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METHANCL- TO- OLEFI NS PROCESS W TH REDUCED COKI NG
BACKGROUND OF THE | NVENTI ON [ 0001] The present

WO poo2ne29o6 rel ates generally to hydrocarbon coP@EDS10061062249
processes utilizing a fluidized bed reaction zone.
More particularly, the present invention relates to a
process and a reactor section for use in the

c onvewmmbﬂf?ph?p@msopﬂ{w%swm R@Dw@@%okmt

ol efins, particula et hyl ene and propyl ene, are
I mpor t ant internediates in the manufacture of a
vari ety of chenBs&KGROUNE OF THHeINVENiTEANavai | ability

and hi gh cost of petroleun1sources has caused an

ipcrease in the cost prod
000 R resbul e RePlea R B G oaf Pl R s
ut1hf'lH§1!1 naRiizedthed aeudtibRRbik. REIrE paliehTh ) th@b&‘@érﬁl imv@ntion relates to a
devel opi ng econoni es, these factors are prom)tln%f
1ns

procs@alnd h réastor sbetmmpar hsedn g eomversionfod mathaght todigat p

000 e Gh R sRefet RRnArBRE s MR Bandmgpgties i

the th@fuFRAra bt 2 Var®éty bf SMBnSiYA AeRics. w&shmﬁwamﬁbﬁl &%l Ki@h cost of
be produced from natural gas, petroleumliquids, an

petraleumb smacesdas cased ah dcseasadl the icor of peaiducing dight @efins from such

sourfist Bpselis SR Rbie R ER5o 8 AU EH e kRPN O epathegucal sowen

in d&@[opfn%%c%&ﬁ%@tth&@ RtorRlaff prBmoBNgl a dertty fifr laMESativ<H3tials for
he conversion of nmethanol to yield light olefins is

hghtwéd:ﬂin pmodugtion” Bipganates lsaehsastalepto emheerpsirticubgrlyanethenel @nd ethanol,

e S B B R by A%83 o

natuﬁ??&r b@c%je@b{ Ilhhﬁstddd' @rboh@0ds MakeHESAEuding coal, recycled plastics,
hanol -t o-ol'efin conversion in the presence of

municqjaéwastas, os bthee srganicpeajersal 2 Thee, alcohelsexayige eltergativgmowys for the
U|t$5Fe nol ecul ar sieves for converting

m”@ﬁﬁQ%ﬂ&ﬁ%PﬁaB IYAVS$-e chabazite, erionite, and
[0003) Nt hEL! c%n‘@&@iloh 8 rfetiano] t[)@’%?&llgﬁ%%lé‘ﬁ[%gg wefl ‘kn@'ﬂzg YB/drocarbons

4,547,616 teach conversion of oxygenates to ol efins
fromudlethgna” bl (HIaim@d)z(éhrﬂmgt lmb(hah@l l;bsMarc'EhBekl@e, Ioé. MY. (1983)

PresqT PO SR P gD O SH AT B B S TRGE discussed
met §lgt|8-clﬁ &&WHI%O il ie prasncdor 1410%33’1{117 ggvés%@ﬁﬁg@ﬁ 21 26 The

catal ytic conversion of hetero conpounds
exanplghgiva i8f Changj aschitableodecplar gievgsrfoncortvertmggeetbared tcocpieﬁns are

chabgfy Bha n L AR PRURF P 1 zed- bed reactor

(000421 i  A3o8 Sguass s 2 7t¥€1ta60th£b‘ﬁec'8}19§r¥mﬁ%E’B?}‘gﬁéﬂaﬁe? fo olefins using a
fluidpat Qéﬁlﬁe adtelystn The psy (ﬁtﬁﬂhd’whﬁhmolhy)sp}ﬁt@mmmat kieveetoqroduce
light olefins from aliphatic hetero compounds is disclosed in US 4,677,243. US 4,973,792
teaches fluidized catalytic conversion of hetero compounds to light olefins including a purge
prior to regeneration of the catalyst. US 6,166,282 teaches oxygenate conversion using a fast-
fluidized-bed reactor featuring reduced catalyst inventory compared to earlier processes. The
teachings of all of the above patents are incorporated herein by reference thereto.

[0005] The art discloses coating of processing equipment in several instances to prevent

undesirable side reactions. US 6,548,030 inter alia teaches a low-sulfur catalytic reforming
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[ 0005] The art discloses coating of processing
equi pnent in several instances to prevent undesirable
WG@e/10mact i ons. US 6,548,030 inter alia teacheSI/EHS2006/062249
| ow-sul fur catalytic reform ngsystemwi th at |east one
surface portion having a protective |ayer to resist
carburization and netal dusting. US 5,406, 014
systéth Wh% RastbnPBRIIRG fRfiofRN Qﬂx‘g%h‘v@fégéﬂo%‘éiﬁ Rafburization and

steel reactor systemis provid protective
metdl dyﬁmgt USrsediosi 1 4chisdbeses z atetlond. fot Sy d6Q@2natpd iBhidacted reactor
onver si.on Process

syt Y TR C B FEET a1 ST S R P P BoRBQRdE) B2 teaches

hyer@J?MSH &Qﬁ@@tdn‘}ﬂocés@ué’iﬂé 6tBarh & eRIpRARY b tHekh SNEB X kidSand
reduced y a net al Contalnlng coatl ng on t he reactor

ethy&wyszeeqﬂehysrm@mm M%Ehfﬂle glese raeasmantrie tddaded oy a metal-

SRR 54 Bl %E UNEL A b emangesirabis,
redublﬁ hi%@é!fchia%ﬁlﬂ I%Hﬂldwﬁbﬁ Unla8siR8idthethd cORILAHPn a feed

ers a nethanol -tool ef ns reactor by coating
vapolmeatucer@d ifigedhclipmeystamdp tethd poor that siethahbl ¢rders b methanol-to-

olefigyr B8Py POBEEEHE frot P ey BT ARGl naf Remiln o st teaches

that e ptRERS dffyAdt nQ th&ficsll Fb& s Vifig hdaGhbY@ain®lind iféh surfaces
formati on of fil amentous carbon in % ND. ENG. CHEM

in anREx8le st8 hi@Gis i@ 8e @ 7ix: fop0ads] of THemBepay ¢areort indND. ENG.
%H%ﬁ%¥ﬂ%§%g #%BEEQ§E/14914 of April, 1986, CONVERSI ON
I NE Ext ended PrOJect METHANOL TO
[OOO%EFlTM@/ﬂ\@QhHeﬁ%f‘EHé @ﬂ‘é SRBKALERNS994 of RBril, 1986, CONVERSION
nonstration Plant/ T(]\IE REPCORT covers a

OF METHaAMNOL {76 GASQMNEd?e«mmstl iPaIJecﬂm MEBHANOILFTONg a

d.100 b | t which |
oLefBEHMreEicapn ot hamelin s @F%ﬁ&thﬁ%ﬁﬁf 13 EkporT
cove£sMT1g’]>thEﬁcht§ g»‘ieﬁn@ﬁgﬁﬁ)hmt)ﬂlpr Aycg%sfn : ee 1ﬂ§m$2[rfetl fgxnday plant

pl ant showed that at 3750C'c can cat
whichptdvansly ldedeap asddt fbodemmaesm oo ma@\an(ﬁflbr’g@ﬁrmnt[l\/ﬁff G] project.
from stainless

Expigaial RS 1 Qs alsmsoU R P S e 1 %eara@e/ Figg) can catalyze
methgﬂfm%cﬁh&%ltﬁfhp géégés%éuﬁg 9&%‘!’ §m@ﬂtdofqﬁ'f{]§1§>eﬂ4§gtﬁf ?J@t WS made

| ates, Isclo hat t hat
fromcstqnﬂess stelol. &4,0% dhels damein st @hedt @q& devieelompssing capillary
tible with nethanol at 550F." The publ.i catl on,

grooveéfap@ atetalpieking botwegn gheplatey aed Aigcleses tmtnétéﬁﬁ bewsfoynd that

comn S, ST SE AT R R AR 049 535 oo
publid&ica, “Elffst of Oxsdirng badRedubdgo0moainéspheragon tHel lese04talysed
carbon _formation on iron surfaces, recognizing

I
Forme Pmasiesdasban o o s: B Coo g 1984, 33, 1367-
1372,{?@?3% %Ileqfxﬁl%? gg‘ %ﬁlﬁg%\% %99 ?ilMe%tdu% ch%og formation on iron surfaces,

yze
recognizing longer induction periods for stamless steel.

