WO 2004/ 037753 PCT/ US2003/ 027794 -1 METHOD AND SYSTEM FOR REDUCI NG
DECOVPCSI TI ON BYPRODUCTS | N A METHANOL TO OLEFI N REACTOR SYSTEM FI ELD OF
THE | NVENTIVWR2PBEOTF3 This i nvention is to a system and mePREESRHBIOREE4CI ng
-met hanol  deconposition byproducts in a._nethanol to olefin reactor system
More particularly, the invention concerns reducing the formation of netal
catal yzed side reaction byproducts by form ngﬂand/or coating at |east a

portion of the feMETHOILANIREYSKEME QRIRBBUEINGNDECOIMMROYIION t he f eed

ot al - cat al yzeob SRSy BB Rl E T RN KRS FORYRBERH o
J{ 0002] Light olefins, defined herein as ethylene and propyl ene, serve as

feeds for the production of numerous inportant chemicals and polyners. Light
ol efi ns tradi FIBRBIQK THE INVENEMINDy cracki ng petrol eum feeds. Because of

the linited d | at.i t of feeds, th t of
broduci ng ol BRRRL ¢ FonTERERPiaRTs G st e LS B s e ifioslet o1 ts to
devel op and Hé&h@\é@iﬁ@hﬁ§bliad9¢19ﬁpgme@mnbﬁwm@ﬁmba§% %@&mim&@rl y |ight

ol efins production technol ogies, have increased. [ 03] I'n an oxygenate to
ol efin (OTO paticalady, thyBiventjoracongents redicingctbe famati iy obmeak patelyatdsiis

vaporized and_introduced into.a reactor. Exenplar oxygenat es i ncl ude
al cohol s such™4§Y OWP% Ctsaq??' OEQ‘H%W?OW%?%leaé?/?na‘?{“%ﬂé’?ﬂ% t_see%t hyl et her,
net hyl for mat gapapich ARtiArhIEAGRRPAES, ¢ kN ik RBI HaRhictiod 28l With@MIO)
reacti on system the oxygenate-containing feedstock includes nethanol. In

the reactor, merivbthabredhcesdhr Bamatian ehngiajsatalygerbside madien bymodddtecti ve to
create desirapl ' o 8FPaE N mol ecul ar sieve catal ysts have
beén used to o olefins. Silicoal um nophosphate
(SAPO) ol ecyp@r] si eve Lok 8lefisk Sdcfined Mefdn dtyibne AAPro@bbe, sérveueh

conversi on processes because they are highly selective in the formation of
ethyl ene and [edpjardprprodpgmosf numegous igrospitghemicaticang pokymerent-ighhdesi r abl e
byproduct s m’%le@ﬁts IT];C?IIEO zﬁy%@%ﬁ%ﬁc?& ggcfa%gﬁfg' 91?318urﬁ%ed§xwiu?se orfhu% metals in
conventional reactor wall's y act as cata 95’5 SIn oné or nore side

reactions. |f liniedseppiaand ewantiag test dipetrotial fegdspbt aostwilpkodakinguf f i ci ent

tenperature and pressure, the nethanol, nay be
olefins from petroleum sources has increased steadily. Efforts to develop and

improve olefin production technologies, particularly light olefins production
technologies, have increased.
[0003] In an oxygenate to olefin (OTO) reaction system, a feedstock
containing an oxygenate is vaporized and introduced into a reactor. Exemplary
oxygenates include alcohols such as methano! and ethanol, dimethyl ether, methyl
(‘ ethyl ether, methyl formate, and dimethyl carbonate. In a methanol to olefin
(MTO) reaction system, the oXxygenate-containing feedstock includes methanol.
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. 1f the methanol contacts

the metal reactor wall at sufficient temperature and pressure, the methanol may be



WD 200- 1/ 037753 PCT/ US2003/ 027794 converted to undesirabl e nmet hane and/ or
ot her byproducts. Byproduct formation in an MIO reactor is undesirable for
several reaW®/ETIBt, increased investnment s required g@a/sepsdateand
recover the byproducts fromthe desired Iight olefins. Additionally, as
nmore byproducts are forned, less light ofefins are synthesized. In other
wor ds, the production of byproducts is undesirable because nethanol feed is

Concent r at | oREney eade Ao PP STl i atle bBroHIMP AP Bhuin, oy

quite |ow, tihenMT@lem0UNtndEiriHlp fadecdrs] @awhyCPllstohcadasédidusdteal scal e
can be enornous. Thus, it is desirable to decrease or elimnate the

synt hesi s of is mapirediincsepareis and reaoer Bgdvprodyyistieam theglsesgd keghtfalefinsont ai ni ng

chem cal s hav .oven effective eacti ' Sl i met al
surface of a g%‘ﬁ@?‘b M3l r8¢ypﬁoﬁﬁl§{sr?ge fbﬁ%eg’g%%g?ﬁhéﬁfeggggﬁnsﬁg{sﬁe?lgﬁé‘glen
byproduct s i nyhdievdr8aehprodi@fonfaFpicductd ap@iRSatl@betabRemeRaheiNted is
Application JP 01090136 to Yoshinari et al. is directed to a nethod for

preventing dwsesmpekiotredice thatemhedists. drurderaithgughabpeslatived coki ng by
sulfiding the netal .. surface of .a reactor.. Mr riicularl t he met hod

i ncl udes reac‘iolnﬁed.‘%r?g? %Sa?%?ectgla%&?l%?ddgﬂ%ert% ?ﬁﬂol}{g?ﬁgfﬁfﬁ atrﬁ%%ﬁ F%Q’e%uétg of a

catal yst at abayee45@l &mbuit df byhrakiadts ﬁf(ﬂﬁ@éﬂlﬁn freiguafiall scle cap®kor Ni ckel or
stainless steel. The inside wall of the reactor is sulfided with a conpound

such as car bomoansy. fitae, it isydesioedn tadesitass geclipmaithestiyhestnff i de.

Addi tionally, rgd{llcfmgrnm?gmorrgg%( }%e added to the feed. 10006] Although
passi vati ng chem cal's have” proven tfae(‘:tive in reducing netal catalyzed

si de reacti on@gosphe i nt $QelHebheming cliedcils Hatd pover cffasist fatddagivatingm cal s
are problematic because these chemcals or their reaction products nust be
separ at ed fr ofh RapEvaEgithemelst serdrce of prgpstordheralyredusiag dhe fymatigehod and

systemfor r e%%ip%&éoﬁﬁr ¢ 'E]itf?@]t-e%tom @eex%ﬁk?émyélﬁ%eQ. 1984 tﬁ)%ﬁt}’ia

. %ﬂt
byproducts in a eact or system whi g or elrmnating the use
of deacti vati AgplivatiopdB 8105 Bago Yoeitihadtisal. ISHWVBMARY 1cCkmEHo d| ihdvai¥ertNg10007]

The present inventiaon provides the abiljty to produce light glefins while
reduci ng or S RTRITIROL ‘I‘P_E&FLB?Irfﬁtdi“Bﬁtlh_éSfre‘ t2 &Pl ol Shadermet i on
byproducts i ngarfeefly YRR RREL g&m@ﬁuqﬂynhé AUEIT iRRubest¥hcngHiaham An FVI

systemis the region of the reactor system beginning at thé point that at
| east a and/or dimethyl ether in the presence of a catalyst at above 450° C in a tubular

reactor made of Iron and/or Nickel or stainless steel. The inside wall of the
reactor is sulfided with a compound such as carbon disulfide, hydrogen disulfide
or dimethy! sulfide. Additionally, a sulphur compound may be added to the feed.
{0006} Although passivating chemicals have proven effective in reducing
metal catalyzed side reactions, the introduction of deactivating or passivating
chemicals are problematic because these chemicals or their reaction products must
be separated from the desired product. Thus, a need exists for a method and
system for reducing the formation of metalfcatalyzed 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. An FVI

system is the region of the reactor system beginning at the point that at least a



-WWD 2004/ 037753 PCT/ US2003/ 027794 3 portion of the feedstock is in a

vapori zed state and extending to the point that the feedstock exits the
feed introduotziewnsmezzl e and enters the MIO reactor. As tReT/uSgenilorTmg | i ght
.olefin streamcontains | ess netal catal yéed side reaction byproducts than
is produced in conventional MIO reactor "systens, olefin separation and
purification costs can be reduced. The resulting purified olefin streamis
particul arly n%dﬂ}&ﬁ@fﬁleff&ids%%ﬁxsaﬁ% 2al ?@ﬁQed fatk RBA BRBHIIAE tdhe pefnt Beh il ef i ns.
[0008] One e di nent of resent invention provides a nmethod for

formng Ii ghtfeoﬂséﬁqkr@mﬁrﬂmﬁeahlr@bwlg@tm E}Z@bmnéleﬂlqmthﬁééﬂgtfmf u“fﬁcthcldl ng
directing the f

hro h a f.eed int ctlo .00z to an
'MIO react or aff u}%ﬂ&}ﬁﬁboli CUEFPRES m§{a? %5%?8 sic E?I&g 9\% i's
formed of a fifafts pRERIIaH coﬁv%ﬁtusﬁe@mh'roqeéd@& sfy%ﬁaetdl@ﬁh edpat@iloalangat al yzed
side reaction vl;%/ﬁproducts defined herein, a material that is "resistant
to the formatpenfiatiomeoss candieaegucsd. él‘me:esmt@mcmurﬁwdbﬂqﬁmﬂmmsts is |ess

catalyticallyatlv orrratl n,of .net al taI i de reaction
byproduct s t hB g?ﬁ%ﬁm@&e@mﬁ%& gﬂgrbp}ea@awﬁaec\}rgg?ép@yovip{m met hanol
in the feedst gugggont aCUhe@mbaaﬁhaf@bfﬂﬁgﬁéseﬁﬁﬂdeﬁtmt}ﬁoﬁaésea:ﬁabth@dtf@r forman

effluent conprising light olefins. [0009] The present invention also
provi des a f eédmisgbghitzdelinsiramdn onmemmitmnsfeﬁdetmk,oncladmm@em@ct or,

conprising a uctio inclu ubul ar
nmenber havi ng{ t??#%%@ﬁ'&“@b???eg %ﬁ%&oﬁnc‘% %a‘g? g%‘ic’f W@%Pf%bd‘ unit, a
second end adha@@phn dulef AGFRE, MMkt a pOioR B WHIEY is fSrelFQ fir@hitBgala condui t
for delivering the feedstock fromthe first end to the second end. At |east
a portion of wr¢sistantiethedomiation of setadcatalyzod siefrfacyen hypredicls. Yisalefingd
resistant to the.for f rret atal yze roducts.

[ 0010] Opti ontzlalﬁem atng%]flaqmbg “at'tt a%t]ﬁ Ot % gﬁr{ ocrfzét }33? bsycloeast a

portion of theedEan Bybeiotd Ss mﬁhﬁtalbrtlegllwdtlheaot}iaefbﬂmlnloys of fifeitd] 2kiahgedat er i al
or a cooling systemto further reduce the amount of metal catalyzed side

reaction bypsil§ueacsiop Rypropuctyhgn Gerben sprl- EEfeEsStRInethoragier YRBIIRAW NGS
0011] Thi '%?g"!
E)et ai } ed I[)Zslcrl p |gﬁﬁo&{fﬁdgﬁnve&{t%snymﬂgﬁgﬁken toge eﬁg&ﬁ’ettgtf%%?%?tached

dr awi ngs, whereéfluent comprising light olefins.

[0009] The present invention also provides a feed vaporization and
introduction system for an MTO reactor, comprising a feed introduction nozzle
including a first generally tubular member having a first end for receiving a
feedstock from a heating unit, a second end adjacent a reactor unit, and an inner
surface forming a conduit for delivering the feedstock from the first end to the
second end. 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.
[0010] Optionally, the temperature of the feedstock and/or at least a
portion of the FVI system is controlled with a thermally insulating material or a
cooling system to further reduce the amount of metat catalyzed side reaction
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:



‘WD 2004/ 037753 PCT/ US2003/ 027794 -4 Fig. | illustrates a flow diagramof a
nmet hanol to olefin reactor system including the FVI system and the MIO
react or; Finp2d4disstrates a nozzle jacketing confi gur at PERUSHYOTEPHance
W th one enbodinment of the present inveption; and Fig. 3 illustrates a
nozzl e jacketing and cooling systemin accordance with another enbodi nent
of the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0012] The
present invention Fig. Hilheeateda flowrdegremmy agnetbpnatitp alefingeackys systemnat i on of
reactor systens, and in

gg ?: cﬁ?;?{ yizlﬁaﬁéftn%g’?‘n%ﬁfysﬁq%é%cﬁ{hg%#%?s?ée%%or systens. Wien a feedstock

i ncludi ng an oxygemgat 2ijfilscheds ndBAOROREIHRIThAGhSitdn iRictbrdaved #ltR one. §., the
reactor walls, at relatively high tenperatures and pressures, the oxygenate

deconposes t cmbeshimentnd thapressnt abeetitnygpdducts. I ron and precious netal s,

such as Platinum and ,PRall|adiu re extrenely Lve for noj. .
deconposi tion at ﬁﬁéh?’ le“}%@Fﬁ?gb ?Ja‘:%@j% HWWent ﬁﬁés Sgﬁ%?%?cs@gg\%g S8 Phat in
addi tion to ngfodler eabalyftosthe @rdse@Ghidition, occurring on reactor walls,
metal catal yzed side reacti onsdg&/ occur before the feedstock enters the

reactor. Bef PETeLEN RESGRINTIEN OF THRINEENKIEYX passes through a feed

vapori zation i ntroduction ("FVI") systemwherein the, feedstock is at

| east parti al @@g%fapori zige WS%‘&@VSPU%%P@SIWSQ&%ﬁeag’émgcoés,e!lmiu%a%ﬁgé@eed t hr ough
feed |ines tofedmh@&sof MefaPEiAl i OREHRNBYPROEELEH reR shfemBlanggdpced into
the reactor. The inner surface of at |east a portion of the FVI system may
be formed of paredpr, ihmethandlde plpfin{AATOF yeaptor Resteras c VHED ¢ d¢adtock her eby
creating conditiens. in. the FVl|.syst t ive e tion
of otar  car el B el En R Bl il B o SRR G, bR B OER | o
provi des a meivans at flativeli High tenpekaied and prduigts, homygenax dyg@ngiogestont ai ni ng
feedstock while reducing the ampunt of reaction byproducts forned in the
FVI system | forEriae updnsipbie hyprogues nionsnd prasiqusdedals.cuph ayPlainyragsd g
portion of th LSy . at rtj :

i ntroduction ﬁaol]@éllmer;ﬁ’ %é?ﬁ%“gﬁlg;“ ‘ftil‘%tfﬁ}eﬁ]l%ﬁltnag?] (ge%ro %d ggﬁng agpgréa tg%mrp?g'rti on of
the FVI syst&he imknoichae divoserahthat insddsitidn ométsl caedy=ztaide reativhe

