METHANCL- TO- OLEFI NS PROCESS W TH REDUCED COKI NG BACKGROUND OF THE

| NVENTI ON 100011The present invention relates generally to

hydr ocar bon conversi on processes utilizing a fluidized bed
reaction zone. More particularly, the present invention relates to a
5process and a reactor section for use in the conversion of nethanol
to light olefins. [0002]Light olefins, particularly ethylene and
propyl ene, are inportant internmediates in the manufacture of a
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25t eaches fluidi zed catalytic conversion of hetero conpounds to |ight
ol ef i ns'8 ncPadyctgn af geffgand derivatives.

[6003] The conversion of methanol to yield light olefins is well known. “Hydrocarbons
from Methano!” by Clarence D. Chang, published by Marcel Dekker, Inc. N.Y. (1983)
presents a survey and summary of the technology described by its title. Chang discussed
methanol-to-olefin conversion in the presence of molecular sieves at pages 21-26. The

20 examples given by Chang as suitable molecular sieves for converting methanol to olefins are
chabazite, erionite, and synthetic zeolite ZK-5.
[0004] US 4,328,384 and US 4,547,616 teach conversion of oxygenates to olefins using a
fluidized zeolite catalyst. The use of a silicoaluminophosphate molecular sieve to produce
light olefins from aliphatic hetero compounds is disclosed in US 4,677,243. US 4,973,792

25  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

30 undesirable side reactions. US 6,548,030 inter alia teaches a low-sulfur catalytic reforming
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prior to regeneration of the catalyst. US 6,166,282 teaches oxygenate
conversion using a fastfluidized-bed reactor featuring reduced

catal yst inventory conpared to earlier processes. The teachings of

all of the above patents are incorporated herein by reference

thereto. [0005] The art discloses coating of processing equipnment in
several instances to prevent 30undesirable side reactions. US
6,548,030 inter alia teaches a | owsulfur catalytic reformng system
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had been uspd i, ABIRst bl AR 0 A TELIANQe HosgaR Al ne (MG
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i nduction periods for stainless steel. [0007] The above references

acknow edg&°PPfebipgstigkebmdsiingss tag! areyrpmgatbbiy ifymethang! at 55°F.” The
publication, “Effect of Oxidizing and Reducing Gas Atmospheres on the Iron-Catalyzed

Formation of Filamentous Carbon from Methanol, IND. ENG. CHEM. RES. 1994, 33, 1367~

25 1372, discusses methanol decomposition and filamentous carbon formation on iron surfaces,
recognizing longer induction periods for stainless steel.
[0007] The above references acknowledge the issue of 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

30 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 avoided by the use of water in the process or
Wi th stainless-steel equipnent. The present 30invention identifies

t he unantici pated problem of metal -catal yzed coki ng under these
conditions and offers a solution for protection of the surfaces of a
reaction zone. SUVMARY OF THE | NVENTI ON [0008] I n a broad enbodi nent,
the invention conprises a process to convert a feed stream conprising

an oxygenate in a fluidized- . i nver si on
conditions in the presence of %@@é%?gﬁHﬁgﬁsﬁgﬁgig product stream
conprising light olefins, wherein one or nore 5of the internal
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surfaceg of shfigsbeme Tréa@tﬁbné@ﬂaeco Hﬂars la$BSecBv PR &G slak o lnf%)‘c@ Eatﬁl?z.%ﬂ %&@ﬁg
to 15netal -catal yzed coking. [0 In an alternative enbodi nent,
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and of her - oBy et 0 e e B B o N A P SR MR o
fol | owi ¥vg dettai-datsdyzedbekmigpt i on of the invention. DESCRI PTION OF THE
FIGURES (4011

In an alternative embodiment, the invention is 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.

20 [0012] These and other objects and embodiments will become evident from the following

detailed description of the invention.
DESCRIPTION OF THE FIGURES

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

25 [0014]) 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,



[0013]Figure 1 is a schematic diagramof a fast-fluidized-bed reactor
enbodi nent to aid in understanding the present invention.

25[ 0014] Figure 2 shows the presence of coke in an experi nental

control reactor in conparison to a reactor of the invention

[ 0015] Fi gure 3 shows the conparative presence of filanentous coke on
control coupons in conparison to coupons processed according to the

i nvention. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0016] Al i phati c

het ero conpounds are part.l for use in
the present invention, @@t‘ﬁ@@%%ﬁﬁﬁ@ﬁ?@%@@é‘we , olefins
containing 2 to 6 and preferably 2 to 4 carbon atons per nol ecule are
to be prodiidéd Thda'phaeirs mtérahblprbmnﬁmrhmmmloowﬁmmmﬂesﬂ streams émpbeoy dat
herein to |ncI | cohal s

et hers andPESg mve fon en%ema%hfaen Irgﬁtsdie arlllsdeh 5gns dof%%{nbnﬁes0%€3§%r8%1a§{y(,2
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to 10 carbo r r ef er abl froml 4 carbon ato
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met hyl ner eam@zmonmeﬁdnyle S Ulldehyvhes, kﬁ@ﬁ&@ydarb@lquli&&crddhﬂ;ﬁh@we. Bt Miphatic
R L T G LR AR C MY
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i nvention where |ight ol efins and/or _gasoline ran drocar bons” ar e

the desir ealeﬁroemefteg‘yi fuHfidesmethy! §’F‘r"§a‘?ﬁ”Pt§Y1§Fhé¥ &thang fﬂ@firnére@é@ $thgm

met hang , @mmd%oalethﬂlemﬁ mé{hyr%%h@%ther%ﬂaméhyo%t J]ﬁéthyla@ﬁéméﬂazéue At alkyi
t hereof, wi th nethanaol eln@ Lrartrcu arly preferred. 15[0017] The
Y

product or PnEHakyIabss Ay se et H’eﬂl%@fﬁ?ﬁéP%‘f‘%ﬁl"ﬂﬁ’@&é’é‘%fe\}%gllﬁldf-‘@éi)end

inter ali aa%rtg%hﬁ@ﬁggeﬁ&&%é’mong%%J&Enra@%@odﬁ&@%é%%ﬁ%' &by The
desired product usually is organic, preferably hydrocarbons In t%e c2

to C6 car bésectedritge melhaneks péwio idinyetisit ethery dietdiylsthstiaed madmps thereas, withht

