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the.reactor, the nethanol. contacts,. al yst _under
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In the reactor, the methanol contacts a catalyst under conditions effective to create
desirable light olefins. Typically, molecular sieve catalysts have been used to
convert oxygenate compounds to olefins. Silicoaluminophosphate (SAPO)
molecular sieve catalysts are particularly desirable in such conversion processes
because they are highly selective in the formation of ethylene and propylene.
[0004] In a typical MTO reactor system, undesirable byproducts may be
formed through side reactions. For example, the metals in conventional reactor
walls may act as catalysts in one or more side reactions. If the methanol contacts

the metal reactor wall at sufficient temperature and pressure, the methanol may be
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and/ or other byproducts. Byproduct formation in an

MIO reactor is undesirabl e-¥or several reasons. First,
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Metfepatated from the desired product. Thu{s, a need exists for a method and
system for reducing the formation of metal catalyzed side reaction byproducts in
an MTO reactor system while minimizing or eliminating the use of deactivating or
passivating chemicals.

SUMMARY OF THE INVENTION

[0007] The present invention provides the ability to produce light olefins

while reducing or eliminating the formation of metal catalyzed side reaction
byproducts in a feed vaporization and introduction (“FVI”) system. AnFVI

system is the region of the reactor system beginning at the point that at least a
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byproducts that is produced.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] This invention will be better understood by reference to the
Detailed Description of the Invention when taken together with the attached

drawings, wherein:
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conclliltlons in the FVI system that are conducive to the formation of metal

catalyzed side reaction byproducts.

[0013] The present invention provides a method for making an olefin
product from an oxygenate-containing feedstock while reducing the amount of
reaction byproducts formed in the FVI system. In one embodiment, the method
includes forming at least a portion of the FVI system, e.g., at least a portion of the
feed introduction nozzle, particularly the inner surface of at least a portion of the
FVI system, of one or more materials which is resistant to the formation of metal
catalyzed side reaction byproducts. As defined herein, a material that is “resistant

to the formation of metal catalyzed side reaction byproducts” is less catalytic to



reacti on byproducts fornmed in the FVI system In one
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the feed introduction nozzlg, particularly the inner
surface of at least a portion of the FVI system of .
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side reaction byproducts 1n the FVI system
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e tenperature o I'n one e
ofontdigedphesan s mavieiddde]lovt Beout dopeCai i€, 3D0° Chzs50° C,
inner walls of at |east a portion of the FVI system
atWr &r ox bedow abeiEtl88kC- cont ai ned therein, is maintained

JBPEH) Sbour AfBEeEselyag sbieestholnorbllar Ve et Phuayerty
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e.g., the inner surface of at least a portion of the feed introduction nozzle, and/or
the feedstock contained therein at an elevated temperature. The elevated
temperature can be effective to superheat the feedstock. In one embodiment of the
present invention, the temperature of the inner walls of at least a portion of the
FVI system, and/or the feedstock contained therein, is maintained above 400° C,

450° C, 500° C, 550° C, 600° C, or above 650° C.
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and/ or the feedstock contained therein at an el evated
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one side . reaction in the FVI system the netal
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may be illustrated as ph 67&% Metal, Heat 29 CH3OH 4
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tendency of the FVI systemto form undesirable netal
catal yzed side-reaction byproducts is especially
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heat is transferred from hot material in the MTO reactor to the FVI system. The
increased surface area of sparger and grid-type nozzle assemblies facilitates heat
transfer from the reactor to the FVI system.
[0018] A portion of the feed introduction nozzle may extend into the
reactor volume of the reactor further increasing the formation of metal catalyzed
side reaction byproducts. The temperature within the reactor volume is generally
much higher than the minimum temperatures that are conducive to the formation
of metal catalyzed side reaction byproducts. Heat from the MTO reactor is

transferred to the nozzle which may extend into the reactor volume. This heat



transfer fromthe reactor to the FVI system [0018] A
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accordance wth present invention, occurrence

of thedt'dl systesniofig n@eéemab hat sgevistantde tleg fomnﬁmlwf ipytal
coating . | east a portion of the FVI
Sﬁ:&tg{ygﬁ? ik 1 aclilo{x g?? od\tuﬁ .

par I'cu e inner surface of at least a
00201 on OfRdfélﬁnE\db“&ys?eﬁeed’fhwﬁfgs arignt ahisahtet BRMTG reactor

rs?sstclﬂnsltn? gct:cotrccl)antcg %vnfhoc{ng%tn{bggm?efnt g?tthaellpresent invention. The MTO
reactor system includes a feedstock vaporization and introduction system, or FVI
system, which is generally designated by numeral 102, and an MTO reactor,
which is generally designated by numeral 104. As defined herein, the FVI system
102 is a region of the reactor system beginning at the point that at least a portion
of the feedstock is in a vaporized state and extending to the point that the

feedstock exits the feed introduction nozzle and enters the MTO reactor, as



catal yzed side reaction byproduct. [0020] Referring
now to the drawings, Fig. 1 illustrates an MIO reactor
W@ ymHesi7sn accordance with one enbodi ment of tPET/US2003/027794
present invention. The MIO 8reactor system i ncl udes a
f eedst ock vaporization and’i°ntroduction system or FVI
system which is generally designated by nuneral 102,
ﬁn@trgced MQgr1eakt REst a pRticofithe BYDSYstdrh Ynafari fonadest dd¥ or
nuner al 10§ As defined herein, the FVI system 102 is
moregets, of an aléoy efauvetels tg Wlommcz@gﬂ thaitergpeagturehandiuessure
east..a ortl eedstock is in a
sgﬁgf?eflét&cg?%{tésg dto(c)h %E}e ?tc?gt he point that the
feoadpt ock PIXF%S1tzi1§q1ﬁlﬂ%§iygdﬁhfecfd¢ﬂstdcm¢r ficediZstreadnas
enters the reactor, as WO 2004/ 037753
POTIDDEGO Xy 2ot suchgisimathpge} shewn feimgglivectedto heating a
H%l&é ?Tdebt afucfl Iﬂg%"gﬁe i;‘é?étﬁgt(%p tgg ﬁg?rgt% gtclgégo@rhg ?rabove the
tf@ﬂvsteclabuhbﬁe paidt. abpﬁ@wnlg, a @fiet bEhdatiagdevicks msy bé i S
transported to the reactor. [0021] In Fi 1, aliquid
sRpigmisaied it heguessakingenifonde gquﬂl@i)ﬁ%% ghe sqlﬁt%ﬁkﬂp ﬁEjP%\%F
u [
e S R b e R R S R e
ireoperaediheejnist rebetme, 184 saies af)b&eemg hiewcésamdmpmknted in

ubbl e 0| nt tiona t devi
el PR s 01 e T T o b Shef eon 66
aeatidalelitediRAhe 1A ihesdrtiog Kotk srme@.&nayo&%fmb@@lfa n
U S. Patent No. 6,121,504 to Kuechler et al.
@malroeayroyowcm sisel to acpmmpéaie thedgmperatire, a@pressure of the
feed?tgelgc e elme%aﬁ}e{lrels P gig)f Sip a%ﬁg@%ttggl}] l(fn:e% é)'éﬁpgg inot,}‘le
|11hd1€13ua¥1/lh|eht1ﬁgr aisfedy &d’ﬂﬁyieﬁtﬁé{ sdraekiohef weedh chtiyzedsiad i ng
devi.ces to_the feed introduction nozzle. The |ines nay
Beaction REOMHCty Apaieiultoepalefiny Caitae AacTeqse g Fpaction
tenperature and pressure of the
?e émgqfa&#]ggde metal lines or pipes in addition to
{0022 i nes @meif] md;nany skiikin thaatit wiodldalechgnzd thg vemousseating

t th f t t L '
Aeiefetmih berie: Seloteh i gt eufode 5T b nevt
'eﬁél{aﬁ?éﬁ%e@élﬁ tlﬁeeﬁé‘aftﬂng @nedﬁfnﬁ hfzly @R GYodirt BEREREEIBas shown in