formation of netal catal yzed side reacti n.J)yproducts. As def.i ne}gj herein, a
mat eri al t hat OfQUHRL AN Egag fwalls, metal catalyzed side reactions may occur before the

feedstock enters the reactor. Before entering the reactor, the feedstock passes

through a feed vaporization and introduction (*FVI”) system wherein the
feedstock is at least partially vaporized by one or more heating devices, is passed
through feed lines to a feed introduction nozzle or nozzles, and is introduced into
the reactor. The inner surface of at least a portion of the FV] system may be
formed of metal which absorbs heat from the reactor volume thereby creating
conditions in the FVI system that are conducive to the formatiqn 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 FV] system, e.g., at least a portion of the
feed introduction nozzle, particularly the inner surface of at least a portion of the
FV1 system, of one or more materials which 1s 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



to the formation of netal catal yzed side reaction byproducts” is |ess
catalytic to WD 2004/ 037753 PCT/ US2003/ 027794 -5 the formati on of netal

cat al yzed sWHEMWHERETBon byproducts than carbon steel. |In P&TOYI043/027794
enbodi ment, the inner surface of the nozzle is coated with the material.
Optionally, the entire feed introduction™nozzle is be fornmed of a materi al
resistant to the formation of netal catal yzed side reaction byproducts. In
each of the ihbdveratiesof nized ceraiodd sEatsactibh®ypmbacts danicarbanmetehl Inal | oy, an
el emental netal, a non-netal, or a gagnbi nati on of the three. Bty reduci ng
the formati ordnthensmbrdinet.dheinggr giree of e igrlepy prateilivtl the maerighe and
costs assocl a@ﬁﬂoﬁ&u&hthé%ﬂ egt’eéé‘ﬂltrohﬁc‘?t?o% Mfqu!ﬂgtfo%ﬁeﬁ%%ﬂﬁeﬁﬁ%sﬁ& (Pr oduct
can be reduced or efimnated resulting in a signiiicant comerclal savings.
[0014] The mefohthel fandtisy of airtahbanlyzad side esaction bepredaud o eaeinbf thenai nt ai ni ng
at least a portion of the FVI_system e.g.,. the inner surface of at |east a
portion of thebaveslgseried sabodingith dhematenahisagpetehalloy cidlemertabmgtahianed
therein at a i r : [ e el mat i on of
nmet al cat al yzléépeg%%é’%%ecg’c |l%a§&hf\£?%%@£{eéq%ﬁleetdﬁémgb}ﬂgeg%%n% J;]!Slr“;etgfer ably, the
tenper at ur e otatalyzddeAidd reactiquosyipreduces tHehteme andcostedsbeciatd tind seddradyst em wi | |
be I ess than the tenperature of the MIO reactor. In one enbodi nent of the

present i nventiesmbyrraductehipathe dgstred produsbeambraedyged|os eimingted waafing porti on
of the FVI sy : r : ck contained therein, is naintained
bel ow about 43?%?“@38‘4%?"@8%“‘?&%%9@, 200 C or bel ow about 150 C. [0015]
Al ternativel y[otad] at | edht neetipardndaystefn difeineMdes s basnembaditieayl arly t he
inr?er surface of at.least a portion of the FVI system rrﬁsyg ofrimgd of one or

more materi aP¥IMAREE 4t seaseapatian Pt s RHesYsisPmstd dic Bne tdFyted side
reaction by%BH}é‘r‘ltoZmeeﬂeéd’ %ﬁguﬁﬁimﬁ‘dzﬁfeuﬁrﬁ?d fhe FlsToMt cSMBhEdHeRln Bfa
tolerated in “accordance wth the preseht 1nvention. Thus, the present
invention is ameraivesdfeetive tooeduarairiebhinatd tisyfrmati o elalngptatpdedtsiieni ng at
| east a portion of the EVI syst e.g.,. the inner surface of at |east a
bor t1 on 6f ¢ heerBERb PRI Foh VhayIrE: PaHARBP: HaietPueles oLR [Ehea ned
therein at anpghRwalekk hREPOAIRIHT R FTNey B YANIMR led WA iniRriaR JTe
effective to superheat the feedstock. I'm one enbodi nent of the present

i nvention, théhe Xfgreactar. elnofetemdodiment ofdld gressint diventess thedeppenatuss obf t he

EVI system atde( %ertwhzﬁlsfo%%gfetagt%kpoc 181% gf t@l%q:\}lhs%gt%}n? andfgr tﬂglfc%td. o@ke:d above 400

contained therein, is maintained below about 400° C, 350° C, 300° C, 250° C,
200° C or below about 150° C.

[0015] Alternatively, as at least a portion of the FVI system, particularly
the inner surface of at least a portion of the FVI system, is formed of one or more
materials which is resistant to the formation of metal catalyzed side reaction
byproducts, elevated temperatures in the FVI system can be tolerated in
accordance with the present invention. Thus, the present invention is also directed
to a method and system including maintaining at least a portion of the FVI system,
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.



4500 C, 500 C, 550 C, 600 C, or above 650 C. WD 2004/037753

PCT/ US2003/ 027794 -6 [0016] The inventors have discovered that as the

f eedst ock pe@g@s/ostisdugh the FVI system the oxygenate c®UTa2e03tRE9 Nner
metal surface of one or nore of the heatjng devices, the feed introduction
nozzl e or nozzles, and/or the lines conmecting the heat exchangers to the
feed introduction nozzles. In one side reaction in the FVI system the

net al surface[maﬁq he hegte exRENIBLE diiddQereHARS as BRdkaIstdRPabRE through
i ntroduction nozzles acts as a catalyst at high tenperatures and converts

sone of the nthefafolysiem, theoxygenaie ouktatts theyunergesial safboef snerxiaeof car bon
di oxi de, nethane and/ or .graphite,. Thi,s side_r.eaction my, be,il.lustrated as
fol lows. bt afi® heptie devichsths fé%ﬁQHOﬂf“ﬂnfﬁ%C’i“W&ﬁza@? S 5C [0017]
The tendency gfnrfch@nd e lﬁﬁﬁéh%ﬁhﬁg‘érsftlglrtﬁé pedestddrblien 1BiMs. 1§8hatiyeed

si de-reaction byproducts is especially favorable because the ratio of netal
surface area teacipmin the ¥ \dfsyftemdtheondtal wrincebf the hhatrexchanghes, fvlingy st em t han

in the MO itse/f. The ratig of netal f t tity of
Fecdst ook 1 S SpUP PEIF RORRg R ASSrgr S5IINE AREPRReRT B sl &
assenbl i es. | BoRefts isgmrﬁctg)r:lﬂ?e ReFREAS iﬁ%%efﬁtﬂsi/ockttbﬁy&ﬁ%@x@,&c@%nirﬁoﬁoﬁﬂiel nto an

area beneath a grid i may be a flat or conical "and which preferably

i ncl udes a pl varabn tioxode, optimnegsdohgmpbite. Tihis shietrhetioe entyt lerkupatsies as it
enters the re?@ or _volunme. Additionally, in conventional MIO reactor
systens, the ature in the FVI systemis conducive to the formation of
netal catal yzed side-reaction byproducts because heat is transferred from
hot material in the MIOreactor to the FVI system The increased surface
area of sparger and grid-type nozzlkledddemlies facilitates heat transfer

fromthe reactor to th t 00 i qn, t,hgf eed
i ntroduction nozzle naf?d;ﬁtﬂémii_ﬁ%I{Zh-'é}gbggégg‘?b%%l‘uﬁéhﬁg?he r eact or

further increasing the formati on of nmetal catalyzed side reaction
byproducts. The tenperature within the reactor volune is %enerally much
hi gher than t &I ni numthetprdeacypbhetidisydes tedoram vndesirpllemptalf or mati on  of

reCel oo a7 08 LEAAL D SNRERIS apel B SRR RE ML SRR 1

heat metal surface area to quantity of feedstock is much higher in the FVI system than
in the MTO reactor itself. The ratio of metal surface area to quantity of feedstock
is particularly high in sparger nozzle and grid-type nozzle assemblies. In a grid
type nozzle assembly, the feedstock is fed into an area beneath a grid which may
be a flat or conical and which preferably includes a plurality of openings through
which the feedstock passes as it enters the reactor volume. Additionally, in
conventional MTO reactor systems, the temperature in the FVI system is
conducive to the formation of metal catalyzed side-reaction byproducts because
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



WO 2004/ 037753 PCT/ US2003/ 027794 -7- transfer may be significantly
increased if the nozzle protrudes into a dense phase zone of the reactor
wher ei n heawexkiosobizdsiparti cl es continuously collide wth taeE/uextaRron
surface of the nozzle. Accordingly, wthsconventional nozzle designs, the
tenperature of the netal -containing nozzle will increase to tenperatures
conduci ve to pronote undesirable side reactions which are catal yzed by the
heat ed i nnertramstaimasubd sigafiofinthhecmased lifthe Thzae ptdmwdéﬁmltma done phaseet al

catal yzed side reaction byprod CtSIS arti uIa rohlem.in feed
i ntroduction ?‘Rﬂ‘fﬂ?z}ée mf*@t@&éﬁ%%@m gald so p?rﬁ‘@ H@WBE@&B ‘tdﬁé’t”g’ Phe inner
surface of thgubYir subfisd smh%oQﬂQhAx\?dr&H lyb%h'c%n@&ﬁi%ﬁal‘é%zﬂ%'d%&x%?s gpd under

extrenme tenperature conditions, a po n of the inner surfaceof the FVI
system can sheerpematurisrofake mamhyoritammgtdmezl Evhllsygtamio ﬁml:sramss age
facilitates the deconposition

f. t met hanol t ai ni edst 0 side
feaction bypr BYREEYE I RTUDQIE 4B ragBF{dEﬁeaCPB?%W Kd ADea élgzehié{ lF‘ gﬁ?é? ng, "
can be descri bhgd, %ta?sﬁ&c%%f"ﬂ%ormz%le 03, Qe fo‘iﬁl%ﬁbﬁb EfaPE'atalg nomenon

can produce rapi wast age, producing pits rooves as the affected
nmet al di sint emaammbyprbducas mpettu:uéarlgfa mokﬂdmn;z fccx‘nhbnducamd noetied. part| cl es.

Met al dusting 03|on ha tiv acte t.he efficienc
productivity l)q(iﬁ% ocessgémaf ﬁ‘ ﬁé’%’ﬁl&% A SR, S“Tfﬁcq\ﬂfé‘] g\égctor
systems, metakygust mghfv@e@gﬂt'ﬁoﬁhﬁpé@@eemaﬁﬁ@gﬁ@ﬁh&@ eRBLAL ehifeRinyged side
reaction byproducts because the ratio of netal surface area’to vol une of

feedst ock i ncerhess, aportiemalfl tiisnemyrocceltse FVA spemicdasicer vi bieak he present

|nvent| on, the cur of netal dusti n be reduced. or imnated b
codting or foFWP%gmg’tt ®lfe sSQ'Stﬁmpg[rahl‘si ‘H?thiﬂﬁr}?ﬂgt tﬁ%%ctoé‘?ﬁos‘ﬁ‘é?‘r’lto? 8 arly they

i nner sur f ace pQkhaabl-t&AshiR RMstdRo sﬁE rda0Boi M prodsdie MThiStofcefBbAEA @l t hat
is resistant to the formation of rreta cat al yzed si de reaction byproduct.

[0020) Ref err irefgrredbi aso'mdial dsiang. wbelllegcrlbedlalslau@tas‘amésc fnm\ato reactor
systemin accor anc3 ng‘ nbodi ment eta & pLesenL Loven ion. MIO
reactor systeMnerides fpggﬁ%l?%q?cﬂﬁmrd ZAtPEh SR G VRS KT u“:15‘|=TI:’§&§stem or
FVI  system whd gfboves gethe kefbdiyd BRE] 8RBty inte et fture 6Fpovaledy editbddl O
reactor, which Is eneralléﬂdem gnated by nuneral  104. As defined herein,

the FVI syst efdnd mysalipartiglese dieial drstipgmeorasiuy hes nsgaivehy mengcisdithly at t he poi nt
that at |east . c‘?é}{a& agﬁtpﬁg&tuc@ﬂgy b L6804 vitfin ninRrotRRSsERY. $4 Rf® and

extending to £he po
reactor systemns, metal dusting facilitates the formation of metal catalyzed side

reaction byproducts because the ratio of metal surface area to volume of feedstock
increases as metal dusting occurs. In accordance with the present invention, the
occurrence of metal dusting can be reduced or eliminated by coating or forming at
{ least a portion of the FVI system, particularly the inner surface of at least a portion
of the FVI system, of a material that is resistant to the formation of metal
catalyzed side reaction byproduct.
[0020] Referring now to the drawings, Fig. 1 illustrates an MTO reactor
system in accordance with one embodiment of the present invention. The MTO
reactor system includes a feedstock vaporization and introduction system, or FV]
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



feedstock exits the feed introduction nozzle and enters the MIO reactor, as
WO 2004/ 1137753 PCT/ US2003/ 027794 8 illustrated in Fig. 1. At least a
portion of Wo20pM3733st em may be forned of one or nore neeel/gs2005/0Em4al | oy
of nmetals to accommodate the terrperaturesand pressure of the feedstock as
it is transported to the reactor. [0021]°I'n Fig. 1, a liquid oxygenate
feedstock or feed stream 108 containing an oxygenate such as nethanol is

shown bei ng diiGafke0ntFe healiilfgt a geMione s BRF VGGl aal Detibanédbadst ek to a
tenperature just below, at or above the feedstock bubble point. Optionally,

a series of Heareimgaldeviapedloymy nirtals ingricemsrdels the tarhrerpiesastpressumsnt i on to

gradual |y heat..t he feedstock .in st described in U S. Patent No.
6,121,504 to cgd_h%ﬁefgﬁocgtasdﬁs,trz{rﬁgc.)rgfﬁdftpﬁliiva% rvvhl ch is incorporated herein
by reference.gbf1)a Ser'I‘?A_S:i@.fl,@?«?di@gxfh%ﬂh@ﬂ?@edbﬁ)ck'@f@ﬂ%ﬂ{e% 108 the present
invention, a series of lines will transfer the feedstock between the

heati ng devi cestaiwng he okpganaiersuch @s orethanohis 2xdven baing ditepted terhsetivg f or med of

tal | .as, st egl date the t t
of the feedati OFRAE HBhEy hALBRE T BBt TISK e Bt R or
pipes in the febidbck Hiyble At IOMidAAIY. S sERYs SRHieating Aetibes iay BBt i on of netal

catal yzed side reaction byproducts. As a result, separation costs are
i ncreased andimpementehin be presernioyentonde gradualbohed de2REdtpk wfsteps d$ nar y

skill in the art .woul e ize rious heating. devices. .kno in the
art. pref er abfg et LS PRGNS & P A BB PRERAT el S i ger
wher ei n the hRRbipdeatdEtHreiMbyBEfdPence! Pichicebf hasing dbiBes RSufphawmtddin Fi g. 1,
a heat Integration stream e.g., froma water stri or quench tower, or

er

any ot her ot BEPASCHAVYHIGI08, ARiasiof fiepmei biraster thistredsiack bertisenik.
Preferably, t . . i -1.06; Wil | S tq: I of the

f eedst ockyst rEfga%n?gglb%%tggﬁéz/ge.%ﬁﬁgo%l\é\%]% “‘gﬁa}%\hﬁ? k(?:arlhlléet%ﬁ%’a% {%gﬁ%{j)? fon of the

f eedst ock vapatal esalldy sudbhs feel tbecainimasdaté fe tevbesyiat and prdseire dfithe The FVI
inlet may be within the heating device 106, the feed introduction nozzle
112 or anywhefe&dstpd: esqaisial linppopmpesaptadiitinait ghelanss €@ PinssihBeheat i ng

devi ce 100, iy 163 ot ReUSS 98 cardy AU S AALPHAI LhARAH dhines 110 to a

feed introduction nozz nventi ona ed I ntroduction nozzles are
fornmed of a nedaatiomobypabduays. SACh rasslt, eaadaoon sistedre ifdreasedtaal reactial | oy may act
as a catalyst Lh;Sevs deagtins at high