ol efi ns hayj.fg.Ji 68 g eqpreferably from2 to 4, carbon atons
per nol ecu g. The @%érreé pPo uct or products preferably have ki netic

di anet & s ildh alThewod@t achopetdbisinedfrop tigdattessidngpriresseftgvedd intaom
or escape [fo Jﬁ‘tﬁé”ﬁfdos‘?lre%% cg{aryé‘t S8 HatRhs &@%&Xg&e'ﬁ@%@' grt'o&r?r{t' Yisilafty 21

process. An opti nprises on ene and
propyl ene. organic, preferably hydrocarbons in the Cs to Cg carbon range. An especiaily preferred

product comprises light olefins having from 2 to 6, more preferably from 2 to 4, carbon atoms
per molecule. The desired product or products preferably have kinetic diameters which allow
20 such product or products to be removed from or escape from the pores of a catalyst employed
in the conversion process. An optimal product comprises one or both of ethylene and
propylene.
[0018] The invention is advantageously applied to any fluidized-bed reaction zone for
converting oxygenates to light olefins. For example, the features of the invention can be used
25  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.
30 [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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[ 0018] The invention is advantageously applied to any fl uidi zed- bed
reaction zone for converting oxygenates to light olefins. For

exanpl e, the features of the invention can be used 25in a
bubbl i ng- bed reactor system as described in the known art. The
bubbl i ng bed reactor conprises a | ower reaction zone to contain the
actual bubbling bed of fluidized catalyst and a di sengagi ng zone

whi ch cont ai ns, typically a three-stage cyclone separation systemto

renove cataly f r.oduct s of

Convent i onafL' diy Saslaaréelp gecpglgfeeziogéngfi lregg&%%%zona Com?rﬁ‘lmﬁ a{ {?“?%B%rg? 193 bed to
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process enpl.o ui di. zed- be actar. a

B 266 385 AT R 6PER dir BN Foipore b B Rridha S bt B 5 Steb Bt el
reacti on zothetfolew. conpri ses a dense-phase zone, a dlsengaglng zone
conpr|5|ng eas orti.on a transition-phase zone

separ at i%on @8?@ %?)fa‘?ﬁﬁtosﬁ%‘ﬁ‘é aofFSt‘@%lfzﬁﬁée‘%ﬂé}?’%@éf)lffﬁfﬁhe W%t‘%ﬁ@% is
described belef fFo odykbrdfel fsalilsee@ W HRERAG: ARG, TR MeHuidRtepdadadi®

limt the scope of the clains that follow 5[ 0020] Referring to Figure

1, a fast - f PURISSSTlifsBERENE FRRO 2t a faer Fepdiop Eanprensising afa Jengghphase zone

ol ef i NS fr oM QKHARRG&GSpHas doht S REES ek SRR §RRTY B8 in the
fast-fluidi zed-bed reactor conprises a disengagi ng zone 15 and a

| ower react PEenFore dilesnsiTde fasdsterk and djbwnladmidere passrsdhravg! lairfeledefilsmbﬂtor
transitjon- phasie.zRMk &ﬁseqﬁaie%gge S 'Tﬁ@-ﬁ&ﬁ&lgtﬁ ﬂ%ﬁs@ J% ém\f&ﬂﬂ{ £584:

inlet 12 in the presence of | uent stoc I"Uen
admi xture p@ls"z;eé@eb’hl@'@‘@g\”hl@ peests thii vaperipbase dged ﬁ@ﬁ@(ﬂaﬂ@ pessttosght widle

dense- phase,.g, aé’italy-grzgy Wg %ﬁ}lsﬁé *@éb&&l y%%e?é%@%lsﬁl:bﬁtom’g‘? %{%aﬁ&f R

flat or curved sieve e va

admi xt ur e t ungoreshet ma)pjgrhhumf legs dla:tomdmnnky: lazsez:a‘ttlaﬂ Iymtoracbmppoxt therisg.eve
plate. Cene t.ributor . IS 1Sun

att ached t O{Oﬁﬂdl ur & kP—:ef?edsto cloratsacts aca al st i déense ;%hﬁs %F egjfi %/aﬁfa a{ ggg[[l

to supp®rt tdnditipasg yle[d()aQﬁ*d;]ﬂhm“eirs e«ﬂmﬁrmnﬂg lighinilefs. srha podti@lsty&in dnd catalyst
dense- phase_zone 44 and reac ffect] t|on ield a

el o b o Rl R Ry A B e R R o BF Pk

catal yst mi ednugyed anthe iraishign phisk venecidtaad ymitin@ntos mwaalodboath B i
has become deactivated are conv%ﬁgﬁl nto the transition- pha@gpﬁ)ge 46

and cont i nUEHEU MY UBAEFHISSFLPR cropeserinalargael eitlgl Pathd

ri ser sectifaf-fAfdizediRd eaa8Sis f@Gded GdR th@FreR-s8dtiohd] Areh loPive PéisELphddt 2ihg By
t he fast fl ui gl zed-bed_reactor is retguced fromthe cross-sectional

area 0f%% he? GEWSEPHESE: 20708° BRFHIID P PR onplarra ob e riggr secgipp The fast-

section, toflilfi@edChassciRCioh®pdlidey héte weCIEJ&nfrbl&@Ehemgtb&%d ThRyd dads
f1ui di zed- bed reaction zone provi des nore precise control %

f eedst ock atid PEYdss signifigagihedeckaspd Spialystdventerigpives alahbling b@é cqa@tars ed
catal yst i nyggihorigg r@é’;%l%ctﬁn by BRLHARGs fA€ %aEtﬁﬂ%&Hhct sEerQg gr]dTJﬂﬁlyEl' mikture

section 26 discharges the reaction product stream and cat al yst
m xt ur e through a separation zone to a discharge opening, comprising distributor arms 24, and a

25 separation vessel 22. The discharge opening 24 tangentially discharges the product stream and
catalyst mixture to provide an initial stage cyclonic separation. The catalyst mixture falls to
the bottom of the disengaging 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

