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hydr ocar bons from net hane and, in particular, from

nat ural gas. Background [0002] Aromatic hydrocarbons,
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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 of alternative processes have been proposed for directly
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. Patent No. 5,336,825 discloses a two-step process for the oxidative
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converted to ethylene and m nor anounts of C3 and C4
olefins in the presence of free oxygen using a rare
earth netal pronoted al kaline earth netal oxide
catalyst at a tenperature bet ween 500C and 1000C. The
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conditions which include a tenperature of 550C to
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into a reaction zone having at least one bed of solid catalyst comprising ZSM-5
and phosphorous—containihg alumina at conversion 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 le4ast 3 mole % C; hydrocarbons
and at least 5 mole % Cs -Cg aromatic hydrocarbons. After condensation to
remove the Cys+ fraction, cryogenic techniques are proposed to separate the
hydrogen and light hydrocarbons (methane, ethane, ethylene, etc.) in the product
effluent.



hydrogen and |ight hydrocarbons (nethane, ethane,
ethylene, etc.) in the product effluent. WO
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10012] For example, one known method of providing the heat of reaction
to a methane aromatization process is the use of a heat-exchange fluid flowing
through the reaction zone, which provides indirect heat to the catalyst in the
reaction zone. However, this method of heat exchange tends to be inefficient and
causes disruption of catalyst flow in non-fixed bed reactors.
[0013] It is also known to supply heat to a reaction to a methane
aromatization process by using more than one reaction zone in sequence, in

combination with reheating the reactants between the reaction zones. In this



[0013] It is also known to supply heat to a reaction
to a nethane aronmatization process by using nore than
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reheating the reactants bet4wen the reaction zones. In
this WD 2007/ 067285 PCT/ US2006/ 043131 4 interstage
reheating, the reactor effluent froma first bed of
catalyst is heated to the desired inlet tenperature
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reactants and the selective oxidation of hydrogen generated in the aromatization
process. The oxidation is accomplished in the presence of a catalyst that
selectively promotes the oxidation of hydrogen as compared to the destructive
combustion or oxidation of the more valuable feed and product hydrocarbons.
However, the reaction generates steam that can be detrimental to the arorﬁatization
catalyst and can react with methane to form hydrogen and carbon monoxide.

Moreover, by using a second selective oxidation catalyst, this method suffers from

added complexity and cost.



conbustion or oxidation of the nore valuable feed and

product hydrocarbons. However, the reaction generates
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catal yst and can react w ths methane to form hydrogen

and carbon nonoxi de. Moreover, by using a second
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[0019] There 1s therefore a need for an improved process for supplying

heat of reaction to the aromatization of methane.

Summary

[0020] In one aspect, the present invention resides in a process for
converting methane to higher hydrocarbons including aromatic hydrocarbons, the
process comprising:

(a) contacting a feed containing methane with a dehydrocyclization
catalyst in a reaction zone under conditions effective to convert said methane to

aromatic hydrocarbons;



[0020] In one aspect, the present invention resides in
a process for converting nethane to hi gher
woyaroemsbons i ncl udi ng aromati c hydrocar bons, P¢T@s2006/043131
process conprising: (a) condacting a feed containing
nmet hane with a dehydrocyclization catalyst in a
reacti on zone under conditions effective to convert
said nethane to aromatic hydrocarbons; WO 2007/ 067285
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fuel comprises hydrogen generated as a by-product of said contacting (a).

[0025] Conveniently, said heating zone is elongated and heat is applied to
said first catalyst portion at a plurality of locations spaced along the length of the
heating zone. In one embodiment, substantially all of the supplemental fuel is
supplied to one end of the heating zone and oxygen-containing gas is supplied
incrementally to said heating zone at said plurality of spaced locations. In another
embodiment, substantially all of the oxygen-containing gas is supplied to one end
of the heating zone and the supplemental fuel is supplied incrementally to said
heating zone at said plurality of spaced locations. In a further embodiment, said
hot combustion gases are generated in a combustion zone separate from said
heating zone and are supplied to said plurality of spéced locations.

[0026] Preferably, the process further includes transferring a second

portion of the catalyst to a regenération zone separate from said heating zone and



increnentally to said heating zone at said plurality
of spaced | ocations. In another enbodi nent,
wauodnsiaress al |y all of the oxygen-contai ni ng gaBCT/#52006/043131

supplied to one end of the7heating zone and the
suppl enental fuel is supplied increnentally to said
heating zone at said plurality of spaced locations. In
a further enbodi nent, said hot conbustion gases are
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to a regeneration zone separate from said heating zone;

® contacting said second catalyst portion with a regeneration gas in
said regeneration zone under conditions effective to at least partially remove coke

from said second catalyst portion; and

(g)  returning the regenerated second catalyst portion to the reaction
zone.
[0029] Conveniently, said transferring (b) and (e) and said returning (d)
and (g) are effected continuously.
[0030] Conveniently, said reaction zone comprises a Vertically-disposed,
settling bed reactor wherein said feed enters the reactor at or near the base of the
reactor and the heated first catalyst portion and the regenerated second catalyst

portion are returned to the reactor at or near the top of the reactor. Conveniently,



(g) returning the regenerated second catal yst portion
to the reaction zone. [0029] Conveniently, said
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enper 0
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. diameter of 3650 pm When heated in a riser with all the heat being supplied by

burning fuel at the bottom of the riser.

[0037] Figure 6 cdmpares the temperature profile of the flue gas with the
temperature profiles at different radial positions within a catalyst particle having a
diameter of 3650 um when heated in a riser with the heat being supplied by

burning fuel at spaced positions along the length of the riser.

Detailed Description Of The Embodiments i

[0038] As used herein the term “higher hydrocarbon(s)” means:
hydrocarbon(s) having more than one carbon atom per molecule, oxygenate
having at least one carbon atom per molecule, e.g., ethane, ethylene, propane,

propylene, benzene, toluene, xylenes, naphthalene, and/or methyl naphthalene;



tenperature profiles at different radial positions

wWthin a catalyst particle having a dianeter of 3650
wonehen72Beated in a riser with the heat bei ng BOppk2086i043131

by burning fuel at spaced Positions along the | ength

of the riser. Detailed Description O The Enbodi nents

1 [0038] As used herein the term "higher

hydr ocar bon(s)" neans: hydrocarbon(s) having nore
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| east one on-hydrogen atom e.g., nethanol, ethanol

ri‘é’@mf:laﬁmlﬁe aghd/ benzeney| alelusas, [m@@]s Asnydéleplénes ei and

trﬁ&?ﬁ;\ﬁ tha"’}&?e@at' c hydrocarbon(s)" neans nol ecul es
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hVé‘?F With Cohiarting: ﬁB\ﬁPHéS 225 VD PR AiS the s9nafisial gas