0022 of ordinary skill in the art would

¢@ dghhea inthgration Sloern. et freg a virde EdRPEK §5 Arerich tevs, or

3k L 5B AR R DR R Rl Ry e

excna

Mﬂﬂdigcdevﬁfeﬂbﬂ evitl clul& at d’@sﬁdﬂﬁmﬁoﬁ of theifeedstock atréeato

|ntegrat|on stream (IJ] romafyv%t?r Strl per, or,
JaRMES- tlgg@pint g Wthh at feast a portion o edstock Vaporlzes is

defined herein as the FVI system inlet 114. The FVI inlet may be within the

heating device 106, the feed introduction nozzle 112 or anywhere therebetween.
[0023] After being heated in the heating device 106, the heated feedstock
is directed through line or lines 110 to a feed introduction nozzle 112.
Conventional feed introduction nozzles are formed of a metal or alloy such as
carbon steel. The metal or alloy may act as a catalyst in side reactions at high
temperatures to form undesirable byproducts. In accordance with the present

invention, the nozzle may be formed, at least in part, of a material which is



any other material having a higher tenperature than
the feedstock. Preferably, the heating device 106
wowdi/0zasse at | east a portion of the feedst oCRCHUS®AN027794
to vaporize. The point at ich at |east a portion of
t he feedstock vaporizes is “defined herein as the FVI
systeminlet 114. The FVI inlet may be within the
heRiah® HEWreatidd 61 mehe citeBded Hd¢ Rdetidn Bprocirnzd. nbhdther
or anywhere therebetween. [0023] After_ being hﬁat ed
emedi@ehTeﬁlel negzlg enaycke fooped.iehisasidn pag Fagnsietalthat does not
dir. t hr
Piab ST gl HE s ufyh of W3R el kit LEGHon byproducts.
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I nven {he nozzl formed, at |east
héat@hﬂ‘eédst@tﬂ( pﬁsmttlerbuglh ttheerfuntredmoﬁ @0471037758d enters the
PCT/ US2003/ 027794 -9 resistant to the formati on of
Met@reactor dPyzed side reaction byproducts. In anot her
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erial that does not ignificantly
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S R it e Rtphe FaSoer LS AP hRteht (Roddfigely 8

@bﬁ%ﬁ%tﬂe\/&kl}{ﬁy bhgeRRkdet gBedsfock gﬂ@ﬁdﬂl@ a%dt &tifnhe fdee
feactor may be oriented flush wt e interior

srurcfdacteormozzhﬁmd saerothe WATO reapter. The oey ﬂliaé dafsfiegdstock exits
Zlh SREP 1n{t d\%{%ﬂ: oggle ﬁfgnq gﬁt%%ﬁg%w ﬁ%‘aﬁ 184 }élgefﬂf%g herein

t&FS G%FeSct6r e pressure In
tah 6heVRQ systapit @tletrb)s.be | ess than the pressure of the

f eedstock within the FVI stem an t he tenpperature
U Che ThrS Mabingasior 134, Siscmmatl i Bedred Hesg fhatects a
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or the entirety of the heated feedstock nay vaporize
aﬁmh exateithesreatter ingeddudt efftusduthtS. ohs mdicated ahave, dhg product

et FRE BV EreBRs 0t g s BT B Eier 06

18 8fdePto Hdfithie FeddiSdieR@ 031/ JhowdSn Fhe 1 Féﬂter&ﬂépﬁﬂmt effluent
outlet 116. [0026] In the MIO_reactor 104,
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8 enltatedihe Feedriseem 08 oih May o6 Cireeisd in L] 40k product
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ea‘fﬂlhamefstdlﬂaﬂ:ﬁd td\hei prodwa bgrraion\sad ptitificgiiondystem without first
ef fl uent é18 fromthe MIO reactor 104 may be directed

thengrhreieg o @ REH £ ANLE06

[0027] In one embodiment of the present invention, at least a portion of
the one or more heating devices, feed lines and/or feed introduction nozzles is
formed, at least in part, of a material which does not substantially promote, e.g., is
resistant to, the formation of metal catalyzed side reaction byproducts, as
described above. The material can be an elemental metal, an alloy, or a nonmetal.
[0028] The composition of the material that is resistant to the formation of
metal catalyzed side reaction byproducts, and that may be implemented in any

portion of the FVI system, will now be described in greater detail. In one



in order to heat the feed stream 108. As shown in Fig.

1, after the product effluent 118 has heated the feed
W@ easi73iN8, it may be directed in |ine 120 t OPEI/US2003/027794

product separation and purifjcation system (not

shown). Alternatively, the product effluent is

directed to the product separation and purification

Siyls‘ttcxellmwt,td‘ld)wst 4 posion off eV Iiyseat ie dorfnedavffa@alloy containing
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0028] The conposition of the nateria
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or¢ldée 2@, 386,a4308 ‘ﬁﬁﬂ I4ﬁ9,$00 sQir f@@@AQﬁlT hﬁéShCFl €hS1696, 693,

Bl 008" e b R0 8T embfn Ron ey elesgna

t dogtafnVat 1@@@&5@%@% ﬁé&éﬂt%k%l In¢nide 265 1At 406,%00N601, 602CA,
formati on of netal cat al si de reaction byprodicts

G aneaL{Eh, RARGIO0. 6%k T oot BB Eetopldey opliaring oy
A Cohn de P Rl B 9RR Mefiye B 00 By, WBA0R.

MLC'EJ.G% 334, 7531ﬁ1dTBl7 321, 330, 347, 409, 600,

8[8&2 602CA, 25LCF, 671, 690, 693, 754, 758
1303, lfl v cg@liernesively, thy-aliny coptainenat leget 2o weight
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Drcct bt rere R 185eY 29 Qaighl FLCLAHAM NS rl )
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600, 601, 602CA

Chromium- contalnmg alloys are desirable because chromium oxide forms at the

2

inner surface of the at least a portion of the FVI system. The chromium oxide
coating layer on the inner surface of the at least a portion of the FVI system is
particularly resistant to the formation of metal catalyzed side reaction byproducts
from a methanol-containing feedstock. Exemplary non-limiting alloys that
contain at least 20 weight percent chromium include 309, 310, 329, 442, 446,
904L, 754, TD, 758, 693, 602CA, 625 LCF, 601, 690, 671, 617, 263, 825, 803,



617, 625LCF, 671, 690, 693, 754, 758, and TD.
Exenplary non-limting alloys that contain at | east

wemmesghs percent nickel include 400, 600, 60HCT/60RCHH27794

625LCF, 693, 754, 758, and ID. [0029] Additionally or
alternatively, the alloy cohtains at |east 20 wei ght
percent chrom um preferably at |east 25 wei ght
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bﬁﬁunﬁﬁl)r sﬁﬁ&r nfetdl, e.8.] palladbidn, B alsodR Impldth 20aMihABY #A38ast

PCT/ US2003/ 027794 -11 800, 864, 956 and %505.
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&Ml ayserhh aflurainmuisisipaticul sbysiffed Gvenai rgfucipethe detmation of
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alternatively, the alloy contains at |east 2 weight
plmec eurfaca lofi fHierat hgastor pérsipalof gheaﬁVIl walgm. Ahgealyhinupeeddeat
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wWaiithlarlpeesanit @ thenforttmion of rAeelaratdyred svdetrhadtimﬁ byproducts
present inventiaon, elenental al um nume.or. . si

e p meghagol-comainingifeqsistockn Expaplapenetsimiting 2llays ﬂﬁ“t he
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errper ature an actor conditions are ITHI nt ai ned

Rxemplay henv-dimititgslloysuhat coetain asdeastrpvgrat pereenttalyneiaym

a portion of the FVI system Alum numis particularly
éF‘ﬁBé‘i%ﬁg in reducing the formation of nmetal

qabsyzed sidis bRaRéN-AmiYPEQEMIE 8f 4 iRl &hich is particularly -
met hanol contai ni ng feedstock. = Al um num cont ai_ni ng

alndesisbrbecaliss of ifbEHediivenessan firovingwigiab satalyzedbyideregetion

br;'products at high temperatures. Thus, in accordance with another embodiment

he&romium

of the present invention, the alloy additionally or alternatively contains less than
70 weight percent iron, preferably less than 50 weight percent iron, more
preferably less than 30 weight percent iron, more preferably less than 10 weight
percent iron, and most preferably less than 5 weight percent iron. In contrast,
conventional feed introduction nozzles formed of carbon steel contain more than
70 weight percent iron. Iron is a particularly undesirable material in the FVI

system because iron catalyzes the formation of side reaction byproducts from a



i nner surface of the at least a portion of the FVI

system The al um num oxi de coating |ayer on the inner
waohasesdf the at | east a portion of the FVI BYBFUS2U03/627794

particularly resistant to the formation of metal

catal yzed side reaction byp%ducts froma

met hanol - cont ai ni ng feedstock. Exenplary non-linmiting
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Sekasid WHgH PeiseRt wPSdn conBestpsnyerlignal lagbintigggeiion
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abm;imce Iveith the pteaémt m@monmm@ualmpgmcap alse @ﬁtlmip%awnted
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[3% mafhidde beose T RI thatt@duld rfﬂ:lt bng@ipairt et ldast a patidabh
| ess than 30 weight percent _iron include 27f%m?400