30  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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t hrough a separation zone to a di scharge opening, conprising
distributor arns 24, and a 25separation vessel 22. The discharge
openi ng 24 tangentially discharges the product stream and cat al yst

m xture to provide an initial stage cyclonic separation. The catal yst
m xture falls to the bottom of the di sengagi ng zone 15 through a
particle outlet for discharging fluidized catal yst particles, and the
product streanlpasses upmardly through a gas recovery outlet 23 for
R R I R e R
typical ly wapot ﬁemfﬂmrsmo@ﬂarﬁq&mhb wamﬁomm’@e Roistchivegedodneoaddit tala plenum

cycl one se ti a shown.in the draw,ng as 2 d 21. Primary

separ at i ongbafg’ 106{2]6 3%%@? Sére%ﬁfd‘f’thgfarv@%‘rﬂ’%e %a%t%rcoélﬂ%érgy cycl one

separ at i onjm3ge Qﬂlalyﬁ@éi)afahﬂ 1Nﬂ1@6§70l5n5 @dpatatien ﬁ@@@ﬂdzﬂfd}al] @ydph Qe@lﬁectweiy
enum chanp

separation_sta nveyed via ¢conduit 17 to a

16. A riet Bﬁr?}@gﬁtp%%ts?é%‘ﬁ?q igtoifpg hogPa %‘F’rd&ﬁ‘?gtaﬁ‘ég F‘é’ﬁé?d?’l"éﬁrﬂg’e"f’d @la‘e
10023] Cat aw&iwﬁmgatveﬂeg ﬁoﬁsh&wrﬁ)lé@ﬂh@iﬂ@as@ ﬁ%ﬂé@hﬂ 1Bbaek A6R ST viod Mdodsh
drops respecti vel t hrou l eg 59 and 60 into the bottom of the

di sengagi naleﬂfﬁ%@efs’afam%thjg/swcwtmn Hie &oitqm pldpe fipenmeainggopels- 93 ves

(not s hOwnln}%(céspr@dtilyspﬁ%@ss&@thfb’h?ygnéasttotfl@eﬂ@xﬁiﬂ cgtlal?W r&ﬁreMQfRﬂrsﬁmﬂﬂ?ﬁeoiﬁgh
t he cycl one seﬁar ators accunul ates in bott om of the

di sengagi nirwghe repgculation swaéﬁééwh%ﬁneﬁ -phge 408¢ fith Spsenalliradigetirapgier
l east gne exkghnaly é%%tc@kxhéﬁﬁonfaﬁ‘?d\»& ﬁlﬂlugﬁ baqrrys%a&r@rrg H@po%éa hiRr euab,2

recirculation slide valve 32 to the dense-phase zone . Optionally,
a heat tr aféragl catgly e mesirgdation g@hdpaps aha ponhabayd tbmapqut!laaw slide oaigh32.

cat al yst ¢ F{@E‘ﬁr Tc? mght%&ocﬁggon\/é}mgl% aAéIEb%%\%/éetiv?R & tﬁ%( }e%tﬂﬁ Iat %@%ﬂb}é%vgls a

recircul atfon ‘st andpi pe at cula
val ve 32. p@O@YifTee qmimttxamturq llaarltbdmwe K] stpnntamtd y$etremt from the uppert he

reaction a ccept ab vel s ortion cat m Xt u
Wi t hdr awn E}algenag%lp z% r!: $s n%lpass?d th{ough as f’ltocraﬁ aIy tstt-'and%gel; ﬁdlynstéen eai‘i c%{geﬁ?% ne
15 andigpassedipiph Hmumdrpantsmelmt seataik yrsxppaltvatmdmmmgznedium fubleassyramt

catal yst 15st andpi st st i s . stripped, w

tri bt ng TEcr S8 2o et ol Bl St oDy b DGhurt
stripped Cartlbtbryi&ﬂly:’iﬁdlﬂamsﬁl@pmg hetiqpiaticomathagryds or BfAsAp inpeovkZokihdt|

P o bRt bbb Lo SRt P el S el 'S
stripped cadky Sie marneamspan C1ye VIl vhing 89 ghe bitiped 38aigiidiréaies 6Sip patked
cat al yst sl ide vaI ve 39. The strrg{;ed cgt al %st stream 56 i s passed

20t 0 22%at RIAFERIFEEHREARAUAN 2GR PBTEOY ROl ¢ L regegenalion 70g¢. éfre;ﬁgfm

regenerat i @umlys@ﬁ&amtlm 1&&2@&@&&&9@1&@{@ $HilieP B hitiatidh of @mmp@rptré@l:é y
regener ated either fﬁégom ation or reduction to ‘oro uce a_ regenerated

catal yst stRESHE ARk RECAEh meanswall kigvitip deseskille axfhe st pfifluidiped-bed

flui di zed- Rgdioh @ﬁ@e}dsoﬂ S fFcatalyst GOHRASS ﬁ&%@@fo@ﬂé’f@@veﬁ&&ﬁ%oﬁgvia%
returned to the 1ower reaction zone via a regenerated catal yst

st andpi pe icetsiicdicglystisiqadniy, compguirklingt @ dregmeriey satalystiske vale ¢ & and line
and line 2536 ,tQinRald0k Mk d8ROYRast RGedgnse- phase zone 44.

[0025]  The “reaction zone™ of the present invention comprises equipment of the present
process which is exposed to the feed stream, product stream, catalyst and intermediate
reactants and products at elevated temperatures that may effect metal-catalyzed coking under
circumstances of the known art. Internal surfaces of such equipment which should have a

30  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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[ 0025] The "reaction zone" of the present invention conprises

equi pnment of the present process which is exposed to the feed stream
product stream catalyst and internediate reactants and products at
el evated tenperatures that nmay effect netal -catal yzed coki ng under
circunstances of the known art. Internal surfaces of such equi pment
whi ch shoul d have a 30resistance to netal -catal yzed coki ng greater
than that of alloy steel when utilizing the present invention may
conprise, w.thout limtation. the inner surface of eact or,
Fodnct ng. ottt trapyigl b il g RS SRR i BT HE b akES SeEining
pl enum chanbeilyst dbgidr€lg she fsdt«ﬁmdméweéd @{t@dﬁ&hﬁdeyﬁﬂae@mlve fsuchlifitefnRlSurfaces
fast-fl uidized-bed. e od| escrj. bed aboqve, h internal_ surfaces
may conpri s&% fOIP E%alst f"’H R s {tingd “H@"’fcﬁ‘et 1P AN SO thedatepib

or nore of hhﬁlcésrwwaaahos;qmﬁmge@m&fana eaabmr s 1Y, he1ob Ui PYanaBes R 20
sections 15, 44, 46, 22, 24, 25 and 26; cy clones 20 5 and 21 with