WRRRAY (1) i ttﬁ&w{elasltﬂeq@ﬁ b g R ORSe bhOEa RiEhveying

he super icral gas ocity
wé] solid pyrtickeg i pettr fomaiitdintasopiabed pith ot fractmcnrbekyw B5%.
SO|Id rtlclesmodertoma tain a sali

tn??"v‘?:% ﬁ%tf’ﬁ BAY GRFI8H B¥sh sevaral HloWgess “F‘é%@{l% pettling-
N&Ymepag qia@kéﬂﬂﬁéﬂ ré2RYe r(@i <fﬂJoejv &ﬁﬂmgsfe%ﬁ{é g@in?m U < Um),
settling- novi ng packed-bed regi ne
tﬁlﬂﬂ@mg@gﬂ@@(ﬁm €W 5 Ug), tamsitiprb)o anct ttur@lglpmgﬂmé@aw regime
f(igg%c}j é{tj'if)b %ﬁ&r %‘Sl% f&@ﬁ@e{}& ggﬁﬁ) ?(EJ@ Iﬁtsr blgxeg Different fluidization
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fluidization, reginmes have been described in,
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act i offt
zone, and/or operating at a velocity higher than the minimum fluidization velocity

while maintaining a gradient in gas and/or solid property (such as, temperature,
gas or solid composition, etc.) axially up the reactor bed by using reactor internals
to minimize gas-solid back-mixing. Description of the minimum fluidization
velocity is given in, for example Chapter 3 of “Fluidization Engineering,” D.
Kunii and O. Levenspiel, 2" Edition, Butterworth-Heinemann, Boston, 1991 and
Chapter 6 of “Chemical Process Equipment,” S. M. Walas, Butterworth-
Heinemann, Boston, 1990, the entirety of which are incorporated by reference.

[0042] As used herein the term “fluidized bed” reactor means a zone or

vessel with contacting of solids and gas flows such that the superficial gas



zone, and/or operating at a velocity higher than the
m ni mum fl ui di zati on velocity while maintaining a
wa@readioete8s i n gas and/or solid property (such aBCT/US2006/043131

tenperature, gas or solidigonposition, etc.) axially
up the reactor bed by using reactor internals to
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g 1t ahl},e&p% APRYEthy Ret combustion gases generated by burning a

supplemental source of fuel and then returning the heated catalyst portion to the
reaction zone.

[0045] In addition, the invention provides é process for utilizing the
hydrogen generated as a by-product of the dehydrobyclization reaction and in

particular to a process for converting at least part of the hydrogen to higher value

prodﬁcts.



hydr ogen. As di scussed above, the dehydrocyclization

reaction is endothermc and the present invention
w@reaviodrss a nmet hod for supplying heat to the repaeC/AUBINNG043131

by wthdrawing a portion aft the catalyst fromthe

reaction zone, heating the catalyst portion in a

heating zone with hot conbusti on gases generated by

burning a supplenental source of fuel and then

qﬁkuagf%g the heated catalyst portion to the reaction

zone. 045] In addition, the invention provides a
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methane stream is derived from natural gas containing carbon dioxide. Other
sources of carbon dioxide may include flue gases, LNG plants, hydrogen plants,
ammonia plants, glycol plants and phthalic anhydride plants.

[0050] In one embodiment, the feed to the dehydrocyclization step
contains carbon dioxide and comprises about 90 to about 99.9 mol%, such as
about 97 to about 99 mol%, methane and about 0.1 to about 10 mol%, such as
about 1 to about 3 mol%, CO,. In another embodiment, the feed to the
dehydrocyclization step contains carbon monoxide and comprises about 80 to
about 99.9 mol%, such as about 94 to about 99 mol%, methane and about 0.1 to
about 20 mol%, such as about 1 to about 6 mol%, CO. In a further embodiment,
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order to assist in coke mtigation. These additives
can be introduced as separate co-feeds or can be
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present proce
naphthalene. The principal net reactions involved are as follows:
2CH4 > C,H, +2H, (Reaction 1)
6CH4 — CsHs + 9H, (Reaction 2)
10CH4 > CioHs + 16H, (Reaction 3)
[0053] Carbon monoxide and/or dioxide that may be present in the feed

improves catalyst activity and stability by facilitating reactions such as:
CO, +coke — 2CO (Reaction 4)

but negatively impacts equilibrium by allowing competing net reactions, such as;
CO>+CH:s <« CO +2H, (Reaction 5).



contai ning feedstock is contacted with a
dehydrocyclization catal yst under conditions,
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to hi gher hydrocarbons, including benzene and
napht hal ene. The princi pal net reactions involved are
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can also be used as one of the metal component but, in general, are not preferred.

[0057] 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,
iron, zine, gallium, germanium, yttrium, zirconium, niobium, molybdenum,
indium, tin, barium, lanthanum, hafnium, cerium, tantalum, tungsten, or other
transuranium elements. In addition, the support may be a porous material, such as

a microporous crystalline material or a mesoporous material. As used herein the

term “microporous” refers to pores having a diameter of less than 2 nanometers,



copper, silver, gold, zinc, alumnum gallium
silicon, germanium indium tin, lead, bismuth and
woeanserafni um netal s. Such netal conponents nmapCh®S2006/043131
present in elenmental formiér as nmetal conpounds, such
as oxides, carbides, nitrides and/or phosphides, and
maybe enpl oyed al one or in conbination. Platinum and
osm um can al so be used as one of the netal conponent
' L A ref
Ritread thod6iRE 1 BesopSiey " RierR ¢ 1= Bivipg it dser dom 2 t0 50
ganpsieddrs.i ne and in particul ar rmy be an oxi de,
de or | de.of boron, m num_ silico
Bﬁggjphorou@“ ?aﬂ‘l“ﬁﬂ?org‘ésanﬂyﬂ g p Materialy U‘&ﬂ’g& difcates,
ﬂa@mﬁﬂwmes MeUBERMOSIf Eates, Ib fﬁtﬁnoall!lrlﬂﬁlosﬂéétleé U”&lugﬂ{dﬁ%é{pﬂhﬁies
t m zirconium ni obi um nolybdenum, indium tin
Pﬁlaﬁjﬁosvﬁaﬁ% dneiatloahsminpphasphates, (wicophminprhesphates or their

MBAGRE e "Such mRk&Proust é@ﬁﬁl‘ﬁg@%é{%zﬁg ‘?mesma{e?nlals having the

addi tion, the support orous nmteril
famework ypesoiFd lﬁ@,gc Z,SM-éJ TBle Trsaz and silicalitela Mils Gpg.; SM-

