« PRODUCTI ON OF AROVATI C HYDROCARBONS FROM METHANE Fi el d [ 0001] Thi s

~invention rel at es to a process for producing aromatic hydrocarbons
_fromneth 5N particular, fromnatural gas. Bac
“ [0002] Ar ona | o ﬂﬁ égrocar bons, particularly benzene, tol g&flﬂgiwamuﬁ
et hyl benzene and xyl enes, are inportant commodity chemcals in the
petrochem cal industry. Currently, aromatics are nostly frequently
produced from petrol eut n-based feedstocks by a variety of processes,
i ncludi ng catal yti c ref orm ng and cat alytic cracNkl ng However as the

wor | d suppl i eshé = :
need to find al ternatlve sources of aromat.i c hydrocar bons [0003] One
possi bl e al tﬁrﬁatlve source of aromatic hydrocarbons is Mt hane,
which is the“ma] or constituent of natural gas and biogas. Wrld
reser vles of [oaolqr al  gdhisakiereatisis tralatel yiob @i @ﬁaca@gfad@gmaﬁg nabfalan%
nat ural gas curren scover an oi ecause of the

pr obl em;gas Z’f‘)&ﬁé “ﬁ/ﬁ?’ﬁnteﬁﬁﬁg%i P@‘@Iatllgﬁlsurres of natural
gas, nost of the natural gas produced aI ong with oil, particularly at

renmote places, is flared and wasted. Hence the conversion of al kanes
contai ned i nBagkghewntd gas directly to higher hydrocarbons, such as

aromati cs, parti u d| ng tural
gas, provi dl@g he at encéﬁtot/ fﬁjd%oﬂc%%bg?ﬁ r&’%&%ﬂ aﬁ?es%glazﬁ e d grcbme
[ 0004] A | ar gﬂhyf@qnmet )andf xyleaepr amemsﬁmr conmogity i. agmﬁaﬂétajme the
l'i gui d hydrocarhon ve flrst conversion of the net ne t

ﬂt hesis gd¥ ™ al Preengks, Gt EFeorogity Seny ¥|P§°‘§§§d| s

capi tal and Mmrp@u‘olemh&fawﬁedst&m Bl QarfeB bE prdcbidts, GetitBhg EARIYLE €
synt hesi's gas_genperation_are preferred. [0005]A nunber_ of altefnative

processes havoMmBgE Bl Frackingd; Hewevey asdhe wodd FEPRFSE RERETalem
hi gher hydr ogaf:ReRS de&BReS ek B gcgﬁhtlgntéeéct/té @t éjf y1a't19e Windal io¥e

coupl i ng of methane. to olefins fol y the cata I C conversion
of the ol ef |aﬁ®nttwhydwm0mydr ocar bons, including aromatic

tvo- ot op or dR2Bl’ s or “FRe"pof i FHEHs SBisos k7 Suinter REsHRER 35101

methane, which is the ma] or constituent of natural gas and biogas. World reserves

of natural gas are constantly being upgraded and more natural gas is currently
bein;g discovered than oil. Because of the problems associated with transportation
of large volumes of natural gas, mdst of the natural gas produced along with oil,
particularly at remota places, is flared and wasted. Hence the conversion of
< alkanes contained in natural gas directly fo hiéher hydrocarbons, such as
aromatics, is a particularly atiractive method of upgrading natural gas, providing
the attendant technical difficulties can be overcome.
[6G04] 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; therefdre
routes that do not require synthesis gas generation are preferred.
[6005] A number of alternative processes have been proposed for directly
converting methane to higher hydrocarbons. One such iarocess 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



2 conversion of nethane to gasoline range hydrocarbons conpri sing
aromati ¢ hydrocarbons. In the first step, nmethane is converted to

et hyl ene gyl div@sssamount s of C3 and CA4 ol efins in thepgiB§RIGsBH
free .oxygen using a. rare earth netal; pronoted al kaline earth netal
oxi de catal yst at a tenperature between 500C and 1000C. The ethyl ene
and higher olefins forned in the first step are then converted to
gasol i ne range quuid hydrocarbons over an acidic solid catal yst

containing a high siljca pentasil zeolite. [0006] However, these
oxi dati ve co‘EﬂS‘I"Pfﬁ’an%tltHE % (4P FEFOIS TRREH &Y aﬁb%cqmmm%mﬂﬂw ve

 highly exotiégmeafboﬁad TR Qh€ Hrbtodtdn) R 8 Lon el A0 CethIGTEDMRL htibr
rei ctions an hat they generatelarge quantities of €nvironnentally
sensitive catthamtosf Gesnd Cs olefiod o7 theahgsanasaoiobest ¢xygen vsinp ramtdaﬁhe
via high-te v ounl a e
Foute for upbranPiynid A Bl HRlal SOl 1 BRI RRE BB,
et hyl ene, beMG&n&ﬂdO@fﬁphmwétbﬂme éﬂduﬁghe’i‘ Oteﬁﬁx&)mnlce in t&eSirsﬂ:hépem No.
4,727,206 di oses roc g§ss for | i quids ri, arqnatic
i ocar bons By ST R GL Bl e crREs R Rydreaelnier Bt BS st SH8B an
800C in the @m&ﬂﬁgag{gh@ﬂ%gggmﬁltz@omecat al yst conposition conprising'
an alumnosilicate having a silica to alumna nolar ratio of at |east

5:1, said al @8Pflosi| i davevprej thgse esidativanicorpling) methods umlfey fzome ofBound

ert odi o Tageoierf SEE ity ol SRERWDAGIE LEE botchly gyl sy N
di scl oses a cpnndmemn feartionk @nd thordiiay zgenerate lelfgemm uﬂﬂ:rrﬂtpnumpﬂlvses
the steps of ng a feed stream which conprises over 0.5 nole

per cent hydro % ?fgb ’Wgelse percent’ nethane, into a reaction zone '
having at | e@807]one berthelroswiratzatiah af ndthae i ihg!hrtgnp‘(@hﬂuﬁs dactive
phosphor ous- con#}nigi@g%éak)um na at converS| n con th i C gIr;clude
a tenper at ur ®BING ® WOP%Seﬁraé&’i?P@ éé’ggﬁa @ :

absol ut e (10RRirddRAmhs, dasicalaflf SthyRHE, lbén R &R ﬂa%h&ﬁleﬁé/ 'pﬁus4f39ei«.ﬁi 180 0
hi'. The product effluent is said to include net hane, h drogen at

| east 3 nol eUsh Bptany Ao o8 giselosss @ prosesssionmreducmechquids rish Rt i ¢
hydr ocar bons,, oo, c o
cryogeni c tecﬁﬁ%{éﬁg &gre pr§o o%écfgﬁuoé gieégl\aég%%ggtt%ﬁﬁg o%ég?l anoPOI (ljght
hydr ocar bonsandn#iOf@ne theestisenve, of aixiygdnewih aatalyst cmmpdsmoprund:pmsmg an

G, 236, 057 arfVRURIHCH FRAECh SUEA IR s BHE AR ol G

car bon nunbesluiitdeiicse lh@iﬁg 1o£1cg mﬂb@m gﬂﬁﬁm érra)mﬂlpwn& ahéwdf dadniipa
hydr ocar bons, SUCh as neth cont a the I%t er, wth a
cat al yst con‘&F’ ?IWQGOE‘PBB‘FQ) {f%éﬂlqm“% cth has

di spersed thgpegn r henhuRass @ sPPaEnhed.s, 02!@}3@'&5%!8&& @fjrdcééarfor the
cobal t, vanadi um nmanganese, "ol ybdenuim fungsten or a mxture’

t her eof . Thearamgtization of fmatipne rwhixip cemprisse theeaieps of Basting taoferdh sirens e
the yield Ofwﬁ%ﬂ%gﬁpnéae@%véms Hh ij?ﬂcéﬁfthﬁr oggkﬁmgiag@h%fet ercent methane,

[ 0010] However, "éxi Sti ng proposa or oarona I zation o
nmet hane fr eqmdma trgacinm/mﬂedmvmgladadﬁastvmieWeﬂmfanbdraﬁtalgst cangprisiny ZSMHGi r e

co-feedi ng of ensive additives to i ove, the aromatics .

sel ectivity. “pP X@é&?ﬂr gfrﬁ%@ﬁ’ﬂ%a Eth‘fﬂVP’iﬁ@anBaI’é‘e § &éﬁi‘r’ﬁflgge Par ge
quantities OferpyRhREoR samt %9 756°0; eﬁemm Rsy ttaRi 10 atmslslﬁﬁﬁs' ia{b@ﬁuﬁ
route for effreﬂ(i:htlve utilization of t e hydro enbprodu Si nc

natural gas €080 ¥Bax)raad rar gag henely gpase velopisy af AOR i | éﬂ%hr ef ?TBQ:PI"@B“
hydrogen uti Ling gl iODif #inPhgs fidthafe, ByRSEe) bt ELst%riﬁLl)Ile%'@? hydrocarbons

and at least 5 mole % Cs -Cg aromatic hydrocarbons. After condensation to

ﬂ

remove the Cy+ fraction, cryogenic techniques are proposed to separate the
hydrogen and light hydrocarbons (methane, ethane, ethylene, etc.) in the product

effluent.

()



¢[ 0011] Anot her probleminvolved in the use reductive coupling to

- upgrade nethane to higher hydrocarbons is that significant heat nust
be supplie ion. Thus not only is the process i m%g@l

" endot henni glotz 0[]’{0%2%0 the reaction iszthernodynam call g g‘é‘.‘si‘?hus
the cooling effect caused by the reaction |lowers the reaction
tenperature sufficiently to greatly reduce the reaction rate and
total thernodynam c conversion if make-up heat is not provided in
sone manner. Various nethods have been proposed for supplying heat to

the aromati zH%08%h of r&Bhiatent Neg 4239047 ent Guid64#2 inelose erwessss for

met hods have_pr. j Satyl St [ Q01 (. _€ ,

known net hodplg’f:1 Qéélr? Vi %ﬂn%a?t%%e"ur a}lg? hgg}ogérg%n%si g’%‘.’ %@fh%¢%é$ cafbdf
aromat i zat i onupberdgdmcirbois) gudkses mbthand) dftcontacthanie dtierindthid catalpg

t hrough the reaction zone, which provid indirect heat to the

catal yst in ?qug’ﬁc?imo%oﬁﬁpoﬁb%@&e?ﬁ %%M'g’ P‘F‘@'Eqi'oaaso spersad &?Eq‘?&nge
tends to be hRgfuld eh@n! pRAMbIGAHSRS sHES b BEdn0 tobilt, CrnAdiMS! nidnihekd)

non-fi xed bed reactors. [0013]It is also known to SUP%H heal to a
reaction to HoRPeEL tenssiertor 2anixeie theerobs Jhpywdditiomg & €Qafpr Bige

reaction zong,j i } i j i

eaot ants. bore SR fu. B yRATH el lpdioe HabEPG B ediiE

2007/ 067285P{OB10JS2006/Hetdel, dxistivige pstpaspds rfethdlat idelydrodrematizationrof
effluent froma figrst bed, of .cat st. 1.S heated tpo the desired.inlet
Cemper atur e BELan RGN e 60 sBlapiPoiwdS sroecpn myCESy Roa v et hod
of\.i nt er st agef eghmsive dditined trlédpiohe this ardfatic dele@biityhe Morerveh) adnge,
in which the eff|luent froman upstreamreaction zgone is passed

through a heHIUERERMPIRS BOCET S SBetaley 11188 quantiies W Jwginest @ L8 fBn

zone. The hi ghnbREPAERINT Fechirtd &GP ERWERtV dtiizstida 6l 1he BlaBER! by-
exchange nethod may be high tenperature steam conbustion gases, a
hi gh t enper aPipdictpriness satgral gamields g froqusatly mb zemoty lesatipnsalsfiectiviegh

tenperature M‘Eﬁ?“&‘ﬁ&%ﬁg%gg&&iamﬁlﬁmﬂﬁl rggé;tl ng does not dilute

the reactants SOnMe pressurée in the system and
can expose t [@lifact andsther pushbdes invalyky thikg hsd redpdiva toupdisg td GtdfeFor

exanpl e, Russian Paten . ,.2,135,441,dj scl.oses .a process for..

convor ti ng. BTG 0 et BBPLRATS ot a1 REL L AreL A B (EPREACR: s

m xed W th ateabigas THowhib dily & thedprobossl isaa 1Y efdotitenalt, BS: AMRESREstioand

then contacted with a cat.al ﬁst, co%i sing netallic platinum having a
z

degree of oxiSdlermensyaaisalls e, & the coplingokisptecqyssd; b thepreadiions e
of “at |east Q05 MPFaplich t@mg%t%n?@&ﬁﬁéi&ﬁlﬁf) gty Ffibe A Qaorid e liiC eSS

is conducted in a milti-stage reactor systemusing Interstage
reheat i ng by tataldhermodyrismdg canvelsiongbmalké uy bepe is npé pravided dn some taenner.

b t i ' qf t t Sl I
ek hane ¢ nat VAPRGREhER b bR pitgSeed o Akl GaP BT BB BE7
t he met hane hetiene, Thet for deltecheneobf tthe pagiobain enctiaidy eliast Ofroedde entirely- C4

gaseous phase an a C5+ liquid phase but, according the Exanples,
there is |itPFEBI08B5s than 5w % or no net increase in aromatic rings

as conpared Yol t he fRRGxample, 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



[ 0016] Anot her nethod of interstage heating is the oxidative reheat
met hod that involves the adm xture of a controlled amount of oxygen
into the rgasi@pkpsand the selective oxidation of hydrggghsafesinsed
in the aromatization process. The oxiglation is acconpli sheg in the
presence of a catalyst that selectively pronotes the oxidation of
hydrogen as conpared to the destructive conbustion or oxidation of
the nore val uabl e feed and . product hydrocarbons. However, the

reaction generates steam t.hat cangbe tri al to,the.aromatization
Catalyst andiepaSieati mi el helelioh ATERY of SR i PRl 68
nonoxi de. ModesiadEilet Rnpefdturg ofla ss26@l) dowait@ainibee oDuatdlgsti on cat al yst,
this nethod suffers from added conplexity and ¢

_ t. VO .
2007/ 067285 Pl@?;l‘llszoo6/%%%&°®fW@fﬁﬁﬁﬁha¥%%€$°§_@%ﬁﬁ phiadiect beat
suppl yi ng heglng e!ﬁ%%b%e%ﬁ}xfeﬂ@ﬁ&rﬁ%ﬁ%é&é%n%ﬁ&bﬁ Péhell g&emggfi on

use of the fact that the catalyst generates coke as the aromati:
reacti on protdeatsexcinger bolkee heingded ty adedsequentt reactiohezoneat alheshighnd

hence the cataly. b eat.edl.y.re rated tg . ve t he. coke
and reacti vg‘{e%lj %‘/I%Een% aﬁ}éil %‘@ng’%h@ tﬁlgg %ercgglga ﬁ?@l\%ﬁg%ﬁ'lefhﬁ%@e%e ﬁgﬁ
cont ﬁCti ng t,ﬂampﬁamé mmmmﬁbuaﬂ%mgaswlﬁ-mgnt@ip‘mﬁme@ﬁgﬁsi ﬁref.]thgiﬂlayiy )
exot herm c ang enge can e, .use as a urce. o ensl e. eat to the
overall | pr ocie oA HER Erreratie A o i melRicht BB RE R et
Publ i cation higs VW6t Bt WBRRetart bihddel 1RpsaaieqREQiB draAid B8 sgadm! yst

is circul ated between a reactor systemand a regenerator system . ()
where. the cEdseyskpase thegpactaaisde updosmabdy high tempergtegener at i on gases,

i ncl udi ng 0o, and Jo&; i tQq r :

di fferent po[r Pli_%n_s of Ffj?gt%g fg‘tg’.ﬂif'%&%%%erﬁétf%%s’gglg%tgg%sataﬁrgfgﬁ% JZlc’éti ng

each regeneranverting awtliage boheaviet hypllodatboms,i intwdiich thheethene isonixed witbm

d [ h bal ] Th
Syt om ncl ciide SYPh 8GR 435 Hyufonflt o) PLRGRHEIT op SRl 8,
t he regener adatadyst symbRsing ekdliteplafinme bavidg fal degite 26 dxivatlor0 freated Blayst

mai ntai ned in a bubbling bed reactor, [0018] However, processes that
use the cat AYIEE# Revtigh P 9%atsla%ﬂ95rﬁ3§e%ﬁtmm%{ﬁqft&t |

fromthe proghemprat thep6adsdliy $indieRd SntOni-head doekisi@bamgt he
target reaction tenperature i.n the regenerati on process, which |eads

t o accel er atiatreagearhestingleyinditent heai e gre g ydrogen geadated indhe processf e
reover, to. R0 &cﬁit&té?iﬁ\zfrth ?ﬁgﬁs’%agbhﬁ %o, DL Sadiih llﬁlgii%x?e tfétg{:}?r

selectivity to coke rat e désired aromat rodu
[ 0019] Ther e iemovdleofefher eo-profdeed Water, aan itepadied do phe oeslant deeds udlbkyi ng

heat of t to.1h omat i zati f _ngt hane, . [£0020].|
one. aspect - TG LR EnRE R G reRe GG SR LR eLF CEb AU ng
met hane t o hpighe buf) edi@diag e Exhmples|theg @R iless thiflrRes) kenm, ndthe ()

process conprising: (a)contacting a fee&l1 cont ai ni ng nethane wi'th a
dehydr ocycl | Refeps§An aromatic rings as compared with the feed. ~

~ [0016] Another method of interstage heating is the oxidative ‘reheat

method that involves the admixture of a controlled amount of oxygen into the
reactants and the selective oxidation of hydrogen generated in the aromatization
process. The oxidation is accomplished in the présence 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 aron:iatization
catalyst and can react with methane to form hydrogen and carbon monoxide.
Moréeover, by using a second selective oxidation catalyst, this method suffers from

added complexity and cost.



.catalyst in a reaction zone under conditions effective to convert
- said nmethane to aromati c hydrocarbons; WO

2007/ 0672 / 06/ 043131 6 (b) transferring ' I on
“of said ng(g%ybjéﬁgom the reaction zqne to a heat i ng z&@gﬁﬁﬁ/ﬁg{sic)

heating the first catalyst portion in the heating zone by contacting
the catal yst with hot conbustion gases generated by burning a

suppl enental source of fuel; and (d) returning the heated first
catal yst portion to the reaction zone. [0021] Conveniently, said first
cat al yst por[00dT i s cdut abitredivdi amoedch toi supplyéngl bsatuof eeaofiord velthé n
said heating_(,c). Alternativel sai d urce.of .fuel .is burned in a
conbust on SEeave SabpE Brocki dare ol PGS gt vis Blanl emsiieekd
gases generg 6@ irbmbifieien Foatfibh Phoccede IhR édckd %I@dli&hl? dwaéadvafty taene.
[ 0022] Conveniently,  said supPI enent %Iﬁésour ce of fuel conprises a

hydr ocar bon Y rachbare Brratalystmuytians arnsaic s TeArRHREENEAIOVE BiFra0ke of
fuel conprisgs RaliwafeOfR" Qilyst ! hpnwége&?@foka? Which Y68 %&Ltyctﬁﬁgttga?ﬁe

and sai d suppl emental source of fuel “preferably conprises par

feed cont act eatalysh with) an Gxygee-nomrining gas,Hie highlly excihdrmic fndehence cinubned
In an oxygen: her "RL ce._synthesi a d P
synt hesi s ga%éelg?gc%%\;{gﬁﬁogﬁts%?}bg%gaﬁﬂg %%n%’?%ﬁﬁ%%&?t i%élﬁgla h’% #8c&r bon
product and/ disclésed|in [nBAR4bii] cPatert Publicgiioh e Wweol 03000826, &f whivhl a
conpri ses hygéh% %Qr’o

C

" regenerator system, where the catalyst is contacted with different regeneration

[l

sai d. . :
magzatlon catalyst is circulated between a reactor system and a

gases; including O,, H, and H;O, at different times to regenerate different
portions of catalyst. The percentage of catalyst contacting each regeneration gas
is controlled to maintain the reactor system and regeneration system under a heat
balance regime. The reactor system includes a fluidized bed of catalyst in a riser
reacfor, .and the regeneration system includes a second fluidized bed of catalyst
maintained in a bubbling bed reactor.
[0018] However, processes that use the catalyst regeneration step fo
supply reaction heat suffer from the problem that the catalyst needs to be heated
well above the target reaction temperature in the re,a;eneration process, which leads
 to accelerated catalyst degradation and hence reduced catalyst life. Moreover, to
C : maintain heat balance, the process requires a high selectivity to coke rather than fo
the desired aromatic products.
[0019] There is therefore a need for an improved process for supplying

heat of reaction to the aromatization of methane.