di pl egs 59 AP l60th dRfrandPend 60 QKaiih brcargper éﬁdméaﬂct%ly%mdh%%ﬂwwﬂt36
equi pnent 367, 38739, &841 39, 564an 3¢ e 48 fac@n AN nplse aﬁ?%a&%lf\ﬂﬁ&ﬁs BfRtive
conpri se an§égater|a Which is effective to carry o

fast-fl uidi U'bewif@ofﬁmlsiv@ﬁ-beﬁbmvwara|ami/u5@@)l|lvmomésecme oomowf gieqdind
steel and rghtagt WayerdRLEYik f

| atter generall@gbeﬁﬁg anéﬁ%%§ﬁ£§¥h§%% 9%%?@?&&?2@&%&@%&&1Wﬁ&%nﬁ%ﬁr
wavy V anchéwb matgpels andedmesh, [sdar, @/avcstV@nphmn@ptmﬂlbrths@scnoa@orpa;pmpmes
all of i t
prefera I y gﬁ]%a? tﬁgé E:égggtgr%{gﬂsru\% Ssgclﬁ%éggpal%a?u éinf%g%‘ ItD Ig‘:fe&ieb n?%tﬁg
t enper at ur eBatandurvestsidve pldteienpasetiinatacom tpopaitass aﬁmomfetmmnoddmmmples
of the pres action zone conventionally may
have surfacgs 1&%&%&5&&#&%&9 g%c %§§%11/4 Cr- 1/2-M steel,

9-Cr-1 -M s[ﬂ@éﬁ] orTItheacsmazdnb eanegioadlysnaricvd dnefates béalla:s sﬂeﬂpamh hgnl £ -

fl uidized- r i nl ess st eel as T

516, 310, aUT SRl Wi S RS S e s e M

t han carsbo nbesftreaetor hio. Sﬂﬁfﬁléds-s&alb a;hghzaea“ yeRBDMNG.16,\810B2¢ @y B 7tstaigess steels,
oxygenat es ight olefin ver, best ults are_achi eved using
Cha t oacht e BEHAE TR M FHOBTebi s B b UPBEPT i y o1

t 0 i nt er nal o:54édates 6Slighf ol KRred] BBt r2aNearc hORRE] Mahdthe Radhatloy deite

coking leads to the fornatugn of filanmentous carbon, which 20pr onot es
corrosi on offFBHBYBHORRIPFY e APretentiv By eito {ofrenal sirierss of the peseidqnegope-

op. ci t., p. {03)3'@3) Mzﬁﬁca%rzg@ébkidgh&ﬁ§toﬁﬁé’foﬁf‘ngtﬁ)ﬁrof BRSEAEchi®Bn, YFhich
cl ogging of noving parts (e.g., valve hin es) and increased pressure

dr ops eVRAMBICHERTIONGN B repcisd el g andcpokipa eibe paialyp! (Hokigin.ogsit, p. 1363). The
Met al - cat al 2R kK Y Bt osiBMtioR &r ASSR @tnﬁ)@m\@ﬂptaﬂs (e%r RMGE Zifkds PAhd

al t hough exam nation of iron surfaces exposed 0 con 'tions rel ated
to the pres@frasEhpEsuicsrens aueearkigginnefrestiicterhipates (s lipleash Mesalcitalyzed

25princi pal (&kBRGRE thay %QQ%&&&@?%FHEﬂ%$&ﬁm$hﬂﬁoﬁ%%xﬁﬁﬁ%ﬁ%%gw&@ﬁﬁmQQe or

nore of the i1 nfternal surfaces o) reacti on zone o resent

i nventi on compyed sesonditiprsgtletcd Fotke praseet inyeasipsindigatey tbatrféetnadntous eerlzdnyiy thel
coki ng.,;The pr. 5ﬁ£$%%g | ayer may be formed on the one or nore of the
internal s a es of the reaction zone using at |east one of a

vari ety of [0828r i amat @piits thedl areractaeved mhemare o3 i afithe istembf secbdey of the

E;(r)]VI de a S}eg‘ct%on 20 0¥ the ap%esé: ?Pn\w{fgnrtl%ll %Qmp(::rlosg_g 2 ;t)rlo%ctwe }z%fe}c x%e%gtgr}é?o rggt%d?r tal's
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

30  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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be selected fromone or nore of, without so limting the invention,
tin, chromum antinony, alum num germanium bisnuth, arsenic,
gallium indium |ead, copper, nolybdenum tungsten, titanium

ni obi um zirconium tantalum hafnium silver, gold, platinum and
m xtures, internmetallic conpounds and alloys, as well as silicon and
alum na. Preferred netals are selected fromone or nore of the group
consisting of tin, chromum nickel, 5antinnny aluninun1 ger mani um
and silicon, [.0029] The tective Ia be applied i n

Ut abl e RO aEup b My B IR RgiE e,

condi t i ons tung@én, Exainpl, Ripbiint HiRdhiusOtahthlting hafguib elveyed) platifym, and
met al - cont ai.ni n coatl can pplied b ai.nting, elec ting,
cl addi ng, é‘b’ft&‘;‘r‘? r‘r&e””éﬁ "EIQPOLWQMS‘% B@ﬁoaé’fl“f ¥3§5151gﬁq(fng b'fji’f“{“é‘rlrS ﬁ%geda

Pai nting i snetlfiedeRiike doMhdodnat BB biyh ebnkiiengdf ah efifonien, Hdkayer .