TBl SEW 6 ) 74090 0K s P ) T EROINRIS) re. e,
%S%ﬁﬁﬁét Wﬁ ﬁ%@ gz;ﬁ)s?%%é;?’gv R@ﬁg%?ﬂaz,gg?g% g;ﬁézs_, ERBa-tl,
& efﬁ?- r : £ @Vﬁ . “[&ﬁ,‘g
i MERDand e %85 &8
zm?ﬁ rmml,:ge 8l ;emab |bteﬂ§ Ifﬂlﬁe(rélgfﬂ ErQ-18), WORs(¢.& caﬁ&aemte)

e
BT Ao o W ol BbRGH Y e Shabicet 1) LTL (o, seoi
DEtRWopheshatey, viFel@k! oppusy, m@%@ﬁass@o 11), AFI (e.g,

si | i coal um nophoSphat es or therr mixtures. Such

MEPo-‘&o%ﬂéuéF@r(%PQ -ftDnas miglleasi materipla shehies merﬁféalEé\m 1,
BoWLRI TS 23, Ii{(g'ilﬁt“ﬁ;é 2@2%’% S fs; @Sh“rm(ﬁﬁms 10,

1S-2 and
YARDA | SARDE3de and , SATEMA3E2) | Sulititile( meg)porﬁSMtﬁ&)'LalsFﬁRlude

W‘ﬂ @%@i’sﬁﬁgy ngg/*a%sl ITQ2 J\om 36,

059149 andEMTMIES pf profBiréd. ogtalystsTQcBﬂ)a mKEllbdélﬁmg, tungsten,

b oo e B e b
fobtejast abi Th@ﬁ@taﬁ@ﬂﬁbﬂéﬁﬁédﬁﬂdﬂ@&%eﬁ)w thd inoﬁ‘%atﬂc support by

zeolite ? (e.g., 1TQ22), (e.Q.,.
3ay| megnsywe lg}mq in )the Aft| such a§. co-px;ngp@tggn alnqlpmnt)wetness

ERFRN) i, BBt S el g i

deppsition, diffrgon and ph}&kﬁbﬂﬁ)ﬁpgSAﬁ’@dMoa,nﬂie WghrBS support can

‘%d{}%@@eﬁ,%ghﬁcgv% ﬁgg&t Sik aI S (I)rnecxamp‘lee SW ming,’ aci aéhslhg,
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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.

[0061] The dehydrocyclization step is conducted by contacting the
methane-containing feedstock with the dehydrocyclization catalyst in one or more
fixed bed, moving bed or fluidized bed reaction zones. Generally, the feedstock is

contacted in the or each reaction zone with a moving bed of dehydrocyclization
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hydrocarbon product and/or fuel. In addition, the use of an oxygen-lean
atmosphere inhibits oxidation of metal carbides presenf in the dehydrocyclization
catalyst and minimizes the average steam partial pressure thereby .reducing
catalyst hydrothermal aging.

[0064] Alternatively, a suitable supplemental fuel source is hydrogen and,
in particular, part of the hydrogen generated as a by-product of the aromatization

reaction.
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combustion gases generated in a separate combustion zone, gradual heating of the

catalyst can be achieved by supplying the hot combustion gases to said plurality of
spaced locations along the length of heating zone.

[0069] In one embodiment, the heating zone is a riser and said first
cataiyst portion is passed upwardly through the riser during the reheating step. In
practice, the heating zone may include a plurality of risers connected in parallel.
Alternatively, said heating zone can include a moving bed of said catalyst.

[0070] Typically, the first catalyst portion is at a temperaturé of about
500°C to about 900°C on entering the heating zone and is at a temperature of

about 800°C to about 1000°C on leaving the heating zone. The hot combustion
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tends to deposit coke on the catalyst and hence, to maintain the activity of the
dehydrocyclization catalyst, a second portion of the catalyst is withdrawn from the
reaction zone, either on an intermittent, or more preferably, a continuous basis,
and transferred to a separate regeneration zone. The gas used to transport the
second catalyst portion to the regeneration zone may contain O, but preferably
contains less O, than air, such as less than 10 wi% O,, most preferably less then

5% O,. The transporting gas may contain CO, and/or Hj to gasify a portion of the
coke from the second catalyst portion, but preferably is substantially free of H,O
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coke at the design residence time and in particular the temperature should not
exceed the point at which metal oxide volatilization occurs or the catalyst
substrate undergoes rapid deterioration. Generally, the temperature in the
regeneration zone is less than the temperature of the reaction zone and typically
regeneration zone temperature is from about 400°C to about 700°C, such as from
about 550°C to about 650°C. Catalyst residence time in the regeneration zone
also should be minimized to reduce catalyst aging rate and maximize percent of

time the catalyst spends in the reactor doing useful work. Typically, the average
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conducted in a plurality of fluidized bed reactors.connected in series, with the

feedstock entering the first reactor in the series and the heated first catalyst portion
and the regenerated second catalyst portion being returned to the final reactor in
the series. Conveniently, said first and second catalyst portions are removed from
the first reactor.

[0080] The major components of the effluent from the dehydrocyclization
step are hydrogen, benzene, naphthalene, carbon monoxide, ethylene, and

unreacted methane. Typically, the effluent contains at least 5 wi%, such as at



reintroduced into the reaction zone. In addition, it
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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 combustioﬁ. These steps may be {
employed sequentially to gain the greatest benefit; for example Fischer-Tropsch
may first be employed to yield a Cy+ enriched stream followed by methanation to
achieve high conversion of the Hj.

[0084] Typically, as described below, the hydrogen rejection step will
generate hydrocarbons, in which case, after separation of the co-produced water,

at least portion of the hydrocarbons are conveniently recycled to the

dehydrocycﬁzation step. For example, where the hydrocarbons produced in the
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required for the desired Reaction 6 or Reaction 7, although small variations can be
made in the stoichiometric ratio if it is desired to produce a CO,-containing or Hp-
containing second effluent stream. The hydrogen rejéction step to produce
methane or ethane is conveniently effected in the presence of a bifunctional
catalyst comprising a metal component, particularly 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



or 3 or less carbon atons. \Were, the hydrocarbons
produced in the hydrogen rejection step conprise
waraTatizes, the portion recycled to the PCT/US2006/043131
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hydrocarbons can be fed directly to the dehydrocyclization step to generate

additional aromatic products.

Fischer-Tropsch Process

[0090] In another embodiment the hydrogen rejection steﬁ comprises
reaction of at least part of the hydrogen in the dehydrocyclization effluent with
carbon monoxide according to the Fischer-Tropsch process to produce C; to Cs
paraffins and olefins.

[0091] 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
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or mesoporous crystalline material. Suitable porous
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products.