6D@FVB estens 0 erper GIrertigpmhcsecsys in kgpcing i formation of
38 iRyl 3o Pty BURIORNAs 10 & bt Gl g ook
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=9 Lo h
Gorbds 23 e Oonan oo mRtag P er sak oy B R 4Bbas
dight%ilc copgzljinclﬁags 40tp4, 758, 825, and TD. [0032]

ti'ona r alternativel the all oy contains at
|[9933] 2 vvedglanothpteqmleqﬁlme éhe prssesft BrvaBlign, 4t leagiaqortion

\A%Jﬂ%] %VPsys ?nn}s fC r%)gde e anaarl]l(g)yrye)l &ell ri"r%fine{h%%ll'éfup consisting of 410,
304, 316, 400, 330, 800, 600, 825, 601, 625, 617, 956, 693 and 671.
Alternatively, at least a portion of the FVI system is formed of an alloy selected
from the group consisting of TD, 758, 625, 601 and 276. Alternatively, at least a
portion of the FVI system is formed of an alloy selected from the group consisting
of 693, 602, 690, 671, 617, 263 and 956. In another embodiment, at least a
portion of the FVI system, preferably the feed introduction nozzle, is formed of a

material other than carbon steel.



at least 3 5 weight percent copper. In contrast,
conventional feed introduction nozzles forned of

W@ 200087783 eel contai n undet ect abI e anounts of POPP82003/027794
In accordance with the pr ?ﬁ i nvention, elenental
copper can al so be inplenente in the at |least a
portion of the FVI systemif the tenperature and
[0634] or coP@ieratdnshe ﬁlaaarmhmrm]sallng desimdnd vo ‘dlelfemthnmft

o e e ot gt g RS0l iy
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reac ypr o ucts ron1a met hanol - ¢ont ai ni ng
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S errenss Wl is Do Rt PRRTT b 2PRE BBeoMe;
gl% bQB%Qﬁﬁ&%ﬂmﬁe@ﬁBﬁ lof bAsdsdemntR8al 1093 8]at hray be

odi ment ‘of the present invention, at |east
anplemeited in afcotdarceRvith ﬁ;ﬂspresnnt mVﬁmqne ammereiad vpggHions are

el ected fro onS| 3 16,
btpeubghind o aggly FERR Ul briyget an Btme 0
{)oswﬁﬂﬂaﬁv@@ﬂ f!&béﬁtag@% phﬁﬂ@dd h’:breﬂﬁ atd n-1hitinge FVI
systemis formed of an alloy selected fromthe group

consisting of TD, 758, 625, 601 and 276.
Alternatively, at least a portion of the FVI system
is formed of an alloy selected fromthe group
consisting of 693, 602, 690, 671, 617, 263 and 956.
I n anot her enbodi nent, at least a portion of the FVI
system preferably the feed introduction nozzle, is
formed of a material other than carbon steel. WO
2004/ 037753 PCT/ US2003/ 027794 - 13 [0034]
Preferably, the material is an alloy resistant to the
formation of nmetal catal yzed side reaction
byproducts. Additionally or alternatively, the alloy
is resistant to carburization and netal dusting. See,
e.g., Paper No. 02394 entitled N ckel-Base Mteri al
Solutions to Metal Dusting Problens fromthe Corrosion
2002 Conference, which is incorporated herein by
reference. Table 1, below, provides a conposition
conparison of various commercial alloys that may be

i npl enented in accordance with the present invention.
Conmercial variations are known to occur within the
i ndustry for each alloy provided bel ow, and the
conposi tional weight percentages provided herein are
non-limting. WD 2004/ 037753 PCT/ US2003/ 027794 -14



Tabl e 1. Approxi mate Conpositions of Comrercial Alloys
Alloy NN C Fe Mn Si Al Ti C OQher 754 78 20 - - -
wW®28403559. 05 0.5 Y203 TD 73 22 - - 1.4 - - OrOW/US2003/027794
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956 - 20475 - -1 45 Q.5 0105 05 Y203 WD ?()()4/ Q37783
60207/ US2003/ 2779425 | 95 | - - | 22 018 1 Y, Zr
625LCF 61 21.5 2.5 - 0.1 0.2 0.2 | 0.02 9 Mo,
3.6 Nb
601 60.5 23 13 0.2 0.2 1.4 04 | 0.05 -
690 59 29 9 0.2 0.1 0.3 0.3 | 0.02 -
276 57 15.5 5.5 - - 0.1 0.2 - 3.8W
671 53 46 - - - 0.3 0.3 | 0.03 -
617 55 22 1 - 0.1 1.2 0.4 | 0.08 | 12.5 Co,
9.7 Mo
263 51 20 - 03 0.1 0.5 2.2 | 0.06 20 Co,
5.9 Mo
825 42 21.5 28 0.4 0.1 0.1 1 0.02 3 Mo,
2Cu
DS 37 16 41 1.0 2.3 - - 0.08 -
330 35 19 44 1.0 1.3 - - 0.07 -
302 10 18 70 1.0 1.0 - - -
304 9.25 19 68 2.0 1.0 - - 0.08 -
316 12 17 655 | 2.0 1.0 - - 0.08 2.5 Mo
410 - 125 | 854 | 1.0 1.0 - - 0.15 -
803 34 27 36 1.0 0.8 0.4 04 | 0.08 -
864 34 21 39 0.4 0.8 0.3 0.6 | 0.03 | 42Mo
800/800HT 32 21 45 0.9 0.1 0.4 0.4 | 0.07 -
956 - 20 75 - - 4.5 0.5 | 0.05 | 0.5Y,0;




-15 [0035] As indicated above, the material that is
resistant to the formation of netal catalyzed side

WO e@eM3M bypr oducts may be a non-netal . | nsul BCT/NHR003/027794
materials that are capable Sf wi t hstanding rel atively
hi gh pressures and tenperafd es, e.g., those
tenperatures and pressures typical in the FVI system
§6033) MIO reastiiated Ab6ve, BRIthatetihlahhtyis @dsi it kd/@eTbrmation of
reduci ng the formation of metal catalyzed side | )
m@é@ltqa@gyzedwmeda@c@pg bypredngs may bssrnaovemgial fnnulatipgapaterials
f | eas . of 1k i [
B e R AP EL Meh DEPRER R HiBratyres, e
hh@b térapaetiadsiing pr&sires tipical In tbat&/ ] sasterii ofan MITO reactor, are

silica-alumna ceram cs, diatomaceous silica brick .
aeicalarbrtiectineatpdycingthe formation of mstalicaiahized side reasHien

o ;
Yl 10 BBl 0 b FhoBBY bkilay R AT pEASH BT
ispstetnahélnde invalating alateriki3rsueldal ¢aramas, firedutich) hiply temperature
mat eri al s which may be incorporated in.the present .
ChlsBiE PRt ETR g Sélﬁ%ﬂ%?fﬁ’é’é%’faﬁ?&jc%%a?@?uw ca brick
Blharemend afd lersPay s A& Sent, McGhaW ddifabe BURhiSNECEGtion
pages 4-137 to 4-147 (1967), the entirety of which 1s

i o ¢loer IOV sptsémin, reeg. stihe fded inteddactoe ozZlIdi@s fpmei OF the insulating

haracteristics of t i nsul at | . g. .. density.
ERai ket o duonabEne gtulionBls o bRl insne,
thh6seRt @9 ERion, BTN cOBing S ARlbEEk, DFIE B4 ddR L.

specific reaction conditions inside the reactor, the

neden Metawiiil Peblishsro pegeaside 53 oo 4-he7 €186 thsemtirety
the . Nl . C .
AR ORISR0 VAL PR ol 06
nagaratee, elgQBadityOpiatepiabdrdythickhessf @gslemedhted tusdcomlance with

nozzl e, or other portion of the VI system . is forned
dpe BrssgtiYenHan afra:/@sﬁtﬂsﬂﬁs? Resef P he pPecHifgiga¢tion conditions

r ; : r
R T i R G S
rth¢ evrnpdstionTérel physieel propetiessyf the heatingriegices, dinehiand/ohteed
oug e(i net al - lcont ai ning tube. Optionally, the insert
iBURHHOP ROBF Sk e agai nst the outer conduit by

nmeekeini cal OPtiGHaAG! the RedGhtrddicloR Ro2Add &% ioWRr ph@ion of the
exanpl e, the feed Introduction nozzle may be formnmed

df Viasysisun, éy fommed of prooutramptal,porgaiaing thbeer ¢anduit methanigsdly
0 ' | at . er | The | ref |