Snmmary
[0020] In one aspect, the present imvention resides in a process for

converting methane to higher hydrocarbons including aromatic hydrocarbons, the
process comprising:

(a8)  contacting a feed contfaining methane with a dehydrocyclization
catalyst in a reaction zone under conditions effective to convert said methane to

aromatic hydrocarbons;



fuel conprises hydrogen generated as a by-product of said contacting
(a). [0025] Conveniently, said heating zone is elongated and heat is

applied t%oﬁ@h%ﬁfﬁg st catalyst portion at a plurality Us950RAARS
e

spaced al ong ength of the heating zone. In one enbodi nent,
substantially all of the supplenmental 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 |ocations. |

n
anot her enbodi nen subst ant i al al| of the o n- gont ai.ni n as is
suppl i ed to one e‘i‘l)ﬁl of“apfém%étdrgfé’omé’féﬁ cﬂﬁgﬂﬁ 18?2'%{?3? i s
supplied incygamntaddey to said heating zone at said plurality of

spaced locations. In a further enbodi nent, said hot conbustion gases

are generated in co ' : - f ' ey e
and are supplied @) sarﬂlé P t&?ﬁ?& §§ isﬁlgﬁltlhg%?iﬁ %gﬁ@ﬁ&b&ﬂac%iﬁ@ _
[ 0026] Pr ef er thbl optalyshevitir beteegnliustion igeses igendraigd dt bemivges supplementddcond
portion of the c%tf%x'st to-a regeneration zone separate fromsaid’
heating zone®3hd. #987/ 067285PCT/ US2006/ 043131 7 cont acting sai d

second cat al yst p(dlyt | aBtumiiigtha héatgifier atadwopgadsn tothe pdactionegasier at i on
zone to renoye at |east part of the coke generated b i d contacting
(2). [0027] A% ent | rlvgtientie s st R 1YEF pertien ﬂ%@@#@?ﬂ?xﬁ%ﬁwﬁﬁ is
at or bel ow {desdufdiRATad i aidheating (d)e 20ietRAvapNaid R8T [l B vikteliher

aspect, the invention resides in a process for converting nethane to
hi gher hydr o erovkastion Fengi sipprate dvem said hoating zane and thecnmbpstion @ases

gor’rpri sing: N enerateﬁqﬁtﬁécqahﬁﬁétioﬁgoﬂe &8%&8%}%&:& g:et'hane_' \M th a
ehydrocycliZation catalyst tn a reaction zone under conditions _
ef fective to[08d2ivert dedinemientlyarseicd cuppleanetalc s¢nrer ofafusb momprises a
" hydrocarbon and/or hydrogen. ' ' -
[10023] = Where the supplemental source of fiel comprises a hydrocarbon,
the hydrocarbon is preferably methane and said supplemental source of fuel
préferably comprises part of the feed contacted in (a). Conveniently, the
hydrocarbon fiiel is burned in an oxygen-lean atmosphere to produce synthesis gas
and the synthesis gas is cbnvénienﬂy used to generate additional hydrocarbon
product and/or fuel. '
[0024] | ‘Where the supplemental source of fuel comprises hydrogen, said
fuel comprises hydfo gen generated as a by-product of said contacting (a). '-
[0025] - Conveniently, said heating zone is elongated and heat is applieq 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 spa;ced locations.
[0026] Preferably, the process further includes transferring a second

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



+(b) transferring a first portion of said catalyst fromthe reaction

- zone to a heating zone; (c) heating the first catal yst portion
_in the hea‘;vbggm%%gs by direct contact of the catalyst ‘MC&RJSQ@%IO 313
conmbustion gases generated by burning;a suppl emental source o ?ue]l;
(d) returning the heated first datalyst portion to the reaction zone;
(e) transferring a second portion of said catalyst fromthe reaction
zone to a regeneration zone separate from said heating zone;

(f) contacti ng s&!ld second gatalyst portion with a regeneratjon gas
in said regetPRHRo P o fECWhd SHA N APEIBn Bt feEiePREatan £6S |Ba st

partial ly rempyRretiok 2old PRBe b 3RS &%@édk@%eﬁét&d@?éai@@&htacﬁng _
(g) returni né)t he regenerated second catalyst portion to the reacCtion

zone. [0029]@bnveniently, said transferring (b) and (e) and said

| ; ! sid
Cai o renct ! on'Zine. cosary ehetr VEAERRED B B onst it PRSI

react or whertslow witelnpersidreaftlerrsadiibe zsreact or at or near the base of

t he reactor the heated .first catal yst por.tian and the regenerated
second cat al @Qﬂ;]porti agllugmf BPGFin HP%‘“E c?léeéc‘f‘&rpr%ﬁessofsr 'Fﬂ%’g?mf‘;ﬁe
top of the resie o Eghatehjdedtattons inORIEROHoRARe FMetirbie0 AR Prddksl 8

comprising:

[ 3
(@  contacting a feed containing methane with a dehydrocyclization
- catalyst in a reaction zone under conditions effective to convert said methane o

aromatic hydrocarbons;

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

a heating zone;

‘- m e« -+ {c) heating the first catalyst portion in the heating zone by direct
contact of the catalyst with hot combustion gases generated by buming a

supplemental source of fuel;
(d  retwning the heated first catalyst portion to the reaction zone;

(¢)  transferring a second portion of said catalyst from the reaction zone

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 (¢) 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,



said first and second catal yst portions are renoved in (b) fromat or
near the base of the reactor. Conveniently, said aromatic

hydr ocar bops 280/@sf8@¢0vered fromthe reactor at or near gdyeud200/09313i he
reactor. [0031] As used herein, the tesm "dehydrocyclization catalyst”
is intended to include not only the active conponent(s) of the

catal yst but also any inert solids which may be present in addition
to the active conponent(s) to enhance the physical properties of the
cat al yst an P, i I | leptd t :

b ani ngs 1 OB SopR] ot sERT Gl arp v RPB) SRl by Bear hEbzee
and cat al ystofrtetieatter. Gonvenidhily) shid amorhaticshydestabdisemnreaivereth drom the

I nvention. [0033]Figure_ 2.is di agram of "a dehydrocyclization
reactor wit Fe3P¥ALY gfgfthﬂé%%ﬁg Ie %ar'a cat al yst regenerator according

to a second @opQdi mentasaised hgren URTbIne RdchlySOSytizatin catabyst Sis ntelidr@r am
of a multiple fluid bed dehydrocyclization reactor according to, a
third enboditeasaludsinot prlyithaAstive epmpouents piihg grtalyat hug algo apwigrr olise o
catal yst |iftq. ‘ 1S ' t ks ' '
first, secon‘ghlgﬁgaa{)ﬁﬁgﬁr es%o’gi %g%ﬁtogngf{ﬁ?h%h?ﬁ&gﬁ?‘?%hﬁgf%ogﬂ%a%%ﬁ? e 5’
conpar es t hephysioplgrattertios of thefeatalysidndidnéo 4itl heatdragsioi t h' t he tenperature
profiles at different radial positions within a catal yst particle. .
having a diameter of 3650 gm when heated in a riser with all the
heat bei ng spgpl Dedriptiomof the Miaiviis at 't he bottom of the riser.

" [6032] Figure 1 is a diagram of a dehydrocyclization reactor and catalyst

reheater according to a first embodiment of the invention.
[0033] Figure 2 is'a diagra;n of a 'dehyé.[rocyclization reactor with a
catalyst reheater and a catalyst regeﬁerator according to a second embodiment of
the invention. ‘
[0034]) Figure 3 is a diagram of a multiple fluid bed dehydrocycliza;tion'
" reactor according to a third emboﬁiment of the invention.
[0035] Figure 4 is a diagram of a cdtalyst lift apparatus for use with the
risers employed in the first, second and third embodiments of the invention.
[0036] Figure 5 compares the temperature profile of tlie flue gas with the |
" temperature profiles at different radial positions within 2 catal&st particle havinga
. diameter of 3650 um when heated in a riser thh all the heat being supplied by
burning fiel at the bottom of the riser. . '
[0037} Figﬁre 6 compares the fcmperature profile of the flue gas with the
temperature profiles at different radial positions within a catalyst patticle having a
diameter of 3650 pm 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 ledst one carbon atom per molecule, e.g., ethane, ethylene, propane,

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



:[ 0037] Figure 6 conpares the tenperature profile of the flue gas with
-the tenperature profiles at different radial positions within a

cat al yst p@ﬁtzbqgl}og'lzps‘?\’i ng a diameter of 3650 pm when he?’E%ﬁlS%dﬁﬁ/ﬁﬂrl;lser
wi th the heat” berng supplied by burnigng fuel at spaced positions
along the length of the riser. Detailed Description O The

Enbodi ments [0038] As used herein the term "hi gher hydrocarbon(s)"
nmeans: hydrocarbon(s) having nore than one carbon atom per nol ecule,
oxygenat e having at | east ‘(])‘rgie('s)car baon at om per m)JRecuI e et hane,

ot hyl ene.  pr SR TEaic GopPrE) SEMPEREE 2t 5P EReCarhgn drmand 45Tk BB one.
and/ or met hyﬁonqg@_{ﬁg@ﬁhﬁﬂﬁ e.g., Werelr7 4Q502 Saliliduad 08/ 0P 4R Hi3rhine, and/ or

organi ¢ conpound(s) conprising at | east ‘one carbon atom and at | east

one non- hydr W88 at omAse uged hesimalhol termt Rapvtatic nidigaarhonisy, reesdls or
et hyl am ne. #Qﬁaﬁés“%oﬁiﬁﬂlgh&ﬁee'oil hi% LSkmic ar{u?%at !E&mﬁigﬂg&a&@&%é) )
r anp

means nol ecul es cont'ai ni ng one or noré ar omat’l I Ngs. es of

aromati ¢ hydrydesaibons ar erebertpaname, t otoiene, xsylawss, mplthilasd, enend and
met hyl napht haltﬁnﬁs'htﬁa?w'o] As used herein the tam "novi ng bed" reactor
nmeans a zone Gfyaaphnilialenes. '

[0040] As used herein the term “moving bed” reactor means a zone or

vessel with contacting of solids.and gas flows such that the superficial gas
_ velocity (U) is-below the velocity required for dilute-phase pneumatic conveying
(_ of solid particles in order to maintain a solids bed with void fraction below 95%.
A moving-bed reactor may operate under several flow regimes inclnding setfling-
or moving packed-bed regime (U < Uy, bubbling regime (Upr < U < Ups),
élugging regime (Uyp < U < Uy), transition to and turbulent fluidization regime
(U, <U < Uy), and fast-flnidization regime (U > Uy). These different fluidization.
regimes bave been described in, for example, Kunii, D., Levenspiel, O., Chapter 3 -
of Fluidization Engineering, 2™ Edition, Butterworth-Heinemanm, Boston, 1991
and Walas, S.M., Chapter 6 of Chemical Process Equipment, Butterworth-
Heinemann, Boston, 1990. |
[0041) As used herein the term “setﬂjng bed” means a zone or vessel
wherein particulates contact with gas flows such that the superficial gas velocity
( (U) is below the minimum velocity required to fluidize the solid pmﬁcles, the
minimum fluidization velocity (Ung), U < Upy, in at least a portion of the reaction
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 éas-solid back-mixing. Description of the minimum fluidization
velocity is given in, for example Chapter 3 of “Fluidization Engineering,” D.
Kunii and Q. 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 zove or

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



vessel with contacting of solids and gas flows such that the sup.
erficial gas velocity (U is below the velocity required for

di | ut e- phqﬁgzm@yﬂgl C conveyl ng of solid particles i npglrﬂgﬁgog,mslsl
maintain a solids bed with void fractjpon bel ow 95% A novi ng- bed

reactor may operate under several flow regines including settling-or
novi ng packed-bed regine (U< U',f), bubbling regime (Unit' < U<
Umb), slugging reginmne (Unit CU< U), transition to and turbul ent

fluidizatio i (- d z uU>
Ut). These ﬁ%i@? % ?‘eﬁ%% -oﬁr}udrl%en ?‘}@ag%g&%y ee’n% é’gglrl% I'n, for
exanpl e, Ku rﬂmc‘hza[ﬁo,n tamysvmlandﬁs berahaﬂieevel&cuyf reﬁmmdzlt‘cz-adﬂmhase '
Engi neering, 2nd Edition, But r{ h- Hei nemann Bost

Wal as, S.M PRERHiconEee eﬁs&hﬁ@&% ’Itgf' Bede E&Rﬁ“ﬁﬂ%ﬁts"ﬁgs el with VI8

But t erwor t h- ﬁé@h&%em 943gst 88 useh99&em[1994e1ﬁfsca§b%a@h nR{aeheAst HRadses M
"settling bed" neans a zone or vessel wherein gartl cul ates_cont act

with gas fl| crgesAmangemht of wéwgdmbﬂmrl@p@ﬁ sugly that/prg cap e egyadlegt DWW
th
e T T2 ShAY Bl (Gl 8, eAleg 4400 S04 SoBbdte) Bhmnb0®,

of the reactato)ag dine solahdt @as mp&adaasl ingnadneaﬂm&be&ﬁbyanbﬂgherdehmmft he
m ni mum fluidi zati o e|DCIt il e,mint |n| ent

e o1 1 e SR oot VR, Rl HhE R ant WS
corrp05| tion, uehgau)m@)fdtadimwp t he reactor bed by usi ng react or »

internals to m nimze gas-solid back-m xing. Descr.iption of t he
mi ni mum f | uil@#434t i on @él‘é?é‘ilth?f%ﬂ&ﬁ?% ‘Fﬁer FIEACtoE TAFATE & 2SS RTeYesspl of

"Fl ui di zat
.0, 524 T St e g G165 g 1 i 1

But t er wor t h-'Hel nenmann,
Process Equifpndigation cs pnm:mm ecveyiog M@hpmrmpﬁenﬁm Fuitization and 990,

the entiret y. 0
herein the %i)él(r&frlrl]nx% ui | et fgg%&%eac%egﬁ%%ﬁéﬁéﬁ%%g ﬂ g)@’es ealll%lgt h
cont acti ng ofeleetiles dE) agreaterathah | thevirasypolt ebaityt (iR).S Ufust ﬂuﬁnmhozgaﬁd WO

2007/ 067285PCT/ US2006/ 0431 0 vel oci t is, su

Tl ol i ve SolRGUPRIKT FvERg TRadieatis coamen aterblap esbr i ik

vel ocity UfoWala@ﬂlHli%athﬁﬂsQWeﬂlaﬁo%e| ocity required for di I ut e- phase
pneumatic conveying of solid particles in order to maintain a solids

bed with voil8044 act i ofrhwmwtgs%mg m@@&swepr@ms teleprodyneing amgwtiged

fl ui d- beds" uch
that there.c bir gnssﬁf,} ?@%?Hgagg%gﬁg%kd?or so &E@g’pé{p Yqﬁ%ﬁlé

t enperature w@aﬂz,dﬂosmdiod GQa;rmﬂn ;] ddlyﬁrqwdgsmcmlwst)ma?sreaﬁEnwhe d or
gas cascades from b Qcus

f1ui di zati o n\(/1 8&“@ Hecg‘\y %0 cé{%’eﬁ ar{) ’ﬁ]& %@%&P%"&s%ﬁl as
publicati 0n51yﬁmgeﬁl M&uss{eﬁ%ﬁ#&&h@lﬂé@dﬁ&&dﬁﬁhbﬂWeaﬁﬁdﬂﬁs ¢nid6thetinic
react or means ne or vessel uch a erti i cal e)
Used for | netd SRt Ao G egr i {5 spering Fiat ot Herrobpy
pneumati c CoRviRiYAWAS fa'ﬁéhﬁiu@&@@atél?ﬁ'ﬂﬁ%ﬂw':éa%hoﬁ Ebﬁedhéa%ﬁg% @a‘?éiyst
pneunatic conveying fIU|d|zat|on regi nes are characterized

superficial Rygionval @dleamzqug) wijh dwt epmbwsiian tgesest ganawiedr by v @m@;@ gy

(Uh). Fast f ﬁgﬂf{ mes
are al so dess(llzlﬁlglhéﬂl nt c@%&u‘fﬁcfi?aﬂmcﬁn&g es %M%p%%tfgé:égﬁﬁiﬂ%{e%%e

[ 0044] The prresdinh zomevent i on provi des a process for produ0| ng aromatic
hydr ocar bon contacting.,a feedstock containi'n ally
t oget her V\nﬁﬂﬁ)‘{i} i’h(f)gglp’éogl WeHeR ge 8‘76‘03’@%52 ﬁ'ﬁ

in a reacti qdaRee g@ﬁl&@t&d @8 ndbj-prasctedif ﬁstdehﬁiré@cﬁﬁuwﬁrrbaﬁbﬁ! aﬁEhﬂane
to aromati c hydrocarbons and hydrogen. As discussed above,

t he
dehydr ocyc| ip2Eiculs {¢ @ arCessHoT QOnNPIEBE Allesst emaﬁﬁth@md@g@s@rhlghew@ﬁh on
provides a nppiied for supplying heat to the reaction by withdraw ng a
portion of the catalyst fromthe reaction zone, heating the catal yst




WD 2007/ 067285PCT/ US2006/ 043131 11 Feedstock [0046] Any
* met hane-cont ai ni ng feedstock can be used in the process of the

I nvention | neral the present process is inten i th
“a natural“gg%m?@%ggtock. Q her suitagle nethane-conta?ﬁ?ﬁggﬁggggF@Lks
i ncl ude those obtained fromsources Such as coal beds, landfills,
agricultural or municipal waste fernentation, and/or refinery gas
streans. [0047] Met hane-cont ai ni ng feedstocks, such as natural gas,
typically contain carbon dioxide and ethane in addition to nethane.
Et hane and &eedsfock| i phatic hydrocarbons that may be present in the
feed can of yag[ Se. besromedlahe dodiAnflE oo a3 R LATBE ks I 86 Wedcisd 6F t he
dehydrocychzanoq sté%f I'n additiong as mﬁl[ be discussg? bel ow,
car bon di oxtwenvention bybinigsnereithe present processds iterded fartvise withraonhturels
either diregt| . J e Wcl . zation S Lngdir I ough
conver si on %%s #%d%g%% aﬁ%ﬁ%ﬁ%nﬂé&ﬁ efcﬁléé‘%@% g%eéi%to&esj %%[uld% nﬁlgéeep.
[ 0048] Ni t r ogbiainad thont sostdef sichiagposl bédsgbnafills, agrivulitnaporcatdiyipsirestnt i n
nethane-conéginin streans_may be renoved, or reduced to |low | evels,

prior to us Tentation, apd/erfcfng gfsrfgeﬂ%c_ess of the invention. In an
embodi nent, (3dag) f eed iRihScHRbNdE ORYstdckat bR 84 SRHEANERI N§pibARS

than 100 ppm for exanple less than 10 ppm such as |less than 1 ppm

each of nit eowjein carhensdipxide 2aé mhoonds addidon 9 methaagi Ftbwnet ednetherne,
the feed t Oaﬁ@%ﬁgggérﬂ'géﬂﬁéiﬁlthﬁ?&&g%g ﬁ?ﬁ%@#ﬁ% %9&‘5&3&? cBlirsd 6E8Jnvai& Of

hyer ogen, wat on nonoxi loxidé 1 n order to.
assi st i n ctkdesired pyatationprodidsm thel deltydveeyclizatiotbgep. nir sidiioedasawill

t -feeds o b, at in th t h t ,
P op o bt b e R SERk. b SEE LT ORRRR L e
contai ni ng easdaew dlihexidiectlyOihale dehideRyclivatim sbpnod indtiect®y Magugh

I ncl ude flue gases, LNG plants, hydrogen plants, amoni a pl ants,
gl ycol pl anCYOVEREPRIAIpeEhane W%@%PQME@SB"[WSWI‘I f€Pone embodi ment,

the feed toddag) dehydfgroges iAol & ER1RE Blrd SiieatyRRang ipedeste iand
conpri ses algout]QO t o about 99.5 no %ﬁﬁguch as abou?%? cl)ﬂabout 99

mol % net hamethanercensainingsireams may dgtremovedp begedyershtodowalbels, pior &

about 3 nol ¢ ?i% e ' . fee . '

dehydr ocycl i@% |0%SA§% empmgtéljrilét rf)%g?gar on ntfﬁ(;nd(;)‘illTl e eglﬂjhag%e%gﬁesfggdg%out
80 to about {2dhydrotidizatiolstapscoatainstless 4hanol (9lpput, f9 examblylessehaaite and
about 0.1 to abou 29 n&lo/ such .as. about 1 tﬂ about 6 nol% CO In a
furt her enbangas ess than | ppm each of nitrogen and s compounds.

[0049] . In addition to methane, the feed to the dehydrocyclization step may

contain at least one of hydtogen, water, carbon monoxide and carbon dioxide in
(' order to assist in coke mitigation. These additives can be introduced as separate
- co-feeds or can be present in the methane stream, such as, for example, where the
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 planfs and phthalic anhydride plants.
[0050] In one embodiment, the feed to the dehydrocyclization step
contains carbon dioxide and comprises about 90 fo about 99.9 mol%, such as
about 97 to about 99 mol%, methane aud about 0.1 to about 10 mcﬁ%, such as
about 1 to about 3 mol%, CO,. In another embodiment, the feed to the
dehydrocyclization step containg 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 o about 6 mol%, CO. In a further embodiment,



WO 2007/ 067285PCT/ US2006/ 043131 12 the feed to the dehydrocycfization
step contains steam and conprises about 90 to about 99.9. nol % such
as about Qo dop@padt 99 nol % net hane and about 0.1 topabsioddisizel %
such as about 1 to about 5 nol% stean In yet a further enbodinent,
the feed to the dehydrocyclization step contains hydrogen and
conprises about 80 to about 99.9 nol % such as about 95 to about 99
npl % net hane and about 0.1 to about 20 nol % such as about 1 to

bout 5 i o% . d, & Cli {on -
S can & Bt A AR IR at SR I Bt el ARTVIMBRK R B
aromatic. hybsu©aIhNeI%, shiticas dbogh®T tohybdut?tambivhsmethmebmd rabeytd. etb from
bresent | EhRtrDy ealta Sichisnebost, rfoaabont 3 oL . dRIF & DI | s
present in gmBaditkeal, tB&TeddefA -th#haﬁﬁfolc%ﬁw&@rsﬁ@ NEontHEY BY@eeen’ &40 t he

hydrogen rejection Step typical lé i'ncl ude one-ri nggaromatlcs and/ or
par af fi ns afemptises jzheuttB fongbopt 8RS meld sksh as about Fsto abge?Samobyoor

oo, T SYMLE afa BokiShP 1o WRLCA! hio? Qe SSBoAL B Mol S rorsh!

general, the te he dehydroc I zation step contains I'ess than 5
w % such adydregm.than 3 W% of C3+ hydrocarbons. Dehydrocyclization

[0052] In th ydrocycl i.zat i tep of th resent -process, ,the
net hane Ci‘?{gﬁ]ni ng ﬁf‘eﬁ?@&eaﬂ? ge cxphzagonySteR o0 y‘éPPi‘%%}%%Efat i on
catal yst Un®Qaro6@bstist thah Smeth@ieBhdYAiR® Rrenidtd Bydicabung] t E861S hivher

preferably reduci ng.conditions, effective to convert the nmethane to
hi gher hydr d¥@iPersbans cambe treyeled FemAbehydipgenalsrionatte, added5e sPRTA | pal

net reactions.s I ] : o> e i on
1y 6Ctn1 380 TRl B KRS b8 ghont Ol Mhang G, Gobh 1, Dox S e Bk

[ 0053] Car borthannh isxprasenhindd oatusl grd feed.t FHghardydisearbeussispircldnfrerh dbg eed

uch as: cooobtn Bl Rt MRde e e Bl BharBad BREL 02,

by al | owi ng obufing dhving predbmimtety 6@ndess,ssuch aad;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 wi%, of C3+ hydrocarbons.