[0094] The carbon monoxide required for the Fischer-Tropsch reaction
can be provided wholly or partly by the carbon monoxide present in or cofed with
the methane-containing feed and generated as a by-product in the
dehydrocyclization step. If required, additional carbon monoxide can be
generated by feeding carbon dioxide contained, for example, in natural gas, to a
shift catalyst whereby carbon monoxide is produced by the reverse water gas shift
reaction:

CO; +H, > CO +H0O (Reaction 8)



nonoxide in a nolar ratio of about 0.5:1 to about 4:1,
preferably about 1.5:1 to about 2.5:1, at a

wo eonpesasiir e of about 175C to about 400C, prefreBDB3006/043131
about 180C to about 240C awd a pressure of about 1 to
about 100 bar (100 to 10,000 kPa), preferably about
10 to about 40 bar (1,000 to 4,000 kPa), in the
presence of a Fischer-Tropsch catalyst, generally a
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palladium, osmium and zirconium. Conveniently, the catalyst contains copper
oxide and an oxide of at least one element selected from zinc, magnesium,
aluminum, chromium, and zirconium. In one embodiment, the methanol synfheéis
catalyst is selected from the group consisting of: copper oxides, zinc oxides and
aluminum oxides. More preferably, the catalyst contains oxides of copper and
zinc.
[0097] The methanol synthesis process can be conducted over a wide
range of temperatures and pressures. Suitable temperatures are in the range of

from about 150°C to about 450°C, such as from about 175°C to about 350°C, for



24 and by the follow ng reaction: CH4 + H2O H CO +
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Selective Hvdro gen Combustion

[0099] In yet another embodiment, the hydrogen rejection step comprises
selective hydrogen combustion, which is a process in which hydrogen in a mixed
stream 1is reacted with oxygen to form water or steam without substantially
reacting hydrocarbons in the siream with oxygen to form carbon monoxide,
carbon dioxide, and/or oxygenated hydrocarbons. Generally, selective hydrogen
combustion is carried out in the presence of an oxygen-containing solid material,
such as a mixed metal oxide, that will release a portion of the bound oxygen to the
hydrogen.

[00100] One suitable selective hydrogen combustion process is described in
U.S. Patent No. 5,430,210, incorporated herein by reference, and comprises

contacting at reactive conditions a first stream comprising hydrocarbon and
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kPa, such as from about 2,260 kPa to about 10,000
kPa, for exanple 2,500 kPa to about 7,500 kPa. Gas
hourly space velocities vary dependi ng upon the type
of process that is used, but generally the gas hourly
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4-15 of the Periodic Table of the Elements;

1) at least one metal from Groups 5-15 of the Periodic Table of the
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Aromatics Alkylation

[00105] Alkylation of aromatic compounds such as benzene and
naphthalene is well known in the art and typically involves reaction of an olefin,
alcohol or alkyl halide with the aromatic species in the gas or liquid phase in the
presence of an acid catalyst. Suitable acid catalysts include medium pore zeolites
(i.e., those having a Constraint Index of 2-12 as defined in U.S. Patent No.
4,016,218), including materials having the framework types MFI (e.g., ZSM-5 and
silicalite), MEL (e.g., ZSM-11), MTW (e.g., ZSM-12), TON (e.g., ZSM-22),
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[00108] The benzene ethylation can be conducted at the site of the

dehydrocyclization/hydrogen rejection process or the benzene can be shipped to
another location for conversion to ethylbenzene. The resultant ethylbenzene can
then be sold, used as a precursor in, for example, the production of styrene or
isomerized by methods well known in the art to mixed xylenes.

[00109] In another embodiment of the present process, the alkylating agent
is methanol or dimethylether (DME) and is used to alkylate benzene and/or
naphthalene recovered from the dehydrocyclization effluent to produce toluene,
xylenes, methylnaphthalenes and/or dimethylnaphthalenes. Where the methanol

or DME is used to alkylate benzene, this is coml/eniently effected in presence of
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alkylation step.

[00112] Typically, the reverse shift reactor contains a catalyst comprising a
transition metal on a support, such as Fe, Ni, Cr, Zn on alumina? silica or titania,
and is operated under conditions including a temperature of about 500°C to about
1200°C, such as about 600°C to about 1000°C, for example about 700°C to about
950°C and a preseure of about 1 kPa to about 10,000 kPa, such as about 2,000 kPa
to about 10,000 kPa, for example about 3000 kPa to about 5,000 kPa. Gas hourly

space velocities may vary depending upon the type of process hused, but generally
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[00116] The effluent from the alkylation reactor could then be fed to a
separation section in which the aromatic products would initially be separated
from the hydrogen and other low molecular weight materials, conveniently by
solvent extraction. The aromatics products could then be fractionated into a
benzene fraction, a toluene fraction, a Cg fraction and a heavy fraction containing
naphthalene and alkylated naphthalenes. The Cg aromatic fraction could then be
fed to a crystallization or sorption process to separate the valuable p-xylene

component and the remaining mixed xylenes either sold as product or fed to an
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[00119] Partial hydrogenation to leave one or more olefinic carbon-carbon
bonds in the product may also be desirable so as to produce materials suitable for
polymerization or other downstream chemical conversion. Suitable partial
hydrogenation processes are well known in the art and typically employ a catalyst
comprising noble metals with ruthenium being preferred supported on metallic
oxides, such as Lay03;-Zn0O. Homogeneous noble metal catalyst systems can also

be used. Examples of partial hydrogenation processes are disclosed in US Patent
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reactor 11, into which heated catalist fl ows through

Atieh(net shoym) phercatiths dpmelihie reastorddp of the react or
f .
Ubo@s) 1 OM Wal et GO0l Ay L SSs Wow A 1860 2, in

outle adjacen e base o
rebich ardeligdrodyefizatainl rgactor is provided with both a catalyst reheater and a

separate catalyst regenerator. As in the first example, the dehydrocyclization
reactor includes a vertically disposed settling bed reactor 21, into which heated
catalyst flows through an inlet 22 located adjacent the top of the reactor 21 and
from which cooled catalyst flows by way of first and second outlets 23, 24
respectively located adjacent the base of the reactor 21. Methane feed 25 is
introduced into the reactor 21 adjacent the base thereof.