P B Bl R b B R b A O B By e
diohemt@timiaterialze Theaied tubemhdy. befen inbat vaiddsthe oktef netas-
through the two-piece feed introduyction nozzle, the .
OB B8 ko IR GEIY e W_P@“EHSAFHT'_& Rigfeerr st thGRIEhCaY by
NQEcHaRTCA Miesktiod€ of HItBE h@ksRle. Fol ExdRAE! thReed introduction
byproducts. A m nor anount of feedstock may pass
timzeleghayt befopmee sf af outbremeohnovzieahavigg @r inar iasett formed of

the insulating material. The insert includes a conduit through which the feedstock

may pass as it is directed to the reactor unit. As the feedstock flows through the
two-piece feed introduction nozzle, the feedstock contacts the insulating material
which does not catalyzed the formation of side reaction byproducts. A minor
amount of feedstock may pass through the pores of the non-metal material and

contact the inner surface of the metal portion of the feed introduction nozzle.



contact the inner surface of the netal portion of the
feed i ntroduction nozzle. W 2004/ 037753

weEROMANS2803/ 027794 -16 Thus, the netal porti oPCDUSI008027794
feed introduction nozzle opﬂipnally is formed of an
el emental or alloy material that is resistant to the
formation of netal catal yzed side reaction
Dyt ddusdtsl pirosieste fdeddntakineson hoB3d dptidntallp afolried ot
outer material is formed of a non-nmetal material that

dementanr dley angforal thid iy srinart 9ribe formptien peaet ertalyzed
%}X@%&Qf t%ydjrg@mg'rgg BanGled alobet hi s enbodi ment, the
ee ucti i's

I ntr on nozzle ornmed of two different
[0087] et al Optibedliyatle outermetereal issfhimednf a hon-tieeal material

formati on of, netal catal yzed side reaction
pbresanet stalpeethefagrajion of éﬁs fRaSHORRY RoAugts frgmgmethanol.

@gﬁ@%&l&@g&ﬁg@g@&g@i&ﬁbﬂhome isHbHRE] SOwRY BFERAt non-

akage o to the external environment.
metBRlatdrialsathet dre resestdno thi the fivretion lod npta setatyzed vidatdaotion

he i nner_surface of the ane or nore of the heating.
RO, Rrelsgetly i CURRIPBIEn S & NI e ORI g pg ek

bRleF RS daRagt s¥RhEfb@diodiBlthd ExtE@R] Sfvidhmat. t he
formation of netal catalyzed side reaction

B938bduct sIn aAmthdrentbedigemd okthgiprésesioinyversions the iansa suufase

erial, the ed introducti.on nozzl e need.not, be
PEeoh® ot ek BF e RS, (R BRE AT of B by Bon
ABiAds i6 8bA Y4 aH ashaeid] gag id esistauPloale riatidh bfmetiah
this enbodi nent, one or nore of the heating devices,

patelyzed videreapdprobyredigts. i/t te rdsiosk Wilb sontad the coating
PR AL KRR T TE N b 08 L Rl A o
therfonmiativinsof rldthlscamiyradiside neaction by prestucts h&hed iethis

benefit of allown he retrofjtti of an.exj.sting
PRPoLSPb PE 67 BROGR TRILC RSP dBeicEn 48 hss AaYPb e
Wil YRS @pﬁbrﬁlﬁz LE2HLInEM oPY RIQFHE Hint W rbhiQbit to the
entirely replacing the existing FVI system [0039] The

fvoationl of metd eatalyatdsidartescivm kyprodueth el hisrpmbedinerigprpyvides
he ..empodi t..of. the esent i.nventj.on rein .
b STBEAT L Stink HE RUFAEL oAl SREL AP IS Brovice

fRtRElcated Bahatich dfesdtdtcanlyzed sideeedotiondlybduct wikba

catal yzed side reaction byproducts nmay al so be used
satinelyareplagingtbe st BV sys§Ber and copper all oys are
parti eyl ) i GRALH LAl E@{Hé
i‘%@%bds foﬁ%e%gg K (ﬁégsgﬁnkge:da@ﬁgﬁ% ac esH Igrg}égggrgé\ﬂﬁﬂﬁeﬁmg e
ambodiGemt ofthg presehtSnveative mthsrdio st lesst B3DritetOof thoF W system
t o Bayer .e

5 foffhih b mategil By porait 48 ivdpinahy ey el epized Shde
reaction byproducts may also be used as the coating material. Copper and copper
alloys are also particularly effective as coating materials. Many methods for
coating metal surfaces are known in the art. See, e.g., U.S. Patents Nos. 6,139,649
to Wynns, 5,972,429 to Bayer et al., and 6,165,286 to Bayer et al., which are
incorporated herein by reference.

[0040] As indicated above, the present invention may include maintaining

the temperature of at least a portion of the FVI system and/or feedstock contained

therein at a temperature effective to reduce or eliminate the formation of metal



[ 0040] As indicated above, the present invention may
include maintaining the tenperature of at |east a
w@ertioaitsdf the FVI system and/ or feedstock coPCHUS®O3/027794
therein at a tenperature effectlve to reduce or
elimnate the formation of netal WD 2004/ 037753
PCT/ US2003/ 027794 -17 catal yzed side reaction
bytalyaddisids redddoe beprodumas. nilawevergmbineaihia gl einpeatwé of the
Egﬁ FVi tem and/ or fee gstock contai ned therein is
Sﬁee@saé,lgfﬂ; feegptoph gonpiBsd Hierelp R preRtsas defithe piesent
V\%‘)enﬁbfﬁ hERubSthE FTR 25‘[?151 ib ftited aP1eRRh o? 2 RL G Fhic
does not sig cant pronnte i ormation o
mlebsamot(sgnaﬂiqandyl psomete ltl&aﬁnt‘matlmn cbfypetaﬂmm:dlmed side reaction
Accordi ng

I e anmpbunt of si.de react rodyct s
oY BRJEES éf?C?rﬂalgbr:\ﬂile e’;}%ltnéﬁf ﬁlﬁe Lachey Y]IE,IQQWB‘% PArogipged by the
PNASSREmI iR USSR e WRth hE fe@&ﬁt%véﬁﬁ%h%?tb%%% or G4 ec%ble
hi gh"t enperatures. [00 41f One net hod keepi ng t

wnﬂeﬂluéiwnuEHHWEBeast a portion of the FVI system

r of the fe k con aLnedt ere
ROR4ET o e SBrmEEST LRSS T ERET sl Rl Faduarinn of e
fRVTERéte@mnafor BB HRY feb@tRk o RMinkl dRerbiRag E 'té}ﬁpéﬂnﬁf@éil‘fé%{ﬁe to
is to thermally insulate at |east a portion of the

Fgguce 95 elanyinage iGe fO@angn of vistad catalyizedside practipmbyproducts is to

kﬂ%}}ﬁ%ﬁ#ﬁsﬁﬁ% chéa{slt %%f ﬂ%slt?ls }Js%t I n’% ,rem ﬁt)og'Flon of all of the

exanp i'nNg
iféﬁdl 1l:1ﬂ‘6du01716f1 QLA wi&h ﬁlﬁlnbﬁllaﬁﬂg mhategial. t Hopeihdtibg examples of
cal ci um S|I|cate alum na and silica-al um na

dnaterials BieRideoersamics, firg beick Al frnpesamisralsivm d
gilic &l Slumfd 155 Q{i[ﬂina' c@?aﬁ‘xlueg oLk 91'11§a wﬁmﬂmd”ay

| hcor por at e present’ i nvention,
Rements endriifecc dos adrgtldaimh disubking WefEerial Bivaivt mayobeR L.

Davi dson . MGaw H || her es 37 t
TR S B prie Do sredrrd e Tt etbapkedy F
R dndoy LS e‘aefd@&c eds , MeGRRerilf Pebliskbal ekl i1sY k8519
the insul ation, density, material and thickness,

(i Tartba eeigrety of \@J@@b rSdameorquiherme bp referenee. i Rvewpetiin
ggéfrgpt%n&%s %(ftt}?edi ?ﬁ?tﬁoql Qg atd'é851§yp E‘h erla? and ﬁfrﬁctnegs 1m emented

It1rons 1nSi tor e COﬁ'pOS on’ a

@ﬂny&jocdﬂnc@ wothehé pﬁSemJﬁnvehh@q nag tstseledted dagtdionahe specific
)ositign and E é’el cal properties of the heating
36 1 condifiopssinside Hiegpaciie theicREPOSIHCR ABH PRyl properties of

[O0A~Ldstd K, Qﬁ@%ﬂ%‘;&)ﬁ%ﬁgﬁgﬁ E@@%}fl}%ictaﬁgx%%ogfet§§ Shthe h atln% device,

invention, ~the te ature I nt roduct
dmzzlaed/oaMﬂontrQﬁuctlhxenmzziﬁer met al - cont ai ni ng nozzle

TN IR T
:%l?]?é\?fgﬁdti‘ ?gﬁ)m&mn&zew Qnd;»@f dﬂ’ﬂ@é BB Rl -cOnthdtngd M BSR Rlirface
thereof and/or the feedstock itself, may be controlled with a cooling system.