Dehydrocyclization .

[0052] In the dehydrocyclization step of the prégent prdcess, the methane ©
containing feedstock is contacted with a dehydrocyclization catalyst under .
conditions, normally non-oxidizing conditions and preferably reducing-conditions,
éffective to convert the methane to lﬁgher hydrocarbons, including benzene and

naphthalene. The principal net reactions involved are as follows:

2CH, — CH,+2H, (Reaction 1)
6CH, “ CsHg + 9H, (Reaction 2)
10CH, o CiHs+ 165, (Reaction 3)
[0053] Carbon monoxide and/or dioxide that may be present in fhe feed

improves catalyst activity and stability by facilitating reactions such. as:
COz+coke —  2CO " (Reaction 4) .
but negatively impacts equilibrium by allowing competing net reactions, such as;
| CO»+CH: «  CO+2H, (Reaction 5).

(



-CO, + CR1 4-+CO + 2H, (Reaction 51. WD 2007/ 067285PCT/ U52006/ 043131
- 13 [0054] Suitabl e conditions for the dehydrocyclization step include

K terrpera&;gﬁm%ﬁﬁgout 400C to about 1200C, such as abge*ﬁg}gg?&g%om

about 975 or “exanpl e about 600C tq;about 950C, a pressure o
1 kPa to about 1000 kPa, such as about 10 to about 500 kPa, for
exanpl e about 50 kPa to about 200 kPa and a wei ght hourly space
vel ocity of about 0.01 to about 1000 such as about 0.1 to about 500

het, for ex | e abouf ,1.to about 20 hil. veniently, the

dehydr ocycl i@fﬂeon st%‘ﬂ)“%b v etfTi Wetﬂég'grﬁgm@l"&f stgp . Inplyge Any
dehydrocycl tep@fetfive Cott Mox Y0GT REEbIR 1200TNLKEH tas HBERSR € QoldLRTRL | CS
can be used in the present process, althou%h generally the catal yst

wi || i ncl ud87¥ Grderaexamgdp arrith 600°6ato shout 990°¢, a presayrsiofisbentniekBd toor

conpound th f inar j j al
conponent ig&g@&gg@@%%u%}ﬁ&a%gﬁn@%@ %@é‘%ﬁ%ﬁ#@% ébnoéiIE g@%ﬁ? Eo20 %
such as bet abmn26bkiPd anti Diveipht habudyispate velpcityyofabowt0t01ab abdve 1000 fat,
catal yst. Generall t met al, wi pe,.present in the catalyst. jn the
formof a cHVy ﬁ%?g‘f‘ﬂdgg]tgﬁtbf"é\tbmd h?ét’af°P€5ﬁ‘B efpout EotP %??BL éﬁt%lyst

i ncl ude cal Cotifenidvigas H_eﬁsad:&amzuﬁam stég & cbiBucled M he Bb¥hcesdramdi um
cerium titanium zirconium _ hafnium ‘vanadi um_ nioebium tantalum

chromi um ml4f8lenum Apy sighydsepyclizgstign raslyst pHestive e v metbertei um
bal . 1 hogigums.i btk ; . . |
cobal t, rhogigiicd Edndﬁéjﬁged!i‘lin Ifﬂég#?seg@rb@egé, lﬁﬁhon%%%ﬁérﬂlffﬂe‘ﬁ@{ag’gg?hp

zinc, alumnum gallium silrt ] rmani-um um ‘tin,
bi‘snut h andincluesumaial companeat, partiSuetly adtansitiorometah en cempaapd Heergnfesent

in elenmental for r_.as t al compounds,, such. as_oxi des, carbi des,
nitrides a'nafloar91 %h‘%é%’%.%’gﬁ"r?arﬁf n%eng%’ g]r?p 8tye I%?%‘ﬁ% lgrpr?-sﬁnt m &
conbi nat i onamBluat hetweanaabduids. 0% rnd abowt! 200%h eudhs@thenseenrsboatl 1 Pheandret al
conponent but, .i neral_, e not preferred. 0057] T i horgani c
suppor t my%@téﬁf/ggﬁy%‘r@#ﬁﬁ&ﬁmﬁﬁca& téf"’?qrﬂ]é(’ hﬁcﬁnqté“ﬂﬁgﬂ”@é? 2 may
be an oxi de et 86 fodldtla@rb@e. bOron, al um num silicon,
phosphorous, ti tanfun& scandi um chrom um vanadi um magnesi um

C,u

manganese, #458] zi ncSuitphble imatl eempansntaniory ther pailystzinchdai ealgium,

ni obi um no SALM g - L Q&Eﬁlmn- tg@@lﬁﬂi aBﬂM'i' LOerium
tantal um tun sten,’boa!rﬂﬁg!f#?rw%"r%ﬁgiuranﬁ umdé@ea’rren s fn ad |t|%1£ri11,§’the
support may hisfsien,poumdsone mebived,, tsitadimashomingg opdyedeswoy yietgstdn) ne
material or_a neso ous nmateri.al. As erei.n,.the term .

"h o1 onor oulEnRRESy cheptiin Hnchsiunt SobF Shadfler Higtic ekt Baegum,
nanomet ers, copifer,268éf, (T SR hdSR@0 6 £A%ah 3dilideh, Waeti:@asm,{ 1ainke ri

"mesoporous” refers to_pores having a dianmeter of from2_ to 50 .
nanonet er s, lead, bismuth and transuranium metals. Such metal components may be present in

( elemental form or as metal cpmpounds, such as oxides, carbides, nifrides 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.
[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, zinc, gallium, germanium, yifriom, 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,



[ 0058] Sui t abl e mi croporous crystalline materials include silicates,
alum nosilicates, titanosilicates, titanoalum nosilicates,

al um nophqﬁgggdmﬁmgret al | ophosphat es, netall oal um nophagiRbaBH43131

si li coal um nophosphate,s or their m xyures. Such m croporous
crystalline materials include materials having the framework types
MEI (e.g., ZSM5, TS-1, TS-2 and silicalite), MEL (e.g., ZSML1l), MIW
(e.qg., ZSM 12) TON (e.g., ZSM22), MIT (e.g., ZSM23), PER (e.g

2538 NS M M 0 e SR BT

(e. 9., ZK-Shanchidtets.(e. 9., zeolite beta), ITII (e.g., TTQ13), MR

(e.g., nord ), ,. zeolites X, Y, uItratablllzedYand

deal uni ni zegdb#ﬂe LTL%J‘E‘("SIE igHppious | grystallipe ( aterials) prslyde | siljgatgse g
VPl -5), ABLEubfinddilicated\POtithadsilictfel, ( ﬁtaﬁaalulﬁiaeﬂiéﬁtesanchhﬁﬁ_' @osﬁhgﬁﬁmtél)

as well as mat«ﬁrlals such as ‘68, EMMF1, EMMV 2. 1112

| TQ 25, | Tomstllophesphatesemstaflgaluptinophasp] at@r@lﬂ?@‘ﬂﬂlsm&m@hatesw@@m and
SAPO-35. SUidiaties. rﬁﬁﬂﬁﬁ&%&oﬁ@foﬁﬁtaﬁin‘é masﬁa@%&wlﬂ&ten f@% the
MCM 50, FSM. 16 and SBA-15. Exanpl es of preferred cata

i ncl ude nol ?BEEW%WP%%@'E Z ™ dirhric-2 %lh?ﬁlﬂée)amlc@fﬁmmr ons
thereof on ZEMprwkk! Z8MI2RITON (35, Z%Q@ggbfriﬁbgenget%?ﬁ'mwgt can

be dlspersed on the Inorgani’c sup ort Known t he

art such asZSM-BDOMES e BSM-SANNW: (e Bacdinb22, &Slﬁw%ﬁ-%rERB 1
t &

Hopoelr e TIOAPTRY 2 KICMGE, SR 'Q?L"ﬁ%‘ MUV, 101G e g SIDARKEYREOT

support canZBeSn3BER (. b?eﬂ%hﬁahéﬂfo@sg B3R MORO(e ga.xmnpieelte)

st eani ng, amhqe%s%aaes xnggﬁ:tﬁ%mm%w artl \a Bimﬁ&&ﬁ’jg%ﬁ Egeohte

silicon-contain orus-cont al ni 8 and/ or
el ements orLy LR, SFQERhU (BE,ZVPBShn%IET;LL{GGf, sh%onéhm Ge.gabl e

of Elenents AL? :&; dRAEd ggébﬁ Cﬁnwé?fea Girihi® sGlH & §

activity of port er or ance access in gf nal
pore struct BMM% IT%3SIHQJE4,HTQ[-ISOMQﬂﬁeE'B%-ﬂyETBdQQETA&{IDpETGSd;ﬂ is
conduct ed b h C I tacl

dehydr ocycl ?za?ﬁ)ﬁc%a al:%s d{%h%%r %@gﬁf ﬁl)%seo(?%ﬁo%g rgfﬂ "%Iﬂr"lgm‘(‘)lgl@e or
flui di zed bMCMedcMGM-480MEM-5CF8M dbland SBAe1 . eedst ock is contacted

0 2007/ 06 7Pk UsJone i salslefrtd RS MRl mpRbRY Y

fl ows count ghesiunr a:ﬂdtcotrqmu:tds add nmnibmnmnmthemm? onEBM-fifsilidaer alumina.

dehydrocycl on c e i ment e. reaction z
conpri ses at@gt’ I i ngat)%aﬁ{%@accof@P 'ﬁﬁmﬁ‘? %ﬁpqrgedrggéﬂq mgrg;ag:rctspgpdqqoé]y

di sposed reawnt nreamsnwahllmowpamt the urin fuchCat ai-p&blpiwidh; sindpleﬁtrwaaess t he
top of the reactﬁ ows under rawﬁ‘ tQ fo aﬁl t bed,
whi | e the f&EH# ?Iér'?pf‘?gé]a?%cs?@?' %59 éﬁlr 191 %Eg@ gremifgl yagart or
and flows ugepasitiby, diffisiergind pieysiesitmixis Ihaddmbﬂ, thé 1@:%@!6@&;1)&@ can
enbodi nent, . t he rﬁf%a&i“ on zone c$rrpr| ses a

I ur
seri es- connBg Mot Yooz pethods sughyss; f ‘?rn @m s’fﬁ’é‘f*“!ﬂgs asidveashingq| yst

i's cascadedcdugtionsshitigl /o Aeatideft With SliERBESnBinih dQcéxﬁﬁbdﬂﬁ%%h@éﬂlaﬁﬁm
reactor in the .series, ile }6‘he feed is passed throu and bet ween

the react or SONFNIE SOMPORds,ARd/ar elements AT c‘{"@i@@ﬂﬁq‘fé}rﬁﬁl’ﬁlh Rodyed 13 af i on

reaction i suRnelplolR! Titte 3P Blder®, d8hcH ﬁmamabahs%at be Bseit® iR Ghd ON,
a first portign of the catalyst is wthdrawm fromthe reaction zone,

ei ther on afirfage astivityraf the supporiend hinder err enbpyce agcess e pRIGintasna pores
and transf egheeit 8fifle 83fPBRAt € heating zone, where the first catal yst
portion is heated by direct contact with hot conbustion gases
gener at ed bIPOBL ni ng Ehes dpbydeonyalization oderc ds ofonflueted bph eohtactingd the r st
cat al yst po
" aupp! ement SPEikchtliiE BN G b CRAGERRER KRR P bP ke
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



-physically separate fromthe catal yst and hence is not, for exanple,
- coke generated on the catal yst as a by-product of the

dehydrocygl.i i eaction. Typically, the suppl enent ﬁ[ﬁ;!

“fitel conpg&bé@?ogﬂ%{/drocar bon, such ag nethane, and ian§ é:ogﬁ‘gﬁgla
suitable fuel source is the natural gas used as the feedstock to the
process. Conveniently, an oxygen-lean atnosphere is maintained in the

heating zone so that burning the hydrocarbon fuel to heat the first

catal yst portion prodyces synthesis gas, which can_ then be used to
gener at e addidta¥sharhers s dasdsiork E%‘aa@mteaweafrmftﬁ%ﬂmﬂﬁna HPYSRA t he

use of an 0Xy9fR- &RERYERERIE CRalyRNI ;ziat&le%ﬁg@&ﬂneﬁk, Ghe TBicibn CRR! des

present in the dehydrocyclization“catalyst and m nimzes the avei age
st eam par t i domprisessaseBlinglesdgbactorchiirehioly isontant § vertipallyrdispoesdredctardgt ng.

[ 0064] Al t er nat.i.v i |.ene [ LS. h gen
and, in par B?%hkrgér?ﬁc%gt}a tsc Efgb@{’%n;r%%;ﬁ&j%%%g&%é%ﬁ%a& gésérgg%g&ﬁ?o L?gt of
the aromati zahvityrto f@ach cathlyst béa) IR AL Géd 8hie¥s Thel th5R004/ oD 48k IHe Udse

[ 0065] Conveniently,  sai Irst catalyst portion i ontacted directly
with the bur itﬁaféﬁé&f&@gof{‘owsuwwﬁfﬁyttﬁ@“ﬁfg&ﬁ ¥ el E“taé’rﬂ!éﬁ"?%?y,_

the source QimHod@henk,She RIHETRGOHE cAnHRRPY plukly $ORBicS BRAMEALE AhiHRA Sai d
heating zone and the conbusti on gases generated in the conbustion

zone are fededdeacus e Midhgpagiinlaie eatelugitis cessader in tone Aliraetiont frgyw 08¢ on.

[ 0066] I n on i LPRAL i I Do@k and
the first cgrte éa&(?/fgt% t%egé%x?gﬁg%g past(sné%ﬂtﬁ%?%%%’hvﬁghegﬂﬁgeae%l ?%gésgone 0?1 glcl)m an
inlet at or zadjeivent tereactursinghe bpmesieditactign.zone to an outlet at .or

adj acent th er end.,of,the heating zone, .wt eat being appl.ied
fo first callbA: por creeriatBRas B8 i shiahte SACEaREF tho
t he I ength clupplehchiciatthe geactRE a firét pdiiion vhihe cala®yshiabithdipant fiom thee

first catal yst porti on_tﬁan be disni.buted al ong the | ength of %he
heating zondRNER &BYe. HHFMPY Pk RteHienhr eferRieiereablnperatinioss bagh

internal gr %H%ﬁﬁen&@l@@ﬁskﬂ%% Redthie zbhe, %e&@ﬁ@ﬁﬁé?@atd%ﬁb{t Egﬁﬁn ishehat ed

by direct contact with the burning soufce of fuel | eating

zone, gradudty direst sangacowithihet eambustien gasemgaperatedtiiyehwening ¢ sunpbesnspial g
subst anti al | I t . ' the
heat i ng zone%g% Otf %Iéer%' 2131 Saég@h?}?%%b%g%ﬁfﬁc gsnﬁlgﬁ ﬁ%%%ggﬂ{l rg;cnw

i ncrenent al Izent.0 said heating zone at said plurality of spaced .

| ocati ons al t he | th of heating zane.,Alternatively, .
subst anti al I@H%}I of teEﬁg SBR@@‘@F&%&?F%FW&&BBIQNF@&@@@% %/%]I%Lﬁ]ﬁt Kaid
suppl enment alpHysigdllyE aepadge Stidin| the eatayst adi Rdngé i€ Neht,Offort Bamiat ddke

zone and the supplenental fuel supplied increnentally to the heating
zone at sai Eenfated0n the eatalysiaased Hygweduches thy deeraselizstion seactipns ¢

catal yst por+yd i, Sqhe i ] %rgpﬁjs' T

gg(ges gener ar{%jg&iuk’ gﬂ%sgjgg&é%%mgg%ﬁif?ﬁag‘%%g%égs?ggﬁ’g{& eat’i gndéﬂgf t he

cat al yst carmbibangg hind e gatbgulgu pshipible firch sovrert iscthamatirilgas gagkess the

said plural i gy, ol 9pa0edod00ath aB5calond thie, hengho B Nsatingizane.

[0069] I n one ™€ ogi MERt, CtRe neatt Ry, 2oRe 8 & G rreeP gdRs 4 I'rst
in the heating zone so that buming the hydrocarbon fuel to heat the first catalyst

.
o

portion produces synthesis gas, which can then be used to gemerate additional
hydrocarbon product and/or fuel. Tn addition, the use of an oxygen-lean
atmosphere inhibits oxidation of metal carbides presenf in the dehydrocyclization
catalyst and minimizes the average steam partial pressufe thereby ‘reducing
catalyst hydrothermal aging.

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

reaction,



catal yst portion is passed upwardly through the.riser during the
reheating step. In practice, the heating zone may include a plurality
of risersvwwonneeiess in parallel. Aternatively, said hegriusgosgeaesican
i nclude a noving bed of said catalystie [0070] Typically, the first

. catalyst portion is at a tenperature of about 500C to about 900C on
entering the heating zone and is at a tenperature of about 800C to
about 1000C on | eaving the heating zone. The hot conbustion WO

2007/ 067285Rada¢S2006/ %L%f [ (RVAaY. I a at ure
of |ess tbAﬁsqéngOC, prdeaﬁera 1% agggﬁ?ﬁgc%ﬁitl%)g% r?oc%bgﬁ%tfgfﬁerra ly.less
t han 1000C, thebureingspiree af fial indhpbeating venel MAltehtivelygthe eduredefifneldd0C
to |l ess than 10QQC. Typi cal | t he heatin one . W | | operat ed. at
pressures b uﬂ@gﬁnfﬁoﬁxﬁas%fag&bes?egar(a %88%36%%‘&55’?3 %bftg‘e g?%€%§§%| y
bet ween 15 -giadesGiindstied irl the doraMbtiéd dorteRiag fed Tty fietebting, zohbi® lewithe Gest
residence tinme of catalyst particles in the heating zone will be"
bet ween 0. 1 &Hsip@tie®conds, nore preferably between 1 and 10
seconds. [0 rior ; L 00 LEd " i Lt ardORE
and, prefer %%ﬂfaf ter ﬁlg‘é‘gf%’g‘g‘“’? ﬁ%‘é@%ﬁ’gﬂ%gﬁ?ﬁg&oﬁngﬁ?ﬁgpf i rst

cat al yst porfirsionatalysypdstionsisippesed Suough thnhkeating ranedrom ai injst apradigpent t o
at |l east partial eppv.e oke Qr A ~
have been pro(.!)la Eéﬁf%‘ﬁ Iﬂ?ﬁlenggz %%1? %c%l D Btt %Zj%é%{? %%{s"?%%g? %lfgft?%&ea@ﬂgger
or oxygen t haie,naifh heat bethgeapphiets tor fintl ctylystyeribont 2l a/phuralift of Jopativgst o
remove coke or heavy rocar.hons is conveniently etfected by ..
contacti ng tslﬁécepia?@é t&%’%&ﬁ'@g &ﬁg\ﬁft?%?%'t ﬁlr}b{sé’?ﬂ}ﬁy mﬁ%‘ﬂ%dﬁg‘gma%ﬁ}ﬁﬁt _
CQ2, wher eascatdliyst POHOA chf® b QHEMIULMBAIBH e RYYB R the h&ERY 9Bhetklchy
effected by contacting the first catalyst portion_w th nethane, CO2
or hydr ogen. mingpizing catalygtrurfemicnpeigieestand ifeRAIdigtst ep nmay tend to
oxi di ze cat Hcal ly- j t pﬁ&t : B b6 ka8t B G th
car bi des, cg[h]?g}i]ned by t % iﬁr}%tcg{c?laetaa yétgél@psoh??%oh,?ldt het r%heat ed e
cat al yst i s pweifgsabteofsiub) mdhebeating aone gadnaldieatinsofthe pathlyst cep bbei ng

rei ntroduced into,the reacti one. ni I, i ion
Srep 1o of f SEPREL Siph bR AR FR0 SRR MbAPbeta 40 SRS G B
e, o Lt s et
the wat er/ oxwgiwam Fwi%aaigﬂnbg%hwp%%f&’ Tecitiga |a{3&5 %Fﬁ%ﬁ ok feaing
endot her i ¢.zche Alebdfvay SHskREARTAI 8R¢hd oRybRBsRahaEdgROShiiadle O

the catal yst and hence, fo mmintain the activity of t .

dehydr ocycl ivar seid sapplemenial fuel osa bersupnlisite dhe inket end of thediepling 70pe

w t hdrawn fr : 1.0Mn it i ) PlaifOr €
preferably, %Ec%lgﬁuh gl%ﬁt ag%g?&gr@htlggﬁ%%g?%gd ;&%eeféé’_ggg ?rag%g st
regener at i orplaaiity of hazedbsatimsd . t 0 transport the second catal yst

portion to t egenergii o e contain 0 ut..pr.ef erahl.

contains | es@%@ t han \gﬁ?‘? Béetzlt%ﬁ ¢ gﬁ%&gﬁlf’?\g;haf%d&? ‘901 ,coﬂ%gttm}h hot
preferably |@ssbublicigadds Rderatthién b ceHasd©EdmbIgtiGRZonePgtadh haiting 6 e
and/or H2 to gasify a pi)rtion of the coke fromthe second ataﬁll_ysft
portion, butCaRlyst sk arhiexedbiapnlymedhe Jotrpmbusiion gagss to gaid plurality’o

2007/ 067285 PETLHSRORGAOASE ke Bgutblicdizof, | OW  emper atur e

(typically léss than 200C)" so that the catal yst stream does not -
oxi di ze and [0€6%] up atibvaset ¢rebadimensi theehgrbinataope ivfa riprs andgeaikifanti on

zone.

catalyst 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 enfering the heating zone and is at a temperature of
about 800°C to about 1000°C on leaving the heating zone. The hot combustion .