[0007] The above references acknowledge the issue ot metal-catalyzed coking when
converting an oxygenate in a fluidized-bed reaction zone, but suggest that the problem may be
avoided by the use of water in the process or with stainless-steel equipment. The present
invention identifies the unanticipated problem of metal-catalyzed coking under these

conditions and offers a solution for protection of the surfaces of a reaction zone.
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converting an oxygenate in a fluidized-bed reaction
zone, but suggest that the problem may be avoi ded by
W@ b@706®160f water in the process or with PCT/US2006/062249
st ai nl ess-steel equi pnent. The present invention
identifies the unanticipated probl em of
net al - cat al yzed coki ng under these conditions and
of fers a sol uti oguhpiARPORCtIIPMNYENTHEONSUr f aces of a
reacti on zone. SUVWARY OF THE | NVENTI ON [0008] In a
broad enbodi nent, the invention conprises a process to
[0008Jonv én & beoafleatbodimendnthe inventies erynprisedR Prrsasstte cppveat a feed stream
fluidi zed-bed reagct.i.on,zone at conversion conditi .
comprjsing an (Bcrygg eln g ulglzgg—t%gﬁi §es,aftl?rb2(§/nieealt aorg/eﬁs?%rggd&dktf)orx]@ in the
preseibé BRALAANRI §ieMPa biodhét slegrhicBmpriving ightlolefifs, SWhefddi 8ne or more
of the internal surfaces of the reaction zone has a_ .
of the guérstlantfacasof st rghctivatzany hest esisianer riogtekeatalyzed coking greater

f all teel. [0009] A nore specific enbodinent is a
ﬁmnapﬁet§§xf%w'onvert a feed stream conprising an

[0009<Y 98DRbE: dpecificleibodin@fl iPeprot&8€4 téiveRAMBeddtream comprising an
conversion conditions in the presence of a catalyst to
oxygynast th aflpidizedded seactomresmp cpsiengon ¢qitiaisdn thegpresence of a

wherei n. one .or re of the internal surfaces of th .
catal 5 e DA BRP e Gronrs i b i, SR S Fimapef B he nterna
surfak& SPh@} bt one @OmpAkdstOprole@Wdhy d ryfétants ehetdeaiafyiz6d coking.

enbodi ment is a process to convert a feed stream o
[001@onprA gétmgpranpa@iiygenbediment is h@racessciviconverbméeed stream comprising

fast-f| uidi zed-bed react or, at. copversion condit.ions |. .
an OpREOAF ELREGCHN 20T 2 TG B B Beabrerapp agiflons in
the p?ﬁgf&re' otiadtalysOM viOld&f friGuct WRGHEE S brien PRt Je B wh&tin the one

the Internal” surfaces of the reaction zone conprises a
or mprreaif elot inteendl aydaces o ihstreavtion gometaaprisas apyotestive ddyentgsistant to

aLOOl&]§Jn an alternative enbodi nent, the invention is
metahealyeed ¢ onvert a feed stream comprising an

[0019Y 980 8L Qlté.rﬂat?vgférﬁﬂoqhﬁ;@&; P thveRAGH 1sPPodR0® @hvert a feed stream

conversion conditions In the presence of a catalyst to
comptistighreoyygeite in Sfluidamd-bodpracsomeoriei aghonvskaén emditions in the

further conprising introduci ng an organo al | . .
prescagerpbFrIaly o 0 BiFld %ea)dgftr%rsmcgnwsaﬁl& e, &ﬂ@ﬁ gergprising
introg\ﬁ@ﬁlé]%é %%%&ﬁitalg@%ﬁﬁlp@&% e fec@RIrEHE So A | dﬁbaﬁﬁ%&l coking.

nme evident fromthe follow ng detaile
[0012eS CITihpid vd dhertdbectsnindreiibodimdESER REbaN cOfdeiitffom the following
FI GURES [0013] Figure 1 is a schematic diagramof a
detaifedgtesqrintiogiof & IB¥eNtioBact or embodi ment to aid in
under st andi ng the present invention. [0014] Figure 2

shows the presengg@fRBYIENICE ROESNEERFMENt al contro

reactor in

[0013] Figure 1 is a schematic diagram of a fast-fluidized-bed reactor embodiment to aid
in understanding the present invention.

10014} Figure 2 shows the presence of coke in an experimental control reactor in
comparison to a reactor of the invention.

[0015] Figure 3 shows the comparative presence of filamentous coke on control coupons

in comparison to coupons processed according to the invention.
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conparison to a reactor of the invention. [0015]
Figure 3 shows the conparative presence of fil anmentous
w@oane/1m91cont rol coupons in conparison to CoupREEUS2006/062249

processed according to the invention. DETAI LED

DESCRI PTI ON OF THE | NVENTI ON [ 0016] Al i phatic hetero

conpounds are particularly preferred feed streans for

use in the PEeIENEDIHVENRIFMNONSPIHEINVENMRIN! | ght

olefins, i.e., olefins containing 2 to 6 and

preferably 2 to 4 carbon atons per nolecule are to be
[001p} odudlémhatiT hetetcegompoathdpira padichlarls poeferaedhiged siscamsdfor use in the

enpl oyed herein tqg inc e-al caoho hal.i.des,
pres§ PR &SPty el elkPRas T8y RlsPos Rl RRR sy and prefeably 2
to 4 EQPRPMBAS peLmBlecuRRlafed)éaoded ONRSernt Bdlph%id héterdGofhpounds™ is
and the like. The aliphatic noiety preferably contains

employethhereingo it lederabenholst batisles.anercanians, pHBdesy ampings.fothoss and

to,4 carbon atons. anp] es. of ,sui.t abl e al.iphat i oy
carbyy) ST B RS oo SRS ARl e SR IR D RO, The atiphatic
moié@ﬁx‘%ﬁralﬁ&' LbhtdiRs fioRt N 1REArbéh atdinBBindYhore phErabBtfan0lto 4
ethyl mercaptan, ethyl chloride, diethyl ether,

carboreathils St xaphplet dfenujtalle phphatie pr@eq ccdnpmmﬁyinck@p omethanol, methyl

acetic acid | kyl, am nes.. al kyl .hal j.des nd al k
merii oS! T ey prgs i b Er R, GEF i tp ot
chloRie sy 30 Qﬁetﬁﬂ@ﬂ’nkl ABer! ANB81dBNHOGM AN ke@NE, dcBiee acid, alkyl
desi red products, the feed streamis préferably
amirge)| adkyl dalidaspandradkyl anifides. dn Heraspect df thetimyentien médiere light olefins

and/cgriegea%g}/rigég%gheggﬂdgﬁn Og? )éxtfeé[ng afas?lrréﬁ (rBeo { ts%tg I}%e:gigsgr[e}%?]ql%})referably
seleddOf tnfetRiHoRi gl of, AR thQ: 1162 "M Bth$1 QRer PAHRICARSurés thereof, with

depend inter alia on the feed stream catalyst and
methaooldieirigyresti@nplyoyreftrredhe desired product usually is