Many types of cooling systems could be implemented in the present invention.
For example, the cooling system may include a cooling tube helically wrapped
around the feed introduction nozzle. As cooling medium flows through the tube

and around the feed introduction nozzle, the metal in the feed introduction nozzle

as well as the feedstock flowing therethrough can be maintained at a temperature



For exanple, the cooling systemmay include a cooling
tube helically wapped around the feed introduction
woewzla775As cool i ng nmedi um fl ows t hrough the tROBEUSHNG027794
around the feed introducti gg nozzle, the netal in the
feed introduction nozzle "as well as the feedstock
fl owi ng therethrough can be maintained at a
R BT 18 tkihfin O o DRk e/ the Sorfatioh/S2 281 Q2taK24d siddBeaction
effective to mnimze or elimnate the formati on of
bypraglucisat al yzed side-reaction byproducts. [0043] In
enbodinent of r LV Qn, ock
PRIt ot divd ol e BE RS e RURPIK R, e P BEES
Haifiaffed @t @ ter@pdraurpéfiectineto fetudeinitimizd omatinaihate the
catal yzed side reaction byproducts. In this

fermaiinramectal; gataly zed siflerrsrdionRy Prodicty s Iythissgnboimspfethe
g . S0
Rl ERTHATRALOR OB L1l 408 B 00,01

Roeretdfeie fllotie pedbang thaBVI sesteratat lexasi partipoof iterheating
the |line, and/or

€ ( t | east ortion of the feed
qdeviqeprtdeast eﬁOMZIﬁébe e aa@eip Jtdepst %Rﬁ%&%ﬁ? the %Fd t he
B S e i
St is poéfetabhiedew nbbwtd00(C,\3 5000 0P e2H°() 880%her tsbow

mai nt ai ned by controlling the heating characteristics
shout FallfbrThishe 11V BEaY GEREHBESS MEY HOTTERsncs RupatTajne

Pnsul.ati ' . | Qwi
AP SR ARl R0l S Ris SRl ekl oty
heabiifgardiéon weling ahe bieaste & thofollooingportibes of theF VI system:
and/or at, least a portion of the feed i ﬁduct id%} at

. Ir
#dgast eportien of lachrading e YictrordoRfee gPTOBJig fnes. an
IE.H& B[}Jof'ﬂfi]%}t%f%’thé‘ REJURESRREDS 9&2&%1%5 &ecliikéh\és%atiﬁ SorB ¥Rl below.

oun e Introduction o a ow terrper.at ure
Serpdsinglykandninexgecteotly, MROnverders dave tuwd dlagt the introduction of a

ubst anti al | fect the mation of i | af i

S oo bk o o ARG Ry s aiofly bt e
frb@fioabi Ngiltblefidien tHRWAMO ¢gcto®t hod and system

i ncludes maintaining at | east a portion of the inner

Hddthces oAddiwnplbyar alieapivelyathednvaatiye methdandisy grm
.t i .
PR e dng e gL e, st Bt
vgshiizetiar arel introdadtentsheerhpe. pathiednnefsurfecead! thatertly zed
side reaction byproducts. accordance with .
BB FHOn A7 D TPERETE BN Fligs of Flanihate e formation
BBkl R 2ENEAGrdaBAGT b6 diR&E In @bcdricE With BY phesatTaY
be maintarned at the desired tenperature in a variety
afvendgrs theiempeskamof the metel-emtaiming iggfer swgadee af thed V1

g}%\{elzrﬁ ?nsaiy l;ehn%aiua?nee%l al? ﬁlte egirr]e(f t%glpferea 191'6 r1]ne g tvé.rrl]c%y of ways. For

example, one or more of the heating devices, the lines between the feed heating
devices and the feed introduction nozzle or nozzles, and/or the feed introduction
nozzle itself may be jacketed with a thermally insulating material.

[0045] Additionally or alternatively, one or more of the heating devices,
the lines between the feed heating devices and the feed introduction nozzle, and/or
the feed introduction nozzle itself may include a cooling device for controlling the

temperature of all or a portion of the FVI system. The invention is also directed to



devices and the feed introduction nozzle or nozzles,
and/or the feed introduction nozzle itself may be

W amkesEB Wi th a thermally insul ating materi al PCT/082083/027794
Addi tionally or alternativ_ei%l one or nore of the
heati ng devices, the |ines between the feed heating
devices and the feed introduction nozzle, and/or the
AreBU] systano adihp anemparzfuee mbsiedringrragd dontrblllirhg featgrepdridrig

ice for controlling the atu
{561 intEpsoghon R mesyerasive A HERT ORI O the Taplyghs fating

flfersl S ap-20044038053 spgwrpszoos/ 027794 -19 an

syst em ng a tenperature nonitoring and
Ao} oI | i ndsfasamdlimitingredample, Figed illustrated oot emhodiorent ef
incorporating a j.acket forned.of ther mal | . )
I grant inyentrms wh R Py o ity or Gf P2 sids fepgion
5?’ I (ShE: 1hA0A8h cASsed bYdRat thdikstel RONEMBMATE. reddtéh to2he inner

ustrates one enbodi ment of the present invention
wirfach of dutufeed introdattion nearles An@ﬁélmttmlvaﬂlmmzm He is shown

b e AP Doy of BT AP T RGNS G Y iRl bR B

h@iz'l@@ﬁféhh@&sf&ztﬁé foactor {61aehei208 AOMAtifi@NasBE flt€ndllndzble
shown in Fig penetrati nght he reactor wal|l 204. The

prsiion aﬁooMqth@Oﬂ seennt 206 Bermche beptingdzyice (i isepwvp)sravels
R3S e ol IPE LR ST 2ifte) e R bd o Rg I 112,
The rﬂkﬂ%bhgrdiﬁvi@ﬁi‘pa(smtthmhgmﬂa)e feedinabductionrmagle 1a2 kadie
1B st Teactog VLIRS W SE 1B S DO SSBECR G
th&er cgﬁﬁubﬁ 5@&&'&% 't@Ebﬂi‘f@ﬁ ZheEmddhdndng 1igRNGIESSs. t&?]dsﬁlﬁﬁﬁg

reactor vo wherein the nethanol contacts a
uanteaciay §t 2 covrdeat lc@m dippitonof gfef @uern nogziesurfaen/ 2k oftthe

Fivanihoreleebtat 2 Goffb BRa st R TR e

%ilager&ﬂ rdduges thBlq@aMay ohheaZ Het atdnsRired -‘fﬂm@fhetrbﬁ:tcﬁﬁwlme
i ntroduction nozzle 112. The insulating  mater

P88 tethe intsmalnezals seption 2 Hbeft the fred lntéowaﬁg ﬂeﬁl%al% rdhR
gt PRk LY Fier B0B16 Rt bEA S RO e 1FB RS Bl AL

chebepiadlitained bieteimpeeitura effzdivesoréduce, Ribemok ot REmfrmecthe

i ntroduction _nozzle . can i ntai ned at a
fermstion of mstalrga ¥‘71egéldleée%‘388gg¥proa’r‘ﬂ?m ze or eliminate

gﬁ@ﬂy or matAl@Hbu%fl ARt Gkl afriubod £5G1d Pl@ adJacent the
ypr oducts 7] "Al though a portion of the f

|FMIrsastamtmmlnt hh’zmlaE bg @ipoadj tctbe reatcm vofenfe %ﬁgﬂst@mmount of
AL N T RO SN
Vb Wiehel foed RErodQEidnOibzalk thades acnmm m@ ml%yaemfcaﬂet 116 is
minimal because the feedstock may tend to cool the inner nozzle surface 216
adjacent the FVI system outlet. Beneficially, only a relatively small amount of
hot material in the reactor will contact the FVI system outlet 116 because the flow
characteristics of the feedstock as it enters the reactor volume 208 will tend to
direct the hot material away from the FVI system outlet 116. Accordingly, even
the portion of the inner nozzle surface 216 that is adjacent the FVI system outlet