[0022] One of ordinary skill in the art would recognize the various heating

devices known in the art. Preferably, the heating device is a shell and tube heat

exchanger wherein the heating medium may be product effluent 118, as shown in

Fig. 1, a heat integration stream, e.g., from a water stripper or quench tower, or

any other material having a higher temiperature than the feedstock. Preferably, the

heating device 106 will cause at least a portion of the feedstock stream to

vaporize. The point at which at least a portion of the feedstock vaporizes is

defined herein as the FVI system inlet 114. The FVIinlet 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



tenperatures to formundesirable byproducts. In accordance with the present
i nvention, the nozzle may be forned, at least in part, of a material which
is WO 2004/WWO29&33PGF/ US2003/ 027794 -9 resistant to the frameim2ofynet al
catal yzed side reaction byproducts. In gpother enbodinment, the nozzle may
be fornmed, at least in part, of a material that does not significantly

pronote the formation of netal catalyzed side reaction byproducts. [0024]

The nozzl e messisundtd theddomittion ol en Ml Qatadaet Gideteddsion bypfodutts) Ushidked in
Figs. 1-3. Alternatively, the portion of the nozzle adjacent the reactor
may be ori enEB@ofimgsh tm nozziareay he &amee. alpdshiepast, of panaieniad dlat daeanot The

heat e {eeds . ook AR Sl Il S50 h L ARRLEAN A0RE B plfcnd, enters

the MIO rea ressdare in reacto e | ess

than the preggopeg of  (The nbefleslaggtottbddint mbwwlrew@\mmarua the
tenperature within the MO reactor may be nuch higher than the tenperature
in the FVI sydesnsied e Eigsdl dglAlteraativebh ﬁh@prb@n phiteanerle adipcant thene heat ed

fecdst ook o MRS Afds BTl DE SERT, o IbE BEURLLER QAR pyend enters

the MIO r eac exrts % oducti on

nozzl e 112 aﬂﬁa@ﬂf@ﬁﬁte&]ﬂ?a%@ﬁcﬁ%ﬁttﬁﬁ fek@4ntrGludabn ﬁ@&léwerzemi erdérs te FVI
systemoutlet 116 0026] In the MIO reactor 104, the nmethanol in the feed

st ream cont ad‘t’lgoefeaw Wul ar sieve catalyst under conditions effective to

forman ol efi oduct 118. As
i ndi cat ed abclﬂog]t he p T% %sg tﬂ?e m&%@ﬁ‘ %{r%yt‘% Q{\/ﬁ%{gg Eéssgf may be
directed to tth@fd&&ﬁbcl@%ﬁhmnﬂ@FV].@ﬁ:tem Jardride teniperitent withia the®Gidagam 108. As

shown in Fig. 1, after the product effluent 118 has heated _the feed stream
108, it may Heaybs wrelehigher thanmhe teopperatuze priba M sysepardacpretinge

purification @yﬁ%ﬁ;@c}ﬁg@}mé QU héltéde%[@%%éé&f%é(y vARRiZR 20 AUGHes tl‘?h%{:] ent is

directed to t uct separation an I catlon systemw flrst
bei ng direct edtrbmxcaohﬁatzlemﬂimngelthe MG@)Z%]actlon whEpembﬁﬂtﬂErfEedsfock beitpr esent

i nvention, ortion t he one re heati deyi ces, feed
lines and/ or P%gﬁaluﬁf?‘g‘tﬂﬁ%‘t P‘Eiﬁi)en]o1 “é]s‘mit‘gSt eaglpr | ng’ét ¥ ‘i]é"r'?lfl of a
mat eri al whi Caﬁtﬁ'éjfﬁl gsgg mHigkangi ally promote, e.g., is resistant to, the

formati on of cdta yzed si de reaction byproducts as described above.
The materi al [®8R6lbe an lpltbardifiGateaner D4, the nwithapy] inahe feadstmanabntacts a

molecular sieve catalyst under conditions effective to form an olefin product
which exits the reactor in product effluent 118. As indicated above, the product
effluent 118 from the MTO reactor 104 may be directed to the heat exchanger 106
in order to heat the feed stream 108. As shown in Fig. 1, after the product effluent
118 has heated the feed stream 108, it may be directed in line 120 to a product
| separation and purification system (not shown). Alternatively, the product

effluent is directed to the product separation and punfication system without first
being directed to a heat exchanger.

[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



'[0028] The conposition of the material that is resistant to the formation of
netal catal yzed side reaction byproducts, and that nay be inplenented in any
portion of whzoF3778ystem w |l now be described in great BETASL@WBN2779Hh one
‘WD 2004/ 037753 PCT/ US2003/ 027794 -10 enfipdi nent, at |east a portion of the
FVI systemis formed of an alloy containing at |east 10 wei ght percent

ni ckel, preferably at |east 30 weight percent nickel, nore preferably at

| east 50 wei ghibodinegnit lensck pbrimncdinbsFVpreiat alibymat of @pdioyG@ntaivihght
percent nickel. In contrast, conveptional. feed introduction nozzles, e.g.,

formed of cardbbiasisklcesght gescend picket preteianly B dast Hhwerzbt RREFYH figkeh cent
el o ' e _ - ! cent
0t Cthe i nner T ppb bl ARt 0 BeLER AN BDRERITEM S 60T (o

ni ckel oxi de waglitipageeheniekel. A cbhigastveaversishhlaeal mirodiictiomasizzies,aog.f | on of
the FVI systemis particularly resistant to the forpation of netal

catal yzed si derpehehsameonsssl dincely cerandesrshamalibvechbprrssHinidel eedst ock.

i okl 1 ol ugdebgaronthifl 488 i aksifl Bl RnigPSlad forglloh W nhS 5271 o))
330, 347, 40%urfB0Pof GO 1cGAAGAti6L 3f 6 FIIGHstei7 The 6RRkel 68 cFfithg 1758, 800,

803, 825, 864, 904, CF-3, CE-8M CH 20, CK-20, DS, HH, and HK. Exenplary
non-1 i niting @ theyaner sface Gbehleasts Poraan pf the Fdisysem e pRrbislapy sesastanti ncl ude

756, 800 803" Hobrmih otdhal Bfig R hed i bR, B 0o

contain at | easitaimfg feedgbtk pEkedplarnhekmiiinpcdllege 116 3ontdintst J«b@010 600, 601,
GO%CA, 617, 625LCF, 671, 690, 693}, 754, 758, and TD. Exepfl arX non-limting
al foys that WeabLReiceat nickalonclsge db? gio: pehSBht3 0 ke POPnel ludd*408; 600,
601, 602CA, %E?ﬁe*ﬁ%xﬁéé‘;65@%01,%{6@.(:&%{1%@.%2%% tdoPNEdd, ¥s8r758

east 20 wei g

alternatively, the’alloy ¢éont’ains at it Percéent”’chriom um
pref erabl y at800e&83%, 825, ¥ei, §ht, PE+3c &FtSMhCoin: 1) IGK-20s18S, Hetwd HEl.y at | east 30
wei ght perce chr.om um and. m)? erably ast. 40 wei gm(?]per cent

t pr.ef t | )
ohromi um | n EXRIAY oT BRGNS e et et 0 o Rt R AL BickelD (e of

carbon steel {pigeakl »76085®i400! 85 cbhan1280MEA Gy, PEIIAEN 678 NESRITIEYH)
Chromi um contai ni ng al | oys are desirabl e because chrom um oxi de forms at the

i nner surface7bf, 76H8081 80486, 30481 icon TOF. Enemplety moyshwmtingitoys tradoni um
Icz)i(/ll dgy S,? gﬁqt : ggonltz?ix &l 1edd SbQNeei;igh np%rrcesn Hcﬁe emaqldé 5'53,?’.56,' f()%? %O& &?rééﬁA,Of the
617, 625LCF, 671, 690, 693, 754, 758, and TD. Exemplary non-limiting alloys
that contain at least 60 weight percent nickel include 400, 600, 601, 602CA,
625LCF, 693, 754, 758, and TD.

100291 Additionally or alternatively, the alloy contains at least 20 weight

percent chromium, preferably at least 25 weight percent chromium, more
preferably at least 30 weight percent chromium and most preferably at least 40
weight percent chromium. In contrast, conventional feed introduction nozzles
formed of carbon steel typically contain less than 20 weight percent chromium.
Chromium-containing alloys are desirable because chromium oxide forms at the
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 Jeast 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,



‘particularly resistant to the formation of netal catal yzed side reaction
byproducts from a nethanol -contai ning feedstock. Exenplary non-limting

al | oys t hatWogoh®Eit3at | east 20 wei ght percent chrom um ipoaiusden3d@94 310,
329, 442, 446, 904L, 754, TD, 758, 693, 602CA, 625 LCF, 601, 690, 671, 617,
263, 825, 803, WD 2004/ 037753 PCT/ US2003/027794 -11 800, 864, 956 and 2205.
Exenplary non-limting alloys that contain at |east 25 weight percent

chrom um i nchyglesed 166 234920858 xe %%r?f ﬁ%%itiﬁ@%loyﬁ?ﬂﬂt BARiPR3eas: Exenpl ary

non-limting a[’l oys that contain at Teast 30 weid percent chrom um
i ncl ude 758 metkhs parcechnphiamyinnlode 31 6 31239 @5 $1698y&0201at696 00T laiand 803.1 east 40

theal 1 by cotternsnarer bseman fuf i L pBRALAF R P B e et
4 wei ght perg¢ 10(%@?5%%9%%. ngﬁglgmra&ﬁ-mniﬁﬁgmws'm%bm;ﬁleﬂ 1é43t 4@duct i on

nozzles forne carbon stee aln less'than 2 weight percent al um num
| n accor danceverglit ipetchiet ghrasent inchadergt/ion, el enental alum numor simlar

netal, e.g., | | .adi um, can al.so be i npl enent in the at |east. a portion
of the Fur syBRON Tt T HeEERRLY By aRemaRuTdhE EU O TIOFSt APEIEHEa it al ned
bel ow a 'evre}pefckaﬁfalmmum, ?Eﬂ]f&ra% dt Ypds aeiéiﬁﬁ@xtceﬁt%%m@mp% dofifaf the FVI

t
system Aluminumis parti arly effective in reducing the fornmation of

met al cat al yzenvaitideal fesiciirodudipp modzies Hrined ot earven kaclolontapmicas thiang

feedstock. Al ug?ﬁnum coqrjt aining alloys ar e.ﬁi sirabl e. because, al um num oxi de
forms at the WHHHSFEHY QP@“BT'QIPF?&C 28D e FYPbIR VB Ph B9y st em  The

al um num oxi %m&q&tdr@sanilﬁfxﬁét?pe.lgt,Qﬁnwnﬁf, c&pmf;@sﬁir@éleﬁ]e@tealin {h%?@;ea? Ioorti on
net a

of the FVI systemis particularly resistant to the formation o
cat al yzed si depareaceftbe FhY pysenct e émperetreradrgacbr aoditainsiaryy f eedst ock.

Exenpl it | ] hat i | 2 wei ght t
S unt nam i nonaEes eRoYs BV E L Gke A R i Bbye B e AR B FE<  hat
contain at | gagtsydtedei AiniReh SEHrtialla BEdtivieRE kdfdeind 3o folrR@8dd of ron is one

non-limting exanple of a nmetal which is particularly undesirable because
of its effectmstahessadyded sidsrradatign hypenduetadeiny 2 srthangecondaininedredstngpr oduct s at

hi gh tenperatuyes, huStginiirggyﬁgo&g%Ldea@e%%lenl\lﬁ%tbgca go%jﬁ%{infrﬂg.q -e%%s[ at.q;xe the

present i nven P8H?u ﬁgn I Ona r ernatlively contal ns | ess
than 70 wei ghher@ffe@df the aneasph @baicaliNthd BEVS sidnan. $he wribghim peideent iron,

more 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 2 weight percent aluminum include 602CA, 693 and 956.
Exemplary non-limiting alloys that contain at least 4 weight percent aluminumn
include 956.
[0031] Iron is one non-limiting example of a metal which is particularly
undesirable because of its effectiveness in forming metal catalyzed side reaction
byproducts at high temperatures. Thus, in accerdance with another embodiment
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 matenial in the FVI

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



preferably | ess than 30 wei ght percent iron, nore preferably |Iess than 10
wei ght percent iron, and nost preferably | ess than 5 wei ght percent iron.