()



-[0074] I n the regeneration zone, the second catal Yst portion is

- contacted with an oxygen-containing gas under conditions to at | east
partially Vi e coke on the catal yst and thereby he
“catal yst. ‘ﬁ‘ﬁg&’ﬁfﬁﬂé eration gas preferlqbl y contains | es?%ggigﬁ?%%ﬁlr
such as less than 10 w% nore preferably less than 5 ww% 02, and is

preferably substantially free of H20. The regeneration gas may al so

contain CO2 to gasify a portion of the coke fromthe second catal yst
portion. Convenient so [ces of the regeneratign gqas are an 0

2
depl et ed, NE&Hr FEHERICE L Fan FPRFIHS o lesss@Rarld0? én mirfeiblyrlgssatiam gh
C2 reject sfpgam 1{1613 gié'%i@?g@t F’eksa‘dhalP'iO(ﬂ):éufo?leg%ﬁgle% %Ct@ﬁEéergré R ki ch

air or 02 has been a achi eve t targ 2 concentration.
Typi cal | y t rangecefosbort8005G tgdsssi tharc 10008C atTanicely, ibe heating zoegwilkbat i on

zone and tr t.2 t.he L ' i as_| ogled to
condense oufﬁ%%%'gégsaé Pﬁ?‘g?&ﬁ&’a eél-l@ pmgiﬁgBﬁ?g@%ﬁﬁoﬁg’ag%“? E’fegefr@?lgbl y
air) is adddstweenridiand &0 psial{E03 adgklt k02). Chpixally, thé iverageekidenpofie on

is purged to i pt ai n.const ant pressure. Typical t he regeneration
one w1 botSpebatae i ome o b et i s e emipgnam

690 kPa), maiefebBihedny R8I0REMnde and 60 psia (103 and 414 kPa).
[ 0075] The regeneration zone nmay be .a reactor operated as a fluidized

bed, an ebull##THg bed Prigr tebeing rejnisiwcedsinta theregciion zome ud, areferably
ot g j : q
conbi natron in%gggsg e thidy He&t?ﬂgp%oﬁ A t]':u?g%‘c‘g%tﬁ&%tgﬂrtﬁ%qj?a A Orsgbfégﬂeff e a

plcggrality of ctots, stch as a“plurali er rea
connect ed i Mopmeadr] mbre Sitipping gepeiaiat dasizpatalhomotele) oger at kehvat

the m ni num. erat upe, requir to renove the required nt .of
coke at the hé’ggél% O’Pseéﬁa'dgﬁgimﬁegﬁfﬂé’ﬁﬁﬁf?ﬁ/%hei S&}ﬁ@% O{t‘ﬁﬁ c‘%@&%&“ﬂ‘&ﬁr e
shoul d not gi¥ eatir oh expginrthatahay\hiavelbed® hadortiadi lethe afityisl. | SRibhIB to
occurs or the catalyst substrate undergoes rapid deterioration.

General |y, t/REOYRReks o Inaxy ilydiorabensgie vervemicsHy #8iseied §|centactingihe he

tenperature b a5kl : n inC e ' .
t enper at ur e %t f?%ﬁta%ou?ﬁ%g%atg%ﬁ’ag%éﬁ@%%@ &sg?%’ ggéﬁéo%ﬂg%ggﬁ °550C

to about 650€moTawaley or oKygsnde qenveniently ¢fifectddeby eaptasting thieofirstzeatadystl so
shoul d be m_pim e t aging rate and naxi m ze
PGt fd azggcﬁo B!

percent of tine e cata s%e I'h the reactor doing useful work.
Typi cal |y, t[A872ver agdn WOItRAE) 74ifie’ 25 REHafidS2Q66/ 043 iddd k0 oeidizdence

time of catal yst. particles jn the regeneration,zo w || be_hetween
0 T and 500 THAReRE Hivecttl sistien GAROIHECMOR SRRCsh CoiEL Dy the
[0076] Aft er freRobtdlekt bBRioh S186 Rdteatbd @z&al?ﬂﬁ@prelféﬂﬁﬁ? aﬁﬁ»@%dqata%@b%ﬁzmg

g

portion is returned tqQ the reaction zone, althou it _may be
desi rabl e t StRoREac o theing siiirrdneade inte dbe Fenctior Aopet Hervenisntlni ta

{Tﬁ;ha“e to aéarﬂxﬁ%?t}]ogps@é Is@letoded g?@é{ﬁaﬁi}%%é)ﬁﬂt E‘ﬁ&l?ért (?guc g&&i{rﬁ@%%{iﬁe

refrom before regenerated’ catalyst 1s rein
reacti on zorfe, €O, audiot adidrocarbem pudheasdrethangbéthatep ospropanet avkdhan be

regenerated second, catal yst ,portion Lo arburization step.b
contact 1 ng. weenop SRRuncihorPRh ofhapdich R Hix AR oREC i ser.
met h?ne, et r[aomg or prAyparH, aspbéing ehdbﬂ/iﬁ-hdiﬁ?rtﬁdmhy@o@}}&ﬁzaﬁeg%mhed
catalyst into {he reactiqn zone. ter/ oxygen str) pping an

car buri zat i JFR4SFtoy O?Eﬁ@ﬁe?naghéﬁa&ﬁhﬁ%m topaigie B AgYIY of Gengl e
step or as Sfp Ef‘cﬁiétﬁiﬁ%ataﬁy@@ﬂ]s&%ﬁ%‘oﬁB?{h)é’ca Bt i Hith@raQh SdRPthe

wei ght of the first catal yst” portion“transferred’in a given tine to

t he heat i ng 1geniontzene, rithaedy an igtrmidendnet moteapryttabjyb rat doptintopabesisr r ed

571 o abouthopratepd So e AEREETRARER Fobd e EAPRAISBETY oc

practical endeoshdentdlyst tdoeticthetoyitle oependratial tame Biye poritain €It piafelably a

verticall y-di sposed, sertling bed reacgtor w the feedstqQck entering

the reactor %Pp%qselﬁ@a 2 }%f’%aﬁa%ﬁ&ﬁifsf &@HQ&F%O#W%SFP etrgﬁ}/riqss tion
5% Og. The transporting gas may contain CO; and/or H; to gasify a portion of the

coke from the second catalyst portion, but preferably is substantially free of H.O



conducted in a plurality of fluidized bed reactors . connected in
series, with the feedstock entering the first reactor in the series
and the heghaghrhkhed catal yst portion and the regener at@gtrng608/68131
catal yst portion being returned to thg final reactor in the series.
Conveniently, said first and second catal yst portions are renoved
fromthe first reactor. [0080] The maj or conponents of the effluent
fromthe dehydrocyclization step are hydrogen, benzene, naphthal ene,

car bon nonoxj ' d@a% |

ef fl uent coﬁngﬁ% %F%M %@@F ra%?ﬂt%lﬁégﬁﬁlhﬁg]ééﬁzﬁt so thifhe _%%%t Sh@ﬁn
2007/ 067285RI6ES 1BR 0Ridize 4ad Jealop labaet thi Gargetotempenatue afrfHceregeneratiognt 20
wt% preferably at least 30 ww% nore aromatic rings than the feed.

[ 0081] The b 'ne and napht hal ene are then recovered from the :
dehydrocycl i [famlon ef fh WehtegerdeRdtion RHB) the sétynd Qhtilybt pdtidr &Cdontoted

foll owed by fractionation. However, as w, || be djscussed bel ow, at

| east part ovwitk gegxyesHeRtaining s uKen cenditions e ok leath yirgmgye the

al kyl ation stgp, ’ [RE QYT hggher
val ue materi %O%E,ongﬁ%%%lﬁﬂ%g%wﬁw g%tgntﬁﬁ/g%?ggtne%‘% Fbr 0821]2%nnéce ’
hydr ogen i s prefeegbly cantaipoken(; diant die suehssliesscipet i19 avthe rmaest forafembly

after recov f. the, aromatic oduct th fil ' | dto
a hydrogen (ra%}{setgﬁ %ﬁét ij aP@'l pég{%lgﬁﬁ’f “ﬁ%ﬁ%% %ogﬁ?%'ezﬁe %%Q:hfléei%oﬁ

ef f1 uent bef gisgndyhdscudheit COg to1gdsifaaottidniof theodoke fom thbeecond catalyst
dehydrocycli zat,i on step .and to. ma ;tg ze feed -utilization,: Tyﬁg{lf ﬁal |y
the hydr ogerPEPTctFBHEmEHM psouEsfp Of LBS TeesuFation, 8oy aeedlk Oz pigple he
hydrogen in ¢henéeysaPayml dnzat C'sogﬁra@ihﬂuﬂft%dw 1iBh WO,0%IERreaANEakNi NY
speci es, preferably CO and/or , to produce water and_-a second
ef f1 uent st ringdnstiahor natueal Satipioessing de Bish alomt@aitas beprpadded topehievene

first (dehy i ' I ?E%F i : F@@e&
rejection p?%gg%g%s@:%ogg eggélg'_bgﬁl%%%tévga %HO%%L gso%gcﬂjl ng ItDWCe'IEJ o
Appl i cati on fie.reROEaHGR GORY Bddl réZment paren eseiBotik atsed\aegeREBUMBI 525) is
filed on Dece r..2, 2005. [0083 nveni ent | t he hydrogen rejection
Step. i nel uaeDaT o FRRABR TSR FPGT. TR -G B Grd BB

Fi scher |- Tr Fpﬁﬁﬁﬁs ﬁﬂ&@‘lfmmaigiaﬁﬂ Ele&mw% onceiitrdibntend Gpartier0 _i‘sqhﬁ%ed to )
particul arly nethanol, and ot her oxygenates, (iv) synthesis of ]ight
ol efins, parBPmiFR C%EWEFPBPI"&%FVP}?LB&&R&B?B?A mg’ré‘i a‘ﬁ‘g\i P%?peﬁﬁt?#e?thyl
ether i nter npdiats RAERT06Md }gﬁ%@g\éﬁd Y KPHE Mofe Tl Bbtwddnase

steps may be engjl oyed sequent 0 gain the greatest benefit; for
exanpl e Fi scamst60msopdohanddl4iPayt be enpl oyed to yield a C2+ enriched

stream fol | opfgspy metHANEELARL BRI S I Heflor EPRMRAYE A PuffizddfiEa, 2

an ebulating bed, a settling bed, a riser reactor or a combination thereof. In

practice, the regeneration zone may include a plurality of reactors, such as a
| plurality of tiser reactors connected in parallel. The regeneration zone should be
operated at the minimum temperature required to remove the required amount of
coke at the design residence time and in particular the temperature should not
exceed the point at which metal oxide volatilization accurs or the catalyst
substrate undergoes rapid deterioration. Generally, the temperature in the
Tegeneration zone is less than the temperature of the reaction zone and typicaliy
regeneration zone temperature is from about 400°C to about 700°C, such as from
gbout 550°C to about 650°C. Catalyst residence time in the regeneration zone
also should be minimized fo reduce catalyst aging rate and maximize percent of

time the catalyst spends in the reactor doing useful work. Typically, the average



-[ 0084] . Typically, as described bel ow, the hydrogen rejection step

-w || generate hydrocarbons, in which case, after separation of the
co-producg?omt,ﬁgn sAat | east portion of the hydrocarbong 2k€sn0s/043131
“conveni ently recycff ed to the dehydrogyclization step. For exanple,
where the hydrocarbons produced in the WO '

2007/ 067285PCT/ US2006/ 043131 21 hydrogen rejection step conprise
paraffins and olefins, the portion recycled to the dehydrocyclization

step conveni entl onprj ses, paraffins or olefiins with 6 or |es
ohr bon_ ot omscadortn SREY Gftyet BRHALS ke TR Fon L e e O b
car bon "at onean@Mn 0@ nidhutéL AdrLRERABIPEBIEn 1WAE 26 milies. hydr ocar bons
produced in the hydrogen rejection step conprise aromatics, the

portion recyl@f¥l to tWdtenduyimedhstgenamationrrone. dpe eesandbeatelitt [portion is
conpri ses si drfongaeaféﬁﬁﬁﬁn'h%ééeoeaﬁt‘hgﬁ%l it'\%&ga%atdbéﬁ%ﬁt ReBR R e -
e hydrégen rejecti S

[ 0085] I n one enbodi nent t n step conprise
reacti on of ragenbmixst sepend catélysthportigm wdemethane toe atd Ehstdpaniiallyl temave on

ffluent wt di oxj,de t d t d/ h .
Sccording t FEREE ST RIS tvheB L DT BeED Thc, FEEPIoHTS GERLAL i on
6) 202 + 7Xkitidtddived int6 the 1843804 Beas tth aadition, if 888864 dekhable & fabjRcithexi de

enpl oyed is conveniently part of a natural gas stream and preferably
the same natiGBaPrafpdsecqrdecaiplygt Bortion to ¢ earbyizgtion step by contacting with H,

dehydr ocycl i zgtde) '?362% &t/ or R o daftion CRER 9&?19{}1%1%, Ufhahe; oPﬁ:?bad&f ?/ﬂor'to

rre(thane-cont aining stream the CQ2:Cl14 o e stream conveniently
mai.nt ai ned einweduringh thet regerierated! catsbyst o thd redotign rgnof Whisr/oxgson

di oxi de- contaj. ni. t ; the d dr | zat |
convent ent |y EElfoRRRAS ot AERERLALEnl S Bl Bt S b o
a j et eject aitep qr@OBephifieestépsdr ogen rej ection step to produce net hane
or ethane [0077] Converiigntly, the ratio of the weight of the first catalyst portion

transferred in a given time to the heating zone to the weight of second catalyst
portion transferred in the same time to the regeneration zone is in the range of
about 5:1 to about 100:1, preferably about 10:1 to about 20:1. '
[0078] In one practical embodiment, the dehydrocyclization step is
conducted in a vertically-disposed, settling bed reactor with the feedstock entering
the .reactor at or near its base and the heated first catalyst portion and the
regenerated second catalyst portion being returned to the reactor at or near the top
( of the reactor. Conveniently, said first and second ca;talyst .portions are removed
from at or near the base of the reactor and the process effluent is recovered from at
or near the top of the reactor. : ,
[0079] In an alternative embodiment, the dehydrocyclization step is
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 effiuent 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



normal ly enploys a H2: CO2 nolar ratio close to the stoichionetric
proportions required for the desired Reaction 6 or Reaction 7,

al t hough swelbo7wenssati ons can be nmade in the stoi chi omROTYES20060#3337 f
it is desired to produce a CO2-contai2fing or H containing second
effl uent stream The hydrogen rejection step to produce nethane or
ethane is conveniently effected in the presence of a bifunctional
catal yst conprising a netal conponent, particularly a transition.
netal or conpayng Wik Pplkxartle @b 1daB02Q @AY prafplslytat 1&Gist Beulwith, mudrel
conponent s conprise copper, .1ron, vanadium -chrom um, zinc, gallium
ni ckel , cobdArPmatigFIygs feedit heni um rhodi um pal | adi um sil ver,
rhenium tUNGREAN, | 1 ingieURkn Bl chi Uippiille £8! el MddftréP TR0 b ON'S
and conpoun tHereof . The 1 norgani c “support may be WO :

2007/ 067285 RighydrdQligsions siflegnty Tor axanspier bhcalyentaexiraction folleweda by

silica, alumina or.silica-alun roli t hose. | i .
dehydr oar o ngﬁ'?cgigﬁné’ﬁ' ' t’@f"&i"?}s?‘"‘. Wﬂﬁdeacﬁﬁfﬁ%e‘iﬁ?b?héq?aﬁgﬁ%g%} tiée%é &}5’ %g“ Y ray
be a crYst al doniponéé @th de, subddtiedito anralieylativar siug, beforgesio pfieropwduct
crystalline material. Suitahle porous crystallipe materials include

t he al uni nos‘ieF‘?VéTé)ﬁ_E%I?I%‘F‘i?rﬁaﬁb}‘?g‘é‘b‘ﬁ%’é%ls’éﬁﬂl?i"ly 8451 um nophosphates

| i sted above f.or. the dehydrocyclization catalyst. [0088] The. hydr ogen
rejection step to produce nethane and/ or ethane can be conducted over
a wi de rangeHpdrogendanagementi ncl udi ng a-tenperature of about 100C to

o about apdRied, ", o e Hhafbech B 3 oHhr pitbonch et BERGRRRRIE.

as about 500effloerapaftar rE@Ferykéiathe ratomativeprgiincih de Effluertais subjettod ita ¢ of

about 0.1t bout 10,000 hi-', such as .about t.0 ;about, 1 hf.l .
oo conver s TSNS ape bRy e (bR coBelt i g goRrd tne
preferably gmeeiceid hbBineOR %ecwldnoathe @eralredyclizhtion 380 andhosmaximize
exotherm c reaction may_be carried out in multiple ecatal s.tgtég s Wth

heat renpval fepépiistionegupically theiBydrpem, iR SR BuEe) cast
operated at 3h WeSRhjRodYRlik R SERONIE af 8kyREn-d0Haibing

tail beds(s) may %ﬁope ated at Tower tenperatures to maxiini7e

t her nody nam specios: pesferebly CQ adie] G0 tovprodugsrpityang asecond sfffusalctlicam are
wat er and, endi n 1 :&% [ 40kl t @iﬂ%r haksnand.
hi gher al kaglgds%,m & %ﬁeg?ﬁeer&rﬁj(%gﬁ?%ggne uér%é]t% [f:rd avt?ltg%l an@l I'g cgé b)
hydr ocar bonsefflignt atdetini.i Suitabkediydrope tdjekion prbcesgesvat dewribdd Helnov amtd ipon

di oxi de to carben noxi [ refer # of .th ter,
the et hane. SEAPBBREHCH oK AREToBiny N Fodsveap S el srrydotkel B oher
hydr ocar bonsymaBp1bs), fird ofl De8&hber 2t 20dshe dehydrocyclization step to
generate additional aromatic products. Fischer-Trgpsch Process .

[0090] I n anof83] enbodforveamientlye hehydengem reiestian step Ancdydep (id gisfiapation

reaction of rC@fiinaRaH, ! @ke“ﬁﬂﬁhé}ylﬁﬁﬁgﬁ brbdbsd, F@i)dsﬁm%i@ca@cbi ﬁ@tc'r;pn

ef fluent with carbon noro accordi t'o the Fi'scher-Tropsch
process to palocchols r@fticubrlgSmpthaedlf and othed oxlygdnates, (iP)0egtheriseof light

08 Pt Nogotnd kRl g b8 Dy Vet OF Crlenadhal UnSppTHnG:

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 Cpt+ enriched stream followed by methanation to
achieve high conversion of the Hy. _

[0084] Typically, as described below, the hydrogen rejection step will
generate hydrocarbons, in which case, after separation of the co-produced water,
at least p_ortion of the hydrocarbons are conveniently .recyéled to the

dehyd:ocyciization step. For example, where the hydrocarbons produce& in the

)



-WD 2007/ 067285PCT/ US2006/ 043131 23 reference. The process typically

- invol ves the reaction of hydrogen and carbon nonoxide in a nolar
rati o of Zsl to about 4:1, preferably about 1.

"2.5:1, tagp enperature of about 175G to about 400C, p?%%gra‘ﬁﬁ %out

180C to about 240C and. 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 catal yst, generally a

supported o nsu .orted Grou Vi, on- blLe t al Fe,, N,
P e ot PP e RS soR e P and simass M PR e RS urn
zi rconi um H&Hyﬁfﬁcyéﬁzam% éo’iweﬁi&ﬁl}‘f ddﬁ@ﬁses Cpttatfifls bedlEREvaG HEba!

oxi des such as G oup | titania, zirconia, or silica,
al um na, or casben gams, suﬁh ﬁeS of kswrmﬁmmﬁ fesrrxamplect erdessiopden glomsr i ses

a non- Shl ft I a r-ef
cobal t, hprgﬁgg%sgr%\é%%’nzaﬁorngso ny@%gagﬁea%%%t% gb%g}fl € elrﬁat%f g’.bdréc(%egal t
and rhen | unrejecipo step dompriss dromatiesy ﬂhlﬁoamaecsptedfte riaddehyddot yehization
[0092] I n angt her enbodi nent, the. hydrocarbon SY nt hesi s cat al yst
conprises aStBPYIVEmERhy comprises siglo '(’me&fr‘??ﬁm Bn the ZSM 5 and the
process is operated to generate significant .quantities of single-ring
aromati ¢ hydrocarbons. An exanple of such a process is described in
St udy of Ph%@%ﬂé&@ﬁé&gof Cr203 - ZnO and ZSM5 Catal ysts for the

Tr ansf or mat yqyaspef Sy o} d o][ﬁ& -~ I nd.
Egg Chem Res Ii998 n%a(ﬁl g{b d.i!n%eﬂg{h hﬁmggpor ?ﬁ% oﬁ‘“’g erence.
[ 0093] The Fbﬁ ehlsast Padpaithe Ihydmg@s m iheelehycﬁacwhzam offheant em@dcadxm

| i ght gases unr eact Q nd
water sre. oHisdd, oy Yiopet kBl el SRl Repitind oy oy s 8
hydr ocar bongeacidonst hen be recovered as products or fed to the
dehydrocyclization st t o.generate aromati c oduct s.