116 can be maintained at temperatures effective to reduce, minimize or eliminate



216 of the feed introduction nozzle that is adjacent
the FVI systemoutlet 116 is mninml because the

w0 e@d®s6k may tend to cool the inner nozzle sSPCT/EEM03/027794
216 adjacent the FVI systemoutlet. Beneficially,
only arelatively small andtni of hot material in the
reactor will contact the FVI systemoutlet 116 because
tRofhAn dfﬁﬁé’t@lfdaﬁdljl'z%ﬂ isfae r@dctibh %ﬁ)ﬁﬁdéﬂs OGKot@8r Whrds, to the
enters the reactor volune 208 w tend to direct the
psentrthatdicntis tansfprred Gomithe hewmatstisk isrthotsester toithe portion of

ccordi I even o tion,o he |nner
B e R ben o e G iRl 8 Pl P b ARG L S b amount
3B eGRBathg zERE B¢ AdabEsh WipréRitRfoahed ﬁﬁth@tf fe@iohiiy Begdligible.
reduce, mnimze or elimnate WO 2004/ 037753

HO#81US2003 Fom 27ibustratesghe insulpdngrmeiasial 312 petesing the entire

W ct ot her~.wor
AL S P R A g B o
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i_ntroduction nozzle that is. adjacent the FVI system
Ehﬂfp%ct infreguctiqpenogais e Adritipealy oraltapyely. Hiegbsulating
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feed introduction nozzle Addi tionally or
sdacton meadli 2081 yIn thik embﬂ@meat, |thf90penmgemutbﬁr renetyr wyell droggh

of, .t et .11 S
SR BF b o delba RoiAS Sxitfm B B iranbed I s imerdeag
RNOw itkkeinklatieaaRttriaertiitrsp Itl&t Ieaétpraﬂ ODptibhaglyneieal
contained in the feed i ntroducti on _nozzle and the

insuhdins anaterii 232 ey alse extond tergpve pdhas @ noptiayeidhel prgmal
tnBSzlé Qe%'ﬁt)ﬁtfl h %6 gﬁtf?&i & ro&ﬁl:ttﬁ ggélg 1%, h 'TEE' gﬁufaﬂﬁ ma;terr]lal

react or wal IS e I ment, e openi g
ey axeadtto lcovmlaldditlbnaimgdfas ofittieci V1 dystefre elori ax’amph.‘:u'dhi on
i ncreased.jn. size n or

nozzl e exten nmust b
e e a1 N i ROROR 6F (e doel et et B
Wakd dirddtib ARAfebdstodkBom 'tHkSHélaﬁﬁg B&vibE 8 théeed irodBdtion

al so extend to cover all or a portion of the external
mozZ¢.e section 214 of the feed |ntroduct|on nozzl e

3001 onal B AGb L e ERLRR p ISl ¥bpgnent

loffl el prtdenginvehiedn Whersfaythe f2¢€ intAducBdn AoAdy 1 1I2Qﬁclﬁﬂestd1 e
heati ng devices and/or the lines directing

fceeling etent eenerallyelenigattd y auveré 302048 SBoVe ébIF ig. 3, the feed
LSS LoD LPERl Sl RIS g g i
pathway 308. A second larger diameter cylindrical tube is oriented coaxially to
the feed introduction nozzle 112 thereby forming an outer cooling pathway 306
around the feedstock pathway 308. A cooling medium 304, such as water or a
cooling steam, e.g., from a water stripper or quench tower, or any other material
having a lower temperature than the feedstock in the feed introduction nozzle, is

introduced into cooling pathway 306 at cooling inlet 310 and is circulated in the

cooling pathway 306 around the feedstock in the feedstock pathway 308.



of the present invention wherein the feed introduction

nozzle 112 includes a cooling systemgenerally
waele®isgsmEsed by numeral 302. As shown in Fig. 3PCT/082003/027794

feed introduction nozzle 1 is a generally

cylindrical tube defining a“feedstock pathway 308. A

second | arger dianeter cylindrical tube is oriented '

Faefetably, ¥xtefior hbgrld @RIB l4rdfriRdetelling Paihivzz 306 Id dotddes fE by
forming an outer cooling pathway 306 around the

fleaidae epoking anefiam fBoe. towaddbe Tqﬁ}étofreéﬁ derdsosk passertheangh
WAl REq Qb lé?atﬁ\%}/ B8 towaf MTE e Jt&g ﬂ}eacoﬁﬂﬁg Blea{lﬁ]'} BOLL
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[0052] Fig. 3 illustrates the cooling system 302 traversing the reactor wall
204 and covering the entire surface of the feed introduction nozzle. Optionally, the
cooling system 302 may provide thermal protection for a portion of the feed
introduction nozzle rather than the entire feed introduction nozzle. For example,

the cooling system 302 may cover the entirety or only a portion of the internal

nozzle section 210 of the feed introduction nozzle 112. In this embodiment, the



of the oxygenate introduced into the MIO reactor may
be carefully controlled in order to obtain a desired
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di scussed, for exanple, in _YoS Patent Application
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or below about 150°C.
[0055] In one embodiment, the inner metal-containing surface(s) of the
FVI system may be maintained at a temperature effective to maintain the
feedstock at liquid-vapor equilibrium throughout the FVI system. Because the
feedstock is maintained at a temperature effective to maintain the feedstock in a
liquid-vapor equilibrium throughout the FVI system, superheating of the vapor is
minimized or eliminated thereby reducing the formation of reaction byproducts

through metal-catalyzed side reactions. Alternatively, the feedstock may be



By coupling the | ow tenperature feedstock throughout
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syst em enbodi nent of the present invention, the )
qitessaist teninstatete, weighhourly space velocity (WHSV), etc., are conducive

to converting the methanol to light olefins, as discussed in more detail below. In
accordance with the present invention, at least a portion of the FVI system,
especially the feed introduction nozzle, is monitored and/or maintained at
conditions, e.g., temperatures, effective to reduce, minimize or substantially
eliminate the formation of metal catalyzed side-reaction byproducts irrespective of
the conditions within the MTO reactor. That is, the conditions within the MTO

reactor may or may not be conducive to the formation of metal catalyzed side-
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rbediment of i nregestafpPFRion, iy ox¥eshsteipithe feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the

alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in
the process of the invention include lower straight and branched chain aliphatic
alcohols and their unsaturated counterparts. Non-limiting examples of oxygenates
include methanol, ethanol, n-propanol, isopropanol, methyl ethyl ether, dimethyl
ether, diethyl ether, di-isopropyl ether, formaldehyde, dimethyl carbonate,

dimethyl ketone, acetic acid, and mixtures thereof. In one preferred embodiment,
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[T I TN S
ResésNe- 1. T RN plefBM §BEess is generally referred to as gas-to-olefins
(GTO) or alternatively, methanol-to-olefins. In an MTO process, a methanol
containing feedstock is converted in the presence of a molecular sieve catalyst
composition into one or more olefins, preferably and predominantly, ethylene
and/or propylene, often referred to as light olefins.

[0066] The feedstock, in one embodiment, contains one or more diluents,
typically used to reduce the concentration of the feedstock. The diluents are
generally non-reactive to the feedstock or molecular sieve catalyst composition.
Non-limiting examples of diluents include helium, argon, nitrogen, carbon

monoxide, carbon dioxide, water, essentially non-reactive paraffins (especially
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bé)/%r fast fluidized bed reaction zones coupled together, circulating fluidized bed

reactors, riser reactors, and the like. Suitable conventional reactor types are
described in for example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522
(dual riser), and Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E.
Krieger Publishing Company, New York, New York 1977, which are all herein
fully incorporated by reference. Dual riser reactors or other reactor designs

optionally include a plurality of feed introduction nozzles, which may be formed
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| uldi zed d reactor), and U. S. Pat enot
AEptd,cat dven mdse preferably. r@0/Ab6wt, 360 4 dhagt RRY° Gmosto00