I n contrast WO wa9&iTes onal feed introduction nozzl es formegcotispasbenest eel
contain nore than 70 weight percent iron. Ironis a particularly
undesirable material in the FVI systentbetause iron catal yzes the formation
of side reaction byproducts froma WO 2004/ 037753 PCT/ US2003/ 027794 -12

met hanol - cont ai.fil.RY. 9 s g ontain
Tese than 70 saranrc BT E RtsbUe TR ARy il Mot LAY Br Bt 01

602CA, 617, 62bUICKveiX percéMdronaadindg 343, 2768338400, @03608562C86417.DS, and
TD. Exenpl ary on-ljimiting alloys t Qntain | t 50 wei ght percent
iron include %@@#@15%8931(58, ?56?@3866@2é@%%@ﬁ%%ﬁﬂaﬁ%SanPlW1 690,
693, 754, 758, .800... , : -4damhbE ng

al I oys that crcl)% g&%‘m?gggﬂsoy? ﬁ%ﬁ“%rggﬁé?%ﬁ?mﬁﬁg‘r%@m F%}g%}ﬂh@%g?aug% ‘2%6,'}9%00, 600,
601, 602CA, 6313, 468 400F60HKBL2CA0]7,623L.CF/64L, 6963,9382%, 7a8dSINDE0E$25p! ary

non-limting allQys that contain |ess. than 10 gﬁei ght _percent _i ron include
276, 400, 60080%68%GAnd 17 Exgpmlary nog7imitigggllogyat copian lepsian gogveigitg T,

Exempl ary non:l.im,ti t-nG0 i S 3 i rcent iron

Chelnde o0, b disadha s, WiGe00Rt RielacRof LS ER A 8%, B

Addi ti onal | ]}/ @ﬁ%ﬁ?lssemﬁ?mhd/'éDy ,Extah@leﬁy lnoy-limatih@blhsysahatl coatain Esmhhgﬂ]? pglr cent

copper, preferal at | east, 15, wej ght percent copper, _an r referably

t Feast "3 veraR pperuane ledping 1o Aoca pode A B baH o, fabas:.

[ ntroduction_ 7862zkesrd QAP HxeiBIBORORNRGing MO B RHELLRLRLE samount s Of
r present I on,

copper. In accdrdahce’with the i nven el enental copper can al so
be ‘i npl enent edveighn ptoentatonlindsde 400 61 7j @GSLAHF, 6hE 699 73y §6 8825 atdiED.

tenperature a reactor cqnditjons  are. npintained below a | evel. { hat woul d
melt or ruptuﬂﬂ’?ﬁe at ﬁé‘ﬁgwnal YO+ AHIRALBEY %}ﬁealll@\vncogg;g{s eaplppEient

particul arly ﬁéﬁc&ﬁtd'o}sﬁerj Pref higadtN8 dQsiTalct At QfpperMBh@imdapRkygQy si de
reacti on byproducts from a nethanol - cont ai ni ng feeéjst ock. Exenplary

non-limting afleaysStieaght perestiaopper. |leastirast,wehydntiopelrieehintwdppgem i ncl ude

825 and 400. An exenpl a ngn-limting. all.oy that contains at |east 35
wei ght per cent® ?)Spfggn?%%flcl?g"é’? 311%})?0&8}6@%’}1 e%ﬁtagﬁmoéﬁse%&i)%h? of the
present invenkiQfdat wiasd presdiR idve@fion Aierbdifal t¥ppérah @¥0IbS impleRReAtdl an
all oy selected fromthe group consisting of 410, 304, 316, 400, 330, 800,

600, 825, 601intestlggtz pogis: ofgbg FYAgysas if the temperature and reactor conditions

are maintained below a level that would melt or rupture the at least a portion of
the FVI system. Copper is particularly effective in reducing the formation of
metal catalyzed side reaction byproducts from a methanol-containing feedstock..
Exemplary non-limiting alloys that contain at least 2 weight percent copper
include 825 and 400. An exemplary non-limiting alloy that contains at least 35
weight percent copper includes 400.

[0033] In another embodiment of the present invention, at least a portion
of the FVI system is formed of an alloy selected from the group consisting of 410,
304, 316, 400, 330, 800, 600, 825, 601, 625, 617, 956, 693 and 671.
Alternatively, at Jeast 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.



Alternatively, at least a portion of the FVI systemis forned of an alloy
selected fromthe group consisting of TD, 758, 625, 601 and 276.

Al ternativeMP 24#/0¥%8a5t a portion of the FVI systemis forcedsmhseral | oy
selected fromthe group consisting of 633, 602, 690, 671, 617, 263 and 956.
I n anot her enbodi nent, at |east a portion of the FVI system pref erably the
feed introduction nozzle, is forned of a material other than carbon steel.
WO 2004/ 0377480347/ US2GRxgfegbly; e marsegiam@@za]llow@imm the fomeatipmtadri al is an
all oy resistan 0. the mat i.on mef al zed .side reacti

bypr Sduct s. - ARG Tt e PB YR ey A BRIl By Es] Bty o

car buri zat i ons ahgktdR i arBi$atibs andRRtal ﬁuﬁmg RRpas.g NoapeP R 3t dririkied

Ni ckel -Base Material Solutions to Metal Dusting Pgob I'ens fromthe Corrosion
2002 Confer eri‘émkelvﬁascMatsmlﬁ@bﬂpmsm detd dusiing Byobﬂ@ﬁseﬁr@rnabc Crabsien1, bel ow,

provides a c ti.on co i.son of varjous .co I’CI a o] that may be
i npl ement ed | (Lc%f?fﬁﬂ%?e%@ﬁs P’r‘f@‘—pﬁ’?@g‘ih?reiw i (Lgﬂﬁlﬁd ﬁFéi’l W.vari ati ons
are known t Oor@ieeld a%ﬁqﬁés‘ih&d\%nﬁﬂh@i‘d% Bf’virR{us%éﬁhqe?dlil%Yiow Mt #ag npel ow, and
the conposi t| onal wei ercent ages provided herein are non-Timting. WO

21104/ 037753 19@@5@32@@31 @m@mce withitliEghesentlinvapipno Komehercigb mpaations eres  of

Commerci al All oys Ni,.Cr. Fe JA . Ti er 75 820 - - - 0.3
0.5 0.05 0.5 V?%@’ﬁl c 3‘”’?2‘“1]51“%!’34}f%fe@h@iloﬁﬂéo‘ﬂgdr%‘bw % °5 8 0.3 0.3
0.3 0.3 0.08 ¢orf] 1t§)¥1aﬁQeJ%h%pﬁce@t&%e@p@v@ﬁe@ieg}:ﬁar%%@g hrﬂﬁg%\GAf 0 11.60.70.1
0.02 0.4 0.15 3 Cu 69 2 29 - 3.1 - Nb, Zr 602 62 25 9.5 - - 2.2
- 0.18 Y, Zr 625LCF 61 21.5 2.5 - 0.1 0.2 0.2 0.02 9 M, 3.6 N\b 601 60.5

23:13 0.2 0.2 1.4 0.4 0.05 - 690 59 29 9 0.20.1210.30.30.02- 276 57 15.5



671 53 46 0.3 0.3 0.03 - 617 5522 1 - 0.11.2 0.4 0.08 12.5 Co, 9.7 M 263
51 20 - 0.3 0.1 0.5 21) 0.06 20 Co, 5.9 Mo 325 42 21.5 28 0.4 0.10.11

0.02 3 Mo, wa@2@4/03DS337 16 41 1.0 2.3 - - 0.08 - 330 35 19cA4skedBn011784- -
-0.07 - 302 10 18 70 1.0 1.0 - - 3049@?19 68 2.0 1.0 - - 0.08 - 316 12 17
65.5 2.0 1.0 - - 0.08 2.5 M 410 - 85.4 1.0 1.0 - - 0.15 - 803 34 27

36 1.0 0.8 0.4 0.4 0.08 - 864 34 21 39 0.4 0.8 0.3 0.6 0.03 4.2 M

800/ 800HT 32T74blAR ApPrkihate GoMpdsitioRd of COafmercifl Aifoys - 4.5 0.5 0.05 0.5
Y203 WO 2004/037753 PCT/ US2003/ 057794 15, 100351 As Lndicated above. the

mat eri al |t hat Alleyr esijst Bint it oCt heé Fer maMmon dofi |medhl| cht a] yZed] siQiker
reacti on lbhyproducts mayvy he 8 nopndnet.al Lndl at i i S t
capabl e df73 t hst andi 973 el jat ¥elly i gh prdssares Yahd thﬁpepe@P r 8 YOy,
those te vattres—afa—pres Liji Hn—theFvi—systen MRS
reactor, parti cyl a:71 ?ect I ve dt reduc]i'4rslg t he format :dc% BW%I
catal yzed gygie réacti on7'>bypr1gd;uctsg X @M [ary3 nory3et al.s | pajg ey 1ormat
| east a part_of the HVI sylstemilnclude insulatinhg materials such as
ceramcs,{7i& e brick,} hbtgh | edpenaturg ecallci um si0.4 cpt®y 0GR h&.5AX0;
silica-al b 'es—dJ—lafnmmm'c si!;raobfi '6 2a vd E,ﬂ..or*w i Hdlers.
In this eh®dti ment , the(’flnner %urfl@% of7at| | ejast P pOFD[‘I on 'léf tHe? B
system elggy thefeqd grtTodggtTongndzzie, T 15 fprarEdi of te TS ukgt
mat eri al .| For additidnal insulatiing naterials whi ch npay be|incofporated]in
the presk6d2CAventi dn, 63ee| P2fr gl &um Precessi-ng, Bahdpoek, | WIR. | Bl'eyitk and
R L. Dav w-Hi 11l {Publi 5_h_e_r_3‘_r_ggag_bq 4-137 tp 4-147 (1967Y),
the entir ag%SLﬁ whi ﬂh 0d | n@drSpcrgtSed her e -by &R er dhte| Hite sr?el\éIPflc
character|stics of the 3.6 Nb
601 60.5 23 13 02 | 02 | 14 | 04 | 0.05 -
690 59 29 9 0.2 | 01 03 { 03 | 0.02 -
276 57 155 | 55 - - 0.1 0.2 - 38W
671 53 46 - - - 03 | 03 | 0.03 -
617 55 22 1 - 0.1 1.2 | 04 1 0.08 | 12.5 Co,
9.7 Mo
263 51 20 - 0.3 0.1 05 1 22 | 006 | 20Co,
5.9 Mo
825 42 21.5 28 04 | 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 | 2.5Mo
410 - 125 | 854 | 1.0 1.0 - - 0.15 -
803 34 27 36 1.6 | 08 | 04 | 04 | 0.08 -
864 34 21 39 04 | 0.8 | 03 | 06 |003] 42Mo
800/800HT 32 21 45 09 | 0.1 04 | 0.4 | 0.07 -
956 - 20 75 - - 45 1 05 | 0.05 | 0.5Y,0;




‘insulation, e.g., density, material and thickness, inplenmented in accordance
with the present invention may be sel ected based on the specific reaction
condi t i onswa ngd/eha7i3he reactor, the conposition and physieai/ugmopertiies of
-the feedstock, and the conposition and,physical properties of the heating
devices, lines, and/or feed introductiég'nozzles. [0036] Optionally, the
feed introduction nozzle, or other portion of the FVI system is fornmed of

an outer met gg3spnt ai niaARgndidAed MoveOid thdterBahans falsant tdihe IRRTLY F Y
associated wwth an i nner tube or conduit forned fromone or nore non-netal

materi al s. Thetd patelyzed bide nepptipebymodyiemeay Re @Hion-mael. oselptimematerials

~containing tybe, Opti.gonall the insert.is held in place against the outer
condut t by  HEGHS mRRae Py dpsbtfipnBERen Bel B aite i BB B s e, “the
feed intr oduq{ds@fem(}jma}e@ af@yrebauréaipRrel Bfth@ VoWl @emnEtaaMN0Z&dgorhaki Nng an
nner insert formed of the insulating material. The insert includes a
condui t t hr opgtticlailp leffepiaver ad gecingikbe gﬁawlapa@ of mptalicajadyzgil sidereagtion t he

reactor unit., As.the feedstock flao rou th t Wo- pi.e f.eed
introductionbﬁﬂfg?g? Eh@nngﬁg?%@ﬁm &h%d%%@ﬁ1 éﬁﬁﬁgﬁggg?ﬁgﬁﬁgﬁﬁrial whi ch
does not cat gly&fmdi® fnoilaBid Mbtefhls Shélfad @2&hi ORI RABigH SempferathRROr

anmount of feedstock may pass through the pores of the non-netal material and

contact the rcanam siliedtecduminatang sihse-alumiae cegmies, didiempessys siiea buakkct | on
nozzl e. WO 2004/ 037753 [ US2003/ 027794 - 16 .Thus he t.al  port.ion of the
feed i ntt odudbl SHOHES IRCTIRET Shdis Soveetpgph Bt igpissmetalf of ity £Bpbar)oy
material thatbfite Fesdygteailtle d ahé hedinfdmitiionnoizlent almeatokhezpshlatiigde
reaction byproducts, as described above. [0037] Optionally, the outer

material is meteal &pr addiverahinsulatingmaiarals whishimayoessinserpotaiadangbe t he
formation of side .reacti.on eqi’e%%ﬂﬂlcﬁr% ésrsx;%@‘ﬁﬁ}d@%p?,'w.ls.'ﬁlaﬁcﬁéﬁ gbodi ment,
the feed int rpocfucttlon noszie (S ormeﬁ of ®two diff'erént non- netal materials

that are resildvadionieds.t NeGrow il iPablidkrsypagds 46 b3 Aloydzed7 619688), tieseaitiran
byproducts. Preferably, the quter material is a non-porous non-netal
material in 9pPdash sancresrad hersakBiyeigenes ol ieewgsilicharasteripess ok ther nal

e

i nner surface the“dne or’nore o evl ces, I nes and/ or
f eed i nt r oduah¢ presemarEhasn nry beatiecedbidedannhe spicafic tdaation condemnst ant to

the formati o o Jetal  CBalieeds) g8 ARG O RAPLOTHS! Ruadud i Fecdstock

the composition and physical properties of the heating devices, lines, and/or feed
introduction nozzles.

[0036] Optionally, the feed introduction nozzle, or other portion of the
FVI system, is formed of an outer metal-containing tube or conduit mechanically
or adhesively associated with an inner tube or conduit formed from one or more
non-metal materials. The inner tube may be an insert within the outer metal-
containing tube. Optionally, the insert is held in place against the outer conduit by
mechanical interactions or with an adhesive. For example, the feed introduction
nozzle may be formed of an outer metal nozzle having an inner insert 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.