I.C, f bly h [ he. C2 C6. .
[Oﬂlgggggﬁq %ﬁr&gc_zt%'r&%r gé%iﬁ?r? r bq%g?}g:,cgé%erglro&%%ct%ss will depend inter
alia ?éeﬁ%?rehlhgmtalgétt‘%‘%ﬂ g&d?ﬁé/ﬂs%ﬂlé% 2hd Gesfred PRIdBCt usually is

preferably trom , carbon atons per nol ecule. The
organiesprefeeabby bytlrotarbonspn debuCs to Grroaftenatge. Aaespdciallgtpreferred

di ameters whi ch al|ow such product or produycts_ to be
prodies FEUE 5§ A" 61°058 BAYEE [T Ko TSP BEEIRDIY 16ogp A1 ¢ carbon atoms

per SRy efqleicfgsirr&g?rgg%l%f EF g#oggctﬁgﬁgﬁgﬁlg h@(l‘e RREH BRI Rch allow

conprises one t nd propyl ene.
such[pB&ibd] orffredudty @rtici remoived frdmantcagpe fiviythapptesed atcatabntemployed
. fluidized-bed reaction zone for converti 0 epat es
in the gonvieAN RIEFSSnAN OpMalrgdit é?mpﬂgsws@ap%@ oE%&yP?ge and
pnm'@M§ntion can be used in a bubbling-bed reactor system
S described in the known art. The bubbling bed
[0018feacThe isaikibh $eslvantagaumtlyrapplid¢d torang dlnelitel- intadtiontzhee for
act ual bubbling bed of fluidized catalyst and a .
converting oxygenates to light olefins. For example, the features of the invention can be used

in a bubbling-bed reactor system as described in the known art. The bubbling bed reactor
comprises a lower reaction zone to contain the actual bubbling bed of fluidized catalyst and a
disengaging zone which contains, typically, a three-stage cyclone separation system to
remove catalyst particles from the products of the reaction. Conventional catalyst coolers are
employed within the bubbling bed to remove heat from the exothermic reaction.

[0019] Preferably, the process employs a fast-fluidized-bed reactor as disclosed in

US 6,166,282, incorporated herein by reference as noted previously. The reaction zone
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di sengagi ng zone whi ch contains, typically, a
t hree-stage cycl one separation systemto renove
W@ 20031192916 particl es fromthe products of the rRPEUSI06/062249
Conventional catalyst coolers are enployed within the
bubbling bed to renbve heat fromthe exothermc
reaction. [0019] Preferably, the process enploys a
comﬁrﬁ%é a Ei!:&k'e%h%?éjzc*ﬁ@da di %ﬁg 38ndionspraefhtiléhstiBportion of a
, 282, |ncorporat erein by reference as noted
transproavplmsnstqne T beparatiao zbon and heeotapesi geyclandespsratiphabids system is

s Ry GBS S TS B  FEReB R i

that fo8wSt ages of cyclone separatlon This systemis
descri bed below for illustrative purposes and is not
[0020)nt eReéairing td Figirte k, hdas-dlopdizaskbadreactdral hor theanrodustippwf light

oleffpREP S Serarsss TRETSFL PO T o By e Profsector

comx%}l%gg AREESetry dnk US bhd@h GvdrieRGBE PBLd CnbRAiAY ofr:h@ense phase zone
t-fluidized-bed reactor conprises a di sen% in
@?1 inlet 12 in the

44 ambmgarkBicmAphase zowett. Adaed stoaanvoners dersiaten vig

e S5 OGS, BTG RO B NS B G A8y ot

13 aﬁcﬂé%teﬁ‘ﬁ BRERGS-Phasd zGHd 41 rTthe f@ﬂ@hsﬁﬁ&ﬁ&t PR ¢t wedkmly flat or
adm xture passes through a feed distributor 13 and

curvahtiereplith @vlm@mmmph dsaevapomehaam feedladmixdant tdipsssrthioygly while

13 f
reaifig RGBS e Eie s sOr Srensen o8 (G FnT e Y §ispubited by
ring Eﬂcﬁé@@ av‘ﬁlhfaﬁt}r @Fl@%s”dlﬁkg)s@d §RHRIMSE 0ROV TR & SUPPYR the ring.

ate. General’l he Teed distributor 13 is supported
[002 b]y a The rf@datothchlﬁdct!; o catalybuin ailensteyphaﬁe tcexgs44ohné peastcht effective

he b f i
g Besg ot e reactor Vo St the Hlan [0 e
mixtdi% cg&g{igﬁg%tcﬁv@&t n%gt Ghd 564{?? &Rﬂ?étt\ﬁlﬁﬁh&%&brﬁk gea"étlvated are
produ g ol e

ream conpri sing The product
convsjddd A taa tragsiti@l-ylsdse aond 46 smdaonfinuesnging mpwaﬂlly:'élr(aighslhe lower
and some catal yst. which has becone deac

reactrApey HO RSN $eRECR FQrldieicresisptiosal &g oyt Rl frough the
fast—ﬁ@lﬁfz%@ ‘ﬂ@d PP S HBYRG qilo¥n h—% g%’s?_'%eétlb%af HUEbf thE ﬁ@ﬁée%ase zone by

Info a riser sect he cross-sectional "area
a redQélng heahd DIy ogpadie dchriany gdntltefwosfsasﬁrdnhmda afitlie oiser sectlon The fast-
reactor is reduced fromthe ¢ross- sectlonal area
fluidized-bad Frasliphaans DFeYide)ors HesdsGORGOrIdhs fesdstody ar@oq%alyst rates

and psrg\(l: it !esosqgm}liganttg' ?#e?% d:ﬁﬁﬂé’é{ Rq&@lgoﬁésecﬁ/eﬂ)g bbb g bceﬁrreact

sec I on Feacti on zone provi

[00220T € TRE @BESREONLE Qisclbgdshiee fea@tthtppoduch pitkapahmad cyﬁdlyst mlxture
rates and provides significantly decreased catal yst

throvghweapaniieszangde adisshdse pPpenitk dompatng distjipworzpmygd, and a
BRTEEC N L I T
catalgs‘? nﬁxﬂkes&‘)l']ﬁbﬁﬁe QR aliidl Gtagh @Wﬂéﬂuﬁ lsé}ﬁuréiioﬁt Th@tﬁtﬂyst&ﬁimre falls to
the bottom of the dlsengaglng zone 15 through a particle outlet for discharging fluidized
catalyst particles, and the product stream passes upwardly through a gas recovery outlet 23 for
withdrawing gaseous fluids from the separation vessel 22. The product stream and entrained
catalyst continue to a dilute-phase separator typically in the form of a series of one to three

conventional cyclone separation stages shown in the drawing as 20 and 21. Primary
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separation vessel 22. The discharge opening 24
tangential ly di scharges the product stream and
W@ 200ah192916 m xture to provide an initial stage RPYDUSINNE062249

separation. The catalyst mxture falls to the bottom

of the disengagi ng zone 15 through a particle outlet

for discharging fluidized catalyst particles, and the
sepaBl ks 3 PN PARSF Srothl Lol BEPTTR PPRf FRRUR, and the
vapos &partat Bmondms$g¢10ﬂ625epﬂaeop BtvagquI isstoneayed aredcoaudtiit 47 ned plenum

at ?I yst conéi nue to. a. ute-p e separ at or
changfigh . 4) P§? RIPLYGh &1T320R i e EPRRE FeRE OB ce
nv [ :