[ 0094] The carbon rmno‘i&%l*e’ qui‘Ped %i't? |scher&$?'°6‘}9§%f1 reaction
can be provided whol |3cos+past Iy by gBe+gardON noNR¥hEBn Ry esent in or
cofed with the nethane-containing feed and generated as_a by- roduct

in the dehyl086),cl i zaFheospranedioxify em@qmdrléeonmnﬂy pwhpfen
monoxi de cag O, gk %&Eﬁgll)pﬂlef &%1 A gcg £98¢ ghdeth tﬂ

exanpl e, in nat ura gas i cat yst y carbon nonoxi de

is pr oduceddb};ydrdwc’lmhm sepwatWherg athe ghaiton diezide i ie npartlCoR a+i:ibﬂm1@O +

o0 (React on, . V0 2007 0B L2RoPCTLUSE000L 001124 Al L lEeen
about 1:1 and about 0.1:1. Mixing of the carbon dioxide-containing stream and

742

the dehydrocyclization effluent is conveniently achieved by supplying the gaseous
(‘ feeds to the inlet of a jet ejector,
[0087] The hydrogen rejection step to produce methane or ethane
normally employs a Hp:CO; molar ratio close to the stoichiometric proportions
required for the desired Reaction 6 or Reaction 7, although small varietions can be
made in the stoichiometric ratio if it is desired to produce a CO,-containing or Ha-
containing second effluent stream. The hydrogen rejection 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



Al cohol Synthesis [0095]1In a further enbodi nent the hydrogen
rejection step conprises reaction of at |east part of the hydrogen in
t he dehydwecetiezssi on ef fl uent with carbon nonoxi de t BCHPSHEMEIBL t o
C3 alcohols, and particularly nmethan& . The production of methanol
and ot her oxygenates fromsynthesis gas is also well-known and is
described in, for exanple, in US. Patent Nos. 6,114, 6 279; 6, 054, 497;
5,767, 039; 5, 045,520; 5, 254,520; 5,610, 202; 4,666, 945; 4, 455,394;
4,565, 803; Gy 3RBrMAs ddiGieRer a8 lsiiRaSaahinahdrcdiliar uhineonpbirathnee
herein by reference. Typically, the synthesis_gas enployed has a - -
nol ar rati o ligtedHpnik Y@Qﬂpmﬁzmﬁ%%lﬁé&i Bb%d‘%%-iﬁ%@¥gaﬁq TR ange
of from abo 5; X f o Nt Hip®m
about 2:1 tﬁ%g?)eu?%?%&l@%\%ﬂ %tﬁg%hégg%gégl eoy %16&1-(#%? gal%g?ggta%?‘esent
in an anmountmaérishot Sgitabdd @orcubk anySdine yajesialphinclusgsthe dwmingsificatefei ght

of the syngas. [0Q96].The catal yst used i.n_th : o] nt hesi
process gen@f‘g?m%q}oﬁ@%esmgn @F%ﬁ%"%‘@%ﬁe&t Sgg&]e%%&néntﬁgeltg%t ed
from the gr eRydeRRlisdtion atglfystcopper, silver, zinc, boron, nagnesjum
al um num vanadi um chrom um -mapganese, galéi um pall adi u oS um
and zi r coni UA98&ony eniTaby§roseEIcE BTGt Rraduee diahier SHaSe PaCA yst
such as i N taCochdRbyd: AR st coflibAl Bbiting lofiPaitied nakont! an

oxi de of at least one el enent gﬂe%ect ed fromsilver, zinc, boraon,
magnesi um  alOORE e abons KAOTG, wneh ashabont LFA°CriarslenteX°C.gfar pxammle about

pal | adi um, wum.and 2l ALY [ t tains
copper oxi d@?ﬁe&?oaﬁb°3gﬁ@eb§% rﬁé ga%gtgy %g@@; e%%on%dagte?(g(?:(ﬁe f‘?lg;%%zi nc,
magnesi um albyii 500 abbrita¥00 kPa and azveight hiownly spage onlecignmbbationtdd tot he

Coppor ox: dabeo Godie? aigh ah B 4 e P "°CBF BUR-ERETRTIL B¢, Pl
catal yst conigicisy BevE@s2(indCRPE indPtefecZdblf grebieDthéh D0%, smhhapssater

synt hesi s process can be conducted over a w de'range of tenB,erg%lgres
and pressur dban 8fb; Abisccxothepaic Feartiar may beicamied oul Bguitiple cpiaist RS ut

150C to abou.: a : : Rifed 0,
2007/ 067285%%%%68%%%%‘1:-&%@&5}(glgrrg(?dé&(?rrégln% lg%(ngt ) g2 ovetted
300C. Sui t abiigheyiesmmtass trwayinizekinetio rajes afl the bihbadsimmay bsopeRisg t o
about 12,500

Pa, .such as from.ab 2 out 10,000 kPa,
for exanpl e 2)BY WAL eagooﬁ?x@f‘%%e%% égg%ﬂggrrsfo?} space velocities
vary dependi ppgsyjpon’ t Nihetiigie prfdugts of @ sedction afeswaiacnd, dependmgien tilel y
t he gas hourly space velocity of f]ow.of gas through, t catal yst bed
isinther aﬁgj@cgfm?l%ﬁﬁt‘é’b B0 eoa‘%gbg’@ﬁe% , 6‘58’ Wﬁ?tﬁ;_ers tﬁ Sﬁ??f rom
about 250 hi Jnb@rARPtS artPni@R hhddocarbdiise W b&digsm abife bargial ajdedgendidal t o

about 10,000 W. This exothernmic reaction nay be carried out i .

ei ther fi xedobthefdaghoni diexidpdel sarbpp anangrids iFrprafermde éé'%r%qvabeggm-t h
neat renoval yhit WEEheBRHS, caldindftHodddnand difted SCkRRA didi B Und Bigher
operated at higher fenperatures to nakim ze kinetic rates and the

tai |l beds(s)hydycafisone penabe dedatlireatiyeto thengadiydrogydization st itai gegerate

t her nodynam cqgfl;onVErsi og. %80028] The resul tant nethanol and/or other
oxygenat es cAHIBMALHPHAACPRUEYar at e product, can be used to al kylate
the aromatics generat'ed in the dehydrocyclization step to .higher

val ue products, such as_xyl enes, or can be used as a fieedstock for

t he producti Bisclzgr-Trepseh PEICESS| ns, particularly ethylene and propyl ene.

The conversi ﬂg)ggi met hgngl, % %ﬁ%@t@?%ﬁﬁ?%gwm@ﬁﬁ%m@ﬁ& is,

for exanpl e, ribed in U ... 1 ncor por at ed
herein by refectorcef atJeist puit wé theyhirdoegsn ITsrehdehntimgyclization effiuent with
carbon monoxide according to the Fischer-Tropsch process to produce C; to Cs
paraffins and olefins. |
[o091} 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




-[0099] I n yet anot her enbodi nent, the hydrogen rejection step
- conprises selective hydrogen conbustion, which is a-process in which

hydr ogen | has5d streamis reacted with oxygen to f b3
"steamwi t hou@og}l’ﬁ)’st antial ly reactingj,hydrocarbons in tﬁ[ejws[ﬂtgﬁe)gm W th

oxygen to form carbon nonoxi de, carbon di oxi de, and/or oxygenated
hydr ocarbons. Ceneral ly, selective hydrogen conbustion is carried out
in the presence of an oxygen-containing solid material, such as a

m xed netal oxide at will rel ease rtion, of the bound, oxygen to
fhe. hyar ogereeregeh o0 ROREscer DRBRL Soebet tcengHR i omsen dad Sahon
process is dpsdokidead al olkk MtioRFt80kt NP1 & oWt 421 PrefbmbI9raBOk AL £ to

herein by reference, and conprises contacting at reactive conditions
a first strckAvichdr Ps? tempeyairscefrabont HIFGC tombout 400°C, preferably about

2007 067235AGHR200BIAIIIHE 40 AYALARSTE BA roSBEASboYaE PYO GB0b 51 9

oxygen with separate sué{?aces I Mpervi ous t'0 non-‘oxygen
cont ai ni ng ddek prefevhblyaboutsidi td abeutiddae(l,000rip #0068 &Pa), irctha [prasericd ef

sel ective for,.hydragen.conbustion,.. and recavering selgegctiv ydr ogen
conbust i on ﬁr%ﬁ%&’f‘?&?ﬁ%‘ %@?}gﬁ 385%"5@??1’??/%? R Eoﬁ?‘ﬁé@“ﬂ&gﬂd o8 de
of bismuth, roBRi wefal, ¥H.] F&MYI, Ru)do, Wi @ Wilidit aZprBotel, 08d Chiiehipm,
Patent No. 5,527,979,. 1ncorporated herein by reference, describes a

process for rh%“%e‘@@&%?%?@%xﬁ%e?@é%r“@'ﬁ?ﬁﬁ’é?‘ia&ﬁﬂg‘?f’ reffaetoRks to
produce al keR&GS oxidd8 sihOBE dup ﬂfl?({'i)éﬁ%ita%ia[%éo%fh?gfﬁﬁé’ﬂ%ﬂﬁﬁr ffica-

d(ra{l;ydr ogenation of alkanes to al kenes and the sSelective combust 1 on of
t he hydr ogertlfmipaein ere embadimenicthe gefalysimompriseictweh-di@ing catalysty eget i on

further to t : ey | y ‘ : f '
dehydr oge natéeagﬂgélgﬂﬁ%qmg‘g E)Ig ‘lr}?'%?l? uc%bgg %@%gée at‘%%ﬁ"@g@@é tp%i%ﬁftgr?
first react quefemhly dobalt edd dhaen shipmimed be silica af titida girefbrablyltitanga. Wi t h
oxygen, is th passed intg a second reacto ont ai ni ng,_a .net al: oxi de
cat al yst V\hi[ﬂﬁ&éerves%ﬁ‘ o@&%c?ﬁ%@eﬁtatéfylg&?%g% it catatyst
hydrogen. Thenéisds d Retal) SucteAYCH, TULNRb! ONZE Fndhy IEMBYnE MRS is

pl ati num and the sel ective netal oxide combustion catalyst m

contai n bi srperiedtatgenematp, signiicanhauantifies of saglering,aromatiy bydEpca®PRtr i um
or a m xturexd Reredd of il : j j j Lo _No.
2004/ 0152586, BERR e ﬁ%%s% AGEA I SRRy beE o@%tﬁgﬁ%éesf@?ﬁ%y
reference, rangde £5M-HrCualyss ffor thedliensfgmdtienhyflSoggs  Gomtidgnid of

the effluent,fyo cr in eactor. Ihe -process | qys yst
system conprﬁj%l %g’?"’)’ gflﬁllo%%gmnoahe]ﬁ%'opf% Sﬁ?la gﬁc%g%br@&ﬁg@’and
(2) at | eastinentporaned abreldgadfesakcect i ve hydrogen conbustion conponent
o oup consi SOEY of : [TpEFiRAETBHY HeRdy Ter gin & B FeENH B Fibhor
one metal fragsCegRreett® hflroblifal®PCO08| fo €26t €, thd Wik BrodBRbRY

from the heavier hydrocarbons. The heavier hydrocarbons can then be recovered

L€

as products or fed to the dehydrocyclization step to generate additional aromatic
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 gnd 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+H,O (Reaction 8)



at | east one netal from G oups 5-15 of the Periodic Table of the
El ements, and at | east one netal fromat |east one of Goups 1, 2,

and 4 of twe herdsedsc Tabl e of the El enents; at | exgtus2om/m|sal
from Goups 1-2, at |least one netal fmom G oup 3, and at | east one
metal from G oups 4-15 of the Periodic Table of the Elenents; and WO
2007/ 067285PCT/ US2006/ 043131 27 iv)two or nore netals from G oups
4-15 of the Periodic Table of the Elenents and (b) at |east one of

oxygen and S%Ilg&%hc}[’ﬁﬁéﬁtrmﬁréa@ﬁ%@t | east one of oxygen and sulfur is
oth WThRI N

chemi cal | y boun ahd between the netals. [00103] The

sel ective hydrogen conmik+iK;0 r eect i a0 ef3H;he present invention is
general ly conducted at a tenperature in the range of from about 300C.
to about 850C. and a pressure in the range of fromabout 1 atmto

about 20 at m;(lggg,lgg_;.étgg@,o kPa) . Aromatic Product Recovery/Treat nment

[ 00104] The maj or_products of the dehydrocyclization step are benzene
and napht hal dB@95] Thes e Iiprachittherserbadibentstbp iydrogen fejegtiophsdep comprises

by 1 a0t} onaieaskof of et |ai e deRE Efdbonth 80 dlfohocSH A EAepi b o
Al t er nat i vel wartsoneonoxideltb poddutd €, e Oz abehasdndrpartphilyah@mmot afthd e
al kyl ated to produce, .for, e e, toluene; | enes and al kyl

S pht hal ones TR b ronenat R Ser SehTen Binrantef® & i st ¢ o
exanpl e, cyclkabexan@is &ey&{b@&ﬁig@d}%x%ﬂﬁlbﬁﬂms.MHNbﬁm14,279; 6,054,497,

benzyl cycl oh , hyd | Lin.
hoxayclr onap P HINEHE S5 ST SRGhSHE) 2 Uk o8 B AR 4TEH

decahydr onaphy {g3lqape tﬁ@%@élr%ﬂans S it Grdlikbnitrkiod RRGn YA rgaRRRL i on

processes are described bel ow and in nore detail in our copending

PCT. Appl i catypiralipsthe ppmhems gas conk3ed hay Atmelan sgfioDpl kidroge. (Ha) to
20042150) .| Ay OBBERISY cho R0ER Al CFILBINNY B40% ek 7o
Al | evi ati on [pdéE@blyAinkthe atmgenodfromr aboat 24 twoshpatiAbE, swithhcagtsonbdinzidee
and optionally being present in an amount of not greater than 50% by weight, based on
fotal weight of the syngas. .

[0096] The catalyst used in the methanol synthesis process generally
includes an oxide of at least one element selected from the group consisting of
copper, silver, zine, boron, magnesium,. aluminum, vanadium, chromium,
manganese, gallium, palladium, osmivm and zirconium. Conyenienﬂy, the -
catalyst is a copper based 'cataly'st, such as in the form of copper 6xide, -optionaliy'
in the presence of an oxide of at least one element selected from silver, zinc,
boron, magnesium, aluminum, vanadium, chromium, fnanganese, gallium,
palladium, osmium and zirconium. Conveniently, the catalyst contains copper
oxide and an oxide of at least one element selected from zine, magnesium,
aluminum, 6hromiuﬁ1, and zirconium. In one embodiment, the methanol syniheéis
catalyst is selected from the group consisting of: copper oxides, zinc oxides and
aluminum oxides. More preferably, the catalyst contains oxides of copper and
zine. _
[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

()



.napht hal ene is well known in the art and typically involves reaction
- of an olefin, alcohol or alkyl halide wth the aromatic species in
the gas orghhgHicehphase in the presence of an acid cat alicyrzﬁ sedki gl e
‘acid cat al‘yéggﬂ*{ongﬁde medi um pore zeglites (i.e., those as\%) n}g a
Constraint Index of 2-12 as defined in U S. Patent No. 4,016, 218),
including materials having the franework types MFl (e.g., ZSM5 and
silicalite), MEL (e.g., ZSM11), MIW(e.g., ZSM12), TON (e.g.,

ZSM 22), WD 2007/ 067285PCT/ LIS2006/ 28, MIT (e.g., .ZSM 23), .MFS
(o) pow SHPRRABEAE 200°C 1 dppusapor SRRk blesb e g i Bl okikioge
pore zeol it eforh bbént 1]900%®a Arabiond 1050000, sth At frbMOuicd, 00088 tb Bifgwt 2)
such as material s having the franewor zeolite

k types BEA (e.g.,
beta) . FAT) (06009 KPardir Sxammipy a0 Kbito mbauty7-S80 Kpi r Gat Howly swes v

Coco 7o ngekie i Rpb Rt w BBk R broshdidud fhed, AR

| TQ 2, MCM 3B hivighy spacevrlodupiif Sieyw. of[gathadith thaoratal wirbedlisie the rafgetofie

present process, NZene | S of fromthe dehvd l4zatiQ
ef f |l uent an?‘f@eﬂﬁggl ﬁy atoegjo\%\ngsﬁ’%gﬁ%ﬁl’esfl%?sgﬁ %&ggﬁﬁ%eﬁ%aﬁw@

pr ﬁduced a/s 25,000- Inf' o ahere p@éfexablljfyﬁldsmamﬁuﬁ ﬁ(j)&afhfi @ abéue Pl 0g000! 18y R’ths

et hanati on/ nmet panation.. Typi cal condit.ions for cafryjng out. the vapor
Dhase. al | oy SHORBIGFotns Bk PErrRot pryh S THEs G Rip R npiiat of
from about fHifpleCcaBRk Hedd%/ithOhedBAmlovaPb@tiveas YE®. Ofn 8dBEGD, the lead

at pospheric to about 3000 psig (100 to 20,800 1cPa), a WHSV based on
ethyl ene of Hedmrmsydetoperaied: 2 titergpemptures i mardmigedonaticrates andothe
benzene to . i L Ul i of
benzene w tﬁgjlg%hy nlgiyrr{éf/g é&tg%?{r@gép%%}pelééth&gé fbe%pgg?ﬂz%%{rh%g V\ag'se}% 300
and 650F (15®nveysiBd0C), a pressure up to about 3000 psig (20, 800

kPa), a "WH sed on.ethylene of fro bout 0.1 to abouyt 20.hfl and
a nole rati i}‘gﬁﬁbenzeﬁglet%%it?‘ﬂﬁ%tﬁ%mzﬁn%%ﬂﬁﬁf b o (ia.nube sold as a
[001_07} Plr ef Q{epﬁhtﬁ, pioﬁ&ctb?ﬂﬂelﬂﬁ veéd b adlk@ste | &FCﬂ'Bﬂiaﬁése@emﬁ&I iﬁttlhlaeast
partia i quj d phase conditions_ using a catalyst conprising at ast
one of zeol iiegygrewﬁz%@& stapelo Y gherKAlgpproghugts, guchayKylanes, oRAIm be yspd). 1
1 TQ 2, 1TQ 153, 5 2Rt 36 pMEbéitd GNRwWMicths, bARLAR RewyRaeZ8Ae
ethyl ation can be conducted at the site of the _ _
dehydr ocycl inrepylens! rihgrcoyeansionpiooethane! i defnssis awellHmowamzensss avdis, be
shi pped to o] L: FON Ve . e

resul t ant efﬁglteg%h%ﬂghgg%gﬁ% Rrgr&g'%ce)pés{o t(??&u%’% ’?sﬂa"{l%r c%erag(%lregépln})yfor
exanpl e, theefaremdecti on of styrene or isonerized by nethods well
known in the art to m xed xylenes. [00109]In anot her enbodi nent of
the present process, the allcylating agént is nethanol or

di aet hyl et hegelddBbvEHvaRden Sombagioho al Kyl ate benzene and/ or
na(gﬁt hal ene recovered fromthe dehydrocyclization eff]uent to produce

tol uene, xyl9B%Y net Ay IyRbEties PEhediments fehydrosen s epHOR Sl5H ICABIPESES .
Where the i . eT-T1¥4 kS, 4
conveni ent rpfeiek??géc%e °%8@3§%§gwgﬂgh%m§ﬁz%%$%m283‘3@’*?/%‘@2“3"‘0%?‘333131

stream is reacted with oxygen to form water or steam without substantially

reacting hydrocarbons in the stream 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 bo{md 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



29 catal yst conprising a zeolite, such as ZSM5, zeolite beta,

| TQ 13, MCM 22, MCM 49, ZSM 11, ZSM 12, ZSM 22, ZSM 23, ZSM 35, and
ZSM 48, whivohotrasr2Been nodified by steam ng so as to haox/es2@ichiisi on
Paraneter for 2,2 dinethyl butane of aout 0.1-15 sec-1 when neasured
at a tenperature of 120C and a 2,2 dinet hyl butane pressure of 60 torr
(8kPa). Such a process is selective to the production of para-xylene
and is described in, for exanple, US Pat ent No. 6,504, 272,

i ncor por at e‘h}&?cfg‘%h Qm@é bRl BRGR: B %t by ge® W @padafe Hﬁﬁﬁ'est@fa

al kyl ate naphth ene, this 1s convenient ef-fected in the presence
of a cat al ysnetpbrans mpm‘gom:@n-mmgonmng FasegSwherein sidgnembrale). 1

ITQ 2, ITQ 6 ed
to sel ecti ve%?pg%gceetwg meﬁ%%ﬁ?%é%ﬁe&ﬁé@&&ffgwl %%8}]?