‘material, the feed introduction nozzle need not be fornmed of a materi al
resistant to the formation of netal catalyzed side reaction byproducts.
Thus, in twWs200¢0868 nent, one or nore of the heating devecess2dgerr?di nes
.and/or feed introduction nozzles opti_oi"ba_lly are formed of a material that
is resistant to the formation of netal catal yzed side reaction byproducts.
Thi s enbodi nent provides the added benefit of allowing the retrofitting of

an exi sting Thds, thy sk goetidi 6ithe €eedfipitodiedbe asetle bptismllydnf@medef al
catal yzed side reaction byproducts without entirely replaci nlg t he existing
YE

FVI system 9eogusl orploymenierial dhat is waigtaphiodhe sorealah of meta) coalyeeshl enment ed i n
the enbodi et Qétio%hl%ov?&%fc@%s h&gﬁg‘%'%\,@herei n at least a portion of the
s d a na at

FVI system or e eria I's resistant to the formation of

metal cat al yjpest7]si de  OpaehAIRN tHR)RED Ghidértal iBforaled of b@ohI@dalagatéi@ coating
mat eri al . Copper and copper alloys are also particularly effective as
coati ng mat énptoss npkeRialies Wedernfation of SWE FeRFUAB LAProduets ossmathan®nown in t he

2. and 6, thahisgaTg RS RSB Nz e oRRRTSE iy BNk,

reference. [M0ADIasial S WHaCat aisth® uethe fhenatioasHEtetalatINAc0 BideByactiog | ude
mai ntaining the tenperature of at |east a portion of the FVI system and/or
f eedst ock copraedusts. Rrsterahin, the oder masaphis rmoncpdreet Refemeis] makgabinor

el mnat e U g ob A BL bl VL2004 A7 3 RETLIRRRAR 027704 - 17

catal yzed si 1on wever, mal ntal ning e tenperature of

the FVI sysjo@ssjand/ or Id assbératbodimdnion e froemeinvensor) e infaeadadey for the
present invention because the FVI systemis fornmed at |east in part of a
mat eri al whi ¥he @Besr pvre of YribestmgieriFen fefokiresiand of desdanirocsen net al

catal yzed si i r c 1. (i ; f side

reacti on bypro Le%?%&%aﬁgddﬂv?)é% rﬁ%&?ﬂéhat%%&g%? ng%ﬁerg‘BIg}gaélggg’g%}aaqw th the
present i nvecdtilpredwmte bactianwbgrodiede tectha litwistoekerillabniacighe teatipgr at ur es.

[ 0041] One net hod, of kegpi ng. t he i nner of _at | east arg)airtion of the

] |1
FVI syst em afafesial. ghe tog laté%idlgv%fwémeg? Rabte fremsd R1 amaterial prsistant g o

effective togr fo,notffrﬁéthlﬁ?%z%dtsnﬁ_rfe&&i‘gﬁtﬂyﬂfbdﬁttsmﬂ!s, ik @igl yzed side

reaction byproducts Is to ermally insulaté at |east a portion of the FVI
system e. g. emhogiorent,@me @r mair¢ obthe hbwingfderttes needbuestandfordesdzl e, with an
I nsul ating nﬁlttr%rdiagclldn r'l\lcg)zr%ielsior;ﬂi%xila?@ e %%leg of gfmalerial that 15 resistant to the

formation of metal catalyzed side reaction byproducts. This embodiment provides

the added benefit of allowing the retrofitting of an existing FV] system to provide

for decreased formation of metal catalyzed side reaction byproducts without

entirely replacing the existing FVI system.

[0039] The above-described materials which may be implemented in the

embodiment of the present invention wherein at least a portion of the FVI system

is formed of a material that is resistant to the formation of metal catalyzed side

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



insulating materials include: ceramcs, fire brick, high tenperature cal cium
silicate, alumna and silica-alumna ceram cs, diatomaceous silica brick and
cements andwdizbhhaizgzsiFor additional insulating rmaterial s woTals2emam21yos
incorporated in the present invention, spe_ Pet rol eum Processi ng Handbook,
WF. Bland and R L. Davidson eds., McGaw Hi Il Publishers, pages 4-137 to
4-147 (1967), the entirety of which is incorporated herein by reference.

The speci fi ¢ cachatedGiderieadtionibypfodube. Huswivat, netintagigs the dansdritye ofaker i al and
t hi ckness, inplemented _in_accordance with the present ipvention nmay be

sel ect ed basdd’ byysterpandierciedtock gtainediberginds PPoRRCESAS] 198 therseseBhct or, t he

conposi tion %ngxﬁi%sde‘éédse%{ﬁgf %?;S?E?n Rifor Qf’atflgﬁgﬁ Igﬁé'{;of fi’j‘l?]lg?]egir lgiggpog tion

and physi cal properties of eati ng devi ce,
i ntroducti on dvez abesighifiddi]y prommrothb ésremibo df mend] cafalyizbé side esetién | nvent i on,
the tenperature of the feed introduction nozzle, and/or of the_inner

et al - cont ai MYREEHSSZ | Acoiiinglyethe eRONBLI sidrdrattiondy predbgseduced sethie. may be
control | ed Wi &<a0ld AoRIAECHIM dSRbchY RESnRln £APbE Iy SY SIRIRERU! d be
n D exanpl €,” t he cool I ng

i npl enented | e present 1 nvention. or i System may
i ncl ude a coodvien@t highaemgtiaamtd.y wapped around the feed introduction
nozzle. As cooling nmediumflows through the tube and around the feed

i ntroduction B83% e, t nOngareahod of keprig disgnner Wellakatilenst apgmios of the wel | as

t he feedstock i i i e WO
50041 037759 FoT) B8 ah a5t Gh e PgRoER PuRBndRttcth BEE Bpe Pk ETRBERIGS V0,
formati on of wmEbhed orcdinainyzabe fimhet oreaithet@hcatily pedodde teactidri4dddubts ioe

enmbodi nent of .the present invention, t feedstock is nmaintained at a
tenper at ure ePPEBN@spigte s iRzl PoTIpR HP&‘@ Fgﬁ SEFER: A& ROAEOD pRlRithen of

retal catal yzedy SllSEERs Lok U AHGHRing Aalehlh 1IROME RN brblS off eedst ock

may act as a cooling agent cooling t I nner neta one or
nore of the fwmkstletinggapoiald ionisdefcetdnacd Vire byislt, dnigh ®inpesdst calcpor t i on of t he
heating devic ortion of the line, and/or., at st. a portion

, at | east l. ea
of the feed  TREAGAIRDPBANASIEREITHER ATl el A RRREPYR HHE BHCKAE 1 ebdst ok

t hroughout t hgnfhs afVBHER For RIBIRRPREYaRE AW AROWNHHER By H3S0C, 300C, 250C,
200C or bel ow about 150C. These relatively | ow tenperatures maé be

mai nt ai ned byinserporatd imige présentiieeaniting, schdietreteeri Sracesingntda Wdt the
feedst ock heahﬁarr]l% a%%‘ﬁ.f?ﬁhvi%ggr{ s, lR)(cGraw Hill Publishers, pages 4-137 to 4-147

{1967), the entirety of which is incorporated herein by reference. The specific
characteristics of the insulation, e.g., density, material and thickness, implemented
in accordance with the present invention may be selected based on the specific
reaction conditions inside the reactor, the composition and physical properties of
the feedstock, and the composition and physical properties of the heating device,
lines, and/or feed introduction nozzle.

[0042] In another embodiment of the present invention, the temperature of
the feed introduction nozzle, and/or of the inner metal-containing nozzle surface
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 iniroduction nozzle, the metal in the feed introduction nozzle

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



i nsul ating and/or cooling one or nore of the follow ng portions of the FVI
system at least a portion of the heating devices, at |east a portion of
the |ines, W40 IS3 | east a portion of the feed introduckitwosmozal-es, as
di scussed in nore detail below  Sur pri_ﬂgr_lgly and unexpectedly, the

i nventors have found that the introduction of a |ow tenperature feedstock
into a hot MIO reactor does not substantially affect the formation of |ight

ol efins in tbfedflOs 8aciALe of 8RdkhhieABeformanad bymefal shthistedtityedadtion he
i nventive nmethod and system includes maintaining at |east a portion of the

i nner surf ackyprefiuathe feed vaporization and introduction system e.g., the

T U2l 1 S bALINGE O RRREI Bl DERRRAEHHIE ] oo v

to reduce or na I'oh o action

byproducts. hhigiaed seempétdtireteffecveas eeduce] Mitemidedt elitifatt efgoer at ur e of
the metal -containing inner surfaces of the FVI system may be maintained at

the desired famsdpnoiimstsl gatalyzed Fide yeastiombyRrodydy. Indhisrpprkodimae. &e nore of

t he heating dewvices, the |ines;bet feed .heatin devices and the
feed | nt rodulSEsRaR Y B 4y DR QbER Il R nE R PR PR BB B ozt e
itself may bendraekelkgsilvwing paridisiofild BV fistehatat RastmpRtibRbf tHeMR4bhg
Additionally or alternatively, one or nore of the heating devices, the

| i nes bet weedevine af keask dieartipn gf thevineegndircnt {4ast 4 pastion of thedfged | on nozzl e,

and/ or the feed, introducti.gn itself i ncl.ude,a coal. ice for
controlling t“?\téc'dulfté%]é? . eu:@“%‘%é%# Fegarpega?%rgromenfegﬁ?ﬂ#%eﬂwg%g?{stﬁgﬁgﬁ?he
i nvention i s sahied ipieRShINg HeRWIBOA80-03735% BOTHEISB008! DRPBTCE betck® an FVI

system having a tenperature nonitoring and controlling feature, and to feed
i ntroducti on ahowzl5€8Ci Mbesepelativelndowa t¢rapdraturdsanayet whingaitdtebnedidtyollimpsul at i ng

mat eri al and/or. incorporating a ¢oolin st.e 0046, a non-|imting
exanpl e, Fi ghoheaingg Fasieus i and Rt Pr?féﬁ%'e &egt?ﬁ%hw@éﬁt’wﬁweﬂ)@r By whi ch
reduces or e'ihiﬂld?ﬁa%%%d%ﬂ:@éli Rl F26ste oF HR ﬁﬁ&?fdgﬁ%ni&iﬁ%ﬁﬁ'&‘ﬁ/l EQnraRL i on

caused by heat transfer fromthe MO reactor to the inner surface of the
f eed i ntroduct ieast apridmof hetheatthy deviassiat idashe partigh of thedines, atdéwrat in Fig. 2

PG S DR e MR TR N NN U
nozzl e secti Z:l8b1y WBd haaglecelifyeaminRidrs BMd Pdand aat iHnd6MiERn bRgt shown)
travels through a Tine or pipe (not shown) and enters the feed introduction
nozzl e 112. low temperature feedstock into a hot MTO reactor does not substantially affect the

formation of light olefins in the MTO reactor.

[0044] Additionally or alternatively, the inventive method and system

includes maintaining at least a portion of the inner surfaces of the feed

vaporization and introduction system, e.g., the inner surface of the feed

introduction nozzle, at a temperature effective to reduce or eliminate the formation

of metal catalyzed side reaction byproducts. In accordance with the present

invention, the temperature of the metal-containing inner surfaces of the FVI

system may be maintained at the desired temperature in a variety of ways. For

example, one or more of the heating devices, the lines between the feed heating

devices and the feed introduction nozzie 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



The nmet hanol stream 206 passes through the feed introduction nozzle 112 and
enters the inner reactor volune 208 wherein the nethanol contacts a catal yst
under condiW9am3/68tFacti ve to convert the methanol to |i gRCTEISaM3143779An
insulating material 212 covers at |eastga portion of the outer nozzle
surface 218 of the internal nozzle section 210 of the feed introduction
nozzle 1] 2. The insulating material reduces the quantity of heat that is
transferred fmBM sytemdarvingra woperatire 208itonng hed contedivag feabueland ect i on 210
of the feed in%r.odu(ﬁlté.on nozézl.e 112. As a retsult }hi met ﬁ' .on ghe i nner
nozzl e surf alEI P BFIPRECTAGHIFHPPEHRE R IENTELPPE O 8 i Be VP fed at a
fenperature efsteml hv®ot Qlc{)ﬁﬂ,%ﬁﬁg aobling &k, el i mnate the formation of

met al - catal yzed si de reaction byproducts. [0047] Al though a portion of the

f eed i nt rodud@46h nozzl4s dnon-hotngeampite Fig V) illysisatemoneambadindgs ofay be
exposed to ttﬁ% react or vol u”ﬁj 508 t he ‘%rmuntt of alheﬁ trransferred fromthe
reactor vol uff¥ REPhEVERIT BRICHFEQUSES ST HEPIALSS Dickel Saffyged S5 TRaSHPRt he f eed
i ntroducti onpogeah@ thiaitidrcaatiasemtt HARHrorh Yisd RIME Rk td 8 ik N ni mal

because the feedstock may tend to cool the inner nozzle surface 216
adj acent t he sm¥icenfshefaed intratuctiBenefzleci Alfded inppductianmekae ilV2isshewnl |  anount
of hot mater.ig{ﬁ hn the re%ﬁtor W

e r

AN ntact the F systemoutlet 116
because the f¥ ORATEEINE e T5REr 3’1auéﬁg' ?@%88 ’c?@lé)\%lﬁge retedéwf“'edigu?rhe react or
vol une 208 winhkz1¢ Qs @ inlild @€ redch? vORImdTBIREk iddntidea s tOmteig nbMe Syst em
outlet 116. Accordingly, even the portion of the inner nozzle surface 216

that is adj asestiont2i8. PNetheyaltstrearn 306 &om the beating dryigreingt stiovad travels
tenperatures gffective to.reduc inimze ar elimnate.\W 20 37753

baT! Usp00s, ooudt 8 19 of Rigela oyl Bl e Bed MOBhE SHERNL o
byproducts. IThe@hdiBdnoMeiretin 206 phdies thixigh ke fdeadinthRRtictibs nbiAda s edded from the
hot material in the reactor to the cF)ortion of the feed introduction nozzle

that is adj acarets thénmeyreagiarieinoutterhass the metharolrentads a feelypt cat al yzed
side reacti O%Bé(rpcro%g#ﬁ)t;ﬁ eh‘é&ﬁ%%!cg \}egﬁge LA {osl'@ﬁ%lléf?fsb lﬁ' ing l&gl 8] Fig. 2
t g arvess {the cent er

illustrates e insulating nmateri covering re in al nozzle
section 210 ahatérid 2f @@dverstat Rdsteitpoptiomeaié eutkd RozAPpiureral2llg oftlee i nsul ati ng
material 212 nmay cover a gorti on_of the internal nozzle sectiopn 210 of the

feed introdudbiedRl ReEs eectiep 2190 ghiheiferddnirgdustiognegsladd £y dbg Insplaing nsul at i ng

oL o AL PO ol TR N W o Lol
t her mal pr ot eéitorthe imternal nozzle section 210 of the feed introduction nozzle 112. Asa
result, the metal on the inner nozzle surface 216 of the feed introduction nozzle
can be maintained at a temperature effective to reduce, minimize or eliminate the
formation of metal-catalyzed side reaction byproducts.

