR: S Sy Sh 3%, The

SQA& 1A e@ﬂ@én@fissﬁéfpﬁra@d t{’aQQmBs‘;é A% HF&IUcK HBdam dfBprising 136 kg

al kylation effluent is separated to renove a
ploé dpilene sayingm mmfp@nognm@mae ekeessfof >99%emi thew itregCadepleted

f 90%
RNl B Ereb Bl v oo, ) S5 B, which s
t obdyend tanke 4lkgRMYN EStlor Shd 83iFhis\WiesR dotnpiRfECcIsekl Water and

the al kylation reactor and a lights stream contﬁrl si ng

49 013gkandlt ey, Aaky thards-gaEponGay ca beseparatgibfrom.the lights Stream
c tthe lights stream and
rgggg{éggﬁg?@%g@g%g%?&l ?ﬂ fé%agfar%g react or 13. Exanpl e

2 HxA@ipldB Exanple 1 |s repeated but 100 kg of the

benzene produced in reduct i coupl.ing reactor 13

i 30 i ned atmaqttfe Igb%qe ‘Pfafﬁase%%é examglespt thy inyegtion
fg | at.i 0
SR T, B O [O&N SluaPiihibiiining 23 % cagbon
t eipadatnd & fod oalyotoet ths 6dveB€ shifdreactpr 83.s (Tihe reefctcﬂrBaozmngams a

kPa) .and VHSY.of 3.9 hr 1 and a
o SeiS niaDt B, 1 opaeLR 5 tpberatare ¢f, gbout 900°C and a
a'ﬂféﬁ'sﬁ*e'o? R08bkkb Y260 kPa)S %raﬁiyﬁﬂloh(}eic%lq\ﬂ%oﬁlﬁﬁes a supported
product stream conprising kg of xylene having a

p &ra20¢'8n0ecntalysti mixed niwik cﬂes@cmf-segﬁ%vakad RZSM-1 Ivetalyst and is

C8de t.ed effl uent into a ene,
PR e et og o SPRCH S e onE FER g o)
t MEheadrbinb@d bRIAUES Eg'éhéiﬁtedrdﬂm@nlsé 983 YSbf BaPeAO BRI 16 WA of a
58 kgthvvater and 10. 3 OC- . Again, the C5-

algpe é‘ﬁnw%ogwaka@ and 4 womof n@xqsd yrleresst r eam
[00133] While the present invention has been described and illustrated by

reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



and recycled to the reductive coupling reactor 13.

Exanple 3 [00132] In a practical enbodi nent of the
waewonassexanpl e of the invention shown in Fi guPET/RS20051@43523

feed 11 is a natural gas stream containing 25 w %

carbon dioxide and is fed onBy to the reverse shift

reactor 32. The reactor 32 contains a Ni on titania

catal yst and is operated at a tenperature of about

90Q00C and a pressure of 400 psia (2,760 kPa). The

a ion reactor 13 conprises a supported Cr2(VzZnO

catalyst mxed with a silicon-selectivated PZSM 5

catal yst and is operated at a tenperature of about

5000C dnprogessrfeseanvertisiz metbansstozlitylqted atomstic iydeocarbons, the

aromatic products generated conprise 38 wt % of benzene

aRtory W&%F‘ga napht hal ene, 48 wt % of p-xylene and 4

wt % of (&) xedoinéiaires -fe¢d Qdmdninthilethah b 8vil @S@Mydrocyclization

invention has been described and illustrated b )

r splahshcinden geaditions| gHe@ivsode neanvert sHdsachangy & napipatic

sk ' e t.W p i -1 he_ | | O .
; SiocluBoby Farft e, PEREREC Bk Nrcabe Vodubt Rl Mtoppaic
héweiosarbbay arddiy@irdgeasani then, reference should be

made solely to the appended cl ains _for purposes

. of :
det er mi(Rl ng coMacting A leasbprordion ok gl Arogate hydrocarbon from said
B
c gajdraranaiy hydagcattont andtprodnca ah eligatehiaimtio ydetirhoe having

with a_dehydrocycli zat.ion catal yst uynder, conditjo
efl?‘éfétallv’gﬂ 6"]&%%9\/@?‘9 S%QPH’%PMQC OB PHRRT tge a Yﬂ%ﬂg-
hydr ocar bons and produce a first effluent stream
conprising aromati ¢ hydrocarbons and hydrogen; and (b)
c@nt actThepredess efadtinnl pheteirosaidfeed & () alsoantams at least one of
hydr rhan fr said first effluent streamw th an
aﬁ%&?ﬁ@?ﬁ@fﬂﬂ Z’under conditions effective to

al kyl ate said aromati c hydrocarbon and produce an

al kyl ated aronmati c hydrocarbon having nore al kyl side
cHai ns Theaproesss @f gladmal ot claya2owhersiwnsaid ifeed inda} pentains less
al.kyl at i.pg.. 2. . The ss of claim1l wherein said
fég%lsﬁn?%¥cgﬁ§%ﬁ%%%?§§§s at |least one of H2, H2OQ, CO
and CQ2. 3. The process of claim1l or claim2 wherein:

said feed in (a) _contains less than 5 w % of . C3+
hylir oc aFlisaiacess of any preceding claim wherein said conditions in (a) are non-

oxidizing conditions.

5. The process of any preceding claim wherein said conditions in (a) include
a temperature of about 400°C to about 1200°C, a pressure about 1 kPa to about
1000 kPa and a weight hourly space velocity of about 0.01 to about 1000 hr.