Such paint can be applied on reactor-systemsurfaces by any effective
manner $ucAMHRONY FHUINWE, sepparést #Y silPnpi ggi ng, [0030] Preferably, the

paint is a[mﬁpm%aero%ctlr&%er h¥Ebe 4ppticd mﬁ%ﬁhﬁ?& RShrRAkREL WOl 8 a
produces a reactive netal which 1nteracts with the reacti on-zone

i nternal s&Rpladeer afpqiversioncqdidioat: FeidExpBplg) w@mut Sodinutingrthe inyonéien. et n;
di scl osur eg,hghiRk BbafRRWhn bd éf;p@éd%y%gﬂﬁﬁgaleieytmp& ngrarabarﬁga%rgylﬁg o1&

reduci bl e metal s” such™as ger mani um erred paints conprise a netal
conmponent atoederesition. ard whéeroe. Remtieg sfa prerferegrfmﬂwd@émmlw@ thgprotgetive
hydr og d . [

compoun;  Taarer o EelTEt BpEpAPRIILy HE drfSe B ARAAT ANl
nmet al oxrdarm@mdbwﬂsmtvemggnﬁrpartlcularly preferred organonetal lic

conpound C?db%]' S e%’r&@r lﬁrth Oafde(pou ﬂ%sab ct Ve m&g[tc%rrw%[nﬁ 2 1¥1‘i \%'/}Igﬁ] i o

neodecanoa e Sco rmvent1on

added to aptordmses:a)rmalvramegal pyhrclnintetr@tsf\mm the teattt@n-tzhm meamtsudmceoﬁntim
paint to faor i.hon

Bt or nati vE s bR SRR Re: dFoar TRt Rem s P Yan be
appl i ets t oappticatile tstmtlfeam&m:ﬁsumbtamucﬁtae@érﬁlainymmbferrkdmm che{poisd 4 inexal
techni ques. Alternative. processes |qglude omder of dlftgﬁion

processes SURIPPEY SHHEHHITHANCAT AigFe 45 ?BW%HE%‘H%gC Eggpmpos

comer ci al hﬁ%dcd&)@oé\hc@ BucRaO&ESgdnoetallid Gompoliad;einklyrdividRa mekd:sandtil akidy,,
"Aloni zing" i cess which allo

erature diffusion
al um num | Hre&r% eafgglrcrbi tglroxide; gnd aspiyeniet a«rrp e@wrrg@reéeé%ronwtglﬁc
produci ng a&mﬁﬂuﬂd ERSprissdl dnk 6006 3NbURA tAPR] dc@oRY otiivhebddAfohie ViRis RGO,
for exanple, by diffusion coating as disclosed.in US 4,6714,632; US

5, 254, ¥59: ti seppet e sveﬁ%ihatr\%mar%ﬂ Esalin-poniainjasRain i fasilitete thamesfion
materials gpGhpAS t@fdifliRH Saidhs 654 aid. um 30may be conmbined with

silicon i n a PrOtGCtI ve coati ng.

31} In a further alternative embodiment, one or both of aluminum and silicon can be
apphed to metal surfaces such as steels by well known deposition techniques. Alternative
processes include powder and vapor diffusion processes such as the “Alonizing” process,

25 which has been commercialized by Alon Processing, Inc., Tarentum, Pa. Essentially,
“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

30  may be combined with silicon in a protective coating.



[0032] 1t is preferred that the coatings be sufficiently thick that
they conpletely cover the base netallurgy and that the resulting
protective layers remain intact over years of operation. This

t hi ckness depends, inter alia, on the nature and effectiveness of the
coating netal. In general, the thickness after curing is preferably
between 0.1 and 50 mls, nore preferably 5between 0.5 and 10 m | s.

[ 0033] Al t hough not necessary for all coating materials, for sone

coatings it pre err t he co be C d prior t se. This
o espaci ol SRR Sl R s et BE Y SRR i bt e
oxi des and Bis@&ﬁ&ﬂ&ﬁgﬁhﬂd tﬁat@lwmﬂﬁigbmtecﬁv&lbye@ssreﬂxmgﬂﬁtt ewayaalrsmf@geranon
or ganonet al h, [o C nds, {003 In a preferred enbodinent, cur

condi ti ons h eﬂ?&%ﬁ niRy 2l @ thy Agursapd effestiyspess OF%‘GGW‘H@I@FE@ in

a hydrogen- ealraiaammtmgkrﬁgsrmmﬁaelsqgtef@myﬁét@&ntoara%rs@hm’s Gfore EBéFLEéBﬂﬁ“
contacti ng gr ef erably occurs whi [ e t he protective layer is being

formed. 3 n BEWesnd:> anf{l milsnt acting of the reactor system having a

met al - cont ajgyi 519 cgﬁﬁduggnotmla&&gaﬂ&m A c%gﬂignﬂaterg%' £ scife QLEHRE it GOREMRG
applied to a portion thereof wth hydr ogen- cont al ni ng gas is done

for a tine %@Eh@lccatmabet@wé@rlalttew $is fsiespesially tree for edlicemaierindiontainggs
and uni nter i r at e.
FeH?cg r a&@{ap%g&g waeor%&m@mwfe cgn%@gﬁg & & gﬁégﬁ-c@m}{{%ﬁlhé

Curing is pre one over a perio ours,
t enper at ur egrgamme@élmcngpwé&* time. For exanple, tin paints are

f d bet 0QC Al ternat
o efer sy . SR LR SO0 S R0: RS AL SIS B by

20sur f aces, a eedping sptin ¢ hydr@gea-rcontmnmg Mplwmaab!ewdaélyﬁMqu Hyﬂlgg@an

be prOV|ded b intre in ria th eed eam
Preferably the oct EHEEs gl egc&gst‘glrﬂlgg € pr%te‘i ﬁ’éﬁd%@e&]g}g eﬁ %rgﬁ?fﬁ fallic
conpound \/\mcmtacmmafmwrh@ctdr Sys&nﬂ}&di’ngg(ﬂmdﬂ-emﬁ§aﬁhﬁg ehirpgdhadding, paint or

Pr ef erabl e organanet al. ] i ounds _ar. el ected from conpounds of
L, chroni CHT CRPEARRI o0 RAWSIIRT S0 INRREIrFON IR €6 1 der Bt o

bei ng empecarmllat yteﬁ'@b&@fu%hlffﬁwahto%jm&ﬁ doﬁhl&loﬁi’lﬂid|Lﬂ1ntb€ruﬁ@@bﬂo&:c@&da}@b| e
to bond vmth tlhe one o the internal surfaces. For exanp

one or ror e BF" lELE t"tt{'%sr‘r‘gftfaﬁe GHings Bierabhflons AVen 8 Berid b Bats Ogﬁh‘f‘”é]h be

i ntroduced fefberafiRe idcRBENSIEL@NR. IFOr &XaBPRCANIaA 46 BreRfably QPBdDeded Bo°
500 wt - ppm The or ganorret allic conpound may be introduced either on a

cont i nuous HYHIY on an intermttent basis in a cycle sufficient to
provi de a ppeisct w@enha%yay ofif a8B8GT b R\ELIDRE AR BRIAL 6r hote LEAMGRerRL 2l -

30cat al 2yzed coki ng.
surfaces, a protective layer to reduce metal-catalyzed coking can be provided by introducing
protective materials in the feed stream. Preferably the protective material is introduced as an
organometallic compound which optimally is a hydrogen-decomposable compound.
Preferable organometallic compounds are selected from compounds of tin, chromium,
antimony, aluminum and germanium, with tin compounds being especially favored. Such

25  materials should be mobile and able to bond with the one or more of the internal surfaces. 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-

30 catalyzed coking.