002%)0a %&dl%ﬁ @éé)a?%g%ﬂf;ﬁfe §§J‘P€1{r§cgstre :ggtrl)(gﬁr gfggeg r%%ga?ggé d?o(#sttgspectlvely
throqghsh;;ﬂsg 5\9 maxp@@ irs¢ thedmttbm of thedisergaging agnd dbhdiplegs 59 and 60 are

e ratlon age 1, an € vapor fr e .secaonaa
ﬁttedzvﬁfgﬁ%peg &plyp %13106 %hog*(ra q"ﬁf age té’d’ﬁ?ﬂé—\?é e\ha& QBW&% VPP‘?E’)?/ through
the cyQonkk Sep&AR,. @Mﬁﬁ ac&&ulﬁe@ﬁltthé’ﬁ&%{ﬁ'bf ﬁltercﬁﬁﬁgzgrtlg pone, 15. and

thdrawn fromthe reactor outlet 14. [0023]
any aeqmrcaﬂab«slt ispasseé t}uycgfoatéeaeW@mmai catalygecitCulatich ﬂanldplpe 28

troug BB OIS SN AG R HGHE- PGS BB QPeoraliich B ranster
zone@besufchtag QQOf'NzetnhoﬁaIthr %hvc%{saly(sp%oléh Qvl'f'g §$d f‘nl'a@ Ilcrast one

base to prevent the ow Of vapors t
exterogiclatiet sejreulatar standﬁa;teadtytgxouaabomjhatwculatwﬂn sildmtaﬂmﬁz

(002§l 4 HRGUH. £PTVERE “his SRV LT R TRy 8 accepiavle vels o
porSF5} A€ UhAA AT AURIRG A o AR ALl By

I de va to t ense- phase zo 44, Optio

disengagiagiond Bhafdepaszadnteroagh aspmin caalyst sandpgrtd20hathe spent catalyst
fl ow_through catal yst cooler, is disposed in at |east

standgine 4ex therspant catelyst nganwéétrmpeqi PGPSR pieginpguch as steam
moBkBle AREYP d NB:ASL AR P LI N8 3y o R narie 2

will ﬂyplaalty mbludt aaaipiigadebod dpdomtains gmfstdrcbafﬂbfs td heprove contact
yst m xture i's withdrawn_as a spent cataly

betwgantbaﬁwlwarﬁn@ e sippipg m@%é@teﬁgl%ﬁ @atfbfsrama@dss, serpeyed
throu%g 18?9? aﬁ‘d Entccataﬁfy aiqgssla%da@ Pfie ?t%ﬂ/) caftal st%RS:HL 56 is passed

yst p pe e spent ca eam

to a c%tall)ispfé@dnémﬂidh Anel(hdtRRoOWE). Ieethe uaﬂagumgaseratcﬁlme the spent
introduced in line 37 to produce a stripped catal yst

catalygst ﬁté%m salt lepplepastidbytregeneratedsqither bh@ﬁﬁﬁ@mg rgglyction to produce a

regenaﬁ? dic yso g&%ﬂi ge aeatsls?r\%l?lg\grégvg% ?] b %eosgkllée in r%}%i %& of fifidized-bed
reactioflsdtyrhié. RrsbehdiBted chtal3il StamEsd iy E’@tufﬁ@@ tStheilPP@&teaction zone via a
catal yst streamis conveyed through |line 38 and the

regersmﬁcateéysélsgasdplstt rereprsng bna4), rageacratad; qappdicst slideayajuer41, and line

aS%ﬁp to a gatalyst regeneratlon zone

36t°(arp81‘n%gh%‘ﬁﬂ © dppsephiase 4 regeneration zone, the

[0025)PENTHE arteﬁétYO%t zoBbT SBMRE biesadt ihRARbn Béthpiists |e22[u1pment of the present
regenerated either by oxidation or reduction

proceps wliches exposerkioghafasd streamal preduct strwmcwlyrstsmthmmmbdlate

reactants leli I;rgdlgcrt]sf) g’teele“c{/lateldltgrgpel:rgtutreg%hg rrrtlayogffeu Ilflllet%i catglygeec{j coking under

circumstances of the known art. Internal surfaces of such equipment which should have a
resistance to metal-catalyzed coking greater than that of alloy steel when utilizing the present

invention may comprise, without limitation, the inner surface of the reactor, reducing means,
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reacti on systens. A regenerated catalyst stream52 is
returned to the | ower reaction zone via a regenerated
W@ 20031192916 st andpi pe conprising |ine 40, regenePEL/E82006/062249
catal yst slide valve 41, and line 36 to a point above
t he dense-phase zone 44. [0025] The "reaction zone" of
the present invention conprises equipnment of the
e eg :
e B Ao SRR pich i S b Bpel Spipes and
catalastobop}eadu ¢hesfaatbﬂmﬂezvdrﬂ3e«ﬂ embogiercat dasesbadnaboveraycleintend] surfaces
nmet al.- cat al nder |rcurrstan es of the

may ARG 0" AP WahoL g e (e TEHREROB 0 pRcm OURiof Fhe internal

surfRBOu r‘éa&@z" 154 f?&cfu%ﬁig%ﬁé@ﬁldt s%ct‘f@{sel% catgl yz Qdf %)Eﬁd"%& cyclones 20
greater than that of alloy steel whéen UtTlizing t

and P etk iplegn/dinddi; nenduddifpchaseher Wbt dnduhtal ystrharatling equipment 36,

th n urfac f_.the reactor, reducin . C .
37, S0 L B SE AREa 8 s Cthia SR ecomtnrin, st Splsriakyhich s effective
1ﬂﬂ%ﬁ &B&f@ﬁ& éﬁﬁﬁﬁx
o caglg?%%}%tfagool er% Int heerfsgjs%) flul 3@%@%@%@8%%‘%% steel and
refradescmateadlsdbving answelr firoperticsavitls theflatce genayllcloaing adpred by
for exa hout so limtjn he i nvention, the one .
Suché?atﬁa?ﬁeggﬁe%rﬁe e Ry Y hoesOpforellt Gegedcion sone Comprise
part b1 461 RB0 BRNAR AN BCIL AP |k Ak il 3his Egont Btorgfhy only the
flat @endeid tield plathenpoesd thGeactind tampeattyst ahdnoll feedyintroduction nozzles
eaﬁi nment 36, 37, 38, 39, 40, 41, 42, 56 and 30. The
are Wi é§°%?ftb%ﬁﬁﬁ?”§é‘lvéﬁ9°?mt erial whi ch is effective
0023]0 C%%Xe&ﬁ()ntzgﬁe éﬁ%&ntﬁdn‘dll? h?ag?.a%egjr eﬂ"l' ? rs]teeft?gﬁjch as 11/4-Cr-
y conprise one or stee ractory
1/2- Matsee] at(sr hawo stgelanthegdinlepy Qs dridethe Wké Bs kﬁtﬁvﬂ atthe fluidized-
gener al L%&Vbel ng anchored_ by such materials as Hexnesh,

bed r§a°5errart Ylesp Berthord asc’ﬁm%h% Pyo1HE, elaend BT ssaipless steels,
have &9 g%ﬁéﬁ&ig&g& tP%[ ca?h&n ﬁéel 2 In%%ﬁj cgﬂtaﬁftzgd 0%1%) V§He(}1 o%%ertmg

n this even

oxygbhaés oNightis e ffls, Shbﬁl\éﬁerpﬂ)e%t £seXPas ané@dﬁ@ﬁ@th@féachmgs of the
tenperatures and not feed-introduction nozzles are
presaif {ER{IQIHE PseUea protediae hayes eniptern) syfacenof @@@@@}lorm@le

eac onvent.i gn hav ur f aces
1002577 W EPRT MY 1600 Rk R O R RGRZpop, ypn
prom®te8@brrBgioh BErcat@l %H§§1§60%{gsofaﬂéjcdtﬂ?st|(m5%te@§ df)rw/rp i1963). The
the fluidizedbed reactor art. Stainless steels, such

carbcalsﬁbpyqa@gy 8fjiact obate,lct@m or cloeging e MR Megrss (¢85 salye bislges) and

ater resi ance ha rbon steel
imeref g oy sl A ek B L R R Porn 4 B yislihat Aetplypatlyzed
cokirld 8 m& BE hddcialr@WEMEIarb R Atiof, ARHbIch REMiRAEDH 8Y B8n surfaces
usi ng the teachings of the present I nvention to

eXpomddv icoled oy rotagsst tovke pragest invention indicates that fikeoesitask chithen is the
ction zone. [0027] Metal -catal yzed coking leads to
mecm'? “P5Fati on of filanmentous carbon, which pronptes