( [0047} Although a portion of the feed introduction nozzle 112 adjacent the
FVI system outlet 116 may be exposed to the reactor volume 208, the amount of
heat transferred from the reactor volume to the portion of the inner nozzle surface
216 of the feed introduction nozzle that is adjacent the FVI system outlet 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



the metal contained in the feed introduction nozzle and the feedstock
contained in the FVI system by extending the insulating material into
and/ or t hr sug@bowsingr7ss eact or wall 204. In this enbodi ment, rcliaisopemtTvgsi n t he
reactor wall through which the feed introduction nozzle extends nust be
increased in size in order to allow thé% nsul at i ng material to traverse the
reactor wall. Optionally, the insulating material 212 may al so extend to

cover all oryp @Hﬁétl&x%ﬂﬁet%ﬁ&tﬁﬁe%@@é rea&%ﬂiﬁl&iﬁié QR okt wokdst fieehk eed
i ntroduction nozzle 112. The in3ul ati n(]; material may extend to cover
10

addi ti onal aexenst tbét hehrisFunsteyst drom fhor EK@tfplaéJn thheeaqtorwtl'@tpoﬁgomtmﬁ eri al
may cover all ortion of the heat.in s nd/o nes

di )r/ecti ng t hi é@@é‘?&é]ﬁmﬁwzﬁh tﬁ?f aft Jﬁ@&a&? Slfs n} A eftggg‘ q’%?‘i“BPRfctl on
nozzl e. [0048¥m%&1 ane g'aea siA8 RedctiBh bi8deeta fotRd ifritight régle)rl slﬁ%gﬁ?t)fes an

enbodi nrent o ent invention wherein the feed 1 ntrodtction nozzle
112 incl udes [&048]:ool [ nflgy%ﬂbmqam@aa:h%%@gsn@nmléﬂ7twvmnge:habntﬁﬁ2 As shown

et ni'ng » | BEREORE by | bOBIe SQdCBHP R P kheBhocyW Rir cal tube
I's oriented Yohidk 'ﬂatéﬁal A1 Gnd\PER et BFBI%@H%?'tmnEH?ﬁeH'n%zzjlégectuﬁﬁrz?mﬁf form ng

an outer cooling pathway 306 around the feedstock pathway 308. A cooling
medi um 304, ﬂu&ﬂae@mﬂ@henomnoale tidol Aditisriadlamr altequativély othe msulatieg st ri pper

or quench tower r any other materi havi a_l o) erature than the
f eedst ock m‘?%‘@@é‘é"’é’ NEF BAUOD }??gllz\zq %Utlelti96 ﬁ{’?‘g%[?’c nﬁﬂ%lﬁmcgool ing
pat hvay 306 a%at&00hYaddith cﬁ‘fallﬁ%@aﬁé}ﬁaﬁ\%h‘:f){o@iﬁe@h@l@aéeﬂ th&¥ghal %J%Jchaﬂf&at hway
306 around the feedstock int f eedst ock pat hway 308. WD 2004/ 037753

PCT/ US2003/ 02if7@4tal c@ttainpd af taedbidyintresuction aozrie and @iﬂeefn@dm cofitairied iwool i ng

pat hway 306 | th 00l i ng. me WS ward the

react or . fiéee’gtf %’B&géé?nf‘mggﬁfgws‘%@ﬁ é“%@ﬂgg \%ﬂﬁ}’ g‘g]%e toward the
MO r eact or, rbdforGPAl 2041 HRMisWmBAindrs, th@@ﬁ@;ﬁﬂ%ﬁrbﬂﬁu%térh@alpmﬂ:ld oRg pat hway
306 and withdraws heat fromthe feed introducfion nozzle and/or the

f eedst ock. Byvlidbtherdged drofieeitn mekicghtendhmushbreincreagpdzn gizs ip Pulcet216 of t he
feed intr OdUCtHBw ng?nzslela%hé él’li]ag?lriag ‘??tr%n'ﬂe%e t;ﬁ%' e \Ueﬂf Z(Jf)ygt ?njaillﬁ‘ gpd/or he

f eedst ock can erature erfec nim ze
el i m nate t henfatimtheerial 2 mehay al@@te:abmmd:osneden beagbiton dﬁWﬁﬁhﬁﬁéls. : [0050]

Thi's enbod nen%tnlgfseétiho?l £r4eosf€cﬂé féeg\llrﬁpédlugt?onhr?oszztleh?1 2ad"ldlllet 1In(s)Lﬂa?tlmo material
may extend 1o cover additional areas of the FV1 system. For example, the
insulating material may cover all or a portion of the heating devices and/or the
lines directing the feedstock from the heating devices to the feed introduction
nozzle.

i [0049] In another non-limiting example, Fig. 3 illustrates an embodiment
of the present invention wherein the feed introduction nozzie 112 includes a
cooling system generally designated by numeral 302. As shown in Fig. 3, the feed
introduction nozzle 112 is a generally cylindrical tube defining a feedstock
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.



advant age of providing the ability to control and vary the tenperature of
the feedstock and of the feed introduction nozzle. For exanple, the

t enper at ur ewof2eo4n3@7s8eedst ock/ f eed i ntroducti on nozzl e carrcrasmdikimd by
varying the flowrate and/or tenperature,of the cooling medi umwhich passes
over the nozzle and feedstock pat hway.'?bOSl] The cooling nmedi um 304 may
exit the feed introduction nozzle wthin the reactor through diluent outlet

312, as shownPicferfbig, exderi@ nd2UleSind 81061 theeookiBapitBwa B0 Ui 680 Ng medi um
outlet (not shown). If the cooling nmedium 304 exits the feed introduction
nozzl e wit hi nthehie ceplingmedimaiighs ivaidtie reettdlet ABtEdstoelepassasshrongh nedi um
Wll mx wth,t enat e f S [ nsi e reactor. |n this. manner,
the inventi onthﬁ:}g?/d:g%éseés R i |8%§@Kg%m(?ge§t§{hrhﬁ]§ 3?11?51rgeﬁg?ltalogllspressure

of the oxygenpdsged s Qdiihe dobMOpaNeayMid dnaasititirawaled Sropiteffedd y control | ed
in order to obtain a desired product selectivity and/or oxygenate

conver si on asntwidselingsnerzle gd/axemisedstodkn Ry ®olipgitkmteedgptk andtthoimnseri al  No.

09/ 506, 843 to_Fu t al., the entirety. of Lch_i-s .i.ncorporated. herein by
ref erence. Thﬁ%z,‘ZT‘igWéﬁ‘_c?S?Il?r?éttherrfﬁ%‘r]ﬁ%ﬁoﬁé%mf}émg%f’et& ge@fdflP%PﬁEL%ﬁgn BYZor e of the
di luents nor e1{ubkd/odihe Geeiatk cBebOMaink RGPt b Biperdnirt kBed @t mikidg2<£ 00l i ng
system 302 traversing the reactor wall 204 and covering the entire surface

of the feed iax¢loginets tba forazation of mstal extalyeed side eeaciebyprgdedyist em 302 may

provi de ther otecti~qn fo rtdon of the feed, _intr cthon nozzl e
rat her than ?Edeﬁsgjni re f@é%mph?(ﬁ ]glgtc({fiﬂge rﬁ%ezn; fn%.en ?hﬁsxﬁﬁﬁ?(g{:‘lonﬁl‘ he cooling
system 302 nmaydeevie dfgneoxeainlgrtﬁé Wity 10B8bMrd aREhiyaRe impdiguicnifeinal nozzle
section 210 of the feed introduction nozzle 112. In this enbodiment, the WO

2004/ 037753 PEFAdeploand obthrdaed inroduction npgels yEeressampe, tey tepgranise of ext end
partially or ﬁ{étfeéc?s'té’ckhﬂéé’ﬂ%dht&? nﬂ%@%ﬂe?& b@’?rlddif[?eod“b fé:gln' fq’.é P{ow&%lg cool i ng
or a portion O ?he externa O§Z

system 302 nmay cover a e seCtion 214.

The cool i ng synsd/ememperantesstdhé cootiny eredanhlimthi dingdssesaiventheabzilbendVl system
For exanple, the cooling systemmay cover all or a portion of the heating
devi ce(s) andf%dstoREPRNEYS) directing the feedstock fromthe heating

GeTLo=) 0 0120, LU A8 e OOESL i prcisert ) (fe
may be conbi nedthiFdre rexaopthequghhidluero optiet TRy as shown in Fig. 3, or outside of the ’
reactor through a cooling medium outlet (not shown). If the cooling medium 304
exits the feed introduction nozzle within the reactor through diluent outlet 312, the
cooling medium will mix with the oxygenate feedstock inside the reactor. In this
manner, the invention provides an additional advantage in that the partial pressure
of the oxygenate introduced into the MTO reactor may be carefully controlled in
order to obtain a desired product selectivity and/or oxygenate conversion as
discussed, for example, in U.S. Patent Application Serial No. 09/506,843 to Fung
et al., the entirety of which is incorporated herein by reference. Thus, the cooling
medium may be selected from one or more of the diluents more fully discussed
below.
[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



include a feedstock pathway, a cooling systemand a jacket forned of one or
nore of the thermally insulating materials discussed above. Either the

j acket or twe 2@oetisng system may be the outernost | ayer aeparsdiazgzonst he
MIO reactor conditions, the cooling nedy-um used, the physical properties of
the nozzle, the physical properties of the heating devices and the physical
properties of the lines connecting the heating devices to the feed

i ntroducti on ce@iing eystédandyi, onalay yoyextend parialy ov ehtyrel yahpiughdhd teyctof t he sane

or different j ipng layers and/or the ne or diifferent. coplin t ens
may be. ol ekl 1 B, FESBRONE Pt P Aoy 688 AT RTORBRT Peor
al ternativel yo. 18 A3oKSEERG Bd/ O c%emég B&ten® Hﬁ%@x%ﬂt’té OB aeguwlagwmb' ned

with the | ow tenperature feedstock enbodi rent. y coupling the

t enper at ur e f @eskstfah& FVhspagholivr exXeenpi/Ithsgslmg syseg. may beleoall abeut 400C,
350C, 300C, 250C, 20QC, or. bel ow, abo 50C, ,with the.  insulatin nd/ or
cool i ng syst ePRTERBGH! ung Wécet@ﬁﬁg&éw@e&?\gﬁdﬂrﬁ@l%f}‘glf?e@%&5?‘%%? i nner
surface of at?%agﬁ??de@ica@ffoit B 1Qh ifsaElbn S¥s4€m can be maintained at a

tenperature e ctive to reduce or elimnate the formation of netal
catal yzed si [i@58kacti oln yprdadouctveh the gresenbeiventiah obrt jadkBdg 238 @GH1IENOC,

250C, 200C, or_ bel ow about 15QC. [ 005 | n .on nbodi nent, the_inner
met al - cont ai nF’ﬁBO(gm§c %‘35_'5%?3!0?{8 m@\/ﬁ?‘]' %%%‘Bﬁ‘?nﬁ?r o) ‘?ﬁlfea’i“ﬁ‘élf atva
tenperature efffeilkieedsthileatviiyNa E&ﬁingfs?%&té?ﬁka akkdt G RO oy GbYe | 1 brium

t hroughout the FVI system "Because the™ feedstock is maintained at a
t enper at ur e ebf the thermatlp imsmiating inmteriads dieadsadoatiovien Eaher theidcetvapios

equj | i briumthrqughout the FVI syste super heati n f .t vapor is

it i zed or  EFPATAHER TRE PO By MRTIRH S AERTBIH0R T Y CHEARS on
byproducts 't Eérﬁﬁ'@&hs”ﬁx%%bbﬁ%ﬁ'e&i%ﬁﬂus%ﬂ dge gﬁf’é}édl 3ﬁﬁaen€éstcﬁrtﬁ@ﬁdiﬂé, the the

f eedst ock may be WO 2004/ 037753 PCI/ US2003/027794° -21 entirely vaporized

prior to entephysical hropesiestodthe Heevingsemgsisend theeplfyswdbpropkrtivapf thedimes t hr ough
a valve 122 in line 1.10, as shown.in Fig,.. wherei n the feed |,s subjected
to a pressur ecmﬁtl%@e?‘ﬁ@thgeéed' éctef)gf({l]'le d e%d?%ﬂ%‘?“@ﬁ&?@f 'eg‘.dd’elihoé'ajflﬁgﬂst ock

may be super heréragtivdy, lagigrads; dfMBe §LMEET Affeet }af:kétb% 15¢R€ EiPat e shigedst ock
is maintained bel ow tenperatures conducive to the formation of netal

catal yzed si der diffesat copling pswamianay. by ippiapentedin th SRsE@nymenpr ovi des f or
the ability t ?od’é‘ilj“ tor tAQﬁ:litionaIly or alternatively, the jacketing and/or cooling
embodiments may be combined with the low temperature feedstock embodiment.
By coupling the low temperature feedstock throughout the FVI system, e.g.,
below about 400°C, 350°C, 300°C, 250°C, 200°C, or below about 150°C, with the
insulating and/or cooling system embodiments, the temperature of the metal-

s containing inner surface of at least a portion of the FVI system can be maintained
at a temperature effective to reduce or eliminate the formation of metal catalyzed
side reaction byproducts, e.g., below about 400°C, 350°C, 300°C, 250°C, 200°C,
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



tenperature of any point along the FVI systemincluding one or nore of the
heating devices, the lines, and/or the feed introduction nozzle. For
exanpl e, a WORSMIEHApl e nay be i npl enented on the inner aios200aa20T94
surface of the feed introduction nozzle_and/or on the inner and/or outer
surface of the cooling system or insul&’i'ng material. By incorporating a
t hernocoupl e in the present invention, the tenperature of the feedstock

and/ or of thenfiRhyaVapoRztd fribe@Enteiing AIChi®ON FRQZahpldrae feedsitukiheyed to
det er m ne whet her conditions are conducive to the ormati on of nmetal

catal yzed si gessrtheseigh ervabigpydduding 11 8asesbown in fig i, whereincelfealgs syst em

enbodi nent of_ t.h esent i nventi he characteristics .of .t ool i ng
redi um may b NEAFY [eaoreeE ACahe ARG ST Bkt Tidtetstdhy Pner
or outer nozzhf weWibadested 5olorR 3R @mpafarieef MR ivpenRetcl ¢oamiakw e of the
inner surface of the nozzle approaches tenperatures conducive to the

formati on of maietaikd bateat lermgratirge corsicive 6 thsyiprmoatimn of metabcatipreaotider i sti cs
of the cooli ngﬁ .magi um, €.9., flow rate and/ or tenperature, nmay be nodified
to | ower the FERBEYRCIPES0f the i nner nozzle surface to non-reactive

t enper at ur es.jods¥)571 Predesnadiiion alddepre @A fok aisabilitytih endWlier figact or i ncl udi ng
the pressure, ténperature, weight hourly space velocity (WHSV), etc., are

conduci ve t depergiare phapy prantratenigcthe FV sy stemhnclodiagions or morelpEibassed in nore
detail bel ow