100361Sui tabl e reaction conditions for the conversion of aliphatic
het ero conpounds vary by the nature of the feed stream and product
obj ective. In general, reaction severity increases with increasing
tenperature, increasing catalyst activity, and decreasing space
velocity. Suitable conditions for the conversion of oxygenates to
light olefins in accordance with the 5present invention conprise a
tenperature of from 200 to 600C, preferably from300 to 500C and a
pressure o om Z . 1400 kPa fe abI 40 to 700

00371 A 1RUHE " StaBls Pt op B o amanser ol R g vaoy
catal yst t By ﬂl& aslueef the gt swdagf dnb %rod@c&bbjle&% an loyneed] Rydc8fEsednly increases
propyl ene. | es of diluents whic used are hel i um _argon

T ogen. - S5 BOFHGRP R GBI L R oyt G s Bl

par af fi ni ¢ sleledonhifdnd @ shd @n@rsionBloRARMes 1@ iQTBleliRs A ¥eboRBAIRAMShe
(e.g., benzene, toluene), and m xtures thereof The anount of dil uent

used cah vaCENEBHETigRFalIie A kMPPEUITEAOM200T W08 G, preGorbhpiandYF 19 he

feedst ock apfcpiRfagtaRkYoff o &9 4b@kPD I@Rlab%froﬂh@oqéeoﬂtpasteam as the
di l uent provides certain equi pnent cos{J thermal efficiency

advant ages [00¥He phaldeeng prarhgad tt@v@é!ntaﬁlttb%ﬁeaﬁ‘dtwqfd]ﬂlcélal\v{ﬁtﬂé?lod}&ﬁli%‘é
enpl oyed t v and
15t he reac?%?g;ﬁ?ﬁuen eﬁg%@?%ﬂgﬁ%%%ﬁ?g??@%agghﬂﬁﬁﬁahﬂﬁgﬁgﬁg?%%%t e
pr oduct r ebeliume srgen. mjftogere onblereenckda cafbon Hiexide thedrogen, %@papmfé‘miche
wat er 0 a

D e e B D
not |i m t etheteof. §p@mildmltofcbltlaky®ﬂsar&mt@b$léerﬂmy aldyistswally ﬁ*cmoﬁmnr%seol -%
m cr opor ou in teri s ial discussio

can be fou?ﬁczltﬁ }ég(‘%%ﬁg %F%%mg fg'a Wﬁz > tﬁ7| g ?#?géepug? 3&%%&%?@“ dnlu%m pmv'dgs
r ef er ence. cdPnafegnipmentcadt ahcyﬂmsnaf dficierse advantafia. ’ﬁfeqﬁmtchangwmeemmeam
conpri se non- zeolltlc nDI

S ool unfRER R Sl SRS (St mPRSERe bt bevesmdtrdedbive! e

nol ecuizr  gieeasesr sttt ahawhe séphatipr Gk diluent froef thegrotheerepeire sisipte and
o T e e TR Bl SIS s ARG b 0. ARV Sri2YP
feed to 0.1 to 5 moles of water have been disclosed.
[0038] The present invention is not limited to specific catalysts. Suitable catalysts
comprise microporous crystalline materials, a substantial discussion of which can be found in
20  US 4,677,243 which is incorporated herein by reference. Preferred catalysts for use in the
present invention comprise non-zeolitic molecular sieves, especially
silicoaluminophosphates.
[0039] Non-zeolitic molecular sieves include molecular sieves which have the proper
effective pore size and are embraced by an empirical chemical composition, on an anhydrous
25 basis, expressed by the empirical formula:
(EL:ALP)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
30  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
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(EL, AlyP, )02 where EL is an elenent selected fromthe group
consisting of silicon, magnesium zinc, iron, cobalt, nickel,
manganese, chrom um and m xtures thereof, x is the nole fraction of
EL and is at least 0.005, y is the nole fraction of Al and is at

| east 0.01, z is the nole fraction of P 30and is at |east 0.01 and
x+y+z=1. When EL is a m xture of elenents, x represents the total
anount of the netal nixture present Preferred el enments (EL) are

ili bal t t b ' .
i Ticon, mapeslul eni, cotald ani oL hean belng sspeetelle o
and may be keuwndn ke aliGndmiPle hdid 16 EISAPO)I ;14 UETAEDHIUS 4354, EBAPOARO WSS

4440071 (AL ey S5 R MPARS RSO

i ncor por at ecCABOY, B aIBNES! and[LXAD0AL) aB SPKLRAL Mlc%@:faﬁﬂ Leereeedi ment
is one in which EL is siljcon (usuall referred to as SAPO . The

SAPCs whi chl®4H beApsweciilly Rrﬁéifﬁdﬁﬁtbaﬁmevtnwmm fichEL insijcop uspplygeferred
described ip ISa80448 gli’Os W8ick cAdR 3080 tlﬁr]ﬁjstalflgm%njﬂ%ﬁ- al%ﬂl ofthost he

specific crystallographic structures descri bed 1 patent,

t he SAPO- 34desprited in WP 4464 &?1eU‘§;5p1§6aéﬁ3 ﬂF%UﬁﬁéPbﬂ41e@fthFHEECS§4\POS@HOETaPhIC
structure | &r&&?ers%&tcﬁﬁ Zu‘?ﬂw' §71t2 att’ ’ch}etsﬁ.%@oﬂpﬁe.}‘s%{l&ﬂre% 3Q,Q§§re§éﬂf§d. The

adsor b i sobut ane, 10|n icating t as a pore opening o
angstrons. AABORE Sr@APOIs cEARGTER] ingkat iadsephsixenanchut dpeEx@mpmeksiSQlﬁmﬁ,d