[0023]0f r Bég&@su@e‘s tﬁ&aaeé Qahlé%h Ivﬁl)eﬂ%qe 60KibRGoQfie IRENnSALALYRof the

| stein, op.cit
reactlon zone of the present 1nvent10n compnses a protective layer resistant to metal-

catalyzed coking. The protective layer may be formed on the one or more of the internal
surfaces of the reaction zone using at least one of a variety of materials applied in any manner
which is effective to provide a stable layer at conversion conditions. Effective materials can

be selected from one or more of, without so limiting the invention, tin, chromium, antimony,
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carbon fibers may effect obstruction or clogging of
nmovi ng parts (e.g., valve hinges) and increased
WEe@3somoes dr ops or even pluggi ng of restrictedPGPHBE6/062249

(e.g., diplegs). Metal-catal yzed coking al so may be

associ ated with carburization, although exam nation of

iron surfaces exposed to conditions related to the
alunﬁﬁ@rﬁ S mb MR bisRfuH, %eﬁﬁ %ﬂhﬁrﬁ%ﬁdfu‘rﬁ ARNEPpRr, G IPRRNLS,

t he princi pal concérn. 28] Best results thus are
tungstei, tt;madmvxh@bumnelromnmmc emcaﬂummafmmme pifrar, gl fpdatimemp find

t he react qn. zone o present i nvention, conpr i
xSy BERRplTeApRPonBLy i gbvE oF Mellar Scar GO Rag Aferred
meta@z?re Bél@ét@& ?ﬂoi‘fﬁode@%%or%f'ﬂé?y&ﬁf dFRSis@iy §¥h, @RRNMALmMRIcRel,

of the internal surfaces of the reaction zone using at
antlm@asaluonaumfgqmammyl sdficomat eri al s applied in any

nne is effect] provi de stabl e er a

10028 nverty Bt S HRIT PR be e B 8 ataPle HAReEHhEY Brovides a
stable $4yRF Ete&)n(réx@fiﬁh%ﬁdlﬁ()nsm%{ae)&ﬁnplé’“v&lﬁﬁﬂ{ sBmltin® the BYehtih, metal-

invention, tin, chromum antinony, al um num
contgieinganatimgs chin berapphedehysmmtmg, @adttqplﬂnngj daidimg, spregihg, chemical

C er, nol ybdenum tun sten, t ni u ni obi u )
vapo ARG i S AT CE AR i Arpretiried dpethosh PLAPPINIER o ptective
layexaBQcHTbeﬁﬁtLHaﬁfbe abﬁl‘ié%lrd‘h‘iﬁeﬁétbﬂ-gsfé%{mﬂfé@%sb @felcf?\ye?maﬁ%r such as

as silicon and alum na. Preferred métals are

sprayseg éxmél@hg‘ oomggmg, or nore of the gr oup consisting of

ni.ckel,, antino al um nu er mani um
1003, 0 FRAEEHY o8} < ridsC B Bo; A, B AgfrpEae Pt which
prodﬁ&ﬁ'a‘ r€4ktiv ndpy v?xHéH AR St IRAA e AARtR- M@Yﬁt%ﬁl ﬁxrfétsélh*lﬁls a

'ayer at conversion conditions. For exanple, wt
prefmdlmmltandgs eteenplified hitedm dischtsates bereai zrbongtm aatgengslly

o pplied b intin el ectro ti cl addi n
app1§%5a§ﬁ i P leniala st %egﬁagﬁﬂtlwangre?mﬂﬁm Emplge a metal
com c?fgﬂ@e égtfh%{/ééi rcgn g?@ggﬁlgﬁedofgﬁ% ?l%gg%rggﬂﬁh% ﬂgféi'i%g%n-decomposable
metat e@ﬁp@rndsmhamaﬁ urg‘aacmstamc @mpoehd;iiclyvd vided restal saimltal oxide,

as spra ? br ushi ng, g, ggl ng, .[0030] Preferably,
preferafly Béq 1q %mgtaa%gﬁwggbqo é\a]aztrp%arly preferred organometallic

comﬁﬁaﬁ'co LA dHeRd nR %BF bt 6 GRTQAHGAS ofrih %@&&ek%(r?oaf&?h% within

teracts Wt reaction-zone Int
the seapefodalee inVentionshat ifpmef eddeddo ARinadonediiting paiak nfatilifatethe reaction
herei n; disclosures herein about tin are generally
of the gaint zfiorma itos sthonisles pxdflixbl e netal s such as

[003gf 74 ”‘T”' Rl B erHt?‘od%é tc<?rL£er both S‘f Af%ﬁm?&iﬁos‘?ﬁceo%tcan be

romone or p conpri si

apphh&dfﬁeﬁnsﬁ%@mmblst%emya&elmmmgwﬁ@mcmﬁ @e@ Alternatlve
organonetal i c conpound;, finely divided netal; a netal

procwc?sdeclum poEdeitang vapqr elififiesios Ieroa@sfeﬂ sugb( Reldie “Avenizing” process,
whlcﬁ%a § een comnl? argltahzeléil A%n%gcfe(sesrnrlg% nc erret @alﬁssentlally,

“Alonizing” is a high temperature diffusion process which alloys aluminum into the surface
of a treated metal, such as steel, producing aluminides. Silicon can be applied by any effective
method; for example, by diffusion coating as disclosed in US 4,714,632; US 5,254,369; and
US 5,873,951. As disclosed in these patents, other materials such as aluminum and chromium

may be combined with silicon in a protective coating.
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conmpound conprises one or nore of butyl tin, tin
octanoate or tin neodecanoate. It is within the scope
w@Roorhedicventi on that iron is added to a PCT/US2006/062249
tin-containing paint to facilitate the reaction of the
paint to formiron stannides as a flux. [0031] In a
further alternative enbodi nent, one or both of
[0038] Umlﬂléfﬂré%’&qecﬁiﬂat &@Qo&ﬁfgs Be saiRldnad ditk MRl dky ssthpRESPcover the
such as steels by well Known deposition technlques
base Aletalungyt andethptrtbe wsbmglpmibud@ lpmr@maanmta«capv:ﬁr years of operation.
. di.ffusi [ OCess h as the ni zin ro
This Pt QPR g e Pt P bt e S e Biengine thetal. I
geneldNGhe th R 418 clidng EL3EBlbR/ Beyween/@ paﬁdzs'mgnlsuﬁo@ pref@hibly
tenperature diffusion process which | oys al um num
betwiegrt @5tahé 18 mifsace of a treated netal, such as steel,
odugi,n um ni des. N _can b
10038 £ ccAitrpdefap Ao SRS ocsthiiRBe Fiert. Aonh cogadtis qeeferred
that Bk $64tR2aR dufedRidttd &éb. GTRA: Sialp fud & Herials cont
: 5, 873?% 1. As%:jl scl osed |1%égt%ﬁege}5patentcgaﬂgét efnascon aining
redugrbleendtall axidas@hd asgaabmriat ismoarpdnertts.criuas orygereontaining
ed wt %dgl licon in a protective coating.[0032]