for exanpl e, seldSnfeahﬁhbge&iocbmbﬁsthﬁﬁpxﬁdﬁctar‘iﬁleanét@lloﬂ% is typicallp armixed
herein by ref erenc 001 O%ere met harh%.or [ i,S used as an-

al kyl ating dﬁ “B‘r%lb um, ntimeay,; thall O ZRC-can be provi ded
as a separ at[@ﬁi{ﬁ?d touslep%@@ms 527080, GhodrRRskd RRFdih Yoyb fefBRAgY, at ed
in situ by adding a carbon dioxi de- contalnlng feed gas, such as a

natural gas dsseribgsm neepepiafor therned|cptalitic opidative deudrogenatipm o alkanes to
dehydrocycl i p s JeTmVie lér&lt'o

ef fl uent, prlfrordc'tgglkg%‘% Jsrgégr a?ﬁr téfﬁ%o i lh%'ﬁ%ocrégt conp!(i)%l g%gg.% be
fed to a revdrdkanshitd allmmcmzdrthamdeﬂyaoaoa:ﬁbumdnmﬂ the h(ydlrogmn formed to

di oxi d rb
e o B e il BB BB SRR b B SRR 00
and 8 above. M&Méd@ﬂ&ﬁiﬂﬁ&ﬂﬁ@%ﬂa@%ﬂt@ﬂi%ﬁb@&%ﬂﬂy be

fed to a reverse shiff reactor to _gengrate,_ sy as whi ch can thep, be

mixed with L3RR Bt TRASI e ARA IS P 97 . P REATIOR Glong W&k t he
Hz/ CO CQ2 ra&)iy?él 38 tl’ieﬁ%b!sé’eﬁ%{ooi sbdd8d @bdt¥dr &ohhird £Rnetal oxide catalyst
[00112] Typi cal the reverse shift reactor contalns a catal

conpri si ng awwgmwsm aeleptivelly catalyae Sgppmbustion of hydisgeme, Thmequl I‘l‘JIzn on

al um na, silj

i ncluding a e%g%ﬁéex{a{l}!gng@%@ y%tg%%f b%@tﬁgﬁwﬁ%%ﬁ%ﬁc out
600C t 0 aboutonf&i@ cafabyst exaxrephieinatieuth /GdiGicng, iadioo, zﬁﬁpﬁaﬂmm k:ad
pressure of %38% 1 kPa to. about 10,000 kPa, such as about 2,000 |ea
to about 10,860 ?1’8’1“@ bout 3000 1cPa to about 5,000 kPa.
Gas hourly smmwel OQJSIMeﬂT% pliddtiondRibEaA N 2004/0 18258, Arablshed
process used but general |y 2007/ 067285PCT/ US2006/ 043131 30 _t he
gas hourly shBEs! $ePBM m3d sroprripdohergashy Fafearns drmeriben RINRESHER i s

in the rangee. Q&cu%%t hy’iﬁ’o%‘k)l odnfenf RPUhe %ﬁ]&?)@ﬁhﬁl a c?ééld?lgar% @goutrpgS0
hi' to about 25 re preferably about 500.V about 10, 000

hfl . process employs a catalyst system comprising (1) at least one solid acid crackmg

component and (2) at least one.metal-based selective hydrogen combustlon‘

component consisting essentially of (2) a metal combination selected from tht;:

group consisting of:

) at least one metal from Group 3 and at least one metal from Groups

4-15 of the Periodic Table of the Elements;
it) at least one metal from Groups 5-15 of the Periodic Table of the
Elements, and at least one metal from at least one of Groups 1, 2, and 4 of
the Periodic Table of the Elements; '
ili)  at least one metal from Groups 1-2, at least one metal from Group
3, and at least one metal from Groups 4-15 of the Periodic Table of the

Elements; and



-.[00113] The effluent fromthe reverse shift reactor can then be fed to
-an allcylation reactor operating under conditions to cause reactions
such as tRegbabheMesng to occur: CO + 2112CI LOH( React i opcusioosiossiai

"Cast ol uene +2H20( Reacti on 10) 2Cl1130Hy+ Casxyl enes + 2H20(§eact|on
11) [00114] Suitable conditions for such an al kylation reactor would

I nclude a tenperature of about 100 to about 700C, a pressure of about
1 to about 300 atnospheres (100 to 30,000 IcPa), and a WHSV for the
aromati ¢ hydrocar.

on of about 0.0 0 about 0] uit ahl t St
woul d conpri'se alﬁol eg'ﬁ? 8t “@Fee%taﬁaf%ﬂ%@-‘%‘l’é6‘%@&&5‘%?3@%@%@? 3}{1&{?0
12, such as ZSM Filerhsps cal |y together with one or netals or netal
oxi des, such gz‘)co %?ir,, Chié:m um and/or zing¢ oxide. .
[ 00115] Pr ef RdhPlat lgaskene olxvgen wsa%%mhemﬁlm lsaptcang @€ exygen and
mol ecul ar - sis@uey is bhGnibaly Bund BotRinh] £ HeRvdelRerifsS di ffusion
characteristics such that the predom nant xyl ene 1Isonmer produced by

Reaction 11 [P8103hr axyTlpeselSiive aydsogen anembfstion f feagionn ofiotlie f prosdnt on

i ncl ude steam - St Lh-sit | ti of si Li.con
conpounds, 3@%&%@?&%6@%@%“%&%@ ?gstgﬁg%gggéniﬂ %Be Bigh °¥ RO A9 ¢ o
or in the p@08°CGuiotabsut@S0ttandml presviralin tieausge of fion ph@it ¢ rangdo kisout hat
an active al | n ted into the nolecular sieve so as to
saturate m%aﬁPZﬁq(bmﬁgé@g\%e speci es, such as olefins, which my be
generated as by-products and whi ch coul d otherw se cause catal yst

deactivation, .[00116] The effluent fromthe al kylation reactor could
t Hen be fed Awmptiedyaduet Racovary(Trasiment whi ch the aromatic products

woul d initi e se .
nol ecul ar wgP% t4i)mat erﬁ?lg Sa?d}ggéld&g%}o@%e{@éﬂ%@%@}@%ﬁﬁfeegﬁeaﬂg oR “The
aromat i cs preplibalene oulThese lpzodupis ¢anabe isepeadted! fram dhe dshydrenyelization

fraction, a .f ti0 eq f.raction.and. a_.heavy fractio

cont ai ni ng n%%%egﬁﬁ%ﬁ%%;%mg?@%%g%g%ir?t“ﬁgﬁ’é' ri%%cpoﬂ%@)g@dglﬁm c

fraction couligctiynascobenddiiy chemizales nHeblively so:28 oPsll SOth bérREnaHnALe s S

to separate the val uabl.e p-xyl ene conpopent and the renai ni ng m xed

xyl enes eit }P&thé%}FI&F e %@@ﬁ%@‘gmmg‘&e{ §or §¥mmApy toluene, xylenes and alkyl

20071067285 hiefithiieM6nAA3 331 be subjected to hydrogenation 1o produce, for example,
cyclohexane, cyclohexene, dihydronaphthalene (benzylcyclohexene),
tetrahydronaphthalene *  (tetralin),  hexahydronaphthalene (dicyclohexene),
octahydronaphthalene and/or decahydronaphthalene (decalin). Suitable alkylation
and hydrogenation processes are described below and in more detail in our

C copending PCT, Application Nos. PCT/US2005/043523, (Attorney Docket No.

2004B156), filed on December 2, 2005 and PCT/AJS2005/044038, (Attomey
Docket No. 2004B155), filed on December 2, 2005.

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 USS. 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),



31 isonerization |loop to generate nore p-xylene. The toluene fraction
could either be renoved as sal eabl e product, recycled to the

al kyl ati oowoeezensor fed to a tol uene di sproporti onat iROT/ENINS/04HAT
preferably a selective toluene disprd8ortionation unit for the
preparation of additional p-xylene. Aromatics Hydrogenation

[00117]In addition to or instead of the al kylation step, at |east
part of the aromatic 'conponents in the dehydrocyclization effluent

can be hydr%ﬁ&a&?@rﬁ,oznsaigﬁgm ge.%!szeiw. REALEER o BUTBNAIS A ZBNEABN .

cycl ohexene, di hy benzyl ¢ycl ohexene),

t et r ﬁhédr onaﬁwﬂiéhmhrgq w;rc aeaﬁue)s,(i.hgh@nwiag!a{ﬁmmrhdww@ssdm@ne) ,
oct ahydr onapht hal ene. .and/ or decahydr :

product s cans%g agﬁﬁfegﬁg%a&lgg eeifagﬁ{e ogf@ﬁgmﬁ%éle(@%ﬁgz g‘?ﬁgé}&@ gsABalﬁ?e’ in
the case of IﬁSMi}IZSM-QO,dzedmaK; ¥, ul&@dﬂaﬂﬂizedy%dabEMM'mm)emK (g,
extracting the aromatjc conponents fromt zatj

ef fl uent. [OE‘PM}‘%E% I'Jé’nM%g &%}ﬂmsgﬂé@m t"rﬁjﬁt1\/1(8:%/1'22’ §
necessarily, pgandysyed @mnar I'R?-@l ,3!’.[6@%-” b Mchf-34, MCRLARIdMCRRIRONeNt S

from the dehydrocyclization effl and conveniently enpl oys part-
of the hydrolf#a0¢ener alneenebsmhadinens pf dheopipesnt PEICEISH berzgas jsorgcovered

Suitable aro i i I ] 4 i t
Shd tupi cal |00k e WHOGGIHARE BAAREATCRGR filifd wiif Whioh, Ltk &
sul fi ded Ni/ dbysnppooduedd as albymiroducoof sa hiydrageupgestion Sep teaiplaying

operating conditi.ons f.or the drogenaf.ion pracess include
t enper at ur e 8&%8%&%5"?05“ a {cg]g c?ﬂ%%quf ﬁ’b pasas el ,ﬂlljes H%p%r 203560t
500 to about alk{iéfior 86Berizens3wlkethytenp irehiler£tehipetnoeibf HOmt shoaboil to

2,000 psig (445 to 13890 IcPa), such _as about 100 to about 500 (gsi g
(790 to 3550908 (34hie 482¥ksy peEsuie 8t aboyt ajmpgphare th aboyt MO0 psig(R0Q o

sbou, Lo bt 2 atty BV f gHSSHETE) Bl ol o1

or nore ol efific carbon-car bon uct .may a .
desi rabl e soimale tatio pf beluere wetlgldnalof fromi t:hlkd 30:1 oLigpod phese riiatiomobdr

t her d t heni i i tabl ial h '
r Ocesses ar BTE Eh kstens ok 5o Seeton o ¢ frarnge bitfee S0 RERRRRLL"
conpri si ng nehao ABGE)Sa Webdird W ﬁ%ﬁbﬁ%b@bﬂg (0, S0aiPaE & WHISNOsas&Toro N

metal |'ic oxides, such as La203-ZnO. Honpgeneous nobl e netal catal yst

systens can aihylsngyafl fieye gboutPenigjabent 30 hpand amoleyatingfdiraransio phyesses
are discl Oseg%ﬁlngé ‘Q%Eqm WO 2007/ 067285PCT1US20061043131 32 Nos.
4,678, 861; 4, , 536; 75,457, 251; 5,650,761, 5,969,202, and 5,973, 218,
the entire c{09l67t s of Preferabity,athe benzamepethylotéah keretiductsd undbe abiesst

[00120] An alter.nativ drogenation pro invol.ve ' SSULe
hydr ocr acl dan@‘?ﬁﬁ% Rg%;ﬁtcﬂ]g‘$§% ki ao%ag%§3? tCSmB?SdJa% %iegﬁ\éllo%ﬁaz%zhgenes
over ﬁ cat a: yéth, olife YMEM-D2, GRSH-i SSALA ERBlr-]]f,'iI'del_, E?‘Q@JBIQI’IB,E@E".MFS an
anor phous al ym nosi | i cate or eolite, such as zeolite X, zeolite Y
or zeolite b w-ﬁuﬂézﬁ@ aﬁﬁﬁcaﬁf%g conditions for |ow pressure

hydr ocr acl dngng1pgj ude -end aRRPRhA! dikBatRh 8ROBE &Mdudied apOmE dite08DHhd 150
to 540C), such as about 500 to about 700F (260 to .370.C), a_pressure

of about 50 dehydmsielizatiogbydsages reieation proacss 9o therhpnzeng kel beshippedito 100

tti about 50 ' : '

about 50 hfl ,Q“@Eéé'ﬁ°‘gasz}%g§%€?°igégi85 E@%"&?ﬂ%ﬁﬁf@’rﬁﬂ@? Atlytdnzint Ban
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‘, methj.f]naphthalenes and/or dimethylnaphthalenes. Where the methanol

or DME is used to alkylate benzene, this is con\'reniently effected in presence of

()

(-



.1001211Various non-limting enbodi ments of the invention will now be
nore particularly described with reference to the acconpanyi ng

drawi ngs ngladoRssmeanpl es. [00122] Figure 1 illustrates pgrgkigabidziAad
‘desi gn of a dehydrocyclization reactes and a catal yst reheater
according to a first enbodi nent of the invention. In this enbodi nent,
t he dehydrocyclization reactor includes a vertically disposed
settling bed reactor 11, into which heated catal yst flows through an

inlet 12 1o j Ace thernt.o f 1 bl hjsC h
cool ed cat alcc%?sa?& I%%EﬁT# \%/a%%léﬁe’ gu c\?la?st/g%MrO%ta{e Ee)?{el% g’(ﬁ:?gtlgbl ad) aczgnt

t he base of MOM-AYFSMH1,1ASMTY 70+ A2y ZSMKZS, BEM-3F avdZEMy48, whivhdas t he
reactor 11 at _a tenperature of about 900C and_the.coqgl ed cataly
eaves t e restiitEe 2 BEPRCH & dF SDS. BUBEIT Buineiuth e
feedst ock 1441 .S4. ( k Rt10 -1r t j ] of

t he react or'%gﬂlgl%fata?g?\g}%’ulrtrgtlﬁlastn%gor rreilﬁgar?e S%?a[gllﬁ’?&i@ggg BT
suppl enent alanflad),2 dimettgdiahtane prasams pHEQ totri{BkRa).oBach a@bedsy Giseleciiva to

catal yst reheater, 16. Typi cal t he anount, .of et hane a he

uppl anent altEf EcupEn. g7 Bar Tyiel, aid T JESRRG o e gnp e DR Dt s
the feed 14 4504472, Gebydeacy Ghichaby QefelRnOs © Whotb Ghe hidchatbl] BGisk¥ Q0| S
to co-produce synt hesi s gas. Typically the amount .of nethane used as

suppl ement alalkxide npehthlens thas is\gonverientlyeetfavtod in the prasensawé aucaialyshs

ot to co- pro R . R S a7 P R USabae) JAgi 53

[ 24] The MMCM-$6t MCMrdAtarr MOBI-H56. | Suchhe pfasess efn be wsndt focseldctively

di sposed ri ser. it h..th | catal.yst Rei.n ranspor ) hr ough
the rier byibie ey EH Sl Ry sl ol SRR LS RaltRi i, L e
ri ser through79,$17und5i00y,205, indokeirsted Hersipdgeefeheng the | ength of the
riser. The o inj ed into the _reheater, 16 cayses, t he net hane
et to bum GHE ner o gyhesmabingh & P S abci & o AREog ey an B8 |
f10us t hr ougloddiof the RiverkitR), RURMIEE prolideK kIR phile/BiLS Bt frikieadiatitagach

inlet 17 is controlled so as to maintain an oxygen-|ean atnosphere in
the riser, vilaaeetmpribheEmeraise o W B oI RARLn oo conPiNES Bed Bt | ng
of the catal Ul St.g agidal S r]ﬁmc alys t t he
riser. This én{%‘%fﬁi%c%e? expog%r éo'{r% ’t ﬁc;e cat'g’kyésj%/ (%foftﬂéeg'\é%%dé&e y E;ﬂgh

t enper at ur esdehpdrogycizationsudp sId partimdayieedahydvocydization efflugnhepriandb
such that the conbutfti 01{1 effl ua%nt i S ro%;h in c rbton rmnoxih(ilg[. -Tﬂ)e
combust i on TP TRAPILKT E° AIEHE SLTBPOCPE: £RE Bufif Qi BUTPLI 8°%HG
typically comdrrests] Wl chibdn BOMedainiByirdél Hiadercdddldifiond foikéase Thus
t he conbustion effl uent ,ccl:orrpri seé a gqonveni ent source of synthesis
gas whi ch cdfi®paboagnexdgeanians pkthg gHlueridhaieasticas. sed Hdtraphiwa adpd
agg/or fuel .gRL251At or adjacent the top of the riser 16, the
heated catal yst passes into a catalyst stripper 19, where the

catal yst is B8htldct ed Iniedditien gethane and GOt Ardier diesm wanbefedde 8 reverse

t hat f . t ed
caralyst 1 ¥ GRS «f SEnBL SOAF Buith SRCBE T iRta whE Wb i 67 2
ef fl uent, coddhgdmocydizationnefflnent hy didjusa theoHFCOVG0S eatioy ed réquimal tfitrethe

reactor 11 b of an outlet (not shown) at or near the top of the
reactor 11. %}5@%3&3

Psecond enbodi nent of the invention is shown.in

Figure 2, inmgolixh a dlg@iﬁdﬂﬁ&ﬂ@feivéﬁé SI19R réRA% cB¥itain§ a REANEIAREhpYikip abOt h
a catalyst reheater and a separate cat ak\ﬁst regenerator. As’in the
first exanplsansitios rasdyoay peppeit.Aueh anFe. dcCorln oetluaes, siliceerttitasy,) v

di d settlq: . y i f

thrbugh an- 1 BELY opFeRe SR cBheidne b Apt W EEbRALR 60k S00T g pb NS

from whi ch cI2f0dC soelt ad gttt 6¢05GE0 byound§OWBE, for e3ampln dber FOUE towbbwt s

23, 24 i | | at ed.. ad] t t th t

Vet hane oot SEC Fad p Rt SLobiT B ePhud0Br R3e i BORRH L0 e
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 ‘used, but generally




[ 001271A first portion of the cooled catalyst flows under gravity
fromthe first outlet 23 to the base of a riser reheater 26, where

t he cat al y02003/06n283 ained in a m xture of air and net h®eF/Usgwk/043a3sed
into the riser through a manifold 27.30The WO

2007/ 067285PCT/ US2006/ 043131 34 catalyst is transported up the riser
26 by the air/nethane m xture and is heated during its passage
through the riser 26 by conbustion of the nethane. The m xture

entering thegysl g8 hodly bhceUaibclti @f TRW b0 tBrbugie Meadadystived th e heel
required to heat the catalyst to the required reaction, tenperature,

t
but is defi crasge of ghoukSQamn. to Abent 5DHAG M 3 stchias abend 280 BY clojahewt 28,08
into the risgr 4 i 128 spaced al ong t.he
| engt h of th&e{flalglé%ﬁ}%@%?@sﬁ%ﬁgﬁ@i yt[(%l)%glytf[d\’/\é)daithﬁl'ets 28 are indicated
in Figure 2 M6313}n r edlhet sffindre fromniterrenaye $héft freaciogroam tilean) be falido @by
heating of t cat al yst occur,s gradual ly.as the catal yst fl pows '
Chrough the FIBRo ERoIoR FEstiER APt PARHORS P ofpth retons: wih BetB; e
heat ed cat al gilowR@6086curit 0 a separator 29 where the solid ,
particul ate cat alést .S separated from the conbustion gases and then
passed to an acti&8ttcdHast ri pper “ToweFH3OH The conbdBeacBan Ghses are
then fed to cycl ofgsoRd ¢ @, remval Rfipnatdkyst fi Qﬁ&cﬁgﬁ?@e bei ng

subjected to heat recovery. Using air as the conbustion ne
reheater, the condfeld0tbm (GHses typi caVlbnescodlfz® se €ReBEOSAD, 0.2 Wt %

02, 1.3 % .6 WM Wt 9% . 9 41 1,A
second porti nl%‘ﬁ t he Sc{%tgﬁgcf %cg léﬁsy%%oa\%s% é’fﬁ ré\ércat{g/fil;‘fb%lq #n%%ﬁ%%e.

second out | etempérative biiabtrtsHofo @bont 3€0°Cr e peeseuratodrabd® Whe kot (BH0

catal yst is entrained.| of .0 -containin as and

transported RS relsh‘@tora%[gé@gﬁé}b’dﬁnd aﬁ’%eﬁggt%%ﬁﬂmég‘f ﬂy@gqar%&qfi on
passes t hr oughbut 091183BEEY B33 ACIkabIs *BAIYEE Reuldntohld@iss atrabl¥siflari N
t he dehydrocyclization reactor 21 is burned off the catal yst thereby

h
heating the Batediayg 2 pseapeindexinf lriaddriehepfSMsS. itpigllyrtegethsr yith
control | ed, bl orGHAUPLEmBN HEIRT hubf of ppbCE B @ rirkbfide.

gener at or 33 . the

oxygen-containing gas fed to the re , SO tha
t enper at ure W011¥e sedbefdrably, avhee thorallylationxdatdlysy iptledesegenadeador is

| ess than the te ture of..t econ al vs oy t.i,on exi t.i "t he
eacton o1 et BRCTRAL s Slint i SBARTHs AR Rioh KraliRlei Rl B fal ey [
exiting the %egmmtmeﬁsilsbmeﬁmumammﬁm Bnpaeasiylénsg §m21e
reactor 21 the se cata t portion is at a_tenperature of apout
6500, °] 00130REH SR SRR ReATORIHE sl Bicrd CErs o o Sersing
catal yst porbf QRcdadaRouhdd! fold, SRRALAHEY, sith MWNEG, 4dafor $O4d the surface

particul ate catal yst Separates fromthe conbustion gasses, which are
then fed to ehié tydosnheeuths of dhe moknsular sigye. c Alsel greferipd irothat gmactive

oty 55 CREREY 3 AEBRLERICER R AR o Bkl hi Ry

reactive speciés, such as olefins, which may be generated as by-products and

which could otherwise cause catalyst deactivation, : ‘ '

[00116] The effluent from the alkylation reactor could then be fed to a
separation section in which the aromatic preducts would initially be separated
from the hydrogen and other low molecular weight materials, conveniently by
solvent exiraction. 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

iumin the -

()



.35 [00131]In the activator/stripper tower 32, the regenerated

- catalyst is initially contacted with a hydrocarbon stream 35, such as
met hane, Q{§agLphsPr opane as well as 112 and/or CO fl| @etrag2eopomisy v
"fromlower parts of the vessel, to rgcarburize the- nmetal on the
catal yst since the regeneration step not only renoves surface coke
fromthe catalyst but also tends to oxidize catalytically active
carbi de species on the netal conponent of the catalyst. The catal yst
is then cont, d_ it 3 BERY Gl Ay gen
t hat may ha\}gb(i%%%ﬁme{ldfégﬁ 6‘2@%@ %ﬁ?{gtﬁ gﬁgt ‘_i‘RqI_ er ggreaner a%oggf eclg%égl yst
i s then contlenethowid bs tdleablepedtadracntlad yos thef slioytatiderenttacor &gl tndl t he

conbi ned cata) yst i,s contacted with a ', hydrogen and/ gr .COP ream 37
renmove any rtgié’F%ald‘SE’EﬂPBﬂ’SPat}?@av VmEy sk a¥538‘ﬁg§y At eff glgﬁvfpp o?]uge g‘fahe
catal yst t hesifpbpop@siaien ddiOfdr the\Wedparation beidaitivaalp-kylend egener at ed

catal yst portion in the recarburization section. The conbi ned
catalyst is then returned to the reactor 21 through the inlet 22.