26 of the. " BlbaBREMnad £l 0 AL EE£5 Lol SABQ Y SpctuLe 1S

characteri z I n°t ST0oX exane ia does
not adsorb emoplifiane Eximplecktand g6 t)fﬂae ‘§71 phters, inalpoprefeopb iha§ABD-17

greater t haﬁ Tui?’el Ql%%ac[e 1gesd 19 tilt S rbts han 1‘:5 hgxa‘%g g«mé L2TBy t%l OA%%QA'a]dL
preferred cata e, pre er 8 S, I’ncorpor T At o SOl i

particles i rsolwtane hndnbs&mgﬂhat b{zsta pos @EIBS@diﬂgreatbr dian aﬁmugﬁtromf; ﬁr&k:léslswlemtsm
pronote the deS|red hydr ocar bon conversion. In one aspect, the solid
particles cB¥Fi"e a catalytically effective amount of the catal yst
and at 1seasfooerie nHie proferditcatiyad maybesdna padiryble i) 1ﬁﬁir]&datéd’ 118 sb e pticdesp
consi sting of binde terlals filler gﬁterlals

t hereof to w}u‘ih&ge ?f‘f 518 PSS, Mgpapoyntsite %5%&5@?9?3? AT egire aﬂyfﬁ"aﬁghorled
catal yst di J:dﬁ'&/darﬂﬂn I8ttt &le s6lid RAGIR cafpriseRRatlyk&lly bfectii®ansdiint 6F the

particles. Su n‘%tI’IX materials are often to some extent poroqus in
nature and YSB? fhipaviBEC BETRIREERh vrElCrglysPigHEr EoT Ml sRueicPrsisting of

hydr ocar bonyig@h whtesihi Yilled RGBS, hhdkm R thabdT THYviRE L IRE el On
of the feed stream and often provi de reduced selectivity to the

desi r ec®Opr obfaRHticsr & Hr drsitrelicatalys diluticre meehapid stenct apdthe 1ike, tp ghe sality
bi nder mat eﬁdr@lé SIRE ads: mitafalseif@mﬁo SO%M&E%{SL& @Mrg Qﬁcﬂﬁﬁl dr)‘nay not

occurring substances such as netal oxides, clays, silicas, al'um nas,
si | i ca- al unberiisctivgito pr@@nw@q@gw@ydrgpmb@@omﬁ@hThtsmatsmma@aalﬁ R@Yi as,

silica-bery nﬂ)ljoh’lgi%’COINCI‘SEO%Q)%*HB%@G%&&&HEAHICI oﬁt@? ﬁjo%!: Heﬂuéeﬁ 9&13—30@1?1@{ tﬁ etkéeedeswed

silica-alum na-zirconias, alum no es, mxtures o and
the |ike. [@04R} ¢fpreructsirotativatathe eﬁt@yst éllgzr anddiimte matgrid meluflé, lférexample,

mat eri aﬂss, %Eeﬂl&%h %gtﬁgll_{/ Qcc‘lgﬁlgglﬁ%@né@ tSIJch as metal oxides, clays, silicas, aluminas,

silica-aluminas, silica-magnesias, silica-zirconias, silica-therias, 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
30  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

S11-



30conposition, the non-zeolitic and/or zeolitic nolecular sieves
preferably conmprise 1 to 99 percent, nore preferably 5 to 90 percent,
and still nore preferably 10 to 80 percent by weight of the total
conposition. The preparation of solid particles conprising catal yst
and matrix materials is conventional and well known in the art and,

t herefore, need not be discussed in detail herein. [0043] The

f oregoi ng di scl osure and follomﬁng exanpl es are presented only to

illustrate rtain fIC enbodi ts of the invention,,and
Shou ' ot o6 3 BELETBBEClte phpfere: SHa R Bks telpisRe SRt bEA 8 e,
forth int hﬁteﬁlhlaismﬁnveﬂfﬁﬁfaﬁan&ﬁ*& lImAsyn PoSSdridng, tidrbfere, vt hatbe di3Buswddtifi N

the spirit ﬁhe i nvention, as those of ordinary skill in the art
Wil recogﬂﬁ?&‘”ﬁ&ANPLES [0044]C0nparat|ve coking tests were

perforned {m4glenDmsd fork6ing BigciShufeaml ol @tmtafwmg,ﬁ]@sse@@ﬁrese&@d brlily ﬁﬂllhs@lﬁt«e
The feed streamused in the tests was bl ended to simul ate

conposit i ofeaH PralTUREHOdMsHisSEths dyenton. apdshqyidios é%lc%]éfﬂ’efié%@f‘k‘ﬁhefs%ﬂpe
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EXAMPLES

[0044] Comparative coking tests were performed to demonstrate the effects of the present
10 invention. The feed stream used in the tests was blended to simulate the composition in the
dense-phase zone of a fluidized-bed reactor for the conversion of methanol to light olefins,

with the following composition in wt-%:

Ha 0.0328
CO 0.2300
15 CO» 0.0072
CHy 3.7100
CaH,4 15.6000
CyHg 0.2240
CsHe 15.5600
20 C3Hs 0.2500
Cy 4.7800
Cs 0.0023
Cs 0.3900
HO 57.0500
25 Methanol 0.7700
Other 1.3937
EXAMPLE 1

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

Type-316 stainless steel reactors. One reactor was uncoated and one reactor was coated with a
-12-



142057. 0500 25Met hanol 0. 7700 O her 1. 3937 EXAMPLE 1 [ 0045] Two
conparative tests were carried out wwth the above feed streamin
/8-inch Type-316 stainless steel reactors. One reactor was uncoated
and one reactor was coated with a - 12- layer of tin paint
conprising tin octanoate and having a thickness of 0.5-mls. The
above feed streamwas directed to each of the reactors at a rate of
157 grans per hour. Cperating condi tions conprised a tenperature of
520C at a es a_resjdence .t seconds.
Vater ol waleSear PR e PPa HES Py BTG itk Bhace R PRt g
a 7-day t esttreamwrdshiirsatdaisd asvhiodthk yeabtessit rpiteastil af griamb hatibadOpdramgt he

tin-coated reactor. The materi al ted from nco t ed, reactor
wae dorer m RO SRR e SR A P RE T L) PR G esidbrce g of