comi
Orgalf(fmng@ﬂﬁfgwg?? that the coatings be sufficiently
[0033]"” c Lfn 5?%&&&@%%&% Blr¥ c§1?d4§6ns%’(‘)%1;9§§ 8 heRbR dtdpy eQM optlonally
and the resulting protective layers remain intac
a redovieg slypam 8 hpdroggrecattaiomg afthospheteiat klewatsd thaprematsres. |Iﬂiy<hogen
n the natur nd effectiveness of th oatin
contiip@pre A ORERE M R RRIERCLS a7 PaPS EFefgyieneral. the
conté?:'flﬁé 6f ﬁllglré(acl?&tsg@@ﬂ }Qv&lg%r}getélocd'ﬁ‘tehﬁm 'Egﬁt%gpf)ﬁflﬁé Wl dMing, paint or
between 0.5 and 10 mls. [0033] Al t%ough not necessary
otherf contimd dippdxadttm mgonmheherad)fsmtﬁ mhydsrogml coRdining gas ts doge for a time
preferred t tt the co tlng be. cured pri or to(i Thl?
and 5t g HURERUE 5?“3 l‘le‘EféOP u&%%\f’?’ﬁ@‘uﬁ*ést UpiteRHRie Pfﬂt‘?ﬁﬁwe ayer
which G§ikré Lo 8h BRIt ra@XE g» %H@B la! Cﬁerl%a rH?‘f‘lngx@,t often with
such as oxygen-cont ai or ga orreta conpounds.
temppfaQidéy intreagingpoedremice (ﬂ’oeemq:lﬂemtpaimm e pme:fndubty amns] between 480°
orgr ise a heating step and optionally a reducing step
and 40 hydr ogen- cont ai ni ng at nosphere at el evated
npay; I I
[003‘%@/@/h %lt@k&eﬁﬁlg?lgtog%?%c\f}gﬁ a@éceHr“lte@ﬁ}‘; %el rr]lg t o(r%rrea(g rQ{(irQ %f HeSinternal
surfaggne pitectitvh éaye ot radiidengetalf catdipzed @akingcas ys pewvided \byrigtréducing

net al -contai ning coatin pl ati ng, cladding aint or
protegiYranateals imghedpisl steame Br era‘almf’owteﬁ@%@ﬁtew ipfroduced as an
{
orgm{%rge%agggg urﬁ@&ﬁn%'% g‘gﬂﬁ‘%ﬁ& @h-d8corhiBsaitl goﬁhg&d

suf a conti nuous a

Prefekdbldér@hnidHéteilic f@b@ﬂ'p@@ﬁds\a@e ée@aceerd fréth cbmpdtielses tinchrb@ium,
substrate. Curing is preferably done over a period of

antlm@@méummwd@mm@me\ﬁ@ttm@gnnqu@ﬁ%h@nmgspsvle}ly favaeed. Such
mateg@as &TBe mob}lle Qn 2%319 %o bo d Wl%{ Elfe %rngk())lr Xlor urfe tﬂe 1n§emalesurfaces. For

example, one or more of butyl tin, tin octanoate and tin neodecanoate could be introduced
into the feed stream in a concentration of from 0.01 to 500 wt-ppm. The organometallic
compound may be introduced either on a continuous basis or on an intermittent basis in a
cycle sufficient to provide a protective layer as described hereinbefore to reduce metal-

catalyzed coking.
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and 6000C. [0035] Alternatively or in addition to
directly coating the one or nore of the interna
wWGaaexm®sq a protective |ayer to reduce netal - REI/EB20€0H2249
coki ng can be provided by introducing protective
materials in the feed stream Preferably the
protective material is introduced as an organonetallic
[OosﬁPm%ﬂQbI‘éﬂéé“cﬁoQ rashdrﬁ&ﬁsyfof ﬁle%oméilgleﬂ eﬂalmaérﬁ%mo%pounds vary
onpound. Preferable organonetal lic conpounds are
by ttsellaem efithe rfeh tsapond gsoduft ehjective hingenerai, r@ntlommewynty increases

al um num and ernan u Wi d )
with JadS Rt S DA B arctediie Attt i i ERER B sl vglocity
Suitfcbttfonk forad eorwemﬂ X9 PénaRs tmnget QEAANE ab&Vr@ieB with the
surfaces. For exanple, one or nore of butyl tin, tin

presant ireadaerecEmprisei aieme@@emaaﬁﬁwm 206UtadoU9eC mfem@h]y: &dm 300° to

Jnto the feed | onc 0.01

sootp b Pes e one B la BrE e R B Do AA0RRE

[0037t ' oGt eaﬁ Bc%ddéﬂ t@nﬁﬁmlh Mfecaa@ 8f tAE c&Blydito produce light
intermttent basis |nacyc e sufficient to rovuﬁj

olefips, paeictiavly ethpyere and powytant biedinidesedfiletats ewfmcth meylbe esed are

O RO
hydr&%mlé RAs . wknanby afd?ﬁatﬁehtyﬂfo%ar%t)ﬁ e% firader! fB@Me RRAd mixtures

product o6bjective. In general, reaction severity
theraoﬁdfheasmsmv\pft‘ dlluentmwdsamgaryenmdeaably end isnsnahsirerg 5 to 90 mol-%

of & heibl = EERIEIF AR EOPoRS e TRORGaTEY B Y CaATeNa e provide

f
ol iy LS PASCLAEINE L. SHEPBAES e ppm o

and lppued enbkyn be enplp& toadSA0AEE, indradsfarrpipdssretwedn thc (ﬁﬁmd§'tock and
to 14 kPa, preferably om. 140 to k [ 003

the rgefqy @gt?ueé‘é g g‘%ﬁ?ﬁ@&“%#ﬁﬁ? H]tl‘a\?nﬁ fompt é’l“?é@ﬂ R?H‘c“;‘iesos]ﬁmﬁe

condé{f%h?@[)ﬂ}% t&rQo RE gaHg ﬁlel MQ&I &{I%é H}Sl:cfogﬁfo'h's 1%5 loY 1 mole of

ene and propyl ene. Exanp es of uents may
feed 0. m&ed névles dsfelvatelrnhavarbgmdlscnoieﬂogen car bon rmnOX| de
car bon di oxi de, hydrog en steam paraff nic

[0038ly dr ddamERsRA! l(léerglon isrpat Higmigd to apesvie satalksel itabls saglysts
comrgarﬁsg 81}{90%?%31? l@ﬁ/es}]aﬁlﬁle%ﬁ%tg)lals aan&bg?aﬁ(tﬁali' d?sgusts %ro%hlcé};r{:]agl be found in

used can vary consi dera
US 47348 ywHiclo M ibcdrpordfed meteiVbpieférboeef B&@c&’feﬁ&iﬁta@%@h for use in the
preferably from25 to 75 npl-% The use of steam as
presanh invantiQresmpsiss vioaesolitly malepulagtie sepedabt and
cli ency advant ages. The phase change
Sﬂw%ﬁ#nﬁgw“mpggn1and liquid water can be enployed to

[00399dV aneadoliflc ifoddtale kieh &dinblaas mpRicWRE Fieldraviiele BsieaBK proper
and the reactor effluent, and the separation of the

effectiv¢ peratsizerangharermbypend ot anresepitiead shesnigpl eomnosidienser arpanhydrous
b of the(rﬁ%ﬁ% to. seggrat the wat er fromthe

asisy O enpiilG nol e of

(ELLALP)O;

where EL is an element selected from the group consisting of silicon, magnesium, zinc, iron,
cobalt, nickel, manganese, chromium, and mixtures thereof, x is the mole fraction of EL and
is at least 0.005, y is the mole fraction of Al and is at least 0.01, z is the mole fraction of P
and is at least 0.01 and x+y+z=1. When EL is a mixture of elements, x represents the total

amount of the metal mixture present. Preferred elements (EL) are silicon, magnesium, and

-10 -



10

15

20

25

30

feed to 0.1 to 5 noles of water have been discl osed.
[ 0038] The present invention is not limted to
WG p@cil629e6 cat al ysts. Suitabl e catal ysts conpriBET/US2006/062249
m croporous crystalline materials, a substanti al
di scussi on of which can be found in US 4,677,243 which
is incorporated herein by reference. Preferred

cobaf@lidl éﬁﬁl’:&n bhg éb?)%mhl'i‘y b@erﬁaeﬁwrewmm d)mn%er@m?es is well
non-zeolitic nolecular si eves, especl al

knowi Ini theattani neptve fephbind)$5, IPDG)%BIE%F\OZM #.6p4,143 (FeAPO); US

SRR i S N HEDAC KO el e B LT
(CAPORIUS @@'52 %b?ﬁh&@'s £ A1 ARwhiNard An@RRHOLEHE %&é}eehee.
expr essed by the enpirical fornmula: (ELXAl yPz) wher e