2] ccordance Wi th the present invention. at |east a portion
of the Pvi syrhs SSEESLRR TRy et PR PR R0 Fof bxerFBE oni Lor e
and/ or nai nt ah&afbcdiiple Gyt infPlemerfedon th SFRE RALMF B8ter SirfRElMIR febd r educe,
m nimze or substantially elimnate the formation of netal catalyzed

si de- r eact i orinByPIcHan @p2Zl¢ ARSIt thievenes ind/pheutepnaface oh thevgoohing syswm MO

reactor. That_i. ndjqti 1.1 0t I not be
conducive to ‘%rﬁ‘zs“#%‘r %ﬂrﬁ@gﬁélb%@gd@%gﬁ%%@%ﬁg g? %f?@@hg(%%?ﬁg%gg%,
PCT/ US2003/ 02Kd fnperaldrelfaké featstbokdradiiel she hbidbin the deqariagedictionvent i on may

be inplenmented with a deactivated or. passivated reactor. 100581 Typically,
nol ecul ar si SV@Zleanay Besmenyergd tddermise whetderemdrians g gyuivatve te Bivpounds to

i ght ol ef i nspr Ll gkl QRANANANALEAG AL odIRLE MbALyS] B8 fiatal ysts are

particularly desira I'n such a conversion process, ecause they are
hi ghly sel ectdosfing systde efnbodathdnonf ik petshyt ienentmndtherchprakcenstics fARH9] The
Feedst ock pret el D Y afon Ly 1 SRS relponsiva th PRkt st TeranerbtaiL of any
inner or outer nozzle surfaces. For example, as the monitored temperature of the
inner surface of the nozzie approaches temperatures conducive to the formation of
metal catalyzed side reaction byproducts, the characteristics of the cooling
medium, e.g., flow rate and/or temperature, may be modified to iower the
‘ temperature of the inner nozzle surface to non-reactive temperatures.
[0057] Preferably, the conditions in the MTO reactor including the
pressure, temperature, weight hourly space velocity (WHSYV), 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 1s, the conditions within the MTO

reactor may or may not be conducive to the formation of metal catalyzed side-



conpounds that include al cohols, am nes, carbonyl conpounds for exanple
al dehydes, ketones and carboxylic acids, ethers, halides, nercaptans,
sul fides, awol20mhsr7ss ke, and m xtures thereof. The ali phatcg/useieny’ei t he

al i phatic-containing conmpounds typical I% contains from1l to about 50 carbon
atons, preferably froml to 20 carbon a’ons, nore preferably froml to 10

carbon atons, and nost preferably from1l to 4 carbon atons. [0060]

Non-1i m ti ngr&xasPbesroahictdl ThikatHepreant #lvehfieh FRYBOBAFRmAfUMARIa al cohol s
such as nethanol and et hanol, al kyl -nmercaptans such as nethyl nmercaptan and

et hyl mer capdaartivaledyir pessivateforsagioh as met hyl sul fide, al kyl- ami nes such
as net hyl am al kyl -ethers such as dinethyl ether die | ether and

met hyl et hyl 0™ A .yﬂﬁ%ﬁ“iyd‘é’gi%gﬂ%hs‘&%e ﬁ%‘%ﬁfgffxﬁﬁéﬁ%f're?d’éf’%%c{ ¥Ryl chlori de,
al kyl ket onegxpsshteaorshd@UNK lidiebRiTRis. SaidmelwehysiRspha0EARD) ous aci ds such
as acetic acid: [0061] In a preferred enbodi ment” of the process of the

i nvention, t meoledudarditveciatatysts aie periskkarkyrdespatde txsughaaoBYErsion peocess,

specifically, one gr nmore. ,organi.c co nd(,s taining at | east one
oxygen at om bF‘_FF“F%&%‘f ﬁ‘&hg’f %?etc g %%3“8%%}&%' Og%myﬁeé‘eﬁf‘g@é@lle&fe' i nventi on,
t he oxygenat qoosyl]t he f epgstefdkodkorofReatdy cortBhe B¢ SORBHe(atibhati-&diAioY
al i phatic al cohol'(s) where the aliphatic noiety of the alcohol(s) has from

| to 20 car benmpbonds thpt istlede blcghdls,.cmines, sarbonylarompoundoies exarapie nost
preferably fr 1.t0,4 carbon atong. The al cohol.s useful. as f stogk in
Phe process TS KERR) S Sorenate 21 "SE R G5 PerdP T Srrel CHocd: n
aliphatic alpohiRd, andmeixhhed therdbS af by Aiphei€ AioNte bP BlelafiphAiRAcdntaFhihk NY

exanpl es of oxygenates include nethanol, ethanol, n-propanol, isopropanol,

met'hyl et hyl cenpennddiypicaly containg&om Yiteahipt S8 caAden apms, prsieraply [from Rer

f or mal dehyde,, djynethyl_ carbonate ' hyl tone, acetic.acid, and
i xt o s 1 ner'@ap Tt s @Rl MR8 pfeteraBhil 10 GRo BTG g4 B
PCT/ US2003/ 0%:¢48¢hbly font > 4 esblst #etasi s sel ected from one or nore of

met hanol , ethanol, dinethyl ether, diethyl ether or a conbination thereof,
nor e pref er adPP6tet hanoNoedhignidngretamples e HphatigrentAiping 9mPPErdtIRgIudet hanol .

[0062] The vaji Ut &ieRdetansoanaRg NS AR GUl kg, T eedst ock

cont ai ni ng an oxygena nore partic contarning an
al cohol, is meaoysatend pthymeichyan,ntllylendfides sod & mbthy] sulSde, alkhp ol ef i n('s)
or olefin amines such as methyl amine, alkyl-ethers such as dimethyl ether, diethyl ether
and methylethyl ether, alkyl-halides such as methy! chloride and ethyl chloride,
alkyl ketones such as dimethyl ketone, formaldehydes, and various acids such as
acetic acid.

[0061] In a preferred embodiment of the process of the invention, the
feedstock contains one or more oxygenates, more specifically, one or more
organic compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the 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-isopropy] ether, formaldehyde, dimethy] carbonate,

dimethyl ketone, acetic acid, and mixtures thereof. In one preferred embodiment,



monomner (s) produced fromthe feedstock typically have from2 to 30 carbon
atons, preferably 2 to 8 carbon atons, nore preferably 2 to 6 carbon atons,
still nor VOReHBEBEY 2 to 4 carbon atons, and nost pref ecahisgostobybene
and/ or propylene. [0063] Non-limting eéanples of ol efin nmonomer(s) include
et hyl ene, propyl ene, butene-1, pentenée~ nmet hyl - pent ene- 1, hexene-1,
octene-1 and decene-1, preferably et hyl ene, propyl ene, butene-1,

pent ene- 1, 4-itrlasroRRM @?&Tedlfroﬁ%%%?xﬂore 8cheffandl, amdndiS@RAByIhRE eof . Ot her
ol efin monomer (s) include unsaturated rmonomers, diolefins having 4 to 18

car bon at onsdiethyh¢thgatedcmonbinatoncibrjeat abed ptifenbly, meibhy@ned dimethyl nononer s
and cyclic ol f| ns 0064] 1.n the nost preferred enbodi nent, the feedstock,
preferably oft BrnéndB{DSWFte%}ﬁ 5&?}@@@ is convened in the presence of a

ol ecul arsi gyggarat al y%eve@meéﬁmwm@w@& e&w& ﬁ&ml@@i‘éﬂ?g fgeds%cﬁ carbon
atons, preferably 2 to 4 carbon atons. Mst preféerably, the olefin(s),

al one or combmainingran arygeade)eort edrticnbantyaa feémmktmtalmogamamohgl, |

oxygenate, prefer é) é an al cohol , nost efer tha Otl to the
preferred ol EYTVR{IEY PRI IEIL SBRTdRots Y %Eﬂ(e)n elifhst preferred

process is 9%%61%}(!) ﬁ]%ﬁ@ée"d%xﬁ %@ﬁe&%@cﬂt?pl%lﬂ hi\% fr&ﬁ@b 30lcafoper nativel y,

nmet hanol -to-olefins.”1Tn an MO process, a nethanol containing feedstock is
converted i natohs, pne&ebigé 10f8 Garlpool aimmls,anompee:ferabathtw@tarbomam stalbn i nto

one or nore oglefin er abI om nantl eth | ene . and/ or

propyl ene, oftEhPFE g‘#@ﬁ?’ I’I?tﬁlﬂg aé‘gé]f"?sﬁETEff 8% st ock, in one
enbodi nent > finAs one or m)re diluents, typi cal I y used to reduce t he
concentratl oh the feedstock. The diluents are generally non-reactive to
the feedstoc kﬂitﬁ'o’] rml ec@ﬂcarhmltmgeeh@ambdsyﬁple@mpommartﬁ) Inchiirethylend.i ng
exanpl es of d|Iu ts incl

t de,
carbon di oxi HEPY e‘?“‘e‘é g’e‘?ﬁ] eé?ﬁ ymﬁgﬁﬁgéé@ﬁ%e{ glgfeéllef]lcﬁrg é&g&ngﬂ er\D
2004/ 0377- 53 Bkeheld, ?re&@:@%@t}%zlanemﬂopy}e%é hKROE et 125- mﬁﬁmmnei hane,

and propane), essentially non-reactive aromatic _conpounds, and ni Xt ures
t hereof. The 1nb@1€npr1eﬂeﬁmeeh apd isgmwrssthareef. vither olefia mofomestgeincluget h wat er

R L L o
vapor form @bnébnjugated dienes, polyenes, vinyl monomers and cyclic olefins.

[0064] In the most preferred embodiment, the feedstock, preferably of one
Or more oxygenates, 1s converted in the presence of a molecular sieve catalyst
composition into olefin(s) having 2 to 6 carbon atoms, preferably 2 to 4 carbon
atoms. Most preferably, the olefin(s), alone or combination, are converted from a
feedstock containing an oxygenate, preferably an alcohel, most preferably
methanol, to the preferred olefin(s) ethylene and/or propylene.

[0065] The most preferred process 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



conbi nation thereof. The diluent is either added directly to a feedstock
entering into a reactor or added directly into a reactor, or added with a
nol ecul ar HPPWHEIE} yst conposition. In one enbodi nent , PERESAWBNITTY.Of
diluent in the feedstock is in the ragge of fromabout | to about 99 nvole
percent based on the total nunber of noles of the feedstock and dil uent,
preferably fromabout 1 to 80 nole percent, nore preferably fromabout 5 to

about 50, naElRindarsettesaikthafd, @Baad@utti fhopameiestintia@pnot-Reaoties ahodicment |
ot her hydrocarbons are added to a_feedstock either. directly or_indirectly,
and i ncl udec@nRAYDds.And myxpEgstheread | The est prefested difaents gre walkamsl e UL S.

Pat ent No. 4, {L:1 i 1 reaf,
preferably %}“g’ég’f‘éﬁﬁ WE%F b%lg%g?ﬁ%%%@@%%?%ghg{%@hﬁ%ﬂ%ﬁ?ggg?%gns havi ng 4
or nore cafde@sodt 86 nodtortaintaty édusier eof . [ 0068] The process for convening

a feedstock, especially a feedstock containing one or nore oxygenates, in
t he presencmoéf’ a ol doadEpens maydeused eiBer In@digyeton 3 WposfomhéT dnvention, is

carried out c&rﬂbﬁaﬁ&?‘ﬁmﬁe&? d’ﬁ’éée)gﬁﬁezlalsgeiﬁﬂ Q@O irect VALK ?eeh%lgcr:lg%lﬂgxﬁr? Is a

fi xed bed process, i rocess (I ncludes a bed

process), pigdearedior on adek dirbay $nth lateaitag dr bédtdpridcesmiccal sigost
preferably a continuous,  high velocity fluidized bed process. [0069] The
reaction pr &etalysieomnpsitiony dn pregabediments dhe anguigrof ddbentyr the fepdsipakor s such

as hybrid r ?@igttgé gangé‘ 8t {r%"a%oat P{%”éo%u‘i’ﬁé le ééﬁégﬁl A& &%%r% tnit)tgﬂnﬁ s andfor
fast fluidize e eact1on zones coupled together, circulating ui di zed
bed react on$moldssithy feaddtenksandalildeht) erdferdably fHuth abbitd @@Mvablkiper@ht,r eact or

types are described in for exanple U S Patent . 4,076,796, U.S. Patent
No. 6,287, 53m0re prrigpbly;feqm pbowt 4o ?Pﬂ*i“oﬁozﬁlqsbﬁreﬁﬁgﬁﬁé@m Rput 1o RARHt  and 0.

Levenspi el 2ROBLhhe gnb?%eﬁgs{heﬂ%rbé%%ﬂ%@m aAYEWs &g{:%ithglew York 1977,

whi ch are al erern y I ncorporate y re ence. rirser reactors
or ot her reattaly demdgesly, apt incndt blefin(d] pateffm(Pl aroalatitls) Gke faed

i ntroduction nozzles, which may _he_forned 21104/ 037753 PCT/ US2003/ 027794
-27 and/ or _@a%msf@ e Batamﬁ%q-éﬁ@@%_@%ﬁ%g}%@mﬂ&s)fa%&Wﬁh@feo tal
catal yzed siplferbRAGLHABD YRRt BnaGRELHRAG 9otk Aok RSP A

i nvention. [0070] preferred reactor types are riser reactors generally
descri bed i nmmormRicghon Risgs, o mixthugs thezedfi on and Fl ui d-Particle Systens, pages

égr LO igéoF[Qp@ﬁané aﬂ% pE')(')cFe'ss or rc]:gr?\rféniﬁge iar}ge%lsg)cﬁue%{miacslen-iynaqfe%\gsrtga(r ation, New
containing one or more oxygenates, in the presence of a molecular sieve catalyst
composition of the invention, is carried out in a reaction process in a reactor,
where the process is a fixed bed process, a fluidized bed process (includes a
turbulent bed process), preferably a continuous fluidized bed process, and most
preferably a continuous high velocity fluidized bed process.