fil ament ous 6 c&alkseds. Mfﬁﬂehﬂ vﬂ@cd!]ebt@@ﬁ&h@lﬁb&h&@tKﬁeN\@fSeaQﬂleid&ﬁtf@(bufﬂgHU idyQest,
tin-coated re ctor. [0046] Figure 2 shows photographs of th
t her mowel | s ™t althtaﬁtéa s F“éta%ftla?%e“?ﬁé‘f’?(% ti-gpaferiieter The mateeaﬁwfmed

from the unggatiedinteastSlcior VAOWRBidel By Q&a%ﬁl‘ﬁg' Qﬁec@cfn MRKReopt 0eEM| Bhe
10t hernmowel | is fromthe tin-coated reactor of the invention, show ng

no subst ant fgMeRgrReke avhye ne Blemagouserigvpisolieqtedipn e Fip-eatcdraasios. wer e
carried out ocms]h tﬁ%ur@@@“&wsfﬁgggﬂ’aﬁlﬁgﬁ@l{e't?{ﬂn welld %mg&&%&ms @m@é@ﬁ

reactors as In , results as shown I n |gure
1/ 16-i nch- tﬂlﬁ@?@wejﬂss Q:Qﬂ!lﬁ@lrfé)"Wéﬁ en@h@@@actpmsl@axm thepretente of opie- ”élaec%b)of

a al | oyxf eejy, fi6s ! thg@? %teda‘re (ﬁ’BEet uﬁv%]fnlio%%h%w u%’é %%mi%ﬂlﬁg}ﬂe of

coupon havi ng di nensi ons i nc Ween para eed
st ream desceddped above was introduced into each reactor at a rate of
157 grans per hour with operating conditions as in Exanple 1 of 520C
at a pressure of 290 kPa and a residepcgpifpe of 6 seconds. Materi al
was deposited on the coupons in the stainless steel reactor

20fo||omnng a 4 da test, as illustrated in test 2(a), which was
det er mi ne d %’lﬁ'thgretests were cartied out with the above feed respectweiy in uncoated and

coated reactors as in Example I, with results as shown in Figure 3. Two !/i¢-inch-thick

15 coupons were placed in each reactor, one each of a alloysteel square and one of a Hexmesh
refractory hexagon, each coupon having dimensions of */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

20  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.

25 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

30  following result for the light-gas portion in mol-%:
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filanmentous coke. Following a simlar 4-day test in the tin-coated
reactor, the coupons remai ned substantially coke-free as shown in
test 2(b). Further investigation of the 2(b) coupons showed that tin
had m grated onto the coupons and was associated with the iron,
indicating that the tin thereby suppressed coke formation. 25EXAVPLE
3 [0048] Two conparative tests were carried out in uncoated and coated
reactors as in Exanple 1. A feed conprising 66 nol -% net hanol and 34
nmol -% nitrogen was directed to gjachtodf t actors at a residence
time of 45 seconds. Operating condf¥i‘ons Oﬁ%ri sed a tenperature of
450C at a pressure of 240HkPa. Prndadct gases were anal yzed with the
30followi ng result for théllf\i ght-%ga portioln inml-% 5 H2 02/ A N2
CO CO2 CH4 C2H6 Uncoated 2123 0. 55.63%77.87 1.43 1.1 0.02 Coated
1.5 0.1 82.31 0.22 0.05 ON92 0. 0155.635 Thgsiresul ts i ndicated that

9. 7% of _the net hanol deconposed in the uncoated reactor in

10corrpa5ri son to 0.8%in the tin-cddt’ed redctor.

COs 1.43 0.05
CH,4 1.1 0.92
C:Hs 0.02 0.01

The results indicated that 9.7% of the methanol decomposed in the uncoated reactor in

10 comparison to 0.8% in the tin-coated reactor.
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CLAI MS: 1. A process to convert a feed stream conprising an
oxygenate in a fluidized-bed reaction zone at conversion conditions
in the presence of a catalyst to yield a product stream conpri sing
light olefins, wherein one or nore of the internal surfaces of the
reacti on zone 5conprises a protective |ayer resistant to

nmet al - cat al yzed coki ng wherein the protective |ayer conprises one or
nore of the group consisting of tin, chrom um antinony, alum num
ger mani um andagjd.i con. 2. The process of claiml wherein the
flui di zed-bed reaction zone conprises a fastfl uidized-bed reactor.
103. The process of claim1l or 2 wherein the one or nore of the

i nternal surfackd RewptP setyerdecd stresot dvmpfising ot eakengtgrif afediaetibes
refractory Limi : i Q.3
wher o1 the ot ane e o SRS ERBrRLecPy ARG RIA MBack 4
5. The proceswrighg hgly olefies, whereih angrer nlore of e intverabsunfatdief thatattymtzone
conpri ses - At il | umi.nophosphat e cat al yst. . 6.
A process ronBRsSERdlife bt i B00 WILEORIPRR O T G B e s e
fl ui di zed- bediprigacbs omaosBhagrogorwastiiehtic ehdiniingnastihdhyt dlempoasence
of a catalx§; %gnyi%lg.a product stream conprising |light ol efins
wher ei n sai®d 11Ul di'zed“B&d reaction zone conpri ses one or nore

i nternal surfaceghe frocdsheficlhanpvticsimnge it zabaingtiazoas ganRREahd C
conpound i t&e feﬁg 20 streamto reduce netal -catal yzed coki ng
wher ei n t he "SFFANSHEEEPT i ¢ compound conprises a conpound of one or
mor e ofiot he gr AUPhERBESHichign Afor L iWheremlkOdhe BMnoR AT IHRRYmaldhF:num and
germani um . rocess of claim6 wherein the

) 7. Th 1€
organonetaFPPB“%%ﬁﬁHH%BSF’aﬁﬁﬁﬁﬁﬁﬁééﬁﬁ%ﬁﬁ%ﬁ”YHWé$n1ttent basis. 25

4. The process of any one of claims 1 to 3 wherein the protective layer consists
essentially of tin.

5. The process of any one of claims 1 to 4 wherein the catalyst comprises a non-zeolitic

15 silicoaluminophosphate catalyst.

6. 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 produet stream
comprising light olefins wherein said fluidized-bed reaction zone comprises one or more
internal surfaces, further comprising introducing an organometallic compound in the feed

20 stream to reduce metal-catalyzed coking wherein the organometallic compound comprises a
compound of one or more of the group consisting of tin, chromium, antimony, aluminum and
germanium..

7. The process of claim 6 wherein the organometallic compound is introduced on an
intermittent basis.

25
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