[004B]. | sAmespetielieptefgmdenttedinienti ervan grioehpEl amsllectnr (neuadlfy referred

to o dbe SARROR Ghe Sttt the ST asgfor €y ppipose

descﬂPé@mﬁﬁ@QtM@'MPnglé 1@@@08 SartUS €381, 1@1 Q@ﬁthe)épéc%ct &?stallographlc
e fraction of is at | east Z 1S

stmqﬁmrbsedefsmabttd mnh@f87ﬂ> patwdt tle W POSdst.c. OStﬂI.bﬁEIﬂ dypﬁ%m:plrefcrred The
sent s

smﬁ“f@mm% e B PR et BE RS PGB dgpbutane
mdlc% t & haEh boR!dpefink i0f 27 anBBRENES 'AHMhe?'SQLW BlAtPOML Y Mas

con being especially préferred. The preparation of
exenw;aﬁ'ledwrs EkhABISs 25 andv@é bf the 68Tl parnertthle aBDtprﬁmuied‘rﬁyle ISAPO-17

R B R 8. 228 16 LS00
A B P i A

angstr@ﬁiéO] An especially preferred enbodinent is one i n
which EL is silicon (usuall rred.to as S
l004§axp05Thrmr%fﬁrre%Fa%1ésta%%bq, and w@?qrre@r éﬁntncPWéﬁﬁf‘ﬁp 6%3 %ﬂlréi particles

in wﬁi@% ﬂ%&‘?’%@% ;%gs%ﬁ{ f&ba%daﬁrléd?)élpgfg IAbF | ngCErégr%ote}'J‘%o giregélgegr hggi%carbon

conv&fsidrhC Iriusesasges Cthe bl ;bairtlﬂbﬁcorﬁiﬁri]se patemiticall h eff&@AROadunt of the
e., Structure type 34, is preferred. The SAPO 34

catalgfrtraaé plleastioge avaapeirink et ferably walected fioas e Eoupeeapisting of

but 0 n
a5 00 AEEREE b AL Bl 1 SENAA\IAR o
propéﬂles agy. edesipd taftzhl?ﬁ diilatidx @ﬁ@h@ﬁczﬁ Stramgh ded tik likBeto'tBe’ dolid
patent, is also preferred The SAPO- 17 structure is

partielhs Saeh srairiemajepialsiagg often @ESBIISSICOKPYERS lnrre%aﬁ and gy or may not
v L PSR IR B AP e B B mo
pron®iedn®8®idnFhdfedd aiféhst AINBften provide reduced selectivity to the desired
product or products relative to the catalyst. Filler and binder materials include, for example,
synthetic and naturally occurring substances such as metal oxides, clays, silicas, aluminas,
silica-aluminas, silica-magnesias, silica-zirconias, silica-thorias, silica-beryllias, silica-
titanias, silica-alumina-thorias, silica-alumina-zirconias, aluminophosphates, mixtures of
these, and the like.

[0042] If matrix materials, e.g., binder and/or filler materials, are included in the catalyst

composition, the non-zeolitic and/or zeolitic molecular sieves preferably comprise 1 to 99

percent, more preferably 5 to 90 percent, and still more preferably 10 to 80 percent by weight
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[0041] The preferred catal yst may be, and preferably
is, incorporated into solid particles in which the
wW@210a192916 i s present in an anmount effective t oPEFUMIDE062249

t he desired hydrocarbon conversion. In one aspect, the
solid particles conprise a catalytically effective
anount of the catalyst and at | east one matrix

of th&BhQ rc'oﬂ'JposﬂBﬁ f"ﬁ{e%éﬁ/arﬁﬁin‘%ﬁtsgﬁd f)&ﬁm‘eﬁ BEmBRARP catalyst and matrix
consi sting of der material s, ler materials, and

matermlxuwoeszemtimraéafd well pnowi thethe ad@sd,rtb@eﬁm meed potdre discussed in
properties, e.g., desired catalyst dilution,

ddwﬁ%ﬁ nical strength and the like, to the solid

[004P2T t ITRE §SregSiHE '315@1?3*31‘51’@&5%1%&1@& SxAhehrk %Fésteﬂe@ 8AK to illustrate
ext ent porous in nature and or may not

certagf spedific eebbdinpmemwi the irventies anda showjding e rcmmrued to limit the scope

R TR NN AT LT, YA Gl S——

spirit’ &QW&Qeﬁfdne 64 invhd ¥t Jrgmﬁf}eskﬁf-‘ﬁl' th€rt iR g&tolni@k. Products
relative to the catal yst. | er and binder materials

i ncl ude, for exanple, synthetlc and naturally
occurring substances sucBXaMPEEal oxides, clays,
silicas, alum nas, silica al um nas, silica-magnesi as,

[004 : : : ?5) 4 raf“vggol%?g c?sés W%FERE{ I aetsdhtgrl o C%ral?e{l%lelffegts 'of the present

1nverﬁio|n| The fdQirélan 4sddGR MheSsts dlabl Bleﬂ@éﬂ"iﬁssﬂhalta%&he B wne@ in the
of these, and the like. [0042] If matrix materia

densephpse zbiqoler flaidigedbed reacier forghe eonyersionsefanethanal @fehghtwleﬁns
at al yst conpositign, the non-zeolitic and/or
Wlthi‘?&f’ﬁ?‘?’@gﬁp’é’gﬂng HHV&V@S preferably conprise 1 to 99
percent, nore preferably 5 t@@dgpercent, and stil
nore preferably 10 to 80 percent by wei ghtof the total
conposi tion. The pfé€parati on B30l i d particles
conprising catal yst, and matri terials is
conventi onal and mtxﬁ known #ﬁxﬂﬁe art and, therefore,
need not be discusgeg in detajioperein. [0043] The
foregoi ng di sclosure and foll ow ng exanpl es are
presented only to ChHustrat el5c@®00ai n specific
enbodi nents of the | vention,dgﬂg shoul d not be
construed to Iinit ¢ He scopeO he invention as set
forth in the clain@I{There afesgmany possi bl e ot her
variations wthin t%e spirit of the invention, as
those of ordinary €kl in tHW&2d0t will recognize
EXAMPLES [ 0044] Conparati ve co,?grO g tests were
performed to denonStrate the % cts of the present
i nvention. The fee@sstrean1u%ggngn the tests was
bl ended to sinulate the conposition in the dense-phase
zone of a fluidize@zbed reactdad90bor the conversion of
nmet hanol to light olefins, with the foll ow ng
conmposi tion in w -bkO 57.0500

Methanol 0.7700
Other 1.3937

EXAMPLE 1

[0045] Two comparative tests were carried out with the above feed stream in 7/¢-inch

Type-316 stainless steel reactors. One reactor was uncoated and one reactor was coated with a
-12-
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H2 0.0328 CO 0.2300 CO2 0.0072 CH4 3.7100 C2H4 15. 6000

C2H6 0.2240 C3H6 15.5600 C3H3 0.2500 C4 4.7800 C5
W@2®02®966 0. 3900 H20 57. 0500 Met hanol 0. 7700 EXTE82006/062249