Preferably a S ' fed to the vessel are preheated to
Aol GABoSBERTS

mnimze te ile the drawi ng indicates all actions
in a single 06K}, i fin additionter artingead dfahe flkylabom stepifat leashpart ofche on
or operation_the.activities e.carried o i Lol S.
[00132] A ¢ i ORI SORRBRRIS o Tey deBFdroSyetipdipn; o %‘Jf?gﬁmgﬁji“énh 5 eret%gf%i n
whi ch3a, ge@eﬂé@feyuicdleﬁﬂ @i‘ddﬁ@tg ISGEIC b EyotehiaRiries e@écﬂs%epémé éihb'ﬂmnaphﬂlatdnbs4l
case 3, of vertical]y-spaced, series-caonnec flu ed reactors
howhi eh hot (beugyiygiehexeng)m Eeﬁéhbé‘{f?qaﬁ%‘@ﬂell@z @?%mélni: a?‘ﬁ*%&“’?@%@ﬁ‘fe@f
(not shown) Elofiexchs), WeRBIITBShIERAS GhdAl dRRMhyIRYAGNNeVE@ei). i n

counter-current flow to nmethane which is introduced through an inlet

43 into the Therepioducts cambe enpleyed sobel@nd ghemigal infesmedigies, @ 1t B t he

| ower nost re . Lol Rsat er
and regenera(?agé B%tﬁ%%htggge}% %ﬁ%%%ﬂ%‘%ﬁ?%& glgy(fﬁ %YS{S‘,‘?%ﬁ@%ﬁ?&%’?gg%r@f 3 V\gul d
typically becdupenasisfromshs dehydrogymimeatiqnetfiiegire 2. It will, however,
R s et
exanpl e in tdferkapesionlof #itbmbil quitgoneddGotn the dehydroctbibmtidheffinent .
particle size of the catalyst enpl %ged W th ilhiﬁ settling lae_dwdegll gn
of Figures laghdcomvemiglscafiployn pie PAndee ohyEPEH S0 pi Y ¢ 6°
about 10, 00044 '&rtoﬁ%&%«%ﬂ Feh@iohe shithbib Hl%txﬁaiﬁt: ??dzf[éﬁéaaﬁwl bRRbResPip Wellt US

for controllin wrate of the cataly [ng}k}.the risers
enpl oyed i n kiveviciatthé g8 end tpisale employ & agtatyst camprisingNip Bd/ U Niio or

catal yst rege t or . of Fi . el u -
2007/ 067285Pi":{?ﬁ§2w"02§1@%§6°%c3 a yagtgpggﬁ‘g%i"f’% tgﬁ%b%lc’%/%t%ng .
g 0 gm)dat FSc@thﬁls @br mGMyéﬂgandn% pcca?albipsmde ect];ahwattﬁerafmbbhﬁi()o ‘;0
ydrocycli zat i K [ shown C j 520k T t
gas either i@%iﬂﬁégﬁé t°o§<4§g®n§ gfaP3?%%15&@&5%%?%3%@%?700@’& a
fuel /air m xbiebard O aboii S t6Sbodt SIBIsRYALS 10518800 kP4, sehtasaboud 10010 way
of a conduit 53 and i s divided by valves 54, 55 into ab ri_pary 9as
Tlow and a seeoh a8 psig E90f 8070 WY pd # TUHSV 958000 Byy tp Ebdus 30 B » g0
conduit 56 t o] nk 51 directly below the.l ower end of a
riser 57 sucﬁsﬁ?gfg%rﬁmﬁg%/m?ift gas. flows up througih the riser 57

wi t hout passi09319hr ougPartialyhydrogstation ite leavh pask eromgreotlefitie cabermfayn

bed. [00134] The, seconda lift S 48 d h L 5 regi on
of the tank R&ﬂdﬁd%@?c?faé%aﬁ’ﬁaﬁ? ?’Sldeﬁ{ag’feasﬁc% t&P%%Qﬁ%&F%%e%ﬂtgﬁﬁ f§1}9
the riser 57 §Hrdeﬂ2&tiohh@r DB Ndbmytrédnt tchgmicah asntepsién. owSiteblzu ghrtial
substantial thickness of the catalyst bed to reach.t

iser. T
secondary | i hydrggenapiorprosessoscre HEL fkpawn Puthe At j2g f}ﬂ’iﬁaﬂgﬁﬁeﬁg{aﬁ’é@&%&f
primary lift cgﬂ?lﬁ%ﬁ%gﬁ}gs al@ruﬁtheﬁttﬁe%hﬂ?@?iﬁg%ré brird e SlippBrtdden lekllic 57.

By controlling 4, 55 to vary relative flow rates of
oxides, such as La;03-Zn0O. Homogeneous noble metal catalyst systems can also

be used. Bxamples of partial hydrogenation processes are disclosed in US Patent



[00135]In the enbodi nents shown in the drawi ngs the risers enpl oyed
in the catal yst reheater and the catal yst regenerator have a

gener al | y wopmt/asmss nt ernal di ameter al ong the | engt h @PCTUSR006/0463331,
In some case, however, it nay be desi3able to arrange that the
internal dianmeter of the riser increases fromthe base to the top of
t he riser. [00136]Although not shown in the drawings, it is desirable
to use "waste heat" fromother parts of the process to preheat the
met hane (bot,sag 6v81861; AL 6K 5 487,081 W%lesi%@z@r QH@151973,288,0hés
the fuel for the catal’yst reheater), prefera up to about’ 600C and
to preheat tdnarmytgeﬁﬁﬂéwh!c&ramWgorp@,fé@dﬂlgewfééﬁal%st reheater to the

maxi mum avai t enmer I J110%- gence
of Catal yst [h@ir?pgratgrag %591%2? e%%@%%mgl? %/%Q irifffes 18%9?9@?19
2007/ 067285 Rg&ddﬁ@ﬁﬁgkﬁ‘#ﬁé mplﬂ}zal{:ﬁoao&ﬁ:]ohetttdo r;abdr(csmlt)'ﬂbﬂn;enee pyer at u r e
profile wthin a catal yst It and 1? end on tine.axially
up the riser ajﬁé)é“ é‘é‘l’kb&%/a?le{gja o&% I aqnl 2y | Fgpogphious
required foraiRinbaRGOS 4124dligs) shoh BOYSKe &, ZESIREY SGieblIbeia, Sujtable
catal yst residence tinme in ri ser of zero and (B).when the air feed

is axially dipsewtipggoaditionsofiy lowepressuge, by %férﬂga{nchri%ér temperaiirg (of s ¢
resi dence Ui figd 3o Ykt 1860401 5610 RORYARIh 68 kboht BOPR b 700°F (260

"continuous" alr Injectioh points at infinitesimal tine intervals (or
ri ser |engthe370%)st mhm«eoidbeu‘rﬁhobbbt}t 25891psiz(945 prelIB9P kB sych aghe

e 00 il ”%?1#5@?35152759‘9{}%59‘?@%@93@5?%%?2? SR il

i nvol ved nungtr e gdukly asabovt D@ ibbet Kitapl i fied heat transf.er equatr on

for unsteady, i Tensi o heat tran 0 _ho

reaction cou‘ﬂﬁiﬁawth EHRYS 2P %ﬂ%ﬂ&*ﬂfﬁ? {“V?‘Ehé’ﬁs‘f’@) ?fﬁdary
condi tion atm&ﬂ%?baﬁﬁeﬁiaﬂ?'d@s&i%&@@tﬁre%néd tadile Qd_e&mp&i%ﬂ'ng-dréﬁvm‘gk afdihe
Tflue) Crefr:utface -2:114 ue) - LI + --- atar2 Orer where r is the

radi al di st a¥#piesom t he sphere center, t is the cat al yst residence

time 0 ri eyl S ¢ AselD Mhbcilhd LUshiidot adidoSof Beichdiobkbiatio

t hermal cond ity, Ist convectr e heat-transfer” coéfficient,
Tsur f ace andre@dtdbumndor eatdliis relotater ytsrtottbm feae frtt smberdiment of thatinyentoR)

and the bul k_f| ue e ur.e ec t he
St ef an- Bol t Mg E%ﬁé’f%r‘?‘?qﬁea ‘i}lygmé ﬁteoncrg?cﬁ%f m(fl%guraf %écree&he% S?ro%/eﬁt

For dsr npl i ci %ﬁhﬁg\/@emﬁuﬁt{fﬂ?ﬂum Whﬁhdﬁehted ]Et:ata&lsyihmhhmmgh an inlet 12
conduCtivity, therpal diffusiyv and surface SSi.V

const ant . Thiecatethadiacent e fp: tfﬂer’éﬂcé‘?relrl g drom E’g’g}t}t‘m%ﬁé %tglpr@&f oz by
using flue ggsy Bf PRAEd @@ﬂe@fn Iléo%eﬁ aaﬁeer@m $ieé bPiReGoRri110MSpitaing
Ceankoplis correlation for.isolated sphere in gas fl.ow Since the

di ff erence i fhetheated eatalystrenters hefreacidr di tat akempezatprsonl ahput3007 G ged the) ye
was used thrg c%%ﬂ{aysp@aéés%gre%&&%ﬁ% R of & u?6 el sts the
an a

physi cal cons d cat properties used in e nodel .
[00123] Methane fcedstock 14 is introduced into the reactor 11 adJ acent the

base of the reactor and additional methane or methane plus air 15 as supplemental
fuel is used to transport the cooled catalyst to a catalyst reheater 16. .Typieally,.
the amount of methane used as the supplemental fuel is about 120 wt%’ of. the
amount of methane used as the feed 14 to the dehydrocyclization process wherl
'the ebjective is to co—iaroduce synthesis gas. Typically the amount of methane
used as supplemental fuel is about 65 wi% of the ameunt of methane used as the-
feed 14 to the dehydrocyclization process when the objective is not to co-produce
synthesis gas.

(



-38 Table 1: Mddel Paraneters 'Catalyst Particle Size 250 or 3650
mcrons ! Catalyst Particle Density 1400 | Catalyst Heat Capacity 1262

_ ul i kg- K ' Gad #loyedrzgkher mal Conductivity 0.4 Wrnek PCT/US2006/043131
33
[00124] The catalyst reheater 16 is in the form of a vertically disposed riser,

with the cooled catalyst being transported up through the riser by the methane fuel
and with oxygen being injected iito the riser through a phuality of inlets 17
spaced along the length of the riser. The oxygen injected into the reheater 16
causes the methane fuel to burn and thereby raises the temperature of the catalyst
as it flows through the riser. The amount of oxygen infroduced through each inlet
17 is controlted so as to maintain an oxygen-lean atmosphere in the riser, whereby
burning of the supplemental fuel and hence heating of the caialyst o:ccurs
gradually as the catalyst flows up through the riser. This minimizes exposure of
{_ the catalyst to excessively high temperatures and also results in incomplete
oxidation of the fuel such that the combustion effluent is rich in carbon monoxide.
The combustion effluent exits the reactor 16 through an ouilet 18 and typically
comprises 59wt% H,, 30wt% CO, 8wi% H;O and 3 wi% CQ;. Thus the
combustion effluent comprises a convenie1'1t source of synthesis gas which can be
used fo genérate additional hydrocarbon product a.ﬁd/ or fuel. '
[00125] - At or adjacent the top of the riser 16, the heated catalyst passes into
a catalyst stripper 19, where the catalyst is contacted with additional methane to
remove water or oxygen that may have been adsorbed by the catalyst, before the
heated catalyst is returned to the reactor 11 through the inlet 12. Process effluent,
containing aromatic hydrocarbons, is removed from the reactor 11 by way of an
(’ outlet (not shown) at or near the top of the reactor 11. .
[00126] A second embodiment of the invéntion is shown in Figure 2, in
which a dehydrocyclizatioﬁ reactor is provided with both a catalyst reheater and a
separate catalyst regenerator. As in the first exaxﬁple, 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 entramed in a

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



| Catalyst Thernmal Difftisivity 2.26 x 104 nRfs !Catal yst Surface
Em ssivity 0.85 Catalyst Riser Inlet Tenperature 713 C ! Catal yst

Ri ser Qut lyad 200808085t ure 850 ; Fuel Gas Conposition | @CEASZI§/A4313190,
02, 71.5% N7 34

catalyst is transported up the riser 26 by the air/methane mixture and is beated
durmg 1ts passage through ‘the riser 26 by combustlon of the methane. The -
mixture entering the riser 26 through the manifold 27 contains alt the fuel reqmred
to heat the catalyst to the required reaction temperature, but is deficient in oxygen.
Additional air is therefore introduced into the riser 26 through a plurality of inlets
28 spaced along the length of the riser (for simplicity only two mlets 28 are
md1cated in Figure 2 but in reality the number may be far grea.ter), whereby
heating of the catalyst occurs gradually as the catalyst flows up through the riser
26. | o | -

[00128] On exiting the top of the’ 1‘_iser 26, the heated catalyst passes into a
separator 29 where the solid particulate éatalyst is separated from the combustion
gases and then passed to an activator/stripper tower 32. The combustion gases are
then fed to cjfclones 31 for removal of catalyst fines before being subjected to heat
recovery. Using air as the combustion medium in the reheater, the combustion
gases typically comprise 67.9%1% Ny, 0.2 Wi% Oz, 1.3 Wi% H,, 3.6 wi% CO, 7.9
wt% COa, a.nd 17.3 wi% H0.

[0012971 A second portion of the cooled catalyst flows under gravity from
the sécond outlet 24 to the base of a riser regenerator 33 where the catalyst is
entrained in a stream of oxygen-containing gas and transported up thé riser
régeneratof. As the second éatalyst portion passes through thé regenerator 33 -
coke generated on the catalyst in the dehydrocyclization reactor 21 is burned off
tﬁé catalyst thereby heating the catalyst. :I-Iowevler, the ‘regenerator 33 is
preférably controlled, for example by lowering the temperature of the oxygcn-
containing gas fed to the regeneratorl33, so that the temperature of the secqnd
catalyst portion exiting the regenerator is less than the temperature of the second
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.



-i Fuel Gas Inlet Tenperature 300 C 1Flue Gas Qutlet Tenperature 900
[00138]In addition to heat-transfer cal cul ations, the overall energy

_bal ance bgjyegho@adsal yst particle and flue gas needs techesmasmsisied:
gut- H" + ATP ,x" j +0 where How andsHb, are the flue gas enthal pi es
at inlet and outlet conditions (for each tinme increnent), dlirra is
t he ent hal py change due to reaction of e noles of nethane, and act is
the heat transferred to the catalyst during the tine increnment. The

criyal B O GOy, X e syt uhpicts) 9, AR b 3 1
heat capaci tipitislinstmavted With sahpdecarhon| sreampdyiweh ayeeteaner ghiansafance
Che riser FOURSOPHE Ak mirs S Do Vsl FpR R, FRENIrthdh ShElodelP o
nureri cal | y o recarburize the metal on the catalyst since the regeneration step not oniy
removes surface coke from the catalyst but also tends to oxidize catalytically
active ¢arbide species on the metal éomponent of the catalyst. 'i‘he catalyst is then
contacted with a methane stream 36 to remove water or oxygen that may have
been adsorbed by the catalyst. The regenerated catalyst is then combined with the -
reheated catalyst from the riser 26 and the combined c‘atalyst is contacted with a
hydrogen and/ox CO; sf;'cani 37 remove any residual coke or heavy hydrocarbons.
After stripping the catalyst the hot gasses flow upward to help heat the
regenerated catalyst portion in the recarburization section. The combined catalyst
is then retmne& to the reactor 21 ‘through the inlet 22. Preferably all the gas
streams fed to the vessel are preheated to minimize temperature losses. While the
drawing indicates all actions in a single vessel, it is understood that for ease of
"construction or operation the activities may be carried out in multiple vessels,
[00132] A third embodiment of the invention is shown in Figure 3, in which
a_dehydrocyclization reactor comprises a plurality, in this case 3, of verticaily— '
‘'spaced, series-connected fluid bed reactors 41 in which hot catalyst from the
stripper 42 of a catalyst reheater (not shown) enters the uppermost ::'eactor 41 and
C moves downwardly in counter-current flow to methane which is imroduce&
through an' inlet 43 into the lowermost reactor 41. Cooléd' catalyst is removed
from the lowermost reactor 41 and sent to the catalyst reheater. The reheater and
regenerator employed with the fluid bed design of Figure 3 would typically be the
sarme as those shown in Figure 2. It will, however, be appreciated that the particle
a size of the catalyst employed with the fluid bed désign of Figure 3 wouldl
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 pm te about 10,000 pm.
[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
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catalyst collecting tank 51 that accommodates a bed of cooled/spent catalyst
received from the dehydrocyclization reacfor (not shown) by way of conduits 52.
Lift gas either in the form of oxygen-deficient air for regeneration or a fuel/air
mixture for catalyst reheating is supi:vlicd to tank 51 by way of a conduit 53 and is
divided by valves 54, 55 inte a primary gas flow aﬁd a secondary gas flow. The
primary gas flow is fed by a conduit 56 to a region of tank 51 directly below the
| lower end of a riser 57 such that primary lift gas flows up through the riser 57
‘without passing through any substantial thickness of the catalyst bed.
[00134] The secondary lift gas is fed by a conduit 58 to a region of the fank
51 spaced a substantial distance from the lower end of the riser 57 so that the
secondary lift gas has to flow through a substantial thickness of the catalyst bed to
reach the riser. The secondary lift gas pushes the catélyst particles into the stream
of primary lift gas where they are entrained and lifted up the riser 57. By
controlling the valves 54, 55 to vary the relative flow rates of the primary and
secondary lift gases, the rate of flow of the catalyst particles through the riser 57,
and hence the flow tate of the catalyst within the riser 57, can be varied.
Generally, the flow rate of the secondary lift gas is varied between 5 and 15% of
the total gas flow. _ :
[00135] In the embodiments shown in the drawings the risers employed in
the catalyst reheater and the catalyst regenerator have a generally constant intemal
diameter along the length of the riser. In some case, however, it‘may be desirable
to arrange that the internal diameter of the riser increases from the base to the top
of the riser. '
[00136] Although not shown in the drawings, it is desirable to use “waste
heat” from other parts of the process to preheat the methane (both as the feedstock
" to be c.onverted 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
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[00137] Internal (spatial) tempezature profile within a catalyst particle and
its dependence on time axially up the riser was calculated for two cases: (A) when
all the air required for methane oxidation is added at riser bottom (i.e., at catalyst
residence time in riser of zero), and (B) when the air feed is axially diétributed
along the riser (either at discrete catalyst residence time intervals as would be
practically possible or “continuous™ air injection points at infinitesimal time
intervals (or riser lengths) to simulate theoretical, best-case performance). The
methodology for calculating the time-dependent, temperature profile within the
catalyst particle (assumed to be a sphere) T(, £} involved numerically solving the
( simplified heat transfer equation for unsteady-state, 1-dimensional heat transfer
with no homogenous reaction coupled with convective and radiative heat-transfer

boundary condition at the particle surface:.

or _ D( 2T 2 BT} i E;_i’ _ h(Tmc B Tﬂw) N as(T“ 3 T}}m)

surface

o \or’ rar
where r is the radial distance from the sphere center, ¢ is the catalyst residence
time in riser, D is the thermal diffusivity, & is the catalyst thermal conductivity,
is the convective heat-transfer coefficient, Toy e and Ty, are the catalyst surface
temperature (at r = R) and the bulk flue gas temperature (at » >> R), respectively,
o is the Stefan-Boltzmann constant, and ¢ is the catalyst surface emissivity. For
simplicity, we have assumed that the catalyst thermal conductivity, thermal