[0069] The reaction processes can take place in a variety of catalytic
reactors such as hybrid reactors that have a dense bed or fixed bed reaction zones
and/or 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



Pat ent No. 6, 166,282 (fast-fluidized bed reactor), and U.S. Patent
Application Serial No. 09/564,613 filed May 4, 2000 (rultiple riser
reactor), WYOOHYE?HI | herein fully incorporated by ref aameLon@9nl] 1n
one enbodi ment, the anount of |iquid fegﬂstock fed separately or jointly
with a vapor feedstock to a reactor systemis in the range of fromO.1

wei ght percent to about 85 weight percent, preferably from about | weight

percent to AAdHcodted Wﬁih@ﬁ"ﬁ]a&%ﬁpﬁémstanmﬁe%rﬁ’faﬁﬁﬁ-gf Mefdl Qgﬂaﬁli@&'t:ﬂdé wei ght
percent to about 65 weight percent based on the total weight of the

f eedst ock i neshcithintypendpciiith @aesnrdaronyidi the grasbmneventiohe | i qui d and vapor

feedst ock f t t i
oy opor b1 ons WP70he" <anthdprelir R e PBRRE SeR Ea R EEPEeUB LR f or ent
di | uent . [ 00 Rb: Rk OMR:SARA ATIGHaH Qe STRLAY Qleddud L5 £ 9O 2 glron

process, specifically wthin the reactor system iS in the range of from
about 200C tand beﬂhhmmﬁanhphbl?\dﬂabi% Cforpm‘amm{wQBOﬁk tléé@,lmudtU 800C, nore

f bly f t, .7 C, f f bout
B00C t o aboub Segale: b A6 ET-AaRa e i) e JhS Rt SUEeP about 600C
most  pref er ghiy Ny 0o758h 8t RR0MGALQ, ,@@@meﬁﬁﬁgnsérqggél)r)w&ﬁlcﬁ%é’@ﬁ si on

pressure enployed in the conversion process,” specifically within the
reactor systbepindally ssorpoeatedbyireferenamge i ncl udi ng aut ogenous pressure. The

conver si on p re is,based on.the parti al ess e .of he fee t ock
excl usi ve of @?éfdl I uemorfaneé?‘é(?q\me%g?ec?é‘?cf‘w %W@F@F%#W@?@

enpl oyed in BP_Enery%%§vhﬁor'f@e&s{'&krtéﬁgt@acﬂfr s?é’t&ﬁ‘@f@ﬁ%l&r & JfFAM b9 about 5
MPaa, preferably ' fromabout 5 kPaa to abou MPaa an(§ nost preferably

from about 2@ighPpercend tablant 850@lglﬁamcep’9®7efqraﬁlhémmragfbm Iheenghypesgeat e

velocity ( ar | |na ocess for con verting a feedstock
contai ni g ofeAtsP B eles: Bt Bofs rBlRaTs frichettl ¥P e rBalFEPoY eve
cat al yst conpeseidh®perdbiitibabedPor 8RabIaDPWeBBNGS thé feebAORRIRA B diluent
PCT/ US2003/ 027794 -28 defined as the total wei ght of the fe st ock

excl udi ng anyolaiamefém@m oTb%bqlﬁlé@@_ﬂ ivappr feeshsockerre pirferabby thaspght of
ol ecul ar g{!)%}:b%é 3 %tgg ﬁfigg}ago:?gp?oguhﬂ%%Fsmg%fﬁﬁ?iéﬂt%?dn{hckhe reaction

zone. The WH S marnt ai ne Icien e catal yst
conposi tion iwithahé bamedbrzdiffeshatiuentt hin a reactor.
[0072] The conversion temperature employed in the conversion process,
specifically within the reactor system, is in the range of from about 200°C to
about 1000°C, preferably from about 250°C to about 800°C, more preferably from
about 250°C to about 750 °C, yet more preferably from about 300°C to about
650°C, yet even more preferably from about 350°C to about 600°C most
preferably from about 350°C to about 550°C.
[0073] The conversion pressure employed in the conversion process,
specifically within the reactor system, 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 1s 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



[0075] Typically, the WHSV ranges fromabout | hr -1 to about 5000 hr - 1,
preferably fromabout 2 hr-1 to about 3000 hr-1, nore preferably from about
5 hr-1 to WRAWWIEO hr-1, and nost preferably from aboutPCOuSmesnzzmiabout
1000 hr- 1. In one preferred enmbodi ment ohothe WHSV is greater than 20 hr-1
preferably the WHSV for conversion of a feedstock containing nethanol,

di methyl ether, or both, is in the range of from about 20 hr-1 to about 300
hr-1. [0076] dafreedss pler thial meighy af thedkadsidck ek S@¥ngahytdiachmed steaekctionc| udi ng
di | uent and reacti?]n ]productmﬁ thin the. re tor systemis preferably

suf ficient t&MFRLATRET Y78 &9&‘1"% ar §jeG & Pgmagly arc%?r‘ﬁ?o%‘ﬁ?%n within a

reaction zon I ) V\Athln
ot Lo S ol et T, SAL YRS\ SESY s L Sl

| east 0.1 nekedp theratslystornadhfositmadh a flydieédstatb witlgn eataetort han 0.5 nf sec m)r e
preferably grea

h f h 2 n1
yet even mor & Oﬂrsif e£ ag&ypﬁgﬁsec? \Xﬁ%ﬁ}{ rengeﬁ?@g{:gb(gﬁ?w%k rgﬁé&épé%ﬁ&n greatsg(r:

than 4 ni sec. R I 9/ 708, 753
filed Noverrbelfﬁ%?erébg%&%ﬁ%bb:’ﬁzyégfﬁgrag?ﬁ%?%@g? HioR ‘gﬂ‘béﬁ& Rt B 30 L L2 0
[0077] In or tied tb ebqn d900IRr-3, dnettrhest pwfelmblsztfmnﬂlabgutdfo ltrhbtqom‘tgmemoﬁ Imvention
including re sent atl ve advant ages t her t he f ol le is

of f er ed. g SQQ%P‘@ hodimept, %myl 1§gr€@feréh%%(}q\%ﬁg,| PTE l’g@k ina
stainl ess stewh vrfeﬁfoo 83?5 S 1COUSoHETRE AL ERAML kB el v LY. of a

passi vat ed reactor at a presente was obt ai ne usi r’\g a mcrofl ow
react or. The botli, tvinfthomngeatfrom absed2tas] w dbout 3AGhist ai nl ess steel reactor

(1/4|ncho di aneter) | ca ed in af c [ rlzed met hanol
e Ted 310 0FHHI 0l cos THecbertiE! ges\éﬂ%%%{%%eimfeg& cngBdinge for mat i on
of metal cat %Méﬁ%a'r&%neﬁa%he@ wxﬁﬂ@m%&&s S&E@ﬂl S A AeRbH affhmeﬁﬂg I's thus
resistant to the formation of netal catalyzed side reacti’on byproducts in
accor dance wifhhdiztitae pradserr snm@ﬁtﬂ)@hcoxﬂ@sﬁﬂﬁ%@&i?ﬁ@a@@ﬁ/ 4082081027794
[0079] The va or i Zﬁ.g‘ \%g;@a was nai nta %1?20 C. The met hanol

conver si on ré FPB‘?%%IDQ‘E"CE ﬁs)T] "E CRPRGTY SHER-HANS| pressure
and at a met hapehldgediia ke Mer Shctdri® Ns atlbSt 0aNhER! p&REGAIEIEeR

performed wunder identical reaction condi ti ons except that a coat ed react or
was used. TherelewhlyerrestendenP.Swmseq,/mars preferablyrgrgiteniberd rasec. &éen nade of

steel coated %}er})r&e}agf&reater than 2 m/sec, yet even more preferably greater than 3

m/sec, and most preferably greater than 4 m/sec. See for example U.S. Patent
Application Serial No. 09/708,753 filed November 8, 2000, which is herein

incorporated by reference.

! EXAMPLE
[0077] In order to provide a better understanding of the present invention
including representative advantages 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
stee] is less catalytically active to the formation of metal catalyzed side reaction
byproducts than carbon steel, and is thus resistant 1o the formation of meta}

catalyzed side reaction byproducts in accordance with the present invention.



layer of fused silica. [0080] The effluent fromthe reactor was collected in
a 15-sanple loop Valco valve. The coll ected sanples were anal yzed by

on-| i ne ga¥o veImasogr aphy (Hew ett Packard 6890) equi ppedrasidnsaifhdanme
‘ionization detector. CO (C02 and H2 vve)Pe not anal yzed. The neasured
conversi ons of nethanol, which were ¢&cul ated on the carbon basis, would
have been higher if CO @2 and H2 were included in the cal cul ations. The
chromat ogr agig7®) Col UMThe USAEkMASHALASE Wad MihintaHe8 bt 1 TRPEE The SHUTRARG] Zes t he
results of the conversions  (W. % of nethanol reacting on the |ab reactor.
Tabl e 2. Methenedtiontsaverns \vers perfprmed at2é s VB 7R &hek) mpbanel prgssore aBdai nl ess

S | R wal | | . Si W. . 9% T 316
‘Stainl oo STLRPEREIEE CRRPLH RLGLL of b SOUb B TGh00 VA8 g6 BB 0,00 350
0. 15 0.00 4000430 Blcxi0iohe St 1500361288 iS50 7 0. 16

[ 0082] According to the results i1ndicated above, Iin accordance wth the
present i nvenstedreacar maglli i intle iradieoater afid et alade af afeylzadtesd whith 4 dact | on
byproduct s Wereﬂ\glet cted below 350 Cin a No. 316 stainless steel reactor.
At 350 C, 0.1%T ofiuseq $ilitdanol conversion was observed in an untreat ed
stainl ess sty act ofye offthén Y HeStQRNAS (BHERCB1ONT5-3hnpRiBof and 550 C
Met hanol deconpodsition wou e significantly greater for conventional

car bon st eelViiecelee Tie ¢dlkcteid ghmples overcard et by dmelimogaser si on of et hanol
on the coated reactor ess&ntia%lg(g\o 2004/ 037753 PCT/ US2003/ 027794 30
zero even at® tegraptyy dewlsE Paskend 85U £AHPPAG MW R RaPR INIFEION316 st ai nl ess

steel in a JRAOTCHSCHOSIG HBNveleiot Bl RUMELHE O RircARbAVers@h@by St side
re?ctlon byproducts below about 450 C, although No. 316 stainless steel is
no

e acti ve mhethanol, which were calculated on the carbon basis, would have been higher if
CO, CO2 and H2 were included in the calculations. The chromatographic column
used was a Q-column.

[0081] Table 2 summarizes the results of the conversions (Wt. %) of
methanol reacting on the lab reactor.
Table 2. Methano! conversions (Wt. %) from Methanol

Reacting on Stainless Steel Reactor Wall

Methanol Conversion (Wt. %)
Temperature (* C) 316 Stainless Steel Reactor Coated Reactor
200 0.02 0.00
300 0.04 0.00
350 0.15 0.00
400 0.34 0.01
450 .91 0.04
500 3.46 0.06
550 5.79 0.16
[0082] According to the results indicated above, 1n 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 methane] on the coated reactor was essentially



‘deconposi ng net hanol at higher tenperatures. Mreover, this data indicates
that undesirable reaction byproducts can be m nim zed by mai ntaining the
met hanol YWERWEYHTRS3at a tenperature | ower than the MIO r BEBUSIO0E/@ITIRY at ur e.
[0083] In another enbodi ment of the preggnt invention, the percent

conversi on of oxygenate over the surface of a netal reactor, preferably in
the absence of a MIO catalyst, is less than 1.0 percent, preferably |ess
than 0.8 pecmeaven atrﬁ)@@ (br'é‘hitsreabdnjanbmglsdattmmdic@m tbar}écen»ﬂﬁsmﬁrdemsacl
preferably lLess than O h% w detection limts A Her wor ds,
the inventi &hafﬁél%d%’é“ﬁéﬁ“ﬁf%ﬁ |fﬂﬁ“‘a‘t°|‘?é>ffl%eé s°€‘ \R)r‘i’ielr%aﬁ“tm EPIoAUEtRe FVI

system espegiodl dbbout B?O"f@eﬂt}ioﬁglﬁ@@uﬁfé é’t@}ﬂi‘&%%ie@} is rﬁére‘é&'i‘@ forons, e.g.,
tenperature, effective to subsfantially elimnate the formati on of netal

catal yzed sddeompxmrug mlatliaylpkaidlngites terfiBudneteanMarkbyerethisdaaingicates tidef | ned
herein as Iesa ‘iﬁg& 05 percent con\rﬁ%r sion. tgb ﬁaéoducts excl udi Pg CO, (€02
and H2. [ OCBAFSIRRIA THECHRBVWP AR UF Il OB ZRE by ivaiRigRe the melanol

appr eci at ed fba/dstofcte%stéﬁ%érm&ﬂe roouemf‘an%ﬁé MT@&eafct&té g&%&@n can be perforned

within a wi de range of aranmeters wt is clarned, wthout departing
from t he spi{fd83]and sclapmotfer embedinmenenf iharpreseﬂmnvéiumw&ejperoamrret hod for

formng light-olefins froman ox na ntainin f eedst conpri si ng:
di recting tﬁé’n’f’f'é@éfg i@%ygw g}%%‘g‘[&‘c?ﬂ ?Bﬁfﬁlﬁ%ﬁ” %’@th“ﬂté?ﬁhed to a
reactor, whesglfelg M?@%a&ﬁ$§t qd ‘1'&-.% R ]n@f)éxlc:@nth?x%féifﬂbl& &S kha. § ace forned

of a rret al alloy conprised | east percént chromum or at
| east 30 vveljymenpemremrefmablgeless iian 8t4 pescest, azd\msgmrefgeblcféeﬁts tedruDhum  or

| ess than 50 wej ght rcen 0 a st. t per.cent copper, or
T e s ora e bR REROER i Ml ofter Plogts AR e S G ng o b bup
consi sting Ofe FdelStoBE ke lmsgxhﬂie@mpswem @spserlativune el itAddctd podna and
silica- alunlna ceram cs, diatomaceous silica brick and cements, and

fillers.; anaconhtians,iermy, temperahwe raffectiv to wh@aﬂ@fémlwnaﬁmthhfoarn@mral yst at a
terrperature from.350C. 600C to for Il uent r,|,S|n t he |ight
ol of ine. 2. SHEcHbEIoHs e Ppur e “Sufer i FRRE SRt

herein as less than 0.05 percent conversion to byproducts excludlng CO, CO2 and

H2.

[0084] Having now fully described the mnvention, 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.



cooling at least a portion of the inner surface of the nozzle with a cooling
system 3. The nethod of claim1l or 2, wherein the nozzle is jacketed with a
thermally insulating naterial selected fromthe group consisting of fire
brick, high tenperature calciumsilicate, alum na and silica-alum na

ceram cs, diatomaceous silica brick and cenments, and fillers.

-31-
CLAIMS
1. A method for forming light-olefins from an oxygepate-containing

feedstock, comprising:
directing the feedstock through a feed introduction nozzle attached to a
reactor, wherein the feed introduction nozzle has an inner surface formed
of a metal aelloy comprised of at least 20 weight percent chromium, or at
least 30 weight percent nickel, or at least 2 weight percent aluminum, or
less than 50 weight percent iron, or at least two weight percent copper, or
an inner surface formed of an insulating material selected from the group
consisting of fire brick, high temperature caleium silicate, alumina and

( silica-alurnina ceramics, diatomaceous silica brick and cements, and
fillers.; and
contacting, in the reactor, the feedstock with a catalyst at a temperature of
from 350°C to 600°C to form an effluent comprising the light olefins.

2. The method of claim 1, further comprising:
cooling at least a portion of the inner surface of the nozzle with a cooling

system.,

3. The method of claimn 1 or 2, wherein the nozzle is jacketed with a
thermally insulating material selected from the group consisting of fire
brick, high temperature caicium silicate, alumina and silica-alumina

cerarmics, distomaceous silica brick and cements, and fillers,