1.3937 EXAMPLE 1 [0045] Two conparative tests were

carried out with the above feed streamin 7/8-inch

Type-3 16 stainless steel reactors. One reactor was

layerdT¢23 8 cBRPriINE tih@REhO4te WAShHA £ thitdnkls GH (AY.B1ilsOThd Albve feed
pai nt conprising tin octanoate and having a thickness

streagf w@s drenteldgo edtheofghoreactbrsad agate eﬁﬂrﬂa@mlmeb@@d%@aﬂng

of the reactors a ate of 157 , .
condBfGr sPPREREAATPPOGe by Febd iR sePaf fPeREla AStfnce dme of
6 secBhd2 MMt &$3 W8 cBfle AL ré R BB WP TRBE %a&ﬂoﬁ%lmlﬁ% a 7-day test,

seconds. Material was collected fromthe thernmwel I of
with edmshmtie&y: fess rriatelnlabwl}q:gteé frongthy tinespptedwpaditor. The material collected

bst ant i.al | t l.e d f th
tromg Al T o T RE Y SFPA o bt SEUEF e (BEM to be
filamdREASESE, WRAE B il RS SR @kEWAS do iR tedCR ROt EL &F4d RActor.
M croscope (SEM to be fil amentous coke, while no

[0046]i | afemirodshewkphotagrapis! dfdkd ddrmiewoetistiten thertwogeacsers. The 2(a)

react.o 004 Fi gure 2 .sho hot h h
therp sl oo PO FUm b Poas PRSI e R By e nLPRisadhe 20)
therrhSweél 1§ it Ble tfd- QR ddneadiicateRivE /Rt Howind A¥kitdnkig]l evidence of
presence of coke. The 2(b) thernowell is fromthe

cokinid. n- coat ed reactor of the invention, show ng no
substanti al evidence of coking. EXAMPLE 2

EXAMPLE 2

[0047] Further tests were carried out with the above feed respectively in uncoated and
coated reactors as in Example 1, with results as shown in Figure 3. Two 1/,6-inch-thick
coupons were placed in each reactor, one each of a alloysteel square and one of a Hexmesh
refractory hexagon, each coupon having dimensions of 3/4-inch between parallel sides. The
feed stream described above was introduced into each reactor at a rate of 157 grams per hour
with operating conditions as in Example 1 of 520°C at a pressure of 290 kPa and a residence
time of 6 seconds. Material was deposited on the coupons in the stainless steel reactor
following a 4-day test, as illustrated in test 2(a), which was determined by SEM to be
filamentous coke. Following a similar 4-day test in the tin-coated reactor, the coupons
remained substantially coke-free as shown in test 2(b). Further investigation of the 2(b)
coupons showed that tin had migrated onto the coupons and was associated with the iron,
indicating that the tin thereby suppressed coke formation.

EXAMPLE 3
[0048] Two comparative tests were carried out in uncoated and coated reactors as in
Example 1. A feed comprising 66 mol-% methanol and 34 mol-% nitrogen was directed to
each of the reactors at a residence time of 45 seconds. Operating conditions comprised a
temperature of 450°C at a pressure of 240 kPa. Product gases were analyzed with the

following result for the light-gas portion in mol-%:

-13-



[0047] Further tests were carried out with the above
feed respectively in uncoated and coated reactors as
WO pooEseeIpd e 1, with results as shown in Fi gur ePGI/UT2406/062249

Vi 6-i nch-thi ck coupons were placed in each reactor,
one each of a alloysteel square and one of a Hexmesh
refractory hexagon, each coupon havi ng di nensi ons of
3/ 4-inch between par giht&liefi degpatthe feed stream
descri bed above was introduced into each reactor at a
rate of 157 gHans per 2&¥ withldperating conditions
as in Exanple 1, 0of 520 t a pregsure of 290 kPa and a
resi dence ti m?26t 6 seldtds. Malédrial was deposited on
t he coupons i R,the stajsmdigss sigesl reactor follow ng a
4-day test, as illustrated in test 2(a), which was

5 determ ned byC8EM to b&.§7 | anenf@ds coke. Foll owi ng a
simlar 4-day test in the tin-c éed reactor, the
coupons renai * d subst e{n‘@i ally §§ e-free as shown in
test 2(b). Fuggher invastigatiopgof the 2(b) coupons
showed that tin had mgrated onto the coupons and was
associ ated wi €hHghe ir®M2 i ndi cAlilng that the tin
t hereby suppressed coke formati on. EXAMPLE 3 [0048]
Two conparative tests were carried out in uncoated and

The esdtsaddicatad that 8.746 of the Exesimpbedetomposedad thowmeoitsd mepc®B in

no) -%n&%ﬂanol and 34 nol -% nitrogen was directed to

10 compaisp tsx V- e thiin-goatedeagior-esi dence time of 45
seconds. QOperating conditions conprised a tenperature
of 4500C at a pressure of 240 kPa. Product gases were
anal yzed with the following result for the |ight-gas
portion in nmol-% Uncoated Coated H2 21.23 1.5 2/ A
0.02 0.1 N2 55.635 82.3 1 CO7.87 0.22 CO2 1.43 0.05
CH4 1.1 0.92 C2H6 0.02 0.01 The results indicated that
9. 7% of the nethanol deconposed in the uncoated
reactor in conparison to 0.8%in the tin-coated
reactor. CLAIMS: 1. A process to convert a feed stream
conprising an oxygenate in a fluidized-bed

- 14 -
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reaction zone at conversion conditions in the presence
of a catalyst to yield a product stream conprising
wo p@httoxhef i ns, wherein one or nore of the i ntRCTEHE2006/062249
surfaces of the reaction zone has a resistance to
net al - catal yzed coking greater than that of all oy
steel. 2. The process of claim1l wherein the
cLAllygl di zed-bed reaction zone conprises a fastfluidized-
bed reactor. 3. The process of claim1l wherein said
one or nore of the internal surfaces of the reaction
z ohe Pcmwpra'smsomvegmﬁee@ strapm ¢aypstsingean etyganate i a fluidized-bed
zed co jn .. 4. The f . claim3
reactffigPie ACVRAEARE GRABRS e pSeR PER 8Bk Prdud broduetstream
comprRiY [i 3R S1HnS, @Eer@iﬁtdﬁe of nRrsb et ifethhlatefaddidbfahe reaction zone has
refractory I|n|ng . The process of claim3 wherein

a resxstaeccptcanet@H:at@yzW ngagrpatersthan baeofmlloprsicel. of t he

? n’g. Conm§c|§§’]sg(|) ﬁufnclowlhefgm T$ﬁgl d’l %@g Seg rszfc ?( go?ﬁ %ompnsn} a fast-
ﬂuwﬁQ&%@ﬂﬁmbﬁ@ protective | ayer consists essentially of
tin. 7. The process of claim3 wherein the catalyst

co}rprThs @SOC&SS'erﬂlizléb] wherginsiaid ensadrumern op Hes pleanad surfaces of the
t 0. _con r { a

reactig P SRR SN ARy ST T RS ot BbaeBkacs SRS on

zope Tat tps;&@yse@f%mnl Tomekeld 8BSnd Br hbR: FMRSRIGBalQhirfAces comprises
catalyst to yield a product stream conprising |ight

one albefh ofx stéal switane apdmpefrantery linfiter oduci ng an
et 2l PE RSy 04 BT HOETet RGP SE LI6T G aF Agor more of the
grouﬁ\f@{sﬁtlgr tr%h E? g{]htgélﬁgfg? ;aﬁhhbﬁy,%ﬁﬁﬂ‘ﬁﬁﬂld gérenahMnf REWGEELPN

6. The process of claim 5 wherein the protective layer consists essentially of tin.

7. The process of claim 3 wherein the catalyst comprises a non-zeolitic
silicoaluminophosphate catalyst.

8. A process to convert a feed stream comprising an oxygenate in a fluidized-bed
reaction zone at conversion conditions in the presence of a ‘catalyst to yield a product stream
comprising light olefins, further comprising introducing an organometallic compound in the
feed stream to reduce metal-catalyzed coking.

9. The process of claim 8 wherein the organometallic compound is introduced on an

intermittent basis.
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