[00127] A first portion of the cooled catalyst flows under gravity from the
first outlet 23 to the base of a riser reheater 26, where the catalyst is entrained in a

mixture of air and methane fuel passed into the riser through a manifold 27. The



the heated catal yst enters the reactor 11 at a

tenperature of about 900C and the cool ed catal yst
woeavmes78he reactor at a tenperature of about B&EDCS2006/043131

[00123] Methane feedstock B4 is introduced into the

reactor 11 adjacent the base of the reactor and

addi tional nethane or nethane plus air 15 as

suppl enental fuel is used to transport the cool ed

C I
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CEhBarE st hernhd apdeybt S gt e dheamstion
r 4286 and khén paEBeito facB¥MERdRribpr AR THRIBHBAsERChses are

inlet 17 is controlled so as to maintain an
gy Ed-tp exelonasAd sfoneamoviahof qaéalyst £ives bafnr@rb@mg subigeteil peyheat
S e t h
g%%(;a\{é&s i W')ggl ﬂ?% ?ﬁe %d‘fr?lhsag élgt%}g %eﬂ?atgli tﬁe gombustlon
t gusenl liypicale cdsmpﬁsra 671'%}vt% hmzmt)w mstte’(SO@ﬂF)@S\tﬂ%eHQde .6 ?vk% CO, 7.9
at0 st to excessively high tenperatures and al so
FKE ?“H”tn%&’ Sl'é?tQa oxi dati on of the fuel such that
nmbust f r i

Zlﬁmusﬁ%ﬁ‘?ﬁ%’%ﬁféﬂi of thef ddblld D IR TANRY ity from
dhe sendndtoutigt 2Ado tﬂ;rep ﬂoasl <b1§/a mmﬁmaosgﬁ\mhem thesomﬂ%t is
CO,. 8w, % H20, and nmbust i
St B A8 Acsonalins o rand BAREDH o b e riser
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hydr ocar bon product_ and/or fuel. [00125] At or
afkacentrated ot i cafplyshia the dehydrecyclipmionageder Shisdpuyeed off
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S e ot 10, EGEHO: fre Jonihat thep ChpetsgEs o the Sscond
e(fafdlyh%%tomon exiting the regenerator is less than the temperature of the second

.—D

catalyst portion exiting the reactor 21. Typically, the temperature of the second
catalyst portion exiting the regenerator 33 is about 550°C whereas on exiting the
reactor 21 the second catalyst portion is at a temperature of about 650°C.

[00130] On exiting the top of the regenerator 33, the second catalyst portion
passes into a separator 34 where the solid particulate catalyst separates from the
combustion gasses, which are then fed to the cyclones 31 for removal of catalyst

fines. The separated catalyst particles then flow to the activator/stripper tower 32.



contai ning aromati c hydrocarbons, is renoved fromthe

reactor 11 by way of an outlet (not shown) at or near
wo b@7toeps®f the reactor 11. [00126] A second epODURIMHD43131

of the invention is shown 38 Figure 2, in which a

dehydrocyclization reactor is provided with both a

catal yst reheater and a separate catal yst

regenerator. As in the first exanple, the

g@@ﬂﬁﬁ ocycClrhZ@ki QivalcPREipBEr thEUdeS 1R VEidnkRld Xatalyst is
i sposed settling bed reactor 21, into which heated
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far greater), wher heati ng of the catal yst occ
%fg’éEFIP’Q/ Oﬁgpetrﬂlémég‘? aftipddesim FHIHIH &%W“%H’ée V558 ?
2{@911{2@0128]A i dEph ddbendt 18 thedRvQfioh ResHowsEh F ﬁ:re 5@ Wthh
heat ed catal yst passes Into a separator 29 ere
saodcrhydmiycluzaublatr@ccmwmtses 8 pwphiyairethi$ case 3,hef vertlcally-
conbust i on

SBRn e PR RE IS APGLERT SR 0 il o cpibt fpm e

tsh@ipef @ of @ catblsonBsated(nbOshdvel)RYRks BiF uppérdlosteattoN@s and
bef ore being subjected to heat recovery. Using air as
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[foi 28] loweAns® ceratbrgldrandsantab thdeatalgst relebateat dlhygstheater and

frleé)en\l\seralfl&de%plgye Vvlsflttﬁ/tlferf?u% bed design of Figure 3 would typically be the

same as those shown in Figure 2. It will, however, be appreciated that the particle
a size of the éatalyst employed with the fluid bed design of Figure 3 would“
typically be smaller, for example in the range of about 50 um to about 500 pm,
than the particle size of the catalyst employed with the settling bed design of
Figures 1 and 2, typically in the range of about 1,000 um te about 10,000 um.

[00133] = Figure 4 illustrates one suitable apparatus for controlling the flow
rate of the catalyst through the risers employed in the catalyst reheater of Figures
1 and 2 and/or the catalyst regenerator of Figure 2. The apparatus includes a



the second outlet 24 to the base of a riser

regenerator 33 where the catalyst is entrained in a
w@boeanT28s oxygen-cont ai ni ng gas and transpor t pOT/UR2006re43131

riser regenerator. As the3second catal yst portion

passes through the regenerator 33 coke generated on

the catalyst in the dehydrocyclization reactor 21 is

burned off the catal yst thereby heating the catal yst.
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ease
to be converted to aromatics and as the fuel for the catalyst reheater), preferably

up to about 600°C and to preheat the oxygen-containing feed to the catalyst

reheater to the maximum available temperature.

Example 1: Spatial and Time-Dependence of Catalyst Temperature Profile

in Reheater



construction or operation the activities my be

carried out in nmultiple vessels. [00132] Athird
wendoadsTeefnt of the invention is shown in Fi gureCBUS2006/043131

whi ch a" dehydrocyclizati éf reactor conprises a

plurality, in this case 3, of vertically- spaced,

series-connected fluid bed reactors 41 in which hot

catalyst fromthe stripper 42 of a catal yst reheater
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controlling the valves 54, 55 to vary the relative

flowrates of the primary and secondary |ift gases,
wo be7nates of fl ow of the catal yst particles thpoDgk20néres3131

riser 57, and hence the fI38w rate of the catal yst

within the riser 57, can be varied. GCenerally, the

flowrate of the secondary lift gas is varied between

5 and 15% of the total gas flow. [00135] In the

enbodi ments shown impide MAM PEShdiErs’ | Sers enpl oyed

in the catal yst réheat er and tnhe catal yst regenerator

have: constant - inger ret-er ~al-eng-the
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practica P‘y‘“ﬁgsﬁ e of Yecnfi nuous" air | nj ection
points at infinitesimal tinme intervals (or riser

I‘@WQ@ Wy and Hi el the dlueigas eathialpids, atbal@t agd satlet condltlons (for

i AR s D GPLtnes fis Riraiqeg of Lmoles of
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tihgresthelpyead gas mtufe@rwaans]pela@;ivsmgt e, 1-di nensi onal
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where A to H are heat capacity constants for a particular species. The energy

balance equation allows calculation of the flue gas temperature axially up the
riser. ‘
[00139] The heat-transfer partial differential equation was numerically

solved using explicit, finite-difference method:



= h\Tsurface -TJlue )+ 6s(Tsurfa~e -Tuue ) at Dar- +
r ar _ or wherer is the radial distance fromthe
wa@pbhenersenter, t is the catal yst residence tPOBUSING/043131
riser, Dis the thermal difusivity, k is the catalyst
thermal conductivity, h is the convective
heat-transfer coefficient, Tsurface and Tflue are the
catal yst surface tenperature (at r = R) and the bul k
flue gas tenperature (at r >> R), respectively, cr is
the Stefan-Boltzmann constant, and is the catalyst
surface emssivity. For sinplicity, we have assuned
that the catal yst thermal conductivity, thernmal
diffusivity and surface em ssivity remain constant.
The convective heat-transfer coefficient was
cal cul ated using flue gas properties at riser top and
bottom conditions using Geankoplis~correlation for
i sol ated sphere in gas now. Since tfie difference in
heat-transfer coefficients was < 28% an average val ue
was used throughout the riser. The follow ng Table 1
lists the physical constants and tal yst properties
used in the nodel © WD 2007/ 067285 BCT/ US2006/ 043131
38 Tabl®e! B Mdel Yparaneters Catalyst Particle Size
250 or 50 mcrans Catal yst Part@l e Density 1400
kcgl m tal yst Hexat Capasity 12620J1 kg- K Cat al yst
Ther mals fRnduct i vigy 0.4 ' Ui /ni-KJCatalyst Ther mal
Di ffusivjty 2.26 x10: n2/S Catal yst Surface
Em ssivity 0.85 Catalyst Riser Inlet Tenperature 713 C
Cat al y%"gjser out¥ et Tenperature 8 C Fuel Gas
Conposi'tjonh 9.6% C34, 19% Vi, 71.5% Fuel Gas Inlet
Tenper at yre 300 Cﬁ:l ue Gasglutlet Fenperature 900 C
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where Hnt and Hin are the flue gas enthal pies at inlet

and outlet conditions (for each tine increnent),
wdbkDdiX/067285 t he ent hal py change due to reacti onPOf/US2006/043131

nol es of nethane, and Qcat0is the heat transferred to

the catalyst during the tine increment. The enthal py

of gas m xtures was cal cul ated using: H H298 (kJ/nol)

= At + Bt2/2 + 3/3 + Dt4/4 -Et +F - H (where

bk kibkORRY i IWNBE Sadlall Bdét 8LR DIGIN, GRAB&LIpt Y i€ S0 ikdex,

for a particul ar species. The energy balance equation

abibssvipt ¢ demuesaflicogaspironterty, fldue agd @ aredpensibuless mgiativé ynd

up th iser. [0Q139] The heat-transfer partial
Prt e it R SRS SHOBRNaY ool ved usi ng
explicit, finite-difference nmethod: W 2007/ 067285

PCT/ US2006/ 043131 39 r-, Il '"NQI Nc~~ 11 "~ N H
'Casg Ax| Gomplete A Additionat Riger Rottemi ~~ / = T1 "~ oz) ||

i&q];aBZZ 506;136%%_?[ §1slho{>vs }thevgtglgsg%?tér%gé%%?e profile for different radial

positions within the catalyst particle as a function of catalyst residence time in

riser. These profiles were generated for catalyst diameter (@) of 3650 um, which
would be representative for setﬂing-bed (non-fluidized) reactor. The initial flue
gas temperature at time of zero is the adiabatic température risel of 2254°C. The
catalyst particle achieves a mass-average temperature of 850°C after 0.95 seconds,
although substantial internal temperature gradients still exist at this time. After
0.95 seconds, the catalyst particle exits the riser and disengages from the flue gas,
followed by equilibration of these internal gradients assuming no further heat-
- transfer with process gases. After about 3.5 seconds, the catalyst particle reaches
equilibrium ét 850°C. Due to the initially high flue gas temperatures, the catalyst
surface temperature far exceeds the desired 850°C, reaching a maximum of
1073°C after 0.05 seconds. It should be noted that the time step used in this
numerical simulation was 0.0004 seconds in order to accurately capture events at

short time scales.

Case B: Axial Distribution of Air Along Riser

[00141] Figure 6 shows the catalyst temperature profile for different radial
positions within the catalyst particle as a function of catalyst residence time in
riser. These profiles were generated for the same catalyst diameter of 3650 um
(as in Figure 5). Air is distributed along the riser (about 3.5 ft per injection point)
and the amount of air added at each injection point is determined by the amount of
energy required to raise the flue gas temperature back to 1000°C. After all the
available air is utilized, there is no further oxygen injection and the flue gas cools
via heat-transfer to solids. The catalyst particle achieves a mass-average
temperature of 850°C after 1.96 seconds, roughly twice the amount of time

required for Case A (where all the air was injected at riser bottom), consistent



40 where subscript i is the radial index fromO to N,
subscript j is the tinme index, subscript a denotes

wo baos/ogmss property, and a and 8 are di nensi onl BEEUS2006/043131
radi ati ve and convective Boundary condition
constants, respectively. Case A: Conplete Air Addition
at Riser Bottom [00140] Figure 5 shows the catal yst
tenperature profile for different radial positions
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residence tine in riser. These profiles were
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%&&ﬁ&ﬁ§ al t hough substantial internal tenperature
gradients still exist at this tine. After 0.95

seconds, the catalyst particle exits the riser and
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tenperature of 850C after 1.96 seco roughly tw ce
tlAeldhount "EabletZ stmwsrthq sunnéahoﬁm*esmafm bWo(pﬁméxrle sized (1) 3650
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fluidized-bed reactor case. For a fixed particle size and choice of initial flue gas
temperature, Table 2 shows the maximum surface temperature which a particle
would experience during heat-up and the minimum residence time required to
raise the average particle temperature to 850°C. For the extreme case when all the
air is injected at the riser bottom, the maximum surface temperature for the
250pm-particles of 871°C is substantially lower than 1073°C for 3650um-
particles, due to their higher surface-to-volume ratio and shorter transport

dimension. Moreover, the required residence time is also significantly decreased



41 with decreased thermal driving force. However, the
maxi mum surface tenperature of 904C is substantially

wo esenet2Bmn 1073C for Case A. This approach abP¢DWs2006/043131
m nim zing catal yst exposure to very high
tenperatures, thereby helping to mtigate catalyst
deactivation due to sintering, volatilization or
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gas tenperature (until all the air is utilized) to

sinmul ate theoretical, best-case performance (i.e

m ni mum required residence tine). [00143] Table 2

shows the sinmulation results for two particle sizes

(1) 3650 mrepresentative of settling-bed reactor

case, and (2) 250 mrepresentative of fluidized-bed

reactor case. For a fixed particle size and choi ce of

initial flue gas tenperature, Table 2 shows the

maxi mum surface tenperature which a particle would

experience during heat-up and the m ni num resi dence

time required to raise the average particle

tenperature to 850C. For the extrenme case when all the

air is injected at the riser bottom the maximum

surface tenperature for the 250mparticles of 871C is

substantially | ower than 1073C for 3650m particles,

due to their higher surface-to-volunme ratio and

shorter transport dinension. Moreover, the required

residence tine is also significantly decreased
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particles. At a fixed particle size, |lowering the