( 7 diffusivity and surface emissivity remain constant. The convective heat-transfer

* coefficient was calculated using flue gas properties at riser top and bottom
conditions using Geankoplis correlation for isolated sphere in gas flow. Since the
difference in heat-transfer coefficients was < 20%, an average value was used
throughout the riser. The following Table 1 lists the physical constants and

catalyst properties used in the model.
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Table 1: Model Parameters

A A . AL e . 4 e g

Catalyé.t‘ I;aﬁicle‘Siz:e

250 or 3650 |microns

Catalyst Particle Density . 1400 kgim®
Catalyst Heat Capacity - 1282 Jikg-K
Catalyst Thertnal Conductivity 04 Winm-K
Catalyst Thermal Diffusivity | 226x107  |mifs
Catalyst Burface Emissivity 0.89
Catalyst Riser Inlet Temperature 713 ¢
Catalyst Riser Outlet Temperature 850 c . ;

_|Fuel Gas Composition . 9.5% CHgy, 19% Cg, 71.5% Nz
iFuel Gas Inlet Tarmperature 300 ¢
Flug Gas Outlet Temperature . 90~ |C

[00138] In addition to heat-transfer calculations, the overall energy balance

between catalyst particle and flue gas needs to be satisfied:
Houi~ Hip + AHian £+ Qear=0

where H,,, and H}, are the.flue gas enthalpies at inlet and outlet conditions (for
each time increment), 4H’ .y, is the enthalﬁy change due to reaction of £moles of
methane, and Ocar is the heat transferred to the catalyst during the time increment,
The enthalpy of gas mixtures was caleulated using:- '

H-Hjgs (kJ/mol) = At + B£/2 + CP/3 + Df'/4 —Et +F - H

(where t=T(K)/1000)

where 4 to H are heat capacity constants for a particular‘ species. The energy
balance equation allows caleulation of the flue gas temperature axially up the
riser. '

[00139] The heat-transfer partial differential equation was numerically

solved using explicit, finite-difference method:

S—



WD 20071067285PCT1US20061043131 40 where subscript us the radial
-index fromO to N, subscript j is the tine index, subscript a denotes
flue gas nd-a and )5 are di nensionl ess radi gl
‘convecti vgﬁ’%ﬁ‘w aﬁgéicondi tion constanfs, respectively. apé‘)sigsz%?&slsl
Complete Air Addition at Riser Bottom [00140] Figure 5 shows the
catal yst tenperature profile for different radial positions within
the catal yst particle as a function of catalyst residence tine in
riser. These profiles were generated for catal yst dianeter (a) of
3650 pm which would be representative for settling-bed
(non-fluidized) reactor. The initial flue gas tenperature at tine of
zero is the adiabatic tenperature rise of 2254C. The catal yst
particle achi eves a nass-average tenperature of 850C after 0.95
seconds, al though substantial internal tenperature gradients still
exist at this time. After 0.95 seconds, the_catalyst particle exits
the riser and disengages fromthe flue gas, f@&llowed by equilibration
of these internal gradients assuming no furthegr heat-transfer with
process gases. After about 3.5 seconds, the ¢atal yst particle reaches
equilibriumat 850C. Due to the initially high flue gas tenperatures,
the catal yst surface tenperature far exceedsS he desired 850C,
reachi ng a maxi mum of 1073C<fter 0.05 seconds. It should be noted
that the tine step~ufed in t.ﬁis nunerical sinmgl ati on was 0.0004
seeonds in order tqéaccurataL_y.capture eventﬁat short tinme scales.

e B: Axial Distrisbution ofZAir Aleng Ri sem[00141] Figure 6 shows
t he catal yst tenpe‘ﬁ)ﬁ'wre proj..'\i l e for Idi fferé-n,_-'t;- radi al positions
within the catalystyparticleyas a function of¢fcatal yst residence tine
in riser. These profiles werg generatgd for the sane catal yst
di ameter of 3650 poifas in Fitgure 5) S Air is dstributed along the
riser (about 3.5 ftyper injegfion poi At) and¥he anount of air added
at each injection peint is d& erninedby thefnount of energy
required to raise tRe flue gds tenpesrfgture b@k to 1000C. After all
the available air i.8 utilized? ther®|i&§ no further oxygen injection
and the flue gas codls via hgat-trangf®r to €glids. The catalyst
particle achieves ss-avefage tenperature %f 850C after 1.96
seconds, roughly tfw" the agpunt of jfime required for Case A (where.
all the air was inj‘;gct'ed at rikser botgon), cqasistent WO :
2007/ 067285PCT/ US 04313% |43 with Sfecreaséd thermal driving force.
However, the maxi manesurface |tgnperature of 4C i s substantially
| ower than 1073C fo ?]‘Case A. #Thi s approach aITows m ni m zi ng catal yst

¥

exposure to very hi t enper affures, thereby hetping to nitigate
cg{al yst deacti vat due to'sintering, volatidization or changes in
active site, and i®pve its Bechanical integitty due to decreased
thermal gradients. Exanple 2:5°Control of Maxigfum Catal yst Surface
Tenperature [00142] M ni m zi ng catal yst surface tenperature is

inportant in limting e

b
©

C.N,f+.l = cM' + N(aR)Z



hy, drot hermal deactivation of catalyst in riser. Two factors that can
have significant inpact, on catalyst surface tenperature profile are
(1) maxi mypg bdovegrags t enperature (mani pul ated by varyi ngcarus2006n48631 on
profile along the riser), and (2) catsal yst particle size. O her

catal yst and fluid properties (such as, thermal conductivity, surface
em ssivity, convective heat-transfer coefficient, heat capacity etc.)
can influence catalyst tenperature profiles, but are nore difficult
to control Ty &isailifs the?AliaP indt £ HEhPD 1686 Is@BkcRAY SREAE tiMB-inddl S
exanpl e denonstrates "that by manipulating the flue das tenperature
(for a part isubdcript adanatey Slue gas propdrty, sidze pnd faredimendionless radiatine ahd/ st
surface tenperatures. Ln the,foll ow si mul ati ons, we have used
"cont i nuous'WEYWHY%WW%{‘?H‘?%W?’WW%V é’l mal catal yst residence
time intervals (or riser lengths) to maintain a fixed flue gas
tenperature (until_all the air is utilized) to sinmulate theoretical,
best - case p 3 lgte Adr Additien ahRiser Batieted resi dence tine).

[ 00143] Tabl gggi4phioWNs & ' ' St : J hzes
(1) 3650 proit@dPLocr, EbineS S e Parkt oersfae r0FCBL bilelt BUEE Do
pm r epr esentpasitions withih| the datakyst preticle e et fonctivase. cafadyst zesidencedtiipeant i ¢l e
size and chaoice .of initial flue s. Le ture; Tabl shows, .t .he
maxi mum sur face ﬁgﬁ%@ﬁgﬁ%r@rﬁﬁ ﬂ%fl {95%%?@%%%@32&‘%0&%%&% ng
heat - up and vdifd Bt RdpPasenth® f€RalinglbIR (A BhiaRed) Radtdy, SEhel ilRIaBMGE ag€
particle tenperature to 850C_For, the extreme case when all the air

i s injected 238 tammeratyre af tiggof serp i¢ Hie adipkatiterparahue dse efdraftade-ulBe f or
the 2509Mm paniaiyel £3HAE addches b tastiflRR tdnilerdhule QPR50CRRr §.99 Sbcohd!
3650pnparti %%es},@ %ﬁ% t%_ t%&r%ﬁ%ﬁgrﬁgur a.ce-to.-vo? une {at_?o gnd’
shorter trandhosh sbstantisl internalpempereiure ghadients gtill reaist pedisdéne e Aflene i s
al so signi in%P.}' }%)] 0 : ( for
smal l er parti1c e,é‘.yndgttecﬁégﬁiagge{dj par'%’?‘%éhegrlz Sﬁggfﬁé\?eﬁ?igg%g@to%gtﬁ%ﬁﬁ? %i‘
flue gas t dufirewesl by equilibritien bf tHebe interhalzgndiente as@ages ho tfirchemdeataum

catal yst surface t erature a i ncreases the required residence
e Bor R W BRE A Heden it 360 3 ot b6 A marel TEBtRes an
t hr oughout te6ilibis8 at 856°CO AL to thd MRitiABy ihfﬁhrﬂ&lg’alﬁ D ek RIBE KR! dataPyst Or

250pm particles is only-5C higher than the final average tenperature,
and 22C hi gsaHageotemprIatus 58 f¥4sads thel desired 1 f50tGqisaphing pempyamEe of | ne

for these p [-PEN I HES 4 Al d
using reas gﬁg%ﬁéegﬁ%s%ﬁ ﬁ%agﬂ{'sﬁgsr? e%aﬁret??&(}%{e%{[/ag It%ezP%lg&tséBe‘fsg% %ﬁ]ﬁ S\hi | e
t he present numederlisanlitzon wasch0Mssecande th amder fol dcowtiekt aptuby/ewenfsat ence

to particul-af H&%di nts, those of ordinary skill in the art wll
appreci ate tsh%t?_ escﬁq%\'/enti on lends itself to variations not
necessarily illustrated herein. For this reason, then, reference

Zhoul d be mige ﬁ?' el, HPLcht hte aEEenged cl, a]i: ms for pur poses of

eterm ni ng -SEOP i nvention. WO

2007/ 067285R6T14YP2006£{4R13 I 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 pm
(as in Figure 5). Air is distributed along the riser (about 3.5 fc 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. Afier all the
available air is utilized, there is no further oxygen injection and the flue gas cools
via heat-transfer to solids. Thé 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 botiom), consistent

()
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with decreased thermal driving force. However, the maximum surface
temperature of 904°C is substantiaily lower than 1073°C for Case A. This
approach allows minimizing catalyst exposure to very high temperatures, thereby
helping to mitigate catalyst deactivation due to sintering, volatilization or changes
in active site, and improve its mechanical integrity due to decreased thermal

gradients.

' Example 2: Control of Maximum Catalyst Surface Temperature

[00142] Minimizing catalyst surface temperature is important in limiting
hydrothermal deactivation of catalyst in riser. Two factors that can have

significant impact on catalyst surface temperature profile are (1) maximum flue

' gas temperature (manipulated by varying air injection profile along the riser), and

(2) catalyst particle size. Other catalyst and fluid properties (such as, thermal
conductivity, surface emissivity, convective heat-transfer coefficient, heat
capacity etc.) ean influence catalyst temperature profiles, but are more difficult fo
control from a catalyst and/or reactor design perspective. This example
demonstrates that by manipulating the flue gas temperature (for a particular
catalyst particle size} one can minimize catalyst surface temperatures. In the
following simulations, we have used “continuous™ air injection points at
infinitesimal catalyst residence time intervals (or riser lengths) to maintain a fixed
flue gas temperature (until all the air is utilized) to simulate theoretical, best-case
performance (i.e., minimum required residence time).

[00143} Table 2 shows the simulation results for two particle sizes (1) 3650
um representative of seftling-bed reactor case, and (2) 250 pm representative of
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
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for smaller particles. At a fixed particle size, lowering the initial flue gas
femperature in the isothermal zone decreases'the maximum catalyst surface
temperature and increases thé required residence time. For the extreme case when
the flue gas tempera'ture is constant throughout the riser (at 900°C), the maximum
surface temperature for 250[.Lm-parﬁcie$ is only 5°C higher than the final average
temperature, and 22°C higher for the 3650pm-particles. The required residence
time for these particle sizes and flue gas temperatures can be achieved using

. reasonable riser heights and particle velocities. _ |
[00144] While the present invention has been described and illustrated by

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

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

44

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 comprising a hydrocarbon and said hydrocarbon is burned
in an oxygen-lean atmosphere to produce synthesis gas;

(@ converting the synthesis gas to additional hydrocarbon product and/or
fuel;

(e) returning the heated first catalyst portion to the reaction zone;

63) transferring a second portion of said catalyst from the reaction zone 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

(h)  returning the regenerated second 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



44 CLAIMS 1. A process for converting nmethane to higher hydrocarbons
i ncl udi ng aromati ¢ hydrocarbons, the process conprising: (a)
contacting a feed contai ning nethane with a dehydrocyclization
catalyst in a reaction zone under conditions effective to convert
said nethane to aromatic hydrocarbons;45(b) transferring a first
portion of said catalyst fromthe reaction zone to a heating zone;
(c) heating the first catalyst portion in the heating zone by
contacting the catalyst with hot conbustion gases generated by
burni ng a suppiepame foms eald Geeatiig f206d afd AR ic6mBastdn NydeD garidpAed amdhe
sai d hydrocarbon is burned ip ,an_oxygen-| ean atnosphere to produce
synt hesi s gas; “qURbUstehEmeE! dﬂ%@@éﬁ%{%@@ﬂ% gas to additi onal

hydr ocar bon product and/or fuel; (e) returning the heated first
catal yst portion to the reaction zone; (é&ltransferri ng a second
portion of. sai thapipedsy of clhinp hwthiwsin saitbsupplementabsourceaf fiesd fnthent i on

zone separate %% i ting zone; (g) contacting said second
cat al yst porti%n S??ih}gd‘"?%g'enerati on gas in said regeneration zone

under conditions effective to at |east partially renove coke from
said secopd c | yst portion; and,(h) returning the regenerated
second ca?'al y:‘%ﬁl P?‘?SEH{:?IBU”E h¥hereisardspplsmenta SORFRS Of FU5 SQEPIYES ¢| ai m
1 wherein sai dykihesd, catal yst portion is contacted directly with said
source of fuel in said heating (c).

6. The process of claim 1 wherein 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.

7. The process of claim 6 wherein 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.

8. The process of claim 6 wherein substantially all of the oxygen-containing gas
required to burn said 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.

9. The process of claim 6 wherein hot combustion gases generated in a combustion
zone separate from said heating zone are supplied to said plurality of spaced

locations.

10.  The process of claim 1 wherein said heating zone is a riser and said first catalyst

portion is passed upwardly through the riser.



3. The process of claim1l wherein said source of fuel is burned in a
conmbusti on zone 45 separate fromsaid heating zone and the
conbustion gases generated in the conbustion zone are fed to the
heati ng zone. 4. The process of claim1l wherein said suppl enental
source of fuel further conprises hydrdigen. 5. The process of claim1l
wherein said supplemental source of fuel conprises nethane. 6. The
process of claim1 wherein said heating zone is elongated and heat is
applied to said first catalyst portion at a plurality of |ocations
spaced al ohg tTee p@ogsf @faifhe whein sl fiewd@atalfst gdrtio {0 es@mPératir@bMm

6 wherein substant 1 he suppl ene taI fuel is.supplied to
one end of theat}‘i’é‘élf.(?dn&tﬁél;\%ut%r% @sz%%n%ﬁﬂ heating zepecandds gipismpergture
incremental |y §oansad $hoPEas bttt ZQ00RCRh 18R sBidHeAiid 26n0f spaced

| ocations. 8. The process of claim®6 wherein substantially all of the

oxygen-containing gas required to burn said supplenental fuel is

uppl | od 10cr onnbtrRy of BT Shisids A8 Rollatoafich PRRRIERTlpelte of

spaced IocatlohanhﬂllﬂNECprocess of claim6 wherein hot conbustion
gases generated in a conbustion zone separate from said heating zone
are supplied to said plurality of spaced locations. 10. The process

of clai m 13 wherri prosak ¢f BRa% I1INGdZRRRliscl@lifd %ﬁecﬁﬂgsﬁéﬁ‘f‘stfeh‘:‘é t portion
catal yst portion 1s passed upwardly through the riser. %‘

process of cl atong irighiagsier waatdedst Pglﬁla]éiafﬁll%tcob@ﬁndfoh h?mdtydmcafbons
tenperature ofgabaut 500C to about 900C on entering said heating zone
and is at a tenperature of about 800C to about 1000C on |eaving said
heating zone. 12. The process of claim1l wherein said hot comnbustion

gases ar elf‘.t %ﬁeel%gésg% cling 13 Wel%ls'eutl Qau st%l%gglg step includes contacting said first
catalyst portion with steam, hydrogen and/or CO,.

15.  The process of claim 13 wherein said stripping is effected after said heating (c).
16.  The process of claim 1 and further including contacting the heated first catalyst
portion with methane to at least partially remove adsorbed water and/or oxygen

therefrom.

17.  The process of claim 1 wherein said catalyst comprises a metal and the heated

first catalyst portion is subjected to a carburization step.

18.  The process of claim 17 wherein said carburization step comprises contacting said

heated first catalyst portion with a hydrocarbon, CO2, or CO and optionally H,.

19.  The process of claim 1 wherein the temperature in said regeneration zone is less

than the temperature of the reaction zone,



13. The process of claim1 and further including subjecting said
first catalyst portion to a stripping step to at |least partially
renove coke and/ or heavy hydrocarbons therefrom 14.. The process of
claim 13 wherein said stripping step includes contacting said first
catal yst portion with steam hydrogen4and/or CO2. 15. The process of
claim 13 wherein said stripping is effected after said heating (c).
16. The process of claim1 and further including contacting the
heated first catalyst portion with nethane to at |east partially

renove ads@r bethdb&dss 8Nclaial 19P¥HEEH thOREPERAN inlshid 1T eRAiBA €65 i9From
claiml1 wherein said catalyst conprises a netal and the heated first

cat al yst port i $eut400SGHe alqued0q°€- a car buri zati on step. 18. The
process of claim 17 wherein said carburization step conprises
contacting said heated first catalyst portion with a hydrocarbon,
C2, or D.andTioptroosabf ylaid? ] wireid the rptioctths weight bAtatnlistwhasfeired inhe

tenperature in_ saidr nerat.ion zope.is l.ess .than the tenperature of
he react | on ARG im0 3 héplipE SpACRewereigh 2t 2l REPLIE dh e some
t enperat ur e i nif@ickht CPEAGERIN ARe Z0A¢hd Bndd THbARF to/HBOG 100:12bouUt
700C. 21. The process of claim1l wherein the ratio of the weight of

catalyst transferred in a given tine to the heating zone to the

wei ght of yg£at afyy. 1 LNt d g eration
zone is in thgi.r naéegs%?ﬁgﬁ%fg@&%%%ﬁa%%%i?milgggi%&5%%1%2‘9%{;%ess of
claiml1l wherein said regeneration gas contai ns oxygen. 23. The
process of., cl apm 22 wherein. saj,d regener.ati on s al so. cont ai. ns

e bondi 2ki deTnARsFenth Pab A2 tRAORN S Croah e oL Qe PLE: SRbey
sai d regener at diegidgasd/bS nit@gen blAnhdtOhwoi§gedtonddifraRb06L68d dgehtratich 1
wherein said regeneration zone is a riser or a noving bed. 25. The

process of cl agamslessigan I Whér i ncl uding . contacting the regenerated
second catal yst portion with methane or hydrogen to at |east
partially renove adsorbed water and/or oxygen therefrom

24.  The process of claim 1 wherein said regeneration zone is a riser or a moving bed.

25.  The process of claim 1 and further including contacting the regenerated second
catalyst portion with methane or hydrogen to at least partially remove adsorbed

water and/or oxygen therefrom.

26.  The process of claim 1 wherein said catalyst comprises a metal and the

regenerated second catalyst portion is subjected to a carburization step.

27.  The process of claim 26 wherein said carburization step comprises contacting said
regenerated second catalyst portion with a hydrocarbon, CO2, or CO and
optionally H,.

28.  The process of claim 1 wherein said feed is contacted in said reaction zone with a

moving bed of said dehydrocyclization catalyst.



26. The process of claim1l wherein said catalyst conprises a netal
and the regenerated second catal yst portion is subjected to a
carburization step. 27. The process of claim 26 wherein said
carburization step conprises contacting said regenerated second

catal yst portion with a hydrocarbon, @82, or CO and optionally 112,
28. The process of claim1l wherein said feed is contacted in said
reaction zone wth a noving bed of said dehydrocyclization catal yst.
48 29. The process of claim 28 wherein said feed fl ows countercurrent
to the di2%ct i T pbcasvuksirint 2®haaindaidebydifl ooy auheaduient toaliediyestion 0.
The process of claim 1, wh sai.d feed is contacted in said
reaction zone Wtel’ineé‘ﬁgfﬁt‘ﬁﬁéﬁ’gmﬁﬂ’izﬁf% lis of said
dehydrocyclization catalyst. 31. The process of claim1l wherein said
transferring (b) and (f) and said returning (e) and (h) are effected
conti nuoudl-y. B pryess of el d wicrein spichfsed s sppiaeied &1 epid eaaetiorozenz orith

conprises a vert.l mhereln sai d
feed enters tH%ﬁfgg%%%Pghgggﬁg%egﬁ%ﬁﬁ%hﬂg(88 ?ﬁsﬁgh%'actor and the
heated first catalyst portion and the regenerated second catalyst
portion e returned to.the reactor a near f

Ponctor. 55 T HRtreb 8Lt L el biararink ) dod 15 8o il dwnido
cat al yst portIQﬂQhﬁ&ﬁeﬁ@ﬁay&thﬁn@B& and (e) fromat or near the base
of the reactor. 34. The process of claim1l wherein said reaction zone

conprises a plurality of series-connected fluid bed reactors in which

the heategh 1 rfo GaIlYSE ARt | Andisin! &k LAkBE Hhe ARG 0T vehibafip! d

seri es and noves n count er-current Iom1to sal I ch
i ntroduced t hedifposed, settlaty lvad feactemwbersiprsagisfeed 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.

33.  The process of claim 32 wherein said first and second catalyst portions are

removed in (b) and () from at or near the base of the reactor.

34.  The process of claim 1 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.