(multiple riser r or,% are all herein fully
iPFEiBIep rfé‘t’f’éag‘?ﬂ;?lsg?@%%ﬁ ot gJ’;l] In one enbodi ment,
F[B@B@"‘DU nt 19¢ cbhek#tien ?@e@ﬁl&% eflpldyed st avatakipn peocess,
jorntly wth a vapor feedstock to a reactor. systemis
ispedifienllyaviten gfe 1agipn ystem, varies over a wide range including
autogenous pressure. The conversion pressure is based on the partial pressure of
the feedstock exclusive of any diluent therein. Typically the conversion pressure
employed in the process is in the range of from about 0.1 kPaa to about 5 MPaa,
preferably from about 5 kPaa to about 1 MPaa, and most preferably from about
20 kPaa to about 500 kPaa.
[0074] The weight hourly space velocity (WHSV), particularly in a

process for converting a feedstock containing one or more oxygenates in the

presence of a molecular sieve catalyst composition within a reaction zone, is



wei ght percent to about 85 weight percent, preferably

fromabout 1 weight percent to about 75 wei ght
W@ersesin7s3 nore preferably from about 5 wei ght PEF/U82003/027794

to about 65 weight percentipased on the total weight

of the feedstock including any di l uent contai ned

therein. The liquid and vapor feedstocks are

RFREEEAIRE YothNeeisAIGT the Salestit xpluding agyodiluints maheyreagtmn

proportions of the same or different feedstock wth

Ztome perrrar per Weigherfaneleavlaugnte infthomelectHie sigyn 6airkon
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Cp CEeTye apRfrrenhdby SO0 Bis E58rEln g0t ds Piarbly the

WISy FaN98virSoh lﬂ)@'arfgedsﬁ‘)‘ék QERART: REMASH! @imelig ether, or

conversion pressure i s based on the partlal pressure
biéth, i fretheeatstadione Albdw 0\e-10p ahewt 390 hednt t her ei n.

al | eco er.si on pr ovie
BIBEESS | < ThhsiReaas o RoRy B Bh e o ek Bpidine
aneuE ati MR& N prod@hewvaliniht i@moabam 5 kPRaatly saffieldnt fo
MPaa, and nost preferably from about 20 kPaa to about

ngllmhgmo[qgufanpew@atmsfngnmémpn YWikime geaglipp gonein the
() Th PGV Y eﬁ]igljo}feésh%eﬁtlclﬁgnl@?%ﬁﬁm e rELBY STt AmBre

e oxygenat es
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zone' per per wei ght of nolecular sieve in the
moteecardamosipeaferablyt grkstet thap § myees. tSeo ol gxaripde Pendateah

PRt el oNou P T TR B ety 12000 i § Bl ©

WdoRioRatdd b eetbRhee. [ 0075] Typically, the WHSV ranges
fromabout 1 hr -1 to about 5000 hr - 1, preferably
fromabout 2 hr-1 to about 3000 hr-1, nore preferably

f)es']\ﬁ;i t 5 hr-1to about 1500 hr-1, and nost
F]Ji;e erably fromabout 10 hr-1 to about 1000 hr- 1. In

qo&77pr ef er e drderbogtioniieta, bettreundBiandmggriahe presertiamveRton
t;rrlc,:ludlné3 ;e%];eesre%g’llve a(ﬂrantages thereof, the following example is offered.

The example compares the reactivity of a methanol feedstock in a stainless steel
reactor at various temperatures with the reactivity of a passivated reactor.

[0078] © All data presented was obtained using a microflow reactor. The
microflow reactor used was a No. 316 stainless steel reactor (1/4 inch outer
diameter) located in a furnace to which vaporized methanol was fed. 316 stainless
steel is less catalytically active to the formation of metal catalyzed side reaction

byproducts than carbon steel, and is thus resistant to the formation of metal

catalyzed side reaction byproducts in accordance with the present invention.



VHSV for conversion of a feedstock containing
nmet hanol , dinethyl ether, or both, is in the range of
wo cwaostieait 20 hr-1 to about 300 hr-1. [0076] H¢EUS2003/027794

superficial gas velocity ( of the feedstock

including diluent and reaction products within the.
reactor systemis preferably sufficient to fluidize

[b6®] D! eCulRIvaPbAYR! Beth@hdl SasGeIP@ Il 201208 ChiThe anethanol
react| on zone in the reactor. The SGV in the process,
qeavarsion lr@ctlan@mlmrﬁOrmed s2oie dy3ik@ag) methanol pressure and

arti.cul he r ctor
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%g %j ﬁn 4 msec. See for exanple U. S. Patent
tE8PY W °%erial No. 09/708, 753 filed Novenber 8,
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apor 1 Zzed nethapol was manvgiahseCodlersldPowt.%)The

met hanol convefsion reactions were performed at 25
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of f | uerd50from t he react or 0&s col |l ected in a @84sanple

fim W n)

oop 500 3.46 0.06
550 5.79 0.16
[0082] According to the results indicated above, in accordance with the

present invention, a negligible amount of metal catalyzed side reaction byproducts
were detected below 350° C in a No. 316 stainless steel reactor. At 350°C, 0.15
wt % methanol conversion was observed in an untreated stainless steel reactor.
The conversion was much higher at 500° C and 550° C. Methanol decomposition
would be significantly greater for conventional carbon steel because of its high

iron content. The conversion of methanol on the coated reactor was essentially



Val co valve. The coll ected sanples were anal yzed by
on-line gas chromatography (Hew ett Packard 6890)
weouwipped with a flanme ionization detector. QET/O8R03/027794
and H2 were not anal yzed. The neasured conversions of
met hanol , which were cal culated on the carbon basis,
woul d have been higher if CO €02 and H2 were
Zefs bwged S0P Cha hﬁ&ixpeﬂlméﬁtamta Hdecatdsrthara o Gil épfalrﬂess steel
colum used was a col um [00811 Tabl e 2 su é S
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sistant to the“formation o
heteal asdadsahgtsd) 0§ ipeleenteantérsion iy pymrddudts exdheliogCeH 6GX2 and
0 C, although No. 316 stainless steel is nore active
deconposi ng net hanol at hi gher tenperatures.

Musapver. thividahaniRdesaRa thd@bention, it will be appreciated by
those skilled in the art that the invention can be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of

the invention.



undesi rabl e reacti on byproducts can be m nim zed by
mai nt ai ni ng the nethanol feedstock at a tenperature
w0 owe031768n t he MIO reactor tenperature. [0083pCT/IS2003/027794
anot her enbodi ment of the pggsent invention, the
percent conversion of oxygenate over the surface of a
nmetal reactor, preferably in the absence of a MIO
catalyst, is less than 1.0 percent, preferably |ess
8 percent, nore preferably less than 0.4
iiighﬁﬁ, and nost preferably I ess than 0.05, e.g.,
bel ow detection limts. In other words, the invention

includes maintaining the feedstock while it is_ in the
FVI sishehpd fspfenhigllight-plefihefam an eXy@eeate-eantaEma e,

at cog%itiqgs, e.ﬁi,_tenperature, effective to

subst FHETAFS CORPINMSAt e the formation of netal

cat al yz&edingitHe fdeaaetlt Srodphpy foel Husductihsizaktdtathed to an
elimnate” is defined herein as |ess than 0.05

per ceMTQ eenctaring havisg 99 prnsd setaceeatdeastia Rertion oftiy and
H2. [QQ8 Havi ng, n Il ' [Javent |
i PRl p QR S of ERGRARRR, il LRERL R
that Fditation ©fifietd] caalyzbdsige rdaotioretymbdinits) aadwi de
range of paraneters within mhataéé_clained W t hout

depar ePHactings i theacagiry the fegpdgtosk aogataly i angden coRHitioRs
WO 20 7 H%% ; 2 S 1. A
met hogﬁ%%g%ftgg?n%%}l [ gg{?@%)gg,} ll%ﬁéét ?g htan Rl

oxygenat e-contai ning feedstock, conprising: directing

the feedstock, throu feed i ntroduction nozzle .
3t achba HGhehol SRS oier g e SR Eh otay omprises an
sur f aggher 8batt A8} erFoRPink HRInRér subfBce, kY dREHE ldyenbeing

dof afirst material that is

nozzle i1s forme i
resi stfomed; et lehss in part.redtheoirsomaiediehl cat al yzed si de
reacti on byproducts; and contacting, in the reactor,
the feedstock with a catal yst under conditions

ef f ectihéandtBod of Myadt cififnk Uen, Aother tehmdsihdmalritghing the
olefins. 2. The method of claim1, wherein the feed

i nt r oduesriserfaerodizhe nezgigptiadesperaturs ielay 4982¢1 ng | ayer
form ng the inner surface, the coating |ayer being
formed, at least in part, of the first material. 3.
The nettkatetabd anynyodf ddimiseo B, Hrther cdmptidieg: conpri si ng
mai nt ai ni.ng the inner sfl#'lface of .the_ nozzl

at..a .
e inner surface of the nozzele with a cooling

t enperRPlpS ablepsd PeoiEs ©
system.
5. The method of any of claims 1 to 4, further comprising:

maintaining the feedstock below 400°C while the feedstock is in the

nozzle.

6. The method of any of claims 1 or 2, wherein the feedstock is superheated

while the feedstock is in the nozzle.