WO poovioed28s | ue gas tenperature in the isother npdT/ES1086/043131
decreases ' the nmaxi num catal yst surface tenperature
and i ncreases the required residence tinme. For the
extrenme case when the flue gas tenperature is
constant throughout the riser (at 900C), the maxi num
surface tenperature for 250mparticles is only 5C
hi gher than the final average tenperature, and 22C
hi gher for the 3650m particles. The required residence
time for these particle sizes and flue gas
tenperatures can be achi eved using reasonable riser
hei ghts and particle velocities. [00144] Wiile the
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Claims

1. A process for converting methane to higher hydrocarbons including

aromatic hydrocarbons, the process comprising:

(a) contacting a feed containing methane with a dehydrocyclization
catalyst in a reaction zone under conditions effective to convert said methane to

aromatic hydrocarbons;

(b) transferring a first portion of said catalyst from the reaction zone to

a heating zone;

(c) heating the first catalyst portion in the heating zone by contacting
the catalyst with hot combustion gases generated by burning a supplemental

source of fuel; and

(d)  returning the heated first catalyst portion to the reaction zone.

2. The process of claim 1 wherein said first catalyst portion is contacted

directly with said source of fuel in said heating (c).

3. The process of claim 1 wherein said source of fuel is burned in a
combustion zone separate from said heating zone and the combustion gases

generated in the combustion zone are fed to the heating zone.

4. The process of any preceding claim wherein said supplemental source of

fuel comprises a hydrocarbon and/or hydrogen.

5. The process of claim 4 wherein said supplemental source of fuel comprises
a hydrocarbon and said hydrocarbon is burned in an oxygen-lean atmosphere to

produce synthesis gas.

6. The process of claim 5 or claim 6 and further comprising using the

synthesis gas to generate additional hydrocarbon product and/or fuel.



1. A process for converting nmethane to higher

hydr ocar bons i ncluding aromatic hydrocarbons, the
w@r@cesRsEoNpPri sing: (a) contacting a feed conp@i/msMY6/043131

nmet hane with a dehydrocycl 42ation catalyst in a

reacti on zone under conditions effective to convert

said nethane to aromatic hydrocarbons; (b)

transferring a first portion of said catalyst fromthe

react igR R8s bPanyPolteettdifths 40B% whébin\Gai ét\%gle‘}ﬂbﬁtal source

first catalyst portion in the heating zone Dby

cd Ml compysestrhethawt al yst with hot conbustion gases

generated by burning a supplenental source of fuel;

and (d) returning the heated first catalyst portion to

tghe r eRelprédtsZ ONBain?4 whBRirP§at &ppledientdl dburcd oM ®intprises

said first catalyst portion is contacted directly

WiverPeeai d source of fuel in said heating (c). 3. The

process of claiml wherein said source of fuel is

burned in a conbustion zone separate fromsaid

Beat i rithezpoowesaoiicliined ohateirstaidsppisesital ganres of fadl ¢amprises

%&g conbustion zope are fed to the heating zone. 4.

PR SEARGAIE] a5 Y BriE LS BIOST: wher i n sai d

suppl enental source of fuel conprises a hydrocarbon

and/ or hydrogen. 5. The process of claim4 wherein

d&i d slihspiresesnoBanygoeredmgafaimuehereinrspidi lweing zone is elongated

hydracar bon.and sajd hydrocarbon i s burned i.n an
S 36T AR B Erl PSR SR 2 o PHERES ol To@Bonsyspace
Biegpheragh dffthehatifp 2o, claim6 and further
conprising using the synthesis gas to generate
addi ti onal hydrocarbon product and/or fuel. WO

07/ / e e
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sosuppdied o6 ofeiehd obthprhestis meiehiad exyBen-ddrgaipingqes $s Qipplied

claim4 ereln said suppl enental. squrce of fue
ddmrrealy i aeing 2ot Bea sy aiy ol et ealigwner oi n

sai d suppl enental source of fuel conprises hydrogen
generated as a by-product of the process. 10. The o
pRoceslhegirocenyofyleie ) whersiraiulystantaally all ofzthel okegenicegtaining

, Zg%] ?eq'uig’reg ltéj Bgr%t sf:“agd supplemental fuel is supplied to one end of the heating

zone and said supplemental fuel is supplied incrementally to said heating zone at

said plurality of spaced locations.

13.  The process of claim 10 wherein hot combustion gases generated in a
combustion zone separate from said heating zone are supplied to said plurality of

spaced locations.

14.  The process of any preceding claim wherein said heating zone is a riser

and said first catalyst portion is passed upwardly through the riser.

15.  The process of any preceding claim wherein said first catalyst portion is at
a temperature of about 500°C to about 900°C on entering said heating zone and is

at a temperature of about 800°C to about 1000°C on leaving said heating zone.



and heat is applied to said first catal yst portion at
a plurality of locations spaced along the |ength of

wo be7hemss ng zone. 11. The process of clai m 10p@hvesmiosr043131
substantially all of the supplenental fuel is
supplied to one end of the heating zone and
oxygen-containing gas is supplied increnentally to
said heating zone at said plurality of spaced
l1@cat ifTRrocedPof ayShridcAfiRSTaiff whdrdinPaiithotdsmBidtion gases are
substantially all "of the ‘oxygen-containing gas
rag § ipmaragatiy duess Seandl 390Ypl enental fuel is supplied to
one end of the heating zone and said suppl enent al
fuel is supplied increnentally to said heating zone at
slgi d plhermbédsy o6ty parceding okihi apd Surtided. indlhéing rsOBJestﬁlgOSfaid

Ctlal m O wher ei n hot, conbusti on ?ases generated in
5o V%rpomvetos%ﬁ%ﬂwt@ siemia ahlcastresiallygrestome cake and/or

ogﬁbiﬁkgﬁggﬂﬁallty of spaced | ocations. 14.