6. The process of any preceding claim wherein said dehydrocyclization

catalyst comprises a metal or compound thereof on an inorganic support.



4. The process of any preceding clai mwherein said
conditions in (a) are nonoxidizing conditions. 5. The
w@e@eoes0®f any precedi ng claimwherein sai d cPOTUS20051643523
in (a) include a tenperature of about 400C to about
1200C, a pressure about 1 kP40to about 1000 kPa and a
wei ght hourly space velocity of about 0.01 to about
1000 hr 1 . 6. The process of any preceding claim
rei deh ycli zat i t
ndcal arRcBstan enerasiechly ST ARl sETRELARR, Bization
Th@tagysﬁﬁﬁ ) @omphiyesp bt l’()ﬁe cdfamdlybldenen, nuﬁlgstén thenium, a
dehy ocyc I zation catalyst in (a)_ conprises at |east
ormaplbjb By perapeind, ruRgssten compepndingnda a FheyiBme gerppound on
und, and a rheni um conpound
R¢ng§P{M£%ﬁ%sﬁg%8§?gnlnun1OX|de 8. The process
of any preceding claimwherein said first effl uent
strean1conpr|ses at | east 5mﬁ@6nnr§ﬁaronat| rin

n saitg progess of anphprogpdag Ldaigy WhgLRi sed Shgffngar Ffream
| t hyl ene. 10.
The Fg%iﬁé&éfé‘éﬁya?ﬁw&mﬁﬁ Flglhﬁgg gég? eeglart said
ethyl ene is produced in said contacting (a). 11 The
process_of any one of clai erein, sa
SISy at Vi PESESR O ofbF rugheling: clsim oot oidh diiating agent
hyg & Ghylgnd €action product thereof. 12. The
process of cIa|n111 wherein at |east part of said
carbon nonoxi de i s produced by said reacting carbon

i de.w th hydr.ogen / or rocess ..

of (any Bifebgr o PL AN S Phedin, HEpet Roi it e ndis igaiced in
agﬁﬂfmﬁ@ﬂﬁﬁé s met hanol and/or di nethyl ether. 14.
The process of any preceding claimwherein said
aromati ¢ hydrocar bon conprises benzene and said
cont act h) produces d S

Olg or o léeggr(o %ss anB/r e, ép ﬂﬁ%‘f a|at§1 é %ebr éﬂﬁes egk}}lgtmg agent
arqifrises CirbOeBAM e SAIdicRE of apéictish pftﬁluaﬂ’tﬁex‘éaf d

al kyl'ati ng produces net hyl napht hal enes and/ or
di met hyl napht hal enes. 16. The process of any preceding

clgy m apg, 1‘65%513 o c&%ﬂgﬁ' Fhédin' eﬁ?lf& ﬁ% %E szluﬁ%ﬁltboﬁ%(;no‘ﬁde is

thé hydrogen fromsaird first reamwth
oXprgéuned blyahidi regrting eaibes dioxidereithubpdrageemdrut nea‘t]ﬁdnee nt
stream havi ng a reduced hydrogen content conpared with
said first effluent stream

13.  The process of any one of claims 1 to 8 wherein said alkylating agent

comprises methanol and/or dimethyl ether.

14.  The process of any preceding claim wherein said aromatic hydrocarbon

comprises benzene and said contacting (b) produces toluene and/or xylenes.

15.  The process of any preceding claim wherein said aromatic hydrocarbon
comprises naphthalene and said alkylating produces methylnaphthalenes and/or

dimethylnaphthalenes.



17. The process of claim 16 wherein said

oxygen-contai ning species in (b) conprises carbon
walk@xiogsso®r car bon nonoxi de. 18. The process OPCT/IS2005/043523

17 wherein said carbon dioxide is introduced to the

process as part of a natural 4§as stream 19. The

process of claim 18 wherein said natural gas stream

al so contains at |least part of the nethane in the feed

2 T8 B B LB T e

anehstrpialtase the thydrogen frémnsaid Uirst efflusdt havgmawtth an oxygen-
et hane., 21. The process of claim 20 and additionally

c GAPRAINRG SPeFIEHER PIOgUuSHia tacong eiflusnl reamdsimeay refyed hydrogen
I t t of th th
5 G oMM FENE BT S A CAE rB L OL 1 0% o o sai d

contacting (a). 22. The process of any one of clains

16 to 19 wherein second effluent.stream conpr.i ses one, .
orl 7mor eHhsf Precess %503%}3} i@ Yhegels gt Pé&*geﬁseongaﬂprﬁ@g &pgeissgn (b)

18R AMATORBEROBSCARh fibnbgC3 al cohol's. 23, The

process of clalm ereln sald reacting includes
sel ecti ve hydrogen conbusti on.
- 18.  The process of claim 17 wherein said carbon dioxide is introduced to the

process as part of a natural gas stream.

19.  The process of claim 18 wherein said natural gas stream also contains at

least part of the methane in the feed in (a).

20.  The process of any one of claims 16 to 19 wherein said second effluent’

stream comprises water and methane, ethane or a mixture of methane and ethane.

21.  The process of claim 20 and additionally comprising removing water from
said second effluent stream; and recycling at least part of the methane and/or

ethane from said second effluent stream to said contacting (a).

22.  The process of any one of claims 16 to 19 wherein second effluent stream
comprises one or more of C; to Cs paraffins and olefins, single-ring aromatic

hydrocarbons and C; to Cs alcohols.

23.  The process of claim 16 wherein said reacting includes selective hydrogen

combustion.