7. The method of any of claims 1 or 2, further comprising:



4. The nmethod of any of clains 1 to 3, further
conprising: cooling at |east a portion of the inner

W@ oasEsdf the nozzle with a cooling systemPEI/UI1v63/027794
met hod of any of clains 1 tg 4, further conprising:
mai nt ai ni ng the feedstock b Fow 400C whil e the
feedstock is in the nozzle. 6. The nethod of any of
cl ai Menalnt@iing theherAd & dohgitasefftank 1b praupersetiard.8
while the feedstock is in the nozzle. 7. The nethod of
any ofweighiprisent efimetal cutalyzed sidegagstionibygrodpgss excluding CO,
2004/ Q3753 (£ CT/ US2003/ 027794 - 32 mai ntai ni ng the
nozzl € &t coifdi ti ons effective to produce |ess than
0.8 weight percent of netal catal yzed side reaction
byproducts excluding CO _CQ2 and H2, 8. The net th of
dny ofl'hemgthed af aw o clajpe d & 8, WhercugihacondiHansgrg effective to
ef f ecty [ i JH '
et ol Sopafly SHASA Bttt oA el SR B0n 8
met hografucany of clainms 1 to 8, wherein the first
material conprises at |east 20 wei ght percent
chromium 10. The nethod of any of clainms 1 to 9,

wher eifhetighdd 5§£nykr8¥|tcﬁari1ii1?|1 t§ ﬁmfl&%ﬁﬁh@ﬁrs’tln@cﬁé‘ﬁal %ernp_rises at

wei ght percent nicCkel. . The nmethod of any of clains
1 to 1esst dheeighd perhentfchrostiumat eri al conpri ses at

| east 2 weight percent alum num 12. The method of any
of clains 1 to 11, wherein the first materi al

qONPr iTHRSmeth&S$ 8f AdyHT clim¥eitg 0l wheleGLME firét@faterlad cohPfises at
nmet hod of any of clains 1 to 12, wherein the first

mat er ilegst tQmsight percengmigkshst two wei ght percent

copper. 14. The nethod of any of clainms 1 or 2,

wherein the first material is an alloy selected from
tihe griigpmethod oBaryred chfims D to 768wh&2im, thé fitst arateril Gompbises
The nmethod of any of clains 1 or 2, wherein the first
mat er i341eas's2 WRIZAE Pgent SWMEYEY from t he group

consi sting of 410, 304, 316, 400, 330, 800, 600, 825,
601, 625, 617, 956, 693 and 671.

12. The method of any of claims 1 to 11, wherein the first material comprises

less than 70 weight percent iron.

13. The method of any of claims 1 to 12, wherein the first material comprises

at least two weight percent copper.

14. The method of any of claims 1 or 2, wherein the first material is an alloy

selected from the group consisting of TD, 758, 625, 601 and 276.

15.  The method of any of claims 1 or 2, wherein the first material is an alloy
selected from the group consisting of 410, 304, 316, 400, 330, 800, 600,
825, 601, 625, 617, 956, 693 and 671.



WD 2004/ 037753 PCT/ US2003/ 027794 -33 16. The net hod

of any of clains | or 2, wherein the first material is
w@eooalsoys sel ected fromthe group consisting BET/6SB03/027794

602, 690, 671, 617, 263 and 956. 17. The net hod of

any of clains 1 or 2, wherei38-the first material is an

alloy selected fromthe group consisting of 825 and

180icerDe gtiod T R Ry I Rt BB et BB 10 & iy

sel eclseldctbd Gidnt 1he g&h@%n@l@nﬁg &£ 6939 601, o0 €71061ZK63Rnah
tenperature calciumsilicate, alumna and

silic&58l um na ceranics, diatomaceous silica brick
and cenents, and fillers. 19. A feed vaporization and
i ntroduction systemfor an MIO reactor, conprising: a
figed i|Tie methot o Bnynezalhignsi INGd 2 Gviegein tHel first mgrerigriabh ¥lloy
tubul ar, menher _having a first _end for receiving a
f eedsSelEReS oM e BEAP 0ysishng of #x8dd8- end adj acent
a reactor unit, and an inner surface formng a conduit
for delivering the feedstock fromthe first end to
flBe sd&themattiotof aMiar Biwheadin theemetzleds jrokétedwithfa théxenally
i nner .su face S formsd f a first material_that. js .
resi stAHAURE Taterdl selpgied GRmbihe gEquR copsisiy %"’&5 high
react 'téiﬂ;gé}é(ﬁf@&?&&xﬁ sﬂ?egte Iltﬂlﬁnﬁé’ﬁ{aeﬁhé’i alﬁinﬁiareeila%mc
wherein the nozzle is fofnmed, at |east In part ?
t he fidrasemageous sikica bk anﬂmrrwstemdﬁﬂerany of claims 19
or 20, wherein the first material is any nateri al
other than carbon steel. 22. The system of any of
¢chai m £9d Qhpotativh@iEinfrolfiRionaF &k fobah BLNB RPN t h

a thermally insulating naterial selected fromthe
group%@ﬁ@ﬁ@gi ng of fire brick, hi gh tenperature
cal ci
cal ot M i AL MIL D100 2 BB By iy
fill ehsvinﬂ\@fﬁﬁ(bﬁﬂ@&?r@&ﬁvﬁ@'ﬁ/fbﬁ&ﬁﬁk/fﬂﬁﬂ Z%éatmg&ﬁnﬁﬁsec'ﬂﬁe

system of ..cl aim 22 vvherelnthetherra i nsul atj ng
ot er P i69A0F § adior BB Lpr B O o o g o

ngf:lt g?ln%frmﬁhﬁe ReAAO& BXhIRIERY AR HE sddfd M Qherein at
least a portion of the inner surface is formed of a first material that is

resistant to the formation of metal catalyzed side reaction byproducts.

20. The system of claim 19, wherein the nozzle is formed, at least in part, of

the first material.

21.  The system of any of claims 19 or 20, wherein the first material is any

material other than carbon steel.

22.  The system of any of claims 19 or 20, wherein the nozzle is jacketed with
a thermally insulating material selected from the group consisting of fire
brick, high temperature calcium silicate, alumina and silica-alumina

ceramics, diatomaceous silica brick and cements, and fillers.



24. The systemof any of clains 19 to 21, wherein the

first material conprises at |east 20 wei ght percent
w@bkooend1rns 25. The syst em of any of clains 19 POI/B32003/027794

24, wherein the first mater%‘ﬂ conprises at |east 10

wei ght percent nickel. e system of any of clains

19 to 21, 24 or 25, wherein the first materi al

£ONPI{EESystim bffaﬁtn 2 Waieadth tREMESRAIyShsUThtgmatdifal cBvers
systemof any of clains 19 to 21 or 24 to 26, wherein

the fatrleast rmbwionalf an indenpor roston ekibe nhzae wendén@ Hiside the
perce ron. 28. The systemof any of clains 19 to 21
or 24 5pC0%herein the first material conprises at

| east two weight percent copper. 29. The system of any
of clainms 19 to 21, wherein the first material |s an
24.1 oy The systan efartyrafiplaime 19rtedp, whersinghe fist grateris! comgprises

025, SO0 Rl R ©f o0 O £l 2

selected fromthe group consisting of 410, 304, 316,
400, 330, 800, 600, 825, 601, 625, 617, gSg 693 a d
271, %he system of ayedh cdamsry 91 or Af wherginthe fiist M

thef| I gl ected fromthe

gr oup cohrs}lgggt?I;?l‘lﬁlp‘%%@&p%héew%ﬁg 671, 617, 263 and
956. 32. The system of any of clains 19 to 21, wherein

| é g g UL 'Tilg fﬁgﬁr{g’% I%I% I@t?ylo?fl %’? a@l %024? 8} fﬁc W dergng %m ftlrts]tematerial

comprises at least 2 weight percent aluminum.

27.  The system of any of claims 19 to 21 or 24 to 26, wherein the first material

comprises less than 70 weight percent iron.

28. The system of any of claims 19 to 21 or 24 to 27, wherein the first material

comprises at least two weight percent copper.

29. The system of any of claims 19 to 21, wherein the first material is an alloy

selected from the group consisting of TD, 758, 625, 601 and 276.

30.  The system of any of claims 19 to 21, wherein the first material is an alloy
selected from the group consisting of 410, 304, 316, 400, 330, 800, 600,
825, 601, 625, 617, 956, 693 and 671.

31.  The system of any of claims 19 to 21, wherein the first material is an alloy
selected from the group consisting of 693, 602, 690, 671, 617, 263 and
956.

32.  The system of any of claims 19 to 21, wherein the first material is an alloy

selected from the group consisting of 825 and 400.