The process any precedlng cl ai m wherein said
heating zone is a riser and said first catalyst

i s assdu thro h.the riser . The..
BPoccaeatolls ST e e ALiRE 5P dbtpdsScontidting
Gatdariryisdat bb%n'vﬁt}ﬁétean@ hg/ﬁfﬂg@ﬁ ahdtbecof. about 500C to
about 900C on entering said heating zone and is at a

terrper ature of about 800C to about 1000C on | eaving
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e process preceding ¢ rein sai
Afsaidheam’ogj@l on gases are at a terrperature of |ess
than 1300C. 17. The process of any precedi ng cl ai mand
further including subjecting said first catalyst

2Or Ui OfheliRodksS GFlaRP pP&e&fn@ Ridif &Hd he@st 1ﬂ3ﬁfd§ﬂga&lﬂfactmg the

renove coke and/ or” "heavy hydrocarbons thereftom
'h@ete@ rostesatalpdt poiradmwith mbtbrei to staledstgtartigdlyi reguast @{dsorbed

in cont act said first catalyst portion with
§¥%%ﬁ?ﬁ§§8Fg§?ﬁ %Wgr CO2. 19. The process of claim

17 or claim 18 wherein said stripping is effected
after said heating (c). 20. The Erocess of an% )
prlecedihsgororess ralzHy Pigpedieg clam| v ‘T’fﬁl@ s caebish gompeses a

r}ﬁé'l&],eaqﬁdftﬁé atctiat A tc‘aﬁ}(aggélttfoﬁ q% Xﬂb Bg%gleouhgatﬁ}n Jte%aSt

artially renove a or (0)'4Y
therefrom 21. The process of any precedl ng cI aim

erein said cat rises a
%. 'I(}le process o? c)falm %? nthermen said carburization step comprises
contacting said heated first catalyst portion with a hydrocarbon, CO2, or CO and
optionally H,.

23.  The process of any preceding claim and further including transferring a
second portion of the catalyst to a regeneration zone separate from said heating
zone and contacting said second catalyst portion with a regeneration gas in said

regeneration zone to remove coke generated by said contacting (a).

24.  The process of claim 23 wherein the temperature in said regeneration zone

is less than the temperature of the reaction zone.



metal and the heated first catal yst portion is
subjected to a carburization step. 22. The process of

W@ k@728 wherei n said carburization step conpPCH®ES2006/043131
contacting said heated firgr catal yst portion with a
hydr ocar bon, C02, or CO and optionally H2. 23. The
process of any preceding claimand further including
transferring a second portion of the catalyst to a
negenefat h88esg YTEcIKRP 2B areclhin® PuSRhéteRetlel RhpeAARE iANdid
contacting said second catalyst portion with a
reggapation zone ig foni shogbdH°Crie gbmd7807@GNn zone to renove
coke generated by said contacting (a). 24. The process
of claim23 wherein the tenperature in said
126genamdipreiRsy ONghy dife dfRMimk 28Ro ReveEh ehafaib®f te Whight
reaction zone. WO 2007/067285 PCT/US2006/ 043131 47
of catylyst tamstaced ipp YR RO Be heatimigrong tehe vegighttoh eatalyst

[ j r.ak.i ne. | tc.
SEORERE! MR SR o [ RICAREALE Dof Pl I SEQBAABRH's:1 o
ebaiti®023 to 25 wherein the ratio of the weight of
catalyst transferred in a given tine to the heating
zone to the weight of catalyst transferred in the
9qITe iR Bré&sd BLakLORN6F Abin T RNE6 bidiekdh 0§ ré NS8O gas
about 5:1 to about 100:1. 27. The process of any one
¢PNigINgioREee®8 to 26 wherein said regeneration gas
cont ai ns oxygen. 28. The process of claim27 wherein
sai d regeneration gas al so contains carbon dioxide
asd/ orThei prooge nofStiahn t3Taivhiken B¥MIMeR@ M@ ghathiseNcdkains

said regeneration gas is less than 10 wt% 29. The )
A& sdiogide a#id/n Bitmer | srhrsthets they oxBeemn eprsentratigng of said

E&&ﬁ&%ﬁéﬁ%&ﬁg%&@ﬁmnh Jofiser or a noving bed. 30. The

process of any one of clainms 23 to 29 and further
i ncluding contacting the regenerated second catal yst

rei wi th nmet hane or dragen _to .at .| east :
3911 e ProB e G5 AR R 21 d) foip g gepeeneration zone
idefighlo@Mmaddng gde process of any one of clains 23 to
30 wherein the regenerated second catalyst portionis

subjected to a carburization step. 32. The process of

aim rei ald cayburization ep _conpri ses .
3B ac e REOEETb R af oF S S R pEh BRoCRORG 2B pactine
Whd Peg@ndryirbd oasmb Batalygdi? porfibn with methane or hydrogen to at least

partially remove adsorbed water and/or oxygen therefrom.‘
31.  The process of any one of claims 23 to 30 wherein the regenerated second

catalyst portion is subjected to a carburization step.

32.  The process of claim 32 wherein said carburization step comprises
contacting said regenerated second catalyst portion with a hydrocarbon, CO2, or

CO and optionally H,.

33.  The process of any preceding claim wherein said feed is contacted in said

reaction zone with a moving bed of said dehydrocyclization catalyst.



CO and optionally H2. 33. The process of any preceding
claimwherein said feed is contacted in said reaction
waoeoe/0ei8hh a novi ng bed of said dehydrocycli zaP€DOS2006/043131
catal yst. WD 2007/ 067285 P@%/ US2006/ 043131 48 34. The
process of claim 33 wherein said feed fl ows
countercurrent to the direction of novenent of said
dehydroyclization catalyst. 35. The process of any one
aj, cl %g§rg€es§ Br ¢ a%nzﬁévh\e&ﬁf 8hiB 8 AotRaAGuhRRurdAN® the
conprises a vertically-disposed, settling bed reactor
divectisinref saivemieaief seritdshydroytizatiomentalystat or near the
base of the reactor and the heated first catal yst
portion and the regenerated second catal yst portion
35e I ghemphGstss 6f bif oheAE cima230h digal 34 tWirdif Raidf rebdtion
reactor. 36. The ocess of claim35 wherein said
ﬁ@m%qor@ﬁwe%@a@wﬁlaaﬁafl@pw@ ssBling berkreastar whenighy s feqd epbprs
£ r t
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ﬁmb ﬂlel mgamﬁtad: bednd Ratabal portieratd wiurrah® thistrbactoreat o near
g% i di zed beds of said dehydrocyclization
18?9 the regetor g process of claim 38 wherein said
reaction zone conprises a plurality of
series-connected fluid bed reactors in which the
Réat eEIhf: prosessoaftcdinsts wherbingaidi first 4nddsepend ¢agalyst portions are

reac er| S, and.nove er-current
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react or in said seri es.
37.  The process of any one of claims 1 to 32 wherein said feed is contacted in
said reaction zone with one or more fluidized beds of said dehydrocyclization

catalyst.

38.  The process of claim 38 wherein said reaction zone comprises a plurality
of series-connected fluid bed reactors in which the heated first catalyst portion is
fed to the first reactor in said series and moves in counter-current flow to said feed

* which is introduced the final reactor in said series